
OPLOFHORUS-DERIVED LUCIFERASES, NOVEL COELENTERAZ1NE 
SUBSTRATES, AND METHODS OF USE 

CROSS REFERENCE TO RELATED APPLICATIONS 

10001] This application claims priority to United Slates Provisional Application No. 

61/409,422, filed November 2, 2010, which is incorporated herein by reference in its entirety. 

BACKGROUND 

[00Q2] The luciferase secreted from the deep-sea shrimp Oplophorus gracilirostris has been 

shown to possess many interesting characteristics, such as high activity, high quantum yield, arid 

broad substrate specificity (including, e.g., coeienterazine as well as various coeienterazine 

analogs). The bioluminescent reaction of Oplophorus takes place when the oxidation of 

coeienterazine (substrate) with molecular oxygen is catalyzed by Oplophorus luciferase, resulting 

in light of maximum intensity at 462 nm and the products CO2 and coelenteramide (Shimomura 

et ai, Biochemistry, 11:994 (1978)), Optimum luminescence occurs at pH 9 in the presence of 

0,05-0.1 M NaCl at 40°C, and* due to the unusual resistance of this enzyme to heat, visible 

luminescence occurs at temperatures above 50°C when the highly purified enzyme is used or at 

over 70°C when partially purified enzyme is used. At pH 8.7, the native luciferase was reported 

by Shimomura ei ai. (1978) to have a molecular weight of approximately 130 kDa, apparently 

comprising four monomers of 31 kDa each; at lower pH, the native luciferase tends to 

polymerize. 

[0003] Later work has shown that the Oplophorus gracilirosiris luciferase is a complex of 

native 35 kDa and 19 kDa proteins, i.e., a heterotetramer consisting of two 19 kDa components 

and two 3 5 kDa components. Inouye et at. (2000) reported the molecular cloning of the cDNAs 

encoding the 35 kDa and 19 kDa proteins of Oplophorus luciferase, and the identification of the 

protein component that catalyzes the luminescence reaction. The cDNAs encoding the proteins 

were expressed in bacteria] and mammalian cells, and the 19 kDa protein was identified as the 

component capable of catalyzing the luminescent oxidation of coeienterazine (Inouye et al., 
2000). 

[0004] The 19 kDa protein of Oplophorus luciferase (GenBank accession BAB 13776, 196 

amino acids} appears to be the smallesr catalytic component having luciferase function, and its 

primary structure has no significant similarity with any reported luciferase including 

imidazopyrazinone luciferases (Lorenz ei al.5 PNAS USA, 88:4438 (1991); Thompson et al., 

PNAS USA, 86:6567 (1989)). Expression of the 19 kDa protein in E. coli resulted in the 
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formation of inclusion bodies (Inouye and Sasaki, Protein Expression and Purification, 56:261 

268 (2007)). The formation of inclusion bodies is likely due to the instability of the protein. 

[0005] The substrate specificity of Oplophorus luciferase is unexpectedly broad (Inouye and 

Shimomura. BBRC, 223:349 (1997)). For instance, bisdeoxycoclenterazine (i.e., coelenterazine-

hh), an analog of coeienterazine, is an excellent substrate for Oplophorus luciferase comparable 

to coeienterazine {Nakamura et al., Tetrahedron Lett., 38:6405 (1997)). Moreover, Oplophorus 

luciferase is a secreted enzyme, like the lucifcrase of the marine ostracod Cypridina {Vargula) 

hilgendorfii (Johnson and Shimomura, Meth. Enzyme, 57:331 (1978)), which also uses an 

imidazopyrazinone-type luciferin to emit light. 

SUMMARY 

[0006] in an aspect, the disclosure relates to a compound of formula (la) or (lb): 

wherein R3 is selected from the group consisting of 

/-£/. rQ. /"O-". c„ 
straight chain alkyl; 
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R6 is selected from the group consisting of -H, -OH, -NH2. -0C(0)R or -0CH20C(0)R; 

R8 is selected from The group consisting of 

W is -Nl-h, lialo, -OH, -NHC(0)R, -C02R; 

X is -S-,-0- or-NR22-; 

Y is-H, -OH, or-OR"; 

Z is -CH- or—N-; 

each Rl] is independently -C(0)R" or ^CH20C(0>R'b; 

R22 is H, CH3 orCH2CH3; 

each R is independently C1.7 straight-chain alkyl or C1.7 branched alkyl; 

R" is Ci-?$traight-chain alkyl or C1-7 branched alkyl; 

the dashed bonds indicate the presence of an optional ringf which may be saturated or 
unsaturated; 

wherein R3 and R4 are both H or both C\.2 alkyl; 

with the proviso that when R1 is / 
< > 

OH O^1 
o 

o 
>-R 

, or 

with the proviso that when R2 is 
cycloalkyl; and 

/ 
< > 

, R is R4 or lower 

H 

X 

or R is not 
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[0007] In another aspect, the disclosure relates to a compound selected from 

.o-C .x/C ^ 
3862 i&a-, 3899 3900 $945 4002 

U ^ U •. U 
3840 3866 3857 3SB7 3913 

yl if0 vh 
QW C^'^X <A u o 6 ^ o u u 

3932 3925 3933 3946 3989 3939 

/h rrry l> B I 

3694 S 3897 3841 3642 

VOSj V-vf0 
- - - ^ u 

45£3 4540 4541 

[000B] In an aspect, the disclosure relates to a compound of formula 

or 

[0009] In an aspect, the disclosure relates to an isolated polynucleotide encoding an OgLuc 

variant polypeptide having at least 60% amino acid sequence identity to SEQ ID NO: 1 

comprising at least one amino acid substitution at a position corresponding to an amino acid in 

SEQ ID NO: 1 wherein the OgLuc variant polypeptide has enhanced luminescence, 

[0010] In an aspect, the disclosure relates to an isolated polynucleotide encoding an OgLuc 

variant polypeptide having at least 60% amino acid sequence identity to SEQ ID NO: 1 
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comprising at least one amino acid substitution at a position corresponding To an amino acid in 

SEQ ID NO: I wherein the OgLuc variant polypeptide has enhanced luminescence relative to an 

OgLuc polypeptide of SEQ ID NO: 3 with the proviso that the polypeptide encoded by the 

polynucleotide is not one of those listed in Table 47. 

[0011] In an aspect, the disclosure relates to an isolated polynucleotide encoding an OgLuc 

variant polypeptide having at least 60% amino acid sequence identity to SEQ JD NO: 1 

comprising at least one amino acid substitution at a position corresponding to an amino acid in 

SEQ ID NO: 1 wherein the OgLuc variant polypeptide has enhanced luminescence relative to a 

polypeptide of SEQ ID NO: 31 with the proviso thai Ihe polypeptide encoded by the 

polynucleotide is not SEQ ID NO: 3 or 15. 

[0012] In an aspect, the disclosure relates to an isolated polynucleotide encoding an OgLuc 

variant polypeptide having at least 60% amino acid sequence identity to SEQ ID NO: 1 

comprising at least one amino acid substitution at a position corresponding to an amino acid in 

SEQ ID NO: 1 wherein the OgLuc variant polypeptide has enhanced luminescence relative to a 

polypeptide of SEQ ID NO: 29 with the proviso that the polypeptide encoded by the 

polynucleotide is not SEQ ID NO; 3 or 15. 

[0013] In an aspect, the disclosure relates to an isolated polynucleotide encoding an OgLuc 

variant polypeptide having at least 80% amino acid sequence identity to an OgLuc polypeptide of 

SEQ ID NO: l comprising amino acid substitutions A4E, Q11R, A33K. V44I, P115E, Q124K, 

Y138I, N166R, I90V, F54I, QISL, F68Y, L72Q, and M75K corresponding to SEQ ID NO: I and 

the OgLuc variant polypeptide having luciferase activity, 

[0014] In an aspect, the disclosure relates to an isolated polynucleotide encoding an OgLuc 

variant polypeptide having at least 80% amino acid sequence identity to an OgLuc polypeptide of 

SEQ ID NO: I, wherein the amino acid at position 4 is glutamate, at position 11 is arginine, at 

position 18 is leucine, at position 33 is lysine, at position 44 is isolcucinc, at position 54 is 

isoleucine, at position 68 is tyrosine, at position 72 is glutamine, at position 75 is lysine, at 

position 90 is valine, at position 115 is glutamate, at position 124 is lysine, at position 138 is 

isoleucine, and at position 166 is arginine corresponding to SEQ ID NO: 3 and the OgLuc variant 

polypeptide having luciferase activity. 

[0016] In an aspect, the disclosure relates to an isolated polynucleotide encoding an OgLuc 

variant polypeptide having at least 80% amino acid sequence identity to an OgLuc polypeptide of 

SEQ ID NO: I comprising amino acid substitutions A4E, QllR, A33K, V44I, P115E, Q124K, 
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Y138I, N166R, Q18L, F54I, L92H, and Y109F corresponding to SEQ ID NO: 1 and the OgLuc 

variant polypeptide having luciferase activity. 

[0016] In ari aspect, the disclosure relates to an isolated polynucleotide encoding an OgLuc 

variant polypeptide having at least 80% amino acid sequence identity to an OgLuc polypeptide of 

SEQ ID NO: I comprising amino acid substitutions A4E, Q11R, A33K, V44I, A54I, F77Y, 

190V, PI 15E, Q124K, Y138I and N166R corresponding to SEQ ID NO: 1 and the OgLuc variant 

polypeptide having luciferase activity. 

[0017] In an aspect, the disclosure relates to an isolated polynucleotide encoding an OgLuc 

variant polypeptide having at least 80% amino acid sequence identity to an OgLuc polypeptide of 

SEQ ID NO: 1, wherein the amino acid at position 4 is glutamate, at position 11 is arginine, at 

position 18 is leucine, at position 33 is lysine, at position 44 is isoleucine, at position 54 is 

isoleucine, at position 92 is histidine, at position 109 is phenylalanine, at position 115 is 

glutamate, at position 3 24 is lysine, al position 138 is isoleucine, and at position 166 is arginine 

corresponding to SEQ ID NO; 1 and the OgLuc variant polypeptide having luciferase activity. 

[0018] In an aspect, the disclosure relates to an isolated polynucleotide encoding an OgLuc 

variant polypeptide having at least 80% amino acid sequence identity to an OgLuc polypeptide of 

SEQ ID NO: I, wherein the amino acid at position 4 is glutamate, at position 11 is arginine, at 

position 33 is lysine, at position 44 is isoleucine, at position 54 is isoleucine, at position 77 is 

tyrosine, at position 90 is valine, at position 115 is glutamate, at position 124 is lysine, at position 

138 is isoleucine, and at position 166 is arginine corresponding to SEQ [D NO: 1 and the OgLuc 

variant polypeptide having luciferase activity. 

[0019] In an aspect, the disclosure relates to an isolated polynucleotide comprising the 

polynucleotide encoding the polypeptide of SEQ ID NO: 19. 

[0020] In an aspect, the "disclosure relates to an isolated polynucleotide comprising the 

polynucleotide of SEQ ID NO: 18, SEQ ID NO; 24, SEQ ID NO; 25, SEQ ID NO: '42, SEQ ID 

NO; 88, or SEQ ID NO; 92. 

[0021] In an aspect, the disclosure relates to an isolated polynucleotide encoding a decapod 

luciferase polypeptide having at least 30% amino acid sequence identity to SEQ ID NO: ), the 

polypeptide comprising a sequence pattern corresponding to the sequence pattern of Formula 

(VII) and including no more than 5 differences, wherein differences include differences from 

pattern positions 1, 2, 3, 5, 8, 10, 12, 14, 15, 17, or 18 relative to Formula (VII) according to the 

OgLuc pattern listed in Table 4 as well as gaps or insertions between any of the pattern positions 
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of Formula (VII) according to the OgLuc pattern listed in Table 4, wherein the decapod 

luciferase produces luminescence in the presence of a coeienterazine. 

[0022] In an aspect, the disclosure relates to a synthetic nucleotide sequence encoding an 

OgLuc variant polypeptide comprising a fragment of at least 100 nucleotides having 80% or less 

nucleic acid sequence identity to a parent nucleic acid sequence having SEQ ID NO: 2 and 

having 90% or more nucleic acid sequence identity to SEQ ID NO: 22, SEQ ID NO: 23, SEQ ID 

NO: 24, or SEQ ID NO: 25 or the complement thereof, wherein the decreased sequence identity 

is a result of different codons in the synthetic nucleotide sequence relative to the codons in the 

parent nucleic acid sequence, wherein the synthetic nucleotide sequence encodes a OgLuc variant 

which has at least 85% amino acid sequence identity to the corresponding luciferase encoded by 

the parent nucleic acid sequence, and wherein the synthetic nucleotide sequence has a rcduccd 

number of regulatory sequences relative to the parent nucleic acid sequence. 

[0023] In an aspect, the disclosure relates to a synthetic nucleotide sequence encoding an 

OgLuc variant polypeptide comprising a fragment of at least 300 nucleotides having 80% or less 

nucleic acid sequence identity to a parent nucleic acid sequence having SEQ ID NO: 14 and 

having 90% or more nucleic acid sequence identity to SEQ ID NO: 22 or SEQ ID NO: 23 or the 

complement thereof, wherein the decreased sequence identity is a result of different codons in the 

synthetic nucleotide sequence relative to the codons in the parent nucleic acid sequence, wherein 

the synthetic nucleotide sequence encodes a firefly luciferase which has at least 85% amino acid 

sequence identity to the corresponding luciferase encoded by the parent nucleic acid sequence, 

and wherein the synthetic nucleotide sequence has a reduced number of regulatory sequences 

relative to the parent nucleic acid scqucncc. 

[0024] In an aspect, the disclosure relates to a synthetic nucleotide sequence encoding an 

OgLuc variant polypeptide comprising a fragment of at least 100 nucleotides having 80% or less 

nucleic acid sequence identity to a parent nucleic acid sequence having SEQ ID NO: 18 and 

having 90% or more nucleic acid sequence identity to SEQ ID NO: 24 or SEQ ID NO: 25 or the 

complement thereof, wherein the decreased sequence identity is a result of different codons in the 

synthetic nucleotide sequence relative to the codons in the parent nucleic acid sequence, wherein 

the synthetic nucleotide sequence encodes a OgLuc variant which has at least 85% amino acid 

sequence identity to the corresponding luciferase encoded by the parent nucleic acid sequence, 

and wherein the synthetic nucleotide sequence has a reduced number of regulatory sequences 

relative to the parent nucleic acid sequence. 

7 



[Q025] In an aspect, the disclosure relates to a fusion peptide comprising a signal peptide 

from Oplophorus gracilirostris fused to a heterologous protein, wherein said signal peptide is 

SEQ ID NO: 54, wherein the fusion peptide is expressed in a cell and secreted from the cell. 

[0026] In an aspect, the disclosure relates to a method of generating a polynucleotide 

encoding a OgLuc variant polypeptide comprising: (a) using a parental fusion protein construct 

comprising a parental OgLuc polypeptide and at least one heterologous polypeptide to generate a 

library of variant fusion proteins; and (b) screening the library for at least one of enhanced 

luminescence, enhanced enzyme stability or enhanced biocompatibility relative to the parental 

fusion protein construct. 

[0027] In an aspect, the disclosure relates to a method of generating codon-optimized 

polynucleotides encoding a lucifcrasc for use in an organism, comprising: for each amino acid in 

the lucifcrasc, randomly selecting a codon from the TWO most commonly used codons used in the 

organism to encode for the amino acid to produce a first codon-optimized polynucleotide. 

[0028] Other aspects of the invention will become apparent by consideration of the detailed 

description and accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0029] FIG. 1 shows the chemical structure of native coeienterazine, known bis-

coelenterazine (coelenterazine-hh), and known coelenterazine-h, where R2, R<5 and R8 represent 

Lhe regions of the molecule where modifications were made. 

[0030] FIG, 2 shows the chcmical structure of novel coelenterazines PBJ-3939, PBI-3889, 

PBK3945, PBI-4002, PBI-3S41, PBI-3897, PBI-3896, PBI-3925, PB1-3S94, PB1-3932, and PB1 

3840. 

[0031] FIG. 3 shows the K.m determination of PBI-3939. 

[0032] FIG. 4 shows the chemical structure of various novel coelenterazines of the present 

invention. 

[0033] FIGS. 5A-G show the luminescence (RLUs) generated from lysed bacterial cells 

expressing C1+A4E using native, known, and novel coeienterazine as substrates. FIGS, 5A, 5C-

5G show independent experiments measuring the himinescencc in RLUs generated by C1+A4E 

with known and novel coelenterazines using native coeienterazine as a comparison. FIG. 5B 
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shows the fold-decrease in luminescence generated by C1+4AE using the substrates shown in 

FIG. 5A compared to native coeienterazine. 

[0034] FIGS. 6A-D show the luminescence generated from lysed bacterial cells expressing 

various OgLuc variants using native coeienterazine ("Coelente"), known coelcnterazine-h ("h"), 

known coetenterazine-hh ("h,h"), known 2-methyl coclentcrazine known 

coelenterazine-v ("v'% and novel coelenterazines PBI-3840, PBI-3S97, PBI-3889, PBI-3899, 

PBI-3900, PB1-3912, PB1-3913, PBI-3925, PBI-3897, PBI-3899, PBI-3889, PBI-3939, PBI-

3933, PB3-3932, PBI-3946, PBI-3897, PBL3841, PBI-3896, PBI 3925, and PBI-3945 as 

substrates. 

[0035] FIG. 7 shows the amino acid substitutions in various OgLuc variants. 

[0036] FIGS. 8A-B show the luminescence generated from lysed bacterial cclls expressing 

OgLuc variants listed in FIG. 7 using native coeienterazine ("Coeienterazine"), known 

coelenterazine-h ("H"), known coelenterazine-hh ("h,h")j and novel coelenterazines PBI-3840, 

PBI-3925, PBI-3912, PBI-3889, PBI-3939, PBI-3933, PBI-3932, PBI-3946, PBI-3943, and PBI-

3896 as substrates. 

[0037] FIG. 9 shows the luminescence generated from lysed bacterial cells expressing 

various OgLuc variants using native coeienterazine ("Coeienterazine"), known coelenterazine-hh 

("h,h"), and novel coelcntcrazines PBI-3939, PBI-3945, PBI-3840, PBI-3932, PBI-3925, PBI 

9894, and PBI-3896 as substrates. 

[0038] FIG. 10 shows the amino acid substitutions in various OgLuc variants. 

[0039] FIG. 13 shows the luminescence generated from lysed bacterial cells expressing 

OgLuc variants listed in FIG. 10 using native coeienterazine ("Coeienterazine"), known 

coelenterazine-hh ("h,h"), and novel coelenrerazines PBI-3939, PBI-3945, PBI-3840, PBI-3932, 

PBI-3925, PBI-3894, and PBI-3896, as substrates. 

[0040] FIG. 12 shows the luminescence generated from lysed bacterial cells expressing 

OgLuc variants using native coeienterazine ("Coeienterazine"), known coelenterazine-hh ('5h,h"), 

and novel coelenterazines PBI-3939, PBI-3945, PBI-3889, PBI-3840, PBI-3932, PBI-3925, PB1-

3894, PBl-3896, and PBI-3897 as substrates. 

[0041] FIG. 13 shows the luminescence generated from lysed bacterial cells expressing 

OgLuc variants using native coeienterazine ("Coeienterazine"), known coelenterazine-hh 

("H,H"), and novel coelenterazines PBI-3897, PBI-3896, and PBI-3894 as substrates. 
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[0042] FIG. 14 shows the amino acid substitutions in various OgLuc variants. 

[0043] FIG. 15 shows the luminescence generated from lysed bacterial cells expressing 

OgLuc variants listed in FIG. 14 using native coeienterazine ("Coeienterazine"), known 

coelenterazine-hh ("h,h"), and novel coelenterazines PBI-3897, PBI-3841, PBI-3896, and PBI-

3894 as substrates. 

[0044] FIG. 16 shows the luminescence generated from lysed bacterial cells expressing 

OgLuc variants using native coeienterazine ("Coeienterazine"), known coelenterazine-h <(i I"), 

known coclcnterazine-hh ("HH"}, and novel coelenterazines PBI-3841 and PBI-3897 as 

substrates. 

[0045] FIG. 17 shows the luminescence generated from lysed bacterial cells expressing 

various OgLuc variants and humanized Renilla luciferase (hR.L) using native coeienterazine 

C'Coel"), known coelenterazine-hh ("h,h"), and novel coelenterazines PBI-3897 and PBI-3841 as 

substrates. 

[0046] FIG. 18 shows the luminescence generated from lysed bacterial cells expressing 

various OgLuc variants using native coeienterazine ("Coeienterazine"), known coelenterazine-hh 

("hjh"), and novel coelenterazines PBI-3939, PBI-3945, PBI-3889, and PBI-4002 as substrates. 

[0047] FIG. 19 shows the luminescence generated from lysed bacterial cells expressing 

various OgLuc variants using native coeienterazine ("Coeienterazine")^ known coelenterazine-h 

(t:H"), known coelenterazine-hh ("h,h"), and novel coelenterazines PBI-3939, PBI-3945, PBI-

3889, and PBI-4002 as substrates. 

[0048] FIG. 20 shows the amino acid substitutions in various OgLuc variants. 

[0049] FIG. 21 shows the luminescence generated from lysed bacterial cells expressing 

OgLuc variants listed in FIG. 20 using native coclenterazine ("Coeienterazine"), known 

coelenterazine-h ("H"), known coelenterazine-hh ("hJh"), and novel coelenterazines PBI-3939, 

PBI-3945, PBI-4002, PBI-3932, and PBI-3840 as substrates. 

[0050] FIG. 22 shows the amino acid substitutions in various OgLuc variants. 

[0051] FIG. 23 shows the luminescence generated from lysed bacterial cells expressing 

OgLuc variants listed in FIG. 22 using native coeienterazine ("Coeienterazine"), known 

coelenfcrazinc-h ("H"), known coelenterazine-hh ("h,h"): and novel coelenterazines PBI-3939, 

PBI-3945, PBI-3889, PBI-4002, PBI-3932, and PBI-3840 as substrates. 
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[0052] FIG. 24 shows the luminescence generated from lysed bacterial cells expressing 

various OgLuc variants and hRL ("Renilla") using native coeienterazine ("Coeienterazine"), 

known coelenterazine-h ("H"), known coelenterazine-hh ("H,H")3 and novel coelenterazines 

PBI-3939 and PBI-3945 as substrates. 

[0053] FIG, 25 shows the luminescence generated from ]ysed bacterial cells expressing 

various OgLuc variants and hRL ("Renilla") using native coeienterazine ("Coeienterazine"), 

known coelenterazine-hh ("h,h"), and novel coelenterazines PBI-3939, PBI-3945, PBI-3889, and 

PBI-4002 as substrates. 

[0054] FIG. 26 shows the amino acid substitutions in various OgLuc variants. 

[0055] FJG. 27 shows the luminescence generated from lysed bacterial cells expressing 

OgLuc variants listed in FIG. 26 using native coeienterazine ("Coeienterazine"), known 

coelenterazine-h ("H"), krtovvn coelenterazine-hh ("h,h")s and novel coelenterazines PBI-3939, 

PBI-3945, PBI-3889, and PBI-4002 as substrates. 

[0056] FIG. 28 .shows the luminescence generated from lysed bacterial cells expressing 

various OgLuc variants and hRL ("Renilla") using native coeienterazine ("Coel"), known 

coelenterazine-h ("H"), known coelenterazine-hh ("H,H"), and novel coelenterazines PBI-3939, 

PBI-3945, PBI-3889, and PBI-4002 as substrates. 

[0057] FIG. 29 shows the luminescence of 9B8 opt and 9B8 opt+K33N in bacterial lysates 

using native coeienterazine and PBI-3939 as substrates and the relative specificity of these 

variants for PBI-3939 compared to native coeienterazine. 

[0058] FIGS. 30A-D show mutational analysis at position 166 using native coeienterazine 

(FIG. 30A), cnelenterazine-h (FIG.3GB), and PBI-399 (FIG. 30C). 

[0059] FIG. 31 shows the luminescence of various deletions in the OgLuc variant L27V 

where (-) is the machine background. 

[0060] FIG. 32 shows the normalized luminescence generated from lysed HEK293 cells 
expressing hRL ("Renilla") using native coclcntcrazine as a substrate, firefly luciferase (Luc2) 

using luciferin (BRJGHT-GLO™ Assay Reagent) as a substrate, and various OgLuc variants 

using novel PBI-3939 as a substrate. 
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[0061] FIG. 33 shows the signal stability of IV and 1501 in bacterial lysates using the novel 

coeienterazine PBI-3945 as a substrate and IV and 9B8 in bacterial lysates using the novel 

coeienterazine PBI-3889 as a substrate. 

[0062] FIGS. 34A-B show the higher activity (FIG. 34A) and signal stability (FIG. 34B) of 

the OgLuc variant L27V compared to Firefly (Flue) and Renilla (Rluc) lucifcrases. 

[0063] FIG. 35 shows the Vmax (RLU/sec) and Km (pM) values for various OgLuc variants 

in bacterial lysates using the novel coeienterazine PBI-3939 as a substrate. 

[0064] FIG, 36 shows the Vmax (RLU/sec) and Km (|iM) values for various OgLuc variants 

in bactcrial lysates using the novel coeienterazine PBI-3939 as a substrate. 

[0065] FIG. 37 shows the Vmax (RLU/sec) and Km (MM) values for 9B8 opt and 9B8 

opt+K33N both in bacterial lysates using the novel coeienterazine PBI-3939 as a substrate, 

[0066] FIG. 38 shows the protein stability at 50"C of various OgLuc variants in bacterial 

lysates using native coeienterazine as a substrate as the luminescence at t=0 and half-life in min 

[0067] FIGS. 39A-B show the structural integrity (determined by expression, stability, and 

solubility as shown by SDS-PAGE analysis) in bacterial lysates of various OgLuc variants at 

25^0 (FIG. 39A) and 37°C (FIG. 39B) compared to Renilla (hRL) and Firefly luciferase (Luc2). 

[0068} FIGS. 40A-B show the protein stability at 60°C in bacterial lysates of 9B8 opt and 
% 

9B8 opt+K33N using the novel coeienterazine PBI-3939 as a substrate as the natural log (In) of 

the luminescence (in RLU) over time (FIG. 40A) and as the half-life in hrs (FIG. 408). 

[0069] FIG. 41 shows the percent activity of the OgLuc variants 9B8 and L27V at 60°C. 

[0070] FIGS. 42A-B show the protein stability of the OgLuc variant L27V at various pH 

(FIG. 42A) and salt concentrations (FIG. 42B), 

[0071] FIGS. 43A-B shows the gel filtration chromatographic analysis of purified C1+A4E 

(FIG. 43A) and 9B8 (FIG. 43B). 

[0072] FIG. 44 shows the gel filtration chromatographic analysis demonstrating that the 

OgLuc variant L27V exists in a monomeric form, 
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[0073] FIGS. 45A-B show The protein expression levels of various OgLuc variant-

HALOTAG® (HT7) fusion proteins in undiluted and 1:1 diluted bacterial lysate samples 

analyzed by SOS-PAGE (FIG.45A) and the normalized protein expression levels (FIG. 45B). 

[0074] FJGS. 46A-B, show the protein expression (FJG. 46A) and solubility of the OgLuc 

variants 9B8 opt, V2 and L27V (FIG. 46B), 

[0075] FIG. 47 shovvs the normalized luminescence in RLUs generated from lysed HEK293 

cells expressing IV, 9B8, and hRL ("Renilla") using native coclcntcrazinc and the novel 

coeienterazine PBI-3939 as substrates. 

[0076] FIG. 48 shovvs the normalized luminescence in RLUs generated from lysed HEK293 

cells expressing pF4Ag-Ogluc-9BS-HT7} pF4Ag-Luc2-HT7 and pF4Ag-Renilla-HT7 using PBl-

3939, Luciferin (BRlGHT-GLO™ Assay Reagent), and native coclcntcrazinc, respectively, as a 

substrate. 

[0077] FIG. 49 shows the luminescence generated from lysed HEK293 cells expressing 30 or 

100 ng of plasmid DNA encoding either 9B8 opt or 9B8 opt+K33N ("K33N") using the novel 

coeienterazine PBI-3939 as a substrate. 

[0076] FfGS. 50A-E show the luminescence of the OgLuc variant L27V compared to firefly 

luciferase (Luc2) in HEK 293 (FIG. 50A) and HeLa cells (non-fusion) (FIG. 50B), the 

luminescence of HatoTag® fusion compared to the OgLuc variant L27V (FIG. 50C) and firefly 

luciferase (Luc2) (F]G. 50D), and the protein expression of HaloTag©-OgLuc L27V compared 

to HaloTag®-Firefly lucifcrasc (Luc2) in HEK 293 ("HEK") and HeLa cells ("HeLa"). 

[0079] FIG. 51 shows inhibition analysis of the OgLuc variants 9B8 and L27V against a 

LOPAC library to determine their susceptibility to off-target interactions. 

[0080] FIGS. 52A-E show the inhibition analysis of the OgLuc variants 9B8 and L27V by 
* 

Suramin and Tyr ag 835 (FIGS. 52A-C) and the chemical structures of Suramin (FIG. 52D) and 

Tyr ag 835 (FIG. 52E). 

[0081] FIG. 53 shows the activity of the OgLuc variants 9B8 and L27V was analyzed in the 

presence of BSA to determine resistance to non-specific protein interactions, 

[0082] FIG. 54 shows the percent activity of the OgLuc variants 9B8 and L27V to determine 
reactivity to plastic. 
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[0083] FIG. 55 shows the luminescence generated From lysed HEK293 cells expressing the 

IV cAMP transcriptional reporter compared to hRL ("Renilla") using known coelenterazine-h as 

a substrate with ("induced") or without ("basal") forskolin treatment and the fold induction 

(response) due to forskolin treatment ("fold"). 

[0084] FIG, 56 shows the normalized luminescence generated from lysed HEK293 cells 

expressing the 9B8, 9B8 opt, hRL ("Renilla") or firefly luciferase ("Luc2") cAMP transcriptional 

reporter using PBI-3939 (for 9B8 and 9BS opt), native coeienterazine (for hRL) or luciferin 

{BRlGHT-GLO™ Assay Reagent; for Lnc2) as a substrate with ("+FSK") or without ("-FSK") 

forskolin treatment and the fold induction (response) due to forskolin treatment ("FOLD"). 

[0085] FIG. 57 shows the luminescence generated from lysed HEK293 cells expressing 9B8 

opt and 9B8 opt+K33N ("K33N") cAMP transcriptional reporters using the novel coeienterazine 

PBI-3939 as a substrate with ("Induced") or without ("Basal") forskolin treatment and the Told 

induction due to forskolin treatment ("Fold Induction"), 

[0086] FIGS, 5&A-C show the luminescence of the OgLuc variants 9B8 and L27V lytic 

reporter constructs for multiple pathways in multiple cell types," 

[0087] FIGS. 59A-C show the luminescence of the OgLuc variant L27V reporter constructs 

in various cell lines and with various response elements. 

[0088] FIGS. 60A-B show the luminescence of the OgLuc variant L27V secretable reporter 

compared to Metridia longa luciferase with a CMV promoter (FIG. 60A) or a NFkB response 

element (FIG. 60B). 

[0089] FIGS. 61A-F show the absolute luminescence (FIGS. 61A and 61B), the normalized 

luminescence (FIGS. 61C and 61D) and the fold response (FIGS. 61E and 61F) of optimized 

versions of L27V (L27VG1, L27V02 and L27V03) compared to L27V (L27VOO) expressed in 

HeLa cells. 

[0090] FIGS. 62A-B show the luminescence of secreted OgLuc variant L27V02 (containing 

the 1L-6 secretion signal) reporter (FIG. 62A) and L27V02 ("L27V(02)">, L27V02P 

("L27V(02)P(01)") and Iuc2 ("Flue") reporters (FIG. 62A) expressed in HcpG2 cells treated with 

various doses of rhTNFa ("TNFa"). 

[0091] FIG. 63 shows the luminescence generated from media and lysate samples of 

HEK293 cells expressing the codon optimized variant IV opt with or without the secretion signal 
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sequence using the novel PBI-3939 as a substrate compared to hRL ("Renilla") with or without 

the secretion signal sequence using native coeienterazine as a substrate. 

[0092] FIGS. 64A-D show the luminescence of the secreted OgLuc variants 9B8, V2 and 

L27V reporters expressed in CHO cells (FIGS. 64A and 64B) and HeLa (FIGS- 64C and 64D). 

[0093] FIGS. 65A-B show a comparison of the luminescence from the secreted OgLuc 

variants 9B8 and V2 using PBI-3939 as a substrate to that of the secreted luciferase of Metridia 

longa using Ready-to-Glow™ as a substrate numerically {FIG. 65A) and graphically (FIG, 65B). 

/ 
[0094] FIGS. 66A-B show the fold-increase in luminescencc over background generated 

from HEK293 cells expressing hRL ("Ren") and 9B8 opt using The coelenLerazine derivatives 

ENDUREN™ (FIG. 66A) and VIVIREN™ (FIG. 66B) and the novel coeienterazine PBI-3939 

(FIG. 66B) as substrates. 

[0095] FIGS. 67A-D show confocal images of U20S cells transiently expressing L27V-

I-IaloTag® fusion (FIG. 67A) or IL6-L27V fusion (FIGS. 67B-D). Scale bars = 20nm. 

[0096] FIG. 68 shows the luminescence generated from lysed bacterial cells expressing 

various OgLuc variants and hRL ("Renilla") in the presence ("Sand") or abscncc of sandwich 

background ("pF4Ag") using native coeienterazine as a substrate. 

[0097] FIG. 69 shows the fold-decrease in activity of various OgLurf variants and hRL 

("Renilla") due to the presence of the sandwich background using native coeienterazine as a 

substrate. 

[0098] FIG, 70 shows the fold-decrease in activity of 9B8 opt and 9B8 opt+K33N in 

bacterial lysates due to the presence of the sandwich background using the novel coeienterazine 

PBI-3939 as a substrate. 

[0099] FIG. 71 shows the spectral profile of the OgLuc variant L27V. 

[00100] FIG. 72 shows the luminescence of two circulated permuted (CP) versions of the 

OgLuc variant L27V, CP84 and CP95, either with no linker or with a 5; 10, or 20 amino acid 

linker. 

[00101] FTGS. 73A-G show the luminescence of the various CP TEV protease L27V 

constructs expressed in wheat germ extract (FIGS. 73A-D), E. coli (FIG. 73F-G) and HEK 293 

cells (FIG. 73H). FIGS. 73A-D show the basal luminescence of the various CP-TEV protease 
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L27V constructs prior to TEV addition. FIG. 73E shows the response of the CP-TEV protease 

L27V constructs of FIGS. 73A-D. 

[00102] FIG. 74 shows the fold response of various protein complementation L27V pairs. 

[00103] FIGS. 75A-C show the lumincsccncc of various protein complementation (PCA) 

L27V pairs: one L27V fragment of each pair was fused to either FKBP or FRB using a 1/4 

configuration (FIG. 75A) or a 2/3 configuration (FIG. 75B)f and the interaction of FKBP and 

FRB monitored in HEK 293 cells. The: luminescence of various protein complementation (PCA) 

negative controls was also monitored (FIG, 75C). 

[00104] FIGS. 76A-H show the luminescence of various protein complementation (PCA) 

L27V pairs: one L27V fragment of each pair was fused to either FKBP or FRB using a 2/3 

configuration (FIGS. 76A and 76C) or a 1/4 configuration (FIGS, 76B and 76D), and the 

interaction of FKBP and FRB monitored in wheat germ extract (FIGS. 76A and 76B) and rabbit 

reticulocyte lysate (RRL) (FIGS. 76C and 76D). The luminescence of various protein 

complementation (PCA) negative controls was also measured (FIG. 76E) in cell free system. 

The 1/4 configuration was used in a cell free system (FIG. 76F), HEK293 cells (FIG. 76G) and in 

a lytic system (FIG- 76H), 

[00105] FJGS. 77A-C show the luminescence of various protein complementation L27V pairs 

treated with FK506 and rapamycin (FIG. 77A) and the chemical structure of FK506 (FIG. 77A) 

and rapamycin (FIG. 77B). 

[00106] FIG. 78 shows the activity of the OgLuc variant 9B8 cAMP biosensor with forskolin 

treatment. 

[00107] FIGS, 79A-D show the luminescence of circularly permuted (FIGS. 79A and 79C) 

and straight split (FIG. 79B and 79D) L27V variants in rabbit reticulocyte lysate (FIGS. 79A-B) 

and HEK293 cells (FIGS. 79C-D). 

[00108] FIGS. 80A-B show the subcellular distribution of the OgLuc variant L27V (FIG. 

80A) and control vector pGEM3ZF (FJG. 80B) in U20S cells for various exposure times, 

[00109] FIGS, 8IA-C show the subcellular location of the OgLuc variant L27V fused lo either 

the transcription factor Nrf2 (FIG. 81B) or GPCR (FIG. SIC) compared to an unfused L27V 

control (FIG. 81 A). 
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[00110] FIGS. 82A-C show the use of the OgLuc variant 9BS opt to monitor intracellular 

signaling pathways using PBI-4377 (FIG 82A). The 988 opt luciferase was fused to either IkB 

(F]G. 82B) or ODD (oxygen-dependent degradation domain of Hif-la) (FIG. 82C), and fold 

response to a stimulus (TNFct for IkB and phenamhroline for ODD) was monitored via 

luminescence. 

[00111] FIGS. 83A-C show the monitoring of oxidative stress signal pathways using the 

OgLuc variant (FIG. S3 A), L27V02 (FIG. S3B), or Renilla luciferase (Rluc) (FIG. 83C). 

[00112] FIGS. 84A-B show the comparison of the Nrf2-L27V02 sensor (FIG. S4A) and 

Nrf2(ARE)-Luc2P reporter (FIG. S4B), 

[00113] FIGS. 85A-B show the emission spectra t>f TV-HT7 with and without ligand, using 1 

MM TMR (FIG. S5A) or 10 fiM Rhodamine 110 (FIG. S5B) as a ligand for HT7 and 

coelenterazine-h as a substrate for IV. 

[00114] FIG. 86 shows the luminescence generated from lysed bacterial cells expressing 9B8 

opt mixed with ("+ caspase") or without ("no caspase") caspase-3 using a pro-coelenterazine 

substrate. 

[00115] FIGS. 87A-C show the luminescence generated from circularly permuted, straight 

split L27V variants CP84 and CP103 using PBI-3939 as a substrate with (FIG. 87B) or without 

(riot shown) rapamycin treatment and the response (FIG. 87C) due to rapamycin treatment, The 

concept of the circularly permuted straight split variants is shown in FIG. 87A. 

[00116] FIG. 88 shows percent remaining activity of the L27V variant after exposure to 

various amounts of urea. 

[00117] FIG. 89 shows the effect of 3M urea on the activity of the L27V variant. 

[00118] FIGS. 90A-B show the bioluminescence imaging of hormone-induced nuclear 

receptor (NR) translocation of OgLuc fusions using PBI-3939 substrate. 

[00119] FIGS. 91A-B show tine bioluminescence imaging of phorbol ester-induced Protein 

Kinase C alpha (PKC alpha) translocation of OgLuc fusions using PBl-3939 substrate, 

100120] FIGS. 92A-B show the bioluminescence imaging of autophagosomal protein 

translocation of OgLuc fusions using PBI-3939 substrate. 
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DETAILED DESCRIPTION 

[00121] Before any embodiments of the invention are explained in detail, it is to be 

understood that the invention is not limited in its application to the details of structure, synthesis, 

and arrangement of components set forth in the following description or illustrated in the 

following drawings. The invention is described with respect to specific embodiments and 

techniques, however, the invention is capable of other embodiments and of being practiced or of 

being carried out in various ways. 

[00122] In Ihe fallowing description of the methods of the invention, process steps are carried 

out at room temperature (about 22°C) and atmospheric pressure unless otherwise specified. It 

also is specifically understood that any numerical range recited herein includes all values from 

the lower value to the upper value. For example, if a concentration range or beneficial effect 

range is stated as l% to 50%, it is intended that values such as 2% to 40%, 10% to 30%, or 1% to 

3%, etc. are expressly enumerated in this specification. Similarly, if a sequence identity range is 

given as between, e.g., 60% to <100%, it is intended that intermediate values such as 65%, 75%. 

85%, 90%, 95%, etc. are expressly enumerated in this specification. These are only examples of 

what is specifically intended, and all possible numerical values from the lowest value to the 

highest value are considered expressly stated in the application. 

[00123] Unless expressly specified otherwise, the term "comprising" is used in the context of 

the present application to indicate that further members may optionally be present in addition to 

the members of the list introduced by "comprising". It is, however, contemplated as a specific 

embodiment of the present invention that the term "comprising" encompasses the possibility of 

no further members being present, i.e., for the purpose of this embodiment "comprising" is to be 

understood as having the meaning of "consisting of". 

[00124] The following detailed description discloses specific and/or preferred variants of the 

individual features of the invention,. The present invention also contemplates, as particularly 

preferred embodiments, those embodiments which are generated by combining two or more of 

the specific and/or preferred variants described for two or more of the features of the present 

invention. 

[00125] Unless expressly specified otherwise, all indications of relative amounts in the present 

application are made on a weight/weight basis. Indications of relative amounts of a component 

characterized by a generic term are meant to refer to the total amount of all specific variants or 

members covered by said generic term. If a certain component defined by a gcncrie term is 
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specified to be present in a certain relative amount, and if this component is further characterized 

to be a specific variant or member covered by the generic term, it is meant that no other variants 

or members covered by the generic term are additionally present such that the total relative 

amount of components covered by the generic term exceeds the specified relative amount. More 

preferably, no other variants or members covered by the generic term are present at all. 

Overview 

[00126] In various aspects, the invention is drawn to novel compounds, novel luciferases, and 

combinations thereof The invention encompasses methods, compositions, and kits including the 

novel compounds, novel luciferases, and/or combinations thereof. 

[00127] The novel compounds are novel coelenterazines, which can be used as substrates by 

proteins that utilize coelenterazines to produce luminescence, including, but not limited to, 

luciferases and photoproteins found in various marine organisms such as cnidarians (e.g., Renilla 

luciferase), jellyfish (e.g., aequorin from the Aeguorea jellyfish) and decapods luciferases (e.g., 

luciferase complex of Oplophorus gracilirostris). In various embodiments, the novel 

coelenterazines of the present invention have at least one of enhanced physical stabitity (e.g., 

enhanced coeienterazine stability), reduced autolumincsccncc, and increased biocompatibility 

with cells (e.g., less toxic to cclls, including heterologous cell types) relative to native 

coelenterazinc. 

[00128] The novel luciferases disclosed herein include variants of the active subunit of a 

decapod luciferase. The novel luciferases can utilize various coelenterazines as substrates, 

including, but not limited to, native and known coelenterazines as well as the novel 

coelenterazines of the present invention. The novel luciferases display at least one of: enhanced 

luminescence (including increased brightness, enhanced signal stability and/or signal duration); 

enhanced enzyme stability (i.e., enhanced enzymatic activity including enhanced resistance to 

elevated temperature, changes in pH, inhibitors, denaturants, and/or detergents); altered substrate 

specificity (i.e., change in relative substrate specificity); and enhanced biocompatibility 

(including at least one of improved expression in cells, reduced toxicity, and/or cell stress). In 

various embodiments, the present invention encompasses novel luciferases that are present in 

solution as soluble, active monomers, chemically linked to other molecules (e.g., fusion 

proteins), or attached onto a solid surface (e.g., particles, capillaries, or assay tubes or plates). 

[00129] Certain combinations of the novel coelenterazines and the novel luciferases provide 

significant technical advantages for bioluminescent assays including enhanced luminescence, 

wherein cnhanccd luminescence may be due to one or more factors including enhanced signal 

stability and enhanced coeienterazine stability. Additionally, many of the novel coelenterazines 
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were designed to be smaller than commercially-available and/or known coelenterazines. In some 

cases, the noveJ luciferases of the present invention preferentially utilize the novel, smaller 

coelenterazines over the commercially-available and/or known larger coelenterazines, 

[00130] The invention encompasses combinations of: the novel luciferase variants with the 

novel coelenterazines; the novel luciferase variants with known or native coelenterazines; and the 

novel coelenterazines with any known or native protein (e.g., luciferases or photoproteins) that 

uses coeienterazine as a substrate. 

[00131] The term "coeienterazine" refers to naturally-occurring ("native") coeienterazine as 

well as analogs thereof, including coelenterazine-n, coelenterazinc-f, coclenterazine-h, 

coelenterazine-hcp, coelenterazine-cp, coelenterazine-c, coelenterazine-e, coelenterazine-fcp, bis-

deoxycoelenterazine ("coclenterazine-hh"), coclcntcrazine-i, coelenterazitie-icp, coelenterazine-

v, and 2-methyl coeienterazine, in addition to those disclosed in WO 2003/040100 and U.S. 

Application Serial No. 12/056,073 (paragraph [0086]), the disclosures of which are incorporated 

by reference herein. The term "coeienterazine" also refers to the novel coelenterazines disclosed 

herein (see below). The term "known coeienterazine" refers to a coeienterazine analog known 

prior to the present invention. 

[00132] The term "OgLuc" refers to a decapod luciferase protein, or a variant of such a 

protein, which generates light in the presence of a coeienterazine. The OgLuc protein may, in its 

naturally-occurring form, be a monomer or may be a subunit of a protein complex, The OgLuc 

used in the exemplary embodiments disclosed herein is the 19 kDa subunit from the luciferase 

complex, of Oplophorus gracilirostris, although comparable polypeptides from other decapod 

species (including other Oplophorus species) could also be employed and are encompassed 

within the invention (see R.D. Dennell, Observations on the luminescence of bathypelagic 

Crustacea decapoda of the Bermuda area, Zool. J. Linn. Soc., Lond. 42 (1955), pp. 393-406; see 

also Poupin et al. Sept 1999. Inventaire documents des especies et bilan des formes les plus 

communes de la mer d'lroise. Rapport Scientifique du Laboratoire d'Oceanographie de I'Ecole 

Navale (LOEN), Brest (83pgs), cach of which is incorporated by reference herein); examples 

include, without limitation, luciferases of the Aristeidac family, including Plesiopenaeus 

coruscans\ the Pandalidea family, including Heterocarpus and Parapandatus richardi, the 

Solenoceridae family, including Hymenopenaeus debilis and Mesopenaeus lropicalis\ the 

Luciferidae family, including Lucifer typus\ the Sergestidae family, including Sergestes 

allanticus, Sergestes arcticus, Sergestes armatus, Sergestes pediformis, Sergestes cornutus, 

Sergestes edw&rdsi, Sergestes henseni, Sergestes pectiriatus, Sergestes sorgassi, Sergestes 

similis, Sergestes vigilax, Sergia chatiengeri, Sergia grandis, Sergia lucens, Sergia prehensilis, 
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Sergia potens, Sergia robusta, Sergia set mi Hans, and Sergia splendens; the Pasiphaeidae family, 

including Glyphus marsupialis, Leptochela bermudensis, Parapasipkae sulcatifrons, and 

Pasipkea tarda\ the Opfophoridae family, including Acanthephyra acanthitehonis, Acanthephyra 

acutifrons, Acanthephyra brevirostris, Acanthephyra cucullata, Acanthephyra curtirostris, 

Acanthephyra eximia, Acanthephyra graciUpes, Acanthephyra kingsteyi, Acanthephyra media, 
Acanthephyra microphthalmia, Acanihephyra pelagica, Acanthephyra prionota, Acanthephyra 

purpurea, Acanthephyra sanguinea, Acanthephyra sibogae, Acanthephyra styhrostratis, 

Ephyrina bifida, Ephyrina figueirai, Ephyrina koskynii, Ephyrina ombango, Hymenodora 

glacialis, Hymenodora gracilis, Meningodora miccyla, Meningodora mollis, Meningodora vesa?, 

Notostomus gibbosus, Notostomus auricuhtus, Oplophorus gracilirostris, Oplophorus grimaldii, 

Oplophorus novaezealandiae, Oplophorus spinicauda, Oplophorus foliaceus, Oplophorus 

spinosus, Oplophorus typus, Sysiellaspis brauerL Syslellaspis cristala, Systellaspis debilis, and 

Systellaspis pellucida; and the Thalassoearidae family, including Chlorolocoides spinicauda, 

Thalassocaris crinila, and Thalassocaris lucida. 

[00133] The polypeptide scqucncc of the mature (i.e., with no signal sequence) 19 kDa subunit 

of the naturally-occurring form of the Oplophorus gracilirostris luciferase (i.e., 169 amino acids, 

residues 28 to 196 of BAB 13776) is given in SEQ ID NO; L. In various embodiments, a 

methionine residue and a valine residue are inserted at the beginning of the synthetic OgLuc 

sequence (e.g., as indicated in the C1+A4E polypeptide sequence, SEQ ID NO: 3) to facilitate 

cloning and expression in heterologous systems. Nevertheless, for consistency, the position 

numbers of the various amino acid substitutions referred to herein arc specified "relative to" SEQ 

ID NO: I, i.e., the polypeptide sequence of the mature (with no signal sequence), native 19 kDa 

subunit of the Oplophorus gracilirostris luciferase protein complex. 

[Q0134] Specifically, a protein is a decapod luciferase if, upon alignment of its amino acid 

sequence with SEQ ID NO: I, the scquencc identity is > 30%, preferably > 40%, and most 

preferably > 50%, and the protein can utilize coeienterazine as a substrate to catalyze the 

emission of luminescence, and the amino acid sequence beginning at the position corresponding 

to position 8 of SEQ ID NO: 1 is: 

[00135] [GSAIVKHFE}-[FYW]-x-[LIVMFSYQ]-x-x-{K}-x-[NHGKl-x-[DE]-x-

[I,IVMFY]-[UVMWF]-x-{GHLIVMAKRG] (SEQ ID NO. 330) (VII), 

[00136] with no more than 5 differences, or more preferably no more than 4, 3, 2, or 1 

difference, or most preferably no differences, wherein the differences occur in positions 

corresponding to pattern position 1, 2, 3, 5, 8, 10, 12, 14, 15, 17, or 18 of Formula (Vll) 
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according to Table 4. Differences may also include gaps or insertions between the pattern 

positions of Table 4. 

[00137] Hie term "variant" refers to a modified version of a starting polypeptide or 

polynucleotide sequence. The term "parental1' i$ a relative term that refers to a starting sequence 

which is then modified. The parental sequence is generally used as a reference for the protein 

encoded by the resulting modified sequence, e.g., to compare the activity levels or other 

properties of the proteins encoded by the parental and the modified sequences. The starting 

sequence can be a naturally-occurring (i.e., native or wild-type) sequence. The starting sequence 

can also be a variant sequence which is then further modified. A polypeptide sequence is 

"modified" when one or more amino acids (which may be naturally-occurring or synthetic) are 

substituted, deleted, and/or added at the beginning, middle, and/or end of the sequence. A 

polynucleotide sequence is "modified" when one or more nucleotides are substituted, deleted, 

and/or added at the beginning, middle, and/or end of the scqucnce, but which may or may not 

alter the amino acid encodcd by the sequence. In some embodiments, the modifications produce 

a variant that is a functional fragment of a particular OgLuc or OgLuc variant. A functional 

fragment is a fragment which is less than a full-length parental sequence which has the same 

functional activity as the full-length parental sequence. Functional activity is the ability to 

exhibit luminescence. In some embodiments, the modifications produce a variant that is a 

permuted sequence of the parental sequence, such as a circularly permuted sequence and 

permuted sequcnccs comprising deletions and/or insertions. 

[00138] Several of the OgLuc variants disclosed herein have been assigned shorthand names 

to facilitate discussion. The term "CH-A4E" (also referred to as "C1A4E") refers to a particular 

OgLuc variant with the amino acid substitutions A4E, QI1R, A33K, V44I, A54F, P1I5E, 

Q124K, Yt 381, and N166R relative to SEQ ID NO: 1 (SEQ ID NOs: 2 and 3) (where the format 

indicates a parent amino acid V at a position that is changed to variant amino acid 'y'). 

Variants of the C1+A4E OgLuc variant which are presented herein contain at least the amino 

acid substitutions found in C1+A4E, unless otherwise indicated. The term "IVY" refers to a 

variant of the C1+A4E OgLuc variant having additional amino acid substitutions F54I, I90V, and 

F77Y relative to SEQ ID NO: I (SEQ ID NOs: 8 and 9)- The term 'TV" refers to another variant 

of the C1+A4E OgLuc variant having additional amino acid substitutions F54I and I90V relative 

to SFQ ID NO: I (SEQ ID NOs: 14 and 15). The term "QC27" refers to yet another variant of 

the C1+A4E OgLuc variant having additional amino acid substitutions Q18L, F54I, L92H, and 

Y1Q9F relative to SEQ ID NO: I (SEQ ID NOs: 4 and 5). The term iiQC27-9a" refers to a 

variant of the QC27 OgLuc variant with additional amino acid substitutions V21L, F68Y; L72Q, 



M75K, H92R, and V158F relative to SEQ ID NO: I (SEQ ID NOs: 6 and 7). The term "9B8" 

refers to a variant of the IV OgLuc variant with additional amino acid substitutions Q18L, F68Y, 

L72Q, and M75K relative to SEQ ID NO: 1 (SEQ ID NOs: 18 and 19). The term "9B8 opt" 

refers to the codon optimized version of the 9B8 variant (SEQ (D NO: 24). The term "9B8 

opt+K33N" refers to a variant of the 9B8 opt variant with additional amino acid substitution 

K33N relative to SEQ ID NO: I (SEQ ID NOs: 42 and 43). The term "9B8 opt+K33N+l 70G" 

refers to a variant of the "9B8 opt+K33N" variant with an additional glycine appended to the C-

terminus of the variant, i.e., 170G relative to SEQ ID NO: 1 (SEQ IDNO: 68 and 69). The terms 

"L27V+T39T+K43R+Y68D" and "L27V" refers to a variant of the 9B8 opt+K33N" variant with 

additional amino acid substitutions L27V, T39T, K-43R, and Y68D relative to SEQ ID NO: 1 

(SEQ ID NOs: 88 and 89). The terms ,CT39T+K43R+Y68D" and "V2" refers to a variant of the 

"9B8 opt+K33N" variant with additional amino acid substitutions T39T, K43R, and Y68D 

relative to SEQ ID NO: I (SEQ ID NOs; 92 and 93), 

[00139] In general, "enhanced" means that the particular properly (e.g., luminescence, signal 

stability, biocompatibility, protein stability (e.g., enzyme stability), or protein expression) is 

increased relative to that of the reference luciferase plus coeienterazine combination or luciferase 

under consideration, where the increase is at least l%, at least 5%, at least 10%, at least 20%, at 

least 25%, at Eeast 50%, at least 75%, at least 90%, at least 100%, at least 200%, at least 500%. or 

at least 1000% greater than the reference luciferase plus coclcnterazinc combination or lueifcrasc 

under consideration. 

[00140] The term "luminescence" refers to the light output of the OgLuc variant under 

appropriate conditions* e.g., in the presence of a suitable substrate such as a coeienterazine. The 

light output may be measured as an instantaneous or near-instantaneous measure of light output 

(which is sometimes referred to as "TH)1' luminescence or "flash") at the start of the 

luminescence reaction, which may be initiated upon addition of the coeienterazine substrate. The 

luminescence reaction in various embodiments is carried out in a solution. In other 

embodiments, the luminescence reaction is carried out on a solid support. The solution may 

contain a lysate, for example from the cells in a prokaryotic or eukaryotic expression system. In 

other embodiments, expression occurs in a cell-free system, or the luciferase protein is secreted 

into an extracellular medium, such that, in the latter ease, it is noi necessary to produce a lysate. 

In some embodiments, the reaction is started by injecting appropriate materials, e.g., 

coeienterazine, buffer, etc., into a reaction chamber (e.g., a well of a multiwell plate such as a 96-

well plate) containing the luminescent protein. In still other embodiments, the OgLuc variant 

and/or novel coeienterazine are introduced into a host and measurements of luminescencc are 
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made on the host or a portion thereof, which can include a whole organism or cells, tissues, 

explants, or extracts thereof. The reaction chamber may be situated in a reading device which 

can measure the light output, e.g., using a luminometer or photomultiplier. The light output or 

luminescence may also be measured over time, for example in the same reaction chamber for a 

period of seconds, minutes, hours, etc. The light output or luminescence may be reported as the 

average over time, the half-lite of decay of signal, the sum of the signal over a period of time, or 

the peak output. Luminescence may be measured in Relative Light Units (RLUs). 

[00141} The "enhanced luminescence" of an OgLuc variant may be due to one or more of the 

following characteristics: enhanced light output (i.e., brightness), enhanced substrate specificity, 

enhanced signal stability, and/or enhanced signal duration. Enhanced signal stability includes an 

increase in how long the signal from a luciferase continues to luminesce, for example, as 

measured by the half-life of decay of the signal in a time-course. Enhanced luminescence may 

be determined relative to the comparable property of a luciferase such as wild-type OgLuc, an 

OgLuc variant protein, Renilla luciferase (e.g., hRluc), or firefly luciferase (e.g., Luc2 luciferase 

from Photinus pyralis) combined with a native, known, or novel substrate, as shown in the 

Examples below. For example, the luminescence of a given OgLuc variant in combination with 

a particular coeienterazine (including native, known, or novel coelenterazines) may be compared 

to the properties of one of OgLuc variants C1+A4E, fV, or IVY combined with any of a native, 

known, or novel coeienterazine disclosed herein, using one or more of the assays disclosed in the 

Examples below. In particular, enhanced luminescence may be determined by measuring the 

luminescence signal (RLU) resulting from the incubation of bactcrial lysates containing OgLuc 

variants in question with the substrate, PBI-3939. Measurements are taken in a reagent which 

may contain TERGITOL™ to provide Glo-like kinetics, e.g., in which enzyme inactivation is 

slowed and the luminescence signal is stabilized, which is described elsewhere in the application. 

In some embodiments, some luciferase variants, e.g., L27V, with certain compounds, e.g., PBI-

3939, provide extended duration of the luminescent emission, or glow-like kinetics, in the 

absence of TERGITOL™. The luminescence signal may be compared to that of a reference 

point such as the CL+A4E variant with coeienterazine or coelenterazine-h or Renilla luciferase 

with native eoelenterazinc. 

[00142] "Enzyme stability" refers to the stability of enzyme activity (i.e., tolerance of 

enzymatic activity to reaction conditions). Enhanced enzyme stability refers to enhanced 

stability of enzyme activity (i.e., enhanced tolerance to reaction conditions). Enhanced enzyme 

stability includes enhanced thermal stability (e.g., stability at elevated temperatures) and 

chemical stability (e.g., stability in the presence of inhibitors or denaturants such as detergents, 
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including, e.g., TRITON™ X-1QQ). Enzyme stability can be used as a measure of protein 

stability, particularly under conditions known to be disruptive of protein structure, such as high 

temperatures or the presence of chemical denaturants. In particular, enhanced protein stability 

may be determined using thermal analysis as described elsewhere in the application (e.g., in 

Example 28). The luminescence signal may be compared to the reference point of C1+A4E 

variant with coeienterazine or coelenterazine-h or Renilia luciferase with native coeienterazine. 

[00143] "Biocompatibility" refers to the tolerancc of a cell (e.g., prokaryotic or eukaryotic) to 

a luciferase and/or coclcnterazine compound. Biocompatibility of a luciferase and/or 

coclentcrazine compound is related to the stress it causes on the host cell. For example, a 

luciferase that is not tolerated by the cell (i.e., one that stresses a cell) may not be expressed 

efficiently within the cell, for example, the luciferase may be expressed within the cell, but 

exhibit reduced activity due to the formation of inclusion bodies by the expressed protein. 

Biocompatibility of a luciferase is related to the ability of the cells to tolerate the insertion of the 

foreign gene, i.e,3 a transgene containing the gene encoding the luciferase or fragment thereof, 

whereby the cells with the transgene do not exhibit manifestations of stress, including induction 

of stress response pathways, reduced rate of growth, and/or reduced viability (e.g., reduced 

number of living cells, reduced membrane integrity, or increased rates of apoptosis). Other 

indications of cell stress may include changes in gene expression, signaling pathways, and/or 

regulatory pathways. Enhanced biocompatibility of an OgLuc variant may be due to factors such 

as enhanced protein expression and/or rcduccd cell stress. Enhanced expression of luminescence 

for a particular polynucleotide encoding an OgLuc variant may be determined relative to 

luminescence expression levels for a polynucleotide encoding wild-type OgLuc or an OgLuc 

variant protein, including codon-optimized polynucleotides, where luminescence activity can be 

used as a means to monitor protein expression levels. 

[00144] In particular, enhanced biocompatibility of the OgLuc variant, novel coeienterazine 

compound and/or a combination thereof, may be determined by measuring cell viability and/or 

growth rate of cells. For example, enhanced biocompatibility of the OgLuc variants may be 

determined by measuring cell viability and/or growth rate of cells containing the OgLuc variants 

compared to cells containing firefly or ReniUa luciferase or no luciferase, in the absence of any 

coeienterazine compound to determine how compatible and/or toxic the lucifcrasc is to the cclls. 

Enhanced biocompatibility of the novel coeienterazine compounds may be determined by 

measuring cell viability in the absence of luciferase expression of cells exposed to the novel 

coeienterazine compound compared to native or known coelenterazines to determine how 

compatible and/or toxic the coeienterazine compound is to the cells. Enhanced biocompatibility 
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of a combination of an OgLuc variant with a novel coeienterazine compound may be determined 

by measuring cell viability and/or growth rate of cells containing the OgLuc variant and exposed 

to the novel coeienterazine and compared to cells containing firefly or Renilla luciferase or no 

luciferase and exposed to native or known coelenterazines. 

[00145] In particular, enhanced biocompatibility may be determined using cell viability 

analysis as described elsewhere in the application (e.g., using a CELLTITER-GLO® assay as 

described in Example 18 or an apoptosis assay such as one using CASPASE-GLO® technology 

according to the manufacturer's instructions) or one known in the art. The effect of an OgLuc 

variant on cell viability or apoptosis may be compared to the effect of a reference luciferase, such 

as the C1+A4E variant, a firefly luciferase or Renilla luciferase. The effect of the novel 

coeienterazine compound on cell viability or apoplosis may be compared to the effect of native 

or known coeienterazine compounds on cell viability or apoptosis. 

[00146] Enhanced biocompatibility may also be determined by measuring the effect of the 

OgLuc variant and/or novel coeienterazine compound on cell growth or gene expression. For 

examples, enhanced biocompatibility of the OgLuc variant may be determined by measuring the 

cell number after a period of time or by determining the expression of stress response genes in a 

sample of cells that contain the OgLuc variant compared to cells that contain another luciferase 

or no luciferase. Enhanced biocompatibility of the novel coeienterazine compound may be 

determined by measuring the ccll number after a period of time or by determining the expression 

of stress response genes in a sample of cells that are exposed to the novel coeienterazine 

compound compared to cells exposed to native or known coelenterazines or no coelenterazines. 

The effect of the OgLuc variant on cell growth or gene expression may be compared to a 

reference luciferase, such as CI+A4E variant, a firefly luciferase or Renilla luciferase. The 

effect of the novel coeienterazine on cell growth or gene expression may be compared to native 

or known coelentcrazines. 

[00147] The identification of robust, stable cell lines expressing an OgLuc variant of the 

present invention, either in the cytoplasm or as a secreted form, can be facilitated by the bright 

signal of the luciferase and the small size of the OgLuc gene. The relatively small gene sequence 

is expected to reduce the likelihood of genetic instability resulting from the integration of the 

foreign DNA into a cell's genome. As a result of the increased brightness of the OgLuc variants 

and/or the novel coelenterazines of the present invention, less protein expression, and thereby 

less DNA needed for transfection, may produce a given level of brightness compared to other 

known luciferases such as native OgLuc, firefly, or Renilla luciferase, which contributes to an 

enhanced biocompatibility for the OgLuc variants and/or novel coelenterazines. Enhanced 
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biocompatibility of the OgLuc variants may be measured by the amount of DNA or reagents, 

e.g., transaction chemicals, needed in transient transections to generate cells with the same level 

of luminescence as cells transfected with other luciferases, e.g., native OgLuc, firefly or Renilla 

luciferase. In some embodiments, the amount of OgLuc variant DMA or reagents needed for 

transfection is less than the amount needed for another luciferase, e.g., native OgLuc, firefly, or 

Renilla luciferase, to generals transfected cells with the same level of luminescence obtained 

with the other luciferase. Enhanced biocompatibility of the OgLuc variants may be measured by 

the recovery time of the cells after transfection. In some embodiments, the amount of time 

needed for recovery after transfection with the OgLuc variant is less than the time needed for 

another luciferase, e.g., native OgLuc, firefly or Renilla luciferase. 

[00148] "Relative substrate specificity" is determined by dividing the luminescence of a 

luciferase in the presence of a test coeienterazine substrate by the luminescence of the lucifcrase 

in the presence of a reference coeienterazine substrate For example, relative specificity may be 

determined by dividing the luminescence of a luciferase with a novel coeienterazine of the 

present invention by the luminescence of the luciferase with a different coeienterazine (e.g., 

native or known coeienterazine, see FIG. 1 for examples, or a different novel coeienterazine of 

the present invention). The test coeienterazine substrate and the reference coeienterazine 

substrate that are compared are considered a comparison substrate pair for determining relative 

substrate specificity. 

[00149] A "change in relative substrate specificity1' is determined by dividing the relative 

substrate specificity of a test luciferase using a comparison substrate pair by the relative substrate 

specificity of a reference luciferase using the same comparison substrate pair. For example, a 

change in relative specificity may be determined by dividing the relative substrate specificity of a 

test lucifcrase with a novel coeienterazine of the present invention compared to a different 

coeienterazine (e.g., native or known coeienterazine or a different novel coeienterazine of the 

present invention), by the relative substrate specificity of a reference luciferase with the same 

novel coeienterazine of the present invention compared to the same different coeienterazine used 

for the test luciferase. 

[00150] In some embodiments, the luminescence wilh one novel coeienterazine is compared to 

the luminescence with a different novel coeienterazine. In some embodiments, the luminescence 

with one native or known coeienterazine is compared to the luminescencc with another native or 

known coelcnterazine. In still other embodiments, the luminescence with one native or known 

coeienterazine is compared to the luminescence with a novel coeienterazine, 
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J00151] The novel coelenterazines of the present invention include properties such as 

enhanced physical stability (e.g., enhanced coeienterazine stability) or reduced 

autoiuminescence. The physical stability of the coelcntcrazine refers to how stable the 

coeienterazine is in certain conditions such that it maintains the ability to luminesce when used as 

a substrate by a luciferase. Luminescence that is not dependent on the activity of a luciferase or 

photoprotein is termed autoluminescence. Autoluminescence is the luminescence of a substance 

produced by energy released in the form of light during decay or decomposition. For example, 

autoluminescence can be caused by spontaneous oxidation of the luminogenic substrate 

coeienterazine. 

[00152] As used herein, "pure" or "purified" means an object species is the predominant 

species present (i.e., on a molar and/or mass basis, it is more abundant than any other individual 

species, apart from water, solvents, buffers, or other common components of an aequeous system 

in the composition), and, in some embodiments, a purified fraction is a composition wherein the 

object species comprises at least about 50% (on a molar basis) of all macromolceular spccics 

present. Generally, a "substantially pure" composition will comprise more than about 80% of all 

macromolecular species present in the composition, in some embodiments more than about 85%, 

more than about 90%, more than about 95%, or more than about 99%. In some embodiments, 

the object species is purified to essential homogeneity (contaminant species cannot be detected in 

the composition by conventional detection methods) wherein the composition consists essentially 

of a single macromolecular species. 

Coeienterazine Derivatives 

[00153] In some embodiments, the present invention provides novel coelcnterazine derivatives 

of formula (la) or (lb): 

or 
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(lb) 

wherein R2 is selected from the group consisting of 

W 

or C2-5 
straight chain alkyl; 

Rb is selected from the group consisting of -H, -OH, -NH2, -0C{0)R or -OCH20C(0)R; 

wherein R3 and R* are both H or both C1.2 alkyl; 

W is -NH3J halo, -OH, -NHC(0)R, -C02R; 

X is -S-3 -O- or -NR22-; 

Y is -H, -OH, or-OR11; 

Z is -CH- or -N-; 

each R11 is independently-C(0)R" or-CH;>OC(0)RT'; 

R22 is H, CH3> or CH2CH} 
each R is independently C1.7 straight-chain alky! or C1.7 branched alkyl; 

R" is C1.7 straight-chain alkyl or C1.7 branched alkyl; 

the dashed bonds indicate the presence of an optional ring, which may be saturated or 
unsaturated; 

g R is selected from the group consisting of 

R4, H or lower cycloalkyl 
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with the proviso that when R2 

cycloalkyl; and 

with the proviso that when Rs is > 

with the proviso that when R2 

0 
/-0 

, Ra is not 

R"5 or lower 

» or 

or Ra is not 

[00154] The term "alkyl", as used herein, pertains to a monovalent moiety obtained by 

removing a hydrogen atom from a hydrocarbon compound, and which may be saturated, partially 

unsaturated, or fully unsaturated. The alkyl group may be a straight-chain or branched. An alky] 

group may be optionally substituted with, for example, halo* Examples of straight-chain alkyl 

groups include, but arc not limited to, ethyl, n-propyl. n-butyl; and n-propyl, n-hexyl and n-

heptyl. Examples of unsaturated alkyl groups which have one or more carboti-carbon double 

bonds include, but are not limited to, ethenyl (vinyl,--CH=CH2), 2-propenyl (allyI, -CH-

CH=CH2), and butenyl. Examples of unsaturated alkyl which have one or more carbon-carbon 

triple bonds include, but are not limited to, ethynyt and 2-propynyl (propargyl). Examples of 

branched alkyl groups included isopropyL iso-butyl, sec-butyl, t-butyl and isorpentyl. 

[00155] The term "lower cycloalkyl", as used herein, pertains to a monovalent moiety 

obtained by removing a hydrogen atom from a hydrocarbon compound having from 3 to 5 carbon 

atoms. Examples of saturated lower cycloalkyl groups include, bat are not limited to, groups 

such as cyclopropyl, cyelobutyl and cyclopcntyl. Examples of unsaturated lower cycloalkyl 

groups which have one or more carbon-carbon double bonds include, but are not limited to, 

groups such as cyclopropenyl, cyclobutenyl and cyclopenlenyl. 

[00156] The term "halo", as used herein, pertains to a halogen, such as CI, F, Br or J. 
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; and X is O or S. fn other 

R3 

H 

[0Q157] Tn some embodiments, R is 

embodiments, R' is C2-5 straight chain alkyl. In certain embodiments, R° is ^ , lower 

cycloalkyl or H. In other embodiments, R8 is benzyl. In some embodiments, R" is -C(CH3)3, -

CH(CH3)2> -CH2C(CH3)J, or -CH2CH{CH3)2. 

[00158] In some embodiments, the present invention provides compounds according to 

Formula (Ha) or (lib): 

(Ha) 

or 
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wherein X is O or S, R6 is H or OH, R11 is as defined above, and the dashed bonds indicate the 

presence of ail optional ring. 

[00159] ETI some embodiments, the invention provides compounds according to Formula (INa) 

or (Mb): 

or 
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wherein R12 is C2.5 straight-chain alkyl, furyl or thienyl, R6 is H or OH, R!l is as defined above, 

and the dashed bonds indicate the presence of an optional ring. 

[00160] In some embodiments, the invention provides compounds according to Formula (IVa) 

or(IVb); 

or 
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(IVb) 

wherein X is O or S, R6 is H or OH, R18 is H, ^"f^or lower cycloalkyl, R3, R4 and Rn are 

as defined above, and the dashed bonds indicate the presence of an optional ring. 

[00161] In some embodiments, the invention provides a compound according to Formula (Va) 

or (Vb): 

OH 

(Va) 

or 
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(Vb) 

wherein R* is benzyl, R11 is as defined above, and the dashed bonds indicate the presence of an 

optional ring. 

[00162] In some embodiments, the present invention provides novel coeienterazine derivatives 

of formula (Via) or (VIb): 

R2 

(Via) 

or 

(VIb) 
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wherein R2 is selected from the group consisting of 

A^ -O W 

or C2-s 
straight chain alkyl; 

R6 is selected from the group consisting of-H, -OH, -NH2, -0C(0)R or -0CH20C(0)R, 

W is -NH2, halo, -OH, -NHC(0)R, -CO2R; 

X is -S-,-0- or-NH-; 

V is-H5 -OH, or-OR"; 

Zis-CH- or-N-; 

each R11 is independently -C(0)R" or-CH20C(0)R"; 

each R is independently C1.7 straight-chain alkyl or C].? branched alkyl; 

R" is C1.7 straight-chain alkyl or C|.? branched alkyl; 

the dashed bonds indicate the presence of an optional ring, which may be saturated or 
unsaturated; 

R8 is selected from the group consisting of 

wherein R3 and R4 are both H or both C1-2 alkyl; 

with the proviso that when R2 is / 
< 

OH 
o, 

o 

with the proviso that when 
cycloalkyl; and 
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r -X 

with the proviso that when R6 is NHi, R3 is /", /^Z , or C2- alkyl; 

•r R8 is not ^ ^ $ 

[00163] Suitable compounds according to the present invention include 

ft 

3982 

3340 

3932 

[l J « 

3681 

3B86 

3925 

3899 

N._," 

El 

3S57 

vc7 

3*33 

3900 

3867 

3946 

3913 

Vf~^ 
iHr tr 

M89 

4002 

3939 

a 
3094 

ex. 
3896 

O-W effr 
3B97 3641 3042 

vcu A* •yr"-1 V-vc0 Vfti 
jcM. GTT 

4525 4540 4541 

homers, Sails and Protcclcd Forms 

[00164] Certain compounds may exist in one or more particular gcomctric, optical, 

enantiomeric, diasteriomeric, epimeric, stereoisomers, tautomeric, conformational, or anomeric 

forms, including but not limited to, cis- and trans-forms; E- and Z-forms; c-, t-s and r- forms; 

endo and exo-forms; R-, S-s and meso-forms; D- and L-forms; d- and l-forms; (+) and (-) forms; 

keto-, enol-, and enolate- forms; syn- and anti-forms; synclinal- and anticlinal-forms; a- and {5-
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forms; axial and equatorial forms; boat-, chair-, twist-, envelope-, and half-chair forms; and 

combinations thereof, hereinafter collcctively referred to as "isomers" (or "isomeric forms"). 

[00165] Note that, except as discussed below for tautomeric forms, specifically excluded from 

the term "isomers", as used herein, are structural (or constitutional) isomers (i.e., isomers which 

differ in the connections between atoms rather than merely by the position of atoms in space). 

For example, a reference to a methoxy group, -OCH], is not to be construed as a reference to its 

structural isomer, a hydroxymethyl group, -CH2OH. Similarly, a reference to ortho-chlorophenyl 

is not to be construed as a reference to its* structural isomer, meta-chlorophenyl. However, a 

reference to a class of structures may well include structurally isomeric forms falling within that 

class (e.g., Ct-7 alkyl includes n-propyland iso-propyl; butyl includes n-, iso-, sec-, and tert-

butyl; methoxyphenyl includes orlho-, meta-, and paramethoxyphenyl). 

[00166] Note that specifically included in the term "isomer" are compounds with one or more 

isotopic substitutions. For example, H may be in any isotopic form, including 'H, 2H (D), and 3H 

(T); C may be in any isotopic form, including 12C, 13C, and KC; O may be in any isotopic form, 

including ,60 and ,sO; and the like. 

[00167] Unless otherwise specified, a reference to a particular compound includes all such 

isomeric forms, including (wholly or partially) racemic and other mixtures thereof. Methods for 

the preparation (e.g., asymmetric synthesis) and separation (e.g., fractional crystallization and 

chromatographic means) of such isomeric forms are either known in the art or are readily 

obtained by adapting the methods taught herein, or known methods, in a known manner. 

[00168] Unless otherwise specified, a reference to a particular compound also includes ionic, 

salt, solvate, and protected forms of thereof, for example, as discussed below. It may be 

convenient or desirable to prepare, purify, and/or handle a corresponding salt of the active 

compound, for example, a pharmaceutically-acceptable salt. Examples of pharmaceutical^ 

acceptable salts are discussed in Berge el at., J. Pham. Sci„ 66:1-19 (1977). 

[00169] For example, if the compound is anionic, or has a functional group which may be 

anionic (e.g., -COOH may be -COO-)* then a salt may be formed with a suitable cation. 

Examples of suitable inorganic cations include, but are not limited to, alkali metal ions such as 

Na+ and K+, alkaline earth cations such as Ca2+ and Mg2+, and other cations such as Al3+. 

Examples of suitable organic cations include, but are not limited to, ammonium ion (i.e., NH4*) 

and substituted ammonium ions (e.g., NHjR*, NH2R2+, NHRj*, NR4+). Examples of some 

suitable substituted ammonium ions are those derived from: ethylamine, diethylamine, 
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dicyclohexylamine, triethylamine, butylamine, ethylcnediamine, ethanolamine, dicthanolamine, 

piperazine, bcnzylamine, phenylbenzylamine, choline, meglumine, and tromethamine, as well as 

amino acids, such as lysine and arginine. An example of a common quaternary ammonium ion is 

N(CH3)4+. 

[0017DJ If the compound is cationic, or has a functional group which may be cationic {e.g., -

NH2 may be -NHj4), then a salt may be formed with a suitable anion. Examples of suitable 

inorganic anions include, but are not limited to, those derived from the following inorganic acids: 

hydrochloric, hydrobromic, hydroiodic, sulfuric, sulfurous, nitric, nitrous, phosphoric, and 

phosphorous. Examples of suitable organic anions include, but are not limited to, those derived 

from the following organic acids: acetic, propionic, succinic, glycolic, stearic, palmitic, factic, 

malic, pamoic, tartaric, citric, gluconic, ascorbic, maleic, hydroxymaleic, phenylacetic, glutamic, 

aspartic, benzoic, cinnamic, pyruvic, salicyelic, sulfanilic, 2-acetyoxybenzoic, fumaric, 

phenylsulfonic, toluenesulfonic, methanesulfonic, ethanesulfonic, ethane disulfonic, oxalic, 

pantothenic, isethionic, valeric, lactobionic, and gluconic. Examples of suitable polymeric 

anions include, but are not limited to, those derived from the following polymeric acids: tannic 

acid, carboxymethyl cclluJosc. 

[00171] It may be convenient or desirable to prepare, purify, and/or handle a corresponding 

solvate of the active compound. The term "solvate" is used herein in the conventional sense to 

refer to a complex of solute (e.g., active compound, salt of active compound) and solvent. If the 

solvent is water, the solvate may be conveniently referred to as a hydrate, for example, a mono-

hydrate, a di-hydrate, a tri-hydrale, etc. 

[00172] It may be convenient or desirable to prepare, purify, and/or handle the activc 

compound in a chemically protected form. The term "chemically protected form", as used 

herein, pertains to a compound in which one or more reactive functional groups are protected 

from undesirable chemical reactions, that is, are in the form of a protected or protecting group 

(also known as a masked or masking group or a blocked or blocking group). By protecting a 

reactive functional group, reactions involving other unprotected reactive functional groups can be 

performed, without affecting the protected group; the protecting group may be removed, usually 

in a subsequent step, without substantially affecting the remainder of the molecule. See, for 

example, Protective Groups in Organic Synthesis (T. Green and P. Wuts, Wiley, I999). 

[00173] For example, a hydroxy group may be protected as an ether (-OR) or an ester (-

0C(=0)R), for example, as: a t-butyl ether; a benzyl, benzhydryl (diphenylmethyl), or trilyl 

(triphenylmethyl) ether; a trimethyIsilyl or t-butyldimethylsilyl ether; or an acetyl ester {-



0C(=0)CH}, -OAc). For example, an aldehyde or ketone group may be protected as an acetal or 

ketal, respectively, in which the carbonyl group (>00) is converted to a diether (>C(OR)2), by 

reaction with, for example, a primary alcohol, The aldehyde or ketone group is readily 

regenerated by hydrolysis using a large excess of water in the presence of acid. For example, an 

amine group may be protected, for example, as an amide or a urethane, for example, as: a methyl 

amide (-NHCO-CH3); a benzyloxy amide ( NHCO OCHsQHs, -NHCbz); as a t-butoxy amide (-

NHCO-OC(CH])3, -NH-Boc); a 2-biphenyl-2-propoxy amide (-NHCOOQCHj^Co^CeHs, -

NH-Bpoc), as a 9-fluorenylmethoxy amide (-NH-Fmoc), as a 6-nitroveratryloxy amide (-NTI-

Nvoc), as a 2-trimethylsilylethyloxy amide (-NH-Teoe), as a 2,2,2-trichloroethyloxy amide (-

NH-Troc), as an allyloxy amide (-NH-Alloc), as a 2(-phenylsulphonyl)ethyloxy amide (-NH-

Psec); or, in suitable cases, as an N-oxide. 

[00174] For example, a carboxylic acid group may be protected as an ester for example, as: an 

C|-7 alkyl ester (e.g., a methyl ester; a t-butyl ester); a C1.7 haloalkyl ester (e.g., a C1.7 

trihaloaikylester); a triCj.? alkylsilyl-Ci-7 alkyl ester; or a C5.20 aryl-Ci.7 alkyl ester (e.g., a benzyl 

ester; a nitrobenzyl esrer); or as an amide, for example, as a methyl amide. 

[00175] For example, a thiol group may be protected as a thioether (-SR), for example, as: a 

benzyl thioether; an acetamidomethyl ether (-S-CH2NHC(-0)CH}). 

Synthesis of Coeienterazine Derivatives 

[00176] Coeienterazine derivatives according to the present invention may be synthesized 

according those methods detailed in Examples 1-16. 

Mutant Oplophorus Luciferases 

[00177] In embodiments of The present invention, various techniques as described herein were 

used to identify sites for amino acid substitution to produce an improved synthetic OgLuc 

polypeptide. Additional techniques were used to optimize codons of the polynucleotides 

encoding the various polypeptides in order to enhance expression of the polypeptides. It was 

found that making one or more amino acid substitutions, either alone or in various combinations, 

produced synthetic OgLuc-type polypeptides having enhanced luminescence (e.g., enhanced 

brightness, enhanced signal stability, enhanced enzyme stability, and/or change in relative 

substrate specificity). Furthermore, including one or more codon-optimizing substitutions in the 

polynucleotides which encode for the various synthetic OgLuc variant polypeptides produced 

enhanced expression of the polypeptides in various eukaryotic and prokaryotic expression 
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systems. One embodiment of the present invention is a polynucleotide that encodes a synthetic 

OgLuc variant polypeptide which is soluble and active in the monomeric form when expressed in 

prokaryctic and/or eukaryotic cells. 

[00178] The OgLuc variants of the present invention may be coupled to any protein of interest 

or molccisle of interest. In some embodiments, the variants are fusion proteins, for example some 

variants are coupled to a HaloTag® polypeptide attached at either the N-terminus or the C-

terminus. Unless otherwise noted, the variants that are HaloTag® fusions includc 'HT7' as part 

of the name, e.g., '1VY-HT7'. In some embodiments, a signal sequence (e.g., the naturally-

occurring Oplophorus gracilirostris signal sequence) is attached to the N-terminus of the fusion 

protein to facilitate the sccretion of the fusion protein from the cell. Signal sequences, other than 

the naturally-occuring signal sequence of OgLuc luciferase, are known in the art to facilitate 

protein secretion in mammalian cells or other cell types. Signal sequences, in combination with 

membrane anchoring sequences, may be used to position or display OgLuc variants on the outer 

surface of the cellular membrane. Other methods, known in the art may also be used to position 

OgLuc variants to the membrane or other locations within the cell. 

[00179] In some embodiments, the invention provides a modified decapod luciferase which 

•has enhanced luminescence relative to a corresponding parental variant decapod luciferase. For 

example, the parental, variant OgLuc [s C1+A4E, IVY, IV, QC27, QC27-9a, 9B8, 9B8 

opt+K33N, 9B8 opt+K33N+l70G, V2 or CCL27V", In another embodiment, the invention 

provides a modified decapod lucifcrase which utilizes a novel coeienterazine. In one 

embodiment, the modified decapod luciferase has a change in relative specificity for native, 

known or novel coelenterazines. In one embodiment, the modified decapod luciferase has a 

change in relative specificity relative to a corresponding parental, variant decapod luciferase. 

[00180] In some embodiments, the corresponding parental, variant decapod luciferase is a 

decapod species, including various species from families within the decapod order including, 

without limitation, luciferases of the Aristeidae family, including Plesiopenaeus coruscans; the 

Pandalidea family, including Heterocarpus and Parapandalus richardi, the Solenoceridae 

family, including Hymenopertaeus debiiis and Mesopertaeus tropicalis\ the Luciferidae family, 

including Lucifer typus; the Sergestidae family, including Sergestes atlanticus, Sergestes 
arciicus, Sergestes armatus, Sergestes pediformis, Sergestes cornutus, Sergestes edwardsi, 

Sergestes henseni, Sergestes peclinatus, Sergestes sargassi, Sergestes similis, Sergestes vigilax, 

Sergia chailengeri, Sergia grandis, Sergia lucers, Sergia prehensilis, Sergia potens, Sergia 

robusta, Sergia sciniilfans, and Sergia spletidens; the Pasiphaeidae family, including Gtyphus 
marsupialis, Leptochela bermudensis, Parapasiphae sulcatifrons, and Pasiphea tarda', the 
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Oplophoridae family, including Acanthephyra acanthitelsonis, Acanthephyra acutifrom, 

Acanthephyra brevirostris, Acanthephyra cucullata, Acanthephyra curlirostris, Acanthephyra 

eximia, Acanthephyra gr'acilipes, Acanthephyra kingsleyt, Acanthephyra media, Acanthephyra 

microphthalmia, Acanthephyra pelagic a, Acanthephyra prionata, Acanthephyra purpurea, 

Acanthephyra sanguinea, Acanthephyra sibogae, Acanihephyra stylorostratis, Ephyrina bifida, 

Ephyrina figueirai, Ephyrina koskynii, Ephyrina ombango, Hymenodora glacialis, Hymenodora 

gracilis, Meningodora miccyla, Meningodora mollis, Meningodora vesca, Noiostomm gihbosus, 

Notostomus auricuiatus, Oplophorus gracilirostris, Oplophorus grimaldii, Oplophorus 

novaezealandiaer Oplophorus spinicauda, Oplophorus foliaceus, Oplophorus spinosus, 
Oplophorus typus, Systellaspis braueri, Systellaspis cristata, Systellaspis debiiis, and Systellaspis 
pellucida\ and the Thalassocaridae family, including Chlorotocoides spinicauda, Thalassocaris 

crinita, and Thalassocaris lucida. In certain embodiments, the modified luciferase has increased 

luminescence emission, e.g., at least 1.3-fold, at least 2-fold, or at least 4-fold, in a prokaryotic 

cell and/or a eukaryotic cell relative to the corresponding wild-type luciferasc. In some 

embodiments, one or more properties of the modified decapod luciferase is compared to 

. comparable properties of a luciferase from another species, e.g., a firefly luciferase or a Renilla 

luciferase. 

[00181] In some embodiments, the OgLuc variant has at least 60%, e.g., at least 65%, 70%, 

75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, or 99%, or 100%, amino acid sequence identity to 

SEQ ID NOs: 3, 5, 7, 9, 1 1, 13, 15, 17, 19, 21, 27, 35, 37, 39, 41, 43; 45, 47, 49, 51, 53, 56, 58, 

60, 62, 64, 69, 71, 73, 75, 77, 79, 81, 83, 85, 87, 89, 91, 93, or 95- In some embodiments, the 

OgLuc variant, or a functional fragment thereof, has no more than 5 differences, or more 

preferably, no more than 4, 3, 2, or 3 difference, or most preferably no differences, wherein the 

differences occur in positions corresponding to pattern position 1, 2, 3, 5, 8. 10, 12, 14> 15, 17, or 

IS of Formula (VII) according to Table 4. Differences may also include gaps or insertions 

between the pattern positions of Table 4, 

[00182] In some embodiments, the OgLuc variant of the invention has one or more 

heterologous amino acid sequences at the N-terminus, C-terminus, or both (a fusion polypeptide 

such as one with an epitope or fusion tag), which optionally directly or indirectly interact with a 

molecule of interest. In some embodiments, the presence of the heterologous sequence(s) does 

not substantially alter the luminescence of the OgLuc variant either before or after the interaction 

with the molecule of interest, In some embodiments, the heterologous amino acid sequence is an 

epitope tag. In some embodiments, the heterologous amino acid sequence is one which, during 

or after interaction with a molecule of interest, undergoes a conformational change, which in turn 
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alters the activity of the OgLuc variant e.g., an OgLuc variant with such an amino acid sequence 

is useful to detect allosteric interactions. The OgLuc variant or a fusion with the OgLuc variant 

or a fragment thereof may be employed as a reporter. 

[00183] In some embodiments, a fragment of an OgLuc variant of the invention is fused to a 
* 

heterologous amino acid sequence, the fusion thereby forming a beta-barrel, which fusion protein 

is capable of generating luminescence from a naturally-occurring coeienterazine or an analog 

thereof including the various known coelenterazines discussed herein, or a novel coeienterazine 

of the present invention. 

[00184] Also provided is a polynucleotide encoding an OgLuc variant of the invention or a 

fusion thereof, an isolated host ccll having the polynucleotide or the OgLuc variant or a fusion 

thereof, and methods of using the polynucleotide, OgLuc variant or a fusion thereof or host cell 

of the invention. 

[00185] The term "identity," in the context of two or more nucleic acids or polypeptide 

sequcnccs, refers to two or more sequences or subsequences that are the same or have a specified 

percentage of amino acid residues or nucleotides that are the same when compared and aligned 

for maximum correspondence over a comparison window or designated region as measured using 

any number of sequence comparison algorithms or by manual alignment and visual inspection. 

Methods of alignment of sequence for comparison are well-known in the art. Optimal alignment 

of sequences for comparison can be conducted by the algorithm of Smith et at.r (J. Mot. Biol 

147:195-197 (1981)), by the homology alignment algorithm ofNccdlcman and Wunsch, (J. Mot 

Bid., 48:443-453 (1970)), by the search for similarity method of Pearson and Lipman, (Proc 

Natl Acad. Sci. USA, 85:2444-2448 (1988)), by computerized implementations of algorithms 

e.g., FA ST A, SSEARCH, GGSEARCH (available at the University of Virginia FASTA server 

by William R. Pearson http://fasta.bioch.virginia.edu/fasta_www2/fasta_intro.shtml), the Clusta! 

series of programs (Chenna et al, Nuci. Acids Res. 31(13):3497-3500 (2003); available examples 

at http://www.ebi.ac.uk or http://www.ch.embnet.org), or other sequence analysis software. It is 

known in the art that generating alignments with maximum correspondence between polypeptide 

sequences with significant sequence alterations (e.g., altered domain order, missing/added 

domains, repeated domains, shuffled domains, circular permutation) may involve the use of 

specialized methods, such as the ABA method (Raphael et al., Genome Res. 14(11^:2336-2346 

(2004)), other suitable methods, or performing the alignment with two concatenated identical 

copies of the polypeptide sequences. 
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[00186] The term "nucleic acid molecule," "polynucleotide" or "nucleic acid sequence" as 

used herein, refers to nucleic acid, including DNA or RNA, That comprises coding sequences 

necessary for the production of a polypeptide or protein precursor. The encoded polypeptide 

may be a full-length polypeptide, a fragment thereof (less than full-length), or a fusion of either 

the full-length polypeptide or fragment thereof with another polypeptide, yielding a fusion 

polypeptide. 

[00187] A polynucleotide encoding a protein or polypeptide means a nucleic acid sequence 

comprising the coding region of a gene, or in other words, the nucleic acid sequence encoding a 

gene product. The coding region may be present in a cDNA, genomic DNA or RNA form. 

When present in a DNA form, the oligonucleotide may be single stranded (e.g., the sense strand) 

or double stranded. Suitable control elements such as enhancers/promoters, splice junctions, 

polyadenylation signals, etc. may be placed in close proximity to the coding region of the gene if 

needed to permit proper initiation of transcription and/or correct processing of the primary RNA 

transcript. Other control or regulatory elements include, but are not limited to, transcription 

factor binding sites, splicing signals, polyadenylation signals, termination signals and enhancer 

elements. 

[00188] By "peptide," "protein" and "polypeptide" is meant amino acid chains of varying 

lengths, regardless of post-translational modification (e.g., glycosylation or phosphorylation). 

The nucleic acid molecules of the invention encode a variant of a man made (i.e., synthetic) 

variant protein or polypeptide fragment thereof, which has an amino acid sequence that is at least 

G0%, e.g., at least 65%, 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or 100%, 

amino acid sequence identity to the amino acid sequence of the parental protein from which it is 

derived, where the parental protein can be a naturally-occurring (native or wild-type) sequence or 

a variant sequence which is subsequently modified further. The term "fusion polypeptide" or 

"fusion protein1' refers TO a chimeric protein containing a reference protein (e.g., OgLuc variant) 

joined at the N- and/or C-lerminus to one or more heterologous sequences (e.g., a non-OgLuc 

polypeptide). The heterologous sequence can include, but is not limited to, reporter proteins such 

as the HALOTAG® fusion protein (Promega Corp.), FIAsH (fluorescein arsenical helix birider)T 

and ReAsH (red arsenical helix binder) (e.g., LUMIO™ tag recognition sequence (Invitrogen)), 

chloramphenicol acetyltransferase (CAT), [$-galactosidasc (J}-Ga1), lactamase (P-gal), neomycin 

resistance (Neo), GUS, galactopyranoside, green fluorescent protein (GFP), luciferase (e.g., a 

Renilla reniformis luciferase, a firefly luciferase (e.g., Photinus pyralis or Photuris 

pennsylvanicd), or a click beetle luciferase (e.g., Pyrophorus plagiophthalamus or Pyrearittus 

iermitiiluminans) or a glowworm luciferase (e.g., Phrixolhrix hirtus\ xylosidase, thymidine 
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kinase, arabinosidase and SNAP-tag, CLIP-tag, ACP-tag and MCP-tag (New England Biolabs), 

In one embodiment, a chimeric protein contains an OgLuc variant joined at the N-terminus to a 

HALOTAG® fusion protein (Promega Corp.)' In another embodiment, a chimeric protein 

contains an OgLuc variant joined at the C-terminus to a HALOTAG® fusion protein. 

[00189] Nucleic acids are known to contain different types of "mutations'1, which refers to an 

alteration in the sequence of a nucleotide at a particular base position relative to the witd-type 

sequence. Mutations may also refer to insertion or deletion of one or more bases so that the 

nucleic acid sequence differs from a reference, e.g., a wild-type sequence, or replacement with a 

stop codon. A ''substitution" refers to a change in an amino acid at a particular position in a 

sequence, e.g., a change from A to E at position A. 

[00190] The term "vector" refers to nucleic acid molecules into which fragments of DNA may 

be inserted or cloned and can be used to transfer DNA segments) into a cell and capable of 

replication in a cell. Vectors may be derived from plasmids, bacteriophages, viruses, cosmids, 

and the like, 

[00191] The term "wild-type" or "native" as used herein, refers to a gene or gene product that 

has the characteristics of that gene or gene product isolated from a naturally occurring source. A 

wild-type gene is that which is most frequently observed in a population and is thus arbitrarily 

designated the "wild-type" form of the gene. In contrast, the term "mutant" refers to a gene or 

gene product that displays modifications in sequence and/or functional properties (i.e., altered 

characteristics) when compared to the wild-type gene or gene product. It is noted that naturally 

occurring mutants can be isolated; these are identified by the fact that they have altered 

characteristics when compared to the wild-type gene or gene product. 

Exemplary Polynucleotides and Proteins 

[00192] The invention includes an OgLuc variant or protein fragments thereof, e.g., those with 

deletions, Tor instance a deletion of i to about 5 residues, and chimeras (fusions) thereof (see 

U.S. Patent Publication No. 2009/0253131 and WIPO Publication No. WO 2007/120522, the 

disclosures of which are incorporated by reference herein) having at least one amino acid 

substitution relative to a wild-type OgLuc, which substitution results in the OgLuc variant having 

enhanced stability, enhanced luminescence, e.g., increased luminescence emission, greater 

stability of the luminescence kinetics, and/or altered luminescence color. The sequences of an 

OgLuc variant are substantially the same as the amino acid sequence of a corresponding wild-

type OgLuc. A polypeptide or peptide having substantially the same sequence means that an 
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amino acid sequence is largely, but is not entirely, the same and retains the functional activity of 

the sequence to which it is related. In general, two amino acid sequences are substantially the 

same if they are at least 60%, e.g., at least 65%, 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 

98%, or 99%, but less than 100%, amino acid sequence identity. In some embodiments, the 

OgLuc variant is encoded by a recombinant polynucleotide, In some embodiments, the OgLuc 

variant, or a functional fragment thereof, has no more than 5 differences, or more preferably no 

more than 4, 3, 2, or 1 difference, or most preferably no differences, wherein the differences 

occur in positions corresponding to pattern position I, 2, 3, 5, 8, 10, 12, 14, 15, 17, or 18 of 

Formula (VII) according to Tabic 4. Differences may also include gaps, insertions, or 

permutations between the pattern positions of Table 4, 

[00193] The OgLuc variant proteins or fusion proteins of the invention may be prepared by 

recombinant methods or by solid phase chemical peptide synthesis methods. Such methods arc 

known in the art. 

Methods of Use und Kits 

[00194] The compounds and proteins of the invention may be used in any way that luciferases 

and luciferase substrates, e.g., coelenterazines, have been used. For example, Ihey may be used 

in a bioluminogenic method which employs an analog of coeienterazine to detect one or more 

molecules in a sample, e.g., an enzyme, a cofactor for an enzymatic reaction, an enzyme 

substrate, an enzyme inhibitor, an enzyme activator, or OH radicals, or one or more conditions, 

e.g., redox conditions. The sample may include an animal (e.g., a vertebrate), a plant, a fungus, 

physiological fluid (e.g., blood, plasma, urine, mucous secretions and the like), a cell, a cell 

lysatet a cell supernatant, or a purified fraction of a cell (e.g., a subcellular fraction). The 

presence, amount, spectral distribution, emission kinetics, or specific activity of such a molecule 

may be detected or quantified. The molecule may be detected or quantified in solution, including 

multiphasic solutions (e.g., emulsions or suspensions), or on solid supports (e.g., particles, 

capillaries, or assay vessels). In some embodiments the OgLuc variant can be used in 

luminescence-based assays to detect an enzyme of interest, e.g., CYP450 enzyme, MAO A or B 

enzyme, a caspase, etc. The novel coelenterazines could be used with photoproteins such as 

aequorin, obelin, or iPhotina. In some embodiment, the OgLuc variant can be used as an energy 

donor to another molecule (e.g., to a fluorophore, a chromophore, or a nanoparticle). 

[00195] The invention also provides a polynucleotide encoding a transcriptional reporter. In 

some embodiments, the OgLuc variant or fragment thereof could be operably linked to 

transcription regulatory sequences, e.g., one or more enhancer, a promoter, a transcription 



termination sequence or a combination thereof, to form an expression cassette. For example, the 

OgLuc variant could be operably linked to a minimal promoter and a cAMP-response element 

(CRE). 

[00196] The proteins of the invention may be used as biosensors, e.g., an OgLuc variant, 

which, in the presence of another molecule (e.g, one or more molecules of interest), or under 

certain conditions, has one or more altered activities. Upon interacting with a molecule of 

interest or being subject to certain conditions, the biosensor undergoes a conformational change 

Or is chemically altered which causes an alteration of the enzyme activity or luminescence, e.g., 

specific activity, spectral distribution, or emission kinetics. For example, the OgLuc variant of 

the present invention, for example a circularly permuted variant, can comprise an interaction 

domain for a molecule of interest. Alternatively, for example, the OgLuc variant may be coupled 

to an energy acceptor, for example a fluorescent protein, and comprise an interaction domain that 

alters the efficiency of energy transfer from the enzyme to the energy acceptor. For example, the 

biosensor could be generated to detect proteases, kinases, a ligand, a binding protein such as an 

antibody, cyclic nucleotides such as cAMP or cGMP, or a metal such as calcium, by insertion of 

a suitable sensor region into the OgLuc variant sequence. One or more sensor region can be 

inserted at the C-terminus, the N-terminus, and/or at one or more suitable location in the 

polypeptide sequence, where the sensor region comprises one or more amino acids. In the case 

of a circularly-permuted OgLuc variant, the sensor region may be inserted between the N- and C-

termini of the parent OgLuc variant. In addition, one or all of the inserted sensor regions may 

include linker amino acids to couple the sensor to the remainder of the OgLuc variant 

polypeptide. Examples of luciferase biosensors are disclosed in U.S. Pat. Appl. Publ. Nos. 

2005/0153310 and 2009/0305280 and PCT Publ. No. WO 2007/120522 A2, each of which is 

incorporated by reference herein. 

[00197] In various embodiments, the OgLuc variants disclosed herein may be used to transfer 

energy to an energy acceptor, for example in Bioluminescence Resonance Energy Transfer 

(BRET) analysis. For example, the OgLuc variants used in BRET analysis can be used to 

determine if two molecules are capable of binding each other or co-localize in a cell. For 

example, an OgLuc variant can be used as a bioluminescence donor molecule which is combined 

with a molecule or protein of interest to create a first fusion protein. In various embodiments, the 

first fusion protein contains an OgLuc variant and a protein of interest In various embodiments, 

the first fusion proteins containing the OgLuc variant can be used in BRET analysis to detect 

protein/protein interaction in systems including but not limited to cell lysates, intact cells, and 

living animals. In various embodiments, HALOTAG® can be used as a fluorescent acceptor 
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molecule. In some embodiments, HALOTAG® can be fused to a second protein of interest or to 

an OgLuc variant. For example, an OgLuc variant can be fused to HALOTAG®, expressed in 

cells or animals, and labeled with a fluorescent HALOTAG® ligand such as HALOTAG® TMR 

ligand. The fusion can subsequently be excited TO fluoresce in the presence of a cell-permeant 

OgLuc substrate. In some embodiments, BRET may be performed using OgLuc variants in 

combination with fluorescent proteins, including but not limited to Green Fluorescent Protein 

(GFP) or Red Fluorescent Protein (RFP) or fluorescent labels including fluorescein, rhodamine 

green, Oregon green, or Alexa 488, to name a few non-limiting examples, 

[00198] In various embodiments, the OgLuc variants and/or the novel coelenterazines of the 

present invention may be used in protein complementation assays (PCA) to detect the interaction 

of two biomolecules, e.g., polypeptides. For example, an OgLuc variant of the present invention 

can be separated into two fragments at a site(s) tolerant to separation and each fragment of The 

separated OgLuc variant can be fused to one of a pair of polypeptides of interest believed to 

interact, e.g., FKBP and FRB, If the two polypeptides of interest do in fact interact, the OgLuc 

fragments then come into close proximity with each other lo reconstitute the functional, active 

OgLuc variant. In some embodiments, the activity of the reconstituted OgLuc variant can then 

be detected and measured using a native or known coeienterazine or a novel coeienterazine of the 

present invention. In some embodiments, the split OgLuc variant can be used in a more general 

complementation system similar to lac-Z (Langlcy et a!.t PNAS 72:1254-1257 (1975)) or 

ribonuclease S (Levit and Berger, J. Biol. Chem. 251:1333 -1339 (1976)). In some 

embodiments, an OgLuc variant fragment (designated "A") known to complement with another 

OgLuc variant fragment ("B") can be fused to a target protein, and the resulting fusion can be 

monitored via luminescence in a cell or cell lysate containing fragment B. In some 

embodiments, the source of fragment B could be the same cell (e.g., if the gene for fragment B is 

integrated into the genome of the cell or is contained on another plasmid within the cell) or it 

could be a lysate or purified protein derived from another cell. In some embodiments, this same 

fusion protein (fragment A) could be captured or immobilized using a fusion between fragment B 

and a polypeptide such as HALOTAG® capable of atlachment to a solid support. In some 

embodiments, luminescence can be used to demonstrate successful capture or to quantify the 

amount of material captured. 

[00199] In various embodiments, the OgLuc variants and/or the novel coelenterazines of the 

present invention may be used to quantify coeienterazine. In some embodiments, a 

coeienterazine (e.g., a native or known coelcnterazine, or a novel coeienterazine of the present 

invention) can be used as a probe of a specific biochemical activity, e.g., apoptosis and drug 
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metabolism. In some embodiments, the coclenterazme concentration is coupled to a specific 

enzyme activity by a "pro-coelenterazine" or "pro-substrate" that can be acted on by the specific 

enzyme of interest. In some embodiments, the pro-coelenterazine is a molecule that cannot 

support luminesccncc directly when combined with luciferase, but can be converted into 

coeienterazine through catalytic processing by a specific enzyme of interest. In some 

embodiments, The approach can be used for enzymes such as those used in drug metabolism, e.g., 

cytochrome P450 enzymes, monoamine oxidase, and glutathione S-transferase; and apoptosis, 

e.g., caspases. For example, coeienterazine (e.g., a native or known coeienterazine, or a novel 

coeienterazine of the present invention) can be modified to contain a cleavable group, such as 6'-

O-methyl. In some embodiments, when incubated with a specific cytochrome P450 enzyme, the 

6sO-methyl is cleaved, and the pro-coelenterazine converted to coeienterazine which can be 

detcctcd with an OgLuc variant of the present invention. In some embodiments, the pro-

cue I enterazine can be combined with other components necessary to support luminescence^ e.g., 

luminescent protein such as ail OgLuc variant of the present invention, to provide a single 

reagent and a homogeneous assay. For example, when the reagent is added to a sample, 

luminescence is generated as pro-coelenterazine is converted to coeienterazine. In various 

embodiments, similar assays can be developed for other enzymes, small molecules, or other 

cellular processes that can be Jinked to the generation of coelentera7ines from pro-

coelenterazines. 

[00200] In various embodiments, the OgLuc variants and/or the novel coelenterazines of the 

present invention may be used as genetic transcriptional reporter systems. In some embodiments, 

the OgLuc variants can be multiplexed with a luciferase that emits light at a different wavelength, 

e.g., red click beetle luciferase (CHROMA-LUC™; Prumega Corp.). For example, if an OgLuc 

variant of the present invention is used as a functional reporter, then the red CHROMA-LUC™ 

luciferase could be used to control for non-specific effects on genetic regulation or to normalize 

for transfection efficiency. In some embodiments, luminescence generated from the OgLuc 

variant (approximately 460 nm) and red CHROMA-LUC™ (approximately 610 nm) can be 

easily resolved using a luminometer with wavelength-discriminating filters, enabling the 

measurement of both signals from the same sample. In another example, an OgLuc variant of the 

present invention could be used as a transcriptional reporter and paired with a luciferase that 

emits light at a different wavelength contained in an assay reagent. For example, an OgLuc 

variant of the present invention could be used as transcriptional reporter and paired with either 

aequorin or a cAMP circularly-permuted firefly luciferase biosensor, or both simultaneously, to 

detect multiple pathways in a single sample. In such a system, for example, aequorin could be 

used for the detection and/or measurement of calcium, the biosensor for the detection and/or 



measurement of cAMP, and an OgLuc variant for monitoring of downstream gene expression. In 

another example, an OgLuc variant may be used with one or more additional luciferases, where 

the luminescence of each luciferase may be separately measured through the use of selective 

enzyme inhibitors. For example, the luminescence of a first luciferase may be measured upon 

addition of appropriate substrates and buffers, followed by measurement of a second luciferase 

upon a subsequent addition of appropriate substrates and buffers and one or more inhibitors 

selective for the first luciferase. In another example, the luciferase contained in an assay reagent 

may be used for measuring a specific aspect of cellular physiology, for example ATP to estimate 

ceJJ viability, or caspase activity to estimate cellular apoptosis, 

[0D201] In various embodiments, the OgLuc variants of the present invention may be used as 

reporters in difficult to transfect cell lines or perhaps even in non-dividing primary cells, e.g., 

stem cells or HepG2 cells. Due to their high signal intensity, the OgLuc variants of the present 

invention will enable detectable luminescence when transfection efficiency i$ low. In some 

embodiments, the OgLuc variants can be used as reporters in cells that are especially sensitive to 

conditions associated with transfection, e.g., which are sensitive to elevated DNA concentrations 

or the addition of transfection reagent. Thus, in various embodiments, due to the enhanced 

luminescence of the OgLuc variants of the present invention, an adequate level of luminescences-

can be achieved using lower DNA concentrations, less transfection reagent, and/or shorter post-

transfection times prior to beginning an assay so that there is a reduced toxicity burden on 

sensitive cells. In various embodiments, the enhanced luminescence of the OgLuc variants will 

also allow for a signal to be detected at much later time points. In still other embodiments, the 

OgLuc variants could be used as reporters for single-copy native promoters. 

[00202] In various embodiments, the OgLuc variants of the present invention may be used as 

fusion tags for a target protein of interest as a way to monitor intracellular levels of the target 

protein. In some embodiments, the OgLuc variants can be used to monitor specific proteins 

involved in stress response pathways (e.g., DNA damage, oxidative stress, inflammation) in cells 

as a way to probe the role various types of stimuli may play in these pathways. In some 

embodiments, the OgLuc variants can also be used as a means to monitor cellular trafficking of a 

target protein. For example, the OgLuc variants can also be fused to viral genomes (e.g., HIV, 

HCV) so that titer levels, i.e., infectivity, can be monitored in cells following treatment with 

potential antiviral agents. In some embodiments, the variants can also be fused to green 

fluorescent protein (GFP) or HALOTAG® (in addition to a target protein) for fluorescence 

activated cell sorting (FACS) to identify high expression clones. 
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[00203] In various embodiments, identification of robust, stable cell lilies expressing an 

OgLuc variant of the present invention, either iti the cytoplasm or as a secreled form, can be 

facilitated by the enhanced signal of the OgLuc variant and the small size of the OgLuc gene. 

The relatively small gene sequence should reduce the likelihood of genetic instability resulting 

from the integration of the foreign DNA into a cell's genome. 

[00204] In various embodiments, the OgLuc variants of the present invention can be 

integrated into a variety of different immunoassay concepls. For example, an OgLuc variant can 

be fused to a primary or secondary antibody to provide a method of detection for a particular 

analyte. As another example, an OgLuc variant can be fused to protein A or protein G, and the 

fusion could then be used to detect a specific antibody bound to a particular analyte. As another 

example, an OgLuc variant can be fused to streptavidin and used to detect a specific biotinylated 

antibody bound to a particular analyte. As yet another example, complementary fragments of an 

OgLuc variant can be fused to primary and secondary antibodies, where the primary antibody 

recognizes a particular analyte, and the secondary antibody recognizes Ltie primary antibody. In 

some embodiments, the OgLuc variant activity would be reconstituted in the presence of analyte. 

As still another example, an OgLuc variant can be conjugated to an analyte (e.g., prostaglandins) 

and used in a competitive sandwich ELISA format. The OgLuc variant conjugated to an analyte 

may also be used to detect antibodies capable of binding the analyte, where the binding activity 

allows the OgLuc variant to be selectively linked to the antibody. An example using Renilla 

luciferase for quantitatively measuring patient antibody titers to an antigenic target is the 

Luciferase Immunoprecipitation System (Burbelo et al., Expert Review of Vaccines 9(6):567-

578 (2010)) 

[00205] In various embodiments, the OgLuc variants and novel substrates of the present 

invention can be used for detecting tumincscencc in live cclls. In some embodiments, an OgLuc 

variant can be expressed in celts (as a reporter or otherwise), and the cells treated with a 

coeienterazine, e.g., a novel coeienterazine such as PBI-3939, which will permeate cells in 

culture, react with the OgLuc variant and generate luminescence. In addition to being cell 

permeant, PBI-3939 shows comparable biocompatibility to native coeienterazine in terms of cell 

viability. In some embodiments, a version of PBI-3939 containing chemical modifications 

known to increase the stability of native coelentcrazine in media can be synthesized and used for 

mare robust, live cell OgLuc variant-based reporter assays. In still other embodiments, a sample 

(including cells, tissues, animals, etc.) containing an OgLuc variant and/or a novel coeienterazine 

of the present invention may be assayed using various microscopy and imaging techniques. In 
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still other embodiments, a sccretable OgLuc variant is expressed in cells as part of a live-cell 

reporter system. 

[00206] In various embodiments, the OgLuc variants and/or novel coelenterazines disclosed 

herein may be provided as part of a kit. The kit may include one or more OgLuc variants as 

disclosed herein (in the form of a polypeptide, a polynucleotide, or both) and/or a coeienterazine, 

along with suitable reagents and instructions to enable a user to perform assays such as those 

disclosed herein. The coeienterazine may be any of the native, known, or noveJ coelenterazines 

disclosed herein. The kit may also include one or more buffers, such as those disclosed herein. 

Vectors and Most Cells Encoding the Modified Luciferase or Fusions Thereof 

[00207] Once a desirable nucleic acid molecule encoding an OgLuc variant or a fragment 

thereof, such as one with luminescence activity or which may be complemented by another 

molecule to result in luminescence activity, or a fusion thereof with luminescence activity, is 

prepared, an expres$ion cassette encoding the OgLuc variant or a fragment thereof, e.g., one for 

complementation, or a fusion thereof with luminescencc activity, may be prepared. For example, 

a nucleic acid molecule comprising a nucleic acid sequence encoding an OgLuc variant is 

optionally operably linked to transcription regulatory sequences, e.g., one or more enhancers, a 

promoter, a transcription termination sequence or a combination thereof, to form an expression 

cassette. The nucleic acid molecule or expression cassette may be introduced to a vector, e.g., a 

plasmid or viral vector, which optionally includes a selectable marker gene, and the vector 

introduced to a cell of interest, for example, a prokaryotic cell such as E. coli, Streptomyces spp., 

Bacillus spp.. Staphylococcus spp. and the like, as well as eukaryotic cclts including a plant 

(dicot or monocot), fungus (including yeast, e.g., Pichia, Saccharomyces or 

Schizosaccharomyces), or a mammalian cell, lysates thereof, or to an in vitro 

transcription/translation mixture. Mammalian cells include but are not limited to bovine, caprine, 

ovine, canine, feline, non-human primate, e.g., simian, and human cells. Mammalian cell lines 

include, but are not limited to, CHO, COS, HEK293, HeLa, CV-l, SH-SY5Y, and NTH 3T3 

celts, although numerous other cell lines can also be used as well. 

[00208] The expression of an encoded OgLuc variant may be controlled by any promoter 

capable of expression in prokaryotic cells or eukaryotic cells including synthetic promoters. 

Prokaryotic promoters include, but are not limited to, SP6, T7, T5, tac, blay trp, gal, lac or 

maltose promoters, including any fragment that has promoter activity. Eukaryotic promoters 

include, but are not limited to, constitutive promoters, e,g.f viral promoters such as CMV, SV40 

and RSV promoters, as well as regulatable promoters, e.g., an inducible or repressible promoter 



such as the tet promoter, the hsp70 promoter and a synthetic promoter regulated by CRE, 

including any fragment that has promoter activity. The expression of an encoded OgLuc variant 

may also be controlled by post-transcriptional processes, such as by regulation of RNA 

processing or regulation of translation, for example by RNAi, miRNA, shRNA, siRNA, or by 

RNA or protein degradation. The nucleic acid molecule, expression cassette and/or vector of the 

invention may be introduced lo a cell by any method including, but not limited to, calcium-

mediated transformation, electroporation, microinjection, lipofection, and the like. 

Optimized Sequences, and Vectors and Host Cells Encoding the OgLuc Variants 

[00209] Also provided is an isolated nucleic acid molecule (polynucleotide) comprising a 

nucleic acid sequence encoding an OgLuc variant of the invention, a functional fragment thereof 

or a fusion protein thereof. In some embodiments, the isolated nucleic acid molecule comprises a 

nucleic acid sequence which is optimized for expression in at least one selected host. Optimized 

sequences include sequences which are codon optimized, i.e., codons which are employed more 

frequently in one organism relative to another organism, e.g., a distantly related organism, as 

well as modifications to add or modify Kozak sequences and/or introns, and/or to remove 

undesirable sequences, for instance, potential transcription factor binding sites. Such optimized 

sequences can provide enhanced expression, e.g., increased levels of protein expression, when 

introduced into a host cell. Examples of optimized sequences are disclosed in U.S. Pat. No. 

7,728,118 and U.S. Pat. Appl. Publ. Nos. 2008/0070299, 2008/0090291, and 2006/0068395, each 

of which is incorporated by reference herein. 

[00210] In some embodiments, the polynucleotide includes a nucleic acid sequence encoding 

an OgLuc variant of the invention, which nucleic acid sequence is optimized for expression in a 

mammalian host cell. In some embodiments, an optimized polynucleotide no longer hybridizes 

to the corresponding non-optimized sequence, e.g., does not hybridize to the non-optimized 

sequence under medium or high stringency conditions. The term "stringency" is used in 

reference to the conditions of temperature, ionic strength, and the presence of other compounds, 

under which nucleic acid hybridizations are conducted. With "high stringency" conditions, 

nucleic acid base pairing will occur only between nucleic acid fragments that have a high 

frequency of complementary base sequences. Thus, conditions of "medium" or "low" stringency 

are often used when it is desired that nucleic acids that are not completely complementaiy to one 

another be hybridized or annealed together. The art knows well that numerous equivalent 

conditions can be employed to comprise medium or low stringency conditions. 
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[00211] In some embodiments, the polynucleotide has less than 90%, e.g., less than 80%, 

nucleic acid sequence identity to the corresponding non-optimized sequence and optionally 

encodes a polypeptide having at least 60%, e.g., at least 65%, 70%, 75%, 80%, 85%, 90%, 95%, 

96%, 97%, 98%, 99%, or 100%, amino acid sequence identity with the polypeptide encoded by 

the non-optimized sequence. Constructs, e.g., expression cassettes, and vectors comprising the 

isolated nucleic acid molecufe, e.g., with optimized nucleic acid sequence, as well as kits 

comprising the isolated nucleic acid molecuie, construct or vector are also provided. 

[0D212] A nucleic acid molecule comprising a nucleic acid sequence encoding an OgLuc 

variant of the invention, a fragment thereof or a fusion thereof is optionally optimized for 

expression in a particular host cell and also optionally operably Jinked to transcription regulatory 

sequences, e.g., one or more enhancers, a promoter, a transcription termination sequence or a 

combination thereof, to form an expression cassette. 

[00213] In some embodiments, a nucleic acid sequence encoding an OgLuc variant of the 

invention, a fragment thereof or a fusion thereof is optimized by replacing codons, e.g., at least 

25% of the codons in a parental OgLuc sequence with codons which are preferentially employed 

in a particular (selected) cell. Preferred codons have a relatively high codon usage frequency in a 

selected cell, and preferably their introduction results in the introduction of relatively few 

transcription factor binding sites for transcription factors present in the selected host cell, and 

relatively few other undesirable structural aitribures. Examples of undesirable structural 

attributes include, but not limited to, restriction enzyme sites, eukaryotic sequence elements, 

vertebrate promoter modules and transcription factor binding sites, response elements, E. coli 

sequence elements, mKNA secondary structure. Thus, the optimized nucleic acid product may 

have an improved level of expression due to improved codon usage frequency, arid a reduced risk 

of inappropriate transcriptional behavior due to a reduced number of undesirable transcription 

regulatory scqucnccs. 

[00214] An isolated and optimized nucleic acid molecule may have a codon composition that 

differs from that of the corresponding wild-type nucleic acid sequence at more than 30%, 35%, 

40% or more than 45%t e.g., 50%, 55%, 60% or more of the codons. Exemplary codons for use 

in the invention are those which are employed more frequently than at least one other codon for 

the same amino acid in a particular organism and, in some embodiments, are also not low-usage 

codons in that organism and are not tow-usage codons in the organism used to clone or screen for 

the expression of the nucleic acid molecule. Moreover, codons for certain amino acids (i.e., 
those amino acids that have three or more codons), may include two or more codons that arc 

employed more frequently than the other (non-preferred) codon(s). The presence of codons in 
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the nucleic acid molecule that are employed more frequently in one organism than in another 

organism results in a nucleic acid molecule which, when introduced into the cells ofthe organism 

that employs those codons more frequently, is expressed in those cells at a level that is greater 

than the expression ofthe wild-type or parent nucleic acid sequence in those cells. 

[00215] In some embodiments of the invention, the codons that are different are those 

employed more frequently in a mammal, while in still other embodiments, the codons that are 

different are those employed more frequently in a plant. Preferred codons for different 

organisms are known to the art, e.g., see http://www.kazusa.or.jp,/codon/. A particular type of 

mammal, e.g., a human, may have a different set of preferred codons than another type of 

mammal. Likewise, a particular type of plant may have a different set of preferred codons than 

another type of plant. In one embodiment of the invention, the majority of the codons that differ 

are ones that are preferred codons in a desired host cell. Preferred codons for organisms 

including mammals (e.g., humans) and plants are known to the art (e.g., Wada et ai, Nucl. Acids 

Res., 18:2367 (1990); Murray et al., Nucl. Acids Res., 17:477 (1989)). 

EXAMPLES 

Reference Example 1 - Synthesis of a-Aminonitrile (Compound 1): 

CHO ^ H=NYCH-Vl 

1 

[00216] A flask was charged with sodium bisulfite (71.4 mmol) and 17 mL of water. To this, 

a solution of aldehyde (69.3 mmol) in 14 mL of (etrahydrofuran (THF) was added dropwise at a 

rate that kept the internal temperature below 60°C. The resulting suspension was stirred at 

ambient temperature for 40 min, and ammonium hydroxide solution (4,85 mL) added over 2 min. 

The resulting solution was magnetically stirred while being heated in an oil bath at 60CC for I hr 

and then left at ambient temperature overnight. The solution was cooled in an ice/saltwater bath 

until the internal temperature measured below 5®C. To this, a solution of sodium cyanide (7L4 

mmol) m 14 mL of water was added dropwise over 30 min. The resulting mixture was slirred at 

approximately 10°C for 20 min, 30°C for 2 hrs, and at ambient temperature for 3 8 hrs. The 

reaction mixture was extracted into three 200 mL portions of diethyl ether, and the combined 

extracts dried over anhydrous sodium sulfate. The mixture was filtered, and the solution cooled 

in an ice bath for 20 min. To the stirred solution, hydrogen chloride gas was added until 

precipitation ceased, and the suspension stirred for 1 hr. The solid was isolated by filtration and 
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rinsed with three 50 mL portions of diethyl ether. The material was dried under vacuum, and 6.4 

g (47.5 mmol) of a white solid was obtained (69%). Procedure was adapted from: Freifelder and 

Hasbrouck, "Synthesis of Primary 1,2-Diamines by Hydrogenation of alpha-Aminonitriles,'1 

Journal of the American Chemical Society, 82(3):696-698 (I960). 

Reference Example 2 - Synthesis of 2-oxo-2-ph«nylacetaldehyde oxime (Compound 2): 

RJOX'"™ 
2 

[00217] A flask was charged with potassium tert-butoxide (58 mmol) and 63 mL of tert-butyl 

alcohoJ. The mixture was stirred until a solution was formed, and a solution of the appropriate 

benzophenone (50 mmol) in 35 mL of tcrt-butyl alcohol added dropwise over 15 min. The 

reaction mixture was stirred for I hr, and the neat isoamyl nitrite (75 mmol) added over five min. 

The reaction mixture was monitored for completion and then diluted with 100 mL of heptanes. 

The resulting solid (38 mmol) was collected via suction filtration and dried to a constant weight 

under vacuum. Procedure was adapted from: Hagedom eta!., Chem. Ber., 98:193 (1965). 

Reference Example 3 — Synthesis of Pyrazine derivatives (Compound 3) 

nJU 
1 2 

[00218] A 3-neck flask was fitted with a thermometer, septum, and argon line. To this, 

aminonitrile (47.5 mmol), dry pyridine (190 mL), and oxime (61.75 mmol) was added. The 

mixture was well stirred for 15 min, and tetra-chloro(bis-pyridyl)titanium complex (94.9 mmol) 

added in five portions over 35 min making sure the internal temperature remained below 40°C. 

After the addition was complete, the reaction mixture was stirred overnight at ambient 

temperature. The reaction mixture was slowly added to a solution of sodium bicarbonate (21.75 

g in 174 mL water) in small portions. The resulting mixture was well stirred for 15 min and 80 g 

of celite was added. The suspension was stirred for 30 min and filtered through a Buchner 

funnel. The filtrate was removed to a separatory funnel, and the filter cake was suspended in 400 

mL of methanol The mixture was stirred for 30 min and filtered again. This process was 

repeated a total of four times. The mcthanolic filtrates were combined and conccntratcd, and the 
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residue dissolved in 200 mL of ethyl acetate {EtOAc), The solution was added to the separately 

funnel containing the original filtrate, and the mixture further extracted with three 100 mL 

portions of EtOAc, The combined extracts were washed with two 100 mL portions of saturated 

sodium carbonate and two 100 mL portions of brine solution. The organic solvent was 

evaporated, and the crude pyazine-oxide obtained as a brown oil, The material was dissolved in 

3 mL of methanol, and 89 mL of dichloromethane (DCM) was added. To this solution, zinc dust 

(80.7 mmol) was added, and the mixture cooled in an ice bath until an internal temperature of 

15°C was reached. The mixture was treated with glacial acetic acid (3 mL) and warmed to an 

internal temperature of 30QC in an oil bath for 40 min. The reaction mixture was cooled to room 

temperature and filtered through a pad of celite, The filter cake was rinsed with DCM, and the 

combined filtrates washed with an aqueous solution of saturated sodium bicarbonate. The crude 

product was purified by chromatography over silica gel using a hcptanc/EtOAc gradient. This 

gave 2.9 g (29%) of the pyrazine as a brown solid. Procedure was adapted from: Kishi el ai., 

"The structure confirmation of the light-emitting moiety of bioluminescent jellyfish." 

Tetrahedron Lett, I3{27):2747 (1972). 

Reference Example 4 - Synthesis of Coelenterazines 

[00219] Method A: (the following compounds can be synthesized by Method A: compounds 

PBN384Q, PB1-3SS6, PBl-3857, PB1-3887, PBI-3913, PB1-3S94, PBI-3896, PBI-3897, PB1-3841 

and PBI-3842) 

[00220] A flask was charged with pyrazine (8.25 mmol), pyruvic acid (14.0 mmol), camphor 

sulfonic acid (0.8 mmol), and anhydrous 2-methyl THF (150 mL). The flask was equipped with 

a condenser and soxhlet extractor charged with 4-angstrom molecular sieves, and the reaction 

mixture heated 3n an oil bath at 110°C for 18 hrs. The sieves were rcplaccd with fresh ones, and 

HO'CY^ 

6 7 
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reflux continued for 24 hrs. The reaction mixture was filtered and concentrated, and the residue 

dissolved in EtOAc (200 mL). This solution was washed with three 25 mL portions of saturated 

sodium bicarbonate solution, 100 mL of 0.1 M sodium acetate buffer. pH 5S and 100 mL of brine 

solution. The solution was dried over magnesium sulfate, filtered, and concentrated to give 2.3 g 

(6.2 mmol, 75%) of the crude enamine/acid. This material was dissolved in anhydrous THF (30 

mL), and the solution cooled in an ice/water bath for 10 min. To this, the carbodiimide (9.0 

mmol) and neat diisopropylcthyl amine (14.9 mmol) was added. The cold bath was removed 

after 10 min, and the reaction mixture stirred at ambient temperature for 3 hrs. To the reaclion 

mixture, 50 mL of 0.1 M sodium acetate buffer, pH 5 was added, and the mixture well stirred for 

10 min. The biphasic mixture was extracted with three 100 mL portions of EtOAc, and the 

combined extracts washed with brine solution. The organic solution was concentrated, and the 

residue purified by chromatography over silica gel using a DCM/methanol gradient. This gave 

336 mg (0.94 mmol, 16%) of the dehydrocoelenterazine as a red solid. This material was 

suspended in 10 mL of methanol, and the mixture cooled in an ice bath. To this, sodium 

borohydride (100 mg, 2.6 mmol) was added in three portions over 1 hr. The reaction mixture 

was stirred for an additional 30 min, and neat glacial acetic acid added drop wise unlil a pH of 5 

was reached. The solution was concentrated, and the residue triturated with 15 mL of water. The 

solid was isolated via suction filtration and dried under vacuum for several hours to give 318 mg 

(94%) ofthe crude coeienterazine as a yellow solid. Procedure was adapted from: Kakoi and 

Inoue, Chem. Lett. 1l{3):299-300 (1980). 

[00221] Method B: (the following compounds can be synthesized by method B; compounds 

PBI-3882, PBI-3932, PBI-3881) 

[00222] A flask was charged with the glyoxal (2.2 mmol), aminopyrazine (1.1 mmol), ethanol 

(20 mL), 12N HC1 (0.6 mL), and water (1 mL). The reaction mixture was heated at reflux for 24 

hrs and concentrated. The residue was purified by column chromatography over silica gel using 

a DCM/methanol gradient. This gave 100 mg (0.25 mmol, 23%) of the coeienterazine product as 

a dark solid. Procedure was adapted from: Inoue et ai. "Squid bioluminescence. II. Isolation 

from Watasenia scintillans and synthesis of 2-(p-hydroxybenzyl)-6-(p-hydroxyphenyl)-3,7-

dihydroimidazo[l,2-aJpyrazin-3-one." Chem. Lett., 4(2):141~4 (1975). 
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Method C: Synthesis of novel coelenterazines (the following compounds can be synthesized by 

method C: PBI-3939, PBI-3945, PBI-3889, PBI-4002) 

[00223] The compound 4-(5-amino-6-benzylpyrazin-2-yl)phenol can be prepared according To 

previously described methods (Kishi et al., Tetrahedron Lett., 13:2747 (1972); Mosrin et aL, 

Organic Letters, 1L3406 (2009); Kakoi, Chem. Pharm. Bull., 50:301 (2002)). 

[00224] Synthesis of 2-amino-3-benzyl-5-phenylpyrazine. A round bottomed flask was 

charged with 5 g (33.5 mmol) of 2-isonitrosoacetophenone, 6.7 g (36.8 mmol) of 2-amino-3-

phenylpropanenitrile hydrochloride and 100 mL of dry pyridine. The mixture was cooled to 

-20aC and 4.6 mL (40.0 mmol) of TiCLj was added dropwise. The reaction was kept at -20°C for 

30 min and heated to 8Q°C for 2,5 hrs. The solvent was evaporated, and the residue taken up in 

1 L of DCM. This solution was washed with saturated NaHCC>3 and brine. All volatiles were 

evaporated, and the residue redissolved in ethanol (400 mL). Raney Ni (2.0 g, aqueous 

suspension) was added, and the reaction allowed to stir for 5 days under 1 arm of hydrogen. The 

mixture was passed through celite, and volatile^ removed. The residue was chromatographed on 

silica gel (heptanes/DCM) to give 2.5 g (29%) of 2-amino-3-t>enzyl-5-phenylpyrazine. 

[00225] Synthesis of 2-amino-S-phenylpropanenitrile hydrochloride. A round bottomed flask 

was charged with 65 g (0.624 mol) of sodium hydrogensulfite and 150 mL of water A solution 

of 75 g (0.624 mol) of phenylacetaldehyde in 150 mL of THF was added dropwise. After stirring 

for 20 min, 37 mL of 14 M ammonium hydroxide was added in one portion, and the mixture 

heated to 60°C for 60 min. After cooling to O'C, the mix was diluted with 150 mL of water, and 

a solution of sodium cyanide (27.5 g, 0.560 mol) in 100 mL of water added dropwise keeping 

internal temperature below 10°C. Upon addition, the mixture was heated to 30°C for 2 hrs arid 

extracted with ether. After drying with sodium sulfate, all volatiles were evaporated, and the 

residue dissolved in 3.5 L of ether and treated with 400 mL of 3.3 M ethanolic HC1. The 

resulting precipitate was filtered and dried in vacuum to give 55 g (60%) of product. 

[00226] Synthesis of 3-(furm-2-yl)-2-oxopropctrtQic acid. To a 100 mL flask, 3-(fiiran-2-yl)-2-

oxopropanoate (940 mg) along with 23 mL cold 6"N NaOH was added. The insoluble mixture 

was stirred in a 90°C bath for 5 min until dissolved. Cold IN HCl was added until solution was 

acidic (appro* 120 mL). Solution was extracted 2 x 50 mL EtOAc, Combined organic layers 

were washed with 40 mL brine and dried with NaiSO*. Solution was evaporated to yield 540 mg 

brown solid. Solid was further purified by rcversed-phase high-performance liquid 

chromatography (HPLC) ramping from 97% aqueous trifluoroacetic acid (TFA) to acetonitrile 

(ACN). 
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[00227] Synthesis of ethyl 3-(furan-2-yl)-2-oxopropanoaie. To a 500 mL flask containing the 

mixture of isomers (EZZ)-ethyl 2-formamido-3-(fiiran-2-yl)acryIate (5.0 g), a chilled solution of 

220 mL 1.4M (5%) HC1 in 50/50 ethanol/water was added. After 5 hrs, the reaction was 

partitioned between 200 mL of EtOAc and 30 mL brine. The aqueous layer was extracted 2 x 50 

mL EtOAc. Combined organic layers were washed with 1 x 50 mL water, and 1 x 50 mL brine 

and dried over Na^SO*. Organic layers were co-evaporated with 26 g celite and eluted over 80 g 

silica gold ramping from heptane to EtOAc. The appropriate combined fractions were 

evaporated to yield 2.1 g, 

[00228] Synthesis of (EfZ)-elhyl 2-formamido-3-(furan-2-yt)acrytale. To a 500 mL flask, 50 

mL diethyl ether, CuaO (320 mg), and furyl aldehyde (5.2 mL) was added. The flasked was 

cooled in an ice bath, and ethyl 2-isocyanoacetate (5.3 mL) added. After 1.5 hrs, potassium tert-

butoxide (5 g) was added to the reaction. After 4 hrs, the heterogeneous reaction was filtered. 60 

mL 30% citric acid and 20 mL EtOAc was added and stirred for 10 min. Aqueous layer was 

extracted with 50 mL EtOAc. Combined organic layers were dried over anhydrous sodium 

sulfate. EtOAc layers were co-evaporated with 24 g celite and eluted over 80 g silica gold 

ramping from heptane to EtOAc. Yellow syrup was used without further purification. 

[00229] Synthesis of 2-cxo-3-(thiophen-2-yl)propanoic acid. To a 250 mL flask, (F,/Z)-5-

(thiophen-2-ylmethylcne)imidazolidine-2,4-dione (5.0 g) and 100 mL of cold 6N NaOH were 

added. The mixture was heated Co 100°C for 1 hr. Concentrated HCI was added to the cooled 

solution until acidic (pH=l). The mixture was extracted 8 x 50 mL diethylether. The combined 

ether layers were washed with 50 mL brine, dried over NajSO* and evaporated to yield 3.36 g 

solid. Sample was further purified by recrystalization with a,a,a-trifluorotoluene to yield 1.63 g. 

[00230] Synthesis of (E/Z)-5-(thiophen-2-ylmtlhylene)imidazolidine-2r4-dione. To a 250 mL 

flask, hydantoin (9.8 g) and thiophene-2-carbaldehyde (10 g) were added. To the mixture was 

dripped piperidine (9,6 mL), The mixture was heated to 100°C for 1 hr and then poure'd into 300 

mL of IN HCI. The solid was filtered, washed with water and dried in vacuo to yield 4.9 g solid. 

[00231] Steps }- To a microwave vial (10 mL), the appropriate phenylpyrazin-2-amine (100 

mg), the appropriate pyruvic acid (2 Equivalents), DCM (1 mL), and 1,1,^-trifluoroethanol (1 

mL) were heated with stirring for 30 min at 80°C- Reaction was co-adsorbed on 2 grams of 



celite, and solvents removed in vacuo. The cclite was loaded on 24 g of spherical silica gel arid 

eluted with a ramp of heptanes to ethylacetate. Appropriate fractions were combined and 

evaporated. 

[00232] Step 2 - The material isolated in step 1 dissolved in THF (0.5 mL) was chilled in an 

ice bath, Acetic anhydride (25 jiL), dimethylaminopyridine (8.5 mg), and triethylamine (25 pL) 

were added. After 2 hrs, the majority of THF was removed in vacuo. The product was 

precipitated with an aqueous solution of 30% citric acid (2 mL). The solid was washed with 

water (2 mL) and then dissolved in 3 mL DCM. The DCM was washed J x 2 mL water followed 

by 1 x 2 mL brine. The DCM layer was co-adsorbed on 2 grams of celite, and solvent removed 

in vacuo. The celite was loaded on 12 g of spherical silica gel and eluted with a ramp of 

heptanes to DCM, Appropriate fractions were combined and evaporated, 

[00233] Step 3 - The material from step 2 dissolved in DCM (1 mL) was chilled in an ice bath. 

To the solution, methanol (0.5 mL) and sodium borohydride solution in diglyme (325 |iL of 0.5 

M) were added. After 2 hrs, acetic acid (10 |JL) was added, and the solution quickly partitioned 

between an aqueous solution of 30% citric acid (1 mL) and DCM (2 mL). The DCM layer was 

co-adsorbed on 1 gram of celite, and solvent removed in vacuo. The cclitc was loaded on A g of 

spherical silica gel and eluted with a ramp of DCM to EtOAc. Appropriate fractions were 

combined and evaporated. 

[00234] Step 4 (only ifR" = OAc)- The material in step 3 was dissolved in THF (200 (iL) and 

chilled in an ice bath. I equivalent of 1.35 M potassium mcthoxidc in THF was added to the 

solution. After 30 min, the reaction was partitioned between DCM (I mL) and 30% citric acid (I 

mL). The DCM layer was co-adsorbed on 0.5 g celite, and solvent removed in vacuo. The celite 

was loaded on 4 g of spherical silica gel and eluted with a ramp of DCM to EtOAc. Appropriate 

fractions were combined and evaporated. 

[00235] Method D: (the following compounds can be synthesized by method D; compounds 

PBI-3899, PB1-3900, PBI-3925, PBI-3933, PBI-3946) - in general, an arainopyrazine was 

condensed with 2 equivalents of a 2-oxoacid under an atmosphere of hydrogen in the presence of 

palladium catalyst, The alpha-amino acid produced was purified and subsequently activated for 

intramolecular condensation giving rise to the corresponding imidazopyrazinone. 
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Example 5 - Synthesis of 8-benzyl-6-(4-hydroxyphenyl)'2-propylimidazo|l,2-a]pyrazin-

3(7H)-one 

[00235] 2-((3-benzyl-5-(4-hydroxyphenyl)pyraz'm-2-yl)Qmino)pentanoic acid. 4-(5-amino-6-

benzylpyraziu-2-yl)phenol (100 mgs 0,36 mmol) was mixed with 2-Oxovaleric acid (84 mg, 0.72 

mmol) in ethanoi (20 mL). Pd/C (10% Palladium in active carbon, 40 mg) was added, and the 

reaction mixture heated to 65°C. Air wa$ bubbled out by N2 gas, and a hydrogen balloon applied 

to the reaction flask. The reaction was continuously stirred for 4 hrs. After cooling down, it was 

filtered, and the resulting solution purified by flash chromatography (eluting solvent: 50% EtOAc 

in heptanes) to give the product as a yellow powder (70 mg, 52%), 'H NMR (300 MHz, CD2CI2, 

5): 8.31 (5, 1H), 7.82 (d, 2H, J = 9.0Hz)f 7,31 (m, 5H), 6.92 (d, 2H, J = 9.0Hz), 5.34 (s, 2H),4.20 

(m, I H)f 1,10 (m, 211), 0.98 (m, 2H), 0.87 (t,3H); MS (ESI) m/z37S.3 (M+l). 

[00237] 8-benzyl-6~(4-hydroxypkenyt)-2-propylimidazo[l,2-aJpyrazin-3(7H)-one. 2-((3-

benzyI-5-(4-hydroxypheny1)pyrazin-2-yl)ammo)pcntanoic acid (49 mg, 0.13 mmol) was 

dissolved in DCM (10 mL). Pyridine (0.5 mL) was added followed by N^N'-

Dicyclohexylcarbodiimide (54 mg, 0.26 mmol). The reaction mixture was slowly stirred at room 

temperature for 1 hr. The solvent was evaporated, and the residue purified by flash 

chromatography (eluting solvent: EtOAc to DCM to 10% methanol in DCM) to give the product 

62 



as a yellow powder (40 mg, 86%). JH NMR (300 MHz, CD3OD, 5): 7.35 (m, 8H), 6.88 (d, J -

9.0Hz, 2H), 4.40 (s, 2H), 2.81 (t, J - 7.5Hz, 2H), 1.81 (m, 2H), 1,02 (t, J - 7.5Hz, 3H); MS (ESI) 

m/z 359.0. 

Example 6 - Synthesis of 8-benzyl-2-butyl-6-(4-hydroxyphenyl)imidazo|l,2-a]pyraziii-

3(7H)-one 

[00238] 2-((3-benzyl-5-(4-hydroxyphenyl)pyrazm-2-yi)am'mo)hexanoic acid 4-(5-amino-f>-

benzylpyrazm-2-yl)phenol (200 mg, 0,72 mmol) was mixed with 2-Ketohexanoic acid sodium 

salt (220 mg, 1.44 mmol) in ethanoi {20 mL). Pd/C (10% Palladium in activc carbon, 100 mg) 

was added with a few drops of acetic acid, and the reaction mixture healed to 65°C. Air was 

bubbled out by N* gas, and a hydrogen balloon applied to the reaction flask. The reaction was 

continuously stirred for 4 hrs. After cooling down, it was filtered and the resulting solution was 

purified by flash chromatography (eluting solvent: 50% EtOAc in heptanes) 1o give the product 

as a yellowpowder (130 mg, 46%). MS (ESI): m/z 392,2 (M+I). 

[00239] 8-benzyi-2-butyl-6-(4-hydroxypheyiyl)imidazo[l,2-a]pyrazin-3(7H)'One. 2-((3-

benzyl-5-(4-hydroxyphenyl)pyra2in-2-yl)amino)hexanoic acid (130 mg, 0.33 mmol) was 

dissolved in DCM (10 mL). Pyridine (0.5 mL) was added followed by N,N'-

Dicyclohexylcarbodiimide (137 mg, 0.67 mmol). The reaction mixture was slowly stirred at 

room temperature for 1 hr. The solvent was evaporated, and the residue purified by flash 

chromatography (eluting solvent: EtOAc to DCM to 10% methanol in DCM) to give the product 

as a yellow powder (110 mg, 89%). 'HNMR (300 MHz, CD3OD, 5): 7.30 (m, 8H), 6.88 {d, 2H), 

4,40 (s, 211), 2.84 (t, 2H), 1,77 (m, 2H), 151 (m, 2H), 0.89 (m, 3H); MS (EST) m/z 374.3 (M + 

1) 

Example 7 - Synthesis of 8-benzyl-2-ethyl-6-phetiylimidazo[l»2-a]pyra:rin-3(7H)-one (PBI-

3925) 

[00240] 2-((3-benzyl-5-phenylpyrazin-2-yI)amino)butanoic acid. 3-benzyl-5-phenylpyrazin-2-

amine (200 mg, 0.77 mmol) was mixed with 2-Oxobutyric acid (157 mg, 1.54 mmol) in ethanoi 

(20 mL). Pd/C (10% Palladium in active carbon, 100 mg) was added, and the reaction mixture 

heated to 65°C. Air was bubbled out by N2 gas, and a hydrogen balloon applied to the reaction 

flask. The reaction was continuously stirred for 4 hrs. After cooling down, it was filtered, and 

the resulting solution purified by flash chromatography (eluting solvent: 50% EtOAc in heptanes) 

to give the product as a yellow powder (90 mg, 34%). *H NMR (300 MHz, CD2CL, 5): 7.72 (s, 
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1H), 7.32-7.48 (m, 10H), 4.46 (s, 2H), 4.20 (m, 2H), 2.25 (q, 2H), 0.99 (t, 3H); MS (ESI): m/z 

348.3 (M+l). 

[00241] 2-((3-benzyl-5-phenylpyrazin-2-yl)amino)butanoic acid was dissolved in DCM (10 

mL). Pyridine (0.5 mL) was added followed by N,N1-Dicyclohexylcarbodiimide (137 mg, 0.67 

mmol). The reaction mixture was slowly stirred at room temperature for L hr. The solvent was 

evaporated, and the residue purified by flash chromatography (eluting solvent: EtOAc to DCM to 

10% methanol in DCM) to give the product as a yellow powder (110 mg5 89%). 'H NMR (300 

MHz, CD3OD, 5): 7.26 (m, 3H), 6.84-7.07 (m, 8H), 4,03 (s, 2H), 2.47 (q, J - 9,0Hz, 2H% 0.96 (t, 

J = 9.0Hz, 3H); MS (ESI): m/z 330.2 (M+l). 

Example 8 - Synthesis of 8-beDzyl-6-phcnyl-2-(3,3,3-lrifluoropropyl)imidazo[l,2-a|pyrazin~ 

3(7H>one 

X 
O" 

CT O' 

NaOEl/ ElOH 

3N HCI 

Py/DCC/DCM 

O 
OH 

O 

[00242] 5,5,5-trifluoro-2-oxopentanoic acid. Ethyl 4,4,4-trifluorobutyrate {1 g, 5.88 mmol) 

and diethyl oxalate (3.87 g, 26.5 mmol) was dissolved in ethanoi. Sodium cthoxidc (21% in 

ethanoi, 2.09 g) was added to the solution, and the reaction mixture stirred for 0.5 hrs. Solvent 

was distilled, and the residue extracted with EtOAc/water, The organic layers were collected and 

dried over sodium sulfate. After filtration, solvent was removed to give a clear liquid. MS (ESI); 

m/z 269.1 (M-l). The liquid was then dissolved in 3N HCI (20 mL), and the reaction mixture 
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refluxed for 4 hrs. After cooling down, the reaction mixture was extracted with EtOAc. The 

organic layers were collected and dried over sodium sulfate. After filtration, solvent was 

removed, and the residue used directly in the next step, MS (ESI): m/z 169.7 (M-l). 

[00243] 5,5,5-rrif!uoro-2-((3-kenzy!-5-pheny!pyrazin-2-yl}amino)butanoic acid. 3-bcnzyl-5-

phenylpyrazin-2-amine (240 mg, 0.92 mmol) was mixed with 5,5,5-trif1uoro-2-oxopcntanoic acid 

(150 ing, 0.88 mmol) iji ethanoi (20 mL). Pd/C (10% Palladium in active carbon, 100 mg) was 

added, and the reaction mixture heated to 65PC. Air was bubbled out by N2 gas, and a hydrogen 

balloon applied to the reaction flask. The reaction was continuously stirred for 4 hrs. After 

cooling down, it was filtered, and the resulting solution purified by flash chromatography 

(eluting solvent: 50% EtOAc in heptanes) to give the product as a yellow powder (200 mg, 54%). 

'HNMK (300 MHZ,CD2C13, 5): 11.45 (s, 1H), 10.20(s, 1H): 7.94 (s, 1H), 7,34 (m, 10H), 5.34 

(Sj 2H), 3.96-4,23 (m, 2H)P 3.02-3.28 (m, 2H): FNMR: -76.3; MS (ESI): m/z 416.1 (M+l). 

(00244] Coeienterazine (Ri = H, R? = CHJCHICFJ) 5,5,54rifluoro-2-((3-berizyl-5-

phenylpvra2.in-2-yl)amino)butanoic acid (100 mg, 0.24 mmol) was dissolved in DCM (10 mL). 

Pyridine (0.5 mL) was added followed by N,N -Dicyclohexylcarbodiiinide (100 mg, 0.48 mmol). 

The reaction mixture was slowly stirred at room temperature for 1 hr. The solvent was 

evaporated, and the residue purified by flash chromatography (eluting solvent: EtOAc to DCM to 

10% methanol in DCM) to give the product as a yellow powder (80 mg, 87%), 'K NMR (300 

MHz, CD2CL, 5): 7.36 (m, 11 H)a 3.43 (s, 2H), 1.60-1-92 (m, 4H); FNMR: 67.4 (t, J = 18Hz); MS 

(ESI): m/z 398.2 (M+l) 

Example 9 - Synthesis of 8-benzyl-2~(furan-2-yLmethyl)-6-phenylinHdaz<i[l,2-a]pyraziti-

3(7H)-one (PBI-3939) 

{00245] 8-benzyl-2-(furan-2-ylmethyl)-6-phenyUmidazo[ ! ,2-a]pyrciztn-3(7H)-one; 

Synthesized from method C using 3-(furan-2-yl)-2-oxopropanoic acid and 3-benzyl-5-

phenylpyrazin-2-aminc as starting materials, 'H NMR (300 MHz, dmso) 5 8.88 (s, 1H), 8.02 (d, 

J = 7.9, 2H), 7.61 - 7.38 (m, 6H), 7.37 -7.14 (m, 3H), 6,38 (s, IH), 6.26 (d, J= 3.2, 1H), 4.64 (s, 

3H), 4.40 (s, 3H), exact mass calculated for C24H2oN302f m/z+ 382.16, found m/z+ 382. 

CL yr^ 
kl 

PBI-3939 
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Example 10 - Synthesis of 8-benzy]-6-phenyl-2-(thiophcn-2-ylmcthyl)imidazo[l,2-

a]pyrazin~3(7H)-one (PBI-3889) 

PBI-3889 

|00246] 8-beytiyl-6-phenyl-2-(thiophen-2-yime(hyt)imidazo[ 1,2-a]pyrazin-3(7H)-one\ 

Synthesized from method C using 2-oxo-3-(thiophen-2-yl)propanoic acid and 3-benzyl-5-

phenylpyrazin-2-aniine as starting materials. 'H NMR (300 MHz, dmso) 8 8.85 (s, 1FI), 7.99 (d, 

J - 6.8, 2H), 7.63 - 7.02 (mf I OH), 6.94 (dd, J - 3.5, 5.1, 1H), 4.62 (s, 2H), 4.5S (s, 2H), 2.69 

(contaminate); exact mass calculated for C24H2QN3OS4 mfz+ 398.13, found w/z+ 398. 

Example II - Synthesis of 8-cyclopropyl-2-(4-hydroxybenzyl)-6-phenylimi<Iazo[l,2-

a]pyrazin-3(7H)-one (PBI-3897) 

[00247] 8-cyciopropyi-2-(4-hydroxybenzyl)-6-phenylimidazo[I,2-a]pyrazin-3(7H)-onc: 

Synthesized using method A with 3-cyclopropy]-5-phenylpyrazin-2-amine and 3-{4-

hydroxyphenyl)-2-oxopropanoic acid as starting materials. Exact mass calculated for 

C22H1SN3O2 miz- 356.14, found mlz- 356. 

Example 12 - Synthesis of 8-benzyL2-melhyl-6-phenylimidazo[l,2-a]pyraziii-3(7H)-onC' 

(PBI-3932) 

[00243] 8-benzyl-2-methyi-6-phenylimidazo[l ,2-a]pyrazin-3(7H)-orte: Synthesized using 

method B with l,l-dimethoxypropan-2-one and 3-benzyl-5-phenylpyrazin-2-amjne as starting 

materials. Exact mass calculated for C2oHigN30+ ml2+ 316.14, found mfz+ 3 16. 

PBI-3897 

Y<. 
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Example 13 - Synthesis of 2-(4-hydroxybenzyl)-S-methyl-6-phenylimidaw>[l,2-a|pyrazm-

3{7H)-<me (PBI-3896) 

•OH 

• PBI-3896 

[00249] 2-(4-hydroxybenzyl)-8-methyl-6-phenylimi(lazo[l,2~a]pyrazin-3(7H)-one: 

Synthesized using method A with 3-methyl-5-phenylpyrazin-2-amine arid 3-(4-hydroxyphenyl)-

2-oxopropanoic acid as starting materials. 'H NMR. (300 MHz, dmso) S 8.84 {s, 1H), 8.00 (d5 ./ = 

7.6, 2H), 7.47 (dd, J = 8.6, 16.2, 311), 7.17 (d, J = 7.3, 2H), 6.69 (d; J = 8.4, 2H), 6.26 (s, 4H), 

4.I 7 (s, 2H), 2.86 (s3 3H), 2.48 (s, 1H), 

Example 14 - Synthesis of 8-benzyl-2-(4-hydroxybenzyl)-6-pbenylimidaz©[I,2-a]pyrazin-

3(7H)-onc (PBI-3840) 

[00250] 8-benzyl-2-(4-hydroxybenzyl)-6-pheny!imidazo[l,2-a]pyrazin-3(7ff)-one: Synthesized 

using meihod A with 3-(4-hydroxyphenyl)-2-uxoprupanoic ac'id and 3-benzyl-5-phenylpyrazin-

2-amire as starting materials. Exact mass calculated for m/z+ 408.17, found mfz+ 
40S. 

Example 15 -'Synthesis of Protected Coeienterazine (Stabilized) (PBI-4377) 

|00251] To a mixture of PBI-3939, potassium carbonate (l.l equiv) and potassium iodide (I.I 

equiv) in dimethylformamide (DMF); under an argon atmosphere, was added one equivalent of 

chloromethyl pivalate at room temperature. Reaction progress was monitored by thin layer 

chromatography, and upon completion, the reaction mixture was cooled in an ice bath for several 

minutes before addition of a volume of water equal to the reaction volume, The resulting 

mixture was extracted with a suitable organic solvent (e.g., EtOAc), and the extract was 

concentratcd to give the crude product, The material was further purified by chromatography 
over silica gel. 

PBI-3840 
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Example 16 - Synthesis of 8-benzyl-2-((l~methyl-lH-imidazol-2-yl)niethyl)-6-

phenylimidazo[l,2-a]pyraziii-3(7H)-one (PB1-4525), 8-benz>l-6-(4-bydroxypheiiyl)-2-((l-

melhyl-lH-imidazol-2-yl)methyl)-6-pheny]iinidazo|l12-a|pyrazin-3(7H)-one (PBI-4540) and 

2-((lH-imidazol-2-yL)methyl)-8-benzy]^6-phenyIimidazoIl12-aJpyrazin-3(7H)-onc (PBT-

4541) 

PB1-4525 PB1-4S40 PBI-4S41 

R 
V-N 

1 R= Me 
2 R = Ph3C 

I o 
,0 

Bu-Li 
I 

o THF 
< T T 0 
V-N O 

4 R= Me 
5 R = Ph3C 

L o 

i.' o' 
N O 

100C/ 1.5h 

EtOH 
HCI 

6 R2= H 
7 R2- OH 

8 R= Me 
9 R = Ph3C 

10 R = Me. R2 = H 
11 R= Me. R2 = OH 
12 R = H.R2 = H 

[00252] To a flask containing 10 mmol of 2-methyl imidazole derivative 1 or 2 under an argon 

atmosphere, 20 mL of dry THF was added, and the solution was cooled in a dry ice/acetone bath 

to approximately -78°C. To the cold mixture, 9.3 mmol of a solution of n-butyllithtum (2.46 M 

in Hexanes) was added dropwise over several minutes. The resulting solution was stirred at 

approximately -78*0 for 30 min, and 6.7 mmol of compound 3 was added via syringe. The 

reaction mixture was stirred for 3 hrs and quenched with the addition of 20 mL saturated 

ammonium chloride solution and 20 mL of saturated sodium bicarbonate solution. The cold bath 

was removed, and after warming to room temperature, the mixture was extracted with 3 x 100 

mL of EtOAc. The combined extracts were dried (MgSO^), conccntratcd in vacuo, and the crudc 

compounds 4 or 5 were purified by column chromatography using silica gel (EtOAc/Heptane). 

[00253] A microwave vial was charged with 100 mg (1 eq) of compound 6 or. 7 and 2 

equivalents of compound 8 or 9. To the mixture, 4.5 mL of ethanoi and 0.25 mL of concentrated 

HCI wa& added. The reaction mixture was heated in a microwave at !00°C for 1.5 hr. The 

resulting mixture was added to 50 mL of EtOAc and washed sequentially with 20 mL of 

saturated sodium bicarbonate solution and 20 mL of brine. The organic phase was concentrated 
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in vacuo, and the residue purified by column chromatography using silica gel 

(mcthanol/dichloromethane)to give compounds 10-12. 

Example 17 - Stability and Auto-Luminescence Characterization of Novel Coelenterazines 

[00254] The stability and auto-luminescence characterization of the novel coelenterazines 

PBI-3939, PBI-3889, PBI-3945, PBI-4002, or PBI-3896 were determined. Higher stability and 

less auto-luminescence is an attractive technical feature in a substrate/reagent. 

[00255] To determine stability, 20 of novel coelenterazines PBI-3939, PBI-3889, PBI-

3945, PBI-4002, or PBI-3896, 30 JJM native coeienterazine, or 22 pM of known coelenterazine-h 

or known coelenterazinc-hh, were placed in a reporter reagent buffer containing 50 mM CDTA, 

150 mM KC1, 50 mM DTT, 35 mM thiourea, 1% TERGITOL® NP-9 (v/v), and 0.1% MAZU® 

DF 204. Replicate samples were incubated at room temperature (i.e., 22-24pC) for various 

lengths of time and then transferred to -70°C. After all the samples were collected and frozen, 

they were thawed and mixed with 10 ^L of bacterial cell lysate containing the OgLuc variant IV 

in 40 nL of DMEM without phenol red + 0.1% PRIONEX®. The luminescence of the sample 

was read at 5 min after IV addition. 

{00256] "T90" indicates the amount of time for the luminescent signal to decay by 10% (i.e., 

loss in activity by 10%) at ambient temperature, i.e., 22°C, The rate of decay of the luminescent 

signal ("TV) was determined from the slope of the linear fit of the data plotted as In RLU vs. 

time, which was calculated from the following equation: t = In (A/Ao) + (-k), where A = 

intensity at time t, Ao = intensity at time 0, and k = the rate of decay. As shown in Table I, the 

T90 values for known coelenterazines-h and -hh, novel coelenterazines PBI-3939, PBI-3889, PBI-

3945, PBI-4002, and PBI-3896 were higher than for native coeienterazine, indicating that these 

coelenterazines were more stable compounds than native coeienterazine. 

[00257] To determine the auto-luminescence characterization, HEK293 cells were grown 

overnight at 15,000 cells per well in DMEM + 10% FBS + pyruvate. Media was removed and 

replaced with 20 JAM each of the novel coelcntcrazines shown in FIG, 2, i.e., PBI-3939, PBI-

38&9, PBI-3945, PBI-4002, PBI-3841, PBI-3897, PBI-3896, PBI-3925, PBI-3894, PBI-3932, and 

PBl-3840, native coeienterazine and known coelenterazines, coelenterazine-h and coelenterazine-

hh, diluted into CO2 independent media plus 10% FBS. Luminescence was measured shortly 

after substrate addition on the GLOMAX® Luminometer (1 sec/wcll). Background 

lumincsccncc was 154*15 RLU. Table 1 shows the auto-luminescence characterization 

normalized to native coeienterazine ("Autolum (norm to coel)"). While coelenterazine-h had 
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more auto-luminescence than native coeienterazine, all ofthe other coelenterazines tested had 

less auto-luminescence. 

Table 1: Stability Experiments and Autoluminescence Characterization of IV with Various 

Coelenterazines% 

Substrate ID 
Stability (pH 8) 

(T90 in hrs) 
Autolum (norm to 

coel) 

Coel 1.7 1 

Coelh 2.1 K2 

Coel hh 2,0 0.3 

3939 4.1 0.2 

3889 2,9 0.2 

3945 33 0.5 

4002 3.5 0.6 

3841 0.1 

3897 0.1 

3896 2.8 0,1 

3894 0.2 

3932 0,1 

3840 0.2 

3925 0.2 

Example 18-Toxicity of Novel Coelenterazines 

[00258] The toxicity of the novel coelenterazines were investigated in HEK293 cells. 

HEK293 cells were grown overnight at 15,000/well in DMEM + 10% FBS + pyruvate. The 

media was removed and replaced with the novel coeienterazine compounds (or DMSO control) 

diluted into CO2 independent media plus 10% FBS. Cell viability was measured 24 hrs after 

compound addition using CELLTITER-GLO® assay reagent (Promega Corp.) according to the 

manufacturer's instructions, and luminescence was measured on the GLQMAX® Luminometer 

(1 sec/well). Table 2 shows the toxicity of the native coeienterazine, known coelenterazine-h and 

coelenterazine-hh, and the novel coelenterazincs PBI-3939, PBI-3889, PBI-3841, PBI-3897, PBI-

3945, PBI-4002, and PBI-3840 in HEK293 cells. With the exception of PBI-3840, the novel 

70 



coelenterazines had at least the same toxicity as coelenterazinc-hh. Some of the novel 

coelenterazines had the same toxicity as native coeienterazine and coelentcrazine-h. 

Tabic 2: Toxicity of Various Coelenterazines in HEK293 Cells Based on CELLTITER-

CLO® 

Substrate Viability (normalized to vehicle (DMSO) 
control) (%) 

Native coeienterazine 100 

Coeienterazine h 100 

Coeienterazine hh 87 

PBI-3939 89 

PBI-3889 90 

PBI-3841 100 

PBI-3897 100 

PBI-3945 100 

PBI-4002 100 

PBI-3840 60 

Example 19 - Km of PBI-3939 

[00259] To determine the Km of PBI-3939, the OgLuc variant L27V (described in Example 

26) was purified via HALOTAG® fusion using the HALOTAG® Protein Purification System 

according to the manufacturer's instructions and diluted its DMEM without Phenol Red and 0.1% 

PRIONEX®. 50 ML assay buffer (100 mM MES pH 6, 35 mM Thiourea, 0.5% TERGITOL® 

NP-9 (v/v), 1 mM CDTA, 2 mM DTT and 150 mM KC1) with varying amounts of PBI-3939 was 

added to 50 M-L diluted enzyme (approximately 20 pM final enzyme concentration), and 

luminescence measured at 3 min at 21 °C. As the data in FIG. 3 demonstrates, the Km of PBI-

3939 is approximately 10 pM, 

Example 20 - Characterization of compounds PBI-4525, PBl-4540 and PBI-4541 

[00260] Compounds PBI-4525, PBI-4540 and PBI-4541 were screened for their ability to 

detect luminescence, For analysis, 20 pM of each compound was added to assay buffer (100 

mM MES pH 6, 35 mM Thiourea, 0.5% TERGITOL® NP-9 (v/v), 1 mM CDTA, 2 mM DTT 

and 150 tnM KCI) which was adjusted to pH 7 with 100 mM HEPES pH 7 to create an assay 

reagent. The assay reagenl was then mixed wilh 36 pM purified L27V02 enzyme (described in 
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Example 25B), in DMEM without Phenol Red and 0.1% PRlONEX®. As a control, assay buffer 

with 20 j^M PBI-3939 or PBI-4528 was used. Luminescence was measured as previously 

described 3 min after The assay reagent was added to the enzyme mixture. Table 3 demonstrates 

that compounds PB1-4525, PBI-4540 and PBI-4541 can be used to detect luminescence from a 

coelenterazine-utilizing luciferase. 

Table 3 

cmpd RLU +/-
4525 20,655 1.006 
4528 202,080 5,538 
3939 9,933,580 307,565 
4540 909 7 
4541 5,576 30 

Example 21 — OgLuc Pattern Scqucncc 

[00261] Enzyme families, including different classes of luciferascs, can be recognized by 

having common three-dimensional structures and defined catalytic activity, Because enzyme 

families share evolutionary histories with other enzyme families, they will also exhibit 

similarities in their three-dimensional structures. Through various means of structural and 

functional analysis, Ihe inventors have determined that OgLuc, as a representative of decapod 

luciferases, has a strikingly similar three-dimensional structure to fatty Acid Binding Proteins 

(FABPs), indicating commonality of evolutionary history. Thus, decapod luciferase may be 

defined as having a characteristic three-dimensional structure similar to FABPs and utilizing 

coeienterazine as a substrate to catalyze the emission of luminescence. Other luciferases, e.g., 

firefly luciferase, Renilla luciferase, bacterial luciferase, and so forth, have clcarly distinct three-

dimensional structures, indicating that they belong to different enzyme families and do not share 

evolutionary histories. Dinoflagellate luciferase has a three-dimensional structure exhibiting 

some similarities to FABPs, suggesting a shared evolutionary history, but does not utilize 

coeienterazine as a substrate, and thus does not belong to the same enzyme family as decapod 

luciferases. 

[00262] Because amino acid sequences are not as well conserved as three-dimensional 

structures, defining enzyme families based only on sequence comparisons can be difficult. For 

example, even though FABPs all have a characteristic barrel-shaped three-dimensional shape, 

comparisons of their amino acid sequences often reveal very low levels of sequence identity. 

Nonetheless, sequence identity can be used to demonstrate commonality of three-dimensional 

structures. Two proteins will have analogous three-dimensional structures if their amino acid 
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sequences can be aligned to reveal > 30% sequence identity, preferably > 40% sequence identity, 

and most preferably > 50% sequence identity (Chothia and Lesk, EMBO J. 5{4):823-826 (1986); 

Tramontane, Genomics, 4:402-405 (2003)). Thus, a protein is a decapod luciferase if, upon 

alignment of its amino acid sequence with the sequence of OgLuc, the sequence identity is > 

J0%, preferably > 40%, and most preferably > 50%, and the protein can utilize coeienterazine as 

a substrate to catalyze the emission of luminescence. 

[00263] Because of structural constraints necessary to sustain the characteristic three-

dimensional structure of an enzyme family, some portions of the amino acid sequences in an 

enzyme family exhibit greater amounts of conservation (i.e., a greater level of sequence identity). 

Thus, these conserved regions can serve as further evidence of a common three-dimensional 

structure shared between two proteins. A conserved sequence pattern, also called a signature, 

motif, or fingerprint, can be generated by manual or computational methods that are known in the 

art. Patterns can be found in public databases such as PROSFTE (http://expasy.org/prosite; 

Sigrist er ai., Nucleic Acids Res. 38(suppl I):D16I-D166 (2010)). 

[00264] For example, a pattern of conserved amino acids can be found upon examination of a 

large number of known FABPs, PROSITE (Release 20.67, of 05-0ct-2010) contains an FABP 

pattern (accession number PS00214, created Apr-1990, data updated Apr-2006). This FABP 

pattern spans 18 amino acid positions and is defined as: 

[00265] [GSArVK]-{FE}-[FYW]-x-[L[VMF]-x-x-{KJ-x-[NHG]-[FY]-[DE]-x-[LIVMFY]-

[LIVMHNHGHLIVMAKR] (SEQ ID NO: 329) (VI), 

[00266] where: 

* the standard 1UPAC one-letter codes for the amino acids are used. 

• the symbol 'x' is used for a position where any amino acid is accepted. 

alternative amino acids at a site are indicated by listing the amino acids between 

square parentheses '[ ]' (for example: [ALT] represents the possibility of an Ala, Leu, or Thr at 

the position). 

the absence of particular amino acids at a site is indicated by curly brackets '{ }' (for 

example: {AM} represents any amino acid at a position except Ala and Met), 

each sequence position (or element in the pattern) is separated from its neighbor by 
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* each sequence position is referred to as a "pattern position", for example the 

[GSAIVK] would be considered pattern position 1 of Formula (VI), {FE} is considered pattern 

position 2 of Formula (VI), etc. 

[00267} Although a conserved sequence pattern results from a common underlying three-

dimensional structure, some changes to the sequence pattern may be allowed without disruption 

to the three-dimensional structure. For example, for some members of the FABP family, 

differences are found at four sites in the PROS1TE pattern. These additional members ofthe 

FABP family includc Five proteins listed in PROSITE as false negative hits, i.e., FABP prolein 

family members not picked up by the FABP pattern (UniProt database accession numbers 

FBP12 HUMAN, FABP1FASGI, FABP2 FASHE, FABPL_SCHBI, RET5_BOVIN) and one 

protein known to have an FABP fold (Protein Data Bank accession number 2A02). Although 

OgLuc: shares a closely similar three-dimensional structure with FABPs, the sequence patterns of 

the native and variant amino acid sequences also differ slightly, having differences at 5 positions 

from the PROSITE pattern. In various embodiments, the pattern in OgLuc begins at a position 

corresponding to position 8 of SEQ ID NO: 1. An amino acid substitution, deletion, or insertion 

the scqucncc pattern is counted as a difference. 

[0026&] Combining the sequence information from these additional FABPs and the OgLuc 

variants, an improved sequence pattern can be derived: 

[00269] [GSArVK]-{FE}-[FYW]-x-[L]VMFSYQ]-x-»{K)-x-[NHGK.]-x-[DE]-x-

[LIVMFYHLIVMWF]-x-{GHLIVMAKRG] (SEQ ID NO: 330) (VII). 

[00270] The sequence information used to derive this pattern is shown in Table 4. Column 1 

identifies the pattern position (listed N- to C-terminus; pattern length is 18 amino acids), and 

column 6 identifies the corresponding sequence position in OgLuc (numbering according to SEQ 

ID NO: 1). Column 2 shows the PROSITE FABP pattern (Formula (VI)) element for each 

pattern position. Column 3 lists amino acids present in six FABP family members that are not 

represented by the PROSITE FABP pattern. Column 4 lists amino acids present in OgLuc (SEQ 

ID NO: 1) or OgLuc variants that are not represented by the PROSITE pattern. Column 5 lists 

the improved pattern ("OgLuc pattern") (Formula (VII)) created by merging pattern information 

from columns 2, 3, and 4. Column 7 lists the amino acids in OgLuc (SEQ ID NO: 1) 

corresponding to the PROSITE FABP pattern positions. Column 8 lists the amino acids found in 

dinoflagellate luciferase sequences (8 different species) at positions corresponding to the 

improved pattern (GenBank accession numbers 2021262A, AAA6S491, AAC36472, 
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AAV35379, AAV35380, AAL40676, AAL40677, AAV35378, AAV35377, AAV35381, and 

Protein Data Bank accession number 1VPR), 

[00271] The improved pattern (Formula (VII)) serves as an indication (i.e., a fingerprint) of 

the three-dimensional protein structure shared between FABPs and OgLuc. However, strict 

agreement with this pattern is not needed to indicate commonality of the three-dimensional 

structure. From the examples given here, a common three-dimensional structure may exist even 

with as many as 5 changes in the pattern. Also, tor example, although the dinoflagellate 

lueifcrasc has a similar three-dimensional structure to FABPs and OgLuc, it has 4 differences 

from the improved pattern. 

[00272] Thus, although a protein may be. recognized as being a decapod luciferase based on 

sequence similarity and utilization of coeienterazine for luminescence, it can be further 

recognized by also having the improved sequence pattern. Specifically, a protein is a decapod 

luciferase if, upon alignment of its amino acid sequence with SEQ ID NO: I or variants thereof, 

the sequence identity is > 30%, preferably > 40%, and most preferably > 50%, and the protein 

can utilize coeienterazine as a substrate to catalyze the emission of luminescence, and the amino 

acid sequence beginning at the position corresponding to position 8 of SEQ ID NO: 3 is: 

[00273] [GSAIVK]-{FE}-[FYW]-x-[LIVMFSYQ]-x-x-{K}-x-[NHGK]-x-[DE]-x-

[LIVMFY]-[LIVMWF]-X-{G>-[LIVMAKRG] (SEQ ID NO: 330) (VII), 

[00274] with no more than 5 differences, or more preferably no more than 4, 3, 2, or 1 

difference, or most preferably no differences, wherein the differences occur in positions 

corresponding to pattern position I, 2S 3, 5, 8, 10, 12, 14, 15, 17, or 18 of Formula (VII) 

according to Table 4. Differences may also include gaps or insertions between the pattern 

positions of Table 4. 

Table 4: Protein sequence patterns 

Pattern 

position 

PROSITE 

FABP pattern 

PS00214 

Other 

FABPs 

OgLuc wt 

& variants 
OgLuc pattern 

OgLuc 

position 

OgLuc wt 

sequence 

Dinofl. 

Luc 

1 
[GSAIVK] 
(SEQ tD NO: 42?) 

[GSAIVK] 
(SEQ ID NO: 579) 8 G G 

2 {FE} {FE} 9 D R 

3 [FYW] [FYW] 10 W W 

4 X X 11 Q I 
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5 
[LIVMF] 
(SEQ ID NO; 590) SY Q 

[LIVMFSYQ] 
(SEQ [O NO: 591) 12 Q T 

6 X X 13 T [VI] 

7 X X 14 A s 
8 m {K} 15 G G 

9 X X 16 Y G 

10 [NHG] K. 

SILM 
(SEQ in 

NO; 581) {FY} 

[NHGK] 
(SEQ ID NO; 58D) 

X' 

17 N Q 

11 [FY] 

K. 

SILM 
(SEQ in 

NO; 581) {FY} 

[NHGK] 
(SEQ ID NO; 58D) 

X' IS Q 

[AVTK] 
(SEQ ID 

NO; 582) 

12 [DE] [DE] 19 D ME] 

13 V X 20 Q F 

14 
[L1VMFY] 
(SEQ ID NO. 583) 

[LIVMFYJ 
(SEQ ID NO: 584) 21 V I 

15 
[LIVM] 
(SFQ1D NO 585) W F 

[LIVMWF] 
(SLQ1DNO- 585) 22 L K 

16 {K} K X 23 E 

[EKTQ] 
(SEQ ID 

NO; 537) 

17 {0} {0} 24 Q fAV] 

IS 
[LIVMAK.R] 
(SEQ ID NO. 586) G 

[LIVMAKRG] 
(SEQ ID NO: 539) 25 G [VI] 

Example 22 - Generation of OgLuc Variants 

[00275] Experimental Details 

[00276] Unless otherwise stated, further variants of a starting OgLuc variant sequence with 

random substitutions were generated using the error-prone, mutagenic PCR-based system 

GeneMorph II Random Mutagenesis Kit (Stratagene; Daughtery, PNAS USA, 97(5):2029 

(2000)), according to manufacturer's instructions, and NNK site saturation (Zheng el al., Nucleic 

Adds Research, 32:el 15 (2004)), 

[0t>277| Further variants of a starting OgLuc variant having specific mutations were generated 

using the oligo-based site-directed mutagenesis kit QuifcChange Site-Directed Mutagenesis Kit 

(Stratagene; Kunkel, PNAS USA, 82(2):488 (1985)), according to the manufacturer's instructions, 

[00278] The resulting variants were constructed in the context of pFlK FLEX1® vector for T7 

promoter-based expression (Promega Corp.). Alternatively, the resulting variants were 

76 



constructed in the context of pF4Ag vector (a version of the commercially-available pF4A 

(Promega Corp.), which contained T7 arid CMV promoters modified to contain an E. coli 

ribosome-binding site with or without a C-terminal HALOTAG® (Promega Corp.; referred 

herein as "HT7") (Ohana el aL, Protein Expression and Purification, 68:110-120 (2009)) to 

generate a fusion protein. For example,'to obtain C1+A4E variants, NNK saturation mutagenesis 

experiments were performed in a pFIK vector background. The CI+A4E library was generated 

in a pF4Ag vector background with no HT7. The QC27, QC27-9a, and IVY libraries were 

generated in a pF4Ag vector background with a C-terminal HT7. The FV-based variants were 

generated in a pF4Ag vector background without HT7. The resulting vectors were used to 

transform K.RX E. coli using techniques known in the art. 

[00279] Generated OgLuc variants are named for the amino acid substitutions identified in the 

variant and/or for the E. coli clone that contained the variant, e.g., FIG. 6A shows, among other 

results, that E. coli clone 16C5 has the substitution Q20R. 

[00280] Screening Details 

[00281] Resulting libraries were expressed in E. coli and primarily screened with a robotic 

system for OgLuc variants having increased light output (i.e., increased luminescence, increased 

brightness, or increased light emission) or a change in relative specificity compared to the 

corresponding starting OgLuc variant, The robotic primary screen was conducted as follows: 

individual colonies from the generated library were used to inoculate minimal media in 96-well 

plates and grown at 37°C for 17 to 20 hrs ("Ml culture"). The Ml culture was diluted 1:20 with 

fresh minimal media and grown at 37°C for 17 - 20 hrs ("M2 culture"). The M2 culture was 

diluted 1:20 into induction media and grown 17-20 hrs at 25°C with walk-away induction, i.e., 

autoinduction (Schagat et a I., "KRX Autoinduction Protocol: A Convenient Method for Protein 

Expression." Promega Notes, 9S: 16-18 (2008)). The induction media contained rhamnose and 

glucose when novel coelenterazines PBI-3841, PBI-3842, PBI-3857, PBI 3880, PBI-3881, PBI 

3886, PBI-3887, PBI-3897, PBT-3896, or PBI-3894 were used as substrates in the primary 

screen. The induction media did not contain rhamnose or glucose when native coeienterazine, 

known coelenterazine-h, or novel coelenterazines PBI-3840, PBI-3889, PB1-3899, or PBI-3900 

were used as substrates in the primary screen. The use of the different induction media was 

determined based on the luminescence generated between C1+A4E and the novel 

coelenterazines, i.e., the induction media containing rhamnose and glucose were used with novel 

coelenterazines that generated less luminescence with C1+A4E compared to the other novel 

coelenterazines with C1+A4E. 
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[00282] Ten [xL of induced cells were lysed using 60 |iL lysis buffer containing 300 mM 

HEPES pH S.0, 300 mM thiourea, 0.3X Passive Lysis Buffer {"PLB"; Promega Corp. Cat. No. 

t£194A), 0.3 mg/mL lysozyme, and 0.Q03 U/^iL RQI DNase and measured for luminescence with 

50 pL assay buffer containing 150 mM K.CI, 1 mM CDTA, 10 mM DTT, 0.5% TERGITOL® 

NP-9 (v/v), and 20 [iM of a native, known, or novel coeienterazine as a substrate. Luminescence 

measurements for each variant were taken 3 min after reagent addition and relative luminescence 

unit (RLU) values were normalized to an average of 8 control wells ofthe corresponding starting 

OgLuc variant for each plate. Assay was completed on a TECAN® robotic system. 

[00283] OgLuc variants of interest were sequenced using standard sequencing techniques 

known in the art to identify any additional amino acid substitutions in each such variant. A 

secondary screen using a non-robotic (manual) system was performed on the variant clones of 

interest. The manual screen was conducted as follows: Variant clones were grown, in triplicate, 

in 96-well plates and expressed and assayed as described for the automated assay cxccpt the 

assay buffer was added manually with a multichannel pipette. For each variant, luminescence 

was measured, averaged, and normalized to the corresponding starting OgLuc variant. 

Luminescence measurements were made using a TECAN® INFINITE® F500 luminometer, 

[00284] Determining Change in Relative Specificity 

[00285] RelaTive substrate specificity was determined by dividing the luminescence of a 

luciferase in the presence of a test coeienterazine substrate by the luminescence of the luciferase 

in the presence of a reference coelcnterazinc substrate. For example, relative specificity was 

determined by dividing the luminescence of a luciferase with a novel coeienterazine of the 

present invention by the luminescence of the luciferase with a different coeienterazine (e.g., 

native or known coeienterazine, or a different novel coeienterazine ofthe present invention). The 

lest coeienterazine substrate and the reference coeienterazine substrate that were compared were 

considered a comparison substrate pair for determining relative substrate specificity. 

[00286] A change in relative substrate specificity was determined by dividing the relative 

substrate specificity of a test luciferase using a comparison substrate pair by the relative substrate 

specificity of a reference luciferase using the same comparison substrate pair. For example, a 

change in relative specificity was determined by dividing the relative substrate specificity of a 

test luciferase with a novel coclentcrazine of the present invention compared to a different 

coeienterazine {e.g., native or known coeienterazine or a different novel coeienterazine of" the 

present invention), by the relative substrate specificity of a reference luciferase with the same 
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novel coeienterazine of the present invention compared lo the same different coeienterazine used 

for the test luciferase. 

[00287] The lumirtescencc with one novel coeienterazine was compared to the luminescence 

with a different novel coeienterazine. The luminescence with one native or known 

coclentcrazine was compared to the luminescence with another native or known coeienterazine. 

The luminescence with one native or known coeienterazine was compared to the luminescence 

with a novel coeienterazine. 

[0028&] An increase in luminescence (RLUs) for the OgLuc variant compared to the 

corresponding starting OgLuc template for novel coeienterazine and a decrease or no change in 

luminescence for a reference coeienterazine was indicative of a change in relative specificity. A 

decrease in luminescence of an OgLuc variant for both the novel and reference coelenterazines 

compared to the corresponding starting OgLuc, but the luminescence of the OgLuc variant with 

the novel coeienterazine decreasing more, was also indicative of a change in relative specificity. 

An increase in luminescence ofthe OgLuc variant compared to the corresponding starring OgLuc 

for the novel and reference coelenterazines indicated an improvement in 

activity/stability/expression. If the luminescence ofthe OgLuc variant with both the novel and 

the reference coelenterazines increased, but the increase in luminescence with the novel 

coeienterazine was greater, it indicated an increase in relative specificity and an improvement in 

activity/stability/expression ofthe OgLuc variant 

[00285] A C1+A4E Variants 

[00290] CI+A4E (SEQ ID NOs: 2 and 3), previously described in U.S. Serial Application No. 

12/773,002 (U.S. Published Application No 2010/0281552), was used as a primary starting 

sequence (i.e., the parental sequence) for generating additional, synthetic OgLuc variants. 

C1+A4E has the following amino acid substitutions: A4E, Q11R, A33K, V441, A54F, P115E, 

Q124K, Y138I, and N166R, relative to SEQ ID NO: 1, Luminescence of C1+A4E containing 

bacterial lysates, using the novel coelenterazines described in Examples 1-14 (see FIG. 4 for 

examples) as substrates, was measured as described previously and compared to the 

luminescence using native and known coelcntcrazincs as substrates (FIGS. 5A-G). FIG. 5A 

shows the luminescence of CI+A4E using native coeienterazine ("coeienterazine"), known PBI-

3880, and novel coelenterazines PBI-3842, PBJ-3857, PBL3881, PBI-3882, PBI-3886, and PBf-

3887 as substrates. The luminescence measurements using known and novel coelenterazines 

were normalized to the luminescence of C1+A4E using native coeienterazine and the fold-

decrease compared to native coeienterazine (FIG. 5B). FIGS. 5C-E show the luminesccnce of 



C1+A4E using native coeienterazine and novel coelentcrazincs PBI-3945, PBI-3894, and PBI-

4002, respectively. FIG. 5F shows the luminescence of C1+A4E using native coeienterazine and 

novel coelenterazines PBI-3840, PBI-3897, PBI-3889, PBI 3899, and PBI-3900. FIG. 5G shows 

the luminescence of C1+A4E using native coeienterazine, known coeienterazine PB1-3912 and 

novel coelenterazines PBI-3913, PBI-3925, PBI-3939, PBI-3933, PBI-3932, PBI-3946, PBI-

3841, and PBI-3896. The data indicates the CI+A4E variant can use each of the novel 

coelenterazines as substrates. 

[00291] C1+A4E variants were generated that had at least the amino acid substitutions 

identified in C1+A4E, unless otherwise indicated. A library (Library I) of 4400 variant clones of 

C1+A4E was generated by random mutagenesis as described previously and screened as 

described previously for improvement in relative specificity change and/or activity change, e.g., 

brightness. The variants were primarily screened with native coeienterazine, known 

coelenterazine-h, known PBI-3830, and novel coelenterazines PBI-3840, PBI-3841, PBI-3842, 

PBI-3857, PBI-3881, PBI-3886, PB1-3887, PBI-3889, PBI-3897, and PBI-3900 as substrates. In 

addition, half of the variants were screened with novel coelenterazines PBI-3896 and PBI-3894 

as substrates. Plates containing variants having known mutations of interest identified from 

screening previous novel compounds were selected. Variants that showed improvement (either 

relative specificity change or activity change) for one or more of the novel coelenterazines tested 

in the primary screen were isolated, sequenced, and screened in a secondary screen. 

[00292] In the secondary manual screen, the variants were tested with known coelenterazines 

PBI-3912, coelenterazine-h, coelenterazine-hh, 2-methyl coeienterazine, and coeienterazine v; 

and novel coelenterazines PBI-3840, PBI-3897, PBI-3889, PBI-3899, PBI-3900, PBI-3925, PBI 

3944, PBI-3932, PBI-3945, PB1-3913, and PBI-3896 as substrates. FIGS. 6A-D summarize the 

average luminescence normalized to C1+A4E for the variants ("Clone"). FIGS. 6A-D 

summarize the substitutions in these variants (SSAA sequence"), which had at least one of the 

following additional amino acid substitutions: A14V, G15R, Q18L, Q20R, L22I, E23K, L27V, 

L27Mj K33N, T39J, E49K, F54S, F541, D55G, I56V, V58I, V58L, I59T, S66T, G67S, F685P 

L72Q, M75K, I76N, F77T, F77C, K89E, I90V, f90T, L92H, H93R, M106K, Y109F, P113T, 

III7F, T126R, V127A, L136M, DI39G, P145L, S148T, C164S, or A169V. 

[00293] Amino acid substitutions at position 54, 92. and 109 were of interest as substitutions 

at these positions provided greater light output or improved relative specificity, i.e., specificity 

away from native coeienterazine and towards at least one novel coeienterazine, as shown in 

FIGS. 6A-C- The amino acid substitution F54I in clone 29H7 provided greater light output with 

native coeienterazine and several of the novel coelenterazines. The amino acid substitution 



Q18L in clone 4QH11, The amino acid substitution L92H in clone 04A12, and the amino acid 

substitution Y109F in clone 43F9 provided improved relative specificity. 

[00294] Table 5 lists C1+A4E variants with an additional amino acid substitution at position 

77, 92, or 109 ("AA change"), generated as described previously. These variants were analyzed 

for increased light output as described previously, i.e., screened for variants that were at least 

1.3x brighter than CI+A4E, using native coeienterazine, known coelenterazine-hh, and novel 

coelenterazines PBI-3939, PBI-3894, PBI-3896, PBI-3897, PBI-3932, or PBI 3925 as a 

substrate. The following additional substitutions yielded a variant that was at least Ox brighter 

than C1+A4E: L92G, L92Q, L925, L92A, L92M, L92H, L92Y, F77W, F77Y, F77S, F77T, 

F77V„ F77AS F77G, F77C, F77D, F77M, and Y109F. As shown in Table 5, L92H, F77W and 

F77A substitutions had the most dramatic improvements with PBI-3897, PBI-3896, and PBI -

3932. 

Tabic 5: Site Saturation of Positions 11, 92 and 109 

AA 

Change 

native hh PBI-

3939 

PBI-

3894 

PBI-

3896 

PBI-

3897 

PBI-

3932 

PBI-

3925 

L92G 2,2 

L92Q 2 1.8 1.6 1.3 1.4 2.8 1.4 3.4 

L92S 2,9 1.5 2.9 2.7 6 

L92A 2,5 1.3 

L92M 1.3 

L92H 2.2 21 9,1 3.4 5.9 

L92Y 2.5 

F77W 1.4 1,4 1.4 8,3 3,2 1.7 2.3 

F77Y 1.6 1.3 4.9 6.5 

F77S 2.6 

F77T 2.3 

F77V 2.3 

F77A 7.9 2.5 

F77G 3.1 

F77C 2.3 
F77D 1.5 
F77M 

i 
1.5 1.6 

YI09F 1.34 14 
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[00295] Additional CI+A4E variants (Group A} were generated by site-directed mutagenesis 

as described previously to have an additional substitution in at least one of the following amino 

acid posilions relative to SEQ ID NO. 1: JS, 20, 54, 59, 72, 77, 89, 92, 109, ] 13, 127, 136, or 

164, These amino acid positions were chosen because, based on the primary and secondary 

screens of Library I, substitutions at these positions had increased total light output compared to 

C1-3-A4E using at least one of the following as a substrate: novel coelenterazines PBI-3841, PBI-

3896, PBI-3897, PBI-3894, PBL3925, or PBI-3932, or known coelenterazines 2-methy] 

coeienterazine or PBI-3912. FIG. 7 lists the variants ("Clone") and the additional amino acid 

substitutions contained in each variant. Variant clones were assayed in triplicate as described for 

the secondary manual screen as described previously and normaJized to C1+A4E. FIGS. 8A-B 

and 9 show the normalized average luminescence of the variants listed in FIG. 7 with various 

coelenterazines as substrates. FIGS. 8A-B atid 9 show variants with either large increases in 

luminescence for the listed novel compounds compared to C1+A4E or no change or a decrease in 

luminescence for the known cocJcntcrazine compared to CJ+A4H. Clone QC27, which has 

additional amino acid substitutions Ql 8L5 F54I, L92H, and Y109F, had a 561.32-fold-increase in 

luminescence with PBI-3896, a 392.98-fold-increase with PBI-3894, and a 283.85-fold-increase 

with PBI-3896 compared to C1+A4E. This data shows that Q18L, L92H, and Y109F can be 

combined with each other and with additional substitutions to result in variants with improved 

relative specificity, 

[00296} Other substitutions of interest identified from Library 1 were combined to generate 

additional variants (Group B) (FIG, 10). Additional amino acid substitutions were made in at 

least one ofthe following amino acid positions relative to SEQ ID NO: 1: 18, 20, 54, 71, 77, 90, 

92, 109, or 127. These substitutions showed improvement with at least one ofthe following 

novel coelenterazines as a substrate: PBI-3841, PBI-3896, PBI-3897, PBI-3894, PBI-3925, or 

PBI-3932. These variants were assayed as described for Group A variants using native 

coeienterazine, known coelenterazine-hh, and novel coelenterazines PBI-3939, PBI-3945, PBI-

3840, PBI-3932, PBI-3925, PBI-3894, and PBI-3896. Variant clones were assayed in triplicate 

as described for the secondaiy manual screen as described previously and normalized to 

C1+A4E. FIG. 11 shows the normalized average luminescence ofthe variants listed in FIG. 10 

with the various coetentcrazincs as substrates. FIG. J1 shows variants with either large increases 

in luminescence for the listed novel coelenterazines compared to C1+A4E or no change or a 

decrease in luminescence for the native and known coeienterazine compared to CI+A4E, 



[00297] Additional variants were generated with the additional amino acid substitution I90V 

and/or Y109F (Group C) and compared to variants generated from Group A or B (see FIG. 12), 

Clones containing variants with an I90.V substitution ("190V"), a Y109F substitution ("YI09F"), 

or both substitutions ("LE2") were compared to clones QC #27, QC#2 E7, QCS2 F4, and QC#1 

All using assays as dcscribcd for Group A recombinants with native coeienterazine, known 

Coclentcrazine-hh, and novel coelenterazines PBI-3939, PBI-3945,. PBI-3889, PBI-3840, PBI-

3925, PBI-3932, PBI-3894, PBI-3896, and PBI-3897 as substrates (FIG. 12). Variant clones 

were assayed in triplicate as described for the secondary manual screen as previously described 

and normalized to C1-3-A4E (FIG. 12). FIG. 12 shows variants with either large increases in 

luminescence for the listed novel coelenterazines compared to C1+A4E and no change or a 

decrease in luminescence for the native or known coeienterazine compared to CI+A4E. FIG. 12 

shows that I90V provided greater light output for native coeienterazine and several of the novel 

substrates. 

[00298] 8. QC27 Variants 

[00299] The variant QC27 (SEQ ID NOs: 4 and 5) from A, which has additional amino acid 

substitutions Q18L, F54I, L92H, and Y109F, was cloned into a pF4A modified vector as 

described previously to create a C-terminal HT7 (Promega Corp.) fusion protein ("QC27-HT7") 

(SEQ ID NOs: 44 and 45). 4400 variants of QC27-HT7 (Library 2) were generated by random 

mutagenesis as described previously, and primarily screened for increased relative specificity 

change as described previously using native coclcntcrazinc and novel coclcnterazines PBI-3896 

and PBI-3897 as substrates. Variant clones were selected, sequenced, and assayed in a secondary 

manual screen as described previously using native coelenlerazine, known coelenterazine-hh, and 

novel coelenterazines PBI-3897, PBI-3896, and PBI-3894 as substrates. 

[00300] FIG. 13 lists the additional amino acid substitutions ("Scqucncc") identified in these 

variants ("Sample"), and the luminescence of Ihe variants using native coeienterazine, known 

coelenterazine-hh, and novel coelenterazines PBI-3897, PBI-3896, and PBI-3894 as substrates in 

the secondary screen normalized to the corresponding starting QC27-HT7. The variants in FIG. 

14, had at least one ofthe following additional amino acid substitutions: F1I, RI 1Q, L1 SI, L18Q, 

V21L, V21M, L22F, F31I, Q32H, V45E, L46Q, S47P, G48R, E49D, G51E, D55E, G67S, F68Y, 

F68L, Q69H, L72Q, E74K, E74I, M75K, I76F, I76V, H86R, I90T, H92Q, H92R, T96A, V98F, 

I99V, 199T, V102M, Ml061, F109Y, L142V, V158I, TI59S, L168F, or G170R (the G170R is 

located in the linker region between HT7 and the OgLuc variant). 
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[00301] The amino acid substitutions F68Y in variant 24B12, L72Q in variant 29C4, and 

M75K in variant 3II11 each provided greater light output for native coeienterazine and several of 

the novel substrates. The amino acid substitutions V21L ill variant 25A11 and H92R in variant 

1B6 provided improved relative specificity. Both of these substitutions were cases where 

luminescence signals were down using the novel coelenterazines as substrates, but were down 

more using native and known coelenterazines as substrates, 

[00302] Additional QC27-HT7 variants were generated to have specific amino acid 

substitutions (FIG. 14) using site-directed mutagenesis as described previously. Additional 

substitutions were made in at least one of the following amino acid positions relative to SEQ ID 

NO: 1: 21, 68, 72, 75, 76, 90, 92, and 158, as these positions showed improvement in relative 

specificity change as shown in FIG. 14. FIG. 15 shows the luminescence ofthe QC27-HT7 

variants using native coeienterazine, known coelenterazine-hh, and novel coelenterazines PBI-

3897, PBI-3841, PBI-3896, and PBI-3894 as substrates normalized to the corresponding starting 

QC27-HT7. As seen in FIG. 15, combining the three amino acid substitutions F68Y, L72Q, and 

M75K with V158I, as for example in variant QC27#l, provided greater light output for each 

coeienterazine tested. 

[00303] C. QC27-9a Variants 

[00304] The variant QC27-9a (SEQ ID NOs: 6 and 7) from B, a QC27-I-IT7 fusion protein 

with additional amino acid substitutions V21L, H29R, F68Y, L72Q, M75K, and Vt 581, was used 

as a Starting sequence to generate a library. 4400 variants of QC27-9a (Library 3) were 

generated by random mutagenesis as described previously and screened for increased relative 

specificity change using native coeienterazine and novel coelenterazines PBI-3841 and PBI-

3897. Variant clones were selected, sequenced, and assayed in a secondary manual screen as 

described previously using native coeienterazine, known coelenterazine-hh, known 

coelenterazine-h, and novel coelenterazines PBI-3841 and PBI-3897 as substrates. FIG. 16 lists 

the additional substitutions ("AA change") identified in the variants ("Sample"), and the average 

luminescence of the variants using native coeienterazine, known coelenterazine-hh, known 

coelenterazine-h, and novel coelenterazines PBI-3841 and PBI-3897 as substrates in the 

secondary screen normalized to the corresponding starting QC27-9a. The increase in relative 

specificity represents cases where there was a decrease in luminescence for the variant with the 

novel, native, and known coelenterazines compared to the starting template, but luminescence 

with the native and known coelenterazines decreased more. For example, the variant 30D12 with 

the amino acid substitution L22F had an approximately three-fold loss in activity with the novel 

coelenterazines PBI-3841 and PBI-3897. However, with native coeienterazine, known 



coelenterazine-h, and known coelenterazine-hh, the luminescence of the variant 30D12 was 

down by ten-fold or more. 

{00305] FIG. 17 shows a comparison of the luminescence of C1+A4E, QC27-HT7 and QC27-

9a compared to humanized Renilla luciferase (referred herein as "hRL") (SEQ ID NO&: 30 and 

31) using native coeienterazine, known coelenterazine-hh, and novel coelenterazines PBI-3841 

and PBI-3897 as substrates. Although the reaction of QC27-9a with PBI-3897 was brighter than 

QC27-9a with PBI-3841 (sec FIG. 17), the evolution trend, i.e., magnitude of improvement in 

luminescence, was greatest for PBI-3841 (Table 6). Combining the improvement in 

luminescence (440-fold) with the decrease in luminescence for native coeienterazine (800-fold) 

indicated a change in relative specificity (35.0,000-fold) of QC27-9a using PBI-3841 compared to 

native coeienterazine. 

Table 6: The Change in Relative Specificity of the OgLuc Variants for PBI-3897 and PBI-

3841 Compared to Native Coeienterazine and coelenterazine-hh. 

Change in relative specificity (novel 
coelenterazine/native coeienterazine) 

80,00QX 

350,000X 

[00306] D. IVY Variants 

[00307] IVY (SEQ ID NOs: 8 and 9), a C1+A4E variant with additional amino acid 

substitutions F54I, I90V, and F77Y, was cloned into a pF4A modified vector as described 

previously to create a C-terminal HT7 fusion protein ("IVY-HT7"). 4400 variants of IVY-HT7 

(Library 4) were generated by random mutagenesis and screened for increased light output (i.e., 

increased brightness) and increased relative specificity using native coeienterazine, known 

coelenterazine-hh, and novel coelenterazines PBI-3840, PBI-3889, PBI-3925, PBI-3932, and 

PBI-3945 as substrates. Variant clones were selected, sequenced, and assayed in triplicate in a 

secondary screen as described previously using native coelcntcrazinc, known coelentcrazine-hh, 

and novel coelenterazines PBI-3889, PBI-3939, PBl-3945, and PBI-4002 as substrates. FIGS. 18 

and 19 lists the additional substitutions ("AA change") identified in the variants ("Sample'1) and 

Compound 

coeienterazine 

coelenterazine-hh 

PBI-3897 

PBI-3841 

Evolution trend: 
C1A4E to QC27 #9a 

DOWN 80OX 

DOWN 300X 

UP 100X 

UP440X 

85 



the average luminescence of the variants normalized to IVY-HT7 using native coeienterazine, 

known coelenterazine-hh, and novel coelenterazines PBI-3889, PBI-3939, PBI-3945, and PBI-

4002 as substrates in the secondary screen. FIG, IS lists those variants chosen based on 

performance with PBI-3945 {Group A), which had at least one of the following amino acid 

substitutions: Q18H, D19N, Q2QP, Q32P, K33N, V381, V38F, K43N, I44F, E49G, 160V, Q69H, 

I76N, Y77N, Y94F, G95S, G95D,F110I, Vl 19M, K124M, LI 491, or R152S. FIG. 19 lists those 

variants chosen based on performance with PBI-3889 (Group B), which had at least one of the 

following amino acid substitutions: FGY, Q1SL, L27V, S28Y, Q32L, K33N, V36E, P40T, Q42II, 

N50K> G51R, H86L, N135D, or I155T. 

[00308] Additional IVY-HT'7 variants were generated to have additional specific amino acid 

substitutions using site-directed mutagenesis as described previously. FIG. 20 lists variants with 

at least one of the following additional amino acid positions relative to SEQ ID NO: 1:19, 20, 

27, 32, 38, 43, 49, 58, 77, 95, 110, and 149, as these substitutions were identified in the variants 

of FIG. 18, which showed specificity towards PBI-3945 and PBI-4002. FIG. 21 shows the 

luminescence of the variants listed in FIG. 20 normalized to IVY-HT7 using native 

coeienterazine, known coelenterazine-h, known coelenterazine-hh, and novel coelenterazines 

PBI-3939, PBI-3945, PBI-4002, PBI-3932 and PBI-3840 as substrates. None ofthe variants 

showed an improvement over IVY-HT7, but there were instances, such as variant C5.19 (SEQ ID 

NOs: 12 and 13) where luminescence with native or a known coeienterazine decreased about 3-4 

logs, but luminescence with PBI-3945 and PBI-4002 decreased only two-fold. Variant C5.19 has 

additional amino acid substitutions L27V, V38I, and LI491. 

[00309] FIG. 22 lists variants with at least one of the following additional amino acid 

positions relative to SEQ ID NO: I: 6, 18, 27, 28, 33, 34, 36, 40, 50, 51, 135, and 155, as these 

substitutions were identified in the variants of FIG, 19, which showed specificity towards PBI-

3889 and PBI-3939. FIG. 23 shows the luminescence of the variants listed in FIG. 21 using 

native coeienterazine, known coelenterazine-h, known coelenterazine-hh, and novel 

coelenterazines PBI-3939, PBI-3945, PBI-3889, PBI-4002, PBI-3932, and PBI-3840 as 

substrates normalized to IVY-HT7. Luminescence decreased for each of the variants compared 

to 1VY-HT7. Variant CI.3 (SEQ ID NOs: 10 and 11) had about 2000-fold more luminescence 

with PBI-3939 than with native or known coeienterazine. Variant CI.3 has additional amino acid 

substitutions F6Y, K33N, N135D, and I155T. 

[00310] The best IVY-IIT7 variants for relative specificity change compared to hRL and IVY-

HT7 were C5.I9, which had the best luminescence with PBI-3945, and CI.3, which had the best 

luminescence with PBI-3889. FIG. 24 shows the luminescence of hRL, IVY-HT7, C5.19 (a C-
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terminal HT7 fusion), and CI.3 (a C-terminal HT7 fusion) with native coelentcrazine, known 

coelenterazine-h, known coclenterazine-hh, and novel coelenterazines PBI-3939 and PBI-3945. 

[00311] E. IV Variants 

[00312] IV (SEQ ID NOs: 14 and 15), a C1+A4E variant with additional amino acid 

substitutions F54I and NOV, was generated as previously described. To determine the brightest 

variant for use as a transcriptional reporter, luminescence was measured as described previously 

provided for C1+A4E (SEQ ID NOs; 2 and 3), IVY (SEQ ID NOs: 8 and 9), and IV (SEQ ID 

NOs; 14 and 15) using native coeienterazine, known coelenterazine-hh, and novel 

coelenterazines PBI-3939, PBI-3945, PBI-3889, and PBI-4002 as substrates. hRL was used as a 

control. As seen in FIG. 25, IV was brighter than both C1+A4E and IVY. The amino acid 

substitution F54I in IV provided greater light output for native coeienterazine and several of the 

novel substrates. All three variants were brighter than hRL with the tested coelenterazines. 

[00313] The data from A, B and D (i.e., screenings of the libraries generated from C1+A4E, 

IVY. and QC27 as the starting sequences) were reviewed to determine those additional amino 

acid substitutions with increased light output (i.e., increased brightness) with a variety of 

coelenterazines. IV variants were generated as described previously to have additional 

substitutions which had reduced specificity for native coeienterazine by two- to ten-fold. As 

listed in FIG. 26, the IV variants ("clone") had an additional amino acid substitution 

("Sequence") of at least one ofthe following amino acid substitutions: F1I, E4K, Q18L, L27V, 

K33N, V38I, F68Y, M70V, L72Q, M75K, or V102E. 

[00314] Sixteen plates of variant clones for all combinations of amino acid substitutions were 

primarily screened and assayed using the automated robot method described previously with 

native coeienterazine, known coelenterazine-h, known coelenterazine-hh, and novel 

coelenterazines PBI-3889 and PBI-3945 as substrates. Variants with improved luminescence 

were selected, sequenced, and assayed in triplicate using the manual screen as described 

previously. Luminesccncc was measured using native coclenterazine, known coelenterazine-h, 

known coelenterazine-hh, and novel coelenterazines PBI-3889, PBI-3939, PBI-3945, and PBI-

4002 as substrates. Corresponding starting sequences IV and hRL were used as controls. 

|00315] FIG- 26 lists the variants, and the additional amino acid substitutions identified in the 

variants. FIG. 27 shows the average luminescence of the variants in the secondary screen 

normalized to IV. Variant 8A3 (SEQ ID NOs: 26 and 27), which has additional amino acid 

substitutions F11, L27V, and V38I, had improved relative specificity with novel coelenterazines, 
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but was not brighter than rv, Variant 8F2 (SEQ ID NOs: 46 and 47), which has additional amino 

acid substitution L27V, offered improved relative specificity arid brightness with 3 of the 4 novel 

coelenterazines used. Variant 9B8 (SEQ ID NOs; 18 and 19), which has additional amino acid 

substitutions Q18L, F68Y, L72Q, and M75K, was brighter for al! substrates and offered some 

relative specificity advantage over native coeienterazine as well. Variant 9F6 (SEQ ID NOs; 20 

and 21), which has additional amino acid substitutions Q18L, L27V, V38I, F68Y, L72Q. and 

M75K, showed similar improvements as was seen with 8F2. Variant 15C1 (SEQ ID NOs: 16 

and 17), which has additional amino acid substitutions E4K, K33N, F68Y, L72Q, and M75K, 

was brighter for all novel coelenterazines, but did not have any improved relative specificity 

benefit. The amino acid substitution Q18L in variant 106 provided improved relative specificity, 

i.e., away from native coeienterazine and towards novel substrates, in the context of IV. In 

general, the amino acid substitution L27V provided improved relative specificity in the context 

of IV. 

[00316] FIG. 28 shows the luminescence of the 8A3, 9B8, 9F6, and 15CI variants in the 

secondary screen using native coeienterazine, known coelenterazine-hh, known coelenterazirie-h, 

and novel coelenterazines PBI-3939, PBI-3945, PBI-3889, and PBI-4002 as substrates compared 

to IV and hRL. Variant 8A3 had 2 logs decrease in brightness with native coeienterazine 

compared to IV. Variant 9F6 had I log decrease in brightness with native coeienterazine 

compared to IV. Variant I 5C1 with PBI-3945 was the brightest, but the signal half-life was short 

(see Example 27). 

[00317] F, 9B8 Variants 

[00318] The 9B8 variant from E was further modified lo generate additional variants with 

increased light emission and/or improved relative specificity for PBI-3939. Amino acid 

substitution L72Q appeared to be a beneficial amino acid substitution for increased light 

emission (i.e., brightness) as this substitution was identified in the variants 9B8, 9F6, and 15C1, 

all of which showed improved light emission. To determine if other amino acid substitutions at 

position 72 would provide similar increases in brightness, additional variants of 9B8 were 

generated as described previously by saturating position 72 with alternative residues. Four 

replicates of E. coli lysates were prepared and analyzed for brightness as described previously 

using PBI-3939 as a substrate except the assay buffer contained 10 mM CDTA, 150 mM KC1, 10 

mM DTT, 100 mM HEPES, pH 7.0, 35 mM thiourea, and 0.5% TERGITOL® NP-9 (v/v). Table 

7 lists 9B8 variants ("Variant") with similar or improved luminescence compared to 9B8 as 

indicated by luminescence normalized to 9B8 ("RLU (normalized to 9B8)"), i.e., fold 
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improvement. The amino acid substitutions of A, G, N, R, and M at position 72 provided at least 

the same brightness benefit as amino acid 0, i.e., 1-fold. 

Table 7: Variants with Similar Luminescence Compared to Variant 9B8. 

Variant RLU (normalized to 9B8) 

9BS + Q72A 1.1 

9B8 + Q72G 1 

9B8 + Q72N 1 

9B8 + Q72R 1 

9B8 + Q72M 1 

[00319] Additional variants with improved relative specificity to novel PBI-3939 were 

generated as described previously by saturating amino acid positions 18, 68, 72; 75, and 90 in 

variant 9B8. E. coli lysates were prepared and analyzed for brightness as described previously 

using native coeienterazine and novel PBI-3939 as substrates. Relative specificity was 

determined from the ratio ofthe luminescence of the variant with PBI-3939 to the luminescence 

ofthe variant with native coeienterazine, normalized to the ratio of corresponding luminescencc 

of 9B8. Table 8 lists 9B8 variants ("Variant") with at least I.IX fold-incrcasc in relative 

specificity for PBI-3939. The results demonstrate that at least one additional change at each of 

the sites provided improved relative specificity for PBJ-3939 versus native coeienterazine. 9B8 

variants with amino acid substitutions K, D, F, G, Y, W, and H at position 18 had the highest fold 

improvement in relative specificity. 

Table 8: Variants with Improved Relative Specificity for PBI-3939 

Variant 
Relative specificity 

(PBI-3939 RLU/native coeienterazine RLU; normalized to 9B8) 

9B8 + L18K 40.7 

9B8 + L18D 25.8 

9B8-I-L1SF 25.6 

9B8 + LI8G 18.2 

9B8 + LI8Y 17.8 
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9BS + LJ8W n.2 

9B8 + LISH 9.1 

9B8 + L18R 3.5 

9B8 + L18M 3.4 

9B8 +L18N 2.9 

9B8 + L1SP 2.6 

9B8 + L1SS 2.3 

9B8 + Y68W 1.1 

9B8 +Q72W 6.1 

9B8 + Q72Y 2.5 

9B8 + Q72F 2.2 

- 9B8 + Q72V 2.2 

908 + Q72I 2.1 

9B8 + Q72T 1.9 

9B8 + Q72N 1.8 

9B8 +Q72R 1.7 

9B8 + Q72P 1.6 

9B8 + Q72G 1.5 

9B8 + Q72A 1.4 

9B8 + Q72M 1.3 

9B8+Q72C 1.3 

9BS + Q72H 1.2 

9B8 + Q72S 1,2 

9B8 + M75F 1.2 

9B8 + V90R 2.4 

9B8 +V90Y 1.6 

9B8 + V90D 1.4 

9B8 + V90P 1.4 

9B8 + V90K 1.3 

9BS +V90Q 1.2 
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[00320] C. 9B8 + K3SN Variants 

[00321] An additional variant, 9B8 opt+K33N (SEQ ID NOs: 42 and 43) was generated to 

investigate the benefits of amino acid substitution K33N for brightness, relative specificity, and 

thermal stability. 9B8 opt+K33N was examined and compared to 9B8 opt (described in Example 

25A) in various applications. 

[00322] E. coli lysales containing the variant 9B8 opt or 9B8 opt+K33N were prepared and 

analyzed as described previously except the assay buffer contained 0.1% TERGITOL® NP-9 

(v/v). Luminescence generated from the lysates was measured using the novel PBJ-3939 and 

native coeienterazine as substrates. The relative specificity of the variants for PBI-3939 and 

native coeienterazine was calculated as described previously. 9B8 opt+K33N ("K33N") had 

greater light output (RLU) and a higher relative specificity for PBI-3939 than native 

coeienterazine compared to 9B8 opt (FIG. 29), indicating that the K33N substitution provided 

greater light output and improved relative specificity. 

[00323] A new OgLuc library was created using 9B8opt+K.33N as a starting template. The 

random library was created using DIVERSIFY® PCR Random Mutagenesis Kit (ClonTech; 

Catalog ti 630703). Condition 5 (as listed in rhe user manual) was used Co generate additional 

variants, and the average mutation rate was calculated to be 2.6 mutations per gene by compiling 

sequence data from 83 randomly selected clones. This PCR library was cloned into the pF4Ag-

based, non-fusion vector background described previously and the sandwich background, i.e., Id-

OgLuc-HT7 (described in Example 45). Variants in the pF4Ag-base non-fusion vector 

background are designated with (NF), Variants in the sandwich vcctor background are 

designated with (F). In order to clone the PCR product into both vectors, an amino acid, i.e., a 

glycine, was appended to the variant sequence in pF4Ag, generating a new position 170 in the 

OgLuc variant ("170G"). The 170G is present in the sandwich construct, but in this case is 

considered part of the linker between OgLuc and HT7. For each library, 4,400 E. coli clones 

were assayed as described previously with the following exceptions. The lysis buffer contained 

300 mM MES pH 6.0 instead of HEPES, and 0.5% TERGITOL® "NP-9 (v/v), but did not contain 

thiourea. The assay buffer contained 100 mM MES pH 6.0 instead of HEPES, and 35 mM 

thiourea. The assayvolumes were as follows: 10 fiL cells, 40 pL lysis buffer, and 50 ^L assay 

buffer. 

[00324] The PCR library in the pF4Ag-based non-fusion background was screened for 

additional variants with increased luminescence compared to 9B8 opt+K33N+170G (SEQ ID 

NOs: 68 and 69). Selected variants were then assayed in HEK293 and NIH3T3 cells, For each 



cell type, 15,000 cells were plated and grown overnight at 37°C. The next day, the cells were 

transfected as described in Example 25 with ]0 ng pGL4.l3 (Promega Corp.) as a transfection 

control and 100 ng ofthe OgLuc test DNA. The media was removed, and the cells were lysed 

with 100 ML of lysis buffer as described in Example 25 except the lysis buffer contained 100 mM 

MES pH 6.0 instead of HEPES, and luminescence measured using a GLOMAX® Luminometer. 

For each sample, 10 jiL of lysate was assayed with 50 pL of lysis buffer containing 20 jiM PBI-

3939. For Ihe transfection control, 10 pL of lysate was assayed with 50 pL of BR.IGHT-GLO™ 

Assay Reagent. 

[00325] Table 9 shows the fold-increase in luminescence of variants in E. coli, HEK293, and 

NIH3T3 cells and the amino acid substitutions found in the variants. The variants 27A5 (NF) 

(SEQ ID NOs: 70 and 71), 23D4 (NF) (SEQ ID NOs: 72 and 73) and 24C2 (NF) (SEQ ID NOs: 

74 and 75) had at least 1.3 fold-increase in luminescence in E. coli and I-IEK293 cells. 

Table 9: Increase in Luminescence Generated by OgLuc Variants Compared to 9B8 

opt+K33N+170G in E. coli, HEK293 and NIH3T3 Cells 

Sample Sequence 
Fold over 988 opt+K33N + 170G 

Sample Sequence 
E. coli HCK293 NIH3T3 

27A5 (NT7) T39T, 170G 1.3 1.5 1.3 

23D4 (NF) G26G, M1Q6L.R112R, 170G 1.5 L6 1.2 

24C2 (NF) RI 1Q, T39T, 170G 1.5 1.5 LI 

[00326] Based on the above data, further combination variants were designed and generated 

(see Table 10) in the context of the pF4Ag-based non-fusion vector background without the 

170G. The variants were analyzed in E, coli, HEK293 and NIH3T3 cells as described above and 

compared to 9B8 opt+K33N, The variants were also examined for luminescence with native 

coeienterazine. Table 10 shows the fold-increase in luminescence of the variants in E. ccli, 
HEK293, and NIH3T3 cells, and the amino acid substitutions found in the variants ("Sample''). 

The variants were named by adding the additional amino acid substitutions in the variant to the 

prefix "9B8 opt+K33N," Table 11 shows the relative specificity of the different variants for PBI-

3939 compared to native coeienterazine in E. coli, NIH3T3, and HEK293 cells. As shown in 

Table 10, the variant 9B8 opt+K33N+T39T+K43R+Y68D ("V2"; SEQ ID NOs: 92 and 93) had 

improved luminescence in E. coii and a slight improvement in luminescence in NIH3T3 cells. 

The variant 9B8 opt+K33N+L27V+K43R+Y68D ("L27V, K43R, Y68D") had a neulral 
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improvement in luminescence (Table 10) and 5X fold-increase in relative specificity over 9B8 

opt+K33N (Table 11) in the three cell types examined. 

Table 10; Increase in Luminescence Generated by OgLuc Combination Variants 

Compared to 9B8 opt+K33N in E. coli, NIII3T3 and HEK293 Cells 

Sample 
Fold over 9B8 opt +K33N 

Sample 
E. coli NI1I3T3 HEK293 

T39T 1.8 1,1 1.1 

K43R 1.2 t.l 1.1 

T39T, K43R 1.3 0.9 1.1 

Y68D 1.0 1.0 1.2 

K43R, Y6SD 1.2 1.2 L2 

T39T, K43R, Y68D C'V2") 1.8 1.1 1.3 

L27V 0.9 0.7 0.8 

L27V, K.43R 0.7 0.6 0.6 

L27V, K43R, Y6SD L2 0.8 0.9 

L27V, Y68D 1,2 0.8 0.7 

S66N, K43R 0.9 1.1 1.1 

L27V; K43R, S&6N 1,0 0.6 0.7 

9B8 opt + K.33N 1.0 1.0 1.0 

Table 11: Change in Relative Specificity of OgLuc Combination Variants for PBI-3939 

Compared to Native Coeienterazine ini?. coll, NIH3T3 and HEK293 Cells 

Sample 
Fold over Native Coeienterazine 

Sample 
E. coli N1H3T3 HEK293 

T39T 18.2 18 20 

K.43R 29.5 31 32 

T39T, K43R 29.4 30 32 

Y68D 11.4 10 12 

K43R, Y68D 18.6 19 21 

T39T, K43R, Y6SD("V2") 1 8,5 IS 21 

L27V 85.2 85 97 
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L27V, K43R 120.1 131 147 

L27V, K43R, Y68D 983 98 101 

L27V, Y68D 59.9 61 64 

S66N, K43R 22.9 23 . 25 

L27V, K43R, S66N 100.4 97 106 

9B8 opt + K33N 19.0 19 19 

[00327] Additional OgLuc variants were generated from 9B8 opt+K33N To contain at least 

one of the following additional amino acid substitutions relative to SEQ ID NO: \: L27V, T39T, 

K43R, Y68D, or S66N (see "Sample" in Table 12 for Ihe amino acid substitutions in the 

variants). The variants were named by adding the additional amino acid substitutions in the 

variant afler the prefix "9B8 opt+K33N." These additional variants and the variants 9B8 

opt+K33 N+L 27 V+Y68D ("L27V, Y68D"), 9B8 opt+K33N+L27V+K43R+Y68D ("L27V, 

K.43R, Y6SD"), 9B8 opt+K33N+L27V+K43R+S66N ("L27V, K43R, S66N"), and 9B8 

opt+K33N+T39T+K43R+Y68D ("T39T, K43R, Y68D"; also known as ,!V2") from above, were 

examined for brightness, relative specificity, signal stability and thermal stability. The variants 

were compared to the variants 9B8 opt ("PBS") and 9B8 opt+K33N ("K33N"). 

[00328] E. coli lysates containing the variants were prepared and analyzed as described 

previously. Luminescence generated from the lysates was measured using the novel PBI-3939 

and native coeienterazine as substrates. The luminescence of Ihe variants was normalized to the 

luminescence generated by 9B8 opt (Table 12). The relative specificity ofthe variants for PBI-

3939 and native coeienterazine was calculated by dividing the luminescence ofthe variants using 

PBI-3939 as a substrate with the luminescence of the variants using native coeienterazine as a 

substrate (Table 12). This data indicates that the amino acid substitution L27V lowers specificity 

for native coelentcrazine. 

Table 12: Increase in Luminescence Generated by OgLuc Variants Compared to 9B8 and 

Change in Specificity of OgLuc Variants far PBI-3939 Compared to Native Coeienterazine 

in Bacterial Lysates 
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Sample Fold over 9B8 Fold over coeienterazine 
9B8 1.0 7 
K33N 1.1 21 
T39T, Y68D 0.9 12 
T39T, L27V, K43R 1.2 149 
L27V, T39T, K43R, Y68D 1.8 110 
T39T, K43R, Y68D 1.6 21 
L27VT T39T, K43R, S66N 1.3 114 
L27VPK43R, Y68D 1.3 110 
L27V, Y68D 1.0 63 
L27V, K43R, S66N 1.1 114 

[00329] H. V2 Variants 

[00330] A set of additional variants were designed using V2 (9B8opt with the additional 

amino acid substitutions K33N+T39T+K43R+Y68D) as a template. The substitutions shown in 

Table 13 were designed based on either 1) the known diversity according to the structure-based 

alignment of 28 fatty acid binding proteins (1VYF, IFDQ, 2A0A, I08V, 1BWY, 2ANS, 1VIV, 

IPMF, I FTP, 2HNX, UJJ, 1CBR, 2CBS, 1LPJ, 1KQW,2RCQ, 1EII, 1CRB, 1IFC, 2PY1, 2JU3, 

1MVG, 2QG4, ] P6P, 2FT9, 1MDC, lOlU, 1E10; See U.S. Published Application No. 

2010/0281552), or 2) the probing of alternative residues at positions previously identified to play 

a role in substrate specificity. Changes listed under "Consensus" in Table 13 relate to residues 

identified in at least 50% of the aligned, above-mentioned fatty acid binding proteins. Changes 

listed under "Predominant Minority" relate to residues identified in many of the fatty acid 

binding proteins mentioned above, but found in fewer than 50% of the aligned sequences. 

Changes listed under "Other" relate to residues were identified less frequently than the 

predominant minority residue at a given position in the aligned sequences. Finally, changes 

listed under "Specificity" relate to positions suspected to be involved in determining a variant's 

specificity for coeienterazine or a coeienterazine analog. For example, the designed specificity 

changes al position 27 (leucine residue in the parental sequence, i.e., V2) were changed to other 

hydrophobic residues or amino acids representing alternative chemistries (e.g., other hydrophobic 

residues containing rings, residues containing uncharged polar side chains, or residues containing 

charged side chains); and the designed specificity changes at position 40 (proline in the parental 

sequence), were to a sampling of different chemistries (chemistries (e.g., other hydrophobic 

residues containing rings, residues containing uncharged polar side chains, or residues containing 

charged side chains); note that glycine, glutamine, isoleucine, and leucine are identified at this 

position the aligned fatty acid binding proteins). 
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(00331] The variants were constructed using standard site-directed mutagenesis protocols (see 

previous examples), and the resulting plasmids transformed into E. coli for analysis. Cultures 

were grown per standard walk away induction in minimal media as described previously. To 10 

jiL ofthe cultured, transformed E. coli cells^ 40 ^iL of ]ysis buffer (100 mM MES pH 6.0, 0.3X 

PLB, 0,3 mg/mL Lysozyme, 0.003 U/|iL RQ1 DNascI and 0.25% TERGITOL© NP-9 (v/v)) was 

added followed by the additional of an equal volume (50 |iL) of assay reagent (1 mM CDTA, 

150 mM KC1. 2 mM DTT, 20 ^M PBI-3939 or native coeienterazine, 100 mM MES pH 6,0, 35 

mM thiourea, and 0.5% TERGITOL® NP-9 (v/v)). Luminescence was measured on a 

GLOMAX® 96 Microplate Luminometer (Promega Corp.). 

[00332] Table 14 summarizes the different amino acid substitutions identified in the analysis. 

The data is presented as normalized to the parental clone (V2) with regards to the luminescence 

measured for both PBI-3939 and native coeienterazine. The relative change in specificity to PBI-

3939 with respect to native coeienterazine is also shown. 

Table 14 
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PBI-3939 COELENTERAZIHE RELATIVE i 
ibstitution NORMALIZED NORMALIZED SPECIFICITY ] 

10 * 0."? 0-2 3.5 
14 S 1.3 1.2 1.1 
16 E 0.5 0.2 2. S 
23 K t-3 4 0.3 
2d A 0.4 0.2 2.0 
25 L 0.0001 O.0O9C23 4.3 
27 A O.B 0.1 B.O 
27 D 0.006 0.001 6.0 
27 6 O.OB0 0.005 i?.6 
27 1 0.2 0.024 8.3 
?7 H 2.2 0.9 2.4 
40 1 0,0017 0.0002 fl.5 
ao L 0.0007 0.0001 7.0 

0.0001 0.000026 3.8 
$7 u 1-2 1.5 o.e 
87 T 1.3 1.6 0.0 
97 B 0.014 o.oi 1-4 

100 J 0.002 0.002 1.0 
102 J 1.1 1.1 1.0 
111 fi 0.6 0.6 1.0 
113 K 1.2 0.6 2.0 
125 L 0.6 0.4 1.5 
129 5 0.0003 0.0001 3.0 
110 K 11 0. 9 1.2 
192 E 0.9 0,3 3,0 
142 K 0.9 0.3 3.0 
192 *1 0 8 0. 4 2.0 
136 6 0.9 0.8 1.1 
147 U 0.4 04 1.0 
149 M 0.7 0.4 l.fi 
150 ¥ 0.9 O. 4 2.3 
152 B 0.9 0.5 1.8 
152 T 0.9 0.3 3 0 

[00333] /. 127V Variants 

[00334] Using the OgLuc variant L27V as a starting template, i.e., starting sequence or 

parental sequence, additional variants were made in which some of the amino acids (Table 15) in 

the L27V variant were reverted to the amino acids found in the native OgLuc luciferase of SEQ 

ID NO: 1. The variants were constructed by site-directed mutagenesis as previously described. 

The variants were then screened as previously described for relative activity with either native 

coclcntcrazinc or PBI-3939. Luminescence was measured on a TECAN® INFINITE® F500 5 

min after substrate/assay reagent (as described in H) was added and normalized lo the L27V 

variant starling template. SDS-PAGE analysis of the lysates indicates comparable expression 

levels (data not shown). 

[00335] Table 15 shows the relative activities of the L27V variants with native coeienterazine 

or PBI-3939. Relative activities <1 indicate the reversion is detrimental compared to the residue 
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al that site in the L27V variant. Relative activities >1 indicate the reversion is favorable for 

activity compared to the residue at that site in the L27V variant. Some additional data on these 

mutants indicated the following: 166K, 54F, 54A and L27V were tested for thermal stability, The 

T|,7 60°C for 166K, 54F, and S4A were 87, 74, and 33%, respectively, indicating these 

substitutions cause a reduction in thermal stability. The Km values for these same 4 variants 

were the following: for native coeienterazine, L27V was 16 fiM, 54A was 23 |iM, 54F was 40 

MM, and 166K was 21 >iM; for PBI-3939, L27V was 18 \iM, 54A was 62 ^M, 54Fwas 163 ^M, 

and 166K was 23 jiM. This indicates higher substrate affinity for L27V, particularly for the 

position 54 substitutions. 

Table 15 

Native coeienterazine (50 mM) PBI-3939 (50 mM) 

AA 
substitution 

Relative activity 
(5 min) 

AA 
substitution 

Relative activity 
(5 min) 

72L 0.2 72L 0.6 
4A 1,0 4A 1.0 

L24Q 1.6 124Q 1.0 
43K 1.9 43K 1.1 
115P 0.6 115P 0.9 
166N 2 166N 2.0 
75M !.l 75M 12 
54F 0.1 54F 0,4 
68F 0.5 68F 0,9 
33A 1.7 33A 1.0 
I38Y 1.0 138Y 1.0 
54A 0.6 54A 1.6 
901 0.8 901 0.6 
33K 4.2 33K 0.8 
44V 0.7 44V 1 

166K 2.\ 166K 2 
HQ 1.6 HQ 1.3 
166F 0.3 166F 0.4 
18Q 4.1 18Q 0.6 

Example 23 - Mutational Analysis of Position 166 
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[00336] A. To assess the effect of different amino acids at position 166 on The luciferase 

activity, the arginine (R) residue at position 166 was substituted to each of the olher 19 amino 

acids using site-directed mutagenesis as previously described in the context of a pF4Ag vector 

(i.e., in the context of the wild-type OgLuc sequence SEQ ID NO: 1). These position 166 

variants were then expressed in E. coli as previously described, 

(00337] To create lysates, 50 JIL 0.5X FASTBREAK™ Cell Lysis Reagent (Promega Corp,) 

was added to 950 of induced cultures, and the mixtures incubated for 30 min at 22°C. For the 

analysis, 50 JIL of lysate was assayed in 50 JIL of assay reagent (as previously described in 

Example 22H) with either 100 PBI-3939, 30 JJ.M native coeienterazine, or 22 jiM 

coelenlera^ine-h). Luminescence was measured as previously described (FIGS, 3QA-C). FIGS. 

30A-C show the relative activity of the N166 mutants. Western analysis confirmed comparable 

expression of all variants (data not shown), 

(00338] ft. The specific single amino acid substitutions, L27V, A33N, K.43R, M75K., I"39T, 

L72Q and F68D were assessed in the wi]d-type OgLuc or N166R background. The single amino 

acid substitutions were generated via site-directed mutagenesis as previously described, 

expressed in E. coli as previously described, and luminescence measured using the assay reagent 

(previously described in Example 22H) with 22 }i.M native coclcntcrazinc (FIG. 30D). Western 

analysis confirmed comparable expression of all variants (data not shown). 

Example 24 - Deletion Variants 

[00339] Deletions to the L27V variant were made as follows: 

Table 16 

Deletion # Deletion Made 

27 Residues 1-27 and Val -1 

52 Residues 1-52 and Val -1 

64 Residues 1-64 and Val -1 

84 Residues 1-84 and Val -1 

19 Residues 65-83 

23 Residues 65-87 

23A1 Residues 65-87 + G64D 
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[00340] The N-terminus ofthe OgLuc variant L27V is methionine, valine and phenylalanine, 

i.e., MVF. For numbering purposes, the phenylalanine was considered ihe first amino acid. 

"Val-r indicates that the Valine in "MVF" was deleted. The methionine of "MVF" was 

included in these deletions. The L27 deletion variants were cloned in the pF4Ag vector and 

expressed in E. coli KRX cells as previously described. Inductions and lysate preparations were 

performed as described Lysates were analyzed using the assay reagent (previously described; 100 

jiM PBI-3939), and luminescence measured as previously described (FIG. 31). The data 

demonstrates that smaller fragments ofthe OgLuc variants can also generate luminescence. 

Example 25 - Codon Optimization of OgLuc Variants 

[00341] A. IVand 9BS 

[00342] The IV and 9B8 OgLuc variants were used as templates for codon optimization. The 

goals, as understood by those skilled in the art, were two-fotd: l) to remove known transcription 

factor binding sites, or other regulatory sequences, e.g., promoter modules, splice donor/acceptor 

sites, splicc silencers, Kozak sequences, and poly-A signals, that could potentially interfere with 

the regulation or expression of the OgLuc variants, and 2) to alter the DNA sequence (via silent 

mutations that do not alter protein sequence) to eliminate rarely used codons, and favor the most 

commonly used codons in cells of E. coli, human, other mammalian, or other eukaryotic 

organisms {Wada ei al., Nucleic Acids Res., 18:2367 (1990)). 

[00343] Two different optimized sequences for IV and 9B8, referred to as opt (aka optA) and 

optB, were designed for each variant. The first optimized sequence, i.e., opt/optA for each 

variant, was designed by identifying the two best, i.e., most common, human codons for each site 

(see Table 17) and then randomly picking one ofthe two for incorporation at each site. For the 

optB versions, the previous, codon-usage, optimized version, i.e., opt/optA, was used as a 

starting template, and each codon replaced with the other of the two best human codons 

identified for this codon-optimization strategy. As an example, the leucine at position 3 in either 

the IV or 9B8 sequence is encoded by the codon TTG. TTG is not one of the two most common 

codons for leucine in a human cell, and therefore the codon was changed to the alternative, more 

common codons for leucine, CTC (opt/optA) or CTG (optB). This same process was repeated 

for all leucines in the sequence, and due to the random nature of the approach, a CTC codon 

could end up in optB and the CTG could end up in optA. Because of this two codon-usage 

approach to optimization, sequences opt/optA and opt B were maximally codon-distinct. 

Table 17: Codons used ID Codon Optimization 
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Aminn ar.ici Choice#l Choice#2 

Gty GGC CGG 

Glu GAG GAA 

Asp GAG GAT 

Val GTG GTC 

Ala GCC GCT 

Ser AGC TTC 

Lys AAG AAA 

Asn AAC AAT 

Met ATG 

lie 'ATC ATT 

Thr ACC ACA 

Tip TGG 

Cys TGC TGT 

Ur
n 

TAG TAT 

Phe TIC TTT 

Arg CGG CGC 

Gin CAG CAA 

His CAC CAT 

Leu CTG CTC 

Pro CCC CCT 

[00344] Each of the 4 sequences (IV opt, IV oplB; 9BB opt, 9B8 optB) were then analyzed 

(Genomatix Software, Germany) for the presence of transcription factor binding sites or other 

regulatory sequences as described above, and these undesirable sequences were disrupted via 

silent nucleotide changes. In some cases, where there were other non-rare codons for both 

human and E. coli, the transcription factor binding sites or other regulatory elements was 

removed by changing to one of these codons, even though they are not choice#l or ehorce#2 (see 

Table 18). In cases, where removing a transcription factor binding site or other regulatory 

element wouid have involved introducing a rare codon, the transcription binding site (or other 
regulatory element) was usually not changed. 

Table 18: Additional Codons used to Remove Transcription Factor Binding Sites and 

Other Regulatory Elements 
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Amino Acid Choice #3 Choice #4 

Gly GGA GGT 

Val GTA GIT 

Ala GCG GCA 

Ser AGT TCA 

Thr ACG ACT 

Leu TTG err 
Pro CCG CCA 

[DO345] Codon optimized versions of IV ("IV opt" SEQ ID NO: 22) and "IV optB" (SEQ ID 

NO: 23)) and 9B8 ("9BS opt"" (SEQ ID NO: 24) and "9B8 optB" (SEQ ID NO: 25)) were 

generated and cloned into pF4Ag by methods known in the art. HEK293 cells were plated in 96-

well plates at 15,000 cells/well and grown overnight at 37°C. The following day, the cells were 

transiently transfected in 6 well replicates using TRANSIT®-LT1 Transfection Reagent (Mirus 

Bio) with 100 ng of plasmid DNA encoding the codon optimized versions in pF4Ag and grown 

overnight at 37°C. HEK293 cells were also transfected with either pGL4.13 (Luc2/SV40) 

(Paguio et al, '"pGI.,4 Vectors: A New Generation of Luciferase Reporter Vectors" Promega 

Motes, 89:7-10 (2005)) or pGL4.73 (hRiysV40) {Id.) to normalize for differences in transfection 

efficiency. Ten ng/transfection or 10% of the total DNA transfected was used. Media was 

removed, and cells were lysed with 100 M.L lysis buffer which contained 10 mM CDTA, 150 mM 

KG, 10 mM DTT, 100 mM HEPES, pH 7.0, 35 mM thiourea, and 0.5% TERGITOL© NP-9 

(v/v) to create a lysate sample. Luminescence ofthe lysate sample was measured on a TECAN® 

INFINITE® F500 luminometer as follows: for hRL and the OgLuc variants, 10 nL ofthe lysate 

sample was assayed for luminescence with 50 JAL of lysis buffer containing 20 ^M of substrate 

(native coeienterazine for hRL and PBI-3939 for the OgLuc variants). For Luc2 (SEQ ID NOs: 

28 and 29), a firefly luciferase, 10 jiL of lysate sample was assayed for luminescence with 50 jaL 

of BRlGHT-GLO™ Luciferase Assay Reagent (Promega Corp.). 

[00346] FIG. 32 shows a comparison of the luminescence measured for the lysates containing 

the codon optimized versions of the OgLuc variants compared to hRL and Luc2. hRL and the 

OgLuc variants were normalized to pGL4.13 and Luc2 was normalized to pGL4.73 using 

methods known in the art. As shown in FIG. 32, Luc2 had approximately 14 fold higher 

luminescence than hRL. The OgLuc variants had higher luminescence compared to Luc2 and 

hRL. The codon optimized versions of IV ("IV opt" and "IV optB") and 9B8 ("9B8 opt") 

showed increased luminescence compared to the non-optimized versions, 
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[00347] As a result of this optimization, the "opt/optA" versions expressed better in human 

HEK293 cells than their parental sequence, while the "optB" versions did not express as well in 

HEK293 cells compared to the parental sequence. 

[00348] B. L27V 

[00349] The L27V variant (SEQ ID NO: 88) was optimized to minimize the occurrence of 

common vertebrate response elements (any transcription factor binding site (TFBS) in the 

Genomatix database), Three different optimized versions ofthe L27V variant were created: 

[00350] 1, L27V01 - version 1 (SEQ ID NO: 319) - Promoter modules and al] other undesired 

sequence elements (additional details below) were removed by nucleotide substitutions except 

for individual TFBSs. 

[00351] 2. L27V02 - version 2 - L27V01 was used as the starting, i.e., parental, sequence, and 

as many TFBSs were removed as possible using higti stringency match criteria (A higher 

stringency involves a better match to the binding site and will thus find fewer matches than a 

lower stringency). There were two versions, A (SEQ ID NO: 322) & B ((SEQ ID NO: 3] 8))3 

created for L27V02. These two versions were created by selecting different codons for each 

version to remove undesired scqucncc elements. Both versions were analyzed by searching for 

TFBSs with lower stringency. 

[00352] 3. L27V03 - version 3 (SEQ ID NO: 325) - L27V02B (SEQ ID NO: 3 ] 8) was used as 

the starting sequence. Lower stringency TFBS matches were removed where possible. L27V03 

was created to be very codon distinct from L27V02A. 

[00353] The following criteria were used to create the L27V optimized variants: 

[00354] 1. Codon usage: Preferably, the best two human codons were used for each amino 

acid (as was done for the IV variant), and the use of rare human codons (HS; coding for <10% of 

amino acids) was avoided (Table 19), The use of rare E. coli codons (EC) was used, if necessary, 

to remove undesired sequence elements. 

Table 19 

Amino : Best 

acid • Codons 

Avoid 

Codons 

A : GCT 

A I GCC 

Amino Best Avoid 

acid Codons Codons 

N AAT 

N AAC 
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c TGT 

c TGC 

D GAT 

D GAC 

E GAG 

E GAA 

F rn 

F TTC 

G GGG 

G GGC 

H CAT 

H CAC 

I ATT 
ATA 

\FC\ l^-J 

1 ATC 

K AAG 

K. AAA 

L CTG 
TLA 

[HS] 

CTA 

L CTC [HS,EC 

] 

M ATG 

P CCT 

P CCC 

Q CAG 

Q CAA 

ACC i L U U 

R CGG 
fern 

AGA 

[EC] 

GGA 

R CGC 
[EG] 

CGT 

[HS] 

S AGC 
TCG 

[HS] 

s TCC 

T ACA 

T ACC 

V GTG 

V GTC 

w TGG 

Y TAT 

Y TAC 

[00355] 2. Undesired sequence elements that were removed where possible 

[00356] A. Restriction Enzyme (RE) Sites: RE sites were removed that would be useful for 

cloning and should otherwise not be present in open reading frame (ORF). 
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[00357] B. Eukaryotic Sequence Elements: Splice donor and acceptor siles, splice silencers, 

Kozak sequence and PolyA sequences in the (+) mRNA strand were removed, 

[00358] C. Vertebrate Promoter Modules (PM) (in Genomatix category: Vertebrate) were 

removed. 

[00359] D. Vertebrate TFBS (in Genomatix categories: Vertebrate, general Core Promoter 

Elements, and miscellaneous other sequences) were removed where possible. This applied only 

to L27V optimized versions 2 and 3, but not to version 1. 

[00360] E. E. coli Sequence Elements: E. coli promoters were removed. 

[00361] F. mRNA Secondary Structure: Strong secondary structures {high mRNA folding 

energy) near the 5'end (Zuker, Nucleic Acid Res 31(13): 3406-3415 (2003)) and other strong 

hairpin structures were removed. 

[00362] A sequence comparison, percent pair-wise sequence identity is provided in Table 20 

("0" indicate number of nucleotide differences). 

Table 20 

L27V01 L27V02A L27V02B L27V03 

L27V00 99% (3) 97% 97% 94% 

L27V01 98% (12) 98% 94% (32) 

L27V02A 99% (4) 95% (26) 

L27V02B 96% 

Example 26 - Signal Stability of OgLuc Variants 

[00363] A, I5CJ. 9B and IV 

[00364] The signal stability of 15C1 with PBI-3945 and 9B8 witli PBI-3889 was measured 

and compared to IV. E. coli containing plasmid DNA encoding 15C1, 9BS, or IV were grown 

and induced as described previously in 8-well replicates. Cells were lysed using a lysis buffer 

containing of 300 mM HEPES pH 8.0, 0.3X Passive Lysis Buffer ("PLB"; Promega Corp. Cat. 

No. E194A), 0,3 mg/mL lysozyme, and 0.003 U/|iL RQ1 DNase. Lysates were diluted 1:1000 in 

lysis buffer and measured for luminescence using a TECAN® INFINITE® F500 luminometer. 

Measurements were taken immediately after the addition to 10 p.L of diluted lysate sample of 50 

\xL of "Glo" 0.5% TERGrTOL assay buffer ("0.5% TERGITOL"), which contained 150 mM 
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KCl, 1 mM CDTA, 10 mM DTT, 100 mM thiourea, 0.5% TERGITOL® NP-9 (v/v), and 20 JIM 

of either novel coelenterazines PBI-3945 or PBI 3889. 

[00365] The signal stability ofthe variants was determined by re-reading the plate every 30 

seconds for a length of time after the addition of the assay buffeF to the sample. The signal half-

life was determined from these measurements using methods known in the art. The average 

signal half-life was compared between the variants and IV. Both 15C1 and 9B8 had a signal 

half-life of at least 30 min (FIG. 33). Although 15C1, assayed with PBI-3945 had a higher 

luminescence at t=0, the signal decayed more rapidly than variant 9B8 assayed with PBI-3889. 

At t=10 min, luminescence for 15C1 with PBI-3945 and 9B8 with PBI-3889 were equivalent. 

[00366] B. 9B8 opt + K33N 

[00367] The signal stability ofthe 9B8 opt + K33N variants was examined. E. coli lysates 

containing the variants were prepared and analyzed as described previously except the assay 

buffer contained 0.25% TERGITOL® NP-9 (v/v), 100 mM MES pH 6.0, 1 mM CDTA, 150 mM 

KCl, 35 mM thiourea, 2 mM DTT, and 20 pM PBI-3939. Table 22 shows the signal half-life in 

min of the variants and indicates that the amino acid substitution L27V improves signal stability. 

Table 22: Signal stability of OgLuc variants in bacterial lysates 

sample signal half life (min) 
9B8 74 
K33N 55 
T39T, Y68D 87 
T39T, L27V, K43R 139 
L27V, T39T, K43R, Y68D 114 
T39T, K43R, Y68D 61 
L27V, T39T, K43R, S66N 124 
L27V.K43R, Y68D 122 
L27V, Y68D 139 
L27V, K43R, S66N 124 

[00368] The signal activity and stability of the L27V variant 

(9B8+K33N+L27V+T39T+K43R+Y68D; SEQ ID NO: 88 and 89) was measured and compared 

to that of firefly (Luc2) and Renilla lucifcrascs. The L27V variant, Luc2 and Renilla luciferases 

were fused to HALOTAG® and expressed in E. coli. The luciferases were purified using 

HALOTAG® as a purification tag according to the manufacturer's protocol (pFN18A; 

HALOTAG® Protein Purification System). 10 pM of each purified luciferase (diluted in DMEM 

without phenol red containing 0,01% PRIONEX©) was then mixed with an equal volume of an 
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assay reagent (100 mM MES pH 6, 35 mM thiourea, 0.5% TERGITOL® NP-9 (v/v), 1 mM 

CDTA, 2 mM DTT, 150 mM KCL and 100 nM PBI-3939 for the L27V variant; ONE GLO™ 

Luciferase Assay System (Promega Corp.) for firefly luciferase; and REN1LLA-GLO™ 

Luciferase Assay System (Promega Corp.) for Renilla luciferase), and luminescence was 

monitored over time (3, 10, 20, 30, 45 and 60 min). FIGS. 34A-B demonstrates the high specific 

activity (F]G, 34A) and signal stability (FIG. 34B) of the L27V variant when compared to firefly 

and Renilla luciferase. 

Example 27 — Enzyme Kinetics of OgLuc Variants 

[003691 A. IV, 15C1, 9B8, 9F6 and 9A3 

[00370] Using methods known in the art, enzyme kinetic assays measuring luminescence were 

performed with the lysates of E. coli containing IV and the IV variants 15C1, 9B8,9F6, and 9A3. 

Cells were induced, lysed, and diluted as described in Example 26 except the lysis buffer had a 

pH of 7,5, Two fold serial dilutions of PBI-3939 in ihe assay buffer described previously in 

Example 26 were assayed with the diluted lysates. FIG. 35 shows the Km and Vmax values 

calculated using a hyperbolic fit for IV and the variants 15C1, 9B8, 9F6, and 9A3. Variants 9B8 

and 9F6 had higher Km values compared to IV while Km values for the other variants were 

unchanged. Variants 15CI, 9B8, and 9F6 all had higher Vmax values, while 8A3 had a lower 

Vmax value compared to iV. 

[003711 15CI, which had the highest luminescence with PBI-3945 contained the amino acid 

substitution K33N, indicating that K33N provided increased luminescence. A 9B8 variant was 

generated to have this additional substitution to provide improvement in luminescence for this 

variant. Additional variants of 9B8 and 9F6 were generated to have at least one of amino acid 

substitutions K33N or V38I ("9B8+K33N+V38F and "9F6+K33N"). Variant 1D6 was used to 

highlight the importance of amino acid substitutions at positions 68, 72, and 75 for increasing 

light output and stability. FIG. 36 shows the Km and Vmax values calculatcd using a hyperbolic 

fit for IV and the variants 9B8, 9B8+K33N+V381, 9F6, 9F6+K33N, and 1D6. While the actual 

Km values were different between FIGS. 35 and 36 for 9B8 and 9F6, the general trend between 

the variants was consistent. 

[00372] The enzyme kinetics, i.e., Vmax and Km values, were determined and compared for 

the variants 9B8 opt and 9B8 opt+K33N as described above except the E. coli lysates were 

assayed with a buffer containing 1 mM CTDA, 150 mM KCl, 2 mM DTT, 100 mM MES pH 6.0, 

35 mM thiourea, 0.25% TERGITOL® NP-9 (v/v), 10 mg/mL 2-hydroxypropyl-p-cyclodextrin, 
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and 20 |iM PBI-3939. Luminescence was measured on a TECAN© INFINITE® F500 

luminometer. As shown in FIG. 37, the Vmax and Km values for 9B8 opt+K33N were higher 

than 9B8 opt, indicating that this clone is brighter and has a lower affinity for substTate. 

[00373] 8 988 OPT+K33N VARIANTS 

[00374] The enzyme kinetics values were determined for the OgLuc variants as described 

previously, exccpt luminescence was measured using a GLOMAX® luminometer. Three 

replicates were used for each variant. Table 23 shows the average Km and Vmax values with the 

standard deviation ("Km(+A)" and "Vmax(+/-)'J respectively) calculated using HYPER.EXE, 

Version 1.0. 

Table 23: Vmax (RLU/0.5 sec) and Km (fiM) values for OgLuc Variants 

sample Km Km(-tf-) Vmax Vmax (+/-) 
9BB 7.7 2.0 86,000,000 14,000,000 
K33N 12.5 3.0 110,000,000 17,000,000 
739T, Y68D 7.9 1,8 74,000,000 10,000,000 
739T, L27V, K43R 21.4 5.4 150,000,000 28,000,000 
L27V, 139T, K43R Y68D 13.9 2.9 190,000,000 28,000,000 
T39L K43R, Y68D 10.5 2.3 140,000,000 25,000,000 
L27V, T39T, K43R, S66N 16.3 4.8 130,000,000 28,000,000 
L27V.K43R, Y68D 13.7 4.3 130,000,000 28.000,000 
L27V, Y58D 10.2 3.0 97,000,000 19,000,000 
L27V K43R, S06N 20.0 6.2 130,000,000 30,000,000 

Example 28 - Protein Stability of OgLuc variants 

[00375] As stability of the luciferase protein is another factor affecting luminescence, protein 

stability, i.e., thermal stability, of the variants was determined. 

[00376] A. 15CI, 988, 9F6, 8A3 and IV 

[00377] . Lysates of E. coli containing 15C1, 9B8, 9F6, 8A3 or IV and E, coli expressing hRL 

{SEQ ID NO: 30 and 31) were prepared from induced cultures as described previously. Lysate 

samples were diluted 1:1000 with a buffer containing 10 inM HEPES pH 7.5 with 0.1% gelatin. 

Diluted lysate (100 nL) samples, in replicate 96-well plates, were incubated at 50DC. At different 

time points, plates were placed at -70°C (minus seventy degrees Celsius). Prior to measuring the 

luminescence as described previously, each plate was thawed at room temperature, i.e., 220C, for 

10 min. Samples (10 \xL, of each thawed sample) were assayed using native coeienterazine as a 

substrate. Luminescence was measured immediately after addition of assay buffer for each time 
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point plate. The half-life of the protein, which indicated protein stability, was calculated from the 

luminescence data for each time point using methods known in the art. 

[00378] Table 24 shows the protein stability of variants 3 5C1, 9B8, 9F6* and 8A3 having half-

lives in rain (hrs) of 630.1 (10.5), 346.6 (5.8), 770.2 (12.8) and 65.4 (1.1), respectively. In 

comparison, hRL had a half-life of 9,6 min, white IV had a half-life of 27.2 min. Table 24 also 

shows that at 4 hrs, 79%, 61%, and 80% of 15Cl, 9B8, and 9F6, respectively, remained active. 

Table 24: Protein Stability of OgLuc Variants at 50°C 

Sample Vi life (min) Vi life (hrs) % remaining at t = 4 hrs 

Renilla 9,6 

IV 27.2 

15C1 630.1 10.5 79% 

9B8 346.6 5.8 61% 

9F6 770.2 12.8 R0% 

8A3 65.4 1.1 

[00379] B ID6, 9B8t 9B8+K33N+V38I, 9F6, 9F6+K33N, and IV 

[00380] Lysates of E. coli containing 1D6, 9B8, 9B8+K33N+V381, 9F6, 9F6+K33N, or IV 

were prepared from induced cultures and assayed for luminescence as described previously. 

Protein stability, i.e., thermal stability of the lysates, was assayed as described above in this 

Example. FIG, 38 shows the half-life in minutes (min) of the variants at 50oC, and the 

luminescence of the sample measured at the start of the incubation period, i.e., t=0, using native 

coeienterazine as a substrate. The difference between variant 9B8+33+38 and 9F6 was one 

amino acid substitution, L27V, indicating that this amino acid substitution increased stability. 

The addition of "activity/expression" substitutions in positions 68, 72, and 75 increased stability. 

FIG, 38 shows K33N provided greater thermal stability to variant 9F6 and that variant 9B8 had 

greater light output and stability than variant 1D6. The difference between these two variants, 

i.e., 9B8 contains additional amino acid substitutions F68Y, L72Q, and M75K, indicated the 

importance of these three substitutions. 

[00381] Tn addition to thermal stability, structural integrity determined by expression, stability, 

and solubility can also affect luminescence. As a way to further test the structural integrity ofthe 
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improved variants, KRX E. coli harboring pF4Ag-based (i.e., no KT7) OgLuc variants N166R 

(previously described in U.S. Serial Application No. 12/773,002 (U.S. Published Application No. 

2010/0281552)), C1+A4E, IV, 9B8, and 9F6 were grown at 37*0 in Luria broth (LB) to an 

OD6OO=0.6 and then induced for overexpression by the addition of rhamnose (0.2% final 

concentration). Duplicate induced cultures were then grown at either 25 or 37°C for 17 hrs at 

which time total (T) and soluble (S) fractions were prepared and analyzed by SDS-PAGE using 

StMPLYBLUE™ SafeStain (Invitrogen) to slain the gels (FIGS. 39A-B). hRL and Luc2 were 

used as controls. 

[00382] The OgLuc variants, hRL and Luc2 expressed well and were soluble when the 

induction occurred at 25°C (FIG. 39A; note the approximately 19 kDa dark band in the "soluble" 

fraction for the OgLuc variants, excluding the N166R variant, and the approximately 36 and 64 

kDa bands in Ihe "soluble" fraction for hRL and Luc2, respectively). In contrast, although 

C1+A4E, IV, 9B8, and 9F6 expressed well at 37DC (significantly better than hRL or Luc2, as 

shown in the "total" fraction), only the 9B8 and 9F6 variants were soluble when the elevated 

induction temperature was employed (see FIG. 39B; note the approximately 19 kDa dark band in 

the "soluble" fraction for 9B8 and 9F6). These results tracked with the thermal stability data 

shown in Table 24 and FIG. 38. 

[00383] C. 9B8 0PTAND9B8 0PT + K33N 

[00384] The thermal stability of the variants 9BS opt and 9B8 opt+K33N was compared. E. 

coli lysates containing the variant 9B8 opt or 9B8 opt+K33N were prepared and analyzed as 

described previously with the following exceptions; Lysates were diluted 1:100 in the lysis 

buffer described previously and replicate diluted lysates were incubated at 60°C in a 

thermocycler. Aliquots were removed at.different time-points and placcd on dry icc to freeze the 

samples. Frozen lysates were thawed at 22°C and assayed with a buffer containing 20 mM 

CD TA, 150 mM KCl, 10 mM DTT, 20 pM PBI-3939, 100 mM HEPES pH 7.0,35 mM thiourea, 

and 0,1% TERGITOL® NP-9 (v/v). Luminescence was measured on a GLOMAX® 

luminometer (Promega Corp.). FIG. 40A shows the light output time course of the natural 

logarithm (In) value of luminescence measured in RLU over time in min. As shown in FIG. 40B> 

9B8 opt+K33N had a half-life at 60°C of 6.8 hrs, which was longer than the 5.7 hrs half-life of 

9B8 opt. 

[00385] Table 25 shows the thermal stability at 60°C ("T^ (60°C)") of 9B8 opt and 9BS 

opt+K33N, and the luminescence ("RLU") data at the start ofthe incubation period (i.e., t=0). 

9B8 opt+K33N was more stable and approximately 1.8-fold brighter than 9B8 opt, indicating 
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that the amino acid substitution K33N provided both greater light output and higher thermal 

stability. 

Tabic 25: Thermal Stability and Luminescence Data for 9B8 opt and 9B8 opt+K33N 

Variant Ti/2 (60°C) RLU 

9B8 opt 5.7 hrs 23,283,252,000 

9B8 opt+K33N 6.8 hrs 42,278,732,000 

[00336] D. 9B8 + K33N Variants 

[00387] The thermal stability of the variants al 60°C was examined as described above, except 

the assay huffer contained 100 mM MES pH 6.0 instead of HEPES. Table 26 and FIG. 41 shows 

the half-life 'in hrs of the variants at 60°C. The data indicates that the amino acid substitution 

L27V improves thermal stability. 

Table 26: Thermal stability of OgLuc variaots at 60°C 

Sample : 1/2 life hours~l 
9B8 5.1 
K33N 6.7 
T39T, Y68D 16.3 
T39T, L27V, K43R 11.8 
L27V, T39T, K43R, Y68D 21,7 
T39T, K43R, Y68D 15.2 
L27V, T39T, K43R, S66N 11.8 
L27V,K43R, Y68D 23 2 
L27V, Y68D 28.5 
L27V, K43R, S66N 10.7 

[00-388] The variants 9B8 and V2 (9B8+K33N+T39T+K43R+Y68D) were also screened in 

HCK293 cells to determine their stability. The variants were cloned into pF4Ag and transfected 

into HEK293 cells (15,000 cells/well) as previously described. After transfection, the cells were 

lysed in assay reagent (as previously described; no PBI-3939), and luminescence measured using 

the assay reagent with 20 JJM PBI-3939. 9B8 had a half-life of 5.2 hrs while V2 had a half-life 

of 16.8 hrs. This is consistent with the half-life seen for these variants in E. coli (Table 26). 

[00389] E. L27V variant 
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[00390] The activity of the L27V variant (9B8+K33N+L27V+T39T+K43R+Y68D) was 

assessed at various pHs and different salt conditions. 9B8 and 9B8+K.33N were previously 

shown to have similar stability at pH 6 and pH 7 (data not shown). For assessing activity at 

various salt conditions, 50 |iL of assay buffer with 20 jiM PBI-3939 and varying amounts of KCl 

or NaCl was mixed with 50 pL of HEK293 cells transiently transfected with L27V (pF4Ag). 

Luminescence was measured, and the percent activity (the ratio of luminescence to no salt) 

determined (FIG. 42B). For assessing activity in various pHs, a reagent was made containing 

100 mM citrate, 100 mM MES, 100 mM PIPES, 100 mM HEPES, 100 mM TAPS, 0.5% 

TERGITOL® NP-9 (v/v), 0.05 % MAZU® DF 204, 1 mM CDTA, and 1 mM DTT titrated to 

various pH values. 362 pM L27V in assay reagent was mixed with substrate 100 |*M PBI-3939 

and luminescence was measured. (FIG. 42A). 

Example 29 - Gel filtration Chromatographic Analysis of OgLuc Variants 

[00391] A. C1+A4E and 9B8 

[00392] Gel filtration analysis was used to verify the expected molecular weight of the 

purified OgLuc proteins based on the theoretical values and consequently to determine their 

oligomeric state. A comparison between the relative hydrodynamic volume of the OgLuc 

variants C1+A4E and 9B8 was made by gel filtration chromatography. For this analysis, the 

nucleotide sequence for the OgLuc variants, C1+A4E and 9B8, were cloned into a HQ-Tagged 

FLEXI® Vector (Promega Corp.) to create a HQHQHQ N-terminally tagged protein that was 

overexpressed in E. coli KRX cells. The overexpressed proteins were purified using the 

HISLINK™ Protein Purification System (Promega Corp.) according to manufacturer's 

instructions. Samples of each individual standard and sample protein were analyzed by gel 

filtration chromatography, which was performed at 24*0 on an Agilent 1200 HPLC, using a 

Supcrdex 200 5/150 GL column (GE Healthcare) with a flow rate of 0.25 mL/min (FIGS. 43A-

B). The mobile phase (i.e., running buffer) consisted of 50 mM Tris and 150 mM NaCl, pH 7.5. 

Protein elutian was monitored at 214 and 280 nm. A standard calibration curve was generated 

using: 1) Ovalbumin, 43 kDa (GE Healthcare), 2) Carbonic Anhydrase, 29 kDa (Sigma) and 3) 

Myoglobin, 17 kDa (Horse Heart, Sigma). The molccular weights of the purified proteins were 

calculatcd directly from the calibration curve. 

[00393] The relative elution of the proteins observed with this column was Ovalbumin at 7.98 

min, Carbonic Anhydrase at 8.65 min, 9B8 at 8.97 min, and Myoglobin at 9.06 min (FIGS. 43A-

B). As shown in FIG. 43B, 9B8 eluted as a 21 kDa protein (predicted MW is approximately 19 

kDa) indicating that the 9B8 variant existed as a monomer, whereas C1+A4E eluted at 
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approximately 4.3 min (FIG. 43A), indicating that C1+A4E was expressed and exists as 

multimer, e.g., possibly as a tetrameric complex or something larger. 

[00394] B. L27Vvariant 

[00395] To demonstrate that the OgLuc variant L27V exists in a monomeric state, gel 

filtration analysis was used to verify the expected molecular weight of the purified L27V protein 

based on the theoretical value, and consequently to determine its oligomeric stale. The relative 

hydrodynamic volume of the L27V variant was made by gel filtration chromatography. For this 

analysis, the nucleotide sequence for the L27V variant was cloned into a HaloTag© vector 

pFNIBA (Promega Corp,) to create a HaloTag®-terminally tagged protein that was 

overexpressed in E. coli KRX cells (Promega Corp.). The overexpressed protein was purified 

using the HatoTag® Protein Purification System (Promega Corp.) according to manufacturer's 

instructions. Samples of each individual standard and sample protein were analyzed by gel 

filtration chromatography performed at 24°C on an Agilent 1200 HPLC using a Superdex 200 

5/150 GL column (GE Healthcare) with a flow rate of 0,25 ml.Vmin (FIG, 56). The mobile phase 

(i.e., running buffer) consisted of 50 mM Tris and 150 mM NaCl, pH 7.5. Protein elution was 

monitored at 214 atid 280 nm. A standard calibration curve was generated using: 1) Ovalbumin, 

43 kDa (GE Healthcare), 2) Myoglobin, 17 kDa (Horse Heart, Sigma), and 3) Ribonuclease, 14 

kDa (Bovine pancreas, GE Healthcare). As shown in FIG, 44, the L27V variant eluted as a 24 

kDa protein (predicted MW is approximately 19 kDa) indicating that it existed as a monomer. 

Example 30 — Protein Expression Levels of OgLuc variants 

[00396] A. IV, 8A3, SF2, 9B8, 9F6 and 15CI 

[00397] Normalizing for protein expression provides information about potential differences 

in specific activity. To provide a means for quantifying protein expression. OgLuc variants were 

cloned into a pF4Ag vector containing a C-terminal HT7 to generate OgLuc variant-HT7 fusion 

proteins as described previously. The following fusion proteins were generated: IV-HT7 (SEQ 

ID NOs: 48 and 49), 8A3-HT7 (SEQ ID NOs: 34 and 35), 8F2-HT7 (SEQ ID NOs: 50 and 51), 

9B8-HT7 (SEQ ID NOs: 36 and 37), 9F6-HT7 (SEQ ID NOs: 33 and 39), and 15C1-HT7 (SEQ 

ID NOs: 52 and 53). E. coli containing the OgLuc variant-HT7 fusions were grown and induced 
as dcscribcd previously. 900 |iL of cell culture was lysed with 100 pL of 10X FASTBREAK™ 

Cell Lysis Reagent (Promega Corp.). HALOTAG® TMR-ligand (Promega Corp.) was added lo 

each bacterial lysate sample to obtain a final concentration of 0.5 pM. Bacterial lysates were 

incubated with the HALOTAG® TMR-ligand for 30 min at room temperature according to 

113 



manufacture's instructions. 10 nL of each sample was diluted 1:1 with IX FASTBREAK™, i.e., 

10 sample to 10 ^L IX FASTBREAK™, 15 ofthe lysate and 15 |iL of the 1:1 dilution 

for each sample were analyzed by SDS PAGE. The labeled fusion proteins were resolved by 

SDS-PAGE, stained with S1MPLYBLUE™ SafeStain (FIG. 45A) and fluorimaged (GE 

Healthcare Typhoon). Bands were quantitated using Imagequant software (GE Healthcare). 

FIG. 45B shows the band volume measured from FIG, 45A for IV-HT7 ("IV"), 15C1-HT7 

C15C1"), 9B8-HT7 ("9BS"), 9F6-HT7 ("9F6"), and 8F2-HT7 ("8F2"), normalized to 1V-HT7. 

The data shows thai ihe IV variants expressed well compared to TV. 

[00398] B. 9B8opt, V2 andL27V 

[00399] The expression levels and solubility of 9B8 opt, V2 and L27V were compared. These 

three variants, in the context of a pF4Ag background, were used to transform E. coli KRX cells. 

The resulting clones were used for an expression experiment where single colonies were grown 

overnight at 30°C, diluted 1:100 in LB, grown to ail OD$oo approximately 0.5, and then induced 

with 0.2% rhamnose for 18 hrs at 25°C, Cells were then incubated for 30 min al room 

temperature in the presence of 0.5X FASTBREAK™ Lysis Reagent (Promega Corp.), and the 

resulting lysates stored at -20°C. Following a slow-thaw on ice, soluble fractions were prepared 

by high-speed centrifugation for 10 min at 4°C. Crude total (T) and soluble (S) fractions were 

then analyzed for expression levels using SDS-PAGE + Simply blue staining (FIG. 46A) as well 

as by measuring luminescence (FIG. 46B). For luminescence measurement, 50 pL of soluble 

lysates in 96-well micro titer plates were mixed with 50 )iL assay reagent (previously described; 

40 jiM PBI-3939), and luminescence measured using a TECAN® INFINITE® F500 multi-

detection plate reader. These results indicate that the ranking for these three variants, in terms of 

their expression levels and solubility, is L27V > V2 > 9B8opt. 

Example 31 - Brightness uf OgLuc Variants Expressed in Mammalian Cells 

[00400] A, IVand 9B8 

[00401] The IV and 9B8 variant in pF4Ag vector (i.e., no HT7) were evaluated for brightness 

in HEK293 cells. hRL was used as a control. Briefly, HEK293 cells, plated at 15,000 cells/well 

in a 96-well p(atc, were transiently transfected using TRANSIT®-LT1 with plasmid DNAs 

encoding the various variants and/or control sequences. Cells were grown, lysed, and treated as 

described in Example 25. Cells were co-transfecled with pGL4.13 (Promega Corp.) as a 

transfection control (10 ng/transfection or 10% of the total DNA transfected was used). 

Luminescence was measured as described previously using native coeienterazine as a substrate 
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for hRL or PBI-3939 as a substrate for the OgLuc variants. The OgLuc variant data was 

corrected for transfection efficicncy using Luc2 luminescence (i.e., measuring luminescence after 

the addition of luciferin substrate). The OgLuc variant?: IV and 9B8 had greater luminescence 

compared to hRL {"Renilla") (FIG. 47). 

[00402] For comparison of brightness on a per mole basis in mammalian cells, the C-terminal 

HT7 fusion protein of variant 9BS ("pF4Ag-OgLuc-9B8-HT7") described in Example 30 was 

analyzed and compared with C-tcrminal HT7-hRL fusion protein ("pF4Ag-Renilla-HT7") and C-

terminal IIT7- Luc2 fusion protein ("pF4Ag-Luc2-HT7"). HEK293 cells (15,000) were plated 

and grown overnight at 37°C. These cells were transfected with 100 ng of DNA from pF4Ag-

Renilla-HT7, pF4Ag-Luc2-HT7, or pF4Ag-OgLuc-9B8-HT7 and grown overnight at 37°C. 

Media was removed and cells were lysed as described previously. 10 ^L of each sample was 

assayed for luminescence (RLU) with 50 pL BRIGITT-GLO™ for Luc2, 50 pL of 20 pM native 

coeienterazine for hRL, and 50 jiL of 20 PBI-3939 for variant 9B8. 

[00403] The lysates from 6 wells were pooled and labeled with HALOTAG® TMR-ligand as 

described in Example 30. The labeled fusion proteins were resolved by SDS'PAGE and 

fluoriinaged (GE Healthcare Typhoon). The band densities were determined ro quantitate the 

relative number of moles present for each luciferase enzyme atid the RLU value for each sample 

was normalized by the calculated band density to normalize expression levels of each protein, 

i.e., RLUs normalized using TMR label quantitation (FIG. 48). On a mole-to-mole basis, the 

9B8 variant was approximately 15-fold brighter than Luc2 and >100-fold brighter than hRL. 

This data represented differences in specific activity. 

[00404] B 9B8 opt and 938 opi+K33N 

The brightness of the variants 9B8 opt and 9BS opt+K33N expressed in HEK293 cells was 

measured and compared as described for the variants without the HT7 in Example 31. 30 and 

100 ng of plasmid DNA containing the variant DNA was used to transfect HEK293 cells. Cells 

were grown and induced as described in Example 31 except the cells were lysed with a lysis 

buffer containing 1 mM CTDA, 150 mM KCl, 2 mM DTT, 100 mM MES pH 6.0, 35 mM 

thiourea, 0.25% TERGITOL® NP-9 (v/v), a/id 10 mg/mL 2-hydroxypropyl-J3-cyclodextrin. The 

lysates were assayed with lysis buffer containing 20 jiM PBI-3939 and luminescence was 

measured on a TECAN® GENIOS™ Pro luminometer. As shown in FIG. 49, 9B8 opt+K33N 

had greater luminescence compared to 9B8 opt in HEK293 cells, which tracks with the bacterial 

expression data in Table 25 and FIG. 29. 
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(00405] C. 9B8+K33N Variants 

[00406] The brightness of the variants expressed in IIEK293 and NIH3T3 cells was measured 

as described previously. The luminescence of the variants was normalized to the luminescence 

generated by 9B8 opt (Table 27). 

Table 27: Increase in Luminescence generated by OgLuc combination variants in NIH3T3 
and HEK293 cells 

Sample HEK293 • NIH3T3 

9B8 1.0 1.0 

K33N 1.8 1.5 

T39T, Y68D 19 1.5 

T39T, L27V, K43R 1.3 0.9 

L27V, T39T, K43R, Y68D 1,6 1.6 

T39T, K43R, Y68D 19 1.9 

L27V, T39T, K43R,S66N 1.3 1.2 

L27V, K43R, Y68D 1.6 1.5 

L27V, Y68D 1,7 1,4 

L27V, K43R, S66N 1.2 1.0 

[00407] D. L27V 

[00408] A comparison of the luminescence ofthe L27V variant to firefly luciferase alone and 

as a fusion was performed. HEK.293 and HeLa cells were plated at 15,000 and 10,000 cells/well, 

respectively, into wells of 12-well plates and incubated overnight at 37CC, 5% CO2. The cells 

were then transfected with serial dilutions of pF4Ag containing L27V or Luc2. 20 ng of 

pGL4.13 (Promega Corp,) was co-transfected with L27V, and 20 ng of pGL4.73 (Promega 

Corp,) was co-transfected with Luc2 to act as carrier DNA for lower dilutions of the L27V or 

Luc2 plasmid DNA. The plasmid DNA was then transfected into the cclls (6 rcplicates for each 

dilution for each cell type) using TRANSIT@-LTI transfection reagent according to the 

manufacturer's instructions. The cells were then incubated for 24 hrs at 37°C, 5% CO2. 

[00409] After transaction, the media was removed from the cells, and 100 ML PBS with 0.5% 

TERGITOL® NP-9 (v/v) added and shaken for 10 min at room temperature, 1 0 pL of each cell 

lysate was assayed using ONE-GLO™ Luciferase Assay System (Promega Corp.; Luc2) or assay 
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reagent (Example 22H with 20|iM PBI-3939; OgLuc). Luminescence was measured as 

previously described for the HEK293 (FJG. 50A) and HeLa cells (FIG. 50B). 

[00410] Comparison of L27V and Luc2 as fusion partners was performed as described above. 

L27V and Luc2 were fused to HALOTAG© protein in pF4Ag. FIGS, SOC-D show the 

luminescence measured with the different fusions in HEK.293 (FIG. 50C) and HeLa cells (FIG. 

50D), 

[00411] In addition to measuring luminescence, protein expression was also analyzed. The 

transfection was performed as described above. After transfection, the media was removed from 

the cells, and the cells washed in IX PBS. 100 pL ^ ^ Mammalian Lysis Buffer (Promega 

Corp.) containing l jiM HALOTAG®TMR ligand (Promega Corp.) and 20 U DNase J was 

added, and the cclls incubated with s!ow shaking for 45 min at room temperature. The cell 

samples were then frozen at -20°C. For protein analysis, 32 5 JIL 4X SDS loading dye was 

added to each sample, and the samples heated at 95°C for 2 min. 10 JIL of sample was then 

loaded onto an SDS-PAGE gel and imaged on a Typhoon Scanner as previously described (FIG. 

50E). 

Example 32 - Brightness of Purified OgLuc Variant Compared to Firefly Luciferase 

[00412] The 9B8 OgLuc variant was overexpressed and purified as described in Example 33. 

Reactions between diluted enzyme and substrate were performed using the following 2X 

buffer/assay reagent: 100 mM MES pH 6.0, I mM CDTA, 150 mM KCl, 35 mM thiourea, 2 mM 

DTT, 0.25% TERGITOL® NP-9 (v/v), 0.025% MAZU® DF 204, 10 mg/mL 2-hydroxy-j3-

cyclodextrin, and 20 [iM PBI-3939. The final assay concentrations of purified enzyme and 

substrate were 0.5 pM and 10 ^iM, respectively. In parallel, reactions between diluted purified 

firefly luciferase (i.e., QUANTILUM® Recombinant Luciferase (Promega Corp.)) and luciferin 

were analyzed. The assay buffer/reagent for the firefly luciferase reaction was BRlGHT-GLO™, 

and the final assay concentrations were 0.5 pM enzyme and 500 ^M luciferin. As the 

buffers/reagents for each reaction were known to provide "glow" kinetics, a 15 min time point 

was used to collect luminescence data. The results from this experiment showed that 9B8 opt 

using PBI-3939 (19,200 RLU) was approximately 8-fold brighter than QUANTILUM® 

Recombinant Luciferase with BRIGFIT-GLO™ (2,300 RLU). 

Example 33 - Inhibition Analysis 

[00413] To determine the susceptibility of the OgLuc variants to off-target interactions, Ihe 

activity of the 9B8 and L27V variants was screened against a LOPAC (library of 
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pharmacologically active compounds) library. A LOPAC 1280 library (Sigma) was prepared by 

diluting the compounds to 1 mM in DMSO. On the day of the assay, the compounds were 

diluted to 20 pM in IX PBS, and 10 JAL transferred to a 96-well, white plate. To each well, 10 

pL of purified 9B8, L27V or firefly luciferase (Luc2) enzyme diluted 10"4 in Glo Lysis Buffer 

(Promega Corp.) was added and incubated at room temperature for 2 min. To the samples, 20 JAL 

assay reagent (1 mM CDTA, 150 mM KCl, 2 mM D1T? 100 mM MES pH 6.0, 35 mM Thiourea, 

0.5% TERGITOL® NP-9 (v/v) and 60 pM PBI-3939) was added, incubated for 3 min, and 

luminescence measured on a TECAN® GENIOS™ Pro Luminometer. For assaying firefly 

luciferase, the BRlGHT-GLO™ Assay reagent (Promega Corp.) was used according to the 

manufacturer's protocol. As a negative control, 8 welts of each plate contained IX PBS + 2% 

glycerol. As a positive control, 8 wells of each plate contained 2 mM Suramin in 2% DMSO or 2 

mM lucifcrase inhibitor 1 in 2% DMSO (Calbiochem). Suramin was identified in the 

preliminary screen of the LOPAC library (i.e., the LOPAC library was screened using the 908 

variant with a lower substrate concentration of 20 JJM) to be an inhibitor of OgLuc. 

[00414] The results in FIG. 51 indicate a general low frequency of off-target inleracLions 

between the compounds in the LOPAC library and L27V. This suggests a potential use for L27V 

as a screening tool for large libraries of diverse chemicals and therapeutic candidates, including 

live cell-based formats (e.g., high-throughput screening). 

[00415] To further examine inhibition resistance, purified 9B8 and L27V were screened 

against various concentrations of Suramin (Sigma S-2671) and Tyrphostin AG 835 ("Tyr ag 

835") (Sigma T-5568) (FIGS. 52A-C). FIGS. 52E-D show the chemical structures for Suramin 

and Tyr ag 835, respectively. Purified 9B8 and L27V were prepared as described above. Serial 

dilutions (0, 2 jiM, 6 20 pM, 60 pM, 2D0 ^iM and 2 mM) of the inhibitors were prepared in 

IX PBS with 2% DMSO. To wells of a 96-well, white assay plate, 10 pL of diluted enzyme and 

10 pL of diluted inhibitor were added and incubated at room temperature for 2 min. 20 pL assay 

reagent (described above) was added, and luminescence measured on a GLOMAX®-96 

luminometer (FIGS. 52A-C). FIGS. 52A-B show the dose response curves of 9B8 and L27V to 

Suramin (FIGS. 52A) and Tyr ag 835 (FIGS. 52B). FIG. 52C shows the half maximal inhibitory 

concentration (IC50) of Suramin and Tyr ag 835 for 9B8 and L27V. The data indicates that L27V 

is a robust reporter that could be used as a screening tool for large libraries of diverse chcmicals 

and/or therapeutic candidates. 

Example 34 - Resistance to Non-specific Protein Interactions 
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|00416] 1. Purified 9B8 and L27V enzyme were serial diluted in 1:10 in buffer (IX PBS, 1 

mM DTT, and 0.005% IGEPAL® CA-630) with or without 0.5 mg/mL BSA (4 sets of each 

dilution) to 200 pL into PCR strip tubes. The samples were incubated at 60°C wherein al 0, 2, 4, 

and 6 hrs one set of dilutions for each variant was transferred to -70°C. 

J00417] To analyze activity, the samples were thawed to room temperature in a water bath. 50 

assay reagent (as previously described with 100 pM PBI-3939) was added, and luminescence 

measured for each minute for 30 min on a TECAN® FNFINITE® F500 plate reader. Activity 

was calculated using the average luminescence of the IxlO6 and i x.107 dilutions (FIG. 53). 

[00418] 2. To demonstrate the reactivity of the OgLuc variants to plastic, purified 9B8 and 

L27V were exposed to polystyrene plates, and their activity measured. 

[00419] 50 pL purified 9B8 (45.3 pM) and L27V (85.9 pM) in DMEM without phenol red 

with 0.1% PRIONEX® was placed into wells of a 96-well, polystyrene microtiter plate at 60, 40, 

20 and 0 min, To the samples, 50 jiL assay reagent (described above) containing 20 nM PBI-

3939 was added and incubated for 5 min at room temperature, Luminescence was measured as 

previously described, and percent activity determined (FIG. 54; ratio of luminescence to time 0). 

Example 35 - Post Translations! Modification 

[00420] To determine if the OgLuc variants undergo any post translation modifications when 

expressed in mammalian cells, the 9B8 and L27V variants were expressed in both mammalian 

cells and E. coli and analyzed via mass spectrometry (MS), 

[00421] 9B8 and L27V variants were expressed as N-tcrminal HALOTAG® fusions (pFN 18K 

for E. coir, pFN21K for HEK293 cells) in HEK293 and E coli KRX (Promega Corp.) cells and 

purified using the" HALOTAG® Protein Purification System (Promega Corp.) according to the 

manufacture's instructions. Approximately 5 pmols of purified enzyme was analyzed via LC/MS 

using a C4 column (Waters Xbridge BEH300, 3.5jim) interfaced to an LTQ Orbitrap Velos mass 

spectrometer (Thermo Scientific). Data was acquired from 600-2000 m/z using the LTQ for 

detection and processed using the MagTran vl.03 software (Zhang et al., J. Am. Soc. Mass 

Spectrom., 9:225-233 (1998)). Both purified enTymes had an experimentally determined mass 

of 19,666 Da» compared to a calculated mass of an un-modified OgLuc variant, i.e., absent of any 

post translational modifications, of 19,665 Da. 

Example 36 - Evaluation of OgLuc Variants as a Transcriptional Reporter 

[00422] A. IV 
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[0G423] The use of the OgLuc variants as a transcriptional reporter was examined. To 

generate a transcriptional reporter of cAMP, hRL and IV were sub-cloned using methods known 

in the art into a modified pGL4 vector (Promega Corp.) containing a barnase sequence, which 

was replaced by the DNA fragment of interest. The leader sequence or Ihe modified pGL4 

contained a minimal promoter and a cAMP-response element (CRE; SEQ ID NO: 96), so that 

upon stimulation with a cAMP agonist such as forskolin (FSK), cells accumulating cAMP 

activated the reporter and generated luminescence. In this experiment, 2 ng DNA of either the 

hRL or JV transcriptional reporter construct was used to transfect HEK293 cells as described in 

Example 25. At 24 hrs post transfection, the cells were treated with 100 pM FSK, Cells that 

were not treated with FSK were used as a control. After 6 hrs, a reporter reagent was added ro 

treated arid control cells. For hRL, the reporter reagent was Renilla-Glo™ reagent (Promega 

Corp.). For IV, the reporter reagent contained 1 mM CDTA pH 5.5, 150 mM KCl, 10 mM DTT, 

0.5% TERGITOL© NP-9 (v/v), 20 pM coelenterazine-h. and 150 mM thiourea. After 10 min, 

luminescence was read on a Varioskan® Flash (Thermo Scientific). 

|00424] FIG. 55 shows the normalized luminescence of HEK293 cells containing the hRl.« 

("Renilla") or IV transcriptional reporter treated ("+FSK") or not treated ("-FSK") with FSK. 

The response, i.e., fold-induction or fold-increase ("FOLD") in luminescence was determined by 

dividing the luminescence from the treated cells- (+FSK) with the luminescence from The control 

cclls (-FSK). As shown in FIG. 55, the response for hRL was <50, while for JV it was >300, 

demonstrating the use of IV as a transcriptional reporter. 

[00425] B. 9BS and 9B8 opt 

[00426] The use of variants 9B8 and 9B8 opt as a transcriptional reporter was also examined 

and compared to hRL and Luc2 transcriptional reporters as previously described for the IV 

transcriptional reporter with the following modifications. Transcriptional reporters of cAMP 

containing either variants 9B8 or 9B8 opt were generated as described above. After 6 hrs of FSK 

induction, the media was removed from the cclls and replaced with 100 pL of the lysis buffer 

described in Example 25 creating a lysate. The lysate of transfected cells treated with or without 

FSK were assayed for luminescence as described in Example 25. 10 ^L ofthe Luc2 lysate was 

assayed with 50 pL of BRIGHT-GLO™ Luciferase Assay Reagent, 10 fiL ofthe hRL lysate was 

assayed with 50 pL of lysis buffer containing 20 pM native coeienterazine, 10 pL ofthe variants 

9B8 and 9B8 opt lysates were assayed with 50 pL of lysis buffer containing 20 pM PBI-3939. 

[00427] FIG. 56 shows the normalized luminescence of HEK293 cells containing the 9B8, 

9B8 opt, hRL, or Luc2 transcriptional reporter treated ("induced") or not treated ("basal") with 



FSK. The response, i.e., fold-induction or fold-increase ("fold") in luminescence, was 

determined by dividing the induced luminescence by the basal luminescence (FIG. 56). 

Although the fold induction values are similar for each of the reporters except Luc2, the 

luminescence generated by ihe induced 9B8 opt transcriptional reporter was approximately 2.5 

logs higher lhan Ihe induced Renilla transcriptional reporter and approximately 1.5 logs higher 

than Ihe Luc2 transcriptional reporter. FIG. 56 demonstrated the use of 9B8 and 9B8 opt as 

transcriptional reporters. 

[00428] C. 9B8 opf and 9BS opt+K33N 

[00429] The variants 9B8 opt and 9B8 opt+K33N were compared in a lytic transcriptional 

reporter assay. The variant 9B8 opt+K33N was cloned using methods known in The art into a 

pGL4.29 vector (Promega Corp.), which contains a cyclic AMP response element (CUE). The 

9B8 opt+K33N transcriptional reporter was tested and compared to the 9B8 opt transcriptional 

reporter as described above in HEK293 cells. 30 and 100 ng of plasmid DNA containing the. 

transcriptional reporter versions of the variants were used to transfect HEK293 cells. The cells 

were induced with FSK for 5 hrs prior to measurement for luminescence. Cells were lysed with a 

lysis buffer containing 1 mM CTDA, 150 mM KCl, 2 mM DTT, 100 mM MES pH 6.0, 35 mM 

thiourea, 0.25% TERGITOL® NP-9 (v/v), and 10 mg/mL 2-hydroxypropyi-p-cyclodcxtrin. 

Luminescence was measured on a TECAN® GENIOS™ Pro luminometer. The lysate was 

assayed with Ihe lysis buffer containing 20 ^.M PBI-3939. FIG. 57 shows the normalized 

luminescence (transfection corrected) of HEK293 cells expressing the 9B8 opt or 9B8 opt+K33N 

transcriptional reporter construct treated ("Induced") or not treated ("Basal") with FSK. As 

shown in FIG. 57, the fold-induction for 9B8 opt was 360 when 30 ng of DNA was used for 

transfection and 109 when 100 ng was used for transfection, while the fold-induction for 9B8 

opt+K33N was 275 and 147, respectively. When higher amounts of DNA were used for 

transfection, K33N provided a greater response. 

[00430] D. L27V 

[00431] I. L27V was cloned into a reporter vector as described in C of this Example 

containing a CRE, NFkB or HSE (Heat shock element) response element. Reporter constructs 

were then transfected into HEK293 cells or HeLa cells as previously described. The cells were 

then induced using FSK for CRE, TNFa for NFkB or I7-AAG for HSE. Lumincsccncc was 

measured as previously described using the assay reagent with 20 pM PBI-3939 (FIGS. 58A-C). 

The reporter constructs were all validated in HEK293, HeLa, N1H3T3, U20S and Jurkat cell 

lines (data not shown). 
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[00432] 2, L27VQ2 and L27V02P (containing a PEST sequence; SEQ ID NO: 323) were 

cloned into a reporter vector (pGL4.32 based) as described in C of this Example. Other OgLuc 

variants containing a PEST sequence include L27V01-PESTGG and L27V03-PEST02 (SEQ ID 

NOs: 320 and 326, respectively). The reporter construct was then transfected into HEK293 cells 

as previously described. The cells were then induced using FSK, and luminescence was 

measured as previously described using (he assay reagent with 20 jiM PBI-3939 (FIGS. 59A'B). 

Various other reporter constructs were also created and tested in various cell lines (FIGS. 59C). 

FIG. 59A shows the full dose response for the CRE system in HEK293 cells. FIG. 59B 

summarizes FIG. 59B. FIG. 59C summarizes the data in FIGS. 59A-B and shows the same type 

of data for the NFkB response element. Both CRE and NFkB report constructs were examined in 

HEK293, HeLa, HepG23 Jurkat, ME180, HCT316, and U20S cell lines. 

[00433] 3. HEK293 cells (0.9xl0& cells in a T25 flask) were transfected with pNFkB-L27V 

secretion construct (SEQ ID NOS: 463 & 464; wherein the IL-6 secretion sequence (SEQ ID 

NOs: 461 and 462) replaced the native OgLuc sccrction scqucnce SEQ ID NO: 54), Metridia 

longa (Clontech), pNFkB-L27V (native secretion sequence; SEQ ID NOs: 465 and 466) or firefly 

luciferase (Luc2; pGL4.32-based) plasmid DNA using FUGENE® HD (Promega Corp.) 

according to the manufacturer's instructions. Cells were incubated at 37°CS 5% CO2 for 8 hrs, 

then trypsinized in 0.5 mL TrypLE (Invitrogen). The lysates were then resuspended in 8 mL 

DMEM with 10% FBS, IX NEAA and IX sodium pyruvate. 100 jiL of the resuspended sample 

was then added to wells of a 96-well plate and incubated for 16 hrs at 37°C, 5% CO2. 

[00434] Following incubation, the media was removed from the cells and replaced with 100 

|4L fresh media with our without TNFa (serially diluted). To assay for secretion, at 3 and 6 hrs, 5 

^iL of media (in triplicate) was removed from the cells, brought to 50 JIL with PBS and mixed 

with 50 \iL assay reagent (as previously described with 100 PBI-3939). Luminescence was 

measured at 0 and 10 min as previously described (FIG. 60). 

[00435] For measuring Mettidia longa luciferase activity, the Ready-To-Glow™ Secreted 

Lucifcrasc System (Clontech) was used according to the manufacturer's protocol. Briefly, 5 jiL 

Ready-to-Glow™ reagent was added to 5 [iL of sample and 45 j*L of PBS. Luminescence was 

measured immediately after reagent addition (FIG. 60), 

[00436] E. L27V optimized variants 

[00437] Plasmid DNAs (PGL4.32-L27V00, pGL4.32-L27V01, pGL4,32-L27V02, pGL4.32-

L27V03, and pGL4.l3) were prepared for transfection using FUGENE® HD according to the 

122 



manufacturer's protocol. The pGL4,32 vector (Promega Corp.) contains the NF-KB response 

element. The L27V codon optimized sequences replaced the Luc2P sequence in the vector. 

pGL4,13 vector (Promega Corp.) contains the Luc2 gene driven by the SV40 promoter. 

[00438] 300 pL of DNA transfection mixture was then mixed with 6 mL of HeLa cell 

suspension (2xl05 ceils/mL), homogenized, and 100 pL plated into wells of a 96-well plate. The 

cells were then incubated overnight at 37*C, 5% CO2. Following incubation, 10 pL of !0X 

rhTNFct in DPBS with BSA was added to the wells and incubated for 4.5 hrs at 37°C5 5% CO2. 

Six wells were given vehicle only. The cells were then allowed to equilibrate at room 

temperature for 20 min, and then 100 pL assay reagent (as previously described with 100 pM 

PBI-3939) was added. To cells expressing Luc2 or receiving vehicle only treatment, 100 pL of 

the ONE-GLO™ Luciferase Assay Reagent was added. Luminescence was measured 12 min 

post-assay reagent addition as previously described. FIGS. 61A-B shows the absolute 

luminescence, FIGS. 61C-D shows normalized luminescence and FIGS. 61E-F shovvs fold 

response. 

Example 37 - OgLuc Variants in a Transcription Reporter Assay 

[00439] To demonstrate the ability of the OgLuc variants of the present invention to be used 

as transcription reporters, the OgLuc variant 9B8 opt was used as a transcriptional reporter in a 

forward, reverse, and bulk transfection. These methods of transfection were chosen because they 

are representative of the approaches commonly used for the transient expression of genette 

transcriptional reporters. 

[00440] Forward Transfection 

[00441} Transcriptional reporters containing the cAMP response element (CRE) and 9B8 opt 

or 9B8 opt further comprising the PES ] protein degradation sequence (9B8 opt-P) were prepared 

in the pGL4.29 (Promega Corp.) backbone, i.e., the luc2P gene of the pGL4.29 vector was 

replaced with 9B9 opt (SEQ ID NO; 24) or 9B8 opt-P (SEQ ID NO: 65). pGL4.29 was used as 

a control/benchmark. 

[00442] HEK293 cells were plated at 15,000 celts/well in six 96-well tissue culture plates. 

Cells were grown in 100 pL of DMEM + 10% FBS + IX non-essential amino acids (NEAA) and 

incubated overnight at 37°C. The cells were transiently transfected with cither 10 ng or 100 ng 

plasmid DNA/well of pGL4.29 9B8 opt, pGL4.29 9B8 opt-P, or pGL4.29. Plasmid DNA was 

mixed with 850 pL of OPTI-MEM® (Invitragen) and 32.4 p.L of FUGENE® HD transfection 

reagent (Promega Corp.) and incubated at room temperature for 10 min. Eight pL of the 
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transfectioa/reporter DNA mixture was added to the appropriate wells (2 constructs/plate). Cells 

were incubated for 4 hrs at 37°C The medium was replaced with OPTI-MEM® + 0.5% dialyzed 

FBS + IX NEAA + IX sodium pyruvate + IX Perm-Strep and incubated overnight at 37°C. 

[00443] Following incubation, 10 nM or 10 ^M FSK (from a 10X stock) in OPTI-MEM® was 

added to the cells and incubated for 3 hrs at 37°C. A lytic reagent containing 100 mM MES pH 

6.1, 1 mM CDTA, 150 mM KCl, 35 mM thiourea, 2 mM DTT, 0.25% TERGITOL® NP-9 (vA>), 

0.025% MAZU® DF 204, and 20 pM PBI-3939 was added to the cells containing pGI,4,29 9B8 

opt or pGL4.29 9B8 opt-P and allowed to incubated for 10 min at room temperature (100 pL 

lytic reagent added to 100 jiL cells). ONE-GLO™ assay reagent (Promega Corp,) was added to 

cells containing pGL4.29 and used according to the manufacturer's protocol (100 pL reagent 

added to 100 pL cells). Luminescence was measured on a GLOMAX® Luminometer. Table 26 

shows the luminescence ofthe HEK293 cells expressing the transcriptional reporters containing 

CRE treated with 10 nM ("baseline") or 10 mM FSK, and the response to FSK (i.e., the 

luminescence generated by the 10 mM FSK treated cells divided by the luminescence generated 

ofthe 10 nM FSK treated cells.) 

(00444] The results shown in Table 28 indicate that 9B8 opt and 9B8 opt-P were brighter than 

luc2P, and that all the luciferase reporters responded to FSK when 100 ng of DNA was used for 

the transfection. However, when only 10 ng of DNA was used for the transfection, the 

luminescence for the luc2P reporter was below the detection level for the luminometer. 

Table 28: Transcriptional Reporters Containing CRE in HEK293 Cells (3 h timepoint) 

Reporter 

construct 

100 ng DNA for transfection 10 ng DNA for transfection 
Reporter 

construct baseline 
RLU 

(10 mM FSK) 
Response baseline 

RLU 

(10 mM FSK) 
Response 

9B8 opt 3,078,418 104,687,723 34 192810 12,926,465 67 

9B8 opt-P 122,071 20,544,753 168 11179 1,353,459 121 

luc2P 356 5,293 15 0 0 -

[00445] Reverse Transfection 

[00446] Transcriptional reporters containing the antioxidant response element (ARE) and 9B8 

opt or 9B8 opt-P were prepared in the pGL4.29 (Promega Corp.) backbone, i.e., the luc2P gene 

of the pGL4,29 vector was replaced with 9B9 opt or 9B8 opt-P, and CRE was replaced with 2X 

ARE (SEQ ID NO: 66) using methods known in the arts. 
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100447] HEK293 cells were trypsinized (T75 flask, 3 mL trypsin) and resuspended in IxlO5 

cells/mL (approximately 8.9x106 total cells) in medium containing DMEM + 10% FBS + IX 

NEAA. Each transcriptional reporter was prepared for transaction by mixing 1.2 mL OPTI-

MEM®, 12 pL transcription reporter DNA (100 ng) and 36 pL FUGENE® HD transfection 

reagent together and incubatcd at room temperature for 35 min. Following incubation, 624pL of 

the transfection/rcporter DNA mixture was added to 12 mL of cell suspension and mixed by 

inversion. After mixing, 100 pL ofthe cell/DNA mixture was added to wells of a 96-well plate 

(2 constructs/plate). The cells were incubated at 37°C for 22 hrs. Tert-butylhydroquinone (a 

Nrf2 stabilizer; tBHQ; 1 pM ("baseline") or 20 pM) or sulphoraphane, (an organosulfer 

antioxidant known to activate Nrf2; 1 pM ("baseline") or 20 pM) in OPTI-MEM® was added to 

each well and incubated at 37°C for 24 hrs, Cells were lysed with 100 pL lytic reagent as 

described above for the forward transfection. Luminescence was measured on a GLOMAX® 

Luminometer. 

[00448] Table 29 shows the luminescence of the HEK293 cclls expressing the transcriptional 

reporters containing ARE treated with I pM ("baseline") or 20 pM sulphoraphane and the 

response to sulphoraphane (i.e., the luminescence generated by the 1 pM sulphoraphane treated 

cells divided by the luminescence generated ofthe 20 pM sulphoraphane treated cells). Table 30 

shows the luminescence ofthe HEK293 cells expressing the transcriptional reporters containing 

ARE treated with 1 nM ("baseline") or 20 pM tBHQ, and the response to tBIIQ (i.e., the 

luminescence generated by the 1 pM tBHQ treated cells divided by the luminescence generated 

of the 20 pM tBHQ treated cells), Tables 29 and 30 show that 9B8 opt and 9B8 opt-P could 

report the presences of two different known stimuli for ARE. 

Table 29: Transcriptional Reporters Containing ARE in HEK293 Cells (24 b time point) 

Reporter construct 
100 ng DNA for transfection 

Reporter construct 
baseline RLU (20 mM sulphoraphane) Response 

9B8 opt 15,600,000 89,600,000 5.8 

9B8 opt-P 253,406 3,940,000 15 

Table 30: Transcriptional Reporters Containing ARE in HEK293 Cells (24 h time point) 

Reporter construct 
100 ng DNA for transfection 

Reporter construct 
baseline RLU (20 mM tBHQ) Response 

9B8 opt 15,100,000 120,000,000 8 
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9IiS opt-P | 317,238 | 8,460,000 | 27 J 

[00449] Bulk Transfection 

[00450] The transcriptional reporters containing CRE and 9BS opt or 9B8 opt-P described in 

the forward transfection were used in the bulk transfection of HEK293 and NIH3T3 cells. 

Transcriptional reporters containing the heat shock response element (HRE; SEQ fD NO: 67) and 

9B8 opt or 9B8 opt-P were prepared in the pGL4,29 (Promega Corp.) backbone, i.e., the luc2P 

gene ofthe pGL4,29 vector was rcplaccd with 9B9 opt or 9B8 opt-P, and the CRE was replaced 

with HR.E. The transcriptional reporter containing HRE and 9B8 opt-P was used in the bulk 

transfection of HeLa cells 

[00451] HEK293, N1H3T3, or HeLa cells were plated to a single well of a 6-well tissue 

culture plate the day before transfection at a density of 4.5x103 cells/we!! in 3 mL complete 

medium (DMEM + 10% FBS + IX NEAA + IX sodium pyruvate) for HEK293 cells, 3xlQ5 

cells/well in 3 mL complete medium (DMEM + 10% fetal calf serum (FCS) + IX NEAA+1X 

sodium pyruvate) for NIH3T3 cells, or 9.9xl05 cells/well in 3 mL complete medium (DMEM + 

10% FBS + IX NEAA) for HeLa cells. Cells were grown overnight at 37°C. 

100452] 3,300 ng of reporter plasmid DNA in 155 pL OPT1-MEM® was mixed with 9,9 pL 

FUGENE® HD transfection reagent, vortexed briefly, and incubated at room temperature for 10 

min. The CRE transcriptional reporters were used to transfect HEK.293 and NIH3T3 cells. The 

HRE transcriptional reporters were used to transfect HeLa cclls. The reporter mixture was added 

to cells and mixed by gentle rocking followed by incubation at 37°C for 6 hrs (HEK293 and 

Nni3T3) or 3 hrs (HeLa). Cells were then trypsinized and resuspended in medium (DMEM + 

10% FBS + IX NEAA + IX sodium pyruvate for HEK293 cells, DMEM + 10% FCS + IX 

NEAA + IX sodium pyruvate for N1H3T3 cells, or DMEM + 10% FBS + IX NEAA for HeLa 

cells), followed by plating to the individual wells of a 96-well plate (20,000 cells/100 JJ.L for 

HBK293, 10,000 cells/100 \iL for NIH3T3, or 13,000 cells/pL for HeLa) and incubated at 37UC 

overnight. 

[0Q453] FSK (CRE stimulator) or 17-AAG (HRE stimulator; 17-Allylamino-demethoxy 

geldanamycin) in OPTI-MEM® was added to the cells (10 nM or 10 pM final concentration for 

FSK; 1 nM or 1 jiM final concentration for 17-AAG) and incubated at 37°C for 4 hrs (FSK) or 6 

hrs (17-AAG). Plates were removed from the incubator and allowed to equilibrate to room 
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temperature for 25 min. Cells were lysed with 100 jiL lytic reagent as described above for the 

forward transfection. Luminescence was measured on a GLOMAX® Luminometer. 

[00454] Table 31 shows the luminescence of the HEK293 cells expressing the transcriptional 

reporters containing CRE treated with 10 nM ("baseline") or 10 mM FSK and the response to 

FSK. Table 32 shows the luminescence of the NIH3T3 cells expressing the transcriptional 

reporters containing CRE treated with 10 nM ("baseline") or 10 mM KSK and the response to 

FSK.. Table 33 shows the luminescence ofthe HeLa cells expressing the transcriptional reporters 

containing HRE treated with 10 nM ("baseline") or 10 mM 17-AAG and the response to 17-

AAG, 

100455] Tables 29-31 show that 1) both versions ofthe 9B8opt OgLuc variant can report the 

presence and stimulatory effects of FSK on CRE in the context of two different cell lines, 

HEK293 and N1H3T3, and 2) 9B8 optP can report the presence and stimulatory effects of 17-

AAG on HRE in the context of HeLa cells. 

Table 31: Transcriptional Reporters Containing CRE in HEK293 Cells (4 h time point) 

Reporter construct 
100 ng DNA for transfection 

Reporter construct 
baseline RLU (10 mM FSK) Response 

9B8 opt 39,700,000 654,000,000 16 

9B8 opt-P 3,960,000 460,000,000 116 

Table 32: Transcriptional Reporters Containing CRE in NIH3T3 Cells (4 h time point) 

Reporter construct 
100 ng DNA for transfection 

Reporter construct 
baseline RLU (lOmM FSK) Response 

9B8 opt 9,187,000 23,600,000 2.6 

9B8 opt-P 410,461 3,720,000 9 

Table 33: Transcriptional Reporters Containing HRE in HeLa Cells (6 b time point) 

Reporter construct 
100 ng DNA for transfection 

Reporter construct 
baseline RLU (1 mM 17-AAG) Response 

9D8 opt-P 278,118 3,204,000 12 

Example 38 • Lytic and Secretable Reporter in Difficult to Express Cells 
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[0Q456] HepG2 cells, Ixl 0s cells/mL in a cell suspension, were reverse transfected with 

plasmid DNA (pGL4.32 backbone; Promega Corp.) containing L27V02, luc2P (Promega Corp,), 

luc2 (Promega Corp.) or L27V02-TL6 (L27V02 with the native secretion sequence replaced with 

the 1L-6 secretion sequence; (i:IL601-L27V02A"; SEQ ID NO: 324) using FUGENE© HD 

according to the manufacturer's instructions (1:20 DNA-transfection mixture to cells). 100 pL 

cell suspension was then plated into wells of a 96-well plate and incubated for 22 hrs at 370C, 5% 

CO3. Other OgLuc constructs which have the native secretion sequence replaced by the LL-6 

secretion sequence include IL601-L27V01 and IL602-L27V03 (SEQ ID NOs: 321 and 327, 

respectively). 

[0D457] For secretion analysts, the media was removed from the cells, and the cells washed in 

100 ^L DPBS. 100 pL complete media (DMEM + 10% FBS+ IX NEAA) was added along with 

varying doses (1 pg/mL - 100 ng/mL) of rhTNFa ("TNFct") for 4.5 h. 10 pL of the media was 

then removed, added to 90 pL complete media, and 100 pL assay reagent (as previously 

described; 100 pM PBI-3939) added. Luminescence was measured as previously described 

(FIG. 62A). 

[00458] For lytic analysis, following plating, the cells were incubated for 4.5 hrs at 37*0, 5% 

CO2. The cells were then allowed to equilibrate to room temperature for 20 min. Assay reagent 

(as previously described; 100 pM PBI-3939) was added to the cells, and luminescence measured 

as previously described {FIG. 62B). 

Example 39 - Additional lytic reporter features 

[00459] The OgLuc variants of the present invention in the context of a cell-based, lytic 

transcriptional reporter should offer a luminescent signal of a magnitude such that the signal 

appears sooner than it might with other luciferases. The bright luminescence should also allow 

for weak promoters to be examined. 

Example 40 - Mammalian cell transections 

[00460] The OgLuc variants of the present invention were used as reporters in difficult to 

transfect cell lines, e.g., Jurkat, HepG2, primary cells, non-dividing primary cells, or stem cells, 

(See e.g., FIG. 59C) Due to their high signal intensity, the OgLuc variants enable detectable 

luminescence when transfection efficiency is low. The OgLuc variants can also be used as 

reporters in cells that are especially sensitive to conditions associated with transfection, i.e., DNA 

concentration., transfection reagent addition. Due to the brightness of the OgLuc variants, an 

adequate level of luminescence can be achieved using lower DNA concentrations, less 
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transfection reagent, and perhaps shorter post-transfection times prior to beginning an assay, 

This will place less of a toxicity burden on what would otherwise be sensitive cells. The bright 

luminescence of the OgLuc variants should also allow for a signal to be detected at very long 

time points in the event such an output is desirable. As another example, the OgLuc variants 

could be used as reporters for single copy native promoters, e.g., HSB ihymidylate kinase (TK) 

promoter, HOX genes, or L1N28. 

Example 41 - Stable cell lines 

[00461] The identification of robust, stable cell lines expressing an OgLuc variant of the 

present invention, either in the cytoplasm or as a secreted form, can be facilitated by the bright 

signal of the luciferase and the small size of the OgLuc gene. The relatively small gene sequence 

should reduce the likelihood of genetic instability resulting from the integration of the foreign 

DNA. 

[00462] To generate stable cell lines using an OgLuc variant of the present invention, plasmid 

DNA comprising a nucleotide sequence for an OgLuc variant and a selectable marker gene, e.g., 

neomycin, hygromycin, or puromycin, is used to transfect a cell line of interest, e.g., HEK293 

cells. Cells of an early passage number, e.g., less than 10 passages, are plated into T25 (IxlO6) 

or T75 (3xl0fi) tissue culture flasks and allowed to grow overnight to approximately 75% 

confluency. Cells are then transfected using the above plasmid DNA and an appropriate 

transfection reagent, e.g., TRANSIT®-LTI or FUGENE® HD. Forty-eight hrs post-transfection, 

the media is replaced on the cells with selection media containing the selection drug, e.g., G418, 

hygromycin or puromycin, at a concentration previously determined to kill untransfected cells. 

Selection of cells containing the plasmid DNA occurs over 2-4 weeks. During this time, the cells 

are re-plated in selection media at various concentrations into either T25 or T75 tissue cullure 

flasks. The media on the re-plated cells is replaced every 3-4 days for 2-3 weeks with fresh 

selection media. The flasks are monitored for the formation of live cell colonies. Eventually, the 

flasks will contain many large colonies and few dead cells. 

[QQ463] From the pool of stable colonies in the flasks, single colonies are isolated and 

expanded into a single 24-well tissue culture plate. Briefly, cells are harvested using the 

trypsin/EDTA method, i.e., cells are harvested by removing media, rinsing with Ca2+ and Mg2+ 

free PBS and detached by treatment with Trypsin/EDTA. The tells arc countcd using a 

hemocytometer and diluted txlO5 in complete media. The cells are then diluted to lOOcells/mL, 

33 cells/mL, 10 cells/mL, and 3.3 cells/ml. in complete media. 300 pL of each dilution is plated 

into all wells of 96-well tissue culture plate (1 plate for each dilution) and allowed to grow 4-5 
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days after which 50 pL of selection media is added to the cclls. Approximately a week after 

plating, cells are visually screened for colony growth and another 50 nL of selection media is 

added. The cells continue to be monitored until a single colony covers 40-60% of the well area. 

When a colony is ready for expansion and screening, colonies are harvested using the 

trypsin/EDTA method. Each colony is transferred to selection media as follows: 1) Dilute 1:10 

into 6 wells of a 96-well assay plate for functional assay, e.g., luminescence detection; 2) Dilute 

1:10 into 3 wells of a clear bottom 96-well assay plate for cell viability assay, e.g., CELLT1TER' 

GLO® Luminescent Cell Viability Assay (Promega Corp.); and 3) Dilute 1:10 into a 24-well 

tissue culture plate for expansion. Cells in the plates for the functional and cell viability assay 

are then grown 2-3 days and the functional and cell viability assays performed. Positive clones 

in the 24-well plate are further tested with the functional and cell viability assays as well as for 

stability of expression and response for ar least 20 passages, normal growth rate morphology, and 

frozen for future use at the earliest possible passage. 

Example 42 - OgLuc Secretion Signal Analysts 

[00464] A. IVopt 

[00465} The wild-type OgLuc is processed after synthesis into a mature protein with the 

sccretion signal sequence cleaved off. To determine if Ihe secretion signal sequence would 

facilitate secretion of the OgLuc variant, the IV opt variant of Example 25 and hRL were cloned 

into pF4Ag containing an N-terminal OgLuc secretion signal (SEQ ID "NO: 54). 1IEK293 cells 

(15,000) in 100 fiL Dulbecco's Modified Eagle's medium ("DMEM") with 10% fetal bovine 

serum (FBS) were transfected as described in Example 25 with 100 ng of plasmid DNA, i.e., 

hRL or IV opt with or without the secretion signal and grown overnight at 375C. 50 ^L of media 

was removed to a new plate and saved for a later assay generating a "media" sample. The rest of 

the media was removed, and the cells were lysed with 100 jiL of lysis buffer described in 

Example 25 to generate a "lysate" sample. 10 ^L of media sample and 10 ^L of lysate sample 

were assayed for luminescence (FIG. 63). Samples for hRL with ("Renilla sig") or without 

("Renilla") the OgLuc secretion signal sequence were measured using 50 |iL of lysis buffer 

containing 20 pM native coclentcrazine. Samples for IV opt with ("TV opt sig") or without ("IV 

opt") the OgLuc secretion signal sequence were measured using 50 of lysis buffer containing 
20 \iM PBI-3939. 

[00466] In FIG. 63, the filled bars represent the amount of light that was detected from the 

media in the absence of any lytic reagent. The open bars represent the total light (secreted + non-

secreted) that was detected upon addition of a lytic reagent. FIG. 63 shows that TV opt was 
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secreted from HEK293 cells into the growth media and that the sccretion signal sequence was 

functional in mammalian cells. "IV opt sig" represents the only situation where a significant 

amount of luciferase was detected in the media. The results also indicate that this particular 

signal peptide did not facilitate secretion of hRL. 

|00467] B. 9BS, V2 and L27V 

100468] To determine if the sccretion signal sequence of OgLuc facilitates its secretion, the 

OgLuc variants 9B8, V2 and L27V were cloned into pF4Ag containing an N-terminal OgLuc 

secretion signal sequence. The variants were also cloned into vectors without the secretion signal 

sequence. CHO or HeLa cells were then plates at 100,000 cells/well in 1 mL F12 media with 

10% FBS and IX sodium pyruvate (CHO cells) or DMEM with 10% FBS and IX sodium 

pyruvate (HeLa cells) into 12-well plates and incubated overnight at 37°C, 5% CO2. 

[00469] After the overnight incubation, the cells were transfected wirh lpg plasmid DNA 

containing 9B8S V2, or L27V with or without the secretion signal sequence using the 

TRANSIT®-LTl transfection reagent (Mirus Bio) and OPTI-MEM<£> media (Invitrogen). The 

cells were again incubated overnight at 37^, 5% CO2. 

[00470] After the second overnight incubation, the media was removed and saved for analysis. 

To the cells, 1 mL of assay buffer (1 mM CDTA, 150 mM KCl, 2 mM DTT, 100 mM MES pH 

6.0, 35 mM Thiourea and 0.5% TERGITOL® NP-9 (v/v)) was added to create a cell lysate. To 

10 pL of ccll lysate or saved media from cach sample, 50 ^.L assay buffer with 40 pM PBI-3939 

was added, and luminescence measured as described above. FIGS. 64A-D demonstrates that 

9B8, V2 and L27V variants can be used in a secretable system. 

[00471] To determine the stability of the sccrctcd variants, 150 pL aliquots of the saved media 

from each sample was placed at 37°C or 50°C. The aliquots were then removed at different time 

points (0, l, 2, 5, 6, and 7 min), frozen on dry ice, and kept al -20°C until assayed. To assay 

for stability, the media aliquots were thawed to room temperature, and 10 pL of each aliquot was 

mixed with assay buffer with PBI-3939 (pH 6.0) as described above. Luminescence was 

measured as above, and the half-life (tso) determined (Table 34). 

Table 34 
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| sample 112 life 37C (days) 
;3B3 8 
,V2 10 
L27V 17 

i sample 1/2 lite 5DC (hours) 
]9B8 3 
IV2 7 
L27V 11 

[00472] C. 9B8 and V2 comparison 10 secreted luciferase of Metridia longa 

[00473] The secretion of the OgLuc variants 9B8 arid V2 was compared to that of the secreted 

luciferase from Metridia longa. CHO cclls were plated at 300,000 cells/well in 3 mL F12 media 

with 10% FBS into wells of 6-well plates and incubated overnight al 37°C, 5% COa- The cells 

were then transfected with either 10 or 100 ng of each variant or Metridia luciferase (Clontech) 

plasmid DNA using TRANSIT®-LTI according to the manufacturer's instructions and incubated 

for 20 hrs at 37°C, 5% CO2. After transfection, the media was removed from the cclls and 

assayed, For the OgLuc variants, 50 nL of media was assayed with 50 JIL of assay reagent 

(previously described; 40 pM PBI-3939). For Metridia luciferase, the media was assayed using 

the Ready-to-Glo™ Secreted Luciferase Reporter System (Clontech) according to the 

manufacture's protocol. Briefly, 5 pL of the IX substrate/reaction buffer was added to 50 pL of 

media sample. Luminescence was then measured as previously described (FIGS. 65A-B). 

Example 43 - Evaluation of OgLuc Variants and Novel Coclcntcrazinc in Live Cells 

[004741 A. The use of OgLuc variants and PBI-3939 in live cells was examined. HEK293 

cells were plated in 96-well plates at 15,000 cells/well and grown overnight at 37°C. The 

following day, the cells were transiently transfected using TRANS1T®-LT1 in 3 replicates with 

100 ng of hRL or 9B8 opt in pF4Ag and grown overnight at 37°C. The fallowing day Ihe growth 

media was removed and replaced with media containing 60 pM VIV1REN™ Live Cell Substrate 

(Promega Corp.), 60 pM ENDUREN™ Live Cell Substrate (Promega Corp.), or 60 pM PBI-

3939 for both hRL and 9B8 opt transfected cells. Non-transacted cells were used as background 

control. The plate was incubated at 37°C during the course of one day and periodically measured 

on a TECAN® GENIOS™ Pro luminometer, i.e., 11 times over the course of 24 hrs. FIGS. 

66A-B shows the luminescence of the transfected cells divided by the luminescence of the non-

transfected cells for each of the substrates, i.e., the signal to background ratio; The data shows 

that 9B8 opt generated luminescence in a live cell setting (i.e., no lysis) by incubating cells with 

132 



VfVIREN™, ENDUREN™, or PBI-3939. The data also demonstrated that PBI-3939 can 

permeate cells in culture, react with the OgLuc variant, and generate luminescence, thus making 

it compatible with use in a live cell assay. 

[00475] B. To demonstrate live cell analysis using the OgLuc variants. L27V was fused to 

HALOTAG® and expressed and monitored in live cells. U20S cells were plated at 40,000 

cells/mL into imaging chamber wells and incubated overnight at 37°C, 5% C02- Cells were than 

transfected using FUGENE® HD according to the manufacturer's protocol with the plasmids 

pFCl 4K} pFN21K or pF4Ag (all Promega Corp.) containing L27V or pF4Ag containing L27V 

with the native or IL-6 secretion sequence. Cells were then incubated for 24 hrs at 37°C, 5% 

C02. 

[0047$] Following incubation, the cells were exposed to HALOTAG® TMR ligand (Promega 

Corp.), imaged, and fixed, lmmunocytochemistry (ICC) was then performed according to the 

ICC protocol in the HALOTAG® Technology: Focus on Imaging technical manual (Promega 

Corp.; TM260). The primary antibody used was a polyclonal rabbit, anti-OgLuc 9B8 antibody 

(1:1000). The secondaiy antibody used was an Alexa 488 conjugated secondary antibody (green) 

(FIG. <j7A). FIG. 67A shovvs green fluorescent channel and FIG. 67B shows the differential 

interference contrast (DIC). Images were acquired using an Olympus Fluoview FV500 confocal 

microscope (Olympus, USA) outfitted with a 37*C + C02 environmental chamber (Solent 

Scientific Ltd., UK), 

[00477] FIGS. 67B-D shows the ICC images with native or IL-6 secretion sequence. Both 

signal sequences dramatically decrease the amount of enzyme in the nucleus. The punctuate 

nature of the labeling in the cytoplasm is indicative of vesicle formation expected to occur during 

the secretion process. The data demonstrates that the presence of a signal peptide reduces the 

amount of luciferase in the nucleus. 

[00478] C. As shown above, the OgLuc variants and novel substrates of the present invention 

are biocompatible. A reporter system is envisioned where the OgLuc variant is cloned into an 

expression vector with a promoter of interest and expressed in cells as a reporter protein. The 

cells are then treated with PBI-3939 which will permeate cells in culture, react with the OgLuc 

variant, and generate luminescence. 

[00479] In addition to being cell permeant, PBI-3939 shows comparable biocompatibility to 

native coeienterazine in terms of cell viability. A version of compound 3939 containing 

chemical modifications known to increase the stability of native coeienterazine in media can be 
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synthesized and used for more robust, live cell OgLuc variant-based reporter assays. Another 

example of live cell reporting includes the use of a secretable OgLuc variant as a reporter. The 

native secretion signal peptide (or other known secretion signal peptides) can be fused to the N-

tcrminus of an QgLuc variant so that when the fusion is expressed in mammalian cells, a portion 

of it will be secreted through the cell membrane into the culture media. Upon addition of 

substrate luminescence is generated. 

Example 44 - Protein fusion reporters 

[00480] The OgLuc variants of the present invention can be used as fusion tags for a Target 

protein of interest as a way to monitor intracellular levels of that target protein. Specific proteins 

involved in stress response pathways, e.g., DNA damage, oxidative stress, inflammation, can be 

monitored in cells as a way to probe the role various types of stimuli may play in these pathways. 

The variants can also be used as a means to monitor cellular trafficking of a"target protein. The 

variants can also be fused to viral genomes (e.g., HTV, HCV) so that titer levels, i.e., infectivity, 

can be monitored in cells following treatment with potential antiviral agents. The variants can 

also be fused to green fluorescent protein (GFP) or HALOTAG® (in addition to a target protein) 

so that FACS couJd be used to identity high expression clones and to provide localization 

information. 

Example 45 - Evaluation of OgLuc Variant in 3-Component Fusion Protein ("Sandwich") 

[00481] 3-componcnt fusion proteins, or "sandwich" fusions, can be used to place 

bioluminescent and fluorescent proteins close to one another for optimization of a biosensor 

based on BRET. 

[004B2] A„ C1+4AE, IV, 988 and 9F6 

[004B3] The OgLuc variants C1+4AE {SEQ ID NOs: 55 and 56), IV (SEQ ID NOs: 57 and 

58), 9BS (SEQ ID NOs: 61 and 62), and 9F6 (SEQ ID NOs: 63 and 64), and hRL (SEQ ID NOs: 

32 and 33) were cloned into a pF4Ag fusion vector with an N-terminal Id (Bcnczra et al., Cell, 

6l(l):49-59 (1990)), known to be a poor fusion partner, and a C-terminal HT7, which was used 

for normalization. The gene of interest was "sandwiched" between !d and HT7a i.e., Id-

Luciferase-HT7. E. coli lysates, containing the variant constructs in pF4Ag or pF4Ag sandwich 

background, were prepared as described in Example 26 and then assayed with 20 uM native 

coeienterazine in the buffer described in Example 25. 
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[00484] FIG. <58 shows the luminescence for each variant in either pF4Ag or pF4Ag sandwich 

background ("Sand"). FIG. 69 shows the fold-decrease in luminescence due to the presence of Id 

and HT7 and determined by dividing the luminescence of the variant in pF4Ag by the 

luminescence of the variant in the pF4Ag-sandwich. Samples with the largest values showed the 

most sensitivity to the poor fusion partner Id. The variant 9B8 was the brightest in the sandwich 

context. 

[00485] B. 9B8 OPT AND 988 OPT+K33N 

[00486] T he variants 9B8 opt and 9B8 opt+K33N were analyzed in a sandwich background as 

described above. Sandwich constructs for 9B8 opt (SEQ ID NOs: 40 and 41) and 9B8 

opt+K33N (SEQ fD NOs: 59 and 60) were generated as described above. E. coli lysates were 

assayed and measured using the same assay buffer and luminometer as used for generating FIG. 

40. FIG. 70 shows the fold-decrease in the presence of a sandwich background indicating that 

9B8 opt+K33N is less sensitive to the poor fusion partner Id than 9B8 opt. 

[00487| C 23D2 and 24C2 

[00488] Variants 23D4 (NF) and 24C2 (NF) were subcloned into the Id-OgLuc-HT7 sandwich 

background and assayed in E. coli. The sandwich variants, 23D4 (F) (SEQ ID NOs; 76 and 77) 

and 24C2 (F) (SEQ ID NOs: 78 and 79) were compared to 9B8 opt+K.33N in the sandwich 

background (SEQ ID NO: 59 and 60). Table 35 shows the variants had at least the same 

luminescence as 9B8 opt+K33N in the sandwich background context. 

Table 35; Increase in Luminescence Generated by OgLuc Variants Compared to 9B8 
opt+K33N+170(J in Sandwich Background 

Sample Sequence Fold over 9B8 opt+K33N sandwich (£. coli) 

23D4 (F) G26G, M106L, RI 12R, 170G 1.0 

24C2 (F) R! 1QS T39T, 170G 1.0 

[00489] D. lf'7 and 1SH1 

[00490] The PCR library in the Td-OgLuc-HT7 sandwich background was screened for 

additional Variants with increased luminesccnce compared to 9B8 opt+K33N in sandwich 

background. Selected variants were then assayed in HEK293 and NIH3T3 cells. Table 36 shows 

the fold-increase in luminescence of the sandwich variants in E. coli, HEK293 and N1H3T3 cells, 
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and the amino acid substitutions found in the variants. 1F7 (F) (SEQ ID NOs: 84 and 85) and 

15H1 (F) (SEQ ID NOsr 86 and 87) had at least 1.3 fold-increase in luminescence in E coli. 1F7 

(F) was brighter than 9B8 opt+Kj3N in the sandwich background in HEK293 and NIH3T3 cells. 

Table 36: Increase in Luminescence Generated by OgLuc Variants Compared fo 9BS 

opt+K33IV in Sandwich Background 

Sample Scqucnce 
Fold over 988 opt+K33N sandwich 

Sample Scqucnce 
E. coli KEK293 NIH3T3 

1F7 (F) K43R, Y68D 1.9 2.4 1.4 

15H1 (F) D19D, S66N 1.5 0.9 1.2 

[0D491] The sandwich variants were subcloned into the pF4Ag-based non-fusion background 

vector to generate 1F7 (NF) (SEQ ID NOs: 80 and 81) and 15H1 (NF) (SEQ ID NOs: 82 and 83) 

and were analyzed as described above and compared to 9B8 opt+K33N. Table 37 shows the 

fold-increase in luminescence of the variants in E coli, HEK.293 and N1H3T3 cells. TF7 (NF) 

and 15H1 (F) had at least 1.3 fold-increase tn luminescence in E. coli and HEK.293 cells 

Table 37: Increase in Luminescence Generated by OgLuc Variants Compared to 9B8 
opt+K33N +170G 

Sample Sequence 
Fold over 9B8 opt+K33N + 170G 

Sample Sequence 
E. coli HEK293 N1H3T3 

1F7 (NF) K43R, Y68D 1.5 1.5 1.1 

15HJ (NF) D19D, S66N 1.7 1.7 1.2 

[004921 E V219B8opt+K33N+L27V+K43R+Y68D,9B8 

opt+K33N+L27V+ T39T+K43R+S66N and L27V 

[004931 The variants 9B8 opt+K33N+T39T+K43R+Y68D ("V2"; SEQ ID NOs: 92 and 93), 

9B8 opt+K33N+L27V+K43R+Y68D (SEQ ID NOs: 339 and 340), 9B8 

opt+K33N+L27V+T39T+K43R+S66N (SEQ ID NOs: 341 and 342), and 9B8 

opt+K33N+L27V+T39T+K43R+Y68D ("L27V"; SEQ ID NOs: 88 and 89) were subcloned into 

the Id-OgLuc-HT7 sandwich background as described above and assayed in HEK.293 and 

NIH3T3 cells as described above. The luminescence generated by the sandwiched variants were 

compared to the lumincsccnce generated by the 9B9 opt+K33N sandwich (SEQ ID NOs: 59 and 
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60) (Table 38). The L27V sandwich (SEQ ID NOs: 90 and 91) and V2 sandwich (SEQ ID NOs: 

94 and 95) had at least 1.3X fold-increase in luminescence in HEK293 and N1H3T3 cells. 

Table 38: Increase in Luminescence Generated by OgLuc variants in sandwich 

background compared to 9B8 opt+K33N in sandwich background 

Sample NIH 3T3 cells HEK 293 
K33N Sand 1,0 1.0 
T39T, K43R, Y68D Sand 1.6 2.3 
L27V, K43R, Y66D Sand 1.4 1.7 
L27V, T39T, K43R, S66N Sand 0.7 0.7 
L27V, T39T. K43R, Y68D Sand 1.4 1.7 

[00494] The sandwich and non-sandwich versions of the variants V2, 9B8 

opt+K33N+L27V+K43R+Y68D, 9B8 opt+K33N+L27V+T39T+K43R+S66N, and L27V were 

assayed in HEK.293 and N1H3T3 cells as described in Example 37, The luminescence generated 

by the non-sandwiched variants was compared To the luminescence generated by the sandwiched 

variants (Table 39). The data shown in Table 39 indicates that the fold-decrease in luminescence 

for the 9B8 opt+K33N sandwich was less in mammalian cells than in E. coli cells as shown in 

FIG. 70. 

Table 39: Fold-Decrease in Luminescence of the OgLuc Variants in the Presence of 

Sandwich Background 

Sample NIH 3T3 cells HEK 293 
K33N 29 15 
7391 K43R, Y68D 20 6 
L27V, K43R, Y88D 22 B 
L27V, 1391, K43R, S66N 25 12 
L27V, T39T, K43R, Y68D 18 6 

Example 46 - Multiplexing 

[00495] A. Lysates of E. coli expressing the variant 9B8 opt were prepared as previously 

described in Example 27 and diluted 1000-fold in DMEM without phenol red + 0.1% 

PRIONEX®. Luminescencc from a sample containing 6.3 Mg/mL of purified red click beetle 

luciferase and E. coli lysate expressing the variant 9B8 opt was detected using a modified 

DUAL-G1,0® Luciferase Assay System (Promega Corp.). DUAL-GLO® STOP&GLO® 

Reagent containing 20 coelenterazine-h and DUAL-GLO® STOP&GLO® Reagent 

containing 20 nM PBI 3939 were used, according to the manufacturer's protocol, to detect the 
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red click beetle luciferase and OgLuc variant 9B8 luciferase from a single sample. Three 

replicates vvere performed. 

[00496] Luminescence was detected on a Turner MODULUS™ luminometer. Table 40 

shows the average luminescence generated by the red click beetle luciferase ('"click beetle"), and 

the luminescence generated by 9B8 opt ("Ogluc") with coelenterazine-h ("coel h") or PBI-3939 

("3939"). The standard deviation ("+/-") and coefficient of variance ("CV1') are also shown. A 

"no coelenterazinc" control was performed to illustrate the amount of quenching of the red click 

beetle signal by the DUAL-GLO® STOP&GLO® Reagent of the DUAL-GLO® Luciferase 

Assay System in the absence of coeienterazine. The "no coeienterazine" control yielded a 349-

fold quench. Table 40 shows that large luminescent signals from both the red click beetle and 

Ogl.uc variant 9B8 was detected in a single sample. This demonstrates that each signal can be 

read sequentially in a two-step assay, and the signal from the first enzyme can be quenched 

enough to not contribute significantly to the signal from the second enzyme. 

Table 40: Average Luminescence Generated by the Red Click Beetle and 9B8 opt 

Luciferases Using a Modified DUAL-LUCIFERASE™ Reporter Assay 

click beetle +/- CV Ogluc +/. CV fgltl-quench +/. coel • 

no coel 5,061,163 147,1 45 2.9% 14,504 214 t.5% 

5.2Wr 

6,2% 

349 ! 
coel h 

3939 
5,082,100 • 

5.078,547 

*52,254 

4 1.753 

3.0% 

0.8% 

921,440 

2,996,940 

47; 623 _ 

187,300 

t.5% 

5.2Wr 

6,2% 

tj4 

207 

[00497] B, To demonstrate that the multiples reporter assay described above could be done in 

reverse, i.e., OgLuc luminescence detected first, quenched and a second luminescence detected, 

e.g., red click beetle or firefly luciferase, various Renitia luciferase inhibitors (see U.S. Published 

Application No. 2008/0248511) were screened Tor their ability to also inhibit OgLuc. Two 

different, previously identified, Renilla inhibitors, PBI-3077 and 1424, were added at various 

concentrations (see Table 41) to E. coli lysate samples expressing the variant 9B8 (diluted as 

above) and a buffer containing 100 mM MES pH 6,0, I mM CDTA, 150 mM KCl, 35 mM 

Thiourea, 2 mM DTT, 0,25% TERGITOL® NP-9 (v/v), 0,025% MAZU® DF 204, and 20 pM 

PBI-3939. Luminescence was measured as described previously except luminescence was 

measured using the GLOMAX®-Multi Microplate luminometer (Promega Corp.; also known as 

Turner MODULUS™). As shown in Table 41, both compounds were able to inhibit OgLuc 

luminescence, This demonstrates that an OgLuc variant can be multiplexed in a reporter assay 

witli another luciferase wherein luminescence from an OgLuc variant is detected first in the 

reporter assay. 
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Table 41: The effect of PBI-3077 and PBf-1424 on Luminescence Generated by Bacterial 

Lysates Expressing 9B8 opt Using PBI-3939 as a Substrate 

(mMor%) RLU +•/- % 

. control 27,794,600 626,862 100% 
j Al (3077) 3 15,473,100 209,567 

102,888 
56% 

"80% 1 mM . 0.3 22,210,433 
209,567 
102,888 

56% 
"80% 

0.03 22,484,933 927,459 81% 
AC (1424) 0.4 176,868 9,579 0.64% 

% 0.04 24,267,533 363.661 87% 
0.004 25,126,900 1,569,453 90% ^ 

[00498] C. The spectral resolution between OgLuc Variant L27V and firefly luciferase (Flue) 

was analyzed. Purified L27V (previously described; 9.54 pM) in DMEM without phenol red + 

0.1% PRIONEX® was mixed with assay reagent (previously described) containing 20 pM PBI-

3939. Purified firefly luciferase enzyme (QUANTILUM® Recombinant Luciferase; Promega 

Corp.; 271 ng/mL) in the same media was mixed with a test reagent (100 mM HEPES, pH 7.4, J 

mM CDTA, 16 mM MgS04, 1% TERGITOL® NP-9 (v/v), 0.1% MAZU® DF 204, 5 mM ATP, 

50 mM DTT, 333 pM luciferin). Purified Renilla luciferase (5 ng/mL GST-Renilla) in IX 

Renilla Luciferase Assay Lysis Buffer (Promega Corp.) was mixed with 10.5 ^M native 

coeienterazine in Renilla Luciferase Assay Buffer. Luminescence was measured after 3 min for 

L27V and Flue and after 10 min for Renilla luciferase (FIG. 71) 

[00499] D. As another example, an OgLuc variant of the present invention could be used as 

transcriptional reporter and paired with either aequorin or a cAMP circularly permuted firefly 

luciferase biosensor (or both simultaneously) to detect multiple pathways in a single sample, e.g., 

aequorin for the dctcction and/or measurement of calcium, the biosensor for the detection and/or 

measurement of cAMP, and an OgLuc variant for moniloring of downstream gene expression. 

[00500] E. Other examples for multiplexing with the OgLuc variants of the present invention 

include: 

[00501] i) Transfecting cells with constructs containing an OgLuc variant of the present 

invention and Firefly luciferase. After transfection, a first reagent could be added to lyse the 

cells as well as provide the substrate to generate luminescence for the first luciferase. 

Luminescence from the first luciferase would then be measured. A second reagent would then be 

added to quench luminescence from the first luciferase as well as provide the substrate to 

generate luminescence from the second luciferase. Luminescence from the second luciferase 
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would then, be measured. The choice of which luciferase to measure first would only depend oil 

the ability to quench the luminescence from the first luciferase with the second reagent. For this 

example, luminescence from the OgLuc variant could be measured first as high concentrations of 

lucifcrin (substrate for firefly luciferase) has been shown to inhibit OgLuc variant activity. 

[00502] 11) Transfecting cells with constructs containing an OgLuc variant of the present 

invention and Firefly luciferase. After transfection, a first reagent could be added which 

contained a live ccll substrate to generate luminescence for the first luciferase. Luminescence 

from the first luciferase would then be measured. A second reagent would then be added to lyse 

the cells, quench luminescence from the first luciferase and provide the substrate to generate 

luminescence from the second luciferase. Luminescence from the second luciferase would then 

be measured. This is similar to i) except cell lysis will further limit usage of the live cell 

substrate and contribute to the quenching of luminescence from the first luciferase. 

[00503] iii) Transfecting cells with constructs containing an OgLuc variant of the present 

invention and Firefly luciferase. After transfection, one reagent could be added which contained 

substrates to generate luminescence from both luciferases, but the luminescence from each 

luciferase is spectrally different. The emission max of the OgLuc variants is approximately 460 

nm, and certain substrates for Firefly luciferase, for example S'-chloroluciferin and 5'-

methylluciferin, can yield an emission max of approximately 610 nm. Therefore, although there 

may be some overlap from the blue emission into the red emission, there would be no overlap of 

the red emission into the blue emission suggesting that little to no mathematical correction would 

be involved. 

100504] iv) Transfecting cells with constructs containing an OgLuc variant of the present 

invention and Firefly luciferase. After transfection, one reagent could be added which contained 

live cell substrates to generate luminescence from both luciferases. The unique feature of this 

example is that firefly luminescence tends to shift to red at live cell assay temperatures, e.g., 

37°C, therefore, a number of different luciferin derivatives could be chosen as a live cell 

substrate for firefly lucifcrase to generate luminescence which is spectrally different from that of 

the OgLuc variant. 

[00505] v) Transfecting cclls with constructs containing an OgLuc variant of the present 

invention and Renilla luciferase. After transfection, a first reagent could be added to lyse the 

cells as well as provide the substrate to generate luminescence for the first luciferase. 

Luminescence from the first luciferase would then be measured. A second reagent would then be 

added to quench luminescence from the first luciferase as well as provide the substrate to 
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generate luminescence from the second luciferase. Luminescence from the second luciferase 

would then be measured. The choice of which lucifcrasc to measure first would only depend on 

the ability to quench the luminescence from the first luciferase with the second reagent. For this 

example, inhibitors to quench either the OgLuc variant or Renilla luciferase luminescence would 

need to be used. 

[00506] vi) Transfecting cells with constructs containing an OgLuc variant of the present 

invention and click beetle luciferase. After transfection, one reagent could be added which 

contained substrates to generate luminescence from both Euciterases, but the luminescence from 

each luciferase is spectrally different as click beetle luciferase generates red-shifted luminescence 

with native luciferin. 

Example 47 - Circular Permutation 

[00507] Two circularly permuted (CP) versions of the L27V variant were made: CP84 and 

CP95. The number designation refers to the N-terminal residue (e.g., "84" indicates the new N-

terminus ofthe CP version). 

[00508] To create the circular permutations, the prior N- and C-termini are fused together with 

no linker ("CP84 no linker" (SEQ ID NOs: 97 and 98) and "CP95 no linker" (SEQ ID NOs: 105 

and 106)) or a 5 ("CP84 SAA linker" (SEQ ID NOs: 99 and 100) and "CP95 5AA linker" (SEQ 

ID NOs: 107 and 10S), 10 ("CP84 10AA linker" (SEQ ID NOs: 101 and 102) and 'CP95 IDA A 

linker" (SEQ ID NOs: 109 and 110), or 20 ("CP84 20AA linker" (SBQ ID NOs: 103 and 104) 

and "CP95 20AA linker" (SEQ ID NOs: 111 and 112) amino acid linker, (GSSGG)n (SEQ ID 

NO: 113) in between the N- and C-terniini ends. (Note: L27V starts with the phenylalanine at 

the N-terminus, i.e., MVF. The "MV" is present in the "no linker" construct, but not in the 

"linker" constructs). Once circularly permuted, the CP L27V variants were cloned into the pFlK 

vector. E. coli cells were transformed with the CP vectors and grown in minimal media using the 

standard walk away induction protocol previously described. For cach CP construct, cells were 

grown in S wells of a 96-well plate. Afler induction, the 8 wells from each sample were pooled, 

and 10 jiL lysed in 40 JIL lysis buffer (100 mM MES pH 6.0, 0.3X PLB, 0.3 mg/mL lysozyme, 

0.003 U/(J,L DNase I, and 0.25% TERGITOL® NP-9 (v/v)). The lysates were then diluted 1:10Q 

(CP versions with linker) or 1:1000 (non-CP versions) in lysis buffer. The CP version without 

linker was not diluted. The lysates or lysate dilutions were assayed in triplicate in 50 |iL assay 

reagent (previously described). Luminescence was measured as previously described (FIG. 72). 

Example 48 - Identifying Additional Sites for Circular Permutation 
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[00509] To identify additional CP sites, determine the impact of the CP sites on luciferase 

activity and investigate the use of a "tether" between fragments, CP constructs were made with a 

circular permutation made at approximately every 3rd site (i.e., amino acid) of the L27V variant 

CSee FIQ. 73E). One skilled in the art would understand that other sites, e.g., the 1st and 2Tld site, 

could also be Tested and used in circular permuted OgLuc variants described herein using the 

methods described here. For example, the L27V variant has been found to be particularly 

tolerant to circular permutation, particularly situations in which a relatively large binding domain 

is placed in between the permuted fragments (e.g. cAMP/RIIbB-based sensors). At each site, the 

linker GSSGG-GSSGG-EFTT-ENLYFQS-DN-GSSGG-GSSGG (SEQ ID NO: 328) was added. 

The underscored sequence refers to a TEV protease recognition site. Hie purpose of the linker is 

to provide a long enough tether between the two variant fragments so they can associate in a way 

that produces a functional luciferase enzyme. The TEV protease recognition site was used to 

provide a means to disrupt the tether (in the presence of TGV protease) so that its importance to 

maintaining activity could be investigated. The use of the TEV protease recognition site crcated 

a mode to predict which CP sites would be useful for protein complementation assays (PCA) or 

for biosensor applications (e.g., insertion of a response element between the CP sites). 

[00510] The activity that is seen prior to TEV cleavage represents how the two halves of the 

variant enzyme behaves in a tethered state, TEV binding to the recognition site causes cleavage, 

thereby separating the two halves of the variant enzyme. Samples that have been cleaved with 

TEV would represent the un-induced state and provide an indication of how much background 

could be expected. Lower activity after TEV cleavage indicates that the two halves cannot come 

together without induction. Samples that show a large loss in activity after TEV cleavage 

indicate sites that would function in PCA and biosensor applications. In the case of PCAf the 

two halves of the variant enzyme would be ftised to binding partners that are able to come 

together (tether) after an induced binding event. In the case of a biosensor, the two halves would 
;tcther" after a binding-induced conformational change occurs. One example for PCA would be 

to fuse one half of L27V to FRB and the other half to FKBP. The two halves would be brought 

into proximity with exposure to rapamycin (Banaszynski ei al., J Am. Chem. Soc, 127(13);4715-

4721(2005)). One example of a biosensor application would be to insert a Cyclic AMP binding 

domain (e.g., RIIbB) between the CP sites and induce a conformational change by binding of 

Cyclic AMP to the binding domain. 

[00511] Once each CP L27V construct was made, the CP enzyme was expressed in wheat 

germ, E. coli and mammalian ceJJs and digested with TEV protease to investigate luciferase 
activity. 
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100512] ' 1, For analysis in wheat germ, the CP constructs were expressed using the TnT® T7 

Coupled Wheat Germ Extract System (Promega Corp.) according to the manufacture's 

instructions. The TnT<S> reactions were then diluted 1:100 in IX PBS + 0.1% gelatin, and 20 JIL 

added to 25 ^iL of TEV reaction reagent (5 pL 20X Pro TEV buffer (Promega Corp.), I 100 

mM DTT, and 2 jiL 10 U ProTEV Plus (Promega Corp.)). The volume ofthe digestion reactions 

was the brought to 100 pL with water and incubated at 30QC for 60 min. Control samples 

without TEV protease were also prepared. 10 pL of the digested samples were then added to 40 

pi DMEM to a final volume of 50 pL and assayed in 50 pL assay reagent (as previously 

described; 100 pM PBI-3939). Luminescence was measured as previously described (FIGS. 

73A-D), 

[00513] 2, For analysis in mammalian cells, HEK293 cells were transfected with the CP 

L27V variants using a reverse transfection protocol. Briefly, 1 ng CP L27V plasmid DNA was 

mixed with 1 pg carrier DNA and added to cells in a well of a 12-wcll plate. Cclls were then 

incubated for 16 hrs at 37®C, 5% CO2. Cell lysates were then prepared by removing the media 

from the cells, washing them in IX PBS, and adding 1 mL IX PLB. Lysates were then diluted 

1:10 in IX PBS with 0.1% gelatin. 40 p.L of the diluted lysate was then used in a TEV protease 

digestion JIS described above. 10 |jL ofthe digestion was mixed with 40 pL DMEM without 

phenol red, and 50 pL assay reagent (previously described; 100 PBI-3939) added. 

Luminescence was measured as previously described (FIG. 73H). 

[00514] 3. For analysis in E. coli, E. coli cultures expressing the CP L27V variants were 

grown overnight at 30°C. These cultures were used (1:100 diluted in LB + antibiotic) to make 

new starter cultures for eventual induction. The starter cultures were incubated at 37°C with 

shaking for 2.5 hrs (QD600 is approximately 0,5). Rhamnose (final concentration of 0,2%) was 

added, the cultures moved to 25*0, and incubated with shaking for 18 hrs. 

[00515] To create lysates, 50 pL 0.5X FASTBREAK.™ Cell Lysis Reagent (Promega Corp,) 

was added to 950 pL of induced cultures, and the mixtures incubated for 30 min at 22DC. 50 pL 

of the lysed culture was then digested with TEV protease as described above and incubated at 

room temperature for 2 hrs. 

[00516] For analysis, lysates were diluted 1:10,000 in HaloTag® Mammalian Purification 

Buffer (Promega Corp.), and 50 pL assayed in 50 pL of assay reagent (as previously described; 

100 \xM PBI-3939). Basal and TEV induced luminescence was measured at 5 min time points 

(FIG. 73F) and The response (FIG. 73G) was determined as previously described. 
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[00517] FIGS. 73A-D show the basal luminescence of various CP-TEV protease L27V 

constructs expressed in wheat germ extract. FIG. 73E summarizes the derived CP variants that 

responded to TEV protease (response is fold decreased), indicating that the CP variants can be 

used as TEV sensors, i.e., they are indicative of "tether dependence." Variants showing at least a 

1.2-fold change were further validated as signification using Student's Test (unpaired p values; 

confidence level of 0.03). These results indicate that each CP variant is capable of generating 

luminescence. 

[00518] Various CP-TEV protease L27V constructs were expressed in HEK293 cells. Ihe 

reverse transaction protocol, previously described was used to transfect 1 ng DNA /well with 1 

jig of carrier DNA. Each cell sample was grown in I mL of media in a 12 well plate. Cell 

lysates were prepared by removing media and adding I mL of IX PLB. Samples were diluted 

1:10 in IX PBS+0.1% gelatin. 40 pL of the dilution sample was set up for TEV digestion. 10 

pL of the digestion reaction was added to 40 JJL of DMEM without phenol red and 50 JJL of 

PBI-3939 as previously described. FIG. 73H shows the luminescence of the various CP-TEV 

protease L27V constructs expressed in HEK293 cells. 

[00519] The data in FIGS. 73A-H demonstrates that the L27V variant can be circularly 

permuted at various sites, and different sites have different dependencies regarding tether length. 

The mammalian cell data and Wheat Germ data show similar fold reduction with TEV cleavage. 

The CP L27V variants that are more dependent on the tether, i.e., are more sensitive to TEV 

protease clcavage, are potential candidates for PCA. CP L27V variants that are less dependent 

on the tether may be potential candidates for self-complementation/dimerization assays. 

EXAMPLE 49- PROTEIN COMPLEMENTATION ASSAYS 

[0D52D] Protein complementation assays (PCA) provide a means to detect the interaction of 

two biomolecules, e.g., polypeptides. PCA utilizes two fragments of the same protein, e.g., 

enzyme, that when brought into close proximity with each other can reconstitute into a 

functional, active protein. An OgLuc variant of the present invention can be separated into two 

fragments at a sitc(s) Tolerant to separation. Then, each fragment of the separated OgLuc variant 

can be fused to one oT a pair of polypeptides of interest believed to interact, e.g., FKBP and FRB. 

If the two polypeptides of interest do in fact interact., the OgLuc fragments then come into close 

proximity with each other to reconstitute the functional, active OgLuc variant. The activity of 

the reconstituted OgLuc variant can then be detected and measured using a native or known 

coeienterazine or a novel coeienterazine of the present invention. In another example, the split 

OgLuc variant can be used in a more general complementation system similar to lac-Z (Langley 
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et al, PNAS, 72:1254-1257 (1975)) or ribonuclease S (Levit and Berger, J. Biol. Chem., 

251:1333 -1339 (1976)), Specifically, an OgLuc variant fragment (designated "A") known to 

complement with another OgLuc variant fragment ("B") can be fused to a target protein, and the 

resulting fusion can be monitored via luminescence in a cell or a cell lysate containing fragment 

B. The source of fragment B could be the same cell (either in the chromosome or on another 

plasmid), or it could be a lysate or purified protein derived from another cell. This same fusion 

protein (fragment A) could be captured or immobilized using a fusion between fragment B and a 

polypeptide such as HALOTAG® capable of attachment to a solid support. Luminescence can 

then be used to demonstrate successful capture or to quantitate the amount of material captured. 

Methods for protein complementation can be carried out according to U.S. Published Application 

No. 2005/0153310, incorporated herein by reference. 

[00521] 1. 9B8 opt PCA constructs were made as follows: 

[00522] -p9BSPCA 1/4 = pF5A/Met-[9BS opt (51 169)] GGGGSGGGSS-FRB (SEQ ID NOs: 

331 and 332) & pF5A/FKBP GGGSSGGGSG-[9BS opt (1-50)] (SEQ ID NOs: 337 and 338) 

[00523] -p9BSPCA 1/2 = pF5A/Met-[9B8 opt (51-] 69}]-GGGGSGGGSS-FRB (SEQ ID NOs: 

331 and 332) & pF5A/[9B8 opt (l-50)]-GGGGSGGGSS-FRB (SEQ ID NOs: 333 and 334) 

100524] -p9BSPCA 2/3 = pF5A/[9B8 opt (l-50)]-GGGGSGGGSS-FRB (SEQ ID NOs: 333 

and 334) & pF5A/FKBP-GGGSSGGGSG-[9B8 opt (51-169)] (SEQ ID NOs: 335 and 336) 

100525] -p9BSPCA 3/4 - pF5A/FKBP-GGGSSGGGSG-[9B8 opt (51-169)] (SEQ ID NOs: 

335 and 336) & pF5A/FKBP-GGGSSGGGSG-[9B8 opt (1-50)] (SEQ ID NOs: 337 and 338) 

|0052G] The PCA constructs were transfected into HFX293 cells (15,000cells/well) into a 96-

well plate using FUGENE® HD according to the manufacturer's instructions. The cells were 

then incubated overnight at 37nC, 5% CO2. After transfection, the media on the cells was 

replaced with C02-independent media with 10% FBS. Assay reagent with 20 pM PBI-3939 was 
then added, and luminescence measured on a Varioskan Flash at 28°C. 100 JJ.M rapamycin was 

then added to the wells, and luminesccnce continuously measured for 1 hr. Fold response was 

calculatcd by dividing all luminescence of a given well by the pre-rapamycin treatment 

luminescence for the same well (FIG. 74). 

[00527] 2. To demonstrate the use of the OgLuc variants in PCA, the L27V02A variant 

fragments were complementated with FKBP or FRB, and the interaction between FKBP and 

FRB measured. 
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[00528] Table 42 lists the various protein complementation (PCA) constructs made and tested. 

''2/3" designates the variant complementation pairs where 1) the "old" C-terminus of L27V02A 

("old"=original C-terminus of L27V02A) is the C-terminal partner of FKBP; and 2) the "old" N-­

terminus of L27V02A is the N-terminal partner of FRB. "1/4" designates the variant pairs where 

1) the "old" N-terminus of L27V02A is the C-terminal partner of FKBP; and 2) the "old" C-

terminus of L27V02A is the N-terminal partner of FRB. For all constructs, FKBP was located at 

the N-terminus of the L27V02A fragment, and FRB was located at the C-terminus of the 

L27V02A fragment. For example, PCA constructs were made with split sites at position 157 

(see Table 42, "2/3" and "1/4" #s 11 and 12 (SEQ ID NOs: 288-295}), 103 (see Table 42, "2/3" 

and "1/4" Us 9 and 10 (SEQ ID NOs; 296-303)), and 34 (see Table 42, "2/3" and ;i/4" Us 7 and 8 

(SEQ ID NOs: 304-315)). Other PCA constructs were made (SEQ ID NOs: 343-426 and 428-

440) (See Table 21) 

Table 42 

"2/3" 
1. FKHP.~-I.27V 6-169 

2. L27V 1-5—FRB 

3. FKQP—L27V 12-160 

4- L27V l-ll—FRB 

5. FKBP—L27V SS-169 

6. L27V 1-54 FRB 

7. FKHP—1.27V 84-169 

6, L27V 1-83 — FRB 

9. PKBP—L 27 V 103-169 

10. L27V 1-102 — FRB 

11. FKBP—L27V 157-169 

12. L27V 1-156—ARB 

-2/3-

1, FKBP—L27VA-169 

2, L27V1-5—FRB 

3, FKBP—L27V 12-169 

4, L27V1-11—FRB 

5, PKBP—L27V 55-169 

6, L27V1-54—KfitJ 

7, PKBP—L27V S4-169 

a. L27V1-63—FRB 

9. FKBP—L27V1Q3-169 

10. L27V 1-102—FRB 

11. FKBP—L27V 157-169 

12. L27V 1-156— FRB 

-t/4" 
1. t'KBP—L27V 1-5 

Z, L27V tt-169—FRB 

3. FKDP—127V 1-11 

4. L27V 12-169—FRB 

5. FKBP—L27V1-54 

G L27V 35-160—FRB 

7. FKBP—1,27V 1-03 

S, L27V 04-169—FRB 

<3. FKBP—L27V 1-102 

10. L27V 103-169—FRB 

31. FKBP—L27V 1-156 

12 L27V 15T-16«3 PRR 

"1/4-

1. FKBP—L27V1-5 

Z. L27Y 6-169—FRB 

3. PKBP—L27V 1-1 *l 

4. L27V 12-109—FRB 

5. PKBP—L27V 1-54 

6. L27V 5S-lGy— *RU 

7. FKBP—L27V l-f?9 

8. L27V&4-169—FRB 

9. FKBP-—L27V1-102 

10. L27V103-169 PRD 

31. FKBP—L27V 1-156 

VI. L27V 157.169 PRB 
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Table 21 

pCA constructs 

SEQ ID NO:343 (pCA 31 pCA L27V02A 45-169 FRB) 

SEQ ID NO:344 (pCA 31 pCA L27V02A 45-169 FRD) 

SEQ ID NO:345 (pCA 32 FKBP L27V02A 1-44) 

SEQ ID NOr346 (pCA 32 FKBP L27V02A 1 -44) 

SEQ ID NO:347 (pCA 33 pCA L27V02A 46-169 FRB) 

SEQ ID NO:348 (pCA 33 pCA L27V02A 46-169 FRB) 

SEQ ID NO:349 (pCA 34 pCA FKBP 1-45 L27V02A) 

SEQ ID N0:350 (pCA 34 pCA FKBP 1-45 L27V02A) 

SEQ ID NO:35l (pCA 35 pCA L27V02A 100-169 FRB) 

SEQ ID NO:352 (pCA 35 pCA L27V02A 100-169 FRB) 

SEQ ID NO:353 (pCA 36 FKBP L27V02A 1-99) 

SEQ ID NO:354 (pCA 36 FKBP L27V02A 1 -99) ~ 

SEQ ID NO:355 (pCA 37 L27V02A 101-169 FRB) 

SEQ ID NO:356 (pCA 37 L27V02A 101-169 FRB) 

SEQ ID NO:357 (pCA 38 FKBP 1-100 L27V02A) 

SEQ ID NO:358 (pCA 38 FKBP 1-100 L27V02A) 

SEQ ID NO:359 (pCA 39 L27V02A 102-169 FRB) 

SEQ lDNO:360(pCA 39 L27V02A 102-169 FRB) 

SEQ JDNO736J fpCA 40 FKBPL27V02A 1-I0J) 

SEQ IDNO:362 (pCA 40 FKBP L27V02A 1-10i) 

SEQIDNO:363 (pCA41 L27V02A 143-169 FRB) 

SEQ 1DN0:364 (pCA41 L27V02A 143-169 FRB) 

SEQ 1DN0:365 (pCA 42 FKBP 1-142 L27V02A) 

SEQ ID NO:366 (pCA 42 FKBP 1-142 L27V02A) 

SEQ ID NO:367 (pCA 43 L27V02A 145-169 FRB) 

SEQ iDNO:368 (pCA 43 L27V02A 145-169 FRB) 

SEQ ID NO;369 (pCA 44 FKBP 1-144 L27V02A) 

SEQ 1DNO:370 (pCA 44 FKBP 1-144 L27V02A) 

"SEQ iD NO:371 (pCA 45 L27V02A 147-169 FRB) 

SEQ ID NO:372 (pCA 45 L27V02A 147-169 FRB) 

SEQ ID NQ:373 (pCA46 FKBP- L27V02A 1-146) 

SEQ 1DN0:374 (pCA 46 L27V02A-FKBP 1-146) 

SEQ1DN0:375 (pCA 47 L27V02A 148-169 FRB) 

SEQ iDNO:376 (pCA 47 L27V02A 148-169 FRB) 

SEQ ID NO:377 (pCA 48 FKBP- L27VQ2A 1-147) 

SEQ 1DN0:378 (pCA 48 FKBP- L27V02A 1-147) 
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SEQ ID NO:379 (pCA 49 L27V02A 156-169 FRB) 

"SEQIDNO:3S0(pCA49L27V02A 156-169 FRB) 

~S£QIDNQ:38l (pCA 50 FKBP-L27V02A 1-155) 

"SEQ IDNO:382 (pCA 50 FKBP-L27V02A 1-155) 

~SEQIDNO:383 (pCA5l L27V02A 158-169FRB) 

SEQ IDNO:384 (pCA 5J L27V02A 358-169 FRB) 

SEQ ID NO;385 (pCA 52 FKBP L-157_L27V02Ay " 

SEQ IDNO:386 (pCA 52 FKBP 1-157 L27V02A) 

SEQ IDNO:387 (pCA 53 L27V02A 166-169 FRB) 

SEQ ID NO:388 (pCA 53 L27V02A 366-169 FRB) 

SEQ ID NO:389 (pCA 54 FKBP L27V02A 1-165) _ 

IjEQ ID N0:390 (pCA 54 FKBP L27V02A 1-165) 

SEQIDNO:391 (pCA 55 FKBP L27V02A 1-47) 

SEQ ID NO:392 (pCA 55 FKBP L27V02A 1-47) 

SEQ ID NO:393 (pCA 56 L27V02A 48-I69-FRB) 

SHQ ID NO:394 (pCA 56 L27V02A 48~-169-FRB) 

SEQ IDNO:395 (pCA 57 FKBP L27V02A t-49) 

SEQ ID NO:396 (pCA 57 FKBP L27V02A 1-49) 

SEQ ID NO:397 (pCA 58 pCA L27V02A 50-1 <59 FRB) 

SEQ ID NO:398 (pCA 58 pCA L27V02A 50 169 FRB) 

SEQ ID NO:399 (pCA 59 FKBP L27V02A 1-82) 

SEQ ID N0:400 (pCA 59 FKBP L27V02A 1-82) 

SEQ ID >j0:401 (pCA 60 L27V02A 83-169-FRB) 

SEQ ID N0:402 (pCA 60 L27V02A 83-16-FRB) 

SEQ IDNO:403 (pCA 61 FKBPI.27V02A 1-84) 

SEQIDlMO:4b4(pCA61 FKBP L27V02A 1-84) 

SEQ ID N0:405 (pCA 62 L27V02A 85-169-FRB) 

SEQ IDNO:406 (pCA 62 L27V02A 85-1G9-FRB) 

SEQ ID N0:407 (pCA 63 FKBP L27V02A 1-122) 

SEQ ID NO:40S (pCA 63 FKBP L27V02A 1-122) 

SEQ ID N0:409 (pCA 64 L27V02A 123-169-FRB) 

SEQ ID NO:410 (pCA 64 L27V02A 123-169-FRB) 

SEQ1DN0:4I 1 (pCA 65 FKBP L27V02A 1-123) 

SEQ TDN0:412 (pCA 65 FKBP L27V02A 1-123) 

SEQ1DN0:4L3 (pCA66 L27V02A 124-169 FRB) 

SEQ 1DN0:414 (pCA66 L27V02A 124-169FRB) 

SEQ IDNO:415 (pCA67 L27V02A 1-168) ! 

SEQ 1DN0:416 (pCA 67 L27V02A 1-168) 
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SEQ ID NO;417 (pCA 67 L27V02A 1-368) 

SEQ ID N0;418 (*pCA 6S L27V02A 169 FRB) 

SEQ ID NO;4I9 (*pCA 68 127V02A 169 FRB) 

SEQ ID N0;420 (pCA 69 FKBP L27V02A 1-I66)~~ 

SFQIDNO:42J (pCA 69 FKBPL27V02A 1-166) 

SEQ ID NO:422 ("pCA 70 L27V02A 167-169 FRB) 

SEQ ID NO:423 (*pCA 70 L27V02A 167-169 FRB) 

SEQ ID NO:424 (pCA 71 FKBP L27V02A 1-164)_ 

SEQTD NO:425 (pCA 71 FKBP L27V02A 1-164) 

SEQ ID NO:426 (pCA 72 L27V02A 165 169 FRB) 

SEQ ID NO;42S (pCA 72 L27V02A 165-169 FRB) 

SEQ ID NO;429 (pCA 73 FKBP L27V02A 1-162) 

SEQ ID N0:430 (pCA 73 FKBP L27V02A 1-162) 

SEQ ID NO:431 (pCA 74 L27V02A 163-169 FRB) 

SEQ ID NO:432 (pCA 74 L27V02A 163-169 FRB) 

SEQ ID NO:433 (pCA 75 FKBP L27V02A 1-160) 

SEQ ID NO:434 (pCA 75 FKBP L27V02A 1-160) 

SEQ ID NO:435 (pCA 76 L27V02A~ 16N169 FRB) 

SEQ ID NO;436 (pCA 76 L27V02A 161-169 FRB) 

SEQ ID NO;437 (pCA 77 FKBP L27V02A 1-158) 

SEQ ID NO;438 (pCA 77 FKBP L27V02A 1-158) 

SEQ ID "NO:439 (pCA 78 L27V02A 159-169 FRB) 

SEQ IDNO:440 (pCA 78 L27V02A 159-169 FRB) 

[00529] The complementation pairs described in Table 42 were cloned into Ihe pF'4Ag vector 

as previously described. The PCA constructs (900 pL) were then expressed in rabbit reticulocyte 

lysate (RRL; Promega Corp.) or wheat germ extract (Promega Corp.) following the 

manufacture's instructions. 1.25 pL of the expression reactions for each PCA pair were mixed 

with 10 pL of 2X Binding Buffer (100 mM HEPES, 200 mM NaCl, 0.2% CHAPS, 2 mM EDTA, 

20% glycerol, 20 mM DTT, pH 7.5) and 7.5 piL water, and 1 8 jiL transferred to wells of a 96-

well plate. 2 pL of 5 pM Rapamycin (final concentration 0.5 pM) was added and incubated for 

] 0 min at room temperature. 

[00530] Following incubation, 100 pL of PBI-3939 (50X stock diluted to IX in assay buffer) 

and incubate for 3 min at room temperature. Luminescence was measured as previously 

described (FIG. 76A-B: wheat germ; FIG. 76C-D: rabbit reticulocyte; FIG. 76E-F: cell free 

system [which system? WG or RRL?]; FIG. 76G: HEK293 cells). 
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[00531] FIG. 76A-G show the luminescencc of various protein complementation (PCA) L27V 

pairs: one L27V fragment of each pair was fused to either FKBP or FRB using a 2/3 

configuration (FIGS. 76A and 76C) or a 1/4 configuration (FIGS. 76B and 76D) as described, 

and the interaction of FKBP and FRB monitored in wheal germ extract (FIGS. 76A and 76B) and 

rabbit reticulocyte lysate (RRL) (FIGS. 76C and 76D); and the luminescence of various protein 

complementation (PCA) negative controls (FIG. 76E). The luminescence of various protein 

complementation L27V using a 1/4 configuration irt a cell free system (RRL) (FIG. 76F) and 

HEK293 cells (FIG. 76G) was measured. The data in FIGS. 76A-G demonstrates that a variety 

of different deletions, i.e.,-small fragments ofthe L27V variant, are functional. 

[00532] 3. To demonstrate the use of the PCA constructs for cell-based PCAS the constructs 

were transfected into HEK293 cells and assayed with PB1-4377, Plasmid DNA (5 ng) from each 

PCA pair (6, 12, 55," 84, and 103) were mixed with 40 ng carrier DNA (pGEM-3fz) and 5 

OPTI-MEM® and incubated at room temperature for 5 min. FUGENE® HD (0.15 pL) was then 

added and again incubated at room temperature for 15 min. The DNA transfection mixtures were 

added to 100 ML HEK293 cells (l.SxIO5 cells/mL) in DMEM with 10% FBS (no antibiotics), 

transferred to wells of a 96-well plate, and incubated overnight at 37°C, 5% CO2 

[00533] After transfection, the media was removed and replaced with C02-independent media 

with 20 JIM or 50X PBI-4377 and incubated at 37°C without CO2 regulation for 2 hrs. 

Luminescence was measured. 10 jiL rapamycin added, and luminescence measured again every 2 

min for 2 hrs (FIGS, 76A-C), 

[00534] 4. To demonstrate the use of the PCA constructs to identify inhibitors of protein-

protein interactions, the constructs described in #2 of this example were used. 

[00535] The complementation pairs, 103 "2/3", 157 "2/3", 103 "1/4" and 157 "!/4" described 

in Table 42 were cloned into the pF4Ag vector as previously dcscribcd. The PCA constructs (25 

nL) were then expressed in rabbit reticulocyte lysate (RRL; Promega Corp.) following the 

manufacture's instructions. 1.25 JAL of the expression reactions for each PCA pair were mixed 

with 10 pL of 2X Binding Buffer (100 mM HEPES, 200 mM NaCl, 0.2% CHAPS, 2 mM EDTAr 

20% glycerol, 20 mM DTT, pH 7.5) and 7.5 pL water, and 16.2 |aL transferred to wells of a 96-

well plate. Rapamycin was examined with various amounts of FK506. To the reactions, the 

FRB-FKBP binding inhibitor, FK506 (IOX) was added, and the reactions incubated at room 

temperature for 10 min. 15 nM rapamycin (10X stock solution) was added to get a final 

concentration of 1.5 nM rapamycin and incubated for 2 hrs at room temperature. Following 

incubation, 100 ME of PBI-3939 (SOX stock diluted to IX in assay buffer) and incubated for 3 



min at room temperature. Luminescence was measured on a GLOMAX© luminometer. FIG. 77 

demonstrates that the PCA constructs disclosed herein can be used to identify inhibitors of 

protein-protein interactions. 

[00536] 5. To demonstrate the use of the PCA constructs in a lytic format, the 

complementation pairs, 103 "2/3", 157 "2/3", and 103 "1/4" were transacted into HEK293 cells 

and assayed with PBI-3939. 0.5 ng plasmid from each PCA pair was mixed with 5 pL OPTI­

MUM® and 49 ng pG£M-3zf (Promega Corp.). The sample mixture was incubated at room 

temperature for 5 min. 0.15 pL FUGENE® HD was then added to the sample mixture and 

incubated at room temperature for 15 min. 100 pL of HEK293 cells in DMEM with 10% FBS 

(no antibiotics) at a concentration of 1.5x 105 cells/mL was added to each sample mixture. The 

cell sample was then transferred to a well of a 96-weli plate and incubated at 37°C, 5% COj 

overnight. 

[00537] The next day, 11.1 p.L of 10 pM Rapamycin (Final concentration 1 pM) was added to 

half of the wells and 11.1 pL water was added to other half of the wells, The 96-well plates were 

incubated at 37°C for 1 hr. 100 pL of assay reagent + PBI-3939 (2 pL 50X PBI-3939 mixed 

with 98 pL assay reagent, previously described) was added to each well and the plates were 

incubated at 37°C for 4 min. Luminescence was measured on a GLOMAX® luminometer at 

37°C with 0.5s integration time and 1 read. (FIG. 76H). 

Example 50 - OgLuc cAMP Biosensor 

{00538] The OgLuc variants of the present invention can be linked to light output not only-

through concentration, but also through modulation of enzymatic aclivity. For example, a cAMP 

biosensor can be developed by incorporating a cAMP-binding domain from Protein Kinase A 

into a circularly permuted OgLuc variant. An OgLuc variant of the present invention can be 

circularly permuted at a site(s) tolerable to such permutation by methods known in the art (e.g., 

U.S. Published Application No. 2005/0153310). The resulting circularly permuted OgLuc 

variant chimcric protein can function as an intracellular biosensor for cAMP when expressed in 

mammalian cells. Upon binding of cAMP to the biosensor, the biosensor undergoes a 

conformational change that creates an active luciferase enzyme. Treating the cells with 

forskolin, an activator for adenylate cyclase, should result in an increase in luminescence with 

increasing concentrations of forskolin. Similar biosensors for targets including but not limited to 

calcium (Ca+2), cGMP, and proteases such as caspases and tobacco etch virus (TEV) can be 

developed by incorporating the appropriate binding domain or cleavage site for each into a 

circularly permuted OgLuc variant. 
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[00539] The utility of OgLuc as a biosensor was demonstrated by analysis of variant 9B8 opt 

in the context of a cAMP sensor. Circularly permuted constructs containing Ihe RJIpB subunit of 

Protein Kinase-A flanked by OgLuc variant sequences were made and expressed in a cell free 

system as described in described in PCT application PCT/US2007/008176, except the sites for 

circular permutation were chosen as described below. The nascent protein was assayed in the 

presence and absence of cAMP. Response to cAMP is defined as the ratio of activity (+) cAMP/ 

(-) cAMP. 

[00540] A structural model for OgLuc has been created, based on similarities to certain fatty 

acid binding proteins of known structure, previously described in PCT/US2010/33449. The 

model predicts an ordered sequence ofthe standard protein structural motifs, a-helix and p-sheet. 

The regions that transition between these structural elements as circular permutation sites were 

chosen (see Table 43). 

[00541] l. The template for expression of the biosensor constructs consisted of: C-terminal 

OgLuc sequence-R-lipB sequence-N-terminal OgLuc sequence in plasmid pF5 (Promega Corp.). 

The TNT® T7 Coupled Wheat Germ Extract System (Promega Part #L4l40) was used to 

translate the construct. The TNT® Wheat Germ Extract Reaction included 25 pL TNT® Wheat 

Germ Extract (L411A), 2 pL TNT® Reaction Buffer (L462A), 1 ^iL Amino Acid Mixture, 

Complete (L446A), 1 jiL RNasin® (40 U/jiL) (N2615), 1 JIL TNT® T7 RNA Polymerase 

(L516A), 1.0 fig DNA template and Nuclease-Free Water to bring the total volume to 50 ^L. 

The reaction mixture was incubated at 3QnC for 120 min. 

|0Q542] An OgLuc activity assay was performed by adding to the 50 pL OgLuc translation 

mixture, 50 fiL OgLuc Glo Reagent (100 mM MBS (pH 6.0), 1 mM CDTA, 150 mM KCl, 35 

mM thiourea, 2 inM DTT, 0.25% TERGITOL® NP-9 (v/v), 0.025% MAZU® DF 204, and 20 

JAM PBI-3939) with or without 100 cAMP, and performing a kinetic read for 30 min 

(TCCAN® INFINITE® F500 Plate Reader), Response is determined by dividing the 

luminescence generated by the biosensor with cAMP by the luminescence generated by the 

biosensor without cAMP (Table 43). 

Table 43: Response of Circularly-Permuted OgLuc Biosensors to cAMP 

CP-SITE RESPONSE 

27 2.6X 

51 2.2X 

84 1.5X 
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122 4,3X 

147 1.9X 

157 5-6X 

[00543] 2. A cAMP biosensor of 9BSopt circularly permuted at the CP-site 51 was created as 

described in 1. The biosensor was then transfected into HEK293 cells (15,000 cells/well) using 

FUGENE® HD according to the manufacturer's instructions into a 96-well plate, and incubated 

overnight at 37°C, 5% CO2. After transfection, the media was removed and replaced with C02-

independent media with 10% FBS. The cells were then incubated for 2 hrs at 37°C, 5% CO2 

after which varying amounts of FSK were added. The cells were then again incubated for 3 hrs 

at 37°C, 5% C02. 6 fiM PBT-3939 was then added, and luminescence measured after 13 min 

(FIG. 78). 

[00544] 3. Circularly permuted ("CP"; e.g., CP6 refers to the old residue 6 being new residue 

1 after Met) and Straight Split ("SS"; e.g., SS6 refers to a sensor orientated as follows: OgLuc (1-

6)-RIIJ3b binding site (SEQ ID NOs: 441 and 442) -OgLuc (7-169)) versions ofL27V were used 

as cAMP biosensors (SEQ ID NOs: 467-574), CP (SEQ ID NOs: 467-498 and 555-574) and SS 

(SEQ ID NOs: 499-554) versions of the L27V variant were derived as previously described and 

expressed in expressed in rabbit reticulocyte lysate (RRL; Promega Corp.) following the 

manufacture's instructions. The linker sequence between the C-terminus of the Rllfib binding 

site and OgLuc luciferase sequence was GGGTCAGGTGGATCTGGAGGTAGCTCTTCT (SEQ 

ID NO: 575). The linker sequence between the N-terminus of the RIlj3b binding site and OgLuc 

luciferase sequence was AGCTCAAGCGGAGGTTCAGGCGGTTCCGGA (SEQ ID NO: 576) 

3.75 |iL of the expression reactions were mixed with 1.25 p.L 4X cAMP (final concentration I 

nM-0.1 mM), and incubated at room temperature for 15 min. Following incubation, 100 jiL of 

PBI-3939 (50X stock diluted to IX in assay buffer) and incubated for 3 min at room temperature. 

Luminescence was measured on a GLOMAX® luminometer (FIGS. 79A-B). Luminescence was 

also measured for CP and SS versions of the L27V variant expressed in HEK293 cclls and 

treated with forskolin as previously described (FJGS. 79C-D), FIGS. 79A-D demonstrates that 

circularly permuted and straight split versions of the OgLuc variants disclosed herein can be used 

as biosensors. 

Example SI - Subcellular Distribution and Localisation 

[00545] To analysis subcellular distribution, U20S cells were plated at 2x104 cells/cm2 into 

gtass-bottom culture dishes in McCoy's 5A media (Invitrogen) containing 10% FBS. The cells 

153 



were Ihen incubated for 24 hrs at 37°C, 5% CO2. Cells were then transfected with 1/20 volume 

transfection mixture (FUGENE® HD and pF5A-CMV-L27V (the L27V variant (SEQ ID NO: 

88) cloned into the pF5A vector with CMV promoter (Promega Corp.)) or pGEM3ZF (Promega 

Corp,; negative control)) and incubated for 24 hrs at 37°C, 5% CO2. Following incubation, the 

cell media was replaced with C02-independent media with 0.5% FBS and 100 }iM PB1-4378. 

After a 30 min incubation at 37®C, unfiltered images were captured on an Olympus LV200 

bioluminescence microscope using a 60X objective (FIGS. 80A-B) for 25, 100} 1000, and 5000 

ms, 

J00546] To analyze subcellular localization, N-terminal L27V fusions with the GPCR AT1R 

(Angiotensin type 1 receptor (SEQ ID NOs: 459 and 460)) with IL-6 secretion sequence (SEQ ID 

NOs: 461 and 462) or the transcription factor, Nrf2 (SEQ ID NO: 317), were made using a GSSG 

linker (SEQ ID NOs: 457 and 458) and transfected into U20S cells as described above (FIGS. 

81A-C). FIG. 81C ("GPRC') shows expression of a construct where the 1L6 signal sequence is 

upstream of the L27V variant sequence and the AT1R is downstream of the L27V variant 

sequence. The L27V variant alone was aJso transfected ("Unfused"), After a 24 hr incubation at 

37°C, 5% CO2, ccll media was replaced with C02-independent media with 0.5% FBS and 

equilibrated for 1 hr at 37°C in a non-COj-regulaled atmosphere. An equal volume of media + 

200 nM PBI-3939 was then added, and unfiltered images were captured immediately on an 

Olympus LV200 bioluminescence microscope using a 60X or 150X objective (FIGS, 81A-C), 

For cells expressing L27V alone, PBI-3939 was washed off the cells immediately before image 

capture. 

Example 52 - Monitoring Intracellular Signal Pathways 

[00547] This example provides two examples of the novel luciferase being used to monitor 

intracellular signal pathways at the protein level (as opposed to the response element examples 

which represent transcriptional activation). The variant 9B8opt (SEQ ID NO: 24) was fused to 

either IkB (Gross et al., Nature Methods 2(S):6Q7-614 (2005)) (at the C-terminus, i.e., N-IkB-

(9B8opt)-C)} or ODD(oxygen-dependent degradation domain of Hif-l-a (Moroz et al., PLoS 

One 4(4):e5077 (2009)) (at the N-terminus, i.c.T N-(9B8opt)-ODD-C)). IKB ts known to be 

degraded in cells upon stimulation with TNFa; therefore, the IKB-{9B8opt) construct could be 

used as a live cell TNFo sensor. ODD (Hif-l-a) is known to accumulate inside cells upon 

stimulation with compounds that induce hypoxia; therefore, the ODD-(9B8opt) construct could 

be used as a live cell hypoxia sensor. 
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[00546] Constructs containing fusions with IkB or ODD wilh 9B8opt (pF5A) were expressed 

in HEK293 cells via reverse transfection (5 ng (IkB) or 0.05 ng (ODD) DNA (mixed with carrier 

DNA to give a total of 50 ng)) as previously described and incubated for 24 hrs at 37°C, 5% CO*. 

After transfection, the media was replaced with fresh COj-independent media containing 0.5% 

FBS and 20 pM PBI-4377 and allowed to equilibrate for 4 hrs at 37°C, atmospheric C02. Cells 

were then exposed to a stimulus: TNFa for IkB fusion expressing cells and phenanthroline for 

ODD fusion expressing cells. DMSO (vehicle) was added to control cells. For the TNFcc/IKB 

samples, 100 pg/mL cycloheximide was added approximately 15 min prior to adding the 

stimulus to prevent synthesis of new protein. At the indicated time points following treatment, 

cells were assayed for luminescence. For data normalization, the RLU of each sample at a given 

time point were divided by the RLU from the same sample immediately after stimulation. Fold 

response for each sensor was then determined (FIGS. 82A-C). 

[00549] B. L27V was used to monitor the oxidative stress signal pathways at the protein 

level. L27V or Renilla luciferase (Rluc) was fused to Nrf2/NFE2L2 in a pF5K expression vector 

(at the C-terminus; i.e., N-Nrf2-(L27V)-C or N-Nrf2-(Rluc)-C). Keapl is a negative regulator of 

Nrf2 (SEQ ID NO: 217). (n order to faithfully represent regulation of Nrf2-L27V02 protein 

levels, Keapl, was co-expressed to keep Nrf2 levels low (via ubiquitination). 

[00550] Nrf2-L27V or Nrf2-Rluc (5 ng, pF5K) and a HALOTAG©- Keapl fusion protein 

(pFN21-HT7-KeapI (SEQ ID NO: 316); 50 ng) were expressed in HEK293 cells by transfection 

of the cells at the time of seeding into the 96-well plates as previously described and incubated 

for 24 hrs at 37°C, 5% CO*. After transfection, the media was replaced with fresh CO2-

independent media with 0.5% FBS and 20 nM PBI-4377 for L27V or 20 nM ENDUREN™ 

(Promega Corp.) for Renilla luciferase, and the cells equilibrated for 4 hrs at 37°C under 

atmospheric CO2, For kinetic analysis, 20 JIM D,L sulforaphanc or vehicle (DMSO) were used. 

In FIG. 83A, luminescence was measured as previously described at the indicated time points 

following treatment. For data normalization, the luminescence of each sample at a given time 

point was divided by the luminescence from the same sample immediately after stimulation 

(FIGS. 83B-C). 

[00551] C- A comparison of the response of the Nrf2 sensor described in B and Nrf2(ARE)-

Luc2P reporter (Promega Corp.) was performed. Both the Nrf2 sensor and reporter were 

screened as described in section B above. For the firefly (Luc2P) reporter gene assay, the ONE-

GLO™ assay reagent was used. FIGS. 84A-B provides the normalized response of Nrf2-L27V 

at 2 hrs and Nrf2(ARE)-Luc2P at 16 hrs 
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Example S3 - Evaluation of OgLuc Variant as Bioluitiinescent Reporter with BRET 

[00552] Bioluminescence resonance energy transfer (BRET) allows monitoring of protein-

profcin interactions. The intramolecular energy transfer was examined between IV and a HT7 

fusion partner where HT7 was previously labeled with a fluorophorc, i.e., TMR 

(excitation/emission (ex/em) wavelength = 555/585 nm) or Rhodamine 110 (excitation/emission 

wavelength = 502/527 nm). 50 fjL of a bacterial cell lysate containing the IV-HT7 fusion protein 

of Example 34 was incubated with or without 0.001-10 pM fluorophore ligand for 1 hr at room 

temperature. After the incubation, 50 nL of RENILLA-GLO™, which contains 22 jiM 

coclenterazinc-h, was added to 50 JJL of the enzyme-ligand mixture, and the emission spectrum 

was recorded at 5 min. Example spectra of IV-HT7 with TMR (FIG, S3A) or Rhodamine 110 

{"Rhodl 10") (FIG. 85B) are shown indicating BRET was greater when the ex/em of the ligand 

was closer to the 460 nm luminescent peak of OgLuc, i.e., greater with Rhodamine 110, This 

data shows that intramolecular energy transfer can occur between OgLuc variants and a 

fluorophore on a fusion protein. Three different controls were used for comparison (data not 

shown): 1) a non-HT fusion, 2) a HT-fusion that was not labeled with a HT ligand, and 3) a 

labeled HT-fusion that was proteolytically cleaved at a TEV site between OgLuc and HT (which 

indicated the involvement of proximity/distance). BRET was not observed in the three different 

controls suggesting that HT was involved to achieve BRET. BRET was greater for C1+A4E and 

IV with a C-terminal HT7 compared to N-terminal MT7. 

Example 54 - Protein Proximity Assays for live cells or lytic formats 

[00553] In one example, circularly permuted (CP) or straight split (SS) OgLuc fusion proteins 

is applied TO measurements of protein proximity. OgLuc is permuted or split via insertion of a 

protease substrate amino acid sequence (e.g., TEV) to generate low bioluminescence. The 

inactive luciferase is tethered (e.g., via genetic fusion) to. a monitor protein. A potential 

interacting protein is tethered (e.g., via genetic fusion) to a protease (e.g., TEV). When the two 

monitor proteins interact or are in sufficient proximity (e.g., via a constitutive interaction, a drug 

stimulus or a pathway response), the luciferase is cleaved to generate increased bioluminescence 

activity. The example may be applied to measurements of protein proximity in cells or in 

biochemical assays. Furthermore, the high thermal stability of an OgLuc variant luciferase could 

enable measurements of antibody-antigen interactions in lysed cells or biochemical assays. 

Example SS - Bioluminescent Assays 
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{00554] 1. To demonstrate the use of ail OgLuc variant in a bioluminescent assay to detect 

caspase-3 enzyme, the 9B8 opt variant was used in a bioluminescent assay using a pro-

coelenterazine substrate comprising the DEVD caspase-3 cleavage sequence. Purified caspase-3 

enzyme was mixed with an E. coli lysate sample expressing the variant 9B8 opt, which was 

prepared as described in Example 27, and diluted 10-fold in a buffer containing 100 mM MES 

pH 6.0, 1 mM CDTA, 150 mM KCl, 35 mM thiourea, 2 mM DTT, 0.25% TERGITOL® NP-9 

(v/v), 0.025% MAZU® DF 204, with or without 23.5 z-DEVD-coelenterazinc-h in 100 mM 

HEPES pH 7.5. The caspase-3 enzyme was incubated with the tysate sample for 3 hrs at room 

temperature, and luminesccncc dctcctcd on a Turner MODULUS™ luminometer at various time 

points. A sample containing only bacterial lysate and a sample containing only caspase-3 were 

used as controls. Three replicates were used, FIG. 86 and Table 44 demonstrate that 9B8 opt, 

and thus other OgLuc variants of the present invention, can be used in a bioluminescent assay 

with a pro-coelenterazine substrate to detect an enzyme of interest. 

Table 44: Average lumincsccncc in RLU generated from bacterial lysates expressing the 

9BS npt variant incubated with or without purified caspase-3 using z-DEVD-

coelenterazine-h as a substrate. 

time (min) no caspase (RLU) + caspase (RLU) 

5 26,023 25,411 

15.3 7,707 36,906 

29.9 4,013 41,854 

60.9 2,305 43,370 

190.3 . 1,155 42,448 

[00555] 2. The L27V variant wa$ used in a bioluminescent assay using a pro-coelenterazine 

substrate comprising the DEVD caspase-3 cleavage sequence. Purified caspase-3 enzyme {1 

mg/mL) in 100 mM MES pH 6 (50 pL) was mixed with 227 nM L27V02 variant and 47 

PBI-3741 (z-DEVD-coelenterazine-h) in assay buffer (50 nL). Reactions were incubated for 3 

hrs at room temperature, and luminescence detected as previously described. The assay with the 

L27V variant was compared to a firefly luciferase version of the assay, CASPASE-GLO® 3/7-

Assay system (Caspase-Glo; Promega Corp.). Table 45 demonstrate that L27V variant, and thus 

other OgLuc variants of tfie present invention, can be used in a bioluminescent assay with a pro-

coelenterazine substrate to detect an enzyme of interest. 

Table 45 
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(+) caspase +/- (-) caspase +/-

L27V 11,532 93 803 25 

Caspase-Glo 15,156,567 793,981 302 5 

Example 56 - Immunoassays 

[0055$] The OgLuc variants of the present invention are integrated into a variety of different 

immunoassay concepts. For example, ail OgLuc variant is genetically-fused or chemically 

conjugated to a primary or secondary antibody to provide a method of detection for a particular 

analyte. As another example, an OgLuc variant is genetically-fused or chemically conjugated to 

protein A, protein G, protein L, or any other peptide or protein known to bind to Ig fragments, 

and this could then be used to detect a specific antibody bound lo a particular analyte. As 

another example, an OgLuc variant is genetically-fused or chemically conjugated to streptavidin 

and used to detect a specific biotinylated antibody bound to a particular analyte. As another 

example, complementary fragments of an OgLuc variant are genetically-fused or chemically 

conjugated to primary and secondary antibodies, where the primary antibody recognizes a 

particular immobilized analyte, and the secondary antibody recognizes the primary antibody, all 

in an ELISA-like format. The OgLuc variant activity, i.e., luminescence, is reconstituted in the 

presence of immobilized analyte and used as a means to quantify the analyte. 

[00557] As another example, complementary fragments of an OgLuc variant can be fused to 

two antibodies, where one antibody rccognizes a particular analyte at one epitope, and the second 

antibody recognizes the analyte at a separate epitope. The OgLuc variant activity would be 

reconstituted in the presence of analyte. The method would be amenable to measurements of 

analyte quantification in a complex milieu such as a cell lysate or cell medium. As another 

example, complementary fragments of an OgLuc variant can be fused to two antibodies,, where 

one antibody recognizes a particular analyte regardless of modification, and the second antibody 

recognizes only the modified analyte (for example, following post-translational modification). 

The OgLuc variant activity would be reconstituted in the presence of analyte only when it is 

modified. The method would be amenable to measurements of modified analyte in a complex 

milieu such as a cell lysate, As another example, an OgLuc variant can be conjugated to an 

analyte (e.g., prostaglandins) and used in a competitive sandwich EL1SA format. 

Example 57 — Dimerizulion Assay 

158 



[00555] This example demonstrates that full-length circularly permuted OgLuc variants can be 

fused to respective binding partners, e.g., FRB and PKBP, and used in a protein 

complementation-type assay. The key difference between Ihe method disclosed herein and 

traditional protein complementation is that there was no complementation, but rather there was 

dimerization of two full length enzymes, e.g., circularly permuted OgLuc variants. 

[00559] Briefly, the circularly permuted reporter proteins similarly configured for low activity 

were fused to both ofthe fusion protein partners (See FiG. 87A). For example, each fusion 

partner may be linked to identically structured, permuted reporters. Interaction of the fusion 

partners brought the permuted reporters into close proximity, thereby allowing reconstitution of a 

hybrid reporter having higher activity. The new hybrid reporter included portions of each of the 

circularly permuted reporters in a manner to reduce the structural constraint. 

[00560] Circularly permuted, straight split L27V variants CP84 and CP103 (N-(SS-169)-(1-

SSj)-FRB-C and C-(l-SSi)-(SS-169)-FKBP) were cloned as previously described and expressed 

(25 |iL) in rabbit reticulocyte lysate (RRL; Promega Corp.) following the manufacture's 

instructions. 1.25 nL ofthe expression reactions for each dimerization pair were mixed with 10 

pL of 2X Binding Buffer (100 mM HEPES, 200 mM NaCl, 0.2% CHAPS, 2 mM EDTA, 20% 

glycerol, 20 mM DTT, pH 7.5) and 7.5 pL water, and 18 jiL transferred to wells of a 96-wcIl 

plate. To the reactions, 2 pL rapamycin (final concentration 0 and 0.1-1000 nM) was added, and 

the reactions incubated at room temperature for 10 min. Following incubation, 1C0 p.L of PBI-

3939 (50X stock diluted to IX in assay buffer) and incubated for 3 min at room temperature. 

Luminescence was measured on a GLOMAX® luminometer (FIG. 87B) and the response was 

determined (FIG. 87C). FIGS. 87B-C demonstrates that the OgLuc variants of the present 

invention can be used to dctcct protein-protein interactions via a PCA-type dimerization assay. 

Example 58 - Intercellular Half-Life 

[00561] The intracellular half-life of the OgLuc variants 9B8, 9B8+K33N, V2, L27V, and 

V2+L27M were determined. CHO cells (500,000) in 15-100 mm plates in F12 media with 10% 

FBS and IX sodium pyruvate were transfected with 30 JLL 100 ng/^L plasmid DNA containing 

9B8, 9B8+K33N, V2} L27V ("V2+L27V") or V2+L27M (all in pF4A vector background) using 

TRANSIT®-LT1 (Mirus) according to the manufacture's instructions. The cells were then 

incubated for 6 hrs. 

[00562] After incubation, the media was removed and I mL Trypsin added to dissociate the 

cells from the plate. 3 mL of F12 media was then added, and the cells counted. Cells were then 
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plated at 10,000 cells/well into 6 wells of a 96-well plate (6 wells/variant) and incubated 

overnight at 37°C. Samples were distributed over 3 plates. Each plate had 6 replicates for 

different time point measurements. 

[00563] After overnight incubation, the media was removed from the cells for t^0 samples, 

and 100 pL assay buffer (previously described; no substrate) was added. The sample was frozen 

on dry ice and stored at -20°C. Cycloheximide (100 mg/mL) was diluted 1:100 to a final 

concentration of 1 mg/mL in OPTI-MEM®. DMSO (100%) was also diluted 1:100 (final 

concentration 1%) in OPTI-MEM®. The diluted cycloheximide (I mg/mL) was added (11 pL) 

to 3 replicates of each transfected variant sample and II ^iL of the diluted DMSO (1%) was 

added to the other 3 replicates. The cells were then incubated at 37°C, 5% CO2 and removed at 

various timepoints (i.e., 0, 0.5, 0.9, 2.5, 4.3, and 6.2 hrs) and processed as the t=0 samples. 

[00564] For analysis, the samples were thawed to room temperature, and 10 ^iL assayed in 50 

pL assay reagent. Luminescence was measured on a GLOMAX® luminometer. At each time-

point, luminescence was measured for untreated and cycloheximide-treated samples. The RLU 

for the cells treated with cycloheximide was normalized by the RLU for the untreated cells. 

[00565] The intracellular half-life of each variant was calculated by measuring the ratio of Ihe 

luminescence from the cycloheximide (CHX)-treated to the untreated at each time-point. The 

ratio was then plotted In (% treated to untreated) over time, and the half-life calculated (Table 

46). The OgLuc variants had intracellular halflives of approximately 6-9 hrs with a full strength 

CMY promoter, but the half lives were reduced with a CMV deletion variant (d2). The presence 

of a PEST degradation signal combined with the full strength CMV promoter reduces half-life 

significantly. 

Table 46 

Sample CMV no deg. CMV d2 no deg. CMV Pest 
9B8 6.32 3.87 1.43 
K.33N 9.24 3.70 1.18 
V2 9.63 4.28 1.61 
V2+L27V 6.66 4.78 1.63 
V2+L27M 8.89 6.98 1.63 

[00566] Another experiment was completed using the reverse transfection protocol described 

in Example 52 with HEK293 cells (data not shown). The results from this experiment indicate 

that the intracellular half-life for the L27V variant with PEST is 10 min. The L27V variant with 
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no degradation signal used in this experiment did not show a decay over the course of this 

experiment. In this case the decay was normalized to untreated cells at t=0. 

Example 59 — Exposure of OgLuc Variants to Urea 

[00567] Since Firefly lucifcrase is known to be relatively unstable, it is much more sensitive to 

urea exposure. To determine whether this was also the case with the OgLuc variants, the 

sensitivity of the OgLuc to urea was determined. 5 JAI of 45.3 pM L27V enzyme was mixed with 

100 pL of a urea solution (100 mM MOPS, pH 7.2, 100 mM NaCl, 1 mM CDTA, 5% glycerol 

and various concentrations of urea) and incubated for 30 min at room temperature. 5 pL of the 

urea+L27V enzyme solution was diluted 10,000-fold into DMEM without phenol red + 0.1% 

PRIONEX®, 50 jiL was mixed with 50 pL of assay reagent containing 100 jiM PBI-3939 

(previously described) and the luminescence was read at 10 min. (FIG. 88). FIG. 88 indicates 

that L27V is either resistant to urea or refolds to a functional enzyme very quickly upon removal 

of urea. This suggests that L27V could be used as a reporter enzyme when chemical denaturing 

conditions are involved, e.g., multiplexing in conditions where a denaturant is used to stop an 

enzymatic reaction prior to the OgLuc variant-based reaction. 

[00568] A 0.31 mg/mL slock of purified L27V variant was diluted 100,000-fold into buffer 

(PBS + 1 mM DTT + 0.005% IGEPAL) and incubated with 3 M urea for 30 min at 25°C and 

then mixed 1:1 (50 jo.L + 50 jiL) with an assay reagent containing 100 PBI-3939 (previously 

described). The reactions were read on a TECAN© INFINITE® F500 luminometer as described 

previously (for 100 min; I min read intervals) (FIG. 89). The results indicate that 3M urea 

reduces the activity of L27V variant by approximately 50%, but, upon diluting out the urea by 2-

fold (to a 1.5 M final concentration) the activity increases, presumably due to refolding. 

Example 60 - Imaging of OgLuc Fusion Proteins 

100569] This example demonstrates the use of OgLuc and OgLuc variants to monitor protein 

translocation in living cells without the need for fluorescence excitation. OgLuc variants were 

fused to human glucocorticoid receptor (GR; SEQ ID NOs: 451 and 452), human protein kinase 

C alpha (PKCa; SEQ ID NOs: 449 and 450) or LC3 (SEQ ID NOs: 577 and 578)._ To analyze 

subcellular protein translocation using bioluminescence imaging. HeLa cells were plated at 2x104 

cells/cm2 into glass-bottom culture dishes (MatTek) in DMEM medium (Invitrogen) containing 

10% FBS. The cells were then incubated for 24 hrs at 37°C, 5% C02. Cells were then 

transfected with 1/20 volume transfection mixture (FUGENE® HD and DNA encoding L27V02-

GR (SEQ ID NOs: 453 and 454) or L27VQ2-PKC alpha (SEQ ID NOs: 455 and 456) cloned into 

the pF5A vector (Promega Corp.)). The plasmid DNA for L27V02-GR was diluted 1:20 into 
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pGEM-3ZF (Promega Corp.) to achieve appropriate expression levels of L27V02-GR. The 

plasmid DNA for L27V02-LC3 and L27V02-PKC alpha was used undiluted. Cells were then 

incubated for 24 hrs at 37°C, 5% CO2. Cells transfected with GR fusion proteins were starved of 

GR agonist for 20 hrs using MEM medium supplemented with 1% charcoal/dextran-treated FBS 

(Invitrogen). Twenty-four hrs post-transfeclion (for PKC alpha measurements) or 48 hrs post-

transfection (For GR measurements), the cell media was replaced with COs-lndependent media 

containing 100 [iM PBI-3939 immediately before imaging. Unfiltered images were immediately 

captured on an Olympus LV20G bioluminescence microscope using a 15QX objective. 

[00570] Cytosol-to-nucleus translocation of L27V02-GR fusion protein was achieved via 

stimulation with 0.5 mM dexamethiisDne for 15 min. Cytosol-to-p!asma membrane translocation 

of L27V02-PKC alpha fusion protein was achieved via stimulation with 100 nM PMA for 20 

min. L27V02-LC3 fusion protein transfected cells were left untreated or treated with 50 mM 

Chloroquine in DMEM medium (Invitrogen) containing 10% FBS. 

[00571] L2 7V02-Gtu£ocarlicoid receptor 

[00572] In the absence of glucocorticoids, glucocorticoid receptor (GR) is completed to 

Hsp90 proteins and resides in the cytosol. Upon interaction of GR with glucocorticoids, such as 

dexamethasone, GR proteins dissociate from these protein complexes and translocate to the 

nucleus to regulate gene transcription. FIGS. 90A-B show the bioluminescence imaging of 

dexamethasone-induced cytosol to nuclear receptor (NR) translocation of L27V02-glucocorticoid 

receptor (GR) fusion proteins using PBI-3939 substrate in HeLa cells, 

[00573] L2 7VQ2-PKCa 

[00574] Upon treatment with phorbol esters, PKC alpha proteins are recruited to the plasma 

membrane and regufare cellular responses incJuding membrane dynamics and signal 

transduction. FIGS. 91A-B show the bioluminescence imaging of phorbol ester-induced Protein 

Kinase C alpha (PKC alpha) cytosol to plasma membrane translocation of OgLuc L27V02-PKC 

alpha fusions using PBI3939 substrate in U-2 OS cells. 

[00575] L27V-LC3 

[00576] Association of processed LC-3 proteins with autophagosornes represents a hallmark 

slep in autophagy. Chloroquine treatment arrests autophagic flux at this stage, resulting in 

accumulation of LC-3 proteins on autophagosornes (producing a punctate subcellular 

distribution), FIGS. 92A-B show the bioluminescence imaging of chloroquine-induced 
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autophagosomal protein translocation of OgLuc L27V-LC3 fusions proteins (SEQ ID NOs: 592 

and 593) using PBI-3939 substrate in two representative HeLa cell samples. 

Table 47 — Proviso List 

C1+A4E Additional Substitutions 
C1+A4E L92G 
C1+A4E L92Q 
C1+A4E L92S 
C1+A4E L92A 
C1+A4E L72Q 
C1+A4E 190 T 
C1+A4E Q20R 
C1+A4E C164S 
C1+A4E M75K 
C1+A4E V79I 
C1+A4E F541 
C1+A4E K89E 
C]+A4E I9QV 
C1+A4E F77W F68S I90V 
C1+A4E F54I M75K 
C1+A4E F54I M75K I90V 
C1+A4E F54I F6SS M75K 
C1+A4E F54I 190V 
C1+A4E F54I 
CI+A4E F54T N135K 1167V P104L D139E 
C1+A4E V45E L34M G51V 19 9 V I143L 
C1+A4E S28P L34M G51V I99V JI43L F54T 
C1+A4E S28P L34M G51V I99V I143L F54T 
C1+A4E S28P 
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SEQUENCE LISTING 

SEQ ID N0:1 (Native mature OgLuc protein) Oplophorus gracilirostris 
FTLADFVGDWQQTAGYNQDQVLEQGGLSSLFQALGVSVTPIQKWLSGENGLKADIHVIIPYEGLSGFQMGLIEMIFK 
WYPVDDHHFKIILHYGTLVIDGVTPNMIDYFGRPYFGIAVFDGKQITVTGTLWNGNKIYDERLlNPOGSLLFRVTIN 
GVTGWRLCENILA 

SEQ ID MO:2 (C1A4E nucleotide) 
ATGGTGTTTACATTGGAGGATTTCGTTGGAGACTGGCGGCAGACAGCTGGATACAACCAAGATCAAGTGTTAGAACAA 
GGAGGATTGTCTAGTCTGTTCCAAAAGCTGGCAGTGTCAGTCACCCCAATCCAGAAAATTGTGCTGTCTGGGGAGAAI 
GGGTTAAAATTTGATATTCATGTCATCATCCCTTACGAGGGACTCAGTGGTTTTCAAATGGGTCTGATTGAAATGATC 
TTCAAAGTTGTTTACCCAGTGGATGATCATCATTTCAAGATTATTCTCCATTATGGTACACTCGTTATTGACGGTGTG 
ACACCAAACATGATTGACTACTTTGGACGCCCTTACGAGGGAATTGCIGTGTTTGACGGCAAGAAGATCACAGTTACT 
GGAACTCTGTGGAACGGCAACAAGATCATTGATGAGCGCCTGATCAACCCAGATGGTTCACTCCTCTTCCGCGTTACT 
ATCAATGGAGTCACCGGATGGCGCCTTTGCGAGCGTATTCTTGCC 

SEQ ID NO:3 (C1A4E protein) 
MVFTLEDFVGDWRQTAGYNQDQVLEQGGLSSLFQKLGVSVTPIQKIVLSGENGLKFDIHVIIPYEGLSGFQMGLIEMI 
FKVVYPVDDHHFKIILHYGTLVIDGVTPNMIDYFGRPYEGIAVFDGKKITVTGTLWNGNKIIDERLINPDGSLLFRVT 
INGVTGWRLCEEULA 

SEQ ID NOrd (QC27 nucleotide) 
ATGGTGTTTACATTGGAGGATTTCGITGGAGACTGGCGGCACACAGCTGGATACAACCTAGATCAAGTGTTAGAACAA 
GGAGGATTGTCTAGTCTGTTCCAAAAGCTGGGAGTGTCAGTCACCCCAATCCAGAAAATTGTGCTGTCTGGGGAGAAT 
GGGTTAAAAATTGATATTCATGTCATCATCCCTTACGAGGGACTCAGTGGTTTTCAAATGGGTCTGATrGAAATGATC 
TTCAAAGTTGTTTACCCAGTGGATGATCATCATTTCAAGATTATTCACCATTATGGrACACTCGTTATTGACGGTGTG 
ACACCAAACATGATTGACTTCTTTGGACGCCCTTACGAGGGAATTGCTGTGTITGACGGCAAGAAGATCACAGTTACT 
GGAACTCTGTGGAACGGCAACAAGATCATTGATGAGCGCCTGATCAACCCAGATGGTTCACTCCTCTTCCGCGTTACT 
ATCAATGGAGTCACCGGATGGCGCCTTTGCGAGCGTATTCTTGCC 

SEQ ID NO:5 (QC27 protein) 
MVFTLEDfVGDWRQTAGYNLDQVLEQGGLSSLFQKLGVSVTPIQKIVLSGENGLKIDIHVIIPYEGLSGFQMGLIEMI 
FKVVYPVDDHHFKIIHHYGTLVIDGVTPNMIDFFGRPYEGIAVFDGKKITVTGTLWNGNKIIDERLINPDGSLLFRVT 
INGVT GWRLCERILA 

SEQ ID NO;6 (QC27 9a nucleotide) 
ATGGTGTTTACATTGGAGGATTTCGTTGGAGACTGGCGGCAGACAGCTGGATACAACCTAGATCAACTGTTAGAACAA 
GGAGGATTGTCTAGTCTGTTCCAAAAGCTGGGAGTGTCAGTCACCCCAATCCAGAAAATTGTGCTGTCTGGGGAGAAT 
GGGTTAAAAATTGATATTCATGTCATCATCCCTTACGAGGGACTCAGTGGTTATCAAATGGGTCAGATTGAAAAGATC 
TTCAAAGTTGTITACCCAGTCCATGATCATCATTTCAAGATTATTCGCCATTATGGTACACTCGTTATTGACGGTGTG 
ACACCAAACATGATTGACTTCTTTGGACGCCCTTACGAGGGAATTGCTGTGTTTGACGGCAAGAAGATCACAGTTACT 
GGAACTCTGTGGAACGGCAACAAGATCATTGATGAGCGCCTGATCAACCCAGATGGTTCACTCCTCTTCCGCGTTACT 
ATCAATGGAATCACCGGATGCCGCCTTTGCGACCGTATTCTTCCC 

SEQ ID NO:7 (QC27 9a protein) 
MVFTLEDFVGDWRQTAGYNLDQLLEQGGLSSLFQKLGVSVTPIQKIVLSGENGLKIDIHVIIPYEGLSGYQMGQIEKI 
FKVVYPVDDHHFKIIRHYGTLVIDGVTPNMIDFFGRPYEGIAVFDGKK ITVTGTkWNGNKI IDF.RLTN PDGSLLE'RVT 
INGITGWRLCERILA 

SEQ ID NO:8 (IVY nucleotide) 
ATGGTGTTTACATTGGAGGATTTCGTTGGAGACTGGCGGCAGACAGCTGGATACAACCAAGATCAAGTGTTAGAACAA 
GGAGGATTGTCTAGTCTGTTCCAAAAGCTGGGAGTGTCAGTCACCCCAATCCAGAAAATTGTGCTGTCTGGGGAGAAT 
GGGTTAAAAATTGATATTCATGTCATCATCCCTTACGAGGGACTCAGTGGTTTTCAAATGGGTCTGArTGAAATGATC 
TACAAAGTTGTTTACCCAGTGGATGATCATCATTTCAAGGTTATTCTCCATTATGGTACACTCGTTATTGACGGTGTG 
ACACCAAACATGATTGACTACTTTGGACGCCCTTACGAGGGAATTGCTGTGTTTGACGGCAAGAAGATCACAGTTACT 
GGAACTCTGTGGAACGGCAACAAGATCATTGATGAGCGCCTGATCAACCCAGATGGTTCACTCCTCTTCCGCGTTACT 
ATCAATGGAGTCACCGGATGGCGCCTTTGCGAGCGTATTCTTGCC 

SEQ ID MO:9 (IVY protein) 
MVFTLEDFVGDWRQTAGYNQDQVLEQGGLSSLFQKLGVSVTPIQKIVLSGENGLKIDIHVIIPYEGLSGFQMGLIEMI 
YKVVYPVDDHHFKVILHYGTLVIDGVTPNMIDYFGRPYEGIAVFDGKKITVTGTLWNGNKIIDERLINPDGSLLFRVT 
INGVTGWRLCERILA 

SEQ ID NO:10 (IVY+Cl.3 nucleotide) 
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ATGGTGTTTACATTGGAGGATTACGTTGGAGACTGGCGGCAGACAGCTGGATACAACCAAGATCAAGTGTTAGAACAA 
GCAGGATTGTCTAGTCTGTTCCAAAATCTGGGAGTGTCTGTCACCCCAATCCAGAAAATTGTGCTGTCTGGGGAGAAT 
GGGTTAAAAATTGATATTCATGTCATCATCCCTTACGAGGGACTCAGTGGTTTTCAAATGGGTCTGATTGAAATGATC 
TACAAAGTTGTTTACCCAGTGGATGATCATCATTTCAAGGTTATTCTCCATTATGGTACACTCGTTATTGACGGTGTG 
ACACCAAACATGATTGACTACTTTGGACGCCCTTACGACGGAATTGCTGTGTTTGACGGCAAGAAGATCACAGTTACT 
GGAACTCTGTGGAACGGCGACAAGATCATTGATGAGCGCCTGATCAACCCAGATGGTTCACTCCTCTTCCGCGTTRCT 
ACCAATGGAGTCACCGGATGGCGCCTTTGCGAGCGTATTCTTGCC 

SEQ ID NO; 11 (IVYH-C1. 3 protein) 
MVFTLEDYVGDWRQTAGYNQDQVLEQGGLSSLFQNLGVSVTPIQKIVLSGENGLKIDIHVIIPYEGLSGFQMGLIBMI 
YKVVYPVDDHHFKVILHYGTLVIDGVTPNMIDYFGRPYEGIAVFDGKKITVTGTLWNGDKIIDERLINPDGSLLFRVr 
TNGVTGWRLCERILA 

SEQ ID NO:12 {IVY C5.19 nucleotide) 
ATGCTCTTTACATTGGAGGATTTCGTTGGAGACTGGCGGCAGACAGCTGGATACAACCAAGATCAAGTGTTAGAACAA 
GGAGGAGTGTCTAGTCTGTTCCAAAAGCTGGGAGTGTCAATCACCCCAATCCAGAAAATTGTGCTGTCTGGGGAGAAT 
GGGTTAAAAATTGATATTCATGTCATCATCCC1TACGAGGGACTCAGTGGTTTTCAAATGGGTCTGATTC5AAATGATC 
TACAAAGTTGTTTACCCAGTGGATGATCATCATTTCAAGGTTATTCTCCATXATGGTACACTCGTTATTGACGGTGTG 
ACACCAAACATGATTGACTACTTTGGACGCCCTTACGAGGGAATTGCTGTGTTTGACGGCAAGAAGATCACAGTTACT 
GGAACTCTGTGGAACGGCAACAAGATCATTGATGAGCGCCTGATCAACCCAGATGGTTCAATCCTCTTCCGCGTTACT 
ATCAATGGAGTCACCGGATGGCGCCTTTGCGAGCGTATTCTTGCC 

SEQ ID MO:13 <IVY C5.19 protein) 
KVFTLEDFVGDWRQTAGYNQDQVLEQGGVSSLFQKLGVSITPIQKIVLSGENGIKIDIHVIIPYEGLSGFQMGLIEMI 
YKWYFVDDHHFKVILHYGTLVIDGVTFNMIDYFGRPYEGIAVFDGKKITVTGTLWNGNKIIDERHNPDGSIIFRVT 
INGVTGWRLCERILA 

SEQ ID NO:14 (IV nucleotide) 
ATGG'I'GTTTACATTGGAGGATTTCGTTGGAGACTGGCGGCAGACAGCTGGATACAACCAAGATCAAGTGTTAGAACAA 
GGAGGATTGTCTAGTCTGITCCAAAAGCTGGGAGTGTCAGTCACCCCAATCCAGAAAATTGTGCTGTCTGGGGAGAAT 
GGGTTAAAAATTGATATTCATGTCATCATCCCTTACGAGGGACTCAGTGGTTTTCAAATGGGTCTGATTGAAATGATC 
TTCAAAGTTGTTTACCCAGTGGATGATCATCATTTCAAGGTTATTCTCCATTATGGTACACTCGTTATTGACGGTGTG 
ACACCAAACATGATTGACTACTTTGGACGCCCTTACGAGGGAATTGCTGTGTTTGACGGCAAGAAGATCACAGTTACT 
GGAACTCTGTGGAACGGCAACAAGATCATTGATGAGCGCCTGATCAACCCAGATGGTTCACTCCTCTTCCGCGTTACT 
ATCAATGGAGTCACCGGATGGCGCCTTTGCGAGCGTATTCTTGCC 

SEQ ID NO:IS <IV protein) 
MVFTLEDFVGDWRQTAGYNQDQVLEQGGLSSLFQKLGVSVTPIQKIVLSGENGLKIDIHVIIPYEGLSGFQMGLIEMI 
RKVVYPVDDHHFKVTLHYGTLVIDGVTPNMIDYFGRPYEGTAVFDGKKITVTGTLWNGNKIIDERLINPDGSLLFRVT 
INGVTGWRLCERILA 

SEQ ID NO:16 (15C1 nucleotide) 
ATGGTGTTTACATTGAAGGATTTCGTTGGAGACTGGCGGCAGACAGCTGGATACAACCAAGATCAAGTGTTAGAACAA 
GGAGGATTGTCTAGTCTGTTCCAAAATCTGGGAGTGTCAGrCACCCCAATCCAGAAAArTGTGCTGTCTGGGGAGAAT 
CGGTTAAAAATTGATATTCATGTCATCATCCCTTACGAGGGACTCAGTGGTTATCAAArGGGTCAGATTGAAAAGATC 
TTCAAAGTTGTTTACCCAGTGGATGATCATCATTTCAAGGTTATTCTCCATTATGGTACACTCGTTATTGACGGTGTG 
ACACCAAACATGATTGACTACTTTGGACGCCCTTACGAGGGAATTGCTGTGTTTGACGGCAAGAAGATCACAGTTACT 
GGAACTCTGTGGAACGGCAACAAGATCATTGATGAGCGGCTGATCAACCCAGATGGTTCACTCCTCTTCCGCGTTACT 
ATCAATGGAGTCACCGGATGGCGCCTTTGCGAGCGTATTCTTGCC 

SEQ ID NO:17 (15C1 protein) 
MVFTLKDFVGDWPQTAGYNQDQVLEQGGLSSLFONLGVSVTFIQKIVLSGENGLKIDIBVIIPYEGLSGYQMGQIEKI 
FKVVYPVDDHHFKVILHYGTLV1DGVTPNM1DYFGRPYEGIAVFDGKKITVTGTLWMGNKIIDERI.INPDGSLI.FRVT 
INGVTGWRLCERILA 

SEQ ID NO:18 (9B8 nucleotide) 
ATGGTGTTTACATTGGAGGATrTCGrTGGAGACTGGCGGCAGACAGCTGGATACAACCTAGATCAAGTGTTAGAACAA 
GGAGGATTGTCTAGTCTGTrCCAAAAGCTGGGAGTGTCAGTCACCCCAATCCAGAAAATTGTGCTGTCTGGGGAGAAT 
GGGTTAAAAATTGATATTCATGTCATCATCCCTTACGAGGGACTCAGTCGTTATCAAATGGGTCAGATTGAAAAGATC 
TTCAAAGTTGTTTACCCAGTGGATGATCATCATTTCAACGTTATTCTGCATTATGGTACACTCGTTATTGACGGTGTG 
ACACCAAACATGATTGACTACTTTGGACGCCCTTACGAGGGAATTGCTGTGTTTGACGGCAAGAAGATCACAGTTACT 
GGAACTCTGTGGAACGGCAACAAGATCATTGATGAGCGCCTGATCAACCCAGATGGTTCACTCCTCTTCCGCGTTACT 
ATCAATGGAGTCACCGGATGGCGCCITTGCGAGCGTATTCTTCCC 
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SEQ ID NO:19 (9B8 protein> 
MVFTLEDFVGDWRQTAGYNLDQVLEQGGLSSLFQKLGVSVTPIQKIVLSGEINIGLKIDIHVIIPYEGLSGYQMGQIEKI 
FKVVYPVDDHHFKVILHYGTLVIDGVTPNMIDYFGRPYEGI AVfDGKKITVTGTIjWNGNKI JDERLINPDGSL1FRVT 
INGVTGWRLCERILA 

SEQ ID NO:20 (9F6 nucleotide) 
ATGGTGTTTACATTGGAGGATTTCGTTGGAGACTGGCGGCAGACAGCTGGATACAACCTAGATCAAGTGTTAGAACAA 
GGAGGAGTGTCTAGTCTGTTCCAAAAGCTGGGAGTGTCAATCACCCCAATCCAGAAAATTGTGCTGTCTGGGGAGAAT 
GGGTTAAAAATTGATATTCATGTCATCATCCCTTACGACGGACTCAGTGGTTATCAAATGGGTCAGATTGAAAAGATC 
TTCAAAGTTGTTTACCCAGTGGATGATCATCATTTCAAGGTTATTCTCCATTATGGTACACTCGTTATTGACGGTGTG 
ACACCAAACATGATTGACTACTTTGGACGCCCTTACGAGGGAATTGCTGTGTTTGACGGCAAGAAGATCACAGTTACT 
GGAACTCTGTGGAACGGCAACAAGATCATTGATGAGCGCCTGATCAACCCAGATGGTTCACTCCTCTTCCGCGTTACT 
ATCAATGGAGTCACCGGATGGCGCCTTTGCGAGCGTATTCTTGCC 

SEQ ID NO:21 (9F6 protein) 
MVFTLEDFVGDWRQTAGYNLDQVLEQGGVSSLFQKLGVSITPIQKIVLSGENGLKIDIHVIIPYEGLSGYQMGQIEKI 
~KVVYPVDDHHFKVILHYGTLVIDGVTPNMIDYFGRPYEGIAVFDGKKITVTGTLWNGNKIIDEIRLINPDGSLLCRVT 
INGVTGWRLCERILA 

SEQ ID NO:22 (TV opt nucleotide) 
atggtgtttacactcgaagatttcgtaggggactggcggcagacagccggctacaaccaagaccaagtccttgagcag 
ggcggtctgtccagtttgtttcagaaactcggggtgtccgtaacaccgatecaaaagatcgtcctgagcggtgaaaac 
ggeetgaagatcgacatccatgtcatcatcccgtatgaaggtctgagcggcttccagatgggcctcattgagatgate 
t ttaaggtggtgtaccctgtggatgatcatcactttaaggtgattctgcactatggcacactgqtaategacggqgtt 
acgccgaacatgatcgactatttcggacggccgtatgaaggcatcgccgtgttcgacggcaaaaagatcactgtaa.cc 
gggaccctgtggaacggcaacaaaattategacgagcgcctgatcaaceccgaeggctccctgctgttccgcgtaacc 
atcaacggagtgaccggctggcggctgtgcgagcgcattttggcg 

SEQ ID N0:23 (IV optB nucleotide) 
atggtattcacactggaggattttgteggtgactggcggcaaaccgctgggtacaaccaggaccaggttctcgaacaa 
gggggcctcagctccctgtc tcaaaaactgggtgt tagcgt;.acacct.altcaaaaaatcgtgctctccggggaaaac 
gggctcaaaatcga tattcatgtgacEaccccttacgaagggctctccgggtttcagatggggctgatcgaaatgacc 
tttaaggtcgtctatcccgtagatgatcaccacttoaaggtgatcctccactacgggaccctcgtaattgatggcgtg 
acccccaacatgatcgactattttgggcgcccttacgaggggatf-gcLgtcttcgatggcaaaaaaattacagtgaca 
ggcacactctggaacgggaataagatcattgatgagcgcCtgattaatCCCgatgggagcctgctctttcgggtgaca 
attaacggcgtaacaggctggcgcctctgtgaacggattctggcg 

SEQ ID NO:24 (9B8 opt nucleotide) 
atggcgtttacactcgaagatttcgtaggggactggcggcagacagccggctacaacctggaccaagtccttgagcag 
ggcggtctgtccagtttgtttcagaaactcggggtgtccgtaacaccgatccaaaagattgtcctgagcggtgaaaac 
ggcctgaagatcgacatccatgtcatcatcccgtatgaaggcctgagcggctatcagatgggccagatcgaaaaaatt 
tttaaggtggtgtaccctgtggatgatcatcactttaaggtgatcctgcactatggcacactggtaatcoacgggott 
acgccgaacatgatcgactatttcggacggccgtatgaaggcatcgccgtgttcgacggcaaaaagatca ctgtaacc 
gggaccctgtggaacggcaacaaaattatcgacgagcgcctgatcaaccccgacggctccctgctgttccgcgcaaco 
atcaecggagtgaccggctggcggctgtgcgagcgcattttggcg 

SEQ ID NO:25 (9B8 optB nucleotide) 
a tggtattcacactggaggattttgtcggtgattggcggcaaaccgctgggtacaacctcgaccaggLLctcgaacaa 
gggggcctcagctccctgtttcaaaaactgggtgttagcgttacacctattcaaaaaatCgtgctdtccggggaaaac 
gggcccaaaatcgatattcatgtgattatcccttacgaagggctctccgggtatcagatggggcagatcgaaaaaatc 
t, itaaggtcgtctatcccgtagatgatcaccacttcaagqtgatcctccactaegggaccctegtaattgatggcqtg 
acccccaacatgatcgactattttgggcgcccttacgaggggattgctgtcttegatygcasiaeaaattacagtgaca 
ggcacactctggaacgggaataagatcattgatgagcgcctgattaateccgatgggagcctgctctttcgggtgaca 
a Itaacggcgtaacaggctggcqcctctgtgaacggattctggcg 

SEQ ID NO r 26 (8A3 nucleotide) 
Atggtgattacattggaggatttcgt Cggagactggcggcagacagctggar acaaccaagatcaagtgt tagaacaa 
ggaggagtgtctagtctgttccaaaagctgggagtgtcaatcaccccaatccagaaaactgtgccgcctggggagaat 
gggttaaaaattgatattcatgtcatcatcccttacgagggactcagtggttttcaaatgggtctyattgaaatgatc 
ttcaaagttgtttacccagtggatgatcatcatttcaaggttattctccattatggtacactcgttattgacggtgtg 
acaccaaacatgattgactactttggacgcccttacgagggaattgctgtgt ttgacggcaagaagatcacagttact 
ggaactctgtggaacggcaacaagatcattga Lgagcgcctgatcaacccagatggttcactcctcttccgcgttact 
atcaatggagtcaccggatggcgcctttgcgagcgtattcttgcc 
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SEQ ID NO:27 (BAB protein) 
MVlTLEDFVGDWRQTAGYNQDQVLEQGGV5SIiFQKLGVSITPIQKlVL.SGENGLKIDIHVI IPYEGL5GFQMG.LI EMI 
FKVVYPVDDHHFKVJLHYGTLVIDGVTPNMIDYFGRPYEGIAVFDGKKITVTGTLWNGNKIIDERL1NPDGSL1FRVT 
INGVTGWRLCERILA 

SEQ ID NO:28 (Luc2 nucleotide) 
atggaagatgccaaaaaoattaagaagggcccagcgccattctacccactcgaagacgggaccgccggcgagcagctg 
cacaaagccatgaagcgctacgccctggtgcccggcaccatcgcctttaccgacgcacatategaggtiTgacattacc 
tacgccgaytacttcgagatgagcgttcggctggcagaagctatgaagcgctatgggctgaatacaaaccatcggatc 
gtggtgtgcagcgagaatagcCtgcagttcttcatgcccgtgttgggtgccctgttcatcggtgtggctgtggcccca 
gctaacgacatctacaacqagcgcgagctgctgaacagcatgggcatcagccagcccaccgtcgtattcgtgagcaag 
aaagggctgcaaaagatcclcaacgigcaaaagaagccaccgatcat acaa aagacoatcaccatggatagcaagacc 
gactaGcagggcttccaaagcatgtacacctccgtgacttcccattCgccacccggcttcaacgagtacqacttcgtg 
cccgagagcttcgaccgggacaaaaccatcgccctgaccatgaaeagcag'ggcagtaccggattgcccaagggcgta 
gccctaccgcaccgcaccgettgtgtccgattcagtcatgcccgcgaccccatcttcggcaaccagatcatccccgac 
accgctatcctcagcgtggtgccat!; tcaccacggcttcggcatgttcaccacgctgggctacttgatctgcggcttt 
cgggtegtgctcatgtaccgcttcgaggaggagctattcttgcgcagcttgcaagactataagattcaatctgccctg 
ctggtgcccacactatttagcttcttcgctaagagcactctcatcgacaagtacgacctaagcaacttgcacgagatc 
gccagcggcggggcgccgctcagcaaggaggtaggtgaggccgtggccaaacgcttccacctaccaggcatccgccag 
ggctacggr.ctgacagaaacaacc;agcgccattctgatcacccccgaaggggacgacaagccLggcgcagCaggcaag 
gtggtgcccttcttcgaggctaaggtggtggacttggacaccggtaagacactgggtgtgaaccagcgcggcgagctg 
tgcgLccgtggccccatgatcatgagcgqctacgttaacaatcccgaggctacaaacgctctcatcgacaaggacggc 
tggcCgcacagcggcgacatcgcctactgggacgaggacgagcacttctteatcgtggaccggctgaagagcctgate 
aaatacaagggetaecaggTagccccagccgaactggagagcatcctgctgcaacaccccaacatct tcgacgccggg 
gtcgccggcctgcccgacgacgatgccggcgagctgcccgccgcagtcgtcgtgctggaacacggtaaaaccatgacc 
gagaaggagatcgtggactatgtggccagccaggttacaaccgccaaqaagctgcgcggtggtgttgtgttcgtggac 
goggtgcctaaaggactgaccggcaagttggacgcccgcaagatccgcgagattctcattaaggccaagaayggcggc 
aagatcgccgtt 

SEQ ID WO:29 (Luc2 protein) 
medaknikkgpapfypledgtageqlhkainkryalvpgtiaftdahievdityaeyfernsvrlaeamkryglntnhri 
vvcsenslqf frapvlgalfigvavapanidiynerellrLsnigisqptvvfvskkglqkilnvqkklpiiqkiiindskt 
dyqgfqsmytfvtshlppgfneydfvpesfdrdktialiinnssgstglpkgvalphrlacvrlshardpifgnqiipd 
tailsvvpfhhgfgmfttlgylicgfrvvlmyrfeeelflrslqdykiqsallvptlfsffakstlidkydlsnlhei 
asggaplskevgeavakrfhlpgirqgygltettsailitpegddkpgavgkvvpffeakvvdldtgktlgvnqrgel 
cvrgpmimsgyvnnpeatnalidkdgwlhsgdiaywdedehffivdrlkslikykgyqvapaelesillqhpnifdag 
vaglpdddagelpaavvvlehgktmtekGivdyvasqvtcakklrggvvfvdcvpkgltgkldarkireilikakkgg 
kiav 

SEQ ID NO r 30 (HRL {Humanized Renilla) nucleotide) 
Atggcttccaaggtgtacgaccccgagcaacgcaaacgcatgatcactgggcctcagtggngggctcgctgcaagcaa 
atgaaegtgetggactccttcatcaactactatgattccgagaagcacgccgagaacgccgtgatttttctgcatggt 
aacgctgcctccagctacctgtggaggcacgtcgtgcctcacatcgaqcccgtggctagaiigcatcatccctgatctg 
atcggaatgggtaagtccggcaagagcgggaatggctcataccgcctcctggatcactacaagtacctcaccgcttgg 
ttcgagctgctgaaccttccaaagaaaatcatctttgtgggccacgactggggggcttgtctggcctttcactacr.cc 
tacgagcaccaagacaagatcaaggccatcgtccatgctgagagtgtcgtggacgtgatcgagtcctgggacgagtgg 
cctgacatcgaggaggatatcgccctgatcaagagcgaagagggcgagaaaatggtgcttgagaataacttcttcgtc 
gagaccatgotcccaagcaagatcatgcggaaactggagcctgaggagttcgctgcotacctggagccattcaaggag 
aaggqcgaggttagacggcctaccctctcctggcctcgcgagatecctctegttaagggaggcaagcccgacgtcgtc 
cagattgtccgcaactacaacgcctaccttcgggccagcgacgal.ctgccteagatg ILcatcgagtccgaccctggg 
ttcttttccaacgctattgtcgagggagctaagaagttcccLaacaccgagttcgtgaaggtgaagggcctccacttc 
agccaggaggacgctccagatgasatgggtaagtacatcaagagcttcgtggagcgcgtgotgaagaacgagcag 

SEQ ID NO:31 (HRL {Humanized Renilla) protein) 
MASKVYPPEQRKRMITGPQWWARCKQMNVLDSFINYYDSEKHAENAVIFLHGNAASSYLWRHWPHIEPVARCIIPDL 
IGMGKSGKSGNGSYRLLDHYKYLTAWFELLNLPKKIIFVGHDWGACLAFHYSYEHQDKIKAIVKAESVVDVIESWDEW 
PDIEEDIALIKSEEGEKMVLENNFFVErMLPSKIMRKLEPEEFAAYLEETKEKGEVRRPTLSWPREIPLVKGGKPDVV 
QIVRNYNAYLRASDDLPKMFIESDFGFFSNAIVEGAKKFPNTEFVKVKGLHFSQEDAPDEMGKYIKSFVERVLKNEQ 

SEQ ID NO:32 (Id-HRL-HT7 sandwich fusion nucleotide) 
atgcttggtctgtcggagcaaagcgtgtccatctcgcgctgcgctgggacgcgcctgcccgccttgctggacgsgcag 
caggtgaacgtcctgctctacgacatgaacggctgctactcacgcctcaaggagctggtgcccaccctgccccagaac 
cgcaaagtgagcaaggtggagatcctgcagcatgtaatcgactacatcagggacctgcagctggagctgaactcggag 
tctgaagtcgggaccaccgqaggccggggactgcctgtccgcgccccgctcagcaccctgaacggcgagateagtgcc 
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ttggcggccgaggcggcatacgttccagccgacgatcgcacctcgtgtcgcgtttctcttgagaatctittattCtcag 
gcgtctggaggtggtggcggagcgatcgccatggcttccaaggcgtacgaccccgagcaacgcaaacgcatgatcact 
qggcctcagtggtgggctcgctgcasgcaaotgaacgtgccggactccttcatcaactactatgattccgagaagcac 
gccgagaacgccgtgatttttctgcatggtaacgctgcctccagctacctgtggaggcacgtcgtgcctcacatcgag 
cccgtggetagatgcatcatccctgatctgalcggeatgggtaagtccggcaagagcgggaatggctcatatcgcctc 
ccggatcactacaagtaoctcaccgcttggttcgagctgccgaacctcccaaagaaaatcatcttcgtgggccacgac 
tggggggcttgtccggccfcttcactactcctacgagcaccaagacaagatcaaggccatcgtccatgctgagagtgtc 
gcggacgcgatcgagtcctgggacgagtggcctgacatcgaggaggatatcgccctgatcaagagcgaagagggcgag 
aaaatggtgcttgagaataacttotccgtcgagaccatgctcceaagcaagatcatgcggaaactggagcctgaggag 
ttcgctgcctaccvggagccattcaaggagaagggcgaggttagacggcctaccctctcctggcctcgcgagatccct 
cccgttaagggaggcaagcccgacgccgtccagattgtccgcaactacaacgcctaccttcgggccagcgacgatctg 
cctaagatgttcatcgagtccgaccctgggttcttfcccaacgctatcgtcgagggagctaagaagttccotaacacc 
gagttcgtgaaggtgaagggcctccacttcagccaggaggacgctceagatgaaatgggtaagtacatcaagagcttc 
gtggagcgcgtgctgaagaacgagcaggtttctctcgagccaaccaccgaggatctgtactttcagagcgataacgat 
ggatccgaaatcggtactggctttccattegacecccattatgtggaagtcctgggcgagcgcatgcactacgtcgat 
gttggtccgcgcgatggoacccctgtgctgttcctgcacggtaacccgacctcctcctacgtgtggcgcaacatcatc 
ccgcatgctgcaccgacccatcgctgcattgctccagacctgatcggtatgggcaaatccgaeaaaceagacctgggt 
tatttettcgacgaeeacgtccgcttcatggatgccttcatcgaagccctgggtctggaagaggtcgtcgtggtcatt 
cacgactggggctccgctccgggtttceaetgggeeaagcgeaatccagagcgcgtcaaaggtattgcatttatggag 
ttcatccgccctatcccgacctgggacgaatggccagaatttgcccgcgagaccttccaqgcc ttccgcaccaccgac 
gtcggccgcaagctgatcacogatcagaacgtttttatcgagggtacgctgccgatgggtgtcgtccgcccycigact 
gaagtcgagatggaccattaccgogagccgttcctgaatcctgttgaccgcgagccactgtggcgcttcccaaacgag 
ctgceaatcgccggtgageeagcgaacatcgtcgcgctggtcgaagaatacatggactggctgcaccagtcccctgtc 
ccgaagctgctgttctggggcaccccaggcgttctgatcccaccggccgaagccgctcgcotggccaaaagcctgcct 
aactgcaaggctgtggacatcggcccgggtctgaatctgctgcaagaagacaacccggacctgatcggcagcgagatc 
gcgcgotggctgtctactctggagatttccggc 

SEQ ID NO;33 (Id-HRL-HT7 sandwich fusion protein) 
MLGLSEQSVSISRCAGTRLPALLLJBQQVNVJ.LYDMNGCYSRLKELVPTLPQNRKVSKVEILQHVIDYIRDLQLELNSE 
SEVGTTGGRGLPVRAPLSTLNGEISALAAEAACVPADDRILCRVSLENLYFQASGGGGGAIAMASKVYDPEQRKRMIT 
GPQWWARCKOMNVLDSFINYYDSEKHAENAVIFLHGNAASSYLWRHWPHIEPVARCIIPDLIGMGKSGKSGNGSYRL 
LDHYKYLTAWFELLNLPKKIIFVGHDWGACLAFHYSYEHQDKIKAWHAESWDVIESWDEWPDIEEDIALIKSEEGE 
KMVLENWFFVETMLPSKIMRKLEPEEFAAYLEPFKEKGEVRRPTLaWPREIPLVKGGKPDVVQIVRNYNAYLKASDDL 
PKMFIESDPGFFSNAIVEGAKKFPNTEFVKVKGLHFSQEDAPDEMGKYIKSFVERVLKNEQVSLEPTrEDLYFQSDND 
GSEIGTGFPFDPHYVEV1GERMHYVDVGPRDGTPVLFLHGNPTSSYVWRNIIPHVAPTHRCIAPDLIGMGKSDKPDLG 
YFFDDHVRFMDAFIEALGLEEWLVIHDWGSALG FHWAKRNPERVKGIAFMEFIRPIPTWDEWP2FAU ETFQAFR'iTD 
VGRKLIIDQNVFIEGTLPMGVVRPLTEVEHDHYREPFLNPVDREPLWRFPKELPIAGEPAKIVALVEEYHDWLBQSPV 
PKLLFWGTPGVLIPPAEAARLAKSLPNCKAVDIGPGLNLLQEDNPDL1GSEIARWLSTLEISG 

SEQ ID NO:34 (8A3-HT7 fusion nucleotide) 
atggtgattacattggaggat ttcgttggagactggcggcagacagctggatacaaccaagatcaagtgttagaacaa 
ggaggagtgtctagtctgttccaaaagctgggagtgtcaatcaccccaatccagaaaattgtgctgtctggggagaat 
gggttaaaaattgatattcatgtcatcatcccttacgagggactcagtggttttcaaatgggtctgattgaaatgatc 
ttcaaagttgtttacccagtggatgatcatcat ttcaaggttattctccattatggtacactcgttattgacggtgtg 
acaccaaacatgattgactactttggacgccci: tacgagggaattgctgtgtttgacggcaagaagatcacagttacC 
gga accctgtggaaeggeaacaagateattgatgagegcctgatcaacceagatggttcaetectettcegcgctact 
atcaatggagtcaccggatggcgcctttgcgagcgtattcttgccggatatctcgagccaaccactgaggatctgtdc 
ct'cagagcgataacgatggatccgaaatcggL actggctttccat tcgacccccattatgtggaagtcc-gggegag 
cgcatgcactacgtcgatgttggtccgcgcgat ggcacccctgtgctgttcctgcacggtaacccgacctcctcctac 
gtgtggcgcaacatcatcccgcatgttgcaccgacccatcgctgcattgctccagacctgatcggtatgggcaaatcc 
gacaaaccagacctgggttatttcttcgacgaccacgtccgcttcatggatgcCttcatcgaagccctgggtctggaa 
gaggtcgtcctggtcattcacgactggggctccgctctgggtttccactgggccaagcgcaatccagagcgcgtcaaa 
ggtattgcatttatggagtccatecgccetatcccgaeetgggacgaatggccagaat ttgcccgcgagaecttccag 
gccttccgcaccaccgacgtcggccgcaagctgatcatcgatcagaacgtttttatcgagggtacgctgccgatgggt 
gtcgtccgcccgctgacjtgaagtcgagatggaccattaccgcgagccgttcctgaatcctgttgsccgcgagccactg 
tggcgcttCCCaaacgagctgccaatcgccggtgagccagcgaacategtcgcgctggtcgaagaatacatggactgg 
ctgcaccagtcccctgtcccgaagctgctgttctggggcaccccaggcgttctgatcccaccggccgaagccgctcgc 
ctggccaaaagcctgcetaaetcjcaaggctgtggacatcggccegggtetgaatetgctgcaaqaagacaaceeggae 
ctgatcggcagcgagatcgcgggctggctgtctactctggagattcccggt 

SEQ ID NO:35 (BA3-HT7 fusion protein) 
MVITLEOFVGDWRQTAGYNQDQVLEQGGVSSLFQKLGVSITPIQKIVLSGENGLKIDIHVIIPYEGLSGFQMGLIEWI 
FKVVYPVDDHHFKVILHYGTLVIDGVTPNMIDYFGRPYEGIAVFDGKKITVTGTLWNGNKIIDERLINPDGSLLFRVT 
INGVTGWRLCERILAGYLEPrTEDbYFQSDNDGSEIGTGFPFDPHYVEVLGERMHYVDVGl'RDGTPVLFLHGNPTSSY 
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VWRNIIPHVAPT^ftCIAPDLIGMGKSDKPDLGYE'FDDUVRFMDAFIEALGLEEWLVIHDWGSALGFHWAKRNPEP.VK 
GIAFMeFIRPIPTWDE>jPEFARErFQAFRrTDVGRKLIIDQNVFIEGTLPMGVVBPLTEVEHDHYREPFLNPVDREiPL 
WRFPNELPIAGEPANIVAIVEEYMDWLHQSPVPKLLFWGT PGVLIPPAEAARliAKSLPNCKAVDIGPGLNLLQEDNPD 
1IGSEIARWLSTIEI$6 

SEQ ID NO:36 (&BS-HT7 fusion nucleotide) 
atggtgtttacattggaggatttcgttggagactggcggcagacagctggatacaacctagatcaagtgttagaacas 
ggaggattgtctagtctgttccaaaagctgggagtgtcagtcaccccaatccagaaaaCtgcgctgtccggggagaat 
gggttaaaaattgatattcatgtcatcatcccttacgagggacLcagtggLtatcaaatgggtcagattgaaaagatc 
ttcaaagttgtttacccagtggatgatcatcatttcaaggttattctccattatggtacactcgttattgacggtgtg 
acaccaaacatgattgijctactttggacgcccttacgagggaattgctgtgtttgacggcaagasgatcacag-tact 
ggaaetctgtggaaeggeaacaagatcattgatyagcgcctgatcaacccagatggttcactcctettccgcgttact 
atcaatggagtcaccggatggcgccttcgcgagcgtattcttgccggatatctcgagccaaccactgaggatctgtac 
tttcagagcgataacgstggatccgaaatcggtactggetr.rccattcgacccccattatgtggaagtcctgggcgag 
cgcatgcactacgtcgcatgttggtccgcgcgatggcacccctgtgctgttcctgcacggtaaoccgacctcctcctac 
gtgtggcgcaacatcatcccgcatgttgcaccgacccatcgctgcattgctccagacctgaccggtatgggcaaatcc 
gacaaaccagaGctggcjttatttcttcgacgaccacgtccgcttcatggatgccttcatcgaagccctgggtccggaa 
gaggtcgtcctggtcattcacgactggggctccgctctgggtttccsctgggccaagcgcaatccagagcgcgtcaaa 
ggtattgcatttatggsgttcatccgccctatcccgacctgggacgaatggccagaatttgcccgcgagaccttccag 
gccttccgcaccaccgacgtcggccgcaagccgatcat:cgatcagaacgtttttatcgagggcacgc!:gccgatgggt 
gtcgtccgcccgctgactgaagtcgagatggaccattaccgcgagccgttcctgaatcctgttgaccgcgagccactg 
tggcgcttcccaaacgcigctgccaatcgocggtgagccagcgaacaccgtcgcgctggtcgaagaatacatggactgg 
ctgcaccagtcccctgtcccgaagctgctgttctggggcaacccaggcgttctgatcccaccggccgaagccgctcgc 
ctggccaaaagcctgccrtaactgcaaggctgtggacatcggcccgggtctgaatctgctgcaagaagacaacccggac 
ctgatcggcagcgagatcgcgcgctggctgtctaclclggagatttccggt 

SEQ ID NO:37 (9BS3-HT7 fusion protein) 
MVFTLEDFVGDWRQTASYNLDQVLEQGGLSSLFQKLGVSVTPIQKIVLSGENGLKIDIHVIIFYSGLSGYQNGQISKI 
FKVVYPVDDHHJWiXl-lYGTLVIDGVTPNMIDYFGRPYEGIAVFDGKKITVTGTLWNGNKIIDERLINPDGSLLFRVT 
INGVTGWRLCERILAGVLEPrTEDLYFQSDNDGSEIGTGFPFDfHYVHIVLiGliHMHYVDVCPRDGT PVLFLHGNPTSSY 
VWRNIIPHVAPTHRCIAPDLIGMGKSDKPDLGYFFDDHVRFMDAFIEALGLEEVVLVIHDWC-SAIGFHWAKRNPERVK 
GIAFMEFIRFIPTWDEW PE FARET FQAFRTTDVGRKLIIDQNVFIEGTLPMGWRPLrEVEMDHYREPFLN PVDREPL 
WRFPNELPIAGEPANIVALVEEYMDWLHQSPVPKLLFWGTPGVLIPPAEAARLAKSLPNCKAVDIGPGLNLLQEDNPD 
LIGSEIARWLSTLEISQ 

SEQ ID NO: 30 (9F<5^HT7 fusion nucleotide) 
atggtgtttacactggaggacttcgttggagactggcggcagacagctggatacaacctagatcaagtgttagaacaa 
ggaggagtgtctagtctgttccaaaagctgggagtgtcaatcaccccaatccagaaaattgtgctgtctgggqagaa" 
gggttaaaaattgatatrtcatgtcatcatcccttacgagggactcagtggttatcaaatgggtcagattgaaaagatc 
ttcaaagttgtttacccagtggatgatcatcatttcaaggttattctccattatggtacactcgttattgacggtgtg 
acaccaaacatgattg«jctactttggacgc:c<jt: lacgagggaatt get gtgtttgacggcaagaagatcacagt tact 
ggaactctgtggaacggcaacaagatcattgatgagcgcctgatcaacccagatggttcactcctcttccgcgttact 
atcaatggagtcaccggatggcgcctttgcgagcgtattcttgccggatatotcgagccaaccactgaggatctgtac 
tttcagagcgataacgatggatccgaaatcqqtactggctttccattcgacccccattatgtggaagtcctgggcgag 
cgcatgcactacgtcgeitgttggtccgcgcgatggcacccctgtgelgttcctgcacggtaacccgacctcctcctac 
gtgtggcgcaacatcaircccgcatgttgcaccgacccatcgctgcattgctccagacctgatcggtatgggcaaatcc 
gacaaaccagacctggcjttatttcttcgacgaccacqtccgcttnatggatgccttcatcgaagccctgggtctggaa 
gaggtcgtcctggtcatitcacgactggggctccgctctgggtttccactgggccaagcgcaatccagagcgcgtcaaa 
ggtattgcatttat.ggagttcatcogccctatcccgacctgggacgaatggccagaatttgcccgcgagaccttccag 
gccttccgcaccaccgacgtcggccgcaagctgatcatcgatcagaacgtttttatcgagggtacgctgccgatgggt 
gtcytccgcccgctgaetgaagtcgagatggaccattaccgcgagccgttcctgaatcctgttgaccqegagccactg 
tggcgcttcccaaacgagctgccaatcgccggtgagccagcgaacatcgtcgcgctggtcgaagaatacatggactgg 
ctgcaccagtcccctgt;cccgaagctgctgttctggggcaccccaggcgf.tctgatcccaccggccgaagccgctcgc 
ctggccaaaagcctgcetaactgcaaggclgtggacatcggcccgggtctgaatctgctgoaagaagacaacccggac 
ctgatcggcagcgagatcgcgcgctggctgtctactctggagatttccggt 

SEQ ID NO:39 (9F6-HT7 fusion protein) 
MVFTLEDFVGDWRQTAQYNLDQVLEQGGVSSLFQKLGVSITPIQKIVLSGENGLKIDIHVIIPYEGLSGYQMGQIEKI 
FKVVYPVDDHHFKVIL^YGTLVIDGVTPNMIDYFGRPYEGIAVFDGKKITVTGTLWNGNKIIDERLINPDGSLLFRVT 
INGVTGWRLCERILAGVLEPTTEDLYFQSDNDGSEIGTGFPFDPHYVEVLGERMHYVDVGPRDGTPVLFLHGNPTSSY 
VWRNIIPHVAPTHRCIAPDLIGMGKSDKPDLGYFFDDHVRFMDAFIEALGLEEVVLVIHDWGSALGFfiWAKRNPERVK 
GIAFMEFlRPIPTWDETMPEFARETFQAFRTrDVGRKLIIDQNVFIEGTLPMGWRPLTEVEMDHYREPFLNPVDRBPL 
WRFPNELPIAGEPANIVALVEEYMDWLHQSPVPKLLFWGTPGVLIPPAEAARLAKSLPNCKAVDIGPGLISILLQEDNPD 
LIGSEIASWLSTLbJISQ 
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SEQ ID NO: 40 (Id-SBG opt-HT7 sandwich fusion nucleotide) 
atqcttggtctgtcggagcaaagcgtgtccatctcgcgctgcgctgggacg'cgcctgcccgccttgctggacgagcag 
ceggtgaacgtcctgctctacgacatgaacggctgctactcacgcctcaaggegctggtgcccacectgccccagaac 
cgcaaagtgagcaaggtggagatcctgcagcatgtaatcgactacatcagggacctgcagctggagctgaactcggag 
tctgaagtcgggaccaccggaggccggggaetgeetgtccgcgccccggtcagcaccctgaacggcgagatcagtgcc 
tlggcggccgaggcggcatgtgttccagccgacgatcgcatcttgtgtcgcgtttctcttgagaatctttattttcag 
gcgtotggaggtggtggcggagcgatcgccatggcgtttacactcgaagacttcgtaggggactgacggcagacagcc 
ggctacaacctggaccaagtccttgagcagggcggtctgtccagt ttgt ttcagaaactcggggtgtccgtaacaccg 
atccaaaagattgtcctgagcggtgaaaacggeetgaagatcgacatccatgtcatcatcccgtatgaaggtctgage 
ggctatcagatgggccagatcgaaaaaatttttaaggtgglgtaccctgtggatgatcaEcaccttaaggtgattctg 
cactatggcacaceggtaatcgacggggttacgccgaacatgatcgactaUttcggacggccgtatgaaggcatcgcc 
gtgttcgacggcaaaaagatcactgtaaccgggaccctgtggaacggcaacaaaattatcgacgagcgcctgatcaac 
cccgacggctccctgctgttccgcgtaaccatcaacggagtgaccggctggcggctgtgcgagcgtattcttgccgga 
tatctcgagccaaccaotgaggatctgtactttcagagcgacaacgatggatccgaaatcggtactggcLttccaLtc 
gaccccoattacgtggaagtcctgggcgagcgcatgcactacgtcgatgttggtccgcgcgatggcacccctgtgctg 
ttcctgcacggcaacccgacctcctcccacgtgtggcgcaacatcatcccgcatgttgcaccgacccatcgctgcatt 
gctccagacctgatcggtatgggcaaatccgacaaaccagacctgggttatttcttcgacgaccacgtccgcttcatg 
gatgccttcatcgaagccctgggtctggaagaggtcgtcctggtcattcacgactgaggctccgctctgggtttccac 
tgggccaagcrgcaatccagagcgcgtcaaaggtattgcatttatggagttcatecgccetatcccgaeetgggaegaa 
tggccagaatttgoccgcgagaccttccaggccttccgcaccaccgacgtcggccgcaagct.gatcatcgatcagaac 
gtttttatcgagggtacgctgcogatgggcgtcgtcrgcccgctgactgaagtcgagatggaccattaccgcgagccg 
ttcctgaatcctgttgaccgcgagccactgtggcgcttcccaaacgagctgccaatcgccggtgagccagcgriacatc 
gtcgcgctggtcgaegaaLacatggactggctgcaccagteecctgtcccgaagctgctgttctggggcaccccaggc 
gttctgatcccaccggccgaagccgcrcgcctggccaaaagcclgcclaactgcaaggctgtggacatcggcccgggt 
Ctgaatctgctgcaagaagacaaoccggacctgatcggcagcgagatcgcgcgccggctgtctactctggagatttcc 
ggtt 

SEQ ID NO:41 (Id-9BS opt-HT7 sandwich fusion protein) 
MLGLSSQSVSlSRCAGTRLPALLDEQQVNVLLYDMNGCYSRLKELVPTLPQNRKVSKVEILQfJVIDYIRDLQLELNSE 
SEVGTTGGRGLPVRAPLSTLNGEISAIAAEAACVPADDRILCRVSLENLYFQASGGGGGAIAMVFTLEDFVGDWRQTA 
GYNLDQVIEQGGLSSLFQKLGVSVTPIQKIVLSGENGLKIDIHVITPYEGISGYQMGQIEKIFKVVYPVDDHHFKVIL 
HYGTLVI DGVTPNMIDYFGRPYEGIAVFDGKKITVTGTLWNGNKII OERLiNPDGSLLFKVTiNGVTGWKLCILRILAG 
YLEPTTEDLYFQSDNDGSEIGTGFPFDPHYVEVLGERMHYVDVGPRDGTPVLFLHGNPTSSYVWRNIIPHVAPTHRCI 
APDLIGMGKSDKPDLGYFFDDHVRFMDAFIEALGLESVVLVrHDWGSALGFHWAKRNPERVKGIAFMEFIRPIPTWDE 
WPEFARETFQAFRTTDVGRKLIIDQNVFIEGTLPMGVVRPLTEVEMDHYREPFLNPVDRE PLWRFPNELPIAGEPP.NI 
VALVEEYMDWLHQSPVPKLLFWGTPGVLIPPAEAARLAKSLPNCKAVDIGPGLNLLQEDNPDLIGSEIARWLSTLEIS 
G 

SEQ ID HO:42 [9B8 opt+K33N nucleotide) 
Atggtgtttacactcgaagatttcgtaggggactggcggcagacagccggctacaacctggaccaagtccctgagcag 
ggcggtctgtccagt ttgtttcagaatctcggggtgtccgtaacaccgatccaaaagattgtcctgagcggtgaaaac 
ggcctgaagatcgacatccatgtcatcatcccgtatgaaggtctgagcggctatcagatgggccagatcgaaaaaatt 
tttaaggtggtgtaccctgtggatgatcatcactttaaggtgattctgcactatggcacactggtaatcgacggggtt 
acgccgaacatgatcgactac ttcggacggccgtatgaaggcatcgccgtgttcgacggcaaaaagatcactgtaacc 
gggaccctgtggaacggcaacaaaattatcgacgaocgcctgatcaaccccgacggctccctgctgttccgcgtaacc 
atcaacggagtgaccqgctqgcggctgtgcgagcgcattttggcg 

SEQ ID NO: 43 {&S0 Opt.+K33N protein) 
MVFTLEDFVGDWRQTAGYNLDQVLEQGGLSSLFQNLGVSVTPIQKIVLSGENGLKIDItlVIIPYEGLSGYQMGQIEKI 
FKVVYPVDDHHFKVILHYGTLVIDGVTPNMIDYFGRPYEGIAVFDGKKITVTGTLWNGNKIIDERLINPDGSLLFRVT 
INGVTGWRLCERILA 

SEQ ID NO:44 {QC27-HT7 nucleotide) 
atggtgtttacattggaggacttcgttggagactggcggcagacagctggatacaacctagatcaagtgttagaacaa 
ggaggattgtctagtctgttccaaaagctgggagtgtcagtcaccccaatccagaaaattgtgctgtctggggaga.lt 
gggtt aaaaattgatat teatgtcatcatcccttacgagggactcagtggttttcaaatgggtctgattgaaatgate, 
ttcaaagttgtttacccagtggatgatcatcatttcaagattattcaccattatggtacactogttattgacggtqtg 
acaccaaacatqattgacttctttggacgcccttacgagggaattgctgtgt ttgacggcaagasgatcacagttact 
ggaaccctgtggaacggcaacaagateattgatgagegectgat caacccagatggttcactcctcttccgcgttact 
atcaatggagteaeeggatggcgcctttgcgagcgtattcttgccggatatctcgagccaaccactgaggatctgtac 
tttcagagcgataacgatggatccgaaatcggtactggctttccartcgacccccattatgtggaagtcctgggcgag 
cgcatgcactacgtcgatgttggtccgcgcgatggcacccctgtgctgttcctgcacggtaacccgacctcctcetac 
gtgtggcgcaacatcatcccgcatgttgcaccgacccatcgctgcattgctccagacctgatcggtatgggcaaatcc 
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gacaaaccagacctgggttatttcttcgacgaccacgtccgcttcatggatgccttcaticgaagccctgggtctggaa 
gaggtcgtcctggtcattcacgactggggctccgctctgggtttccactgggccaagcgeaatecagagcgcgtcaaa 
ggtattgcatttatggagttcatecgccctatcccgacctgggacgaatggccagaatttgcccgcgagaccttccag 
gccttccgcaccaccgacgtcggccgcaagctgatcatcgatcagaacgtttttatcgagqgtacgctgccgatgggt 
gtcgtccgcecgctgactgaagtcgagatggaccattaccgcgagccgttcctgaatcctgttgaccgcgagccactg 
tggcgcttcccaaacgagctgccaatcgccggtgagccagcgaacatcgtcgcgctggtcgaagaatacatggaclgg 
cigcaccagtcccctgtcccgaagctgctgttctggggcaccccaggcgttctgatcccaccggccgaagccgctcgc 
ctggccaaaagcctgcctaactgoaaggctgtggacatcggcccgggtctgaatctgetgcaagaagacaacccggac 
ctgateggeagcgagatcgcgcgctggctgtctactctggagatttccggt 

SEQ ID NO:45 (QC27-HT7 protein) 
MVFTLEDFVGDWRQTAGYNLDQVLEQGGLSSLFQKLGVSVTPIQKTVI.SGENGLKIDIHVIIPYECLSGFOMGLIEMI 
FKVVYPVDDHHFKIIHHYGTLVIDGVTPNMIDFFGRPYEGIAVFDGKKITVTGTIIWNGNKIIDERLINPDGSLLFRVT 
INGVTGWRLCERILAGYLEPTTEDLYFQSDNDGSEIGTGFPFDPHYVEVLGERMHYVDVGPRDGTPVLFLHGNPTSSY 
VWRNIIPHVAPTHRCIAPDLIGMGKSDKEDLGYFFDDHVRFMDAFIEALGLEEWLVJRDWGSALGFHWAKRNPERVK 
GIAFMEFIRPIPTWDEWPEFARETFQAFRTTDVGRKLI IDQNVFICGTLPMGWRPLTEVEMDEIYREPFXJNPVDREPT., 
WRFPNELPIAGEPANIVALVEEYMDWLHQSPVPKLLFWGTPGVLIPPAEAARLAKSLPNCKAVDIGPGLNLLQEDNPD 
LIGSFTARWLSTLEISG 

SEQ ID NO:46 <6F2) 
atggtgtttacattggaggatttcgt tggagactggcggcagacagctggatacaaccaagatcasgtgttagaacaa 
ggaggagtgtctagtctgttocaaaagctgggagtgteagtcaccccaatccagaaaattgtgctgtctggggagaat 
gggt taaaaattgatattcatgtcatcatcccttacgagggactoagtggt ctceaaatgggtctgattgaaatgatc 
ttcaaagctgtttacccagtggatgatcateatttcaaggttattctccattatggtacactcgttattgacggtgtg 
aeaccaaacatgattgaetactr.tggaegeecc.taegagggaattgctgtgtttgacggcaagaagatcacagtt act 
ggaactctgtggaacggcaacaagaccattgatgagcgcctgatcaacccagatggttcactcctcttcogcgttact 
atcaatggagtcaccggatggcgcctttgcgagcgtattcttgcc 

SEQ ID NO:47 (BF2 protein) 
MVFTLEDFVGDWRQTAGYNQDQVLEQGGVSSLFQKLGVSVTPIQKIVLSGENGLKIDIHVIIPYEGLSGFQMGLIEMI 
FKVVYPVDDHHFKVILHYGTLVIDGVTPNHIDYFGRPYEGIAVFDGKKITVTGTLWMGMKIIDERLINPDGSLLFRVT 
INGVTGWRLCERILA 

SEQ ID MO:48 <rv-HT7 nucleotide) 
atggtgtttacattggaggatttcgttggagactggcggcagacagctggatacaaccaagatCaagtgttagaacaa 
ggaggattgtctagtctgttccaaaagctgggagtgtcagtcaccccaatccagaaaattgtgctgtctggggagaat 
gggttaaaaattgatattcatgtcatcatcccttacgagggactcagtggttttcaaatgggtctgattgaaatgatc 
ttcaaagttgtttacccagtggatgatcatcatttcaaggttattctccattatggtacactcgttattgacggtgtg 
acaccaaacatgattgactact11ggacgcccttacgagggaattgctgtgtttgacggcaagaagat cacagt tact 
ggaactctgtggaacggcaacaagatcattgatgagcgcctgatcaacccagatggttcactcctcttccgcgttact 
atcaatggagtcaccggatggcgcctttgcgagcgtattcttgccggatatctcgagccaaccactgaggatctgtac 
t ttcagagcgataacgatggatccgaaatcggtactggctttr:c£3ttcgacccccatt atgtggaagtcctgggcgag 
cgcatgcactacgtcgatgttggtccgcgcgatggcacccctgtgctgttcctgcaeggtaacccgacctcctcctac 
gtgtggcgcaacatcatcccgqatgttgcaccgacccatcgctgcattgqtccagacctgatcggtatgggcaaatcc 
gacaaaccagacctgggttactccttcgacgaccacgtccgcttcatggatgccttcatcgaagccctgggtctggaa 
gaggtcgtcctggtcattcacgactggggctccgctctgggtttccactgggccaagcgcaatccagagcgcgtcaaa 
ygtattgcatttatggagttcatccgccctatcccgacctgggacgaatggccagaatttgcccgcgagaccttccag 
gccttccgcaccaccgacgtcggccgcaagctgatcatcgatcagaacgtttttatcgagggtacgctgocgatgggt 
gtcgtccgcccgctgactgaagtcgagatggaccattaccgcgagccgctcctgaatcctgttgaccgcgagccaetg 
tggcgcttcccaaacgagctgccaatcgccggtgagccagcgaacatcgtcgcgctggtcgaagaatacatggacrgg 
ctgcaccagtcccctgtcccgaagctgctgttctggggcaccccaggcgttctgatcccaccggccgaagccgctcgc 
ctggccaaaagcctgcctaactgcaaggctgtggacatcggcccgggtctgaatctgctgcaagaagacaacccggac 
ctgatcggcagogagatcgcgcgctggctgtctactctggagatttccggt 

SEQ ID NO:49 (IV-HT7 protein) 
MWFTLEDFVGDWRQTAGYNODQVLEQCGLSSLFQKLGVSVTPIQKIVLSGENGLKIDIHVIIPYEGLSGFQMGr.IKMI 
FKVVY PV DDtlH FKVI LI! YGTL VI DGVTPNMI DY FGRPYEGIAVFDGKKJ:TVTGTIIWNGNKIIDERLINPDGSLLFRVT 
INGVTGWRLCERILAGYLEPTrEDLYFQSDNDGSEIGTGFPFDPHYVEVLGERMHYVDVGPRDGTPVLFLHGNPTSSY 
VWRNIIPHVAPTHRCIAPDLIGMGKSDKPDLGYFFDDHVRFMDAFIEALGLEEVVLVIEIDWGSALGFHWAKRNPERVK 
GIAFMEFIRPIPTWDEWPEFARETFQAFRTTDVGRKLIIDQHVFIEGTIPMGVVRFLTEVEMDHYREPFLNPVDREPL 
WRFPNELPIAGEPANIVALVEEYMDWLRQSPVPKLLFWGTPGVLIPPAEAARIAKSLPNCKAVDIGPGLNLLQEDNPD 
LIGSEIARWLSTLEISG 

SEQ ID NO:SO (8F2-HT7 nucleotide) 
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atggtgttcacattggaggatttcgttggagactggcggcagacagctggatacaaccaagatcaagtgttagaacaa 
ggaggagtgtctagtctgttccaaaagctgggagtgtcagtcaccccaatccagaaaattgtgctgtctggggagaat 
gggttaaaaattgatatccatgtcatcatcccttacgagggactcagtggttttcaaat-.gggtctgatt gaaatgatc 
ttcaaagttgtttacccagtggatgatcatcatttcaaggtcattctccattatggtacactcgttattgacggtgtg 
aeaccaaacatgattgactactttggacgcccttacgagggaaltgctgtgtttgacggcaagaagatcacagtcact 
ggaactctgtggaacqgcaacaagarcartgatgagcgcctgatcaacccagatggtccactcctcttccgcgtcact 
atcaatggagtcaccggaCggcgcctttgcgagcgtattcttgccggatatctcgagccaaccactgaggatctgtac 
tttcagagcgataacgatggatccgaaatcggtactggcttcccattcgacccccattatgtggaagtcctgggcgag 
cgcatgcactacgtcgatgttggtccgcgcgatggcacccctgtgctgttcctgcacggtaacccgacctcctcctac 
gtgtggcgcaacatoatccegcatgttgcaccgacccatcgctgcattgctccagacctgatcggtatgggcaaatcc 
gacaaaccagacctgggttatttcttcgacgaccacgUccgcttoatggatgccttcatcgaagccocgggtctggaa 
gaggtcgtcetggteatccacgactggggctccgctctgggtttccactgggccaagcgcaatccagagegcgtcaaa 
gglaCtgcatttatggagttcatccgccctatcccgacctgggacgaatggccagaatttgcccgcgagaccttccag 
gccttccgcaccaccgacgtcggccgcaagctgatcatcgatcagaacgtttttatcgagggtacgctgccgatgggt 
gtcgtccgcccgctgactgaagtcgagatggaccattaccgcgagccgttcctgaatcctgttgaccgcgagccactg 
tggcgcttcccaaacgagctgccaatcgccggtgagccagcgaacatcgtcgcgctggtcgaagaatacatggactgg 
ctgcaccaytcccctgtcccgaagctgctgttctggggoaccccaggcgttctgatcccaccggccgaagccgctcgc 
ctggccaaaagcctgcccaactgcaaggctgtggacatcggcccqgg dctgaatctgctgcaagaagacaacccggac 
ctgatcqgcagcgagatcgcgcgcrggctgtctactctggagatctccggt 

SEQ ID NO:51 (0F2-HT7 protein) 
MVFTLEDFVGDWKQTAGYNQDQVLEQGGVSSLFQKLGVSVTPIQKIVLSGENGLKIDIHVIIPYEGLSGFQMGLIEMI 
FKVVY PVDDEiH FKVlLHYGTLVIDGVTPNMIDYFGRPYEG IAVFDGKKITVTGTLWNGNKIIDERLINPDGSLLFRVT 
INGVTGWRLCERILAGYLEPTTEDLYFQSDNDGSEIGTGFPFDPHYVEVLGERMHYVDVGPRDGTPVLFLHGNPTSSY 
VWRNIIFflVAPTHRCIAPDLIGMGKSDKPDLGYFFDDHVRFMDAFIEAlGLEEVVLVIHDWGSALGFHWAKRNPERVK 
GIAFMEFIRPIPTWDEWPEFARETPQAFRTTDVGRKLTTDQNVFI3GTLPM0WRPLTEVEMDHYREPFLNFVDREPL 
WRFPNELPIAGEPANIVALVEEYMDWLHQSPVPKLLFWGTPGVLIPPAEAARLAKSLPNCKAVDIGPGLNLLQEDNPD 
LIGSEIARWLSTLEISG 

SEQ ID NO:52 (15C1-HT7 nucleotide) 
atggtgtttacattgaaggatttegttggsgactggcgycagacagctggatacaaccaagatcaagtgttagaacaa 
ggaggattgtrtagtctgtTccaaaatctgggagtgtcagtcaccccaatccagaaaattgtgctgtctggggagaat 
gggttaaaaattgatattcacqtcatcatcccttacgagggactcagtggttatcaaatgggtoagattgaaaagatc 
ttcaaagttgtctacccagtggatgatcatcatttcaaggtLattctccatcatggtacactcgttattgacggtgtg 
acsccaaacatgat'gactactttggacgcccttacgagggaattgctgtgtttgacggcaagaagatcacagttact 
ggaaccctgtggaacggcaacaagatcattgatgagcgcctgatcaacccagatggttcactcctcttccgcgttact 
atqaatggagtcaccggatggcgcctttgcgagcgtattcttgccggatatctcgagccaaccactgaggatCtgtac 
tttcagagcgataacgatggatccgaaatcggtactggctttccattcgacccccattatgtggaagtcctgggcgag 
cgcatgcactacgtcgatgttggtccgcgcgatggcacccctgtgctgttcctgcacggtaacccgacctcctcctac 
gtgtggcgcaacatcatcccgcatgttgcaccgacccatcgctgcattgctccagacctgatcgqtatgggcaaatcc 
gacaaaccagacctgggttat ttcttcgacgaccacgtccgcttcatggatgccttcatcgaagccctgggtctggaa 
gaggtcgtnctggtcattcacgactggggctccgctctgggtttccactgggccaagcgcaatccagagcgcgtcaaa 
ggtatcgcatttatggagttcatccgccctatcccgacctgggacgaatggccagaatttgcccgcgagaccttccag 
gccLtccgcaccaccgacgtcggccgcaagcUgatcatcgatcagaacgtttttatcgagggtacgctgccgatgggt 
gtcgtccgcccgctgactgaagtcgagatggaccattaccgcgagccgttcccgaatcctgttgaccgcgagccactg 
tggcgct tcccaaacgagctgccaatcgccggtgagccagcgaacatcgtcgcgctggtcgaagaatacatgoactgg 
ctgcaccaglcccctgtcccgaagctgctgLtctggggcaccccaggcgltcLgatcccaccggccgaagccgctcgc 
etggecaaaagcctgcctaactgcaaggetgtggacatcggeccgggtctgaatetgctgcaagaagacaacccggac 
ctgatcggcagcgagatcgcgcgctggctgtctactctggagat ttccggt 

SEQ ID HO:53 {15C1-HT7 protein) 
MVFTLKDFVGDWRQTAGYNQDQVLEQGGLSSLFQNLGVSVTPIQKIVLSGENGLKIDIHVIIPYECLSGYQMGQIEKI 
FKVVYPVDDHHFKVILEiYGTLVIDGVTPNMIDYFGRPYEGIAVFDGKKITVTGTLWNGNKIIDERLINPDGSLLFRVT 
INGVTGWRLCERILAGYLEPTTEDLYFQSDNDGSEIGTGFPFDPHYVEVLGERMHYVDVGPRDGTPVLFLHGNPTSSY 
VWRNIIPHVAPTHRCIAPDLIGMGKSDKPDLGYFFDDHVRFMDAFIEALGLEEVVLVIHDWGSALGFHWAKRNPERVK 
GIAFMEFIRPIPTWDEWPEFARETFQAFRTTDVGRKLIIDONVFIEGTLPMGWRPL'i'EVeMDHYRFPFI^NPVDREPL 
WRFPNELPIAGEPANIVALVEEYMDWLHQSPVPKLLFWGTPGVLIPPAEAARLAKSLPNCKAVDIGPGLNLLQEDNPD 
LIGSEIARWLSTLEISG 

SEQ ID NO: 54 (OgLuc Secretion Signal Peptide) Oplophorus gracilirostris 
atggcttactccacactgttcateattgctetcacagccgtcgtaacacaagcctcctccacacagaaaagcaacctg 
aca 

SEQ ID NO:55 (Id-ClA4E-HT7 sandwich fusion nucleotide) 
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atgcttggtctgtcggagcaaagcgtgtccatctcgcgctgcgctgggacgcgcctgcccgccttgetggacgagcag 
caggtgaacgtcctgctctacgacatgaacggctgctactcacgcct.caaggagctggtgc;ccaccctgccccagaac 
cgcaaagtgagcaaggtggagatcctgcagcatgtaatcgactacatcagggacctgcagctggagctgaact.cggag 
tctgaagtcgggaccaccggaggccggggactgcctgtccgcgccccgcteagcaecctgaacggcgagatcagtgco 
ttggcggccgaggcggcatg t-gttccagccgacgatcgcatcttgtgtcgcgtttctcttgagaatctttattttcag 
gcgtctggaggtggtggcggagcgatcgccatggtgtttaeattggaggatttegttggagactggcggcagacagct 
ggatacaaccaagatcaaqtgttagaacaaggaggattgtctagtctgttccaaaagctgggagtgtcagtcacccca 
atccagaaaattgtgctgtctggggagaatgggttaaaatttgatattcatgtcatcatcccttacgagggactcagt 
ggttttcaaatgggtctgattgaaatgatcttcaaagttgtctacccagtggatgatcatcatttcaagattattctc 
cattatggtacactcgttattgacggtgtgacaccaaacatgattgactactttggacgcccttacgagggaattgct 
gtgtttgacggcaagaagatcacagttactggaactctgtggaacggcaacaagatcattgatgagcgcetgatcaac 
ecagatggttcaetectcttccgcgttactateaatggagtcaecggatggegcctttgcgagcgtattcttgccgga 
tctctcgagccaaccactgaggatctqtactttcagagcgacaacgatggatccgaaateggtactggetttccatte 
gacecccattatgtggaagtcc: Lgggcgagcgcatgcactacgtcgatgttggtccgcgcgatggcacccctgtgctg 
ttcctgcacggtaacccgacctcctcctacgtgtggcgcaacatcatcccgcatgttgcaccgacccatcgctgcatt 
gctccagacetgatcggtatgggcaaatccgacaaaccagacctgggttatttcttcgacgaccacgtccgcttcatg 
gatgccttcatcgaagccctgggtctggaagaggtegtcctggteattcacgactggggctccgctctgggtttccac 
tgggccaagcgcaatccagagcgcgtcaaaggratcgcatttatggagttcatccgccclatcccgacctgygacgaa 
tggccagaatttgcocgcgagaccttccaggccttccgcaccaccgacgtcggccgcaagctgatcatcgatcagaac 
gtttttatcgagggtacgctgccgatgggLgtcgtccgcccgctgactgaagtcgagatggaccattaccgcgagccg 
ttcctgaatcetgttgaccgcgagccactgtggcgcttcccaaacgagctgccaatcgccggtgagccagcgaacatc: 
gtcgcgctggtcgaagaatacatggactggctgcaccagtcccctgtcccgaagctgctgttctggggcaccccaggc 
gttctgatcccaeeggccgaagccgctcgcctggeeaaaagcctgcctaactgcaaggctgtggacatcggcccgggt 
ctgaatctgctgcaagaagacaacccggacctgatcggcagcgagatcgcgcgctggctgtctactctggagatttcc 
ggt 

SIQ ID N0:56 (Id-C1A4E-HT7 sandwich fusion protein) 
MLGLSEQSVSISRCAGTRLPALLDEQQVNVLLYDMNGCYSRLKEIVPTLPQNRKVSKVEILQHVIDYIRDLQIELNSE 
SEVGTTGG31GLPVHAP1.STT.NGEISAI.AAF AACVPADDRn.CRVSLENLYFQASGGGGGAIAMVFTLEDFVGDWRQTA 
GYNQDQVlE&GGLSSLFQKLGVSVTPIGKIVLSGENGLKFDrHVIIPYEGLSGFQMGLIEMIFKWYPVDDHHFKIIL 
HYGTLVIDGVTPNMI DYFGRPYEGIAVFDGKKITVTGTI.WNGNKII DERLINPDGSLLF"RVTINGVTGWRLCERILAG 
SLEPTTEDLYFQSDNt^SElGTGFPFDPHYVEVLGERMHYVDVGPRDGTPVLFL.HGNE'TSSYVWRNIIPHVAPTHRCl 
APDLIGMGKSDKPDLGYFFDDHVRFMDAFIEALGLEEVVLVIHDWGSALGFHWAKRNPERVKGIAFMEFIRPIPTWDE 
WPEFARETFOAFRTTDVGRKLIIDQNVFIEGTLPMGVVRPLTEVEMDHYREPFLNPVDREPLWRFPNSLPIAGSPANI 
VALVEEYMDWLHQSPVPKLLFWGTPGVLIPPAEAARLAKSLPNCKAVDIGPGLNL1QEDC3PDLIGSEIARWLSTLEIS 
G 

SEQ ID NO:57 (Id-IV-HT? sandwich fusion nucleotide) 
atgcttggtetgtcggagcaaagcgtgtecatctcgcgctgegctgggacgcgcctgcccgccttgctggacgagcag 
caggtga-acgtcctgctctacgacatgaacggctgctactcacgcctcaaggagctgg tgcccaccctgccccagaac 
cgcaaagtgagcaaggtggagatcctgcagcatgtaatcgactacatcagggaccegcagctggagetgaactcggag 
tctgaagtcgggaccaccggaggccggggactgcctgtccgcgccocgctcagcaccctgaacggcgagatcagtgcc 
ttggcggccgaggcggcatgtgttccagccgacgatcgcatcttgtgtcgcgtttetcttgagaatetttattttcag 
gcgLctggaggtggtggcggagcgatcgccatggtgtttacattggagyetttegttggagactggcggcagacagct 
ggacacaaccaagatcaagtgttagaacaaggaggattgtctagtctgttccaaaagctgggagtgtcagtcacccca 
atccagaaaattgtgctgtetggggagaatgggttaaaaattgatattcatgtcatcatcccttacgagggactcagt 
ggttttcaaatgggtctgattgaaatgatcttcaaagttgtttacccagtggatgatcatcat.L Lcaagg litattc L.c 
cattatggtacactcgttattgacggtgtgacaccaaacatgattgactactttggacgcecttacgagggaattgct 
gtgtttgacggcaagaagatcacagttactggaactctgtggaacggcaacaagatcattgatgagcgcct gatcaac 
ccagatggttcactcctcttccgcgttactatcaatggagtcaccggatggcgccEttgtgagcgtattcttgccgtt 
Letctcgagccaaccactgaggatctgtacttteagagegataacgatggatccgaaatcggtactggctttccatte 
gacccccattatgtggaagtcctgggcgagcgcatgcactacgtcgatgttggtccgcgcgatggcacccctgcgctg 
ttcctgcacggtaacccgacctcctcctacgtgtggcgcaacatcatcccgcatgttgcaccgacccatcgctgcatt 
gctccagacctgatcggtatgggcaaatccgacaaaccagacctgggttatttcttcgacgatcacgtccgcttcatg 
gatgccttcatcgaagccctgggtctggaagaggtcgtcctggtcattcacgactggggctccgctctgggtttccac 
tgggccaagcgcaatccagagcgcgtcaaaggtactgcacttatggagttcatccgccctaccccgacctgggacgaa 
tggccagaatttgcccgcgagaccttccaggccttccgcaccaccgacgtcggccgcaagccgat eategateagaac 
gtctttatcgagggUacgctgccgatgggtgtegtecgcccgctgactgaagtcgagatggaycattaccgcgagccg 
ttcctgaaccctgrtgaccgcgagccactgtggcgcllcccaaacgagctgccaatcgccggtgagccagcgaacatc 
gtcgcgctggtcgaagaatacatggactggctgcaccagtcccctgtcccgaagctgctgttctggggcaccccaggc 
gttctgatcccaccggccgsagccgctcgcctggccaaaagcctgcctaactgcaaggcLgtggacatcggcccggg L 
ctgaatctgctgcaagaagacaacccggac;ctgatcggcagcgagatcgcgcgctggc-gtctacc.ctggagatttcc 
ggt 
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SEQ ID NO:59 (Id-IV-HT7 sandwich fusion protein) 
MLGLSEQSVSISRCAGTRLPALLDEQQVNVLLYDMNGCYSRLKELVPTLPQNRKVSKVEILQHVIDYIRDLQLELNSE 
SEVGTTGGRGLPVRAPLSTLNGEISALAAEAACVPADDRILCRVSLENLYFQASGGGGGATAMVFTLEDFVGDWRQrA 
GYNQDQVLEQGGLSSLFQKLGVSVTPIQKIVLSGENGLKIDIHVIIPYEGLSCSPQMGLIEMIFKVVYPVDDHHFKVITJ 
HYGTLVIDGVTPNMIDYFGRPYEGIAVFDGKKITVTGTLWNGNKIIDERLINPDGSLLFRVTINGVTGWRLCERILAV 
SLBPTTEDLYFQSDNDGSEIGTGFPFDFHYVEVLGERMHYVDVGPRDGTFVLFLHGNPTSSYVWRNIIPHVAPTflRCI 
APDLIGMGKSDKPDLGYFFDDHVRFMDAFIEALGIEEWLVIHDWGSAWSFHWAKRNPERVKGIAFHEFTRPIPTWDE 
WPEFARETFQAFRTrDVGRKLIIDQNVFIEGTLPMGWRPLTEVEMDHYREPFLNPVDREFLWRFPNELPIAGEPANI 
VALVEEYMDWLHQSPVPKLLFWGTPGVLIPPAEAARLAKSLPNCKAVDIGPGLNLLQEDNPDLIGSEIARWLSTLEIS 
G 

SEQ ID NO:59 (Id-9B8 opt+K33N-HT7 sandwich fusion nucleotide) 
atgcttggtctgtcggagcaaagcgtgtccatctcgcgctgcgctgggacgcgcctgcccgccttqctggacgagcag 
caggtgaacgtcctgctctacgacatgaacggctgctactcacgcctcaaggagctggtgcccaccctgccccagaac 
cgcaaagtgagoaeggtggagatcctgcagcatgtaatcgactacatcagggacctgcagctggagctgaactcggag 
tctgaagtcgggaccaccggaggccggggactgcctgtccgcgccccgctcagcaccctgaacggcgagatcagtgcc 
ttggcggcegaggeygcatgtyttccagccgacgatcgcatcttgtgtcgcgtttctcttgagaatctttattttcag 
gcgtctggaggtggtggcggagcgatcgccat.ggtgtttacactcgaagatttcgtaggggactggcggcagac;agcc 
ggctacaacctggaccaagtccttga gcagggcggtetgtecaqt ttgttteagaatctcggggtgtccgtaacaccg 
a Lec:aaaagattgtc;ci;gagcggtgaaaacggcctgaagatcgacatccatgtcatcatcccgtatgaagqtctgaqc 
ggctatcagatgggocagatcqaaaaaactt^taaggtggtgtaccctgtggatgatcatcactttaaggtgattctg 
cactatggcacactggtaatcgacggggttacgccgaacotgatcgactatttcggacggccgtatgaaggcatcgcc 
gtqttcqacgge.aaaaagat cactgtaaccgggaccctgEggaacggcaacaaaattstcgacgagcgcctgatcaac 
cccgacggctccctgccgttccgcgi.aaccai.caacggagtgaccggctggcggctgtgcgagcgcattttggcggga 
tatcrcgagccaaccactgaggatcTgtactttcagagcgataacgatggatccgaaatcggtactggctttccattc 
gacccccattatgcggaagt cctgggcgagcgcatgcactacgtcgatgttggtccgcgcgatggcaCcGCtgtgctg 
ttcctgcacggtaacccgaccUcctcctacgtgtggcgcaacatcatcccgcatgttgcaccgacccatcgctgcatt 
gctccagacctgatcggtatgggcaaatccgacaaaccagacctgggttat-tcttcgacgaccacgtccgcttcatg 
gatgcctzcatcgaagccctgggtctggaagaggtcgtcctggtcattcacgactggggccccgctctgggtttccac 
tgggccaagcgcaatccagagcqcgt:caaagqtattgcatttatggagtteateegecct.atceegaceEgggacgaa 
tggccagaatttgcccgcgagaccttccaggccttccgcaccaccgacgtcggccgcaagctgatcategatcagaac; 
gtttctAtcgagggtacgccgccgatgggtgtcgtccgcccgctgactgaagtcgagatggaccattaccgcgagccg 
ttcctgaatcctgttgaccgcgagccactgtggcgcttcccaaacgagctqccaatcqccqgtgagccagcgaacatc 
gtcgcgctggtcgaagaatacatggactggctgcaceagtcccctg leccgaagctgc tgttctggggcaccccaggc; 
gttctgatcccaccggccgaagccgctcgcctggccaaaagcctgcctaactgcaaggctgtggacatcggcccgggt 
ctgaatctgctgcaagaagacaacccggacctgatcggcagcgagatcgcgcgctggctgtctactctggagatttcc 
ggt 

SEQ ID NO:SO (Id-9B8 opt+K33N-HT7 sandwich fusion protein) 
MLGLSEQSVSISRCAGTRLPALLDEQQVNVLLYDMNGCYSR1K£LVPTLPQNRKVSKV£ILQHVIDY:I:RDLQLELNSE 
SBVGTTGGRGLPVRAPLSTLNGEISALAAEAACVPADDRILCRVSLENLYFQASGCGGGAIAMVFTLEDFVGDWRQTA 
GYNLDQVLEQGGLSSLFQNLGVSVTPIGKIVLSGENGLKIDIHVIIPYEGLSGYQMGQIEKIFKWYPVDDHHFKVIL 
HYGTLVIDGVTPNMIDYFGRPYEGIAVFDGKKITVTGTLWNGNKIIDERLINPDGSLLFRVTINGVTGWRLCERILAG 
YLEPTTEDLYFQSDHDGSEIGTGFPFDPHYVEVLGERMHYVDVGPRDGTPVLFLHGNPTSSYVWRNIIPHVAPTHRCl 
APOLIGMGKS DKPDf.GYFF'DOHVRFMUAFl BALGI.ERVVLVIHDWGSALGFHWAKRNPERVKGI AFME PI HP! PTWDE 
WPEFARETFQAFRTTDVGRKLIIDQNVFIEGTLPMGVVRPLTEVEMDHYREPFLNPVDREPLWRFPNELPIAGEPANI 
VALVEBYMDWLHQSPVPKLIFWGTPGVLIPPAEAARLAKSLPNCKAVDIGPGLNLLQEDNPDLIGSEIARWLSTLEIS 
G 

SEQ ID NO:61 (Id-9B8-HT7 sandwich fusion nucleotide) 
atgcttggtctgtcggagcaaagcgtgtccatctcgcgccgcgctgggacgcgcctgcccgccttgctggacgagcag 
caggtgaacgtcctgctctacgacatgaacggctgctactcacgcctcaaggagctggtgccoaccctgccccagaac 
cgcaaagtgagcaaggtggagatcctgcagcatgtaatcgactacatcagggacctgcagctggagctgaactcggag 
tctgaagtcgggaccaccggaggccggggactgcctgtccgcgccccgctcagcaccct gaacggcgagateagegcc 
ttggcggccgaggcggcatgtgttccagccgacgatcgcatcttgcgtcgcgtttctct tgagaatctttattttcag 
gcgtctggaggtggtggcggagcgatcgccatggtgtttacatEggaggatttcgttggagactggcggcagacsgct 
ggatacaacctagatcaagtgttagaacaagqaqgattqtctagtccgttccaaaagctgggagtgtcagtcacccca 
atccagaaaattgtgctgtctggggagaatgggttaaaaattgatactcatgtcatcavcccttacgagygactcaqt 
ggttatcaaatgggtcagattgaaaagatcttcaaagttgtttacccagtggatgatcaccatttcaaggttattccc 
cattacggtacactcgttattgacggtgtgacaccaaacatgattgactactttggacgcccttacgagggaattgct 
gtgtttgacggcaagaagatcacag ttactggaactctgtggaacggcaacaagatcattgatgagcgcctgatcaac 
ccagatggttcactcctcttccgcgttactatcaatggagtcaccggatggcgcctttgcgagcgtattcttgccgtt 
tctctcgagccaaccactgaggatotgtactttcagagcgataacgatggatccgaaatcggtactggctttccattc 
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gacccceattatgtggaagtcctgggcgagcgcatgcactacgtcgatgtTggtccgcgcgatggcacccctgtgctg 
ttcctgcacggtaacccgacctcctcctacqtgtggcgcaacatcatcccgcatgttgcaccgacccatcgctgcatt 
gctccagaccEgatcggtatgggcaaatccgacaaaccagacctgggttatttcttcgacgaccacgtccgcttcatg 
gacgccttcaccgaagocctgggtctggaagaggtcgtcctggtcattcacgactggggctccgccctgggtttccac 
tgggccaagcgeaatccagagcgcgtcaaaggtattgcatttatggagttcatccgccctatcccgacctgggacgaa 
tggccagaatttgcccgcgagaccttccaggccttccgcaccaccgacgtcggcegcaagctgatcatcgatcagaac 
gtttttatcgagggtacgctgccgatgggtgtcgtccgcccgctgactgaagtcgagatggaccattaccgcgagccg 
ttcctgaatcctgctgaccgcgagccactgtggcgcttcccaaacgagctgccaatcgecggtgagccagcgaacatc 
gtcgcgctggccgaagaatacatggactggctgcaccagtcccctgCcccgaagctgctgttctggggcaccccaggc 
gttctgat cccaccggccgaagccgctcgcctggccaaaagcctgcccaactgcaaggctgtggacatciggcccgggt 
ccgaatctgctgeaagaagacaacccggacctgatcggcagcgagatcgcgcgctggctgtctactctggagatttdc 
ggt 

SEQ ID NO: 6? (id-SBe-HT*? sandwich fusion protein) 
MLGLSEQSVSISRCAGTRLPALLDEQQVNVLLYDMNGC¥SRLKEI,VPTLPQNRKVSKVEILQKVJDYIRDLQLELNSE 
SEVGTTGGRGLPVRAPLSTLNGEISALAAEAACVPADDRILCRVSLENLYFQAS GGGGGAIAMVFTLEDFVG DWRQTA 
GVNLDQVLEQGGISSLFQKLGVSVTPIQKIV1,SGENGLKIDIHVIIPYEGLSGYQMGQIEKIFKVVYPVDDHHFKV1L 
HYGTLVIDGVTPNKIDYFGRPYEGIAVFDGKKITVTGTLWNGNHIIDERUNPDGSLLFRVTINGVTGWRIICBRILAV 
SLEPTTEDLYFQSDNDGSEIGTGFPFDPHYVEVLGERMHYVDVGPRDGTPVLFLHGNPTSSYVWRNIIPHVAPTHRCI 
APDLIGMGKSDKPDLGYFFDDHVRFMDAFIEALGLEEVVLVIHDWGSAIIGFHWAKRNPERVKGIAFMEFIRPIPTWDE 
WPEFARETFQAFRTTDVGRKLUDQNVFIEGTLPMGVVRPLTEVEMDHYREPFLNPVDREPLWRFPNET.PIAGEPANI 
VALVEEYMDWLHQSPVPKLLFWGTPGVLIPPAEAARLAKSLPNCKAVDIGPGLNLLQEDNPDLIGSEIARWLSTLEIS 
G 

SEQ ID NO: 63 (Id-9F6-HT"7 sandwich fusion nucleotide) 
a-gcttggtctgtcggagcaaagcgtgtccatctcgcgctgcgctgggacgcgcctgcccgccttgctggaggaycag 
caggtgaacgtcctgctctacgaeatgaaeggetgctaetescgcetcaaggagctggtgcccaccctgccccagaac 
cgcaaagtgagc;aagg tggagatcctgcagcatgtaatcgactacatcagggacctqceqctggagctgaactcggag 
tctgaagtcgggaccaccggaggccggggactgcctgtccgcgccccgctcagcaccctgaacggcgagatcaytycc 
tcggcggccgaggcggcatgtgttccagocgacgatcgcatcttgtgtcgcgtttctcttgagaatctttattttcag 
gcgtctggaggtggtggcggagcgatcgccatggtgtttacattggaggatttcgttggagactggcggcagacagct 
ggatacaacctagatcaagtgttagaacaagg^ggaglgtctagtctgttccaaaagctgggagtgtcaatcacccca 
afceagaaaattgtgctgtctggggagaatgggttaaaaatcgatattcatgtcatcatcccttacgagggactcagt 
ggttatcaaatgggtcagattgaaaagatcttcaaagttgtttacecagtgg»tgatf:atcattteaaggttattctc 
cattatggtacactcgttattgaeggtgtgaca.ccaaacatgattgactactttggacgcccttacgagggaat.tgct 
gtgtttgaoggcaagaagatcacagttactggaaccctgtggaacggcaacaagatcattgatgagcgcctgatcaac 
ccagatggttcactcctcttccgcgttactatcaatggagtcaccggatggcgcctttgcgagcgtattcttgccgtt 
tctctcgagccaaccactgaggatctgtactttcagagcgataacgatggatccgaaatcggtactggctttccattc 
gacccccattatgtggaagtcctgggcgagcgcatgcactacytcyatgttggtccgcgcgatggcacccctgtgctg 
ttcctgeacggtaaceegaeetectcctacgtgtggcgcaacatcatcccgcatgttgcaccgacccatcgccgcatt 
gctccagacctgatcggtatgggcaaatccgacaaaccagacctgggttatttcttcgacgaccacgtcegettcatg 
gacgccttcatcgaagccctgggtctggaagaggtegtcctggtcattcacgactggggctccgctctgggtttccac 
tgggccaagcgr-aa tccagagcgcgtcaaaggtattgcatttatggagttcatccgccctaccccgacctgggacgaa 
tggccagaatttgcccgcgagaccttccaggccttccgcaecaccgacgtcggccgcaagctgatcatcgatcagaac 
gc tt ttatcgaggg tacgctgccgatgggtgtcgtccgcccgctgaotgaagtcgagatggaccattaccgcgagccg 
ttcctgaatcctgttgaccgcgagccactgtggcgcttcccaaacgagctgccaatcgccggtgagccagcgaacatc 
gtcgcgctggtcgaagaatacatggaetggetgeaecagteecetgtcccgaagctgctgttctggggcaccccaggc 
gt t.clyatcccaccggccgaagccgctcgcctggccaaaagcctgcctaactgcaaggctgtggacatcggcccgggt 
Gtgaatctgctgcaagaagacaacccggacctgatcggcagcgagatcgcgcgctggctgtctactctggagatttcc 
ggt 

SEQ ID NO:64 (Id-9F6-HT7 sandwich fusion protein) 
MLGLSEQSVSISRCAGTRLPALLDEQQTOVLIYDMNGCYSRLKELVPTLPQNRKVSKVEILQHVIDYIRDLQLELNSE 
SEVGTTGGRGLPVRAPLSTLNGEISALAAEAACVPADDRILCRVSf.ENLYFQASGGGGGAIAMVFTLEDFVGDWRQTA 
GYNLDQVLEQGGVSSLFQKLGVSITPIQKIVLSGENGLKIDIHVIIPYEGLSGYQMGQIEKIFKWYPVDDHHFKVIL 
HYGTLVIDGVTPNM rDYFGRPYEGIAVFDGKKITVTGTLWNGNKIIDERLlNPDGSLLfRVTlNGVTGMRLCERILAV 
SLEPTTEDLYFQSDNDGSEIGTGFPFDPHYVEVLGERMHYVDVGPRDGTPVLFLHGNPTSSYVWRNIIPHVAPTHRCI 
APDLIGMGKSDKPDLGYFFDDHVRFMDAFIEALGLEEVVLVIHDWGSALGFHWAKRNPERVKGIAFMEFIRPIPTWDE 
WPEFARETFQAFRTTDVGRKLIIDQNVFIEGTLPMGVVRPLTEVEMDHYREPFLNPVDREPLWRFPNSLPIAGEPANI 
VALVEEYMDWLHQSPVPKLLFWGTPGVLIPPAEAARLAKSLPWCKAVDIGPGLNLLQEDNPDLIGSEIARWLSTLEIS 
G 

S£Q ID NO:65 (9B8 opt-P nucleotide) 
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atggtgtttacactcgaagatttcgtaggggactggcggcagacagccggctacaacctggaccaagtcctEgagcag 
ggcggtctgtccagtttgtttcagaaaeccggggtgtccgtaacaccgatccaaaagattgtcctgaqcggtgaaaac 
ggcctgaagatcgacatccatgtcatcatcccgtatgaaggtctgagcggccatcagatgggccagatcgaaaaaatC 
tttaaggtggt-gtaccctgtggatgatcatcactttaaggtqattctgcaccatggcacactggtaatcgacggggtt 
acgccgaacatgatcgactatttcggacggccgtatgaaggcatcgccgtgttcgacggcaaaaagatcactgtaacc 
gggaccctgtggaacggcaacaaaattaccgacgagcgcctgatcaaccccgacggctccctgctgttccgcgtaacc 
atcaacggagtgaccggctggcggctgtgcgagcqcattttggcgaattctcacggcttccoteccgaggtggaggag 
caggccgccggcaccctgcccatgagctgcgcccaggagagcggcatggatagacaocctgctgcttqcgccagcgcc 
aggatcaacgtc 

SEQ ID NO: 66 (2X ARE) 
TAGCTTGGAAATGACATrGCTAA'rGGTGACAAAGCAACTTTTAGCTTGCAAATGACATTGCTAATGGTGACAAAGCAA 
CTTT 

SEQ ID NO:67- (HRE) 
CTGGAATTTTCTAGACTGGAATTTTCTAGACTGGAATTTTCTAGA 

SEQ ID NO:68 (K33N+170G nucleotide) 
atggtgtttacactcgaagatttcgtaggggactggcggcagacagccggctacaacctggaccaagtccttgagcag 
ggcggcctgtccagtttgtttcagaatctcggggtgtccgtaacaccgatccaaaagattgtcr:tgagcggtgasaac 
ggcctgaagatcgacatccatgtcatcatcccgtatgaaggcctgagcggc latcagatcggccagatcgaaaaaatt 
ttt aaggtggtgtacoctgtggatgatcatcactttaaggtgattctgoactatggcacactggtaatcgacggggtt 
acgccgaacatgatcgactatttcggacggccgtatgaaggcatcgccgtgttcgacggcaaaaagatcaetgtaacc 
gggaccctgtggaacggcaacaaaattatcgacgagcgcctgatcaaccccgacggctccctgctgttccgcgtaacc 
atcaacggagtgaccggctggcggctgtgcgagcgcattttggcggga 

SEQ ID HO:69 (K33N+17QG protein) 
MVFTLEDFVGDWRQTAGYNlDQVLEQGGLSSLFQNLGVSVTPIQKIVLSGENGLKIDItiVIIPYEGLSGYQMGQIEKI 
FKVVYPVDDHHFKVILHYGTLVIDGVTPNMIDYFGRPYEGIAVFDGKKITVTGTLWNGNKIIDERLINPDGSLLFRVT 
INGVTGWRLCERILAG 

SEQ ID NO: 70 (27AS (NF) nucleotide) 
ATGGTGTTTACACTCGAAGATTTCGTAGGGGACTGGCGGCftGACAGCCGGCTACAACCTGGACCAAGTCCTTGAGCAG 
GGCGGTCTGTCCAGTTTGTTTCAGAATCTCGGGGTGTCCGTAACTCCGATCCAAAAGATTGTCCTGAGCGGTGAAAAC 
GGCCTGAAGATCGACATCCATGTCATCATCCCGTATGAAGGTCTGAGCGGCTATCAGATGGGCCAGATCGAAAAAATT 
TTTAAGGTGGTGTACCCTGTGGATGATCATCACTTTAAGGrGATTCTGCACTATGGCACACTGGTAATCGACGGGGTT 
ACGCCGAACATGATCGftCTATTTCGGACGGCCGTATGAAGGCATCGCCGTGTTCGACGGCAAAAAGATCACTGTAACC 
GGGACCCTGTGGAACGGCAACAAAATTATCGACGAGCGCCFGATCAACCCCGACGGCTCCCTGCTGTTCCGCGTAACC 
ATCAACGGAGTGACCGGCTGGCGGCTGTGCGAGCGCATTTTGGCGGGA 

SEQ ID NO: 71 (27A5 (NF) protein) 
MVETLEDFVGUWRQTAGYNIDQVLEQGGLSSLFQNLGVSVTPIQKIVLSGEKGLKIDIHVIIPYEGLSGYQMGQIEKI 
FKWYPVDDHHFKVILHYGTLVIDGVTPNMIDYFGRPYEGIAV FDGKKITVTGTLWNGNKIIDERLINPDGSLLFRVT 
INGVTGWRLCERILAG 

SEQ ID NO:72 (23D4 (NF) nucleotide) 
ATGGTGTTTACACTCGAAGATTTCGTAGGGGACTGGCGGCAGACAGCCGGCTACAACCTGGACCAAGTCCTTGAGCAG 
GGCGGCCTGTCCAGTTTGTTTCAGAATCTCGGGGTGTCCGTAACACCGATCCAAAAGATTCTCCTGAGCGGTGAAAAC 
GGCCTGAAGATCCACATCCATGTCATCATCCCGTATnAAGGTCTGAGCGGCTATCAGATGGGCCAGATCGAAAAAATT 
TTTAAGGTGGTGTACCCTGTGGATGATCATCACTTTAAGGTGATTCTGCACTATGGCACACTGGTAATCGACGGGGTT 
ACGCCGAACTTGATCGACTATTTCGGACGTCCGTATGAAGGCATCGCCGrGTTCGACGGCAAAAAGATCACTGTAACC 
GGCACCCTGTGGAACGGCAACAAAATTATCGACGAGCGCCTGATCAACCCCGACGGCTCCCTGCTGTTCCGCGTAACC 
ATCAACGGAGTGACCGGCTGGCGGCTGTGCGAGCGCATTTTGGCGGGA 

SEQ H> NO: 73 {23D4 (NF) protein) 
MVFTLEDFVGDWRQTAGYtfLDQVLEQGGLSSLFQNLGVSVTPIQKIVLSGENGLKIDIHVIIPYEGLSGYQMGQIEKI 
FKWYPVDDHHFKVILElYGTLVIDGVTPNLIDYFGRPYEGIAVFDGKKirVTGTLWNGNKIIDERLINPDGSLLFRVT 
INGVTGWRLCERILAG 

SEQ 10 NO:74 {24C2 (NF) nucleotide) 
AreGTGTTTACACTCGAAGATTTCGTAGGGGACTGGCAGCAGACAGCCGGCTACAACCTGGACCAAGTCCTTGAGCAG 
GGCGGTCTGTCCAGTTTGTTTCAGAATCTCGGGGTGTCCGTAACTCCGArCCAAAAGATTGTCCTGAGCGGTGAAAAC 
GGCCTGAAGATCGACATCCATGTCATCATCCCGTATGAAGGTCTGAGCGGCTATCAGATGGGCCAGATCGAAAAAATT 
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TTTAAGGTGGTGTACCCTGTGGATGATCATCACTTTAAGGTGATTCTGCACTATGGCACACTGGTAATCGACGGGGTT 
ACGCCGAACATGATCGACTATTrCGGACGGCCGTATGAAGGCATCGCCGTGTTCGACGGCAAAAAGATCACTGTAACC 
GGGACCCTGTGGAACGGCAACAAAATrATCGACGAGCGCCTGATCAACCCCGACGGCTCCCTGCTGTTCCGCGTAACC 
ATCAACGGAGTGACCGGCTGGCGGCTGTGCGAGCGCATTTTGGCGGGA 

SEQ ID NO:75 (24C2 (NF) protein) 
MVFTLEDFVGDWQQTAGYNLDQVLEQGGLSSLFQNIJGVSVTPIQKIVLSGENGLKI DlHVIIPYEGLSGYQMGQIEKI 
FKWYPVDDHHFKVILHYGTLVlDGVTPNMIDYFGRPYEGIAVFDGKKITVTGTLWNGNKIIDERLINPDGSLLfRVr 
INGVTGWRLCF.RILAG 

SEQ ID NO:76 (Id-23D4-HT7 sandwich fusion nucleotide) 
atgcrtggtctgtcggagcaaagcgtgtccatctcgccctgcgctgggacgcgectgccegccttgctggacgagcag 
caggcgaacgtcctgctctacgacatgaacggctgctactcacgcctcaaggagctggtgcccaccctgccccogaac 
cgcaaagtgaycaaggtggagaccctgcagcatgcaatcgactacatcagggacctgcagctggagctgaactcggag 
tctgaagtcgggaccaccggaggccggggactgcctgtccgcgccccgctcagcaccctgaacggcgagatcagLgcc 
ttggcggccgaggcggcatgtgetccagccgacgatogcatcttgtgtcgcgtttctcttgagaatctttattttcag 
gcgtctggaggtggtggcggagcgatcgocatggtgfc tacactcgaagatttcgtaggggactggcggcagacagcc 
ggctacaacctggaccaagtccttgagcagggcgg^ctgLccagtttgtttcagaatctcggggtgtccgtaacaccg 
atecaaaagattgtcetgagcggtgaaaacggcctgaagatcgacatccatgtcatcatcccgtatgaaggtctgagc 
qgctatcagatgggccagatcgaaaaaatttttaaggtggtgtaccctgtggatgatcateaetttaaggtgattetg 
cactatggcacactggtaatcgacggggttacgccgaacttgatcgactacttcggacgtccgtatgaaggcatcgcc 
gtgttcgacggcaaaaagatcactgtaaccgggaccctgtggaacggcaacaaaattatcgacgagcgcctgatcaac 
cccgacggctccctgctgttccgcgtaaccatcaacggagtgaccggctggcggctgtgcgagcgcattttggcggga 
tatctcgagccaaccactgaggatctgtactttcagagcgataaegacggatecgaaatcggt: accggetttecatte 
gacccccattatgtggaagtcctgggcgagcgcatgcactacgtcgatgttggtccgcgcgatggcacccctgtgctg 
tteetgeaeggtaaecegaeetecteetacgtgtggcgcaacatcatcccgcatgttgcaccgacccatcgct.gcat:t 
gctccagacctgatcggtatgggcaaatccgacaaaccagacctgggttatttcttcqacgaccacgtccgcttcatg 
gatgccttcatcgaagccctgggtctggaagaggtcgtcctggtcattcacgactggggctccgctctgggtttccac 
tgggcoaagcgcaatccagagcgcgtcaaaggtattgcatttatggagttcatccgccctatcccgacctgggacgaa 
tggccagaatttgcccgcgagaccttccaggccttccgcaccaccgacgtcggccgcaagctgatcatcgatcagaac 
gtttttatcgagggtacgctgccgatgggtgtcgtccgcccgctgactgaagtcgagatggaccattaccgcgagccg 
tccctgaatcctgttgaccgcgagccactgtggcgcttcccaaacgagctgccaatcgccggtgagccagcgaacatc 
gtcgCgCtggtcgaagaatacatggaCtggctgcaccagtCGCctgtCCCgaagctgCtgttctggggcaccccaggc 
gttctgatcccaccggccgaagccgctcgcctggccaaaagcctgcctaactgcaaggctgtggacatcggcccgggt 
ctg 

SEQ ID NO:77 (Id-23D4-HT7 sandwich fusion protein) 
HLGLSEQSVSISRCAGTRLPALLDEQQVNVLLYCMNGCYSRLKSLVPTLPQNR-KVSKVEILQHVIDYIRDLQIELNSE 
SEVGTTGGRGLPVRAPLSTLNGEISALAAEAACVPADDRILCRVSLENIYFQASGGGGGAIAMVFTLEDFVGDWROTA 
GYNLDQVLEQGGLSSLFQNLGVSVTPIQKIVLSGENGLKIDIHVIIPYEGLSGYQMGQIEKIFKWYPVDDHHFKVIL 
HYGTLVIDGVTPNLIDYFGRPYEGIAVFDGKKITVTGTLWNGNKIIDERLINPDGSLLFRVTINGVTGWRLCERILAG 
YLEPTTEDLYFQSDNDGSEIGTGFPFDPHYVEVLGERMHYVDVGPRDGTPVLFLHGNP-TSSYVWRNIIPHVAPTHRCI 
APDLIGMGKSDKPDLGYFFDDHVRFMDAFIEALGLEEVVLVIHDWGSAIGFHWAKRNPERVKGIAFMEFIRPIPTWDE 
WPEFARETFQAFRTTDVGRKLIIDQNVFIEGTLPMGVVRPLTEVEMDHYREPFLNPVDR.EPLWRFPNE1PIAGEPANI 
VALVEEYMDViLHQSPVPKLLFWGTPGVLIPPAEAARLAKSLPNCKAVDIGPGL 

SEQ ID NO:78 {Id-2CC2-HT7 sandwich fusion nucleotide) 
atgcttggtctgtcggagcaaagcgtgtccatctcgcgctgcgctgggacgcgcctgcccgccttgctggacgagcag 
caggtgaacgtcctgctctacgacatgaacggctgctactcacgcctcaaggagctggtgcccaccctgccceagasc 
cgcaaagtgagcaaggtggagatcctgcagcacgtaatcgactacatcagggacctgcagctggagctgaactcggag 
tctqaagtcgggaccacCggaggccggggactgcctgtccgcgccccgctcagcaccctgaacggcgagatcagtgcc 
ttggcggccgaggcggcatgtgttccagccgacgatcgcatcttgtgtcgcgtttctcttgagaatcttt attttcag 
gegtetggaggtggtggcggagcgatcgeeatggtgtttacactegaagatttcgtaggggaetggcageagaeagcc 
ggctacaacctggaccaagtccttgagcagggcggtctgtccagtttgtttcagaatctcggggtgtccgtaactccg 
atccaaaagattgtcctgagcggtgaaaacggcctgaagatcgacatccatgtcatcatcccgtatgaaggtctgagc 
ggctatcagatgggccagatcgaaaaaatttttaaggtggtgraccctgtggatgatcatcactttaaggtgattctg 
cactatggcacactggtaatcgacggggttacgccgaacatgatcgactatttcggacggccgtatgaaggcatcgcc 
qtgttcqacqqcaaaaaqatcactgtaaccgggaccctgtggaacggcaacaaaattatcqacgagcgcctgatcaac 
ccegacggctccctgctgttccgcgtaaccatcaacggagtgeccggctggcggctgtgcgagcgcattttggcggga 
tatctcgagccaaccactgaggatctgtactttcagagcgataacgatggatccgaaatcggtactggctttccattc 
gacccccattatgt ggaagtcctgggcgagcgcatgcactacgtcgatgtt ggtccgcgcgat ggcacccctgtgcr g 
ttcctgcacggtaacccgacctcctcctacgtg IggcgcaacatcatcccgcatgttgcaccgacccaLcgctgcac t 
gctccagacctgatcggtatgggcaaatccgacaaaccagacctgggttatttcttegacgaccacgtccgcttcatg 
gatgccttcatcgaagccctgggtctggaagaggtcgtcctggCcattcaogactggggctccgctctgggtttccac 
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tgggcoaagcgcaatccagagcgcgtcaaaggtattgcatttatggagttcatccgccctatcccgacctgggacgaa 
tggccagaatttgcccgcgagaccttccaggccttccgcaccaccgacgtcggccgcaagctgatcatcgatcagaac 
gtttttatcgagggtacgctgccgatgggtgtcgtcegcccgctgactgaagtcgagatggaccattaccgegagccg 
ttcctgaaccctgt: tgaccgcgagccactgtggcgcttcccaaacgagotgccaatcgecggtgagccagcgaacatc 
gtcgcgctggtcgaagaataeacggactggctgcaccagtcccctgtcccgaagctgctgttctggggcacccoagge 
gttctgatcccaccggccgaagccgctcgcctggccaaaagcctgcctaaetgeaaggctgtggacatcggcccgggt 
ctgaatctgctgcaagaagacaacccggacctgatcggcagcgagatcgcgcgctggctgtccactctggagatttcc 
ggt 

SEQ ID NO:79 (Id-24C2-HT7 sandwich fusion protein) 
MLGLSEQSVSISRCAGTRL?AiLDEQGVNVLLYDMNGCYSRLKELVPTLPQNRKVSKVEILQHVIDYIRDLQLELNSE 
SEVGTTGGRGLPVRAPLSTLNGEISALAAEAACVPADDRILCRVSLENLYFQASGGGGGAIAMVFTLEDFVGDWQQTA 
GYNLDQVLEQGGLSSLFQNLGVSVTPIQKIVLSGENGLKIDIHVIIPYEGLSGYQMGQIEKIFKVVYPVDDHHFKVIL 
HYGTLVIDGVTPNMIDYFGRPYEGIAVFDGKKITVTGrLWNGNKIIDERLINPDGSLLFRVTINGVTGWRLCERILAG 
YLEPTTEDLYFQSDNDGSEIGTGFPFDPHYVEVLG£RMHYVDVGPRDGTPVLFLHGNPTSSYVWRNIIPHVAPTHRCI 
APDLIGMGKSDKPDLGYFFDDHVRFWDAFIEALGLSEWLVIHDWGSALGFHWAKRNPERVKGIAFMEFIRPIPTWDE 
WPEFARETFQAFRTTDVGRKLIIDQNVFIEGTLPMGWRPLTEVEMDHYREPFLNPVDREPLWRFPNELPIAGEPANI 
VALVEEYMDWLHQSPVPKLLFWGTPGVLIPPAEAARLAKSLPNCKAVDIGPGLNLLQEDNPDLIGSEIARWLSTIEIS 
G 

SEQ ID NO:80 (1F7 (NF) nucleotide) 
ATGGTGTTTACACTCGAAGATTTCGTAGGGGACTGGCGGCAGACAGCCGCCTACAACCTGGACCAAGTCCTTGAGCAG 
GGCGGTCTGTCCAGTTTGTTTCAGAATCTCGGGGTGTCCGTAACACCGATCCAAAGGATTGTCCTGAGCGGTGAAAAC 
GGCCTGAAGATCGACATCCATGTCATCATCCCGTATGAAGGTCTC-AGCGGCGATCAGATGGGCCAGATCGAAAAAATT 
TTTAAGGTGGTGTACCCTGTGGATGATCATCACTTTAAGGTGATTCTGCACTATCGCACACTGGTAATCGACGGGGTT 
ACGCCGAACATGATCGACTATTTCGGACGGCCGTATGAAGGCATCGCCGTGTTCGACGGCAAAAAGATCACTGTAACC 
GGGACCCTGTGGAACGGCAACAAAATTATCGACGAGCGCCTGATCAACCCCGACGGCTCCCTGCTC-TTCCGCGTAACC 
ATCAACGGAGTGACCGGCTGGCGCCTGTGCGAGCGCATTTTGGCGGGA 

SEQ ID NO;8l (IF? (NF) protein) 
MVFTLEDFVGDWRQTAGYNLDQVLEQGGLSSLFQNLGVSVTPIQRIVLSGENGLKIDlhviIPYEGLSGDQMGQIEKI 
FKVVYPVDDHHFKVILHYGTLVIDGVTPNMTDYFGRPYEGIAVFDGKKITVTGTLWNGNKIIDERLINPDGSLLFRVT 
INGVTGWRLCERILAG 

SEQ ID NO:82 (15H1 (NF) nucleotide) 
ATGGTGTTTACACrCGAAGATTTCGXAGGGGACTGGCGGCAGACAGCCGGCTACAACCrGGATCAAGTCCTTGAGCAG 
GGCGGTCTGTCCAGTTTGTTTCAGAATCTCGGGGTGTCCGTAACACCGATCCAAAAGArTGTCCTGAGCGGTGAAAAC 
GGCCTGAAGATCGACATCCATCTCATCATCCCGTATGAAGGTCTGAACGGCTATCAGArGGGCCAGATCGAAAAAAT? 
TTTAAGGTGGTGTACCCTGTGGATGATCATCACTTTAAGGTGATTCTGCACTATGGCACACTGGTAATCGACGGGGTT 
ACGCCGAACATGArCGACrATTTCGGACGGCCGrATGAAGGCATCGCCGTGTTCGACGGCAAAAAGATCACTGTMCC 
GGGACCCTGTGGAACGGCAACAAAATTATCGACGAGCGCCTGATCAACCCCGACGGCTCCCTGCTGTTCCGCGTAACC 
ATCAACGGAGTGACCGGCTGGCGGCTGTCCGAGCGCATTTTGGCGGGA 

SEQ ID NO:83 (1&H1 (NF) protein) 
MVFTLEDFVGDWRQTACYNLDQVLEQGGLSSLFQNLGVSVTPIQKIVLSGENCLKIDIRVIIPYEGLNGYQMGQIEKI 
FKVVYPVDDHHFKVILHYGTLVIDGVTPNMTDYFGRPYEGIAVFDGKKITVTGTLWNGNKI3DERLINPDGSLLFRVT 
INGVTGWRLCERILAG 

SEQ ID NO:84 (Id-1F7-HT7 sandwich fusion nucleotide) 
a~gettggtetgteggageaaagc.gtgtccatctcgegctgcgctgggacgcgeetqccegccttgctggacgagcag 
caggtgascgtcctgctctacqacatgaacggctgctactcacgcctcaaggagctggtgeecaccctgccccagaac 
cgcaaagtgagcaaggtggagatcctgcagcatgtaatcgactacatcagggacctgcagctggagctgoactcggug 
tctgaagtcgggaccaccggaggccggggactgcctgtecgegeeeegctcagcaccctgaacggcgagatcagtgcc 
tLggcggccgaggcggcatglgttccagccgacgaccgcatcttgtgtcgcgEttctcttgagaatctttattttcag 
gcgtctggaggtggtggcggagcgatcgccatggtgtttacactcgaagatttegtaggggactggcggcagacagcc 
ggctacaacctggaccaagtccttgagcagggcggtctgtccagtttgtttcagaatctcggggtgtccgtaacaccg 
atccaaaggattgtcctgagcggtgaaaacggcctgaagatcgacatccatgtcateatcccgtataaaggtctgagc 
ggcgatcagatgggccagatcgaaaaaatttttaaggtggtgtaeeetgtggatgaUcatcactttaaggtgattctq 
cactatggcacactggtaatcgacggggtcacgccgaacatgatcgactatttcggacggccgtatgaaggcatcgcc 
gtgttcgacggeaaaaagateaetgtaacegggaccctgtggaacggcaacaaaattategacgagcgcctgatcaac 
cccgacggctccctgctgttccgcgtaaccatcaacggagtgaccggctggcggctgtgcgagcgcattttggcggga 
tat.cLcgagccaaccactgaggatctgtactttcagagcgataacgatggatccgaaatcggtactggctttccattc 
gacccccattatgtggaagtcctgggdgagcgcatgcactacgtcgatgttggtccgcgcgatggcacccctgtgctg 
ttoctgcacggcaacccgacctcctcctacgtgtggcgcaacatcatcccgcatgttgcoccgacccatcgctgcatt 
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gctccagacctgatcggtatgggcaaatccgacaaaccagacctgggttatttcttcgacgaccacgtccgcttcatg 
gatgccttcatcgaagccctgggtctggaagaggtcgtcctggtcattcacgactggggctccgctctgggtttccac 
tgggecaagcgcaatccagagcgcgtcaaaggtattgcatttatggagttcatccgccctatcccgacctgggacgaa 
tagccagaatttgcccgcgagaccttccaggccttccgcaccaccgacgtcggcegcaagctgatcatcgatcagaac 
gt ttttatcgagggtacgctgccgatgggtgtcgtccgcccgctgactgaagtcgagatggaccattaccgcgagcog 
ttcctqaatcctgttgaccgcgagccactgtggcgctccecaaacgagctgccaatcgccggtgagccagcgaacatc 
gtcgcgctggtcgaagaatacatggactggctgcaccagtcccctgtcccgaagctgctgttctggggcaecccaggc 
grtctgatcccaccggccgaagccgctcgcctggccaaaagcctgcctaactgcaaggctgtggacatcggcccgggL 
ctgaatctgctgcaagaagacaanccggacctgatcggcagcgagatcgcgcgctggctgtctactctggag 

SEQ ID NO:85 <Id-lF7-HT7 sandwich fusion pxotein) 
MLGLSEQSVSISRCAGTRLFALLDEQQVNVLLYDMNGCYSRLKELVPTLPQNRKVSKVEILGHVIDYIRDLQIIELNSE 
SEVGTTGGRGIPVRAPLSTLNGEISALAAEAACVPADDRILCRVSLENLYFQASGGGGGAIAMVFTLEDFVGDWKQTA 
GYNLDQVLEQGGISSLFQNLGVSVTPIQRIVLSGENGLKIDIHVIIPYEGLSGDQMGQIEKIFKVVYPVDDHHFKVIL 
HYGTLVIDGVTPNMIDYFGRPYEGIAVFDGKKITVTGTLWNGNKIIDERIINPDGSLLFRVTINGVTGWRLCERILAG 
YLEPTTEDLYFQSDrtDGSEIGTGFPFDFHYVEVLGEKMHYVDVGPRDGTPVLFIHGNPTSSYVWRNIIPHVAPTHlICI 
APDLIGMGKSDKPDLGYFFDDHVRFMDAFIEALGLEEVVLVIHDWGSALGFHWAKRNPERVKGIAFMEFIRPIPTWDE 
WPEFARETFQAFRTTDVGRKLIIDQNVFIEGTLPMGWRPLTEVEMDHYREPFINPVDREPLWRFPNELPIAGEPANI 
VALVEEYMDWLHQSPVPKLLfWGTPGVLIPPAEAARLAKSLPNCKAVDIGPGLNLLQEDNPDLIGSEIARWLSTLEIS 
G 

SEQ ID NO:66 (Id-15H1-HT7 sandwich fusion nucleotide) 
atgettggtetgtcggagcaaagcgtgtccatctcgcgctgcgctgggacgcgcctgcccgccttgctggacgagcag 
caggtgaacgtcct getctacgacatgaacggctgctactcacgcctcaaggagctggtgcccaccctgccccagaac 
cgcaaagtgagcaaggtggagatcctgcagcatgtaatcgactacatcagggacctgcagctggagctgaactcggag 
tctgaagtcgggaccaccggaggccggggactgCCtgtccgcgccccgctcageaccctgaacggcgagateagtgce 
ttggcggccgaggcggcatq tgt-tccagccgacgaLcgcatcttgtgtcgcgtttctcttgagaatctttattttcag 
gcgtctggaggtggtggcggagcgatcgccatggtgtttacactcgaagatttcgtaggggactggcggcagacagcc 
ggctacaacctggatcaagtccttgagcagggcggtctgtccagtttgtttcagaatctcggggtgtccgtaacaccg 
atccaaaagattgtcctgagcggtgaaaacggcctqaagatcgacatccatgtcatcateecgtatgaaggtctgaae 
ggctatcagatgggccagatcgaaaaaatttttaaggtggtgtaccctgtggatgatcatcact ttaaggtgattc tg 
f:actatggcacar:tggraatcgacggggtcacgccgaacatgatcgaccatttcggacggcGgrat.gaaggcatcgcc 
gtgttcgacggcaaeaagatcactgtaaccgggaccctgtggaecggcaflcaaaattatcgacgagcgcctgatcaec 
cccgacggctccctgctgttccgcgtaaccatcaacggagtgaccggctggcggctgt gcgagcgcattttggcggga 
tatctegagccaacegctgaggatctgtactttcagagcgataaegatggatccgaaatcggtactggctttccattc 
gacccccattatgtggaagtcctgggcgagcgcatgcactacgtcgatgttggtccgcgcgatggcacccctgtgctg 
ttcctgcacggtaacccgacctcctcctacgtgtggcgcaacatcatcccgcatgttgcaccgacccatcgctgcatt 
gctccagacctgatcggtatgggcaaatccgacaaaccagacctgggttatrtctccgacgaccacgtccgcttcatg 
gat gccttcatcgaagCCCtaggtctggaagaggtcgtcctggtcattcacgactggggctccgctctgggtttccac 
tgggccaagcgcaatccagagcgcgtcaaaggtattgcatttatggagttcatccgccctatcccgacctgggacgaa 
tggccagaatttgcccgcgagaccttccaggccttccgcaccaccgacgtcggccgcaagctgatcatcgatcagaac 
gttcttatcgagggtacgctgccgatgggtgtcgtccgcccgctgactgaagtcgagatggaccattaccgcgagccg 
ttcctgaatcctgttgaccgcgagccactgtggcgcttcccaaacgagctgccaatcgccggtgagccagcgaacatc 
ytcgcgctggtcgaagaatacatggactggctgcaccagtcccctq tcccgaagctgctgttctggggcaccccaggc 
gttctgatcccaccggccgaagccgctcgcctggccaaaagcctgcctaacngcaaggctgtggacatcggcccgggt 
ctgaa tctgcr.gcaagaagacaacccggacctgaecggcagcgagatcgcgcgctggctgcctactctggagatttcc 
ggt 

SEQ ID NO:87 (Id-15H1-HT7 sandwich fusion protein) 
MLGLSEQSVSISRCAGTRLPALLDEQQVNVLLYDMNGCYSRLKELVPTLPQNRKVSKVEILQIIVIDYIRDLQLELNSE 
SEVGTTGGRGLPVRAPLSTLNGEISALAAEAACVPADDRILCRVSLENLYFQASGGGGGAIAMVFTLEDFVGDWRQTA 
GYNLDQVLEQGGLSSLFQNLGVSVTPIQKIVLSGENGLKIDIHVIIPYEGLNGYQMGQIEKIFKVVYPVDDHHFKVIL 
HYGTLVIDGVTPNMI DYFGRPYEGIAVFDGKKIWTGTLWNGNKIIDERLINPDGSLLFRVTINGVTGWRLCERILAG 
YLEPTTEDLYFQSDNDGSEIGTGFPFDPHYVEVLGERMHYVDVGPRDGTPVLFLHGNPTSSYVWRNIIPHVAPTHRCI 
APDLIGMGKSDKPDLGYFFDDHVRFMDAFIEALGLEEVVLVIHDWGSAIGFHWAKRNPSRVKGIAFMEFIRPIPTWDE 
WPEFARSTFQAFRTTDVGRKLIIDQNVFTEGTLPMGWRPLTEVEMDHYREPFLNPVDREPLWRFPNEI.PIAGPPANT 
VALVEEYMDWLHQSPVFKLLFWGTPGVLIPPAEAARLAKSIPNCKAVDIGPGLNLLQEDNPDLIGSEIARWLSTLEIS 
G 

SEQ TE NO:88 (9B8 opt+K33N+L27V+T39T+K43RVY68D nucleotide) 
Atggtgtttacactcgaagatttcgtaggggactggcggcagacagccggctacaacctggaccaagtccttgagcag 
ggcggtgtgtccagtttgtttcagaatctcggggtgtccgtaactccgacccaaaggattgtcct gagcggtgaaaac 
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ggcetgaagatcgacatccatgtcatcatcccglatgaaggtctgageggcgatcagatgggccagatcgaaaaaatt 
tttaaggtggtgtaccctgtggatgatcatcacttta-aggtgattctgcactatggcacactggtaatcgacggggtt 
acgccgaacatgatcgactatttcggacggccgtatgaaggcatcgccgtgttcgacggcaaaaagatcactgtaacc 
gggaccctgtggaacggcaacaaaattatcgacgagcgcctgatcaaccccgacggotccccgctgttccgcgtaacc 
atcaacggagtgaccggctggcggccgtgcgagcgcattttggcg 

SEQ ID NO:39 (9B9 opt+K33N+L27V+T39T+K43R+Y63D protein) 
MVFTLEDFVGOWRQTAGYNLDQVLEQGGVSSLFQNLGVSVTPIQRIVLSGENGLKIDIHVIIPYEGLSGDQMGQIEKI 
t'KVVYPVDDHHFKVILHYGTLVIDGVTPNMlOY RGRPYEGIAVFDGKKITVTGTLWNGMKIIDERLINPDGSLLFRVT 
INGVTGWRLCERILA 

SEQ ID NO:90 (9B8 Opt+K33N+L27V+r39T+K43R+?68D sandwich fusion nucleotide) 
atgcttggtctgtcggagcaaagcqtgtccatctcgcgctgcgccgggacgcgcctgcccgccttgctggacgagcag 
caggtgaacgtcctgctctacgacatgaacggctgctactcacgcctcaaggagctggtgcccaccctgcceeagaac 
cgcaaegtgagcaaggtggagatcctgcagcatgtaatcgactacatcagggacctgcagctygagctgaactcggag 
tctgaagtcgggaccaccggaggccggggactgcctgtccgcgccccgcteagcaccctgaacggcgagatcagtgcc 
ttggcggccgaggcggcatgtgttccagccgacgatcgoatcttgtgtcgcgtttctcttgagaatctttattttcag 
gcgtctggaggtggtggcggagcgatcgccatggtgtttacactcgaagatttcgtaggggactggcggcagacagco 
ggctacaacctggaccaagtccttgageagggcggtgtgtccagtttgtttcagaatctcggggtgtccgtaactccg 
a tccaaacgattgtcctgagcggtgaaaacggcctgaagatcgaeatceatgtcateatceegtatgaaggtengage 
ggcgateagatgggccaga-cgaaaaaaEttttaaggtggtgtacccLgtggacgatcatcactttaaggtgattctg 
cactatggcacactggcaatcgacggggt: tacgccgaacatgatcgactatttcggacggccgtatgaaggcatcgcc 
gtgttcgacggcaaaaagatcactgtaaccgggaccctgtggaacggcaacaaaattatcgacgagcgcctgar-raac 
cycg^eggctccccgccgttccgcgtaaccaccaacggagtgaccggctggcggctgtgcgagcgcattttggcggga 
tatcrcgagccaaccactgaggatctgtacttCcagagcgataacgatggatccgaaatcggtactggctttccattc 
gacccccattatgtggaagtcctgggcgagcgcacgcactacgtcgatgtrggcccgcgcgarggcaccccCgtgctg 
ttcctgcacggtaacccgacctcctcctacgtgtggcgcaacatcatcccgcatgttgcaccgacccatcgctgcatt 
gctccagacctgatcggtatgggcaaatccgacaaaccagaccLgggtLat ttcttcgacgaccacgtccgct tcatg 
gatgccttcatngaagccctgggtctggaagaggtcgtcctggtcatticacgactggggctccgccctgggtttccac 
tgggccaagcgcaatccagagcgcgtcaaaggtattgcatttatggagttcatccgccctatcccgacctgggacgaa 
tggccagaatttgcccgcgagaccttccaggccttccgcaccaccgacgtcgcjcegeaagctgateategateagaac 
gtttttaccgagggcacgctgccgatgggtgtcgtccgcccgctgactgaagtcgagatggaccattaccgcgagccg 
ttcctgaatcctgttgaeegegageeaetgtggegettcceaaacgagetgeeaatcgccggtgagccagcgaacatc 
gtcgcgctggtcgaagaatacatggactggctgcaccagtcccctg.tcccgaagctgctgttctggggcaccccaggc 
gttctgatcccaccggccgaagccgctcgcctggccaaaagcctgcctaactgcaaggctgtggacatcggcccgggt 
ctgaatctgctgcaagaagacaacccggacctgatcggcagcgagatcgcgcgctggctgtctactctggagatttcc 
ggt 

SEQ ID NO:91 (9B8 opt+K33N+L27V+T39T+K43R+Y6BD sandwich fusion protein) 
MLGLSEQSVSISRCAGTRLPALLDEQQVNVLLYDMNGCYSRLKELVPTLPQNRXVSKVEILQflVIDYIRDLQLELNSE 
SEVGTTGGRGLPVRAPLSTLNGEISALAAEAACVPADDRlLCRVSLENLYFQftSGGGGGAIAMVFTLEDFVGDWRQTA 
GYNLDQVLEQGGVSSLFQNLGVSVTPIQRIVLSGENG1KIDIKVIIPYEGL-SGDQMGQIEKIFKVVYPVDDHHFKVIL 
HYGTLVIDGVTPNMIDYFGRPYEGIAVFDGKKITVTGTLWNGNKIIDERLINPDGSLLFRVTINGVTGWRLCERILAG 
YLEPTTEDLYFQSDNDGSElGTGFPFDPHYVEVLGERMHYVDVGPRDGTPVLFLHGNPrSSYVWRNIIPHVAPTHRCI 
APDLIGMGKSDKPDLGYFFDDHVRFMDAFIEALGLEEVVLVIHDWGSALGFHWAKRWPERVKGIAFMEFIRPIPTWDE 
WPEFARETFQAFRTTDVGRKLIIDQNVFIEGTLFMGWRPLTEVEMDHYREPFLNPVDREPLWRFPNELPIAGEPANI 
VALVEBYMDWLHQSPVPECLIFWGTPGVLIPPAEAARLAKSLPMCKAVDIGPGLNLLQEDNPDIIGSEIARWLSTIJEIS 
G 

SEQ ID NO: 92 (9B8 opt+K33N+r39T+K43R+Y6BD nucleotide) 
Atggtgtttacactcgaagat ttcgtaggggactggcggcagacagccggctacaacctggaccaagtccttgagcag 
ggcggtctgtccagtttgtttcagaatctcggggtgtccgtaactccgatccaaaggattgtcctgagcggtgaaaac 
ggcct.gaagstcgacatccatgtcatcatcccgtatgaaggtctgagcggcgatcagatgggccagatcgaaaaaatt 
tttaaggtggtgtaccctgtggatgatcatcactttaaggtgattctgcactatggcacactqgtaatcgacggggtt 
acgccgaacatgatcgactatttcggacggccgtatgaaggcatcgccgtgttcgacgycaaaaagatcactgtaace 
gggaccctgtggaacggcaacaaaattatcgacgagcgcctgatcaaccccgacggctcoctgctgttccgcgtaacc 
atcaacggagtgaccggctggcggctgtgcgagngcattttggcg 

SEQ ID NO:93 (9B8 opt+K33N+T39T+K43R+Y69D protein) 
MVFrLEDFVGDWRQTAGYNLDQVLEQGGLSSLFONLGVSVTPlQRIVLSGENGLKIDIHVIIPYEGLSGDQMGQIEKI 
FKWYPVDDHHFKVILHYGTLVIDGVTPNMIDYFGRPYEGIAVFDGKKITVTGTLWNGNKIIDERLINPDGSLLFRVT 
INGVTGWRLCERILA 

SEQ ID NO:94 (9B8 opt+K33U+T39T+K43R+Y68D sandwich fusion nucleotide) 
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atgcttggtctgtcggagcaaagcgt gtccatctcgcgctgcgctgggacgcgcctgcccgccttgctggacgagcag 
eaggtgaacgtoctgctctacgacatgaacggctgctactcacgcctcaaggagctggtgcccaccctgccccagaac 
cgcaaagtgagcaaggtggagatcctgcagcatqtaalcgactacatcagggacctgcagctggagctgacictcggag 
tctgaagtcgggaccaccggaggccggggactgcctgtccgcgccccgctcagcaccctgaacggcgacatcagtgcc 
ttggcggccgaggcggcatgtgttceagcegacgatcgcatcttgtgtegcgttt.ct.c:ts:gagaatctt tatt ttcag 
gcgtctggaggtggtggcggagcgatcgccatggtgtttacactcgaagatttcgtaggggactggcggcagacagcc 
ggctacaacctggaccaagtccttgagcagggcggtctgtccagtttgtttcagaatctcggggtgtccgtaactccg 
atccaaaggattgtcctgagcggtgaaaacggcctgaagatcgacatccetgtcatcatcccgtatgaaggtctgagc 
ggcgatcagatgggcoagatcgaaaaaatttttaaggtggtgtaccctgtggatgatcatcactttaaggtgattctg 
cactatggcacactggtaatcgacggggttacgccgaacatgatcgactatttcggacggecgcatgaaggcatcgcc 
gtgttcgacggcaaaaagatcactgtaaccgggaccctgtggaacggcaacaaaattatcgacgagcgcctgatcaac 
cccgacggctccctgctgttccgcgtaaccatcaacggagtgaccggctggcggetgtgcgagcgcattttggcggga 
tatetcgagccaaccactgaggatctgtactttcagagcgataacgatggatccgaaatcggtactggctttccattc 
gacccccattatgtggaagtcetgggcgagcgeatgcactacgtcga tgtt ggtccgcgcgatggcacccctgtgctg 
ttcctgcaeggtaacccgacctcctcctacgtgtggcgcaacatcatcccgoatgttgcaccgacccatcgctgcatt 
gctccagacctyatcggtatgggcaaatccgacaaaccdgacctgggttai: ttcttcgacgaccacgtccgcttcatg 
gatgccttcatcgaagccctgggtctggaagaggtcgtcctggtcattcacgactggggctccgctctgggtttccac 
tgggccaagcgcaatccagagegegtcasaggtattgcatttatggagttcatccgcccCatcccgacctgggacgaa 
tggccagaatttgcccgcgagaccttccaggcct tccgcaccaccgacgtcggccgcaagctgatcatcgatcagaac 
gtttttatcgagggtacgctgccgatgggtgrcgtccgcccgctgactgaagtcgagatggaccaltaccgcgagccg 
ttcctgaatcctgt tgaccgcgagccactgtggcgcttcccaaacgagctgccaatcgccggtgagccagcgaacatc 
gtcgcgctggtcgaagaatacatggactggctgcaccagtoccctgtcccgaagctgctgttctggggcaccccaggc 
gttctgatcccaccggccgaagccgctygcctggccaaaagcctgcctaactgcaaggctgtggacatcggcccgggt 
ctgaatctgctgcaagaagacaacccggacctgatcggcagcgagatcgcgcgctggctgtctactctggagatttcc 
ggt 

SEQ ID NO: 95 (9B8 opt+K33N+T3$T+K43R+Y68D sandwich fusion protein) 
MLGLSEQSVSISRCAGTRLPRLLDEQQVNVLLYDMNGCYSRLKELVIPTLL'QNRKVSKVETIQHVTDYTRDI-QLKI.NSE 
SEVGTTGGRGLPVRAPLSTLNGEISALAAEAACVPADDRTLCRVSLENLYFQASGGGGGAIAMVFTLEDFVGDWRQTA 
GYNLDQVIEQGGISSLFQNLGVSVTPIQRIVLSGENGLKIDIHVIIPYEGLSGDQMGQIEKIFKWYPVDDHHFKVIL 
HYGTLVTDGVTPNMIDYFGRPYEGIAVFDGKKITVTGTLWNGNKIIDERLINPDGSLLFRVTINGVTGWFILCERIIIAG 
YLEPTTEDLYFQSDNDGSEIGTGFPFDPHYVEVLGERMHYVDVGPRPGTPVLFLHGNPTSSYVWRNIIPHVAPTHRCI 
APDLIGMGKSDKPDLGYFFDDHVRFMDAFIEALGLEEVVLVIHDWGSALGFHWAKRNPERVKGIAFMEFI RPIPTWDE 
WPEFARETFQAFRTTDVGRKLIIDQNVFISGTLPMGWRPLTEVEMDHYREPFLNPVDREPLWRFPNEIPIAGEPANI 
VALVEEYMDWLHQSPVPKLLFWGTPGVLIPPAEAARLAKSLPNCKAVDIGPGLNLLQEDNPDLIGSEIARWLSTLEIS 
G 

SEQ ID NO:96 (CRE> 
GCACCAGACAGTGACGTCAGCrGCCAGATCCCATGGCCGTCATACTGTGACGTCTTTCAGACACCCCTTGACGTCAAT 
GGGAGAACA 

SEQ ID NO:97 (Nucleotide CP 84 no linker) 
AtggatgatcatcactttaaggtgatIctgcactatggcacactyglaatcgacggygttacgecgaacatgatcgac 
tatttcggacggccgtatgaaggcatcgccgtgttcgacggcaaaaagatcactgtaaccgggaccctgcggaacggc 
aacaaaattatcgacgagcgcctgatcaaccccgacggctccctgctgttccgcgtaaccatcaacggagtgaccggc 
tggcggctgtgcgagcgcattttgycgatggtgtttacactcgaagatttcgtaggggactggcggcagacagccggc 
tacaacctggaccaagtccttgagcagggcggtgt.gtCCagt ttgtttcagaatctcggggtgtccgtaactccgatc 
caaaggattgtcctgagcggtgaaaacggcctgaagatcgacatccatgtcatcatcccgtatgaaggtctgagcggc 
gatcagatgggccagatcgaaaaaatttttaaggtggtgtaccctgtg 

SEQ ID NO: 99 (Protein CP 84 no linker) 
MDDHHFKVILHYGTLVIDGVTPNMIDYFGRPYEGIAVFDGKKITVTGTLWNGNKIIDERLINPDGSLLFRVTLNGVTG 
WRLCERILAMVFTLEDFVGDWRQTAGYNLDQVLEQGGVSSLFQMLGVSVTPIQRIVLSGENGLKIDIHVIIPYEGLSG 
DQMGQIEKIFKVVYPV 

SEQ ID NO:9& (Nucleotide CP G4 5AA linker) 
Atggatgatcatcactttaaggtgattctgcactatggcacactggtaatcgacggggttacgccgaaca Lgatcgac 
tatttcggacggccgtatgaaggcatcgccgtgttcgacggcaaaaagatcactgtaaccgggaccctgtggoacggc 
aacaaaattatcgacgagcgcctgatcaaccccgacggctccctgctgttccgcgtaaccatcaacggagtgaccggc 
tggcggctgtgcgagcgcattttggcggggagctccggtggaatggtgtttacactcgaagatttcgtaggggactgg 
cggcagacagccggctacaacctggaccaagtccttgagcagggcggtgtg-ccagtttgtttcagaatctcggggtg 
tccgtaactcogatccaaaggattgtcctgagcggtgaaascggcctgaagatcgacatccatgtcatcatcccgtac 
gaaggtctgagcggcgaccagatgggccagatcgaaaaaatttctaaggtggtgtaccctgtg 
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SEQ ID NO:100 (Protein CP 84 5AA linker) 
MDDHHFKVILHYGTLVIDGVTPNMIDYFGRPYEGlAVfDGKKITVTGTLWNGNKIIDkRLINPDGSLLFRVriNGVTG 
WRLCERILAGSSGGMVFTLEDFVGDWRQTAGYNLDQVT.^QGGVSSLFQNLCVSVTPIQRIVLSGENGLKIDIHVIIPY 
EGLSGDQMGQIEK1FKVVYPV 

SEQ ID NO:101 (Nucleotide CP 84 1QAA linker) 
Atggatgatcatcactttaaggtgattctgcactatggcacactggtaatcgacggggttacgccgaacatgategac 
tatttcggacggccgtatgaaggcatcgccgtgttcgacggeaaaaagatcacngtaaccgggaccctgtggaacggc 
aacaaaattatcgacgagcgcccgatcaaccccgacggct ccctgctgttccgcgtaaccatcaacggagtgaccggc 
Lggcgyctgtgcgagcgcattttggcgggaagttctggtggagggagctccggcggaatggtgtttacactcgaagat 
ttcgtaggggactggcggcagacagccggctacaacctggaccaagtccttgagcagggcygtglgtccagtttgttt 
cagaatctcggggt gtccgtaacr.cegatecaaaggattgeccr.gagcggtgaaaacggcctgaagatcgacatccat 
gtcatcatcccglatgaaggtctgagcggcgatcagatgggccagatogaaaaaatttttaaggtggtgtaccctgtg 

SEQ ID NO:102 (Protein CP 84 10AA linker) 
MDDHHFKVILHYGTLVIDGVTPNMIDYFGRPYEGIAVFDGKKITVTGTLWNGNKIIDERLINPDGSLLFRVTINGVTG 
WRLCERILAGSSGGGSSGGMVFTLEDFVGDWRQTAGYNLDQVLEQGGVSSLFQNLGVSVTPIQRIVLSGENGLKIDIH 
VITPYEGLSGDQMGQIEKIFKWYPV 

SEQ ID NO:103 (Nucleotide CP 84 20AA linker) 
Atggatgatcatcactttaaggtgattetgcactatggcacactggtaatcgacggggtcacgccgaacatgatcgac 
tattccggacggccgtatgaaggcat cgccgtgttcgacggcaaaaagatcactgtaaccgggaccctgtggaacggc 
aacaaaattatcgacgagcgcctgateaacecegacggctccetgctge tecgcgtaaecatcaacggagtgaccggc 
tggegget gtgcgagcgcactt tggcgggaagttctggtggagggagctccggtygaggaagttccgg l,gyagggagc 
t.ecggtggaatgg-gtttacactcgaagatttcgtaggggactggcggcagacagccggctacaacctggaccaagtc 
cttgagcagggcggtgtgtccagtttgtttcagaatctcggggtgtccgtaactccgatccaaaggattgtcctgagc 
ggcgaaaacggcctgaagatcgacatocatgtcaccatccrcytatgaaggtctgagcggcgatcagatcggccagatc 
gaaaaaatttttaaggtggtgtaccctgtg 

SEQ ID MO:104 (Protein CP 54 20AA linker) 
MDDHHFKVILHYGTLVIDGVTPNMIDYFGRPYEGIAVFDGKKITVTGTLWNGNKIIDERLINPDGSLLFRVTINGVTG 
WRLCERILAGSSGGGSSGGGSSGGGSSGGHVFTLEDFVGDWRQTAGYNLDQVLEQGGVSSLFQNLGVSVTPIQRIVLS 
GENGLKIDIHVIIPYEGLSGDQMGQIEKIFKVVYPV 

SEQ ID NO:105 (Nucleotide CP 95 no linker) 
Atgggcacactgqtaategaegqggt tacgeegaaeatgategaecatttccgacggccgtatgaaggeategecctg 
ttcgacggcaaaaagatcactgtaaccgggaccctgtggaacggcaa^aaaatCatcgacgagtgcctgatcaacccc 
gacggctccctgctgttccgcgtaaccatcaacggagtgaccggctggcggctgtgcgagcgcattttggcgatggtg 
tc tacactcgaagatttcgtaggggactggcggcagacagccggctacaacctggaccaagtccttgagcagggcggt 
gtgtccagtttgtttcagaatctcygggtytccgtaactccgatccaaaggattgtcctgagcggtgaaaacgyccty 
aagatcgacatccatgtcatcatcccgtatgaaggtctgagcggegatcagacgggccagatcgaaaaaattcttaag 
gtggtgtaccctgtggatgat caccactttaaggtgattctgcactat 

SEQ ID NO:106 (Protein CP 95 no linker) 
MGTLVIDGVTPNMIDYFGRPYEGIAVFDGKKITVTGTLWNGNKIIDERLINPDGSLLFRVTINGVTGWRLCERILAMV 
FTLEDFVGDWRQTAGYNLDQVLEQGGVSSLFQNLGVSVTPiQRIVLSGENGLKTDIHVn PYEGI.SGDQMGQIEKI FK 
VVYPVDDHHFKVILHY 

SEQ ID NO:107 (Nucleotide CP 95 5AA linker) 
Atgggcacactggt&atogaeggggt tacgccgaaeatgatcgactatttcggacggccgtatgaaggcaEcgccgtg 
ttcgacggcaaaaagatcaclgtaaccgggaccctglggaacyycaacaaaa ttatcgacgagcgcctgatcaacccc 
gaeggetcectgctgttccgcgtaaccatcaacggagtgaccggctggcggctgtgcgagcgcattttggcggggagc 
tccggtggaatggtgtttacactcgaagatttcgtaggggactggcggcagacagccggctacaacctggaccaagtc 
cttgagcagggcggtgtgtccagtttgtttcagaau^tcygggtgtccgtaactccgatccaaaggaLtgtcctgagc 
ggtgaaaacggcctgaagatcgacatccatgteatcatcccgtatgaaggtctgagcggcgatcagatgggceagatc 
gaaaaaatttttaaggtggtgtaccctgtggatgatcatcactttaaggtgattctgcactat 

SEQ ID NO:108 (Protein CP 95 5AA linker) 
MGTLVIDGVTFNMIDYFGRPYEGIAVFDGKKlTVTGTLtoNGNKIIDERLINPDGSLLFRVTINGVTGWRLCERILAGS 
SGGMVFTLEDFVGDWRQTAGYNLDQVLEQGGVSSLFQNLGVSVTPIQRIVLSGENGLKTDTHVIIPYEGLSGDQMGQI 
EKIFKWYPVDDHHFKVILHY 

SEQ ID NO:109 (Nucleotide CP 95 10AA linker) 
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Atgggcacactggtaatcgacggggttacgccgaacatgatcgactatttcggacggccgtatgaaggcatcgccgtg 
ttcgacggcaaaaagatcactgtaaccgggaccctgtggaacggcaacaaaattatcgacgagcgcctgatcaaecec 
gacggctcectgctgttccgcgtaaccatcaacggagtgaccggctggcggctgtgcgagcgcattttggcgggaagt 
tctggtggagggagctccggtggaatggtgttcacaotcgaagatttcgtaggggactggcggcagacagccggctac 
aacccggaccaagtccctgagcagggcggtytgtccagtttgtttcagaatctcggggtgtccgtaacTCcgatccaa 
aggattgtccfcgagcggtgaaaacggcctgaagatcgacatccatgtcatcatcccgtatgaaggcctgagcggcgat 
cagatgggccagatcgaaaaaatttttaaggtggtgtaccctgtggatgatcatcaecttaaggtgatcctgcactat 

SEQ ID NO:110 (Protein CP &5 10AA linker) 
MGTLVIDGVTPNMIDYFGRPYEGIAVFDGKXITVTGTLWNGNKIIDERLINPDGS1I.FRVTINGVTGWRLCERILAGS 
SGGGSSGGMVFTLBDFVGDWRQTAGYNLDQVI^EQGGVSSLFQNLIGVSVTPIQRIVLSGENGLKIDIKVI IPY2GL5GD 
QMGQIEKIFKVVYPVDDHHFKVILHY 

SEQ ID NO: 111 (Nucleotide CP 95 20AA. linker) 
At gggcacactggt aatcgacggggt tacgccgaacatgatcgactatttcggacggccgtatgaaggcatcgccgtg 
ttcgacggeaaaaagatcactgtaaccgggaccctgtggaacggcaacsaaattatcgacgagcgcetgateaacccc 
gacggctccccgctgttccocgtaaccatcaacggagtgaccggctggcggctgtgcgagcgcattttggcgggaagt 
rctggtggagggagctccggtggaggaagttctggtggagggagctccggcggaatggtgtttacactcgaagatttc 
gr aggggactggcggcagacagceggctacaacctggaccaagtccttgagcagggcggtgtgtccagtttgtttcag 
aatctcgggytgtccgtaactccgatccaaaggattgtcctgagcggcgaaaacggcctgaagatcgacatccacgtc 
ar.catcccgtat.gaaggtc-gagcggcgatcagatgggccagatcgaaaaaatttttaaggtggtgtaccctgtggat 
gatcstcactttaaggtgattctgcactat 

SEQ ID NO:112 (Protein CP 95 20AA linker) 
MGTLVIDGVTPNMlDYFGRPYEGIAVFDGKKITVTGTLWNGNKIIDERLINPDGSLLFRVTINGVTGWRLCERILAGS 
SGGGSSGGGSSGGGSSGGMVt'TLSDFVGnWRQTAGYNLDQVLEQGGVSSliPQHLGVSVTPIQRIVISGENCLKIDIHV 
IIPYEGLSGDQMGQIEKIFKVVYPVDDHHFKVILHY 

SEQ ID NO:113 (Linker) 
IGSGG>H 

SEQ ID NO:114 {L27V CP 5 TEV) 
Atggattrcgtaggggactggcggcagacagccggctacaacctggaccaagtccttgagcagggcggtgtgtccagt 
ttgtttcagaatctcggggtgtccgtaactccgatccaaaggattgtcctgagcggtgaaaacggcctgaagatcgac 
aeceatgccatcatcccgtatgaaggtctgagcggcgatcagatgggccagatcgaaaaaatttttaaggtggtgtac 
cctgtgga tgatcatcactttaaggtgattctgcactatggcacactggtaatcgacggggttacgccgaacatgatc 
gactatt-eggacggccgtatgaaggcatcgccgtgttcgacggcaaaaagatcactgtaaccgggaccctgtggaac 
ggcaacaaaattatcgaogagcgcctgatcaaqcccgacggctccctgctgttccgcgtaaccatcaacggagtgacc 
ggctggcggctgtgcgagcgcattttggcgggaagttctggtggaggaagttctggtggagagcctactactgagaac 
ttgtactvccagagcgataacggaagttctggtggaggaagttctggtggaatggtgt ttacactcgaa 

SEQ ID NO:115 (L27V CP 5 TEV) 
MDFVGDWRQTAGYNLDQVLEQGGVSSLFQNLGVSV'i'PIQRIVLSGENGLKIDIHVTIPYEGLSGDQMGQIEKI FKVVY 
PVDDHHFKVILHYGTLVIDGVTPNMIDYFGRPYEGlAVFDGKKITVTGrLWNGNKIIDERLINPDGSLLFRVTINGVT 
GWRLCERILAGSSGGGSSGGEPTTENLYFQSDNGSSGGGSSGGMVFTLE 

SEQ ID NO:116 (L27V CP 6 TEV) 
atgttcgc aggggactggcggcagacagccggctacaacctggaccaagcccttgagcagggcggtgtgtccagtctg 
t.ctcagaatctcggggtgtccgtaactccgatCCaaaggattgtcctgagcggt.gaaaacggcctgaagatcgacatc 
catgtcatcatcccgtatgaaggtctgagcggcgaccagatgggccagatcgaaaaaattcttaaggtggtgtaccct 
gtggatgaccatcactttaaggtgatCctgcactacggcacactggtaatcgacggggttacgcogaacatgatcgac 
tatttcggacggccgtatgaaggcatcgccgtgttcgacggcaaaaagatcactgtaaccgggaccctgtggaacggc 
aacaaaattatcgacgagcgcctgatcaaccccgacggccccctgctgcteegegtaaccatcaacggagtgaccggc 
tggcggctgtgcgagcgcattttggcggaaagttccggtggaggaagttctggtggagagcctactactgagaacttg 
tacttccagagcgataacggaagltctggtggaggaagttctggtggaatggtgtttacactcgaagat 

SEQ ID NO:117 (L27V CP 6 TEV) 
MFVGDWRQTAGYNLDQVLEQGGVSSLFQNLGVSVTPIQRIVLSGENGLKIDIHVIIPYEGLSGDQMGQIEKIFKVVYP 
VDDHHFKVILHYGTLVIDGVTPNMlDYFGRPYEGIAVFDGKK1TVTGTLWMGNKI3DERLINPDGSLLFRVTINGVTG 
WRLCERILAGSSGGGSSGGEPTTENLYFQSDNGSSGGGSSGGMVFTLED 

SEQ ID NO:118 (L27V CP 7 TEV) 
atggtaggggactggcggcagacagccggctacaacctggaccaagtccttgagcagggcggtgtgtccagtttgttt 
cagaatcccggggtgtccgtaactccgatccaaaggattgtcctgagcggtgaaaacggcctgaagatcgacatccat 
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gtcatcatcccgtatgaaggtctgagcggcgatcagatgggccagatcgaaaaaatttttaaggtggtgtaccctgtg 
gatgatcatcactttaaggtgattctgcactatggcacactggtaatcgacggggttacgccgaacatgatcgactat 
ttcggaoggccgtatgaaggcatcgccgtgttcgacggcaaaaagatcactgtaaccgggaccctgtggaacggcaac 
aaaattatcgacgagcgcctgatcaaccccgacggctccctgetgttccgcgtaaccatcaacggagtgaccggctgg 
cggctgtgcgagegeattttggcgggaagttctggtggaggaagttctggtgyagagcctactactgagaacttgtac 
ttccagagcgataacggaagttctggtggaggaagttctggtggaatggtgtttacactcgaagatttg 

SEQ ID NO:119 (L27V CP 7 TEV) 
MVGDWRQTAGYNLDQVLEQGGVSSLFQNLGVSVTPTQRIVLSGENGLKIDIHVIIPYEGLSGDQMGOIEKIFKWYPV 
DDHHFKVILHYGTXVIDGVTPNMIDirFGRPYEGIAVFDGKKITVTGTLWNGNKIIDERLINpnGSLLFRVTINGVTGfc7 

RLCERILAGSSGGGSSGGEPTTENLYFQSDNGSSGGGSSGGMVFTLEDF 

SEQ ID NOr120 (LZ7V CP 9 TEV) 
atggactggcggcagacagccggctacaacctggaccaagtccttgagcagggcggtgtgtccagtttgtr.tcagaat 
ctcggggtgtccgtaactccgatccaaaggattgtcctgagcggtgaaaacggcctgaagatcgacatccatgtcatc 
atcccgtatgaagqtc.tgagcggcgatcagatgggccagatcgaaaaaattttcaaggtggtgtaccctgtggatgat 
catcactttaaggtgattctgcactatggcacactggtaatcgacggggttacgccgaacatgatcgactatttcgga 
cggccgtatgaaggcatcgccgtgttcgacggcaaaaagatcactgtaaccgggaccctgtggaacggcaacaaaatt 
atcgacgagcgcctgatcaaccccgacggctccctgctgttccgcgtaaccatcaacggagtgaccggctggcggctg 
tgcgagcgcattttggcgggaagttc tggtggaggaagttctggt ggagagcctactactgagaacttgtacttccag 
agegataacggaagttctggtggaggaagttctggtggaatggtgttcacactcgaagatttcgtaggg 

SEQ ID NO:121 (L27V CP 9 TEV) 
MDWRQTAGYNLDQVLECGGVSSLFQNLGVSVTPIQRIVLSGENGLKIDIHVIIPYEGLSGDQMGQIEKIFKVVYPVDD 
HUFKVILUYGTLVIDGVTFNMIDYFGRPYECIAVFDGKKITVTGTLWNGNKIIDERLINPDGSLLFRVTINGVTGWRL 
CERILAGSSGGGSSGGEPTTENLYFQSDNGSSGGGSSGGMVFTLEDFVG 

SEQ ID NO: 122 (L2"7V CP 11 TEV) 
Atgcggcagacagccggctacaacctggaccaagtccttgogcagggcggtgtgtccagtttgtttcagaatctcggg 
gtgtccgtaactccgateea&aggattgtcctgagcggtgaaaacggcctgaagatcgacatccatgtcatcatcccg 
tatgaaggtctgagcggcgatcagatgggccagatcgaaaaaaCt tttaaggtggtgtaccctgtggatgatcatcac 
tetaaggtgatrctgcactatggcacactggtaaecgacggggttacgccgaaeatgatcgactatfctcggacggccg 
tatgaaggcatcgccgtgttogacggcaaaaagatcactgtaaccgggaccctgtggaacggcaacaaaa ttatcgac 
gagcgcctgatcaaccccyacgyctccclgctgttccgcgtaaccatcaacggagtgaccggctggcggctgtgcgag 
cgcattttggcgggaagttctggtggaggaagt tctggtggagagcctactactgagaacttgtacttccagagcgat 
aacggaagttccggtggaggaagttctggtggaatggtgtttacactcgaagatttcgtaggggactgg 

SEQ ID NO:123 (L27V CP 11 TEV) 
MRQTAGYNLDQVLEQGGVSSLFQNLGVSVTFIQRIVLSGENGLKIDIHVIIPYEGLSGDQMGQIEKIFKVVYPVDDHH 
FKVILHYGTLVIDGVTPNMIDYFGRPYEGIAVFDGKKITVTGTLWNGNKIIDERLINPDGSLLFRVTINGVTGWRLCE 
RILAGSSGGGSSGGEPTTENLiFQSDNGSSGGGSSGGMVFTLEDFVGDW 

SEQ ID NO:124 (L27V CP 12 TEV) 
Cagacagccggctacaacctggaccaagtccttgagcagggcggtgtgtccagt,ctgtttcagaatctcggggtgtcc 
gtaactccgatccaaaggattgtcctgagcggtgaaaacggcctgaagatcgacatccatgtcettatcccgtatgaa 
ggtctgagcggcgatcagatgggccagatcgaaaaaatT.tttaaggtggtgtaccctgtggatgatcatcactttaag 
gtgatcctgcactatggcacactggtaatcqacggggttacgccgaacatgatcgactatttcggacggccgtatgaa 
ggcatcgccgtgttcgacggcaaaaagatcactgtaaccgggaccctgtggaacgycaacaaaattatcgacgaycgc 
ctgatcaaccccgacggctccctgctgttccgcgtaaccatcaacggagtgaccggctggcggctgtgcgagcgcatt 
ttggcgggaagttctggtggaggaagttctggtggagagcctactactgagaacctgtacttccagagcgat'aacgga 
agttctggtggagqaaqttctqqtggaatggtgtttacactcgaagatttcgtaggg 

SEQ ID NOi125 (L27V CP 12 TEV) 
QTAGYNLDQVLEQGGVSSLFQNLGVSVTPIQRIVLSGENGLKIDIHVIIPYEGLSGDQMGQIEKIFKVVYPVDDHHFK 
VILHYGTIVIDGVTPNMlDYFGRPYEGIAVFDGKKITVTGTLWMGNKIIDERLIWPDGSLLFRVTINGVTGWRLCERI 
LAGSSGGGSSGGEPTTENLYFQSDNGSSGGGSSGGMVFTLEDFVG 

SEQ ID NO:126 (L27V CP 15 TEV) 
atgggctacaacctggaccaagtccttgagcaqggcggtgtgtccagttLgtttcagaatctcggggtgtccgtaact 
cccatccaaaggattgtcctgagcggtgaaaacggcctgaagatcgacatccatgtcatcatcccgtatgaaggtctg 
agcggegateagatgggccagategaaaaaatttttaaggtggtgtaecctgtggatgatcatcaetttaaggtgatt 
ctgcactatggcacactggtaatcgacggggttacgccgaacatgatcgaccatctcggacggccgcatgaaggcatc 
gccgtgttcgacggcaaaaagatcactgtaaccgggaccctgtggaacggcaacaaaattatcgacgagcgcctgatc 
aaccccgacggctccctgctgctocgcgtaacoatcaacggagtgaccggct ggcggctgtgcgagcgcattttggcg 
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ggaagttctggtggaggaagttctggtggagagcctactactgagaacttgtacttccagagcgataacggaagttct 
ggtggaggaagttctggtggaatggtgtttacactcgaagatttcgcaggggactggcggcagacagcc 

SEQ ID NO:127 (L27V CP 15 TEV) 
MGYNLDQVLEQGGVSSLFQNLGVSVTPIQRIVLSGENGLKIDIHVIIPYEGLSGDQMGQIEKIFKWYPVDDHHFKVI 
LHYGTLVIDGVTPNMIDYFGRPYEGIAVFDGKKITVTGTLWNGNKTIDERLINPDGSLLFRVTINGVTGWRLCERILA 
GSSGGGSSGGEPTTE.HLYFQ$DNGSSGGGSSGGMVFTLEDFVGDWRQTA 

SEQ ID NO:128 (L27V CP 18 TEV) 
ctggaccaagtccttgagcagggcggtgtgtccagtt C-gtttcagaatctcggggcgtccgtaactccgatccaaagg 
attgteetgagcggtgaaaacggcctgaagatcgacatccatgtcatcatcccgtatgaaggtctgagcggcgatcag 
atgggccagatcgaaaaaatttttaaggtggtgtaccctgtggatgatcatcactcraaggtgattctgcactatggc 
acactggtaatcgacgggg ttacgccgaacatgatcgactatttcggacggccgtatgaaggcatcgccgtgttcgac 
ggcaaaaagatcactgtaaccgggaccctgrggaacggcaacaaaatLatcgacgagcgcctgatcaaccccgacggc 
tcc.ctgctgttccgcgtaaccatcaacggagtgaccggctggcggctgtgcgagcgcattttggcgggaagti:ctggt 
ggaggaagttctggtggagagcetactactgagaacttgtacttccagagcgataacggaagttctggtggaggaagt 
tctggtggaatggtgtttacactcgaagatttcgtaggggactggcggcagacagccggctacaac 

SEQ ID NO:129 (L27V CP IB TEV) 
IDQVLEQGGVSSLFQNLGVSVTPIQRIVLSGENGLKIDIHVIIPYEGLSGDQMGQIEKIFKWYPVDDHHFKVILHYG 
TLvrPGVTPNMIDYFGRPYEGIAVFDGKKITVTGTLWNGNKIIDERLINPDGSLLcRVTINGVTGWRLCERILAGSSG 
GGSSGGEPTTENLYFCSDNGSSGGGSSGGMVFTLEDFVGDWKQTAGYN 

SEQ ID NO:130 (L27V CP 21 TEV) 
gtcettgageagggcggtgtgtccagtttgtttcagaatctcggggtgtccgtaactccgatccaaaggattgtcctg 
agcggtgaaaacggcctgaagatcgacatccatgtcatcatcccgtatgaaggtctgagcggcgatcagatgggccag 
atcgaaaaaatttttaaggtggtgtaccctgtggatgatcatcactttaaggtgattctgcactatggcacactggta 
atcgacggggttacgccgaacatgatcgactatttcggacggccgtatgaaggcatcgccgtgttcgacggcaaaaag 
atcactgtaaccgggaccctgtggaacggcaacaaaattatcgacgagcgcctgatcaaccccgacggctccctgctg 
ttecyvg laaccatcaacggagtgaccggctggcggctgtgcqaqegcattttggegggaagttctggtggaggaagt 
tctggtggagagcctactactgagaacttgtacttccagagcgataacggaagttctggtggaggaagi.tt:tggtgga 
$tqqigtttacactcqaaqatttcqtaqgqqactqqcqgcsg^cagccggcr.acaacctggaccs.a 

SEQ ID NO:131 {L27V CP 21 TEV) 
VLEQGGVSSLFQNLGVSVTPIQtUVLSGBNGLKTD'lHVITPYF.GIjSGDQMGQTEKIFKVVYPVDDHHFKVILHYCTLV 
IDGVTPNMIDYFGRPYEGIAVFDGKKITVTGTLWNGNKIIDERLIPJFDGSLLFRVTIMGVTGWRLCERILRGSSGGGS 
SGGEPTTENLYFQSDNGSSGGGSSGGMVFTL3DFVGDWRQTAGYNLDQ 

SEQ ID NO:132 {L27V CP 24 TEV} 
cagggcggtgcgtccagtttgtttcagaatctcggggtgLccgtaacLccgatccaaaggattgtcctgagcggtgaa 
aacggcctgaagatcgacatccatgtcatcatcccgtatgaaggtctgagcggcgatcagatgggccagatcgaaaaa 
atttrtaaggcggtgtaccctgtggatgatcatcactttaaggtgattctgcactat ggcacactggtaatcgacggg 
gttacgccgaacatgatcgactattteggacggcegtatgaaggcatcgccgtgttcgaeggcaaaaagatcactgta 
accgggaccccgtggaacggcaacaaaatta tcgacgagcgcctgatcaaccccgacggctcyctgctgtLccgcgta 
aefza-rraacggagtgaccggctggcggctgtgcgagcgcattttggcgggaagttctggtggaggaagttctggtgga 
gagcctactactgagaacttgtacttccagagcgataacggaagttctggtgqaqgaagut ct ggcggaatggtgttt 
acacLcgaagatttcgtaggggactggcggcagacagccggctacaacctggaccaagtccttgag 

SEQ ID NO:133 {L27V CP 24 TEV) 
QGGVSSLFQNLGVSVTPIQRIVLSGENGLKIDIHVIIPYEGLSGDQMGQIEKIFKVVYPVDDHHFKVILHYGTLVIDG 
VTPNMIDYFGRPYEGIAVFDGKKITVTGTLWNGNKIIDERLINPDGSLLFRVTINGVTGWRICERILAGSSGGGSSGG 
EPTTENLYFQSDNGSSGGGSSGGMVFTLEDFVGDWRQTAGYNLDQVLE 

SEQ ID NO:134 (L27V CP 27 TEV) 
gtgtccagtttgtttcagaatetcggggtgtccgcaactccgatccaaaggattgtcctgagcggtgaaaacggccto 
aagatcgacatccatgtcatcatcccgtatgaaggtctgagcggcgatcagatgggccagatcgaaaaaatttttaag 
gtggtgtaccctgtggatgatcatcactttaaggtgattctgcaatatggcacactggtaaccgacggggttacgccg 
aacatgatcgactatttcggacggccgtatgaaggcatcgccgtgttcgacggcaaaaagatcacUg taaccgggacc 
ctgtggaaeggeaacaaaattatcgacgagcgcctgat eaaceccgaeggctccctgctgttccgcgtaaccatcaac 
ggagcgaccggctggcggctgtgcgagcgcattttggcgggaagttctggtggaggaagttctggtggagagcctact 
actgagaacttgtacttccagagcgataacggaagttctggtggaggaagt tctggtggaatggtgtttacactcgaa 
getttcgtaggggactggcggcagacagccggctaeaacctggaccaagtccttgagcagggcggt 

SEQ ID NO:135 (L27V CP 27 TEV) 
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VSSLFQNLGVSVTPIQRIVLSGENGLKIDIHVIIPYEGLSGDQMGQIEKIFKWYPVDDHHFKVILHYGTLVIDGVTP 
NMIDYFGRPYEGIAVFDGKKITVTGTLWNGNKIIDERLIMPDGSLLFRVTINGVTGWRLCERILAGSSGGGSSGGF.PT 
TENLYFQSDNGSSGGGSSGGMVFTLEDFVGDWRQTAGYNLDQVLEQGG 

SEQ ID NO:136 (L27V CP 34 TEV) 
atgctcggggtgtccgtaactccgatecaaaggattgtcctgagcggtgaaaacggcctgaagatcgacateoatgtc 
atcatcccgtacgaaggtctgagcggcgatcagatgggccagatcgaaaaaatttttaaggtggtgtaccctgtggat 
gatcaCcactttaaggtgattctgcactatggcacautggtaatcgacggggttacgccgaacatgatcgactatttc 
ggaeggecgtatgaaggcatcgccgtgttcgacggcaaaaagatcactgtaaccgggaccctgtggaacggcaacaaa 
attatcgacgagcgcctgatcaaccccgacggctccctgctgttccgcgcaaccatcaacggagtgacoggccggcgg 
ctgtgcgagcgcattttggcgggaagttctggtggaggaagttctgglggagagcctactactgagaacttgtacttc 
cagagcgataacggaagttctggtggaggaagttctggtggaatggtgtttacactcgaagatttcgtaggggactgg 
cggcagacagccggclacaacctggaccaagtccttgagcagggcggtgtgtccagtttgtttcagaat 

SEQ ID NO:137 (L27V CP 34 TEV) 
MLGVSVTFIQRIVLSGENGIKIDIHVIIPYEGLSGDQMGQIEKIFKVVYPVDDHHFKVILHYGTLVIDGVTPNMIDYF 
GRPYEGIAVFDGKKITVTGTLWNGNKIIDERLINPDGSLLFRVTINGVTGWRLCERILAGSSGGGSSGGEPTTENLYF 
QSDNGSSGGGSSGGMVFTLEDFVGDWRQTAGYNLDQVLEQGGVSSLFQN 

SEQ ID NO:130 <L27V CP 40 TEV) 
Atgccgatccaaaggattgtcctgagcggtgaaaacggcctgaagatcgacatccatgtcatcatcccgtatgaaggt 
ctgagcggcgatcagatgggccagatcgaaaaaatctttaaggtggtgtaccctgtggatgatcatcactttaaggtg 
attctgcactatggcacactgqtaatcgacggggttacgccgaacatgatcgaccatttcggacggccgvatgaaggc 
atcgccgtgttcgacggcaaaaagatcaccgtaaccgggaccctgtggaacggcaacaaaattatcgacgagcgccrtg 
atcaacsccgacggccccctgctgttccgcgtaaccatcaacggagtgaccggcuggcggctgtgcgagcgcaltttg 
gcgggaagttctggtggaggaagt tct ggtggagagcctactaetgagaact tgcact tccagagcgataacggaagt 
tCTggtggaggaagttctggcggaatggtgtttacactcgaagatttcgtaggggacr ggcggcagacagccggctac 
aacctggaccaagtccttgagcagggcggcgtgtccagirttgtttcagaatctcggggtgtccctaact 

SEQ ID NO:139 <L27V CP 40 TEV) 
MPIQRIVLSGENGLKIDIHVIIPYEGLSGDQMGQIEKIFKWYPVDDHHFKVILHYGTLVIDGVTPNMIDYFGRPVEG 
-IAVFDGKKITVTGTLWNGNKIIDERLINPDGSLLFRVTINGVTGWRLCERILAGSSGGGSSGGEPTIENLYFOSDNGS 
SGGGSSGGMVFTLEDFVG DWRQTAGYNLDQVLEQGGVSSLFQNr.GVSVT 

SEQ ID NO:140 (L27V CP 43 TEV) 
Atgaggattgtcctgagcggtgaaaacggoctgaagatcgacatocatgtcatcatcccgtatgaaggtctgagcggc 
gatcagatgggccagatcgaaaaaatttttaaggtggtgtaccccgtggacgatcatcactttaaggtgattctgcac 
tacggcacactggtaatcgacggggttacgccgaaeatgatcyactat ttcggacggccgLalgaaggcatcgccgtg 
ttcgacggcaaaaagatcactgtaaccgggaccctgtggaacggcaacaaaattatcgacgagcgcctgatcaacccc 
gacggctccctgctgCtccqcgtaaccatcaacggagtgaccggctggcggctgtgcgagcgcattttggogggaagt 
tctggtggaggaagt cccggcggagagcccacLactgagaacctgtacttccagagcgataacggaagttctggtgga 
ggaagttctggtggaatggtgtttacactcgaagatttcgtaggggactggcggcagacaoccggctacaacctggac: 
caagtccttgagcagggcggtgtgtccagtttgtttcagaatctcggggtgtccgtaactccgatccaa 

SEQ ID NO:141 (L27V CP 43 TEV) 
MRIVLSGENGLKIDIHVIIPYEGLSGDQMGQIEKI FKWYPVDDHHFKVILE1YGTLVI DGVTPNMIDYFGRPYEGlAV 
FDGKKrTVTGTLWNGNKIIDERLINPDGSLLFRVTINGVTGWRLCERILAGS SGGGSSGGEPTTEbJLYFQSDNGSSGG 
GSSGGMVFTLEDFVGDWEQTAGYNLDQVLEQGGVSSLFQNLGVSVTPIO 

SEQ ID NO:142 (L27V CP 44 TEV) 
Atgattgccctgagcggtgaaaacggcctgaagatcgaoatccatgtcatcatcccgtatgaaggtctgagcggcgat 
cagatgggccagatcgaaaaaatttttaaggtggtgtaccctgtggatgatcatcact ctaaggtgattctgcactat 
ggcacactggtaatcgacggggttaegecgaacatgatcgactattteggaeggccgtatgaaggcatcgccgtgttc 
gacggcaaaaagatcactgtaaccgggaccctgtgqaacggcaacaaaattatcgacgagcgcctgatcaaccccgac 
ggctccctgctgttccgcgtaaccatcaacggagtgaccggctggcggctgtgcgagcgcattttggcgggaagttct 
ggtggaggaagttctggtggagagcctactactgagaacttgtacttccagagcgataacggaagttctggcggagga 
agt cctggrggaatggtgtttacactcgaagac ttcgtaggggactggcggcagacagccggctacascctggaccaa 
gtccttgagcagggcggtgtgtccagtttgt cccagaatctcggggtgtccqtaactccgatccaaagg 

SEQ ID NO:143 (L27V CP 44 TEV) 
MlVLSGENGLKIDXHVI IPYEGLSGDQMGQIEKIFKVVYPVDDilHFKVILHYGTLV IDGVTPNMI DYFGBPYEGIAVf 
DGKK1TVTGTLWNGNKI IDERLINIPDGSLLFBVTINGVTGWRLCEP.ILAGSSGGGSSGGEPTTENLYFQS DNGSSGGG 
SSGGMVFTLEDFVGDWRQTAGYNLDQVLEQGGVSSLFQNLGVSVTPIQR 
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SEQ ID NO:144 (L27V CP 45 TEV> 
Atggtcctgagcggtgaaaaeggcctgaagatcgacatccatgtcatcatcccgtatgaaggtctgageggcgatcag 
atgggccagatcgaaaaaattttcaaggtggtgtaccctgtggatgatcatcactttaaggtgattctgcactatggc 
acactggtaatcgacggggttacgccgaaeatgatcgactatttcggacggccgtatgaaggcatcgccgtgttcgac 
ggcaaaaagatcactgtaaccgggaccctgtggaacggcaacaaaattatcgacgagcgcctgatcaaccccgacggc 
teectgetgtteegcgtaaccatcaacggagtgaccggctggcggctgtgcgagcgcattttggcgggaagttctggt 
ggaggaagttctggtggagagcctactactgagaacttgtaettecagagcgaraacggaagttctggtggaggaagc 
tctggtggaatggtgtttacactcgaagatttcgtaggggactggcggcagacagccggctaeaaectggaccaagtc 
cttgagcagggoggtgtgtccagtttgtttcagaatctcggggtgtccgtaactecgatccaaaggatt 

SEQ ID NO:145 (L27V CP 45 TEV> 
MVLSGSNGLKIDIflVlIPYEGLSGDQMGQIEKIFKVVYPVDDHHFKVILHYGTLVIDGVrPNMlDYFGRPYEGIAVFD 
GKKITVTGTLWNGNKIIDERLINPDGSLLFRVTINGVTGWRLCERILAGSSGGGSSGGEPTIENLYFQSDNGSSGGGS 
SGGMVFTLEDFVGDWRQTAGYNLDQVLEQGGVSSLFQNLGVSVTPIQRI 

SEQ ID NO: 146 (W7V CP 46 TEV> 
Atgctgagcggtgaaaacggoctgaagatcgacatccatgtcatcatcccgtatgaaggtctgagcggcgatcagatg 
ggccagatcgaaaaaatttttaaggtggtgtacccLgtggatgatcatcactttaaggtgafctctgcactatggcaca 
ctggtaatcgaeggggttacgccgaacatgatcgactatttcggacggccgtatgaaggcatcgccgtgLtcgacggc 
aaaaagatcactgtaaccgggaccctgtggaacggcaacaaaattategaegagcgcctgatcaaccccgacggctcc 
ctgctgttccgcgtaaccatcaacggagtgaecggetggcggctgtgcgagcgcatcttqgcgggaagttctggtgga 
ggaagttctggtggagagcctactactgagaacttgtacttccagagcgataacggaagttctggtggaggaagtLet 
ggtggaatggtgtttacactcgaagatttcgtaggggactggcggoagacagccggctacaacctggaccaagtcctt 
gagcagggcggtgtgtccagtttgtttoagaatetcggggtgtccgtaactccgatccaaaggatt 

SEQ ID NO:147 (L27V CP 46 TEV> 
MLSGENGLKIDIHVIIPYEGLSGDQMGQIEKIFKWYPVDDHHFKVILHYGTLVTDGVTPNMIDYFGRPYEGIAVFDG 
KKITVTGTLWN&NKIIDERLINPDGSLLFRVTINGVTGWR.LCERILAGSSGGGSSGGEPTTENLYFQSDNGSSGGGSS 
GGMVFTLEDFVGDWRQTAGYNLDQVLEQGGVSSLFQNLGVSVTPIQRI 

SEQ ID NO148 (L27V CP 47 TEV> 
atgagcggtgaaaacggcctgaagatcgacatccatgtcatcatcccytatgaaggtctgagcggcgatcagatgggc 
cagatcgaaaaaatttttaaggtggtgtaccctgtggatgatcatcactttaaggtgattctgcactatggcacactg 
gtaatcgacggggttaogccgaacatgatcgactatttcggacggccgtatgaaggcatcgccgtgttcgacggcaaa 
aagatcactgtaaccgggaccctgtggaacggcaacaaaattatcgacgagcgccLgatcaaccccgacggctccctg 
ctgttccgogtaaccatcaacggagtgaccggctggcggctgtgcgagcgcattttggcgggaagttctggtggagga 
agttctggtggagagcctactactgagaacttgtacttccagagcgataacggaagttctggtggaggasgttctggt 
ggaaLggtgtttacactcgaagatttcgtaggggactggcggcagacagccggctacaacctggaccaagtccttgag 
cagggcggtgtgtccagtttgtttcagaatctcggggtgtccgtaactccgatccaaaggattgtectg 

SEQ ID NO:149 (L27V CP 47 TEV> 
MSGENGLKIDIHVIIPYEGISGDQMGQIEKIFKWYPVDDHHFKVILHYGTLVIDGVTPNMIDYFGRPYEGIAVFDGK 
KITVTGTI.WNGNKIIDERLINPDGSLLFRVTINGVrGWRLCERILAGSSGGGSSGGEPTTENLYFQSDNGSSGGGSSG 
GMVFTLEDFVGDWRQTAGYNLDQVLEQGGVSSLFQNLGVSVTPIQRIVL 

SEQ ID NO:150 (L27V CP 48 TEV> 
atgggtgaaaacggeetgaagatcgacatccatgtcatcatcccgtatgaaggtctgagcggcgatcagatgggccag 
atcgaaaaaalttttaaggtggtgtaccctgtggatgatcatcactttaaggtgattctgcactatggcacactggta 
atcgacggggttacgccgaacatgatcgactatttcggacggccgtatgaaggcatcgccgtgttcgacggcaaaaag 
atcactgtaaccgggaccctgtggaacggcaacaaaattatcgacgagcgcctgatcaaccccgacggctccctgctg 
ttccgegtaaccatcaacggagtgaccggctggcggctgtgcgagcgcattttggcgggaagttctggtggaggaagt 
tctggtggagagcctactactgagaacttgtacttccagagogataacggaagttctggtggaggaagttctggtgga 
atggtgtttacactcgaagatttcgtaggggactggcggcagacagccggctacaacctggaccaagtccttgagcag 
ggcggtgtgtccagt ttgtttcagaatctcggggtgtccgtaactccgatecaaaggattgtcctgageg 

SEQ ID NO: 151 <IJ27V CP 46 TEV) 
MGENGLKIDIHVIIPYEGLSGDQMGQIEKIFKVVYPVDDHHFKVILHYGTLVIDGVrPNMIDYFGRPYEGIAVFDGKK 
ITVTGTLWNGNKIIDERLINPDGSLLFRVTINGVTGWRIJCERILAGSSGGGSSGGEPTTENLYFQSDNGSSGGGSSGG 
MVFTLEDFVGDWRQTAGYNLDQVIEQGGVSSLFQNLGVSVTPIQRIVLS 

SEQ ID NO:152 (L27V CP 49 TEV) 
aLggaaaacggcctgaagatcgacatc&atgtcatcatcccgtatgaaggtctgagcggcgatcagatgggccagatc 
gaaaaaatttttaaggtggtqtaccctgtggatgatcaccactttaaggtg^ttctgcactatggcacactggtaatc 
gacggggttacgccgaacatgatcgactatttcggaeggccguatgaaggcatcgccgtottcgacggcaaaaagatc 
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actgtaaccgggaccctgtggaacggcaacaaaattatcgacgagcgcctgatcaaccccgacggctccctgctgttc 
cgcgtaaccatcaacggagtgaccggctggcggctgtgcgagcgcattttggcgggaagttctggtggaggaagttct 
ggtggagagcctactactgagaacttgtacttccagagcgataacggaagttctggtggaggaagttctggtggaatg 
gtgtttacactcgaagatttcgtaggggactggcggcagacagccggctacaacctggaccaagtccttgagcagggc 
ggtgtgtccagtttgtttcagaatctcggggtgtccgtaactccgatccaaaggattgtcctgagcggt 

SEQ ID NO:153 (L27V CP 49 TEV) 
MENGLKIDIHVIIPYBGT.SGDQMGQIEKIFKVVYPVDDHHFKVILHrGTLVIDGVTPNMIDYFGRPYEGIAVFDGKKI 
TVTGTLWNGNKIIDERLINPDGSLLFRVTINGVTGWRLCERILAGSSGGGSSGGBPTTENLYFQSDNGSSGGGSSGGM 
VFTLEDFVGDWRQrAGYNLDQVLEQGGVSSLFQMX-GVSVTPXORrVLSG 

SEQ ID HO:154 (L27V CP 50 TEV) 
atgaacggcctgaagatcgacatccatgtcatcatcccgtatgaaggtctgagcggcgateagatgggecagategaa 
aaaatttttaaggtggtgtaccctgtggacgatcatcactttaaggtgattclgcactatggcacactggtaatcgac 
ggggttacgccgaacat gatcgactatttcggacggccgtatgaaggcatcgccgtgttcg&cggcaaaaagatcact 
gtaaccgggaccctgtggaacggcaacaaaattatcgacgagcgcctgatcaaccccgaoggctccctgctg^tccgc 
gtaaccatcaacggagtgaccggctggcggctgtgcgagcgcattttggcgggaagttctggtggaggaagttctggt 
ggagagectactactgagaacttgtacttccagagcgataacggaagttctggtggaggaagttctggtggaalggtg 
tttacactcgaagatttcgtaggggactggcggcagacagccggctacaacctggaccaagtccctgagcagggcggt 
gtgtccagtttgtttcagaatctcggggtgtccgtaactccgatccaaaggattgtcctgagcggtgaa 

SEQ ID HO:155 (L27V CP 50 TEV) 
MNGLKIDIHVIIPYSGLSGDQMGQIEKIFKVVYPVDDHHFKVILHYGTIVIDGVTPNMIDYFGRPYEGIAVFDGKKIT 
VTGTLWNGNKIIDERLINPDGSLLFRVTINGVTGWRLCERILAGSSGGGSSGGEPTTENLYFQSDNGSSGGGSSGGMV 
FTLEDRVGDHRQTAGYNLDQVLEQGGVSSLFQNLGVSVTPIQRIVLSGE 

SEQ ID NO:156 (L27V CP 51 TEV) 
atgggcctgaagatcgacatccacgtcatcatcccgtatgaaggtetgagcggcgatcagatgggccagatccaaaaa 
atttttaaggtggtgtaccctgtggatgatcatcactttaaggtgattctgcactatggcacactggtaatcga^ggg 
gttacgccgaacatgatcgactatttcggacggccgtatgaaggcatcgccgtgttcgacggcaaaaagatcactgta 
accgggaccctgtggaacggcaacaaaattatcgacgagcgcctgatcaaccccgacggctccc tgcLgt tccgcg ta 
accatcaacggagtgaccggctggcggctgtgcgagcgca ttttggcgggaagttctggtggaggaagttctggtgga 
gagcctactactgagaacttgtacttccagagcgataacggaagttctggtggaggaagttctggtqgaatgqtgttt 
acactcgaagatttcgtaggggactggcggcagacagccggctacaacctggaccaagtccttgagcagggcggtgtg 
tccagtttgtttcagaatctcggggtgtccgtaactccgetccaaaggattgtcctgagcggtgaaaac 

SEQ ID HQ:157 (L27V CP 51 TEV) 
MGLKIDIHVIIPYEGLSGDQMGQIEKI FKWYPVDDHHFKVILHYGTLVIDGVTPNMI DYPGftPYEGI AVFDGKKITV 
TCTLWNGNKIIDERLINPDGSLLFRVTINGVTGWRLCERILAGSSGGGSSGGEPTTENLYFQSDNGSSGGGSSGGMVK 
TLSDFVGDWROTAGYNLDQVLEQGGVSSLFQNLGVSVTPIQRIVLSGEN 

SEQ ID NO:158 <L27V CP 52 TEV) 
atgctgaagatcqacatccatgteatcatcccgtatgaaggtctgageggcgatcagatgggeeagatcgaaaaaatt 
tttaaggtggtgtaccctgtggatgatcatcactttaaggtgattctgcact-atggcacactggtaaLcgacggggtt 
acgc^igaacatgatcgactat ttcggacggccgtatgaaggcatcgccgtgttcgacggcaaaaagatcactgtaacc 
gggaccctgtggaacggcaacaaaattatcgacgagcgcctgatcaaccccgacggctccctgctgttccgcgtaacc 
atcaacggagtgaccggctggcggc{.gL.gcgagcgcattttggcgggaagttctggtggaggaagt tctggtggagag 
cctaotactgagaacttgtacttccagagcgataacggaagttctggtggaggaagttctggtggaatggcgtttaca 
ctcgaagatttcgtaggggactggcggcagacagccggctacaacctggaccaagtccttgagcagggcggtgtgtcc 
agtttgtttcagaatctcggggtgtccgtaactccgatccaaaggattgtcctgagcggtgaaaacggo 

SEQ ID NO: 159 (L27V CP 52 TEV) 
MLKIDIHVIIPYEGLSGDQMGQIEKIFKWYPVDDHHFKVILHYGTLVIDGVTPNMIDYFGRPYEGIAVFDGKKITVT 
GTLWNGNKIIDERLINPDGSLLFRVTINGVTGWRICERILAGSSGGGSSGGEPTTENLYFQSDNGSSGGGSSGGMVFT 
T,rDFVGDWRQTAGYNLDQVLEQGGVSSLFQNLGVSVTPIQRIVL£GENC 

SEQ ID NO:1SO (L27V CP 53 TEV) 
atgaagatcgacatccatgtcatcatcccgtatgaaggtctgagcggcgatcagatgggccagatcgaaaaaattttt 
aaggtggtgtaccc-gtggatgatcatcactttaaggtgattctgcactatggcacactggtaatcgacggggttacg 
ccgaacatgatcgactatttcggacggccgtatgaaggcatcgccgtgttcgacggcaaaaagatcactgtaaccggg 
accctgtggaacggcaacaaaattatcgacgagcgcctgatcaaccccgacggctccctgctgttccgcgtaaccatc: 
aacggagtgaccggctggcggctgcgcgagcgcattttggcgggaagttctggtggaggaagttctggtggagagcot 
actactgagaacttgtacttccagagegataacggaagttctggtggaggaagttctggtggaatggtgtttacactc 
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gaagatttcgtaggggactggcggcagacagccggctacaacctggaccaagtccttgagoagggcggtgtgtecagt 
ttgtttcagaatctcggggtgtccgtaactccgatccaaaggat tgtcctgagcggtgaaaacggcct g 

SEQ ID NO:161 (L27V CP 53 TEV} 
MKIDIHVIIPYEGLSGDQMGQIEKIFKVVYPVPDHHFKVUJHYGTLVIDGVTPNMIDYFGRPYEGIAVFDGKKITVTG 
TLWMGNKIIDERLIWPDGSLLFRVTIHGVTGWFI.LCERI LAGSSGGCSSGGEPTTENLYFQSDNGSSGGGSSGGMVFTL 
EDFVGDWRQTAGYNLDQVLEQGGVSSLFQNLGVSVTPIQRIVLSGENGL 

SEQ ID NO:162 (L27V CP 54 TEV) 
atgatcgacatccatgtcatcatcccgtatgaaggtctgagcggcgatcagatgggccagatcgaaaaaatttttaag 
gtggtgtaccctgtggatgatcatcactttaaggtgattctgcactatggoacactggtaatcgacggggttacgccg 
aacatgatcgactatrccggacggccgtatgaaggcarcgccgtgttcgacggcaaaaagatcactgtaaccgggacc 
ctgtggaacggcaacaaaattatcgacgagcgcctgat caaccccgacggctccetgotgttccgcgtaaccatcaac 
ggagtgaccggclggcggctgtgcgagcgcattttggcgggaagttctggtggaggaagttctggtggagagccsact 
£3ctgagaacttgtacttccsgagcgataacggaagttetggtggaggaagttctggtggaatggtgtttacactcgaa 
gattrcgt aggggactggcggcagacagccggctacaacctggaccaagtccttgagcagggcggtgtgtccagcttg 
tttcagaatctcggggtgtccgtaactccgatccaaaggattgtcotgagcggtgaaaacggcctgaag 

SEQ ID NO:163 (L27V CP 54 TEV) 
MIDIHVIIPYEGlSGDQHGQIEKIFKVVYPVDDHHFKVILHYGTIiVIDGVTPNMIDYFGRPYEGIAVFDGKKITVTGT 
LWNGNKIIDERLINPDGSLLFRVTINGVTGWRLCERILAGSSGGGSSGGEPTTENLYFQSDNGSSGGGSSGGMVFTLE 
DEVGOWftQTAGYNLDQVLEQGGVSSLFQNLGVSVTPIQRIVLSGENGLK 

SEQ ID NO;164 {L27V CP 55 TEV) 
atggacatccatgtcatcatcccgtatgaaggtctgagcggcgatcagatgggccagatcgaaaaaatttttaaggtg 
gtgtaccctgtggatgatcatcactttaaggtgattctgcactacggcscactggtaatcgaoggggtcacgccgaac 
atgal:cgactatttcggacggccgtatgaaggcatcgccgtgttcga.cggcaaaaagatcactgtaaccgggaccctg 
tggaacggcaacaaaattatcgacgagcgcccgatcaaccccgacggctccctgctgttccgcgtaaccatcaacgga 
gtgaccggctggcggctgtgcgagcgcattttggcgggeagttctggtggaggaagttctggtggagagcctactact. 
gagaacttgtacttccagagcgataacggaagttctggtggaggaagtEctggtggaatggtgtttacactcgaagat 
tccglaggggactggcggcagacagccggctacaacctggaccaagtccCCgagcagggcggtigtcLccagLLigLLt 
cagaatctcggggtgtccgtaactccgatccaaaggattgtcctgagcggtgaaaacggcctgaagatc 

SEQ ID NO:165 (L27V CP 55 TEV> 
MDIHVIIPYEGJLSGDQMGQIEKIFKVVYPVDDHHFKVILHYGTLVI DGVTPNMIDYFGRPYEGIAVFDGKKITVTGTL 
WNGNKI1DERLINPDGSLLFRVTINGVTGWRLCERILAGSSGGGSSGGEPTTENLYFQSDNGSSGGGSSGGMVFTLED 
FVGDWRQTAGYNLDQVLEQGGVSSLFQNLGVSVTPIQRIVLSGENGLKI 

SEQ ID NO:166 (L27V CP 56 TEV) 
Atgatccatgtcatcatcccgtatgaaggtctgagcggcgatcagatgggccagatcgaaaaaatttltaaggtgg Lg 
taccccgtggatgatcatcactttaaggtgattctgcactatggcacactggtaatcgacggggetaegecgaacatg 
atcgactat ttcggacggccgtatgaaggcatcgccgtgttcgacggcaaaaagatcactgtaaccgggaccctgtgg 
aacggcaacaaaatcatcgacgagcgcctgatcaaccccgacggctccctgctgttccgcctaaccatcaacggagtg 
accggctggcggctg tgcyagcgcat. It tggygggaagt tctgyCggaggaagttctggtggagagcctactactgag 
aacttgtacttccagagcgataacggaagttctggtggaggaagttctggtggaatggtgtttacactcgaagattte 
gtaggggactggcggcagacagccggctacaacctggaccaagtccttgagcagggcggtqtgtccagtttgtttcag 
aaLctcggggtgtccgtaaccccgatccaaagyaLtglcctgagcggtgaaaacggcctgaagatcga 

SEQ ID NO:167 (L27V CP 56 TEV) 
MIHVIIPYEGLSGDQMGQIEKIFKWYPVDDtiHFKVILHYGTLVIDGVTPNMIDYFGRPYEGIAVFDGKKITVTGTLW 
NGNKIIDERLINPDGSLLFRVTINGVTGWRLCERILAGSSGGGSSGGEPTTENLIYFQSDWGSSGGGSSGGHVFTLEDF 
VCDWRQTAGYNLDQVLEQGGVSSLFQNLGVSVTPIQRIVLSGENGLKID 

SEQ ID HO:163 (L27V CP 58 TEV) 
atggtcatcatcccgtatgaaggtctgagcggcgatcagatgggccagatcgaaaaaatttttaaggtggtgtaccct 
gtggatgatcatcactttaaggtgattctgcactatggcacactggtaatcgacggggttacgccgaacatgaLcgac 
tatttcggacggccgtatgaaggcatcgccgtgttcgacggcaaaaagatcactgcaaccgggaccctgtggaacggc 
aacaaaattatcgacgagcgcctgatcaaccccgacggctccctgctgttccgcgeaaccatcaacggagtgaccgqc 
tggcggctgtgcgagcgca Ut ttggcgggaagt tctggtogagyaagttctggtggagagcctactactgagaacttg 
tacttccagagcgataacggaagttctggtggaggaagttctggtggaatggtgtttacactcgaagatttcgtaggg 
gactggcggcagacagccggctacaadctggaccaagtccttgagcagggcggtgtgtccagtttgtttcagaatctc 
ggggtgtccgtaactccgatccaaaggattgtcctgagcggtgaaaacggcctgaagaccgaca Lccat 
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SEQ ID NO:169 (L27V CP 58 TEV) 
MVIIPYEGLSGDQM6QI2KIPKWYPVDDHHFKVILHYGTLVI13GVTPNHIDYFGRPYEGIRVFDGKKITVTGTLWNG 
NKIIDERLINPDGSLLFRVTINGVTGWRLCERILAGSSGGGSSGGEPTTENLYFQSDtfGSSGGGSSGGMVFTLEDFVG 
DWRQTAGYNLDQVLEQGGVSSLFQNLGVSVTPIQRIVLSGENGLKIDIH 

SEQ ID NO:170 (I27V CP 64 TSV) 
atgggtctgagcggcgatcagatgggecagatcgaaaaaatttttaaggtggtgtaccctgtggatgatcatcacttt 
aaggtgattctgeactatggcacactggtaatcgacggggttacgccgaacatgatcgactatttcggacggccgtat 
gaaggcatcgccg tg ttcgacggcaaaaagatcactgtaaccgggaccctgtggaacggcaacaaaatta tcgacgag 
cgcctgatcaaccccgacggctccctgctgttccgcgtaaccatcaacggagtgaccggctggcggctgtgcgagcgc 
attttggcgggaagttctggcggaggaagttctggtggagagcctactactgagaacttgtacttccagagcgataao 
ggaagttctggtggaggaagttctggtggaatggtgtttacactcgaagatttcgtaggggactggcggcagacagcc 
ggctacaacctggaceaagtccttgagcagggcggtgtgtccagtttgtttcagaatctcggggtgtecgtaactccg 
atccaaaggattgtcctgagcggtgaaaacggcctgaagategacatccatgtcatcatcccgtatgaa 

SEQ ID NO:171 (L27V CP 64 TEV) 
MGT.SGDQMGQIEKIFKWYE'VDDHHFKVILHYGTLVIDGVTPHMIDYFGRPYEGIAVFDGKKITVTGTLWNGNKIIDE 
RLINPDGSLLFRVTINGVTGWRLCERILAGSSGGGSSGGEPTTENLYFQSDNGSSGGGSSGGMVFTLEDFVGDWRQTA 
GYNLDQVLEQGGVSSLFQNLGVSVTPIQRIVLSGENGLKIDIHVIIPYE 

SEQ ID NO:172 (U?7V CP 67 TEV) 
atgggcgatcagatgggcoagatcgaaaaaatttttaaggtggtgtaocctgtggatgatcatcactttaaggtgatt 
ctgcactatggcacactggtaatcgacggggttacgcqgaacatgatcgaotatttcggacggccgtatgaaggcato 
gccgt.gttcgacggcaaaaagatcactgtaaccgggaccctgcggaacggcaacaaaattatcgacgagcgcctgatG 
aaccccgacggctccctgctgttccgcgtaaccatcaacggagtgaccggctggcggctgtgcgugogcattttggcg 
ggaagttctggtggaggaagt tctgyiggayagcctactactgagaacttgtacttccagagcgataacggaagt tct 
ggr.ggaggaagttctggtggaatggtgctcacactcgaagatctcgtagggga^tggcggcagacagccggctacaac 
ctggaccaagtccttgagcagggcggcgtgtccagtttgtttcagaatctcggggtigeccgtaactccgatccaaagg 
attgtcctgagcggtgaaaacggeetgaagatcgacatccatgtcatcatcccgtat gaaggt ct gage 

SEQ ID NO:173 <L27V CP 67 TEV) 
MGDQMGQIEKIFKVVYPVDDHHFKVILHYGTLVIDGVTFNMIDYFGRPYEGIAVFDGKXITVTGTLWNGNXIIDERLI 
NPDGSLLFRVTINGVTGNRLCERILAGSSGGGSSGGEPTTENLYFQSDNGSSGGGSSGGMVFTLEDFVGDWRQT&GYN 
LDQVLEQGGVSSLFQNLGVSVTPIQRIVLSGENGLXIDIHVIIPYEGLS 

SEQ ID NO:174 (L27V CP 70 TSV) 
atgatgggccagatcgaaaaaatttttaaggtggtgtaccctgtggatgatcatcactttaaggtgactctgcactat 
ggeacactggtaatcgacggggttacgccgaacatgatcgaccatttcggacggccgtatgaaggcatcgccgtgttc 
gacggcaaaaagatcactgtaaccgggaccctgtggaacggcaacaaaattat cgacgagcgcctgatcaaCCCCgAC 
ggctccctgctgttccgcgtaaccatcaacggagtgaccggctggcggctgtgcgaycgcattttggcgggaagttct 
ggtggaggaagttctggtggagageetactactgagaacttgtacttceagagcgataacggaagttctggtggagga 
agt tctggtggaatggtgtttacactcgaagatttcgtaggggactggcggcagacagccggctacaecctggaccaa 
g Lcct tgagcagggcggtgtqtccagtttgtttoagaatctcggggtgtccgtaactcogatccaaaggattgtcctg 
agcggtgaaaacggcctgaagatcgacatccatgtcatcatcccgtatgaaggtctgagcggcg^tcsg 

SEQ ID NO:175 (L27V CP 70 TEV) 
MMGQIEKIFKVVYPVDDHHFKVILHYGTLVIDGVTPNMIDYFGRPYEGIAVFDGKKITVTGTLWNGNKIIDERLINPD 
GSLLFRVTINGVTGWRLCERILAGSSGGGSSGGEPTTENLYFQSDNGSSGGGSSGGMVFTLEDFVGDWRQTAGYNLDQ 
VLEQGGVSSLFQNLGVSVTPIQRIVLSGENGLKIDIHVJ IPYf.GI.SGDQ 

SEQ ID NO:176 (L27V CP 73 TEV) 
atgatcgaaaaaatttttaaggtggtgtaccctgtggatgatcatcactttaeggtgattctgcactatggcacact g 
gtaatcgacggggttacgccgaacatgatcgactatttcggacggccgtatgaaggcatcgccgtgttcgacggcaaa 
aagatcactgtaaccgggaccctgtggaacggcaacaaaattatcgacgagcgcctgatcaaccccgac;gyctcccc.g 
ctgttccgcgtaaccatcaacggagtgaccggc tggcggctgtgcgagcgcattttggcgggaagct.ctggtggagga 
agt tctggiggagagcctactactgagaacttgtacttccagagcgataacggaagttctggtggaggaagttctggt 
ggaatqgtgtttacactcgaagatttogtaggggactggcggcagacagccggctacaacctggaccaagtccttgag 
cagggcggtgtgtccagtttgtttcagaatctcggggtgtccgtaactccgatccaaaggattgtcctgagcggLgaa 
aacggcctgaagatcgacarccatgteatcatcccgtatgaaggtctgageggcgatcagatgggccag 

SEQ ID NO:177 {L27V CP 73 TEV) 
MIEKIFKWYPVDDHHFKVILHYGTLVIDGVTPNMIDYFGRPYEGIAVFDGKKITVTGTLWNGNKIIDERLINPDGSL 
L.FRVTINGVTGWRLCERILAGSSGGGSSCGEPTTENLYFQSDNGSSGGGSSGGMVFTLEDFVGDWRQTAGYNLDQVLE 
QGGVSSLFQHLGVSVTPIQRIVLSGENGLKIDIHVIIPYEGLSGDQMGQ 
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SEQ ID NO:178 (L27V CP 76 TEV} 
atgatttttaaggtggtgtaccctgtggatgatcatcactttaaggtgattctgcactatggcacactggtaatcgac 
qgggttacgccgaacatqategactatttcggacggccgtatgaaggcatcgccgtgttcgacggcaaaaagatcact 
gtaaccgggaccctgtggaacygcaacaaaattatcgacgagcqcctgatcaaccccgacggctccctgctgttccgc 
gtaaccatcaacggagtgaccggctggcggctgtgcgagcgcarctrggcgggaagttctggtggaggaagctctggt 
ggagageeLactactgagaacttgtacttccagagcgataacggaagttctggtggaggaagttctggtggaatggtg 
tttacactcgaagatttcgtaggggactggcggcagacagccggctacaacctggaccaagtccttgagcagggcggt 
gtgtccagtt tgtttcagaotctcggggtgtccgtaactccgatccaaaggattgtcctgagcggtgaaaacggcctg 
aagatcgacatccatgtcatcatcccgtatgaaggtctgagcggcgatcagatgggccagatcgaaaaa 

SEQ ID NO:179 (L27V CP 76 TEV) 
MIFKVTVY PVDDHHFKVILHYGT1V1DGVTPNM JDYFGRPYEGTAVFDGKKI TVTGTLWNGNKIIDERLINFDGSLLfft 
VTINGVTGNRICERIIAGSSGGGSSGGEPTTENLYFQSDNGSSGGGSSGGMVFTLEDFVGDWRQTAGYNLDQVIEQGG 
VSSLFQNLGVSVTPIQRIVLSGENGLKIDIflVIIPYEGLSGDQMGQIEK 

SEQ ID NO:180 (L27V CP 79 TEV) 
Atggtggtgtaccctgtggatgatcatcactttaaggtgattctgcactatggcacactggcaatcgacggggttacg 
cegaacat gategactatttcggacggccgtatgaaggcatcgccgtgttcgacggcaaaaagatcactgtaaccggg 
accccgtggaacggcaacaaaattatcgacgagcgcctgatcaaccccgacggctccctgctgttccgcgtaaccatc 
aacggagTgaccggctggcggctgtgcgagcgcattttggcgggaagttcLggtggaggaagLtctggtggagagcct 
actactgagaacttgtacttccagagcgataacggaagttctggtggaggaagttctggtggaatggtgtttacactc 
gaagatttcgtaggggactggcggcagacagccggctacaacctggaccaagtcctt gagcagggcggtgtgtccagt 
ttgtttcagaatctcggggtgtccgtaactccgatocaaaQgattgtcctgagcggtgaaaacggcctgaagatcgac 
atccatgtcatcatcccgtatgaaggtctgagcggcgatcagatgggccagatcgaaaaaatt tttaag 

SEQ ID NOr181 (L27V CP 79 TEV) 
MWYPVDDHHFKVILHYGTLVIDGVTPNMIDYFGRPYEGIAVFDGKKITVTGTLWNGNKII DERLINPDGSLLFftVTI 
NCVTGWRLCERILAGSSGGGSSGGEPTTENLYFQSDNGSSGGGSSGGMVFTLEDFVGDWRQTAGYNLDQVLEQGGVSS 
LFQNLGVSVTPIQRIVLSGENGLKIDIHVIIPYEGLSGDQNGQIEKIFK 

SEQ ID NO:132 (L27V CP 80 TEV) 
at ggtgtaccctgtggatgat catcactttaaggtgatt ctgcactatggcacactggtaatcgacggggttacgccg 
aasatgatcgactatttcggacggccgtatgaaggcatcgccgtgttcgacggcaaaaagatcactgtaaccgggacc 
ctgtggaacggcaacaaaattatcgacgagcgcctgatcaaccccgacggctcectgctgttccgcgtaaccatcaac 
ggagtgaccggctggcggctgtgcgagcgcatt ttggcgggaagttctggtggaggaagttctggtggagagcctact 
aetgagaacttgtacttccagagcgataaeggaagttetggtggaggaagttetggtggaatggtgtttacactcgaa 
gatttcgtaggggactggcggcagacagccggctacaacctggaccaagtccttgagcagggcggtgtgtccagtctg 
tttcagaatctcggggtgtccgtaacrccgatccaaaggattgtcctgagcggtgaaaacggcctgaagatcgacatc 
catgtcatcatCccgtatgaaggtctgagcggcgatcagatgggccagatcgaaaaaatttttaaggtg 

SEQ ID NO:183 (L27V CP 60 TEV) 
MVYPVODHHFKVn,HYGTLVI DGVTPNMIDYt'GKPYBGI/WFDGKKITVTGTLWNGNKIlDBRLINPDGSLLE'RVTIN 
GVTGWRLCERIL&GSSGGGSSGGEPTTENLYPQSDNGSSGGGSSGGMVFTLEDFVGDWRQTAGYNLDQVLEQGGVSSL 
FQNLGVSVTPIQRIVLSGENGLKIDIHVIIPYEGLSGDQMGQIEKIFKV 

SEQ ID NO:184 (L27V CP 01 TEV) 
a';glaccctgtggat gatcatcact ttaaggtgatcctgcactatggcacactggtaatcgacggggt taegccgaac 
atgatcgactacttcggacgaccgtatgaaggcatcgccgtgttcgacggcaaaaagateactgtaaccgggaccctg 
tggaacggcaacaaaatnatcgacgagcgcctgatcaaccccgacggccccctgctgttccgcgtaaccatcaacgga 
gtgaccggctggcggctgtgcgagcgcatcttggegggaagttctggtggaggaagttctggtggagagcctactact 
gagaacttgtacttccagagcgataacggaagttctggtggaggaagttctggtygaatggtgtttacactcgaagat 
ttcgtaggggactggcggcagacagccggctacaacctggaccaagtccttgagcagggcggtgtgtccagtttgttt 
cagaatctcggggtgtccgtaactccgatccaaaggatrgtcctgagcggtgaaaacggcctgaagatcgacatccat 
gtcatcatcccgtatgeegqtctgagcggcgatcagatgggccagatcgaaaaaattt ttaagg t,gotg 

SEQ ID NO:185 (L27V CP 81 TEV) 
MYPVDDHHFKVILHYGTLVIDGVTPNMIDYF-GRPYEGIAVFDGKKITVTGTLWNGNKIIDERLINPDGSLLFRVTING 
VTGWRLCERILAGSSGGGSSGGEPTTENLYFQSDNGSSGGGSSGGMVFTLEDFVGDWRQTAGYNLDQVLEQGGVSSLF 
QNLGVSVTPIQRIVLSGENGLKIDIHVIIPYEGLSGDQMGQIEKIFKW 

SEQ ID NO:186 (L27V CP 82 TEV) 
atgcccytggatgatcatcacLttaaggtgattctgcactatggcacactggtaatcgacggggttacgccgaacatg 
atcgactacctcggacggocgtatgaaggcatcgccgtgt tcgacggcaaaaagatcacf.gtaaccgggaccctgtgg 
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aacggcaacaaaattatcgacgagcgcctgatcaaccccgacggctccctgctgttccgcgtaaccatcaacggagtg 
accggctggcggctgtgcgagcgcattttggcgggaagttctggtggaggaagttctggtggagagcctactactgag 
aacttgtacttccagacjcgataacggaagttctggtggaggaagttctggtggaatggtgtttacactcgaagatttc 
gtaggggactggcggcagacagccggctacaacctggaccaagtccttgagcagggcggtgtgtccagtttgtttcag 
aatcccggggtgtccgtaactccgatccaaaggattgtccCgagcggtgaaaacggcctgaagatcgacatccatgtc 
atcatcccgtatgaaggtctgagcggcgatcagatgggccagatcgaaaasatttttaaggtggtgtac 

SEQ ID NO:187 (L27V CP 82 TEV) 
MPVDDHHFKVILHYGTLVIDGVTPNMIDYFGRPYEGIAVFDGKKITVTGTLWMGNKIIDSRLINPDGSLIFRVTINGV 
TGWRLCERILAGSSGGSSSGGEPTTENLYFQSDNGSSGGGSSGGMVFTLEDFVGDWRQTAGYNLDQVLEQGGVSSLFQ 
NLGVSVTPIQRIVLSGSNGLKIDIHVIIPYEGLSGDQMGQIEKIFKVVY 

SEQ ID NO:189 (LSJ7V CP 03 TEV) 
atggtggatgatcatc^ctttaaggtgattctgcactatggcacactggtaatcgacggggtr acgccgaacatgatc 
gaetatttcggacggctgtatgaaggcatcgccgtgttcgacggcaaaaagatcac tgtaaccgggaccctgtggaac 
ggcaacaaaattatcgacgagcgcctgatcaaccccgacggctccctgctgttccgcgtaaccatcaacggagtgacc 
ggctggcggctgtgcg^gcgcattttggcgggaagttccggtggaggaagttctggtggagagcctac:act--gagaac 
ttgtacttccagagcgataacggaagttctggtggagqaagtitctggtggaatggtgtttaeactcgaagatttcgta 
ggggactggcggcagafcagccggctacaacctggaccaagtccttgagcagggcggtgtgtccagtttgtttcaaaat 
ctcggggtgtccgtaactccgatccaaaggattgtcctgagcggtgaaaaeggcctgaagatcgacatccatgtcatc 
atcccgtatgaaggtctgagcggcgatcagatgggccagatcgaaaaaatttttaaggtggtgtaccct 

SEQ ID NO:189 CP B3 TEV) 
MVDDHHFKVILHYGrLVlDGVTPNMlDYFGRP¥EGIAVFDGKKITVTGTLWNGNKIIDERLINPDGSLLFRVTINGVT 
GWRLCEFILAGSSGGGSSGGEPTTENLYFQSDNGSSGGGSSGGMVFTLEDFVGDWRQTAGYNLDQVLEQGGVSSLFQN 
I.GVSVTPIQRIVLSGEHGLKIDIHVIIPYEGLSGDQMCQIZKIFKWYP 

SEQ ID NO; 190 IL27V CP 84 TEV) 
atggatgatcatcacttitaaggtgattctgcactatggcacactggtaatcgacggggttacgccgaacatgatcgac 
tatttcggacggccgteitgaaggcatcgccgtgttcgeoggcaaaaagatcaccgtaaccgggaccctgtggaacggc 
aacaaaattatcgscg&gcgcccgar eaaecccgacggctccctgctgttccgcgtaaccatcaacggagtgaccggc 
Cggcggctgtgcgagcgcatttuggcgggaagttctggt.ggaggaagt;tc!.ggtggagagcctactactgagaacttg 
tacttecagagcgatacjcggaagttctggtggaggaagttctggtggaarggtgtriacactcgaagatttcgtaggg 
gactggcggcagacagccggctacaacctggaccaagtccttgagcagggcggtgtgtccagtttgtttcagaatctc 
ggggcgtccgcaactccgatccaaaggattgtcctgagcggugaaaacggccLgaagatcgacatccatgtcatcaLc 
cogtatgaaggtctgagcggcgatcagatgggccagatcgaaaaaatttttaaggtggtgtaccctgtg 

SEQ ID NO:191 (L$7V CP 84 TEV> 
MDDHHFKVILHYGTLVIDGVTPNMIDYFGRPYEGIAVFDGKKITVTGILWNGNKIIDERLINPDGSLLFRVTINGVTG 
WRLCERILAGSBGGGSSGGEP'ITENIJYFQSDNGSSGGGSSGGMVFTLEDFVGDWRQTAGY'NLDQVLEQGGVSSLFQNL 
GVSVTPIQRJ VLSGENCJLKIDIHVIIPYEGLSGDQMGQ1EKIEKWYPV 

SEQ ID NO:192 (L27V CP 85 TEV) 
atgqatcatcacttta&ggtgattctgcactatggcacactggtaatcgacggggttacgccgaacatgatcgactat 
ttcggacggccgtatgaaggcalcgccgtgttcgacggcaaaaagatcactgtaaccgggaccctgtggaacggcaac 
aaaattatcgacgagcgcctgarcaaccccgacggctccctgctgttccgcgtaaccatcaacggagtgaccggctgg 
cggctgtqcgagcgcat:tttggcgggaagttctggtggaggaagttctggtggagagcctactactgagAacttgr.ac 
t t^cagagcgataacg^aagt-tctggtggaggaagttctggtggaatggtgtttacactcgaagatttcgtaggggac 
tggcggcagacagccg^ctacaacctggaccaagtccttgagcagggcggtgtgtccagtttgtttcagaatctcggg 
gtgtccgtaactccgatccaaaggat tgtcctgagcggtgaaaacggcctgaagatcgacatccatgtcatcatcccg 
tacgaaggtccgagcg^cgatcagatgggccagatcgaaaaaatttttaaggtggtgtaccctgtggat 

SEQ ID NO:193 (127V CP S5 TEV} 
MDHHFKVILHYGTLVI[>GVTPNMII3YFGRPYEGIAVFDGKKITVTGrLWNGNKIIDERLINPDGSLLFRVTINGVTGW 
RLCERILAGSSGGGSSGGEPTTENLYFQSDNGSSGGGSSGGMVFTLEQFVGDWRQTAGYNLDQVLEQGGVSSLFQNLG 
VSVTPIQRIVLSGENGLKIDIHVIIPYEGLSGDQMGQIEKIFKWYPVD 

SEQ ID NO:194 (LS7V CP 96 TEV) 
atgcatcactttaaggtgattctgcactatggcacactggtaatcgacggggttacgccgaacatgatcgactatttc 
ggacggccgtatgaagqcatcgccytgttcgaGggcaaaaagatcactgtaaccgggaccctgtggaacggcaacaaa 
atcatcgacgagcgcctgatcaaccccgacggctccctgctgttccgcgtaaccatcaacggagtgaccggctggcgg 
ctgtgcgagcgcat ttt-.ggcgggaagtt ct ggt ggaggaagttctggtggagagcct act actgagaacttg tact tc 
cagagcgataacggaa^ttctggtggaggaagttctggtggaatggtgtttacactcgaagatttcgtaggggactgg 
cggcagacagccggctacaacctggaccaagtoctcgagcagggcggtgtgtccagtttgtttcagaatctcggggtg 
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tcegtaactecgatccaaaggattgtcctgagcggtgaaaacggcctgaagatcgacateeatgtcatcatcccgtat 
gaaggtctgagcggcgatcagatgggccagatcgaaaaaatttttaaggtggtgtaccctgtggatgat 

SEQ ID HO:195 (L27V CP 06 TEV) 
MHHFKVILHYGTLVIDGVTPNMIDYFGRPYEGIAVFDGKKITVTGTLWNGNKIIDERLINPDGSLLFRVTINGVTGWR 
'LCERILAGSSGGGSSGGEPTTENLYFQSDNCSSGCCSSGGMVFTLEDFVGDWRQTAGYNLDQVLEQGGVSSLFQNLGV 
SVTPIQRIVLSG&NGLKIDIHVIIPYEGLSGDQMGQIEKIFKVVYPVDD 

SEQ ID NO:196 (L27V CP 07 TEV) 
atgcactttaaggtgattctgcactatggcacactggtaatcgacggggttacgccgaacatgatcgactatttcgga 
cggccgtatgaaggcatcgccgtgttcgacggcaaaaagatcactgtaacegggaccctgtggaacggrcaacaaaatt 
atcgacgagcgcctgatcaaccccgacggctccctgctgttccgcgtaaccatcaacggagtgaccggotggcggctg 
tgcgagcgcattttggcgggaagttctggtggaggaagttctggtggagagcctactactgagaacttgtacttccag 
agcgataacggaagttctggtggaggaagttctggtggaatggtgtttacactcgaagatetcgtaggggactggcgg 
cagacagccggcteceacctggaccaagtccttgagcagggcggtgtgtccagtttgcttcagaatctcggggtgtcc 
gtaactccgatcc-aaaggattgtcctgagcggt gaaaacggcct gaagatcgacatcca tg teat cat cccgtatgaa 
ggtctgagcggcgatcagatgggccagategaaaaaatttttaaggtggtgtaccctgtggatgatcat 

SEQ ID NO:197 (L27V CP 87 TEV) 
MHFKVlLHYGTLVTDGVTPNMIDYFGRPYEGIAVFDGKKiTVTGTLWNGNKlI DERLINPDGSLLFRVTTNGV?GWRL 
CERILAGSSGGGSSGGEPTTENLYFQSDNGSSGGGSSGGMVFTLEDFVGDWRQTAGYNLDQVLEQGGVSSLFQNLGVS 
VTPIQRIVLSGENGLKI DIHV.I'TPYEGLSGDQMGQIEKIFKVVYPVDDH 

SEQ ID NO: 19 B (L27V CP 09 TEV) 
atgtttaaggtgattctgcactatggcacactggtaatcgacggggttacgccgaacatgatcgactatttcggacgg 
ccgtatgaaggcatcgccgtgttcgacggcaaaaagatcactgtaaccgggaccctgtggaacggcaacaaaattatc 
gacgagcgcctgatcaaccccgacggctccctgctgttccgoqtaaccatcaacggagtgaccggctggcggctgtgc 
gagcgcattttggcgggaagttctggtggaggaagttctggtggagagcctactaclgagaacttgtacttccagagc 
gataacggaagttctggtggaggaagttctggtggaatggtgtttacactcgaagatttcgtaggggactggcggcag 
acagccggctacaacctggaccaagtccttgagcagggcggtgtgtccagtttgtttcagaatctcggggtgtccgta 
actccgatccaaaggattgtcctyagcggtgaaaacggcctgaagatcgacatccatgtoatoatcccgtatgaaggc 
ctgagcggcgatcagatgggccagatcgaaaaaatttttaaggtggtgtaccctgtggatgatcatcac 

SEQ ID NO:19& (L27V CP 00 TEV) 
MFKVTLHYCTLVIDCVTPNMIDYFGRPYEGIAVFDGKKITVTGTLWNGNKIIDERLINPDGSLLFRVTINGVTGWRLC 
ERILAGSSGGGSSGGEPTTENLYFQSDNGSSGGGSSGGWVETLEDFVGDWRQTACYNLDQVLEQGGVSSLFQNLGVSV 
TPIQRIVLSGENGLKIDIHVI IPYEGLSGDQMGQIEKIFKWYPVDDtlH 

SEQ ID NO:200 (L27V CP 91 TEV) 
atgattctgcactatggcacactggtaatcgacggggttacgccgaaeatgategaetatttcggacggccgtatgaa 
ggcatcgccgtgttcgacggcaaaaagatcaccglaaccgggaccctgtggaacggcaacaaaattatcgacgagcgc 
ctgatcaaccccgacggctccctgctgttccgcgtaaccstcaacggagtgaccggctggcggctgtgcgagcgcatt; 
ttggcgggaagttctggtggaggaagTtctggtggagagcctactactgegaacttgtacttccagagcgataacgga 
agttctggtggaggaagttctggtggaatggtgtttaoactcgaagatttcgtaggggactggcggcagacagccggc 
tacaacctggaccaagtccttgagcagggcggtgtgtccagtttgtttcagaatctQggggtgtccgcaactccgatc 
Caaaggattgtcctgagcggtgaaaacggcctgaagatcgacatccatgtcatcatcccgtatgaaggtctgagcggc 
gatcagatgggccagatcgaaaaaatt Cttaaggtggtgtaccctgtggatgatcatcacttt aaggtg 

SEQ ID NO:201 (L27V CP 91 TEV) 
MlLHYGTLVIDGVTPNMIDYFGRPYEGIAVFDGKKITVTGTLWNGNKIIDERLINPDGSLLt'RVTlNGVTGWRI.CERI 
LAGSSGGGSSGGEPTTENLYFQSDNGSSGGGSSGGMVFTLEDFVGDWRQTAGYNLDQVLEQGGVSSLFQNLGVSVTPI 
QRIVLSGENGLKIDIHVIIPYEGLSGDQMGQIEKIFKWYPVDDHHFKV 

SEQ ID NO: 202 (IU27V CP 94 TEV) 
atgtatggcacactggtaatcgacggggttacgccgaacatgatcgactaLt tcogacggccgtatgaaggcatcgcc 
gtgttcgacggcaaaaagatoactgtaaccgggaccctgtggaacggcaacaaaattatcgacgagcgcctgatcaac 
cccgacggctccctgctgttccgcgtaaccatcaacggagtgaccggctggcggctgtgcgagcgcattttggcggga 
agttctggtggaggaagttctggtggagagcctactactgagaacttgtaetteeagagegataacggaagttctggt 
ggaggaagttctggtggaatggtgtttacactcgaagatttcgtaggggactggcggcagacagccggctacaacctg 
gaccaagtccttgagcagggcggtg-Egtccagt ttgtttcagaatctcggggtgtccgtaactccgatccaaaggatt 
gtcctgagcggtgaaaacggcctgaagatcgacatccatgtcatcatcccgtatgaaggtctgagoggcgatcagatg 
ggccagatcgaaaaaatttttaaggtggtgtaccctgtggatgatcatcactttaaggtgattctgcacg 

SEQ ID NO:203 (L27V CP 94 TEV) 
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MYGTLVIDGVTPNMIDYFGRPYEGIAVfDGKKlTVTGTLWNGHKIIDERLINPDGSLLFRVTINGVTGWRLCERrLAG 
SSGGGSSGGEPTTENLYFQSDNGSSGGGSSGGMVFTIEDFVGDWRQTAGYNLDQVLEQGGVSSLFQNLGVSVTPIQRI 
VLSGENGLKIDIHVIIPYEGLSGDQMGQIEKIFKVVYPVDDHHFKVILH 

SEQ ID NO:204 <L27V CP 95 TEV) 
atgggcacactggtaatcgacgqggttacgccgaacatgatcgactatttoggacggccgtatgaaggcatcgccgtg 
ttcgacggcaaaaagatcactgtaaccgggaccctgtggaacggcaac&aaattatcgacgagcgcctgatcaacccc 
gacggctccctgctgttccgcgtaaccancaacggagtgaccggctggcggctgtgcgagegcattttggcgggaagt 
tctggtggaggaagttctggtggagagcctactactgagaacttgtacttccagagcgataacggaagttctggtgga 
ggaagttctgg tggaat gg'cgtttacactcgaagatttcgtaggggactqgcggeagacagccggctacaacctggac 
caagtccttgagcagggcggtgtgtccagtttgtttcagaatctcggggtgtccgtaactccgatccaaaggattgtu 
ctgagcggtgaaaacggcctgaagatcgacatccatgtcatcatcccgtatgaaggtctgagcggcgatcagatgggc 
cagatcgaaaaaat C.t ttaaggtggtgtaccctgtggatgatcatcactttaagqtqattctgcactat 

SEQ ID NO:205 (L27V CP 95 TEV) 
HGTLVIDGVTPNMIDYPGRPYEGIAVPDGKKITVTGTLWNGNKIIDERLINPDGSILFRVTINGVTGWRLCERILAGS 
SGGGSSGGEPTTENLYFQSDNGSSGGGSSGGMVFTLEDFVGDWRQTAGYNLDQVLEQGGVSSLPQNLGVSVTPIQRIV 
LSGENGLKIDIUVIIPYEGLSGDQMGQIEKIFKVVYPVDDHHFKVILHY 

SEQ ID NO:206 (L27V CP 97 TEV) 
atgctggtaatcgacggggttacgccgaacatgaccgactatttcggacggccgtatgaaggcatcgccgtgttcgac 
•ggcaaaaa gate act gtaaccgggaccctgtggaacggcaacaaa attatcgacgagcgcctgatcaaccccgacggc 
tccctgctgttce<gcgtaaccatcaae<3gagtgaecggetggcggctgtgcgagcgcattttggcgggaagttctggt 
ggaggaagttctggtggagagcctactactgagaacttgtacttccagagcgataacggaagt tctggtggaggaagt 
tctggtggaatggtgtttacactcgaagatttcgtaggggactggcggcagacagccggctacaacctggaccaagtc 
cttgagcagggcggtgtgtccagtttgtttcagaatctcggqgtgtccgtaactccgatccaaagqattgtcctgagc 
ggtgaaaacggcctgaagatcgacatccatgtcatcatcccgtatgaaggtctgagcggcgatcagatgggccagate 
gaaaaaatttttaaggtggtgtaccctgtggatgatcatcactttaaggtgattctgcactatggcaca 

SEQ ID NO:207 (L27V CP 97 TEV} 
MLVIDGVTPNMIDYFGRPYEGIAVFDGKKITVTGTLWNGNKIIDERLINPDGSLIFRVTINGVTGWRLCERILAGSSG 
GGSSGGEPTl'ENLY FQSLMGSSGGGSSGGMVfc'TLEDFVGDWRQTAGYNlDQVLEQGGVSSLFQNLGVSVTPIQRIVLS 
GENGLKIDIHVIIPYEGLSGDQMGQIEKIFKWYPVDDHHFKVILHYGT 

SEQ ID NO:208 (L27V CP 100 TEV) 
Atggaeggggttaegcegaacatgatcgactatttcggacggcegtatgaaggeatcgccgtgt.tcqacggeaaaaag 
atcaccgtaaccgggaccctgtggaacggeaataaaattatcgacgagcgce tgatcaaccccgacggct ccctgctg 
ttccgcgtaaccatcaacggagtgaccggctggcggctgtgcgagcgcattttggcgggaagttctggtggaggaagt 
tct ggeggagageetactactgagaacttgtacttccagagcgataacggaagttctggtggaggaagtt Ctggtgga 
atggtgttuacacLcgaagatttcgtaggggactggczggcagacagccggctacaacctggaccaagtccttgagcag 
ggcggtgtgtceagtttgtttcagaatctcggggtgtccgtaactccgatccaaaggattgtcctgagcggtgaaaac 
ggcctgaagatcgacatccatgtcatcatcccgtacgaaggtctgagcggcgatcagatgggccagatcgaaaaaatt 
tttaaqgtgqtgtaccctgtggatgatcatcactttaaggtgattctgcaetatqgcacactggtaatc 

SEQ ID NO:209 (L27V CP 100 TEV) 
MDGVTPNMIDYFGRPYEGIAVFDGKKITVTGTLWNGNKIIDERLINPDGSLLFRVTINGVTGWRLCERILAGSSGGGS 
SGGEPTTENLYFQSDNGSSGGGSSGGMVFTLEDFVGDWRQTAGYNLDQVLEQGGVSSLFQNLGVSVTPIQRIVLSGEN 
GIKIDIHVIIPYEGLSGDQMGQIEKXFKVVYPVDDHHFKVILHYGTLVI 

SEQ ID NO:210 (L27V CP 101 TEV) 
atgggggttavgccgaacatgatcgactacttcggacggccgtatgaaggQatcgccgtgttcgacggcaaaaagatc 
actgtaaccgggaccctgtggaacggcaacaaaattatcgacgagcgcctgatcaaccccgacggctccctgctgtte 
cqcgtaaccatcaacggagtgaccqgctggcggctgtgcgagcgcattttggcgggaagttctggtggaggaagttct 
ggtggagagcctac:tactgagaacttgtactl;ccagagcgataacggaagtl:ctggtggaggaagttctggtggaatg 
gtgtttacactcgaagatttcgtaggggactggcggcagacagccggctacaacctggaceaagtcettgageagggc 
ggtgtgtccagtttgtttcagaatctcggggtgtccgtaactccgatccaaaggattgtcctgagcggtgaaaacggc 
ctgaagatcqacatccatgtcatcatcccgtatgaaggtetgagcggcgatcagatgggccagatcgaaaaaattttt 
aaggtggtgtaccctgtggatgatcatcactttaaggtgattctgcactatggcacactggtaatcgac 

SEQ ID NO:211 (L27V CP 101 TEV) 
MGVTPNMIDYFGRPYEGIAVFDEKKITVTGTLWNGNKIIDERLINPDGSLLFRVTINGVTGWRLCERILAGSSGGGSS 
GGEPTTENLYFQSDNGSSGGGSSGGMVFTLEDFVGDWRQTAGYNLDQVLEQGGVSSLFQNLGVSVrPIQRIVLSGENG 
LKIL>IHVriPYEGLSGDQMGQIEKIFKVVYPVDDHHFKVI1,HYGTLVID 
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SEQ TD NO:212 (L27V CP 102 TEV) 
atggttacgccgaacatgatcgactatttcggacggccgtatgaaggcatcgccgtgttcgacggcaaaaagatcact 
gtaaccgggaccccgtggaacggcaacaaaattatcgacgagcgcctgatcaaccccgacggctccctgctgttccgc 
gtaaccatcaacggagtgaccggctggcggctgtgcgagcgcattttggcgggaagttctggtggaggaagttctggt 
ggagagcctactactgagaacttgtacttccagagcgataacggaagttccggtggaggaagt tctgg"ggaatggtg 
tttacactcgaagatttcgtaggggactggcggcagacagccggctacaacctggaccaagtccttgagcagggcqgt 

•gt gtccagtt tgtt tcagaa tetcggggtgtecgt aactccgatccaaaggattgtcctgagcggtgaaaacggcctg 
aagatcgacatccatgtcaccatcccgtatgaaggcctgagcggcgatcagatgggccagatcgaaaaaatttttaag 
gtggtgtacectg-ggatgatcatcactttaaggtgattctgcactacggcacactggtaatcgacggg 

SEQ ID NO:213 {L27V CP 102 TEV) 
MVTPNMIDYEXSRpyEGIAVFDGKKITVTGTLWNGNKIIDERLINPDGSLLFRVTlNGVTGWRLCERILRGSSGGGSSS 
GEPTTENLYFQSDNGSSGGGSSGGMVFTLEDFVGDWRQTAGYNLDQVLEQGGVSSLFQNLGVSVTPIQRIVLSGENCL 
KIDIHVIIPYEGLSGDQHGQIEKIFKWYPVDDHHFKVILHYGTLVIDG 

SEQ ID NO:214 (L27V CP 103 TEV) 
acgacgccgascatgatcgactatttcggacggecgtatgaaggcatcgccgtgttcgacggcaaaaagatcactgta 
accgggaccctgtggaacggcaacaaaattatcgacgagcgcctgatcaaccccgacggctccctgctqttccgcgta 
accatcaacggagtgaccggctggcggctgtgcgagcgcattttggcgggaagttctggtggaggaagttctggtgga 
gagcctactactgagaacttgtacttccagagcgate-acggaagttctggtggaggaa gttctggtggaatggtgttt 
acactcgaagat t-tcg laggggactggcggcagacagccggctacaacctggaccaagtccttgagcagggcggtgtg 
tccagtttgtttcagaatctcggggtgtccgtaactccgatccaaaggattgtcctgagcggtgaaaacggcctgaag 
atcgacatccatgtcatcatcccgtatgaaggfcctgagcggcgatcagatgggccagatcgaaaaaattr.ttaaggtg 
gtgtaccctgtggatgaccatcactttaaggtgattctgcactatggeacactggtaatcgacggggtt 

SEQ ID NO:215 (L27V CP 103 TEV) 
MTPNMIDYFGRPYEGIAVFDGKKITVTGTLWNGMKIIDERLIWPDGSLIJ FRVTTNGVTGWRLCERTTJAGSSGGGSSGG 
EPTTENLYFQSDNGSSGGGSSGGMVFTLEDFVGDWRQTAGYNIDQVLEQGGVSSLFQNLGVSVTPIQRIVISGENGLK 
IDIHVIIPYEGLSGDQMGQIEECIFKVVYPVDDHHFKVILHYGTLVIDGV 

SEQ ID NO:216 <L27V CP 104 TEV} 
atgccgaacatgatcgactat ttcggacggccgtatgaaggcatcgccgtgt tcgscgytasaaagatcactgtaacc 
gggaccctgtggaacggcaacaaaattatcgacgagcgcctgatcaaccccgacggctccctgctgttccgcgtaacc 
atcaacggagtgaccggctggcggctgtgcgagcgcat tt tggcgggaagttctggtggaggaagttctggtggagag 
cctactactgagaacttgtac ttccagagcgataacggaagttctggtggaggaagttctggtggaatggtgtttaca 
ctcgaagatttcgtaggggactggcggcagacagccggctacaacctggaccaagEccttgagcagggoggtgtgtcc 
agtttgtttcagaatctcggggtgtccgtaactccgatccaaaggattgtcctgagcggtgaaaacggcctgaagatc 
gacatccatgtcatcatcccgtatgaaggtctgagcggcgatcagatgggccagatcgaaaaaattttta^ggtggtg 
taccctgtggatgatcatcactttaaggtgattctgcaccatggcacactggcaatcgacggggttacg 

SEQ ID NO;217 (L27V CP 104 TEV) 
MPNMIDYFGRPYEGIAVFDGKKITVTGTLWNGNKIIDERLINPDGSLLFRVTINGVTGWRICERILAGSSGGGSSGGE 
PTTE^NLYFQSDNGSSGGGSSGGMVFTLEDFVGDWRQTAGYNLDQVLEQGGVSSLFQNLGVSVTPIQRIVLSGENGLKI 
DIHVIIPYEGLSGDQMGQIEKIFKVVYPVDDHUFKVILHYGTLVIDGVT 

SEQ ID NO:218 (L27V CP 105 TEV) 
atgaacatgatcgactatttcggacggccgtatoaaggcatcgccgtqttcgacggcaaaaagatcactgtaac(rggg 
accctgLggaacggcaacaaaattatcgacgagcgcctgatcaaccccgacggctccctgccgttccgcgtaaccatc 
aacggagtgaccggctggcggctgtgcgagcgcattttggcgggaagttctggtggaggaagttcCggtggagagcct 
act accgagaacttgtacttccagagcgataacggaagttctggtggaggaagttctggtggaatggtgtttacactc 
gaagaettcgtaggggactggcggcagacagccggctacaacctggaccaagtccttgagcagggcggtgtgtccagt 
ttgtttcagaatctcggggtgtccgtaactccgatccaaaggactgtccCgagcggtgaaaacggcctgaagatcgac 
atccatgtcatcatcccgtatgaaggtctgagcggcgatcagatgggeeagatcgaaaa aattut caaggtggtgtac 
cctgtggatgatcatcactttaaggtgattctgcactatggcacactggtaatcgacggggEtacg 

SEQ ID NO:219 (L27V C2 105 TEV) 
MNMIDYPGRPVEGIAVFDGKKITVTGTLWNCNKIIDERLINPDGSI.LFRVTINGVTGWRLCERILAGSSGGGSSGGEP 
TTEULYFQSDNGSSGGG3SGGMVFTLEDFVGDWRQTAGYN1,DQVLEQGGVSSLF<2NLGVSVTPIQRIVLSG2PJGLKID 
IHVIIPYEGLSGDQMGQIEKIFKVVYPVDDHHFKVILHYGTLVIDGVT 

SEQ ID NO:220 (L27V CP 106 TEV) 
atgatgatcgactatttcggacggccgtatgaaggcatcgccgtgtc cgacggcaaaaagatcactgtaaccgggacc 
ctgtggaacggcaacaaaattatcgacgagcgcctgatcaaccccgacggetccctgctgttccgcgtaaccatcaac 
ggagtgaccggctggcggctgtgcgagcgcattttggcgggaagttctggtggaggaagttctggtggagagcctaot 
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actgagaacttgtacttccagagcgataacggaagttctggtggaggaagtLctggtggaatggtgtttacactegaa 
gatttcgtaggggactggoggcagacagccggctacaacctggaecaagtccttgagcagggcggtgtg Lccagtttg 
tttcagaatcteggggtgtccgtaactccgacccaaaggattgtcctgagcggtgaaaacggcctgaagatcgacate 
catgtcatcatcccgtatyaaggtctgagcggcgatcagatgggocagatcqaaaaaatttttaaggtggtgtaccct 
gtggatgateatcactttaaggtgattctgcactatggcacactggtaatcgacggggttacgccgaac 

SEQ ID NO:221 (L27V CP 106 TEV) 
MMIDYFGRPYEGIAVFDGKKITVTGTLWNGNKIIDERLINPDGSLLFRVTINGVTGWRLCERILAGSSGGGSSGGEPT 
TENLYFQSDNGSSGGGSSGGMVFTLEDFVGOWRQTAGYNIDQVLEQGGVSSLFQNLGVSVTPIQRIVLSGENGLKIDI 
HVIIPYEGLSGDQMGQIEKIFKWYPVDDHHrKVlLHYGTLVIDGVTPN 

SEQ ID NO;222 (L27V CP 109 TEV) 
algtatttcggacggccgtatgaaggcatcgccgtgttcgacggcaaaaagAteaetgtaaccgggaccctgtggaac 
ggcaacaaaattatcgacgagcgcctgaccaaccccgacggctccctgctgttccgcgtaaccatcaacggagtgacc 
ggctggcggctgtgcgegcgcattttggcgggaagttctggtggaggaagttctggtggagagcctactactgagaac 
ttgtacttccagagcgataacggaagttctggtggaggaagttctggtggaetggtgtttacactcgaagatttcgta 
ggggactggcggcagacagccggctacaacctggaccaagtccttgagcagggcggtgtgtecagtttgtttcagaat 
ctcggggtgtccgtaactccgatccaaaggattgtcctgagcggtgaaaacggcctgaagatcyacatccatgtcatc 
atcccgtatgaaggtctgagcggcgatcagatgggccagaticgaaaaaatttttaaggtggtgtaccctgtggatgut 
catcactttaagglgaLtctgcactatggcacactggtaatcgacggggttacgccgaacatgatcgac 

SEQ ID NO:223 (L27V CP 109 TEV) 
MYFGRPYEGIAVFDGKKITVTGTLWNGNKIIDERLINPDGSLLFRVTINGVTGWRLCERILAGSSGGGS5GGEPTTEN 
LYFQSDNGSSGGGSSGGMVFTLEDFVGDWRQTAGYNLDQVLEQGGVSSLrQNLGVSVTPIQRIVLSGENGLKIDIHVI 
T PYEGLSGDQMGQIEKIFKWYPVDDHHFKVILHYGTLVIDGVTPNMID 

SEQ ID NO:224 (L27V CP 112 TEV) 
atgcggccgtatgaaggcatcgccgtgttcgacggcaaaaagatcactgtaaccgggaccctgtggaacggcaacaaa 
attatcgacgagcgcctgatcaaccccgacggctccctgctgttccgcgtaa ccatca gcggagtgaccggctggngg 
ctgtgcgagcgcattttggcgggaagttctggtggaggaagttctggtggagagcctactactgagaacttgtacttc 
cagagcgataacggaagttctggtggaggaagttctggtggaatggtgtttacaclcgaagatttcgtaygggactgg 
cggcagacagccggctacaacttggacoaagtccttgagcagggcggtgtgtccagtttgtttcagaatctcggggtg 
tccgtaactccgatccaaaggattgtcctgagcggtgaaaaoggcctgaagatcgacatccatgtcatcatcccgtat 
gaaggtctgagcggcgatcagatgggccagatcgaaaaaatttLtaaggLggtgLaccctgtggatgatcatcactt t 
aaggtgattctgcactatggcaoactggtaatcgacggggttacgccgaacatgatcgactatttcgga 

SEQ ID NO:225 (L27V CP 112 TEV) 
MRPYEGIAVFDGKKITVTGTLWNGNKIIDERLINPDGSLLFRVTINGVTGWRLCERILAGSSGGGSSGGEPTTENLYF 
QSDNGSSGGGSSGGMVFTLEDFVGDWRQTAGYNLDQVLEQSGVSSLFQNLGVSVTPIQRIVLSGENGLKI DIHVIIPY 
EGLSG DQMGQIEKIFKVVY PVDDHHFKVILHYGTLVIDGVTPNMIDYFG 

SEQ ID NO:226 (L27V CP 115 TEV) 
atggaagqcatcgccgtgttcgacggcaaaaagatcactgtaaccgggaccctgtggaacggcaacaaaattaccgac 
gagcgcctgatcasccccyacggctccctgcLyttccgcgtaaccatcaacggagtgaccggcrggcggctgtgcgag 
cgcattttggcgggaagttctggtggaggaagttctggtggagagcctactactgagaacttgiacttccagagcgat 
aacggaagttctggtggaggaagttctggtggaatggtgtttscactcgaagatttcgtaggggactggcggcagaca 
gccggctacaacctggaccaagtccttgagcagggcggtgtgtccagtttgtttcagaatctcggggtgtccgtaact 
ccgatccaaaggattgtcctgagcggtgaaaacggcctgaagatcgacatccatgtcatcatcccgtatgaaggtctg 
agcggcgatcagatgggccagatcgaaaaaatt tttaaggtggtgtaccctgtggatgatcatcactttaaggtgatt 
ctgcactatgqcacactggt&atcgacgqggttacgcegaacatgategaetattteqgaegge.egtat 

SEQ ID NO:227 (L27V CP 115 TEV) 
MEGIAUFDGKKITVTGTLWNGNKIIDERLINPDGSLLFRVTINGVTGWRLCERILAGSSGGGSSGGEPTTENLYFQSD 
NG5SGGGSSGGMVFTLEDFVGDWRQTAGYNLDQVLEQGGVSSLFQNLGVSVT PIQRIVLSGENGLKIDIHVIIPYEGL 
SCDOMGQISKIFKVVYPVDDHHFKVILHYGTLVIDGVTPNMIDYFGRPY 

SEQ ID NO;220 <L27V CP 120 TEV) 
atgttcgacggcaaaaagatcactgtaaccgggaccctgtggaacggcaacaaaattatcgacgagcgcetgatcaac 
cccgacggctccctgctgttccgcgtaaccatcaacggagtgaccggctggcggctgtgcgagcgcattttggcggga 
agttctggtggaggaagttctggtggagagcctaetaetgagaaettgtaettceagagegataseggaagttctggt 
ggaggaagttctggtggaatggtgtttacactcgaagatttcgtaggggactggcggcagacagccggctacaacctg 
gaecaagtcctcgagcagggcggtgtgtccagtttgttteagaatctcggggLgtccg taactccgatccaaaggatt 
gtcctgagcggcgaaaacggcctgaagatcgacatccatgtcatcatcccgtatgaaggtctgagcggcgatcagatg 
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ggccagatcgaaaaaatttttaaggtggtgtaccccgtggatgatcaccactttaaggtgattctgcactatggeaea 
ctggtaatcgacggggttacgcogaocatgatcgactatttcggacggccgtatgaaggcatcgtggcc 

SEQ ID NO:229 (L27V CP 120 TEV) 
MFDGKKTrvrGrLWNGNKIIDERLINPDGSLLFRVTINGVTGWRLCERILAGSSGGGSSGGEPTTENLYFQSDNGSSG 
GGSSGGMVFrLEDFVGDWRQTAGYNLDQVLEQGGVSSLFQNLGVSVTP IQRI VLSGENGLKI DISIVIIPYEGLSGDQM 
GQTEKIFKWYPVDDHHFKVILHYGTLVIDGVTPNMIDYFGRPYEGIVA 

SEQ ID NO:230 (L27V CP 121 TEV) 
atggacggcaaaaagatcactgtaaccgggaccctgtggaacggcaacaaaattatcgacgagcgcctgatcaacccc 
gacggctccctgctgttccgcgtaaccatcaacggagtgaccggctggcggctgtgtgagcgcattttggcgggaagt 
tctggtggaggaagttctggtggagagcctactactgagaacttgtaettccagagcgataacggaagtt.ctggtgga 
ggaagttctggtggaatygtgtttacactcgaagatttcgtaggggactggcggcagacagccggctacaacctggac 
caagtcettgageagggcggtgtgtccagettgttccagaatctcggggtglccgtaaclccgalccaaaggattgtc 
ctgagcggtgaaaacggcctgaagatcgacatccatgtcatcatcccgtatgaaggtctgagcggcgatcagatgggc 
cagatcgaaaaaatttttaaggtggtgtaccctgtggatgatcatcactttaaggtgattctgcaccatggcacactg 
gtaatcgacggggttacgccgaacatgatcgactatttcggacggccgtatgaaggcatcgccgtgttc 

SEQ ID NO:231 (L27V CP 121 TEV) 
MDGKKITVTGTLWNGtiKIIDERLINPDGSLLFRVTIMGVTGWRLCERILAGSSGGGSSGGEPTTENlYFQSDNGSSGG 
GSSGCMVFTLEDFVGDWRQTAGYNLDQVLEQGGVSSLFQNLGVSVTPIQRIVLSGENGLKIDIHVIIPYEGLSGDQMG 
QIEKIFKWYPVDDHHFKVILHYGTLVIDGVTPNMIDYFGRPYEGIAVF 

SEQ ID NO:232 (L27V CP 123 TEV) 
atgaaaaagatcacTgtaaccgggaccctgtggaacggcaacaaaattatcgacgagcgcctgaecaaccccgacggc 
tccctgctgttccgcgtaaccatcaacggagtgaocggctggcggctgtgcgagcgca ttttggcgggaagttctggt 
ggaggaagt tctggtggagagcctactactgagaacttgtactlccagagcgataacggaagttclgg tggagyaagt 
tctggtggaatggtgtttacactcgaagatttcgtaggggactggcggcagacagccggctacaacctggaccaagtc 
ctfcgagcagggcggtgtgtccagtttgtttcagaatctcggggtgtccgtaactccgatccaaaggattgtcctgagc 
ggtgaaaacggcctgaagatcgacatccatgtcatcatcccgtatgaaqgtctgagcggcgatcagatgggccagatc 
gaaaaaatttttaaggtggtgtaccctgtggatgatcatcactttaaggtgattctgcactatggcacactggtaatc 
gacggggttacgccqaacatgatcgactatttcggacggccgtatgaaggcatcgccgtgttcgacggc 

SEQ ID NO:233 (L27V CP 123 TEV) 
MKKiTVTG'J'LWWGNK JIOERU N P DCS LLFBVTl NGV'l'GWKLCEHI LAGS SGGGSSGGEPTTENLYFQSDNG5SGGGS 
SGGMVFrLEDFVGDWRQTAGYHLDQVLEQGGVSSLFQNLGVSVTPIQRIVLSGENGLKIDIHVIIPYEGlSGDQMGQI 
EKIFKWYPVDDHHFKVILHYGTLVIDGVTPNHIDYFGBPYEGIAVFDG 

SEQ ID NO:234 (L27V CP 124 TEV) 
Atgaagatcactgtaaccgggaccctgtggaacggcaacaasattatcgacgagcgcctgaccaaccccgacggctcc: 
ctgctgttccgcgtaaccatoaacggagcgaccggctggcggctgtgcgagcgcattttggcgggaagttctggtgga 
ggaagttctggtggagagcctactactgagaacttgtacttccagagcgataacggaagttctggtggagaaagttct 
ggtggaatqgtgtttacactcgaagatttcgtaggggactggcggcagacagccggctacaacotggaccaagtcctt 
yagcagggcygtgtg L.ccagtttgcttcagaatctcggggtgtccgtaactccgatccaaaggat tgtcctgagcggt 
gaaaacggcctgaagatcgacatccatgtcatcatcccgtatgaaggtetgagcggegatcagatgggceagategaa 
aaaatttttaaggtggtgtaccctgtggatgatcatcactttaaggtgattctgcactatggcacactggtaaccgac 
ggggttacgccgaacatgatcgactatt tcggacggccgcatgaaggcatcgccgtgttcgacggcaaa 

SEQ ID NO:235 (L27V CP 124 TEV) 
MKITVTGTLWNG'NKIIDERLINPDGSLLPRVTINGVTGWRLCERILAGSSGGGSSGGEPTTENLYFQSDNGSSGGGSS 
GGMVFTLEDFVGDWPQTAGYNLDQVLEQGGVSSLFQNLGVSVTPIQRIVLSGENGIKIDIKVIIPYEGLSGDQMGQIE 
KIFKVVYPVLJDHHFKVILHYGTLVIDGVTPNMIDYFCRPYEGIAVFDGK 

SEQ ID NO:235 (L27V CP 125 TEV) 
atgatcadtgtaaccgggaccccgcggaacggcaacaaaattatcg£icgagcgcctgatcaaccccgacggctccctg 
ctgttccgcgtaaccatcaacggagtgaccggctggcggctgtgcgagcgcattttggcgggaagttctggtggagga 
agttotggtggagagcctactactgagaacttgtacttccagagcgataacggaagttctggtggaggaagttctggt 
ggaatggtgtttayactcyaagatttcgtaggggactggcggcagacagccggctacaacctggaccaagtccttgag 
cagggcggtgtgtccagtctgt ctcagaatctcggggtgtccg-aactccgacccaaaggattgtcctgagcggtgaa 
aacggcctgaagatcgacatccatgtcatcaccccgtatgaaggtctgagcggcgatcagatgggccagatcgaaaae 
atttttaaggtggtgtaccctgtggatgatcatcactttaaggtgattctgcactatggcacactggtaatcgacggg 
gttacgccgaacatgaccgactatttcggacggccgtatgaaggcatcgccgtgttcgaaggcaaaaag 

SEQ ID NO:237 (L27V CP 125 TEV) 
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MITVTGTLWNGNKIIDERLINPDGSLLFRVTINGVTGWRLCERILAGSSGGG5SGGEPTTENLYFQSDNGSSGGGSSG 
GMVFTLEDFVGDWRQTAGYNLDQVLEQGGVSSLFQNT,JGVSVTPIQRI VLSGENGLKIDIHVIIPYEGL5GDQMGQIEK 
rFKWYPVDDHHFKVILHYGTLVIDGVTPNMIDYFGRPYEGIAVFDGKK 

SEQ ID NO:238 <L27V CP 129 TEV) 
atggggaccctgtgqaacggcaacaaaatt a tcgacga.gcgectgateaaccccigacggctccctgctgttci;gcgta 
accatcaacggagtgaccggctggcggccgtgcgagcgcattttggcgggaagttctggtggaggaagttctggtgga 
gagcotactactgagaactcgtacttccagagcgataacggaagttctggtggaggaagttctggtggaatggtgttt 
acactcgaagatttcgtaggggactggcggcagacagccggctacaacctggaccaagtccttgagcagggcggtgtg 
tccagtttgtttcagaatctcggggtgtccgtaactccgatcoaaaggattgtcetgagcggtgaaaacggcctgaag 
atcgacatccatgtcarcatcccgtatgaaggtctgaacggcgatcagatgggccagstcgaaaaaatttttaaggtg 
gtgtaccctgtggatgatcatcactttaaggtgattct geaetatggcacactggtaatcgacggggttacgccgaac 
atgatcgactatttcggacggccgtatgaaggcatcgccgtgttcgacggcaaaaagatcactgtaacc 

SEQ ID NO:239 (L27V CP 129 TEV) 
MGTLWNGNKIIDERLINPDGSLLFRVTINGVTGWRLCERILAGSSGGGSSGGEPTTENLYFQSDNGSSGGGSSGGMVt' 
TLEDFVGDWRQTAGYSLDQVLEQGGVSSLFQNLGVSVTPIQRIVLSGENGLKIDIHVIIPYEGLSGDQMGQIEKIFKV 
VYPVDDHilFKVILHYGTLVIDGVTPNMIDYFGRFYEGIAVFDGKKITVT 

SEQ ID NO:240 (L27V CP 130 TEV) 
atgaccctgtggaacggcaacaaaattatcgacgagcgcctgatcaaccccgacggctcccjtgctgttccgcgtaacc 
atcaacggagtgaccggctggcggctgtgcgagcgcattttggcgggaagt tctggtggaggaagttctggtggagag 
cctactactgagaacttgtaottccagagcgataacggaagttctggtggaggaagttctggtggaatggtgtttaca 
ctcgaagatttcgtaggggactggcggcagacagccggctacaacctggaccaagtccttgagcagggcggtgtgtcc 
agtttgtctcagaatctcggggtgtccgtaactccgatccaaaggattgtcctgagcggtgaaaacggcctgaagatc 
gacatcoatgtcatcatcccgtaLgaaggt ctgagcggcgat cagatgggccagatf:gaAaaaatt.tt.taaggtggtg 
taccctgtggatgatcatcactttaaggLgaltctgcactatggcacactggtaatcgacggggttacgccgaacatg 
atcgactatttcggacggccgtatgaaggcatcgccgtgttcgacggcaaaaagatcactgtaaccggg 

SEQ ID NO:241 <L27V CP 130 TEV) 
MTLWNGNKIIDERUNPDGSHJFRVTINGVTGWRLCERI LAGssGGGssGGepTTENLYFQSDNGSSGGGSSGGMVFT 
LEDFVGDWRQTAGYNLDQVLEQGGVSSLFQNLGVSVTPIQRIVLSGENGLKIDIHVIIPYEGLSGDOMGQIEKIFKW 
YPVDDHHFKVILHYGTLVIDGVTPNM1DYFGRPYEGIAVFDGKKITVTG 

SEQ ID NO:242 <L27V CP 131 TEV) 
atgctgtggaacggcaacaaa attatcgacgagcgcctgatcaaccccgacggccccctgctgttccgcgtaaccatc 
aacggagtgaccggctggeggctgtqcgagcgcattttggcqggaagttctggtggaggaagttctggtggagagcct 
actactgagaacttgtacttccagagcgataacggaagt tctggtggaggaagttctggtggaatggtgtttacactc 
gaagatttcgtaggggactggcggcagacagccggctacaacctggar:caactccttgagcagggcggtgtgtccagt 
ttgtttcagaatctcqgqgtgtccgteactccgatccaaaggattgtcctgagcggtgaaaacggcctgaagatcgac 
atccatgtcatcatcccgtatgaaggtctgagcggcgatcagatgggccagatcgaaaaaatttttaaggtggtgtac 
cccgtggatgatcatcactttaaggtgattctgcactacggcaoactggtaatcgacggggttacgccgaacatgatc 
gactatttcggacggccgtatgaaggcatcgccgtgttcgacggcaaaaagatcactgtaacccrggacc 

SEQ ID NO:243 (L27V CP 131 TEV) 
MLWNGNKIIDERLINPDGSLLFRVTINGVTGWRLCERILAGSSGGGSSGGEPTTENLYFQSDNGSSGGGSSGGMVFTL 
EDFVGDWRQTAGYNLDQVLEQGGVSSLFQNLGVSVTPIQRIVLSGENGLKIDIHVIIPYEGLSGDQMGQIEKIFKVVY 
PVDDHHFKVILHYGTLVIDGVTPNMIDY7GRPYEGIAVFDGKK1TVTGT 

SEQ ID NO:244 (L27V CP 133 TEV) 
atgaaeggeaaeaaaattategaegagcgcctgatcaaccccgacggctccctgclgttccgcgt-aaccatcaacgga 
gtgaccggctggcggctgtgcgagcgcattttggcgggaagttctggtggaggaagttctggtggagagcctactact 
gagaacttgtacttccagagcgataacggaagttctggtggaggaagttctggtggaatggtgtttacactcgaagat 
ttcgtaggggactggcggcagacagccggctacaacctgqaccaagtccLtyagcagggcggtyLgl.ccagtttgttt 
cagaatctcggggtgtccgtaactccgatccaaaggattgtcctgagcggtgaaaacggcctgaagatcgacatccat 
gtcatcatcccgtatgaaggtctgagcggdgatcagatgggccagatcgaaaaaatttttaaggtggtgtacoctgtg 
gatgatcatcactttaaggtgattctgcactatggcacactggtaatcgacggggttacgccgaacargat cgactat 
ttcggacggccgtatgaaggcatcgccgtgttcgacqqcaaaaagatcactgtaaccgggaccctgtqgg 

SEQ ID NO:245 (LZ7V CP 133 TEV) 
MNGNKIIDERLINPDG5LLFRVTINGVTGWRLCBRILAGSSGGGSSGGEPTTENLYFQSDNGSSGGGSSGGMVPTLED 
FVGDWRQTAGYNLDQVLEQGGVSSLFQNLGVSVTPIQRIVLSGEKGLKIDIHVIIPYEGLSGDQMGQIEKIFKVVYPV 
DDHHFKVILHYGrLVIDGVTPNMXDYFGRPYEGlAVFDGKKITVTGTLW 
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SEQ ID NO:246 (L27V CP 136 TEV} 
atgaaaattaccgacgagcgcctgatcaaccccgacggctccctgctgttccycgtaaccatcaacggagtgaceggc 
tggcggctgtgcgagcgcatfcttggcgggaagttctggtggaggaagttctggtggagagcctactactgagaacttg 
tactCccagagcgataacggaagttctggtggaggaagttctggtggaatggtgtttacactcgaagatttcgtaggg 
gactggcggcagacagcyggctacaacccggaccaagtccttgagcagggcggtgtgtccagtttgtttcagaatctc 
ggggtgtccgcaafitccgatccaaaggattgtcctgagcggtgaaaacggcctgaagatcgacatccatgtcatcatc 
ccgtatgaaggtctgagcggcgatcaga^gggccagatcgaaaaaatttttaaggtggtgtaccctgtggatgatcat 
cactttaaggcgartctgcactatggcacactggtaatcgacggggttacgccgaacatgatcgactatttcggacgg 
ccgtatgaaggca^cgccgtgttcgacggcaaaaagatcactgtaadcgggaccctgtggaacggcaac 

SEQ ID NO:247 (L27V CP 136 TEV) 
MKlIDSRLlMPDGSLLFRVTINGVTGWRlCERILAGSSGGGSSGGEPrTENLYFQSDNGSSGGGSSGGMVFTLEDFVG 
DWRQTAGYNLDQVLEQGGVSSLFQNLGVSVTPIQRIVLSGENGLKIDIHVII PYEGLSGDQMGQIEKIFKWYPVDDH 
HFKVILHYGTLVIDGVTPNMIPYFGRPYEGIAVFDGKKITVTGTLWNGN 

SEQ ID NO:248 (L27V CP 139 TEV) 
atggacgagcgcc-gaccaaccccgacggctccctgctgttccgcgtaaccatcaacggagtgaccggctggcggctg 
tgcgagcgcattttggcgggaagtCctggtggaggaagLtctggtggagagcctactactgagaaottgtacttccag 
agcgataacggaagttctggtggaggaagtcccggtggaatggtgtttacactcgaagatttcgtaggggactggcgg 
cagacagccggotacaacctggaccaagtcct tgagcagggcggtgtgtccagtttgtt.tcagaatctcggggtgtcc 
g-aactccgatccaaaggattgtcci: gagcggtgaaaacggcctgaagatcgacatccatgtcatcatcccgtatgaa 
ggtctgagcggcgatcagatgggecagategaaaaaatttttaaggtggtgtaccctgtggacgatcatcactttaag 
g-gattctgcactatggcacactggc aatcgacggggttacgccgaacatgatcgactatttcggacggccgtatgaa 
gggatcgccgtgtt cgacggcaaaaagatcactgtaaccgggaccctgtggaacggcaacaaaattatcgacgagcgc 

SEQ ID NO:24 9 (L27V CP 139 TEV) 
MDERLINPDGSLLFRVTINGVTGWRLCERILAGSSGGGSSGGEPTTENLYFQSDNGS3GGGSSGGMVFTLEDFVGDWR 
QTAGYNLDQVLEQGGVSSLFQNLGVSVTPIQRIVLSGENGLKIDIflVIIPYEGLSGDQMGQIEKIFKWYPVDDHHFK 
VILKYGTTJVIDCVTPMMIDYFGRPYEGIAVFDGKKITVTGTLWNGNKIIDER 

SEQ ID NO:250 {L27V CP 140 TEV) 
atggagcgcctgatcaaccccgacggctccctgctgttccgcgtaaccatcaacggagtgaccggctggcggctgtgc 
gagcgcattttggcgggaagttctggtggaggaagttctggtggagagcccactactgagaacttgtacttccagagc 
gataacggaagttctggtggaggaagttctggtggaatggtgtttacactcgaagatttcgtaggggactggcggcag 
acagccggctacaacctggaccaagtccttgagcagggcggtgtgtccagtCtgtttcagaatctcggggtgtccgta 
actccgatccaaaggattgtcctgagcggtgaaaacggcctgaagatcgacatccatgtcatcatcccgtatgaaggt 
ctgagcggcgatcagatgggccagatcgaaaaaatttttaaggtggtgtaccctgtggatgatcatcactttaaggtg 
attctgcactatggcacsclggtaatcgacggggtuacgccgaacatgatcgactatttcggacggccgtatgaaggc 
atcgccgtgttcgacggcaaaaagatcactgtaaccgggaccctgtggaacggcaacaaaattatcgac 

SEQ ID NO:251 <IJ27V CP 140 TEV) 
MERLINPDGSLLFRVTINGVTGWRLCERILAGSSGGGSSGGEPTTENLYFQSDNGSSGGGSSGGMVFTLEDFVGDWRQ 
TAGYNLDQVLEQGGVSSLFQNLGVSVTPIQRIVLSGENGLKIDIHVIIPYEGLSGDQMGQIEKIFKWYPVDDHHFKV 
TLHYGTLVIDGVTPNMIDYFGRPYEGIAVFDGKKITVTGTLWNGHKIID 

SEQ ID NO:252 <L27V CP 141 TEV) 
atgcgcctgatcaaccccgacggctccctgctgttccgcgtaaccatcaacggagtgficcggctggcggctgtgcgag 
cgcattttggcgggaagttcLggtggaggaagttctggtggagagcctactactgagaacttgtacttccagagcgat 
aacggaagtt.ctggtggaggaagttctggtggaatggtgtttacactcgaagatttcgtaggggacrggcggcagaca 
gccggctacaaoctggaccaagtccttgagcagggcggtgtgtccagtttgtttcagaatctcggggt gt ccgtaact 
ccgatcca aaggattgtcctgageggtgaaaacggcctgaagatcgacatecatgtcatcatcccgtatgaaggtctg 
agcggcgatcagatgggccagatcgaaaaaatttttaaggtggtgtaccctgtggatgatcatcactttaaggtgatt 
etgcaeta r.ggcaeaetggtaatcgacggggttacgccgaacatgatcgactatttcggacggccgtatgaaggcatc 
gccgtgttcgacggcaaaaagat cactgtaaccgggaccctgtggaacggcaacaaaattatcgacgag 

SEQ ID NO:253 (L27V CP 141 TEV) 
MRLINPDGSLLFRVTINGVTGWRLCERILAGSSGGGSSGGEPTTENLYFQSDNGSSGGGSSGGMVFTLEDFVGDWftQT 
AGYPJLDQVLEQGGVSSLFQNLGVSVTPIQRIVLSGENGLKIDIHVIIPYEGLSGDQMGQIEKIFCTVYPVDDHHFKVI 
LHYGTLVIDGVTPNMIDYFGRPYEGIAVFDGKKITVTGTLWNGNKIIDE 

SEQ ID NO 1254 (L2"7V CP 142 TEV) 
atgctgatcaaccccgacggctccctgctgttccgcgtaaccatcaacggagtgaccggctggcggctgtgcgagcgc 
atcttggcgggaagttctggtggaggaagttctggtggagagcctactactgagaacttgtacttccagagcgataac 
ggaagttctggtggaggaagttctggtggsatggtgtttacactcgaagatttcgtaggggactggcggcagacagcc 
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ggctacaacctggaccaagtccttgagcagggcggtgtgtccaytttgtttcagaatctcggggtgtccgtaactccg 
atccaaaggattgtcctgagcggtgaaaacggcctgaagatcgacatccatgtcatcatoccgtatgaaggtctgagc 
ggcgatcagatgggccaqatcgaaaaaatttttaaggtggtgtaccctgtggatgatcatcactttaaggtgattctg 
cactatggcacactggtaatcgacggggttacgccgaacatgatcgaqtatttcggacggcegtatgaaggcatcgcc 
gtgttcgacggcaaaaagatcactgtaaccgggacccrgtggaacggcaacaaaattatcgacgagcgc 

SEQ ID NO:255 <L27V CP 142 TEV) 
MLINPDGSLLFRVTINGVTGWR1CERILAGSSGGGSSGGEPTTENLYFQSDNGSSGGGSSGGMVFTLEDFVGDWRQTA 
GYNLDQVLEQGGVSSLFQNLGVSVTE31QR1 VLSGENGLKI DII1VIIPYEGLSGDQMGQIEKIFKWYPVDDHHFKVIL 
HYGTLVIDGVTPNMIDYFGRPYEGIAVFDGKKITVTGTLWNGNKIIDER 

SEQ ID NO:256 (L27V CP 143 TEV) 
atgatcaaccccgacggctccctgctgttccgcqtaaccatcaacggagtgaccqgctggcggctgtgcgagcgcatt 
ttggcgggaagttctggrggaggaagttctggtggagagcctactactgagaacttgtacEtccagagcgataacgga 
agetctggtggaggaagttctggtggaatggtgtttacactcgaagatttcgtaggggaccggcggcagacagccggc 
tacaacctggaccaagtccttgagcagggcggtgtgtccagtttgtttcagaatctcggggtgtccgtaactccgatc 
caaaggattgtcctgagcygtgaaaacggcctgaagatcgacatccatgtcatcatcccgtatgaaggtctgagcggc 
gatcagatgggceagatcgaaaaaatttttaaggtggtgtaccctgtggatgatcatcaqtlLaaggtgattclgcac 
tatggcacactggtaatcgacggggtT.aegeegaacatgatcgactar..ce.eggacggccgtatgaaggcatcgccgtg 
ttcgacggcaaaaagatcacigtaaccgggaccctgtggaacggcaacaaaattatcgacgagcgcctg 

SEQ ID NO:257 (L.27V CP 143 TEV) 
MINPDGSLLFRVTINGVTGWRLCERILAGSSGGGSSGGEPTTENLYFQSDNGSSGGGSSGGMVFTLEDFVGDWRQTAG 
YNLDQVLEQGGVSSLFQNLGVSVTPIQRIVLSGENGLKIDIHVIIPYEGLSGDQMGQIEKIFKWYPVDDHHFKVILH 
YGTLVIUGVTPNMIDYFGRFYEGIAVFDGKKITVTGTLWNGNKIIDERL 

SEQ ID NO:250 <L27V CP 144 TEV) 
atgaaccccgaoggctccctgctgttccgcgtaaccatcaacggagtgaccggctggcggctgcgcgagcgcattttg 
gcgggaagttctggtggaggaagttct ggtggagagcctactactgagaacttgtact tccagagcgataacggaagt 
tctggtggaggaagttctggtggaatggtgtttacactcqaaqatttegtaggggactggcggcagacagccggctac: 
aacctggaccaagtccttgagcagggcggtgtgtccagtttgtttcagaatctcgggg tgtccg taaetccgatccaa 
aggattgtcctgagcggtgaaaaeggeetgaagategacateeatgtcatcatcccgtatgaaggtctgagcggcgat 
cayatgggccagatcgaaaaaatttttaaggtggtgtaccctgtggatgatcatcactttaaggtgattctgcactat 
ggcacactggtaatcgacggggttacgccgaacatgatcgactatttcggacggccgtatgaaggcatcgccgtgttc 
gacggcaaaaagatcactgtaaccgggaccctgtggaacggcaacaaaattatcgacgagcgcctgatc 

SEQ ID NO:259 <L27V CP 144 TEV) 
HISIPDGSIILFRVTINGVTGWRLCERILAGSSGGGSSGGEPTTENLYFQSDNGSSGGGSSGGMVFTLEDFVGDVIROTAGY 
NLDQVLEQGGVSSLFQNLGVSVTPIQRIVLSGENGLKlDIHVIIPYEGLSGDQMGQIfc.KIFKVVYPVDUHHPKVTLHY 
GTLVIDGVTPNMIDYFGRPYEGIAVFDGKKITVTGTLWNGNKIIDERLI 

SEQ ID NO;260 (L27V CP 145 TEV) 
atgcccgacggctccctgctgttccgcgtaaccatcaaeggagtgaccggetggcggcegtgcgagcgcattttggcg 
ggaagttctggtggaggaagttctggtggagagcetactactyagaacttgtacttccagagcyataacggaagttct 
ggtggaggaagctetggeggaatggtgtttacactcgaagatttcgtaggggactggcggcagacagccggctacaac 
ctggaccaagtcottgagcagggcggtqtqtccagtttgtttcagaatctcggggtgtccgtaactccgatccaaagg 
ate gtc^tgagcggtgaaaacggcctgaagatcgacatucatgtcatcatcccgta tgaaggtctgagcggcgatcag 
atgggccagatcgaaaaaatttttaaggtggtgtaccctgtggatgatcatcactttaaggtgattctgcact3tggc 
acactggtaatcgacggggttacgccgaacatgatcgactatttcggacggccgtatgaaggcatcgccgtgttcgec 
ggcaaaaagatcactgtaaccgggaccctgtggaacggeaacaaaattatcgacqagcqcctgatcaac 

SEQ ID NO:261 <l£7V CP 145 TEV) 
MPDGSLLFRVTINGVIGWRLCERILAGSSGGGSSGGEPTTENLYFQSDNGSSGGGSSGGMVFTLSDFVGDWRQTAGYN 
LDQVLEQGGVSSLFQNLGVSVTPIQRIVLSGENGLKIDIHVIIPYEGLSGDQMGQIEKIFKVVYPVDDHHFKVILHYG 
TLVIDGVTPNMIDYFGRPYEGIAVFDGKKITVTGTLWNGNKIIDERLIN 

SEQ ID NO;262 <L27V CP 146 TEV) 
atggacggctccctgctgttccgcgtaaccatcaacgyagtgaccggctggcggctgtgcgagcgcattttggcggga 
agt tctggtggaggaagttetggtggagagcctactactgagaacttgtaettccagagcgataacggaagttctggt 
ggaggaagttccggtggaatggtgtttacectcgaagat-tcgtagggqactggcgqcagacagccggctacaacctg 
gacca a gtccttgagcagggc ggt gtgtcc agt l;tgcttcagaa tcc.cggggtgtc cgtaactccgac ccaaagg att 
gtcctgagcggtgaaaacggcctgaagatogacatccatgtcatcatcccgtatgaaggtctgagcggcgatcagatg 
ggccagatcgaaaaaatttttaaggtggtgtaccctgtggatgatcatcactttaaggtgattctgcactatggcaca 
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ctggtaatcgacggggttacgccgaacatgatcgactatttcggacggccgtatgaaggcategccgtgttcgacggc 
aaaaagatcactgtaaccgggacectgtggaacggcaacaaaattatcgacgagcgcctgatca-acccc 

SEQ ID NO:2€3 (L27V CP 146 TEV) 
MDGSLLFRVTINGVTGWRLCERILAGSSGGGSSGGEPTTENLYFQSMGSSGGGSSGGMVFTLEDFVGDW.RQTAGYNL 
•QVLEQGGVSSLFQNLGVSVTPIQRIVLSGENGLKIDIEiVIIPYEGLSGDQMGQIEKIFKVVYPVDDHHFKVILHYGT 
IVIDGVTPNMIDYFGRPYEGIAVFDGKKITVTGTLWNGNKTIDERLINP 

SEQ ID HO:264 (L27V CP 147 TEV) 
atgggctcoctgotgttccgcgtaaccatcaacggagtgaccggctggcggctgtgcgagcgcattttggcgggaagt 
tctggtggaggaagttctggtggagagcctactactgagaacttgtacttccagagcgataacggaagttctggtgga 
ggaagttceggtggaatggngtttacactcgaagatttcgtaggggactggQggqagacagccggctacaacctggac 
caagtccttgagcagggcggtgtgtccagtttgtttcagaatctcggggtgtccgtaactccgatccaaaggattgtc 
crgagcggtgaaaacggcctgaagatcgacatccatgtcatcatcccgtatgaaggtctgagcggcgatcagatgggc 
oagatcgeaaaaatttttaaggtggtgtaccctgtggatgatcatcactttaaggtgattctgcactatggcacactg 
gtaatcgaeggggttacgccgaacatgatcgactatttcggacggccgtatgaaggcatcgccgtgttogacggeaaa 
aagatcactgtaaccgggaccctgtggaacggcaacaaaattatcgacgagcgcctgatcaaccccgac 

SEQ ID NO:265 (L27V CP 147 TEV) 
MGSLLFRVTINGVTGWRLCERILAGSSGGGSSGGEPTTENLYFQ3DNGSSGGGSSGGMVFTLEDFVGDWRQTAGYNLD 
QVLEQGGVSSLFQNLGVSVTPIQRIVLSGENGLKIDIHVIIPYEGLSGDQMGQIEKIFKWYPVDDHHFKVILHYGTL 
VI DGVTPK'MI DYE'GHPYEGIAVFDGKKITVTGTLWNGNKI IDERLINPD 

SEQ ID NO:266 (L2?V CP 148 TBV> 
atgtccctgctgttccgcgtaaccatcaacggagtgacegyttggcggctgtgcgagcgcattttggcgggaagttct 
qgtggaggaagttctggtggagagcctactactgagaacttgtacttccagagcgataacggaacttctgQtggagga 
agttctgytggaatggtgtttacactcgaagattccgtaggggactggcggcagacagccggctacaacotggaccAa 
gtccttgagcagggcggtgrgtccagtttgtttcagaatctcggggtgtccgtaactccgatccaaaggattgtcctg 
agcggtgaaaacggcctgaagatcgacatccatgtcatcatcccgtatgaaggtctgagcggcgatcagatgggccag 
accgaaaaaatttttaaggcggtgtaccctgtggatgatcatcactttaaggtgattctgcactatggcacactggta 
atcgacgyggttacgccgaacatgatc.gactatttcggacggccgtatqaaggcatcqecgtgttcgacggcaaaaag 
atcactgtaaccgggaccctgtggaacggcaacaaaaitatcgacgagcgcctgatcaaccccgacggc 

SEQ ID NO: 267 (L27V CP 148 TEV) 
MSLLFRVTINGVTGWRLCERILAGSSGGGSSGGEPTTENLYFQSDNGSSGGGSSGGMVFTLEDFVGDWRQTAGYNLDQ 
VLEQGGVSSLFQHIGVSVTPIQRIVLSGENGLKIDIHVIIPYEGLSGDQMGQIEKIFKVVYPVDDHHFKVTLHYGTI.V 
IDGVTPNMIDYFGRPYEGIAVFDGKKITVTGTLWNGNKIIDERLINPDG 

SEQ ID NO:26S (L27V CP 149 TEV) 
acgctgccgttccgcgtaaccatcaacggagtgaccggctggogqctgtgcgagcgcatLttggcgggaagttccggt 
ggaggaagttctggtggagagcctactactgagaacttgtacttccagagcgataacggaagttctygtggaggaagt 
tctggt-ggaatggtgttcacactcgaagatttcgtaggggactggcggcagacagccggotacaacctggaccaagtc 
ettgagcagggcggtgtgtccagtttgtttcagaatctcggggtgtccgtaactccgatccaaaggattgtcctgagc 
gctgaaaacggcctgaagatcyacatcqatgtcatcatcccgtatgaaggtctgagcggcgatcagatgggccagatc 
gaaaaaatttttaaggtggtgtaccctgtggatgatcatcactttaaggtgattctgcactatggcacactggtaatc 
gacggggttacgccgaacatgatcgactatttcggacggccgtatgaaggcatcgccgtgttcgacggcaaaaagatc 
actgtaaccgggaccctgtggaacggcaacaaaattatcgacgagcgcctgatcaaccccqacggctcc 

SEQ ID NO:269 (L27V CP 149 TEV) 
MLLFRVTINGVTGWRLCERILAGSSGGGSSGGEPTTENLYFQSDNGSSGGGSSGGMVFTLEDFVGDWRQTAGYNLDQV 
LEQGGVSSLFQNLGVSVTPIQRIVLSGENGLXIDIKVIIPYEGLSGDQMGQIEKIFKWYPVDDHHFKVILHYGTLVI 
DGVTPNMIDYFGRPYEGIAVFDGKKlTvrGTLMNGNKIIDERLINPDGS 

SEQ ID NO:270 (L27V CP 150 TEV) 
atgctgttccgcgtaaccaccaacggagtgaccggctggcggctgtgcyagcgcattttggcgggaag LLctggt gga 
ggaagttctggtggagagcctactactgagaacttgtacttccagagcgataacggaagttctggtggaggaagttct 
ggtggaatggtgtttacactcgaagatttcgtaggggactggcggcagacagccggctacaacctggaccaagccctt 
gagcagggcggtgtgtccagtttgtttcagaatctcggggtgtccgtaactccgatccaaaggattgtcctgagcggt 
gaaaacggcctgaagatcgacatccatgtcatcatcccgtacgaaggtctgagcggcgatcagatgggccagatcgaa 
aaaatftttaaggtggtgtaccctgtggatgatcatcacttcaacgtgattctgcactatggcacactggtaatcgac 
ggggttacgocgaacatgatcgactatttcggacggccgtatgaaggcatcgccgtgttegacggcaaaaagateact 
gtaaccgggaccctgtggaacggcaacaaaattatcgacgagcgcctgatcaaccccgacggctccctg 

SEQ ID NO: 271 (H7V CP 150 TEV) 
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MLFRVTINGVTGWRLCERILAGSSGGGSSGGEPTTENLYFQSDNGSSGGGSSGGMVFTLEDFVGDWRQTAGYNLDQVL 
EQGGVSSII FQNTtGVSVT PI QRI VLSGENGLKI DIHVIIPYEGLSGDQMGQIEKIFKWYPVDDHHFKVILEIYGTLVID 
GVTPNMIDYFGRPYEGIAVFDGKKirVTGTLWNGNKIIDERLINPDGSL 

SEQ ID NO:272 (L27V CP 151 TEV) 
atgttccgcgtaaccatcaaeggagtgaccggetggcggctgtgcgagcgcattttggcgggaagttctggtggagga 
agttctggtggagagcctactactgagaacttgtacttccagagcgataacggaagttctggtggaggaagttctggt 
ggaatggtgtttacactcgaagatttcgtaggggactggcggcagacagccggctacaacctggaccaagtccttgag 
cagggcggtgtgtccagtttgtttcagaotctcggggtgtccgtaactccgatccaaaggattgtcctgagcggtgaa 
aacggcctgaagatogacatccatgtcatcatecegtat'gaaggtctgagcggcgatcagatgggccagatngaaaaa 
at Ccttaaggtggtgtaccctg tggat-gatcatcactttaaggtgattctgcactatggcacactggtaatcgacggg 
gttacgccgaacacgatcgactatttcggacggccgtatgaaggcatcgccgtgttcgacggcaaaaagai.c«ytgta 
accgggaccctgtggaacggcaacaaaattatcgacgagcgcctgatcaaccccgacggccccctgctg 

SEQ ID NO:273 {L27V CP 151 TEV) 
MFRVTIHGVTGWRLCE,RILAG5SGGGSSGGEPTTENLYFQ5DNG£SGGGSSCGMVFTLEDFVGDWRQTAGYNLDQVLE 
QGGVS5LFQNLGVSVTPIQRI VLSGENGLKIDIHVIIPYEGLSGDQMGQ1EKIFKVVYPVDDHHFKVILHYGTLVIDG 
VTPNMIDYFGRPYEGIAVFDGKKITVTGTLWNGNKIIDERLINPDGSLL 

SEQ ID NO:274 (L27V CP 154 TEV) 
a-gaccatcaacggagtgaccggctggcggctgtgcgagcgcattttggcgggaagttctggtggaggaagttctggt 
ggagagcctactactgagaacttgtacttccagagcgataacggaagttctggtggaggaagttctggtggaatggtg 
tttacactcgaagatttcgtaggggactggcggcagacagccggctacaacctggaccaagtccttgagcagggcggt 
gtgtccagtttgttLcagaatctcggggtgtccgtaactccgatccaaaggattgtcctgagoggtgaaaacggcctg 
aagatcgacatccatgtcatcatcccgtatgaaggtctgagcggcgatcagatgggccagatcgaaaaaatttttaag 
gtggtgtaccctgtggatgat catcactttaaggtgat tctgcactatggcacactggtaatcgacggggttacgceg 
aacatgatcgactat-ttcggacggccgtatgaaggcatcgccgtgttcgacggcaaaaagatcactgtaaccgggacc 
Ctgtggaacggcaaeaaaattatcgacgagcgcctgatcaaccccgacggctccctgctgttccgcgta 

3£Q ID NO:275 <L27V CP 154 TEV) 
MTINGVTGWRLCERILAGSSGGGSSGGEPTTENLYFQSDNGSSGGGSSGGMVFTLEDFVGDWRQTAGYNLDQVLEQGG 
VSSLFQNLGVSVTPIQRIVLSGENGLKIDIHVIIPYEGLSGDQMGQIEKIFKWYPVDDHHFKVI LHYGTLVIDGVTP 
NMIDYFGRPYEGIAVFDGKKITVTGTLWNGNKIIDERLINPDGSLLFRV 

SEQ ID NO;276 (L27V CP 156 TEV) 
atgaacggagtgaccggctggcggctgtgcgagcgcattttggcgggaagttctggtggaggaagttctggtggagag 
cctactactgagaacttgtaetteeagagcgataacggaagttctggtggaggaagttctggtggaatggtgtttaca 
ctcgaagatttcgtaggggactggcggcagacagccggctacaacctggaccaagtccttgagcagggcgglgtgtcc 
agtttgtttcagaatctcggggtgtccgtaactccgatccaaaggattgtcctgagcggtgaaaacggcctgaagatc 
gacatccatgtcatcatcccgtatgaaggtctgaqcggcgatcagatgggccagatcgaaaaaat ttttaaggtggt g 
taccctgtggatgaccatcactttaaggtgattctgcactatggcacactggtaatcgacggggi. tacgccgaacatg 
atcgactatttcggacggccgtatgaaggcatcgccgtgt tcgacggcaaaaagatcactgtaaecgggaecctgtgg 
aacggcaacaaaatt atcgacgagcgcctgatcaaccccgacggctccccgctgttccgcgtaaccacc 

SEQ ID NO; 277 (I£7V CP 156 TEV) 
.MNGVTGWRLCERILAGSSGGGSSGGEPTTENLYFQSDMGSSGCGSSGGMVFTLEDFVGDWRQTAGYNLDQVLEQGGVS 
SLFQNLGVSVTPIQRIVLSGENGLKIDIHVIIPYEGLSGDQMGQIEKIFKVVYPVDDHHFKVILKYGTLVIDGVTPNM 
IDY FGRPYEGlAVFDGKKlTVTGTLWNGNKIIDERLINPDGSLLFRVn 

SEQ ID NO;278 (L27V CP 157 TEV) 
atgggagtgaccggctggcggctgtgcgagegcattttggcgggaagttctggtggaggaagttctggtggagagcct 
actactgagaacttgtacttccagagcgataacggaagttctggtggaggaagttctggtggaatggtgtttacactc 
gaagatttcgtaggggaccggcggcagacagccggctacaacctggaccaagtccttgagcagggcggtgtgtccagt 
ttgtttcagaatctcggggtgtccgtaactccgatccaaaggattgtcctgagcggtgaaaacggcctgaagatcgac 
atccatgtcatcatcccgtatgaaggtctgagcggcgatcagatgggccagatcgaaaaaatttttaaggtggtgtac 
cctgtggatgatcatoactttaaggtgattctgcactatggcacactggtaatcgacggggttacgccgaacatgatc 
gactatttcggacggccgtatgaaggcatcgccgtgttcgacggcaaaaagatcactgtaaccgggaccctgtggaac 
ggcaacaaaattatcgacgagogcctqatcaaccccgacggctccctgctgttccgcgtaaccatcaac 

SEQ ID NO:279 (L27V CP 157 TEV) 
MGVTGWRLCERILAGSSGGGSSGGEPTTENLYFQSDNGSSGGGSSGGMVPTLEDFVGDWRQTAGYNLDQVLEQGGVSS 
LFQNLGVSVTPIQRIVLSGENGLKIDIHVJIPYEGLSGDQHGQJ EKIFKVVYPVDDHHFKVILHYGTLVIDGVTPNMI 
DYFGRPYEGIAVFDGKKITVTGT'LVJNGNKI IDERLINPDGSLLFRVTIN 
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SEQ ID NO:280 {hZTV CP 159 TEV) 
atggtgaceggctggcggctgtgcgagcgcattttggcgggaagttctggtggaggaagttctggtggagagcctact 
actgagaacttgtacttccagagcgataacggaagctctggtggaggaagttctggtggaatggtgtttacactcgaa 
gatttcgtaggggactggcggcagacagccggctacaaoctggaccaagtccttgagcagggcggtgtgtccagtttg 
tttcagaatctcggggtgtccgtaactccgatccaaaggattgtcctgagcggtgaaaacggcctgaagatcgacato 
catgtcatcatcccgtatgaa ggtctgagcggcgateagatgggccagatcgaaaaaatttttaaggtggtgtaccct 
gtggatgatcaucacttuaaggtgattctgcactatggcacactggtaatcgacggggttacgccgaacatgatcgac 
tatttcggacggccgtatgaaggcatcgccgtgttcgacggcaaaaagatcactgtaaccgggaccctgtggaacggc 
aacaaaattatcgacgagcgcctgatcaaccccgacggctccctgctgttccgcgtaaccatcaacgga 

SEQ ID NO: 281 <X37V CP 159 TEV) 
MVTGWRLCERIIAGSSGGGSSGGEPTTENLYFQSDNGSSGGGSSGGMVFTLEDFVGDWRQTAGYNLDQVLEQGGVSSL 
FQNLGVSVTPIQRI VLSGENGLKI DIHVII PYEGIJSGDQMGQIEKIFKVVYPVDDHHFKVILHYGTLVIDGVTPNKID 
YFGRPYEGlAVFDGKKITVTGTLWNGNKIIDERLINPDGSLLFRVTING 

SEQ ID NO:282 <L27V CP 160 TEV) 
atgggctggcggctgtgcgagcgcattttggcgggaagttctggtggaggaagttctggtggagagcctactactgag 
aacttgtacttccagagcgacaacggaagttccggtggaggaagttctggtggaatggtgettacactcgaagatttc 
gtaggggactggcggcagaca gccggctacaacctggaccaagtccttgagcagggcagtgtgtccagtttgtttCdg 
aatctcggggtgLccgtaaccccgatccaaaggattgtcctgagcggtgaaaacggcctgsagatcgacatccatgtc 
atcatcccgtatgaaggtctgagcggcgaccagatgggccagatcgaaaaaattttcaaggtggtgcaccctgtggat 
gatcatcactttaaggtgattctgcactacggcacactggtaatcgacggggttacgccgaacatgatcgactatttc 
ggacggccgtatgaaggeategccgtgttegac.ggeaaa&agatcactgtaaccgggaccctgtggaacggcaacaaa 
attatcgacgagtjgcctgatcaacyccgacggctccctgctgttccgcgtaaccatcaacggtfg tgacc 

SEQ ID NO:203 (L27V CP 160 TEV) 
MGWRLCERILAG5SGGGSSGGEPTTENLYFQSDNGSSGGGSSGGMVFTLEDFVGDWRQTAGYNLDQVLEQGGVSSLFQ 
NLGVSVTPIQRIVLSGENGLKIDIHVIIPYEGLSGDQMGQIEKIFKVVYPVDDHHFKVILHYGTLVIDGVTPNMIDYF 
GRPiEGIAVFDGKKITVTGTLWNGNKIIDERLINPDGSLLFRVTINGVT 

SEQ ID NO:284 (L27V CP 163 TEV) 
itgctgtgcgagcgcattttggcgggaagttctggtggaggaagttccggtggagagoctactactgagaacttgtac 
ttccagagcgataacggaagttctggtggaggaagttctggtggaatggtgtttacactcgaagatttcgtaggggac 
tggcggcagacagccggctacaacctggaccaagtccttgagcagggcggtgtgtccagtttgt!: tcagaatctcggg 
gtgtccgtaactccgatccaaaggatcgtcctgagcggtgaaaacggcctgaagatcgacatccatgtcatcatcccg 
cargaaggtctgagcggcgatcagatgggccagatcgaaaaaatttt taaggt ggtgtaeeetgtggatgatcatcac 
tt';aaqg tgat tctgyactatggca.cac:tggtaatcgacggggutacgc<;g<aacatgatcgactatttcggacggccg 
targaaggcatcgccgtgttcgacggeaaaaagatcactgtaaccgggaccctgtggaacggcaacaaaattatcgac 
gagcgcctgatcaaccccgacggctccctgctgttccgcgtaaccat naacggagtgaccggctggcgg 

SEQ ID NO:285 (L27V CP 163 TEV) 
MLCERILAGSSGGGSSGGEPTTENLYFQSDNGSSGGGSSGGMVFTLEDFVGDWRQTAGYNLDQVLEQGGVSSLFQN1G 
VSVTPIQRIVLSGENGLKIDIHVIIPYEGLSGDQMGQIEKIFKVVYPVDDHHFKVILHYGTLVIDGVTPNMIDYFGRP 
YEGIAVFDGKKITVTGTLWNGNKIIDERLINPDGSLLFRVTINGVTGWR 

SEQ ID NO;286 (L27V CP 166 TEV) 
Atgcgcattttggcgygaagttctggtggaggaagttctggtggagagcctactactgagaacttgtacttccagagc 
gataacggaagttctggtggaggaagttctggtggaatgqtgtttacactcgaagacttcgtaggggactggcggcag 
acagccggctacaacctggaccaagtccttgagcagggcggtgtgtccagttcgtttcagaatctcggggtgtccgta 
actccgatccaaacjqattgtcctgaqcggtgaaaaeggcctgaagatcgacatccatgteatcateecgtatgaaggt 
ctgagcggcgatcagatgggccagatcgaaaaaa tt tttaaggtggtgtaccctgtggatgatcatcacttt aaggtg 
attctgcactatggcacactggtaatcgacggggttacgccgaacatgatcgactatttcggacggccgta-gaagge 
atcgccgtgttcgacggcaaaaagatcactgtaaccgggaccctgtggaacggcaacaaaattatcgacgagcgcctg 
atcaaccccgacggctccctgctgttccgcgtaaccatcaacggagtgaccggctggcggctgtgcgag 

SEQ ID NO:287 (L27V CP 166 TEV) 
MRILAGSSGGGSSGGEPTTENLYFQSDNGSSGGGSSGGMVFTLEDFVGDWRQTAGYNLDQVLEQGGVSSLFQNLGVSV 
TPIQRIVLSGENGLKIDIHVIIPYEGLSGDQMGQIEKIFKVVYPVDDHEiFKVILHYGTLVIDGVTPNMIDYFGRPYEG 
IAVFDGKKITVTGTLWNGNKIIDERLINPDGSLLFRVTINGVTGWRLCE 

SEQ ID NO:28S (pCA*9 FKBP-L27V02A 157-169) 
gagtgcaggtggaaaccatctccccaggagacgggcgcaccttccccaagcgcggccagacctgcgtggtgcactaca 
ccgggatgct tgaagatggaaagaaatt tgattcctcccgggacagaaacaagccctttaagctta tgctaggcaagc 
agqaggtgatccgaggctgggaagaaggggttgcccagatgagtgtggg"teagagagccaaaetgactatatctccag 

203 



atEatgcctatggtgccactgggcacccaggcatcatcccaccacatgccactctcgtcttcgatgtggagcCtctaa 
aactggaaggaggagggagctccggtggaggcagcggtggaglgaccggctggcggctgtgcgaacgcattctggcg 

SEQ ID N0:2BS (pCA 9 FKBP-L27VD2A 157-169} 
GVQVETISPGDGRTFPKRGQTCWHYTGMLEDGKKFDSSRDRRKPFKFMLGKQEVIRGWEEGVAQMSVGQRAKI TTSP 
DVAYCATGtlPGIIPPHATLVFDVELLKLEGGGSSGGGSGGVTGWRLCERILA 

SEQ ID NO:290 IpCA 10 L27V02A 1-156-FRB) 
atggr.cttcacactcgaagatttcgttggggactggcgacagacagccggctacaacctggaccaagtccttgaacag 
ggaggtgtgtccagtttgtttcagaatctcggggtgtccgtaactccgatccaaoggattgtcctgageggtgaaaat 
gggctgaagatcgacatccatgtcatoatcccgtatgaaggtctgagoggcgaccaaatgggccagatcgaaaaaatt 
t~taaggtggtgtaccctgtggatgatcatcactttaaggtgatcctgcactatggcaca^tggtaatcgacggggtt 
acgccgaacatgatcgactattf.cggacggccgtatgaaggcatcgccgtgctcgacggcaaaaagatcactgtaaca 
gagaccctgtggaacggcaacaaaattatcgacgagcgcctgatcaaccccgacggctccctgctgttccgagtaacc 
atcaacgaagtgaccggaggaggtggctcaggtggagggagctccgtggccatcctcpggcatgagatglggcatgaa 
ggcctggaagaggcatctcgtttgtactttggggaaaggaacgtgaaaggcatgtttgaggtgctggagcccttgcat 
gctatgat ggaacggggcccccagactctgaaggaaacatcctttaatcaggcctatggtcgagatttaatggaggcc 
caagagtggtgvaygaagLacatgaaatcagggaatgtcaaggacctcacccaagcctgggacctctattatcatgtg 
ttcegacgaatctca 

SEQ ID NO:291 (pCA 10 L27V02A 1-156-FRB) 
MVFTLEDFVGDWFQTAGYNLDQVLEQGGVSSLFQNLGVSVTPlGRIVlSGF.NGLKIDlHVlIPYEGLS&DQM&QISKI 
FKVVYPVDDHHfKVILHYGTkVTDGVrPNMIDYFGRPYRGIAVFDGKKITVTGTLWNGNKIIDERLINPDGSLLFRVT 
INGVTGGGGSGGGSSVAILWHEtfWHEGLEEASRLYFGERNVKGMFEVLEPLHAMMERGPQTLKETSFNQAYGRDlMEA 
QEWCRKYMKSGNVKDLTQAWPLYYHVFRRIS 

SEQ ID NO:292 (pCA 26 FKBP-L27V02A 1-156) 
ygagtgcagglygaaaccatctccccaggagacgggcgcaccltccccaagcgcggccagacctgcglggtgcactac 
aeegggatgcttgaagatggaaagaaatttgattccccccgggacagaaacaagccctttaagtttatgctaggcaag 
caggaggtgatccgaggctgggaaga aggggttgcccagatgagtgtgggtcagagagccaaactgactatatctcca 
gattatgcctatggtgccactgqgcacccaggcatcatcccaccacatgccactctcgtcttcgatgtggagcttcta 
aaactggaaggaggagggagctccggtggaggcagcggtatggtcttcacactcgaagatttcgttggggactggcga 
cagacagccggctacaacctggaccaagtcctt gaacagggaggtgtgtccagtttgtttcagaatctcggggtgtcc 
gtaactccgatccaaaggattgtcctgageggt gaaaatgggctgaagatcgacatccatgtcatcatCCCgtatgaa 
ggtctgagcggcgaccaaatgggccagatcgaaaaaatttttaaggtggtgtaccctgtggatgatcatcactttaag 
gtgatcctgcactatggcacactggtaatcgacggggttacgccgaacatgatcgactatttcggacggccgtatg^a 
ggcatcgccgtgttcgacggcaaaaagatcactgtaacagggaccctgtggaacggcaacaaaattatcgacgagcgc 
ctgatcaaccccgacggctccctgctgttccgagtaaccatcaac 

SEQ ID NO:293 (pCA 26 FKBP-L27VQ2A 1-156) 
GVQVETISPGDGRTFPKRGQTCWHYTGMLEDGKKFDSSRDRNKPFKFMLGKQEVIRGWEEGVAQMSVGQRAK1TISP 
DYAYGATGHPGIIPPHATLVFDVELLKLEGGGSSGGGSGMVFTLEDFVGDWRQTAGYNLDQVLEQGGVSSLFQNLGVS 
VTPIQRIVLSGENGLKIDIHVIIPYEGLSGDQMGQIEKIFCTVYPVDDHHFKVILHYGTbVlDGVTPNMIDYFGRPYE 
GIAVFDGKKITVTGTLWNGNKIIDERLINPDGSLLFRVTItf 

SEQ ID NO:294 (pCA 25 L27V02A 157-169-FRB) 
a tgggagtgaccggctggcggctgtgcgaacgcattctggcgggaggaggtggctcaggtggagggagctccgtggcc 
atcctctggcatgagatgtggcatgaaggcctggaagaggcatctcgtttgtactttggggaaaggaacgtgaaagyc: 
atgtttgaggtgctggagcccttgcatgctatgatggaacggggcccccagactctgaaggaaacatcctttaatGdg 
gcctatggtcgagatttaatggaggcccaagagtggtgcaggaagtacatgaaatcagggaatgtcaaggacctcacc 
caagcctgggacctctattatcatgtgttccgacgaatctca 

SEQ ID NO:295 <pCA 25 127VQ2A 157-169-FRB) 
MGVTGWRLCERILAGGGGSGGGSSVAILWHEMWHEGLEEASRLYFGERNVKGMFEVLEPLHAMMERGPQTLKETSFNQ 
AYGRDLMEAQEWCRKYMKSGNVKDLTQAWDLYYHVFRRIS 

SEQ ID NO:296 (pCA 3 FKBP-L27V02A 103-169) 
atgggagtgcaggtggaaeccatctccccaggagacgggcgcacct tccccaagcgcggccagacctgcgtggtgcac 
tacaccgggatgetrgaagatggaaagaaatttgattcctcccgggacagaaacaagccetttaagtttatgetaggc 
aagcaggaggtgiitccgaggcLgggaagaaggggttgcccagatgagLgtgggtcagagagccaaact.gac tats tc t 
ccagattatgcctacggcgccactgggcacccaggcatcatcccaccacatgccactctcgtcttcgatgtggagctt 
ctaaaactggaaggaggaggaagctccggtggaggcagcggtacgccgaacatgatcgactatttcggacggccgtat 
yaaggcatcgccgtgttcgacggcaaaaagatcactgtaacagggaccctgtggaacggcaacaaaattatcgacgag 
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cgcctgatcaaccccgacggctccctgctgttccgagtaaccatcaacggagtgaccggctggeggctgcgcgaacgc 
attctggc 

SEQ ID HO:297 (pCA 3 FKBP-L27V02A. 103-169) 
MCVQYETISPGDGRTFPKRGQTCWflYrGMLEDGKKFDSSRDRNKPFKFMLGKQEVIRGWEEGVAQMSVGQRAKLTIS 
PDYAYGATGHPG1IPPHATLVFDVELLKLEGGGSSGGGSGTPNMI[JYFGRPYEGIAVFDGKKITVTGTLWNGNKI IDE 
RLINPDGSLLFRVTINGVTGWRLCERIL 

SEQ ID HO:298 (pCA 4 L27V02A 1-102-FRB) 
atggtcttcaeaetcgaagatttcgttggggactggcgacagacagccggotacaacctggaccaagtccttgaacag 
ggaggtgtgtccagt ttgt Itcagaatctcggggtgtccgtaactcegatccaaaggattgtcctgagcggtgaaaat 
gggctgaagatcgacatccargtcatcatcccgtatgaaggtctgagcggcgaccaaatgggccagatcgaaaaaatt 
tttaaggtggtgtaccctgtggatgatcateaetttaaggtgatcctgcactatggcacactggtaatcgacggggtt 
ggaggaggtggctcaggtggagggagctccgtggccatcctctggcatgagatgtggcatgaaggcctggaagaggca 
tctcgtttgtactttggggaaaggaacgtgaaaggcatgtttgaggtgctggagcccltgcatgctatgatggaacgg 
ggcccccagactctgaaggaaacatcctttaatcaggcctatggtcgagatttaatggaggcccaagagtggtgcagg 
aagtacatgaaatcagggaatgtcaaggacctcacccaagcctgggacctctattatcatgtgttccgacgaatctca 

SEQ ID NO:299 (pCA 4 L27V02A 1-102-FRB) 
MGVQVETIS PGDGRTFPKR.GQTCVVHYTGHLEDGKKFDSSRDRNKPFKFMLGKQEVIRCTWEEGVAQMSVGQRAKLTIS 
PDYAYGATGHPGIIPPKATLVFDVELLKLEGGGSSGGGSGTPNMIDYFGRPYEGIAVFDGKKITVTGTLWNGNKIIDE 
RI. L N p DGSI.LFR'VTINGVTGWRLCER1L 

SEQ ID HO:300 (pCA 19 127V02A 103-169-FRB) 
atgacgccgaacatgatcgactatttcggacggccgta,:gaagyc:«if.cgccotgt.i.cgacggcaaaaaga.tcactgta 
acagggaccctgtggaacggeaacaaaattatcgacgagcgcctgatcaaccccgacggctccctgctgttccgagta 
accatcaacggagtgaccggctggcggctqtgcgaacgcattctggcgggaggaggtggctcaggtggagggagctcc 
gtggccatcctctggcatgagatgtggcatgaaggcctggaagaggcatotcgt tlgc acctLggggaaaygaacyIg 
aaaggcatgtttgaggtgctggagcccttgcat gctatgatggaacggggcccccagactctgaaggaaacatccttt 
aatcaggcctatggtcgagatttaatggaggcccaagagtggtgcaggaagcacatgaaatcagggaatgtcaaggac 
ctcacccaagcctgggacctctattatcatgtgttccgacgaatctca 

SEQ ID NO:301 (pCA 19 L27V02A 103-169-FRB) 
MTPNMIDYFGRPYEGIAVFDGKKITVTGTLWWGNKIIDERLINPDGSLLFRVTINGVTGWRLCERILAGGGGSGGGSS 
VAILWHEMWHEGLEEASRLYFGERNVKGMFEVLEPLHAMMERGPQTLKETSFNQAYGRDLMEAQEWCRKYMKSGNVKD 
LTQAWDLYYHVE'RKIS 

SEQ ID NO:302 (pCA 20 FKBP-L27V02A 1-102) 
atgggagtgcaggtggaaaccatctccccaggagacgggcgcaccttccccaagcgcggccagacccgcgtggtgcac 
tacsccgggatgcttgaagatggaaagaaatttgattcctcccgggacagaaacaagccctttaagtttatgctdggr. 
aagcaggaggtgatccgaggcL-gggaagaaggggt Lgcccagatgagtgtgggtcagagagccaaactgactatatct 
ccagattatgcctatggtgccactgggcacccaggcatcatcccaccacatgccactctcgtc-tcgatgtggagctt 
ctaaaactggaaggaggagggagctccggtggaggcagcggt atggtcttcacactcgaagatttcgttggggactgg 
cgacaqacagccgqctacaacctggaccaagtccttgaacagggaggtgtgtccagtttgtttcagaatctcggggtg 
tccgtaactccgatccaaaggattgtcctgagcggtgaaaatgggctgaagatcgacatccatgtcatcateqeglat 
gaaggtctgagcggcgaceaaatgggecagatcgaaaaaatttttaaggtggtgtaccctgtggatgatcatcactt t 
aaggtgatcctgcactatggcacactggtaatcgacgqggtt 

SEQ ID NO:303 (pCA 20 FKBP-L27V02A 1-102) 
MGVQVETISPGDGRTFPKRGQTCVVHYTGMLEDGKKFDSSRDRNKPFKFMLGXQEVIRGWEEGVAQMSVGQRAKLTIS 
PDYAYGATGHPGIIPPHATLVFDVELLKLEGGGSSGGGSGMVFTLEDFVGDWSQTAGYNLDQVLEQGGVSSLFQNLGV 
SVTPIQRIVLSGENCLKIDIHVIIPYEGLSGDQMGQIEKIFKWYPVDDHHFKVILHYGTLVIDGV 

SEQ ID NO:304 (pCA 11 FKBP-LZ7V02A 84-169) 
atgggagtgcaggtggaaaccatctccccaggagacgggcgcaccttccccaagcgcggccagacctgcg tygigcac 
tacaccgggatgcttgaagatggaaagaaatttgattcctcccgggacagaaacaagccctttaagtttatgccagoc 
aagcaggaggtgatccgaggctgggaagaaggggttgcccagatgagtgtgggtcagagagccaaactgactatatct 
ccagattatgcctatggtgccactgggcacccaggcatcaEeecaceacatgccactctcgtettegatgtggagcct 
ctaaaactggaaggaggagggagctccggtggaggcagcggtgatgatcatcactctaaggtga tcctgcactatggc 
acactggtaatcgacggggttacgccgaacatgatcgacratttcggacggccgtatgaaggcatcgccgtgttcgac 
ggcaaaaagatcactgtaacagggaccctgtggaacggca acaaaattatcgacgagcgcetgateaaccccgacggc 
tccctgctgttccgagtaaccatcaacggagtgaccggccggcggctgtgcgaacgcattctggcg 

SEQ ID NO:305 (pCA 11 FKBP-L27V02A 84-169) 
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MGVQVEriSPGDGRTFPKRGQTCVVHYTGMLEDGKKFDSSRDRNKPFKFMLGKQEVlRGWEEGVAQMSVGQRAKLriS 
PDYAYGATGHPGIIPPHMLVFDVELLKLEGGGSSGGGSGDDflHFKVILHYGTLVIDGVTPNMIDYFGRPYEGIAVFD 
GKKITVTGTLWNGNKIIDERLINPDGSLLFRVTINGVTGWRLCEBILA 

SEQ ID NO:306 (pCA 12 L27V02A 1-83-FRB) 
atggtcttcacactcgaagatttcgttggggactggcgacagacagccggctacaacctggaccaagtccttgaacag 
ggaggtgtgtccagtttgtttcagaatctcggggtgtccgtaactccgatccaaaggattgtcctgagcggtgaaaat 
gggctgaagatcgacatccatgtcatcatcccgtatgaaggtctgagcggcgaccaaatgggccagatcgaaaaaatt 
tttaaggtggtgtaccctgtgggaggaggtggctcaggtggagggagctccgtgqccatcctctggcatgagatgtgg 
catgaaggcctggaagaggcatctcgtttgtactttggggaaaggaacgtgaaaggcatgtt.tgaggtgctggagcec 
ttgcatgctatgatggaacggggcccccagactctgaaggaaacatcctttaatcaggectatggtcgagatttaatg 
gaggcccaagagtggtgcaggaagtacatgaaatcagggaatgtcaaggacctcacccaagcctgggacctctattat 
catgtgttccgacgaatCtCa 

SEQ ID NO:307 (p£A 12 L27V02A 1-83-FRB) 
MVFTLEDFVG DWRQlYsGYNLDQVLEQGGVSSLFQNLGVSVTPTQRIVLSGENGLKIDIHVIIPYEGLSGDQMGQIEXI 
FKVVYPVGGGGSGGGSSVAILWfiEMWHEGLESASRLYFGERNVKGMFEVLEPLHAMMERGPQTLKETSFNQAYGRDLM 
EAQEWCRKYMKSGNVKDLTOAWDL^YHVFRRIS 

SEQ ID NO:308 (pCA 14 L27V02A 1-83 (M fusion}) 
atggtcttcacactcgaagattucgtlggggactggcgacagacagccggctacaacctggaccaagtcctrgaacag 
ggaggtgtgtccagtttgttteagaatetcggggtgtccgtaactccgatccaaaggattgtcctgagcggtgaaaat 
gggctgaagatcgacatccatgtcatcatcccgtatgaaggtctgagcggcgaccaaatgggccagatcgaaaaaatt 
tttaaggtggtgtaccctgtg 

SEQ ID NO:309 (pCA 14 L27V02A 1-63 (no fusion)) 
MVFTLEDFVGDWRQTAGYMLDQVLEQGGVSSLFQNLGVSVTPIQRIVLSGENGLKIDIHVIIPYEGLSGDQMGQTEH; 
FKVVYPV 

SEQ ID NO:310 (pCA 13 L27V02A 84-169 <no fusion)) 
atgya tyatca Lcactttaaggtgatcctgcactatggcacactggtaatcgacggqgttacgocgaacatgatcgac 
tatttcggacggccgtatgaaggcatcgccgtgtEcgacggcaaaaagGtcactgtaacagggaccctgtggaacggc 
aacaaaattatcgacgagcgcc-:gat caaccccgaoggctccctgctgttccgagtaaccatcaacggagtoaccggc 
tggcggctgtgcgaacgcaLtctggcg 

SEQ ID NO:311 {pCA 13 L27V02A 84-169 (no fusion)) 
MDDHHFKVILHYGTLVIDGVTPNMIDYFGRPYEGIAVFDGKKITVrGTLWNGNKIIDERLINPDGSLLFRVTINGVTG 
WRLCERILA 

SEQ ID NO:312 {pCA 28 FKBP 1-83) 
atgggagtgcaggtggaaaccatutccccaggagacgggcgcaccttccccaagcgcggccagacctgcgtggtgccic 
tacaccgggatgcttgaagatggaaagaaatttgattcctcccgggacagaaacaagccctttaagtttatgctaggc 
aagcaggaggtgatccgaggctgggaagaaggggttgcccagatgagtgtgggtcagagagccaaactgactate tct 
cyaya ttatgcctatggtgccactgggcacccaqgcat cate.ecaccacatgccactctcgtcttcgatgtggagctt 
ctaaaactggaaggaggagggagctccggtggaggcagcggtatggtcltcacactcgaagatttcgttgggyactyg 
cgacagacagccggctscaaccr.ggaccaagtccttgaacagggaggtgtgtccagtttgc ttcagaatctcggggcg 
tccataactccgatccaaaggattgtcctgagcggtgaaaatgggctgaagatcgacatccatgtcatcatcccgtat 
gaaggtctgagcggcgaccaaacgggccagatcgaaaaaalt tttaaggtggtgtaccctgtg 

SEQ ID NO:313 (pCA 28 FKBP 1-03) 
MGVQVETISPGDGRTFPKRGQTCVVHYTGMIEDGKKFDSSRDRNKPFKFMIIGKQEVIRGWEEGVAQMSVGQRAKLTIS 
PDYAYGATGHPGIIPPHATLVFDVELLKLEGGGSSGGGSGMVF'ILEDFVGDWRQTAGYNIDQVLEQGGVSSLFQNLGV 
SVTPIQRIVLSGENGLKIDI HVIIPYEGLSGDQMGQIEKI FKWYPV 

SEQ ID NO:314 (pCA 27 L27V02A 84-169 FRB) 
etggatgatcatcactttaaggtgatcctgcactatggcacaceggtaatcgacggggtcacgccgaacatgatcgac 
tattteggacggccgtatgaaggcatcgccgtgttcgacggcaaaaagatcactgtaacagggaccctgtggaacggc 
aacaaaa ttatcgacgagcgcctgatcaaccccgacggctccctgctgttccgagtaaeeatcaaeggagtgaeeggc 
tggcggctgtgcgaacgcat tctggcgggaggaggtggctcagg tggagggagctccgtggccatcctctggcatyag 
atgtggcatgaaggcctggaagaggcatctcgtttgtactttggggaaaggaacgtgaaaggcatgtttgaggtgctg 
gagcccttgcatgctacgatggaacggggcccccagactctgaaggaaaca tcctttaatcaggcctatggtcgagat 
ttaatggaggcccaagagtggtgcaggaaguacatgaaatcagggaatgtcaaggacctcacccaagcctgggacctc 
tattatcatgtgttccgaceaacctca 
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SIQ ID NO:31S (pCA 27 L27V02A 84-16& FRB) 
MDDHHFKVILHYGTLVIDGV/TPNMTPYFqRPYEGIAVFDGKKITVTGTLWNGNKIIDERLINPDGSLLFRVTINGVTG 
WRLCERILAGGGGSGGGSSVAILWHEMWHEGLEEASRLYFGERNVKGMFEVLEPLHAMMERGPQTLKETSFNQAYGRD 
LMEftQEWCRKYMKSGNVKDLTQAWDXYYHVFRRIS 

SEQ ID NO:316 (HT7-Keapl) 
atggcagaaatcggtactggctttccattcgaceeceattatgtggaagtcctgggcgagcgcatgcactacgtcgat 
gttggtccgcgcgatggcacccctgtgctgttcctgcacggcaacccgacctcctcctacgtgtggcgcaacatcatc 
ccgcatgttgcaccgacccatcgctgcattgctccagacctgaecggtatqggcaaatccgacaaaccagacctgggt 
tatttcttcgacgaccacgtccgctteatggatgccttcatcgaagccctgggtctggaagaggtcgtcctggtcatt 
eacgactggggctccgctctgggttteeactgggccaagegcaacccagagcgcgtcaaaggtatcgcatttatggag 
ttcatccgccctatcccgacctgggacgaatggccagactttgcccgcgagaccttccaggccttccgeaccaccgae 
gtcggccgcaagctgatcatcgatcagaacgtttttatcgagggtacgctgccgatgggtgtcgtccgcccgcrtgact 
gaegtcgagatggaccattaccgcgagcogttcctgaatcctgttgaccgcgagccactgtggcgcttcccaaacgag 
ctgccaatcgccqgtgagccagcgaacatcgtcgcgctggtcgaagaatacatggactggctgcaccagtcccctgtc 
ccgaagctgctgttctggggcacccceggcgt L.ctgatcccaccggccgaagccgctcgcctggccaaaagcctgcct 
aactgcaaggctgtggacatcggcccgggtctgaatctgctgcaagaagacaacccggacctgatcggcagcgagatc 
gcgcgctggctgtcgacgctcgagatttccggcgagccaaccactgaggacctgtaccttcagagcgataacgcgatc 
gctttcgaaggagatagaaccaIgcagccagatcccaggcctagcggggctggggcctgctgccgattcctgcccctg 
cagtcacagtgccctgagggggcaggggacgcggtgatgtacgcctccactgagtgcaaggcggaggtgacgccctcc 
cagcatggcaaccgcaccttcagctacaccctggaggatcataccaagcaggcctttggcatcatgaacgagctgcgg 
ctcagccagcagctgtgtgacgtcacactgcaqgtcaagtaccaggatgcaccggccgcccagttcatggcccacaag 
gtggtgctggcctcatccagccctgttttcaaggccatgttcaccaacgggctgcgggagcagggcatggaggtggtg 
tccattgagggtatccaccccaaggtcatggagcgcctcattgaattcgcctacacggcctccatctccctgggcgag 
aaqtqtgtcctccacgtcatgaacggcgctgtcatgtaccagatcgacagcgttgtccgtgcctgcagtgacttcctg 
gtgcagcagctggaccccagcaatgccatcggcatcgccaacttcgctgagcagattggctgtgtggagttgcaccag 
cgtgcccgggagtacatctacatgcat tttggggaggtggccaagcaagaggagttcttcaacctgtcccactgccaa 
ctggtgaccctcatcagccgggacgacctgaacgtgcgctgcgagt ccgaggtcttccacgc^tgcatca accgggcc 
a.agtacgactgcgaacagcgacggttctacgtceaggcgetgctgcgggccgtgcgctgccactcgctgacgccgaac 
ttcctgcagatgcagctgcagaagtgcgagatcctgcagtccgactcccgct gcaaggactacctggtcaagatcttc 
gaggagctcaccctgcacaagcccacgcaggtgatgccctgccgggcgcccaaggtgggccgcctgatctacaccgcg 
ggcgqctacttccgacagtcgctcaqctacctggaggcttacaaccccagtaacggcacctggctccggfc tggcggac 
ctgcaggtgccgcggagcggcctggccggctgcgtggtgggcgggctgttgtacgccgtgggcggcaggaacaactcg 
cccgacggcaacaccgactccagcgccctggactgttacaaccccatgaccaatcagtggtcgccctgcgcccccatg 
agcgtgccccgcaaccgcatcggggtgggggtcatcgatggccacatctatgccgtcggcggcccccacggctgcatc 
caccacaacagtgtggagaggtatgagccagagcgggatgagtggcacttggtggccccaatgctgac3Cgaagga tc 
ggagtgggcgtggctgtcctcaatcgtctactttatgccgtggggggctttgacgggacaaaccgccttaattcagct 
gaqtgctactacccAgagaggaacgagtggcgaatgatcacagcaatgaacaccatccgaagcggggcaggcgtctgc 
glcctgcacaactgtatctatgctgctgggggctatgatggtcaggaccagctgaacagcytggagcgctacgatgtg 
gaaacagagacgtggactttcgtagcccccatgaagcaccggcgaagtgccctggggatcactgtccaccaggggaga 
atctacgtcctcggaggctatgatggtcacacgctcctggacagtgtggagtgttacgacccagatacagacacctgg 
agcgaggtgacccgaatgacatcgggccggagtggggtgggcgtggctgtcacoatggagccctgccggaagcagatt 
gactagcagaactgtacctgttacgtagtt 

SEQ ID NO:317 <Nrf2) 
TCAATATTGGCCATTAGCCArATTATTCATTGGTTATATAGCATAAATCAATATTGGCTATTGGCCATTGCATACGTT 
GTATCTATATCATAATATGTACATTTATATTGGCTCATGTCCAATATGACCGCCATGTTGGCATTGATTATTGACTAG 
TTATTAATAGTAATCAATTACGGGGTCATTAGTTCATACCCCATATAl'GGAGTTCCGCGTTACATAACTTACGGTAAA 
TGGCCCGCCTGGCTGACCGCCCAACGACCCCCGCCCATTGACGTCAATAATGACGTATGTTCCCATAGTAACGCCAAT 
AGGGACTTTCCATTGACGTCAATGGGTGGAGTATTTACGGTAAACTGCCCACTTGGCAGTACATCAAGTGTATCATAT 
GCCAAGTCCGCCCCCTATTGACGTCAATGACGGTAAATCCCCCGCCTGGCATTATGCCCAGTACATGACCTTACGGGA 
CTTTCCTACTTGGCAGTACATCTACGTATTAGT'CATCGCTATTACCATGGTGATGCGGTTTTGGCAGrACACCAATGG 
GCGTGGATRGCGGTTTGACTCACGGGGATTTCCAAGTCTCCRCCCCATTGACGTCAATGGGAGTTTG'rTTTGGCACCA 
AAATCAACGGGACTTTCCAAAATGTCGTAATAACCCCGCCCCGTTGACGCAAATGGGCGGTAGGCGTGTACGGTGGGA 
GGTCTATATAACCAGAGCTGCTTTAGTGMCCC-TCAGATCACTAGAAGCTTTATTGCGGTAGTTTATCACAGTTAAAT 
TGCTAACGCAGTCAGTGCTTCTGACACAACAGTCTCGAACTTAAGCTGCAGAAGTTGGTCGTGAGGCACTGGGCAGGT 
AAGTATCAAGGTTACAAGACAGGTTTAAGGAGACCAATAGAAACTGGGCTTGTCGAGACAGAGAAGACTCTTGCGTTT 
CTGATAGGCACCTATTGGTCTTACTGACATCCACTTTGCCTTTCTCTCCACAGGTGTCCACT,CCCAGI,TCAATTACAG 
CTCTTAAGGCTAGAGTATTAATACGACTCACTATAGGGCTAGCGATCGCCATGATGGACTTGGAGCTGCCGCCGCCGG 
GACTCCCGTCCCAGCAGGACATGGATTTGATTGACATACTTTGGAGGCAAGATATAGATCTTGGAGTAAGTCGAGAAG 
TATTTGACTTCAGTCAGCGACGGAAAGAGTATGAGCTGGAAAAACAGAAAAAACTTGAAAAGGAAAGACAAGAACAAC 
TCCAAAAGGAGCAAGAGAAAGCCTTTTTCGCTCAGTTACAACTAGATGAACAGACAGGTGAATTTCTCCCAATTCAGC 
CAGCCCAGCACATCCAGTCAGAAACCAGTTCTCTCGGTGGTTCAGGTGGTGGCGGGAGCGGTGGAGGGAGCAGCGGTG 
GAGTGTTTACACTCGAAGATTTCGTAGGGGACTGGCGGCAGACAGCCGGCTACAACCTGGACCAAGTCCTTGAGCAGG 
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GCGGTGTGTCCAGTTTGTTTCAGAATCTCGGGGTGTCCGTAACTCCGATCCAAAGGATTGTCCTGAGCGGTGAAAACG 
GCCTGAAGATCGACATCCATGTCATCATCCCGTATGAAGGTCTGAGCGGCGATCAGATGGGCCAGATCGAAAAAATTT 
TTAAGGTGGTGTACCCTGTGGATGATCATCACTTTAAGGTGATTCTGCACTATGGCACACTGGTAATCGACGGGGTTA 
CGCCGAACATGATCGACTATTTCGGACGGCCGTATGAAGGCATCGCCGTGTTCGACGGCAAAAAGATCACTGTAACCG 
GGACCCTGTGGAACGGCAACAAAATTATCGACGAGCGCCTGATCAACCCCGACGGCTCCCTGCTGTTCCGCGTAACCA 
TCAACGGAGTGACCGGCTGGCGGCTGTGCGAGCGCATTTTGGCGTAAGGCCGCGACTCTAGAGTCGACCTGCAGGCAT 
GCAAGCTGATCCGGCTGCTAACAAAGCCCGAAAGGAAGCTGAGTTGGCTGCTGCCACCGCTGAGCAATAACTAGCATA 
ACCCCTTGGGGCGGCCGCTTCGAGCAGACATGATAAGATACATTGATGAGTTTGGACAAACCACAACTAGAATGCAGT 
GAAAAAAATGCTTTATTTGTGAAATTTGTGATGCTATTGCTTTATITGTAACCATTATAAGCTGCAATAAACAAGTTA 
ACAACAACAATTGCATTCATTTTATGTTTCAGGTTCAGGGGGAGATGTGGGAGGTTTTTTTAAGCAAGTAAAACCTCT 
ACAflArGTCGTAAAArCGAATTTrMCAAAATATTAACGCTrACAATTrCCTGATGCGGTATTTTCTCCTTACGCATC 
TGTGCGGTATTTCACACCGCATACGCGGATCTGCGCAGCACCATGGCCTGAAATAACCTCTGAAAGAGGAACTTGGTT 
AGGTACCTTCTGAGGCGGAAAGAACCAGCTGTGGAATGTGTGTCAGTTAGGGTGTGGAAAGTCCCCACGCTCCCCAGC 
AGGCAGAAGTATGCAAAGCATGCATCTCAATTAGTCAGCAACCAGGTGTGGAAAGTCCCCAGGCTCCCCAGCAGGCAG 
AAGTATGCAAAGCATGCATCTCAATTAGTCAGCAACCATAGTCCCGCCCCTAACTCCGCCCATCCCGCCCCTAACTCC 
GCCCAGTTCCGCCCATTCTCCGCCCCATGGCTGACTAATTTTTTTTATTTATGCAGAGGCCGAGGCCGCCTCGGCCTC 
TGAGCTATTCCAGAAGTAGTGAGGAGGCTTTTTTGGAGGCCTAGGCTTTTGCAAAAAGCTTAATTAACTGTTGACAAT 
TAATCATCGGCATAGTATATCGGCATAGTATAATACGACAAGGTGAGGAACTAAACCCAGGAGGCAGATCATGATTGA 
ACAAGATGGATTGCACGCAGGTTCTCCGGCCGCTTGGGTGGAGAGGCTATTCGGCTATGACTCCGCACAACAGACAAT 
CGGCIGCTCTGATGCCGCCGTGTTCCGGCTGTCAGCGCAGGGGCGCCCGGTTCTTTTTGTCAAGACCGACCTGTCCGG 
TGCCCTGAATGAACTGCAGGACGAGGCAGCGCGGCTATCGTGGCTGGCCACGACGGGCGTTCCTTGCGCAGCTGTGCT 
CGACGTTGTCACTGAAGCGGGAAGCCACTGGCTGCTATTGGGCGAAGTGCCGGGGCAGGATCTCCTGTCATCTCACCT 
TGCTCCTGCCGAGAAAGTATCCATCATGGCTGATGCAATGCGGCGGCTGCATACGCTTGATCCGGCTACCTGCCCATT 
CGACCACCAAGCGAAAGATCGCATCGAGCGAGCACGTACTCGGATGGAAGCCGGTCTTGTCGATCAGGATGATCTGGA 
CGAAGAGGATCAGGGGCTCGCGCCAGCCCAACTGTTCGCCAGGCTCAAGGCGCGCATGCCCGACGGCGAGGATCTCGT 
CGrGACCCATGGCGATGCCTGCTTGCCGAATAJ'CATGGTGGAAAATGGCCGCTTTTCTGGRTTCATCGACTGTGGCCG 
GCTGGGTGTGGCGGACCGCTATCAGGACATAGCGTTGGCTACCCGTGATATTGCTGAAGAGCTTGGCGGCGAATGGGC 
TGACCGCTTCCTCGTGCTTTACGGTATCGCCGCTCCCGATTCGOAGCGCATCGCCTTCTATCGCCTTCTTGACGAGTT 
CTTCTGAGCGGGACTCTGGGGTTCGAAATGACCGACCAAGCGACGCCCAACCTGCCATCACGATGGCCGCAATAAAAT 
ATCTTTATTTTCATTACATCTGTGTGTTGGTTTTTTGTGTGAATCGATAGCGATAAGGATCCTCTTTGCGCTTGCGTT 
TTCCCTTCTCCAGATAGCCCAGTAGCrGACATTCATCCGGGGTCAGCACCGTTTCTGCGGACTGGCTTTCTACCCGGT 
ATCAGCTL'ACTCAAAGGCGGTAATACGGTTATCCACAGAATCAGGGGATAACGCAGGAAAGAACATGTGAGCAAAAGG 
CCAGCAAAAGGCCAGGAACCGrAAAAAGGCCGCGTTGCTGGCGTTTTTGCATAGGCTCCGCCCCCCTGACGAGCATCA 
CAAAAATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCGTTTCCCCCTGGAAGCTC 
CCTCGTGCGCTCTCCTCTTCCGACCCTGCCGCTTACCGGATACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGCGCT 
TTCTCATAGCTCACGCTGTAGGTATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCTGGGCTGTGTGCACGAACCCCC 
CGTTCAGCCCGACCGCTGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCGGTAAGACACGACTTATCGCCACT 
GGCAGCAGCCACTGGTAACAGGATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGTGGCCTAA 
CTACGGCTACACTAGAAGGACAGTATTTGGTATCTGCGCTCTGCTGAAGCCAGTTACCTTCCGAAAAACAGTTGGTAG 
CTCTTGATCCGGCAAACAAACCACCGCTGGTAGCGGTGGTTTTTTTGTTTGCAAGCAGCAGATTACGCGCAGAAAAAA 
AGGATTTCAAGAAGATCCTTTGATCTITTCTACGGGGTCTGACGCTCAGTGGAACGAAAACTCACGTTAAGGGATTTT 
GGTCATGAGATTATCAAAAAGGATCTTCACCTAGATCCTTTTATAGTCCGGAAATACAGGAACGCACGCTGGATGGCC 
CTTCGCTGGGATGGTGAAACCATGAAAAATGGCAGCTTCAGTGGATTAAGTGGGGGTAATGTGGCCTGTACCCTCXGG 
TTGCATAGGTATTCATACGGTTAAAATTTAICAGGCGCGATTGCGGCAGTTTTTCGGGTGGTTTGTTGCCATTTTTAC 
CTGTCTGCTGCCGTGATCGCGCTGAACGCGTTrTAGCGCTCCGTACAATT2\AGGGATTATGGTAAATCCACTTACTGT 
CTSCCCTCGTAGCCATCGAGATAAACCGCAGTACTCCGGCCACGATGCGTCCGGCGTAGAGGATCGAGATCT 

SEQ ID NO:318 (L27V02B) 
ATGGTCTTCACACTCGAAGATTTCGTAGGTGACTGGCGACAGACAGCCGGCTACAACCTGGACCAAGTCCTTGAACAG 
GGTGGTGTGTCCAGTTTGTTTCAGAATCICGGGGTGTCCGTAACTCCGATCCAAAGGATTGTCCTGAGCGGTGAAAAT 
GGGCTGAAGATCGACATCCATGTCATCATCCCGTATGAAGGTCTGAGCGGCGACCAAATGGGCCAGA'TCGAAAAAATT 
TTTAAGGTGGTGTACCCTGTGGATGATCATCACTTTAAGGTGATCCTGCACTATGGCACACTGGrAArCGACGGGGrT 
ACGCCGAACATGATCGACTATTTCGGACGGCCGTATGAAGGCATCGCCGTGTTCGACGGCAAAAAGATCACTGTAACT 
GGGACCCTGTGGAACGGCAACAAAATTATCGACGAGCGCCTGATCAACCCCGACGGCTCCCTGCTGTTCCGAGTAACC 
ATCAACGGAGTGACCGGCTGGCGGCTGTGCGAACGCATTCTGGCG 

SEQ ID NO:319 (L27V01J 
ATGGTGTTTACACTCGAAGATTTCGTAGGGGACTGGCGGCAGACAGCCGGCTACAACCTGGACCAAGTCCTTGAACAG 
GGCGGTGTCTCCAGTTTGTTTCAGAATCTCGGGGTGTCCGTAACTCCGATCCAAAGGATTGTCCTGAGGGGTGAAAAC 
GGCCTGAAGATCGACATCCATGTCATCATCCCGTATGAAGGTCTGAGCGGCGATCAAATGGGCCAGATCGAAAAAATT 
TTTAAGGTGGTGTACCCTGTGGATGATCATCACTTTAAGGTCATCCTGCACTATGGCACACTGGTAATCGACGGGGTT 
ACGCCGAACATGATCGACTATTTCGGACCGCCGTATGAAGGCATCGCCGTGTTCGACGGCAAAAAGATCACTGTAACC 
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GG G ACC CT G TG GAAC GG CAACAAAAT TAT CGAC GAG CGCC TG AT CAACC CCG AC GG CT CC CTG CT G T TC C GCG TAACC 
ATCAACGGAGTGACCGGCTGGCGGCTGTGCGAGCGCATTTrGGCG 

SEQ ID NO:320 (L27VO1-EESTO0) 
ATGGTGTTTACACTCGAAGATTTCGTAGGGGACTGGCGGCAGACAGCCGGCTACAACCTGGACCAAGTCCTTGAACAG 
GGCGGTGTGTGCAGTTTGTTTCAGAATCTCGC-GGTGTCCGTAACTCCGATCCAAAGGATTCTCCTGAGCGGTGAAAAC 
GGCCTGAAGATCGACATCCATGTCATCATCCCGrATGAAGGTCTGAGCGGCGATCAAATGGGCCAGATCGAAAAAATT 
TTTAAGGTGGTGTACCCrGTGGATGATCATCACrTTAAGGrGATCCTGCACTATGGCACACTGGTAATCGACGGGGTT 
ACGCCGAACATGATCGACTATTTCGGACGGCCGrATGAAGGCATCGCCGTGTTCGACGGCAAAAAGATCACTGTAACC 
GGGACCCTGTGGAACGGCAACAAAATTATCGACGACCGCCTGATCAACCCCGACGGCTCCCTGCTGTTCCGCGTAACC 
ATCAACGGAGTGACCGGCTGGCGGCTGTGCGAGCGCATTTTGGCGAATTCACACGGCTTTCCGCCCGAGGTTGAAGAG 
CAAGCCGCCGGTACATTGCCTATGTCCTGCGCACAAGAAAGCGGTArGGACCGGCACCCAGCCGCTTGTGCTTCAGCT 
CGCATCAACGTC 

SEQ II> HO L 321 (XL601-L27V01) 
ATGAACTCCTTCTCCACAAGCGCCTTCGGTCCAGTTGCCTTCTCCCTGGGCCTGCTCCTGGTGTTGCCTGCTGCCTTC 
CCTGCCCCAGTGTTTACACTCGAAGATTTCGTAGGGGACTGGCGGCAGACAGCCGGCTACAACCTGGACCAAGTCCTT 
GAACAGGGCGGTGTGTCCAGTrTGTTTCAGAATCTCGGGGTGTCCGrAACTCCGATCCAAAGGATTGTCCTGAGCGGT 
GAAAACGGCCTGAAGATCGACATCCATGTCATCATCCCGTATGAAGGTCrGAGCGGCGATCAAATGGGCCAGATCCAA 
AAAATTTTTAAGGl-GGTGTACCCTGTGGATGATCATCACTTTAAGGrGATCCTGCACTATGGCACACTGGTAATCGAC 
GGGGTTACGCCGAACATGATCGACTATTTCGGACGGCCGTATGAAGGCATCGCCGTGTTCGACGGCAAAAAGATCACT 
GTAACCGGGACCCTGTGGAACGGCAACAAAATTATCGACGAGCGCCTGATCAACCCCGACGGCTCCCTGCTGTTCCGC 
GTAACCATCAACGGAGTGACCGGCTGGCGGCTGTGCGAGCGCATTTTGGCG 

SEQ ID NO:322 (L27VQ2A) 
ATGGTCTTCACACTCGAAGATTTCGTTGGGGACTGGCGACAGACAGCCGGCTACAACCTGGACCAAGTCCTTGAACAG 
GGAGGTGrGTCCAGTTTGTTTCAGAATCTCGGGGTGTCCGTAACTCCGATCCAAAGGATTGTCCTGAGCGGTGAAAAT 
GGGCTGAAGATCGACATCCATGTCATCATCCCGTATGAAGGTCTGAGCGGCGACCAAATGGGCCAGATCGAAAAAATT 
TTTAAGGTGGTGTACCCTGTGGATGATCATCACTTTAAGGTGATCCTGCACTATGGCACACTGGTAATCGACGGGGTT 
ACGCCGAACATGATCGACTATTTCGGACGGCCGTATGAAGGCATCGCCGTGTTCGACGGCAAAAAGATCACTGTAACA 
GGGACCCTGTGGAACGGCAACAAAATTATCGACGAGCGCCTGATCAACCCCGACGGCTCCCTGCTGTTCCGAGTAACC 
ATCAACGGAGTGACCGGCTGGCGGCTGTGCGAACGCATTCTGGCG 

SEQ ID NO:323 (L27V02A-PEST01) 
ATGGTCTTCACACTCGAAGATTTCGTTGGGGACTGGCGACAGACAGCCGGCTACAACCTGGACCAAGTCCTTGAACAG 
GGAGGTGrGTCCAGTTTGTTTCAGAATCTCGGGGTGTCCGTAACTCCGATCCAAAGGATTGTCCTGAGCGGTGAAAAT 
GGGCTGAAGATCGACATCCATGTCATCATCCCGTATGAAGGTCTGAGCGGCGACCAAATGGGCCAGATCGAAAAAATT 
TTTAAGGTGGTGTACCCTGTGGATGATCATCACTTTAAGGTGATCCTGCACTATGGCACACTGGTAATCGACGGGGTT 
ACGCCGAACATGATCGACTATTTCGGACGGCCGTATGAAGGCATCGCCGTGTTCGACGGCAAAAAGATCACTGTAACA 
GGGACCCTGTGGAACGGCAACAAAATTATCGACGAGCGCCTGATCAACCCCGACGGCTCCCTGCTGTrCCGAGTAACC 
ATCAACGGAGTGACCGGCTGGCGGCTGTGCGAACGCATTCTGGCGAATTCTCACGGCTTTCCGCCrGAGGTTGAAGAG 
CAAGCCGCCGGTACATTGCCTATGTCCTCCGCACAAGAAAGCGGTATGGACCGGCACCCAGCCGCTTGTGCTTCACCT 
CGCATCAACGTC 

SEQ ID NO:324 (IL601-L27V02A) 
ATGAACTCCTTCTCCACAAGCGCCTTCGGTCCAGTTGCCTTCTCCCTGGGCCTGCTCCTGGTGTTGCCTGCTGCCTTC 
CCTGCCCCAGTCTTCACACTCGAAGATTTCGTTGGGGACTGGCGACAGACAGCCGGCTACAACCTGGACCAAGTCCTT 
GAACAGGGAGGTGTGTCCAGTTTGTTTCAGAATCTCGGGGTGTCC&TAACTCCGATCCAAAGGATTGTCCTGAGCGGT 
GAAAATGGGCTGAAGATCGACATCCATGTCATCATCCCGTATGAAGGTCTGAGCGGCGACCAAATGGGCCAGATCGAA 
AAAATrTTTAAGGTGGTGTACCCTGTGGATGATCATCRCTTTAAGGTGATCCTGCACi'ATGGCACACTGGTAATCGAC 
GGGGTTACGCCGAACATGATCGACTATTTCGGACCGCCGTATGAAGGCATCGCCGTGTTCGACGGCAAAAAGATCACT 
GTAACAGGGACCCTGTGGAACGGCAACAAAATTATCGACGAGCGCCTGATCAACCCCGAGGGCTCCCTGCTGTTCCGA 
GTAACCATCAACGGAGTGACCGGCTGGCGGCTGTGCGAACGCATTCTGGCG 

SEQ ID NO;325 <L27V03) 
ATGGTCTTCACAC'J'CGAAGATTTCGTAGGTGACT&GCGACAGACAGCCGGCrACAACCTGGACCAAGTTCTTGAACAG 
GGTGGTGTGTCCAGTTTGTTTCAGAATCTCGGGGTGTCCGTAACTCCAATCCAGAGGATAGTCCTGAGTGGTGAAAAT 
GGGCTGAAGATCGACATCCATGTCATCATCCCTTATGAAGGTCTGAGCGGCGATCAGATGGGGCAGATCGAAAAAATT 
nTAAGGTGGTGTACCCTGTGGATGATCATCACTTTAAGGTGATCCTGCACrATGGCACACTGGTAATCGACGGTGTT 
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! 
ACGCCGAACATGATCGACTATTTCGGACGGCCGTATGAAGGCATCGCCGTGTTCGACGGCAAAAAGATTACTGTCACT 
GGAACCCTGTGGAATGGGAACAAAATTATCGACGAGCGCCTGATCAACCCCGACGGCTCACTGCTGTTCCGAGTAACC 
ATCAATGGTGTTACCGGGTGGCGGCTCTGCGAACCCATTCTAGCA 

SEQ ID NO:326 (L27V03-PEST02) 
ATGGrCTTCACACTCGAAGATTTCGTAGGTGACTGGCGACAGACAGCCGGCTACAACCTGGACCAAGTTCTTGAACAG 
GGrGGTGTGTCCAGTTTGTTTCAGAATCTCGGGGTGTCCGTAACTCCAATCCAGAGGATAGTCCTGAGTGGTGAAAAT 
GGGCrGAAGATCGACATCCATGTCATCATCCCTTATGAAGGTCTGAGCGGCGATCAGATGGGGCAGATCGAAAAAATT 
TTrAAGGTGGTGTACCCTGTGGATGATCATCftCTTTAAGGTGATCCTGCACTATGGCACACTGGTAATCGACGGrGTT 
ACGCCGAACATGATCGACTATTTCGGACGGCCGTATGAAGGCATCGCCGTGTTCGACGGCAAAAAGATTACTGTCACT 
GGAACCCTGTGGAATGGGAACAAAATTATCGACGAGCGCCTGAICAACCCCGACGGCTCACTGCTGTTCCGAGTAACC 
ATCAATGGTGTTACCGGCTGGCGGCTCTGCGAAGGCATTCTAGCAAATAGTCACGGCTTTCCGCCTGAGGTTGAAGAG 
CAAGCCGCCGGTACATTGCCTATGTCCTGCGCACAAGAAAGCGGTATGGACCGGCACCCAGCCGCTTGTGCTTCAGCT 
CGCATCAACGTC 

SEQ ID NO:327 (IL602-L27V03) 
ATGAACTCCTTCTCCACAAGCGCCTTCGGTCCAGTCGCCTTCTCCCTGGGCOFGCTCCTGGTGTTGCCCGCTGCCTTT 
CCTGCCCCAGTCTTCACACTCGAAGATTTCGTAGGTGACTGGCGACAGACAGCCGGCTACAACCTGGACCAAGTTCTT 
GAACAGGGTGGTGTGTCCAGTTTGTTTCAGAATCTCGGGGTGTCCGTAACTCCAATCCAGAGGATAGTCCTGAGTGGT 
GAAAATGGGCTGAAGATCGACATCCATGTCATCATCCCTTATGAAGGTCTGAGCGGCGATCAGATGGGGCAGATCGAA 
AAAATTTTTAAGGTGGTGTA.CCC1,GTGGATGA1lCATCACTTTAAGGTGAirCCTGCACirATGGCACACTGGTAATCGAC 
GGTGTTACGCCGAACA'J'GArCGACTATTTCGGACGGCCGTATGAAGGCATCGCCGTGTTCGACGGCAAAAAGATTACT 
GTCACTGGAACCCrGTGGAATGGGAACAAAATTATCGACGAGCGCCTGATCAACCCCGACGGCTCACTGCTGTTCCGA 
GTAACCATCAATGGTGTTACCGGCTGG 

SEQ ID NO:328 {Linker) 
GSSGGGSSGGEPTTENLYFQSDNGSSGGGSSGG 

SEQ ID NO:329 (FABP Consensus Sequence) 
[GSAIVK]-{FE}-[FYW]-X-[LIVMF]-X-X-(K)-X-[NHG]-[FY]-[DE]-X-(LIVMFY)- [LIVM}-
{ K'J - [ G} - I T.TVMAXR ] 

SEQ ID NO;330 (OGLUC Consensus Sequence) 
[GSAIVK]—|FE}—[FYW]-x-[LIVMFSYQ]-X-X-|KJ-X-[NHGK)-X-[DE]-x-[LIVMFY]-[LIVMWF]-
x-|G)-[LIVNAKRG] 

SEQ ID NO:331 (9BS FCAl (pF5A/Met-[9B8 opt (51-269)]-GGGGSGGGSS-FRB) 
Atgggcctgaagatcgacatccatgtcatcatcccgtatgaaggtctgagcggctatcagatgggccagatcgaaaaa 
atttttaaggt ggtgtaccetgtggatgatcaccactttaaggtgattetgcactatggcacactggtaatcgacggg 
gttacgccgaacatgatcgac tatttcggacggccgtatgaaggcatcgccgtgttcgacggcaaaaagatcactgt a 
accgggaccctgtggaacggcaacaaaattatcgacgagcgcctgatcaaccccgacggctccctgctgttecgegt a 
accatcaacggaqtgaccggctggcggctgtgcgagcgcattttqgcgggaggaggtqqctcaggtggagggagctcc 
gtggccatcctctggcatgagatgtggcatgaaggcctggaagaggcatctcgtttgtactttggggaaaggaacgt g 
aaaggcatgtttgaggtgCCggaqcccttgc^tqctatgatggaacggggcccccagactctgaaggaaacatcctt t 
aatcaggcctatggtcgagatttaatggaggcccaagagt ggtgcaggaagtacatgaaatcagggaatgtcaaggac 
ctcacccaagcctggqacctctattatcatgtgttccgacgaatccca 

SEQ ID NO:332 (9B8 PCA1 <pF5A/Met-[9BB opt (51-169)]-GGGGSGGGSS-FRB) 
MGLKIDIHVIIPYEGLSGYQMGQIEKIFKWYPVDDHHFKVILHYGTLVIDGVTPNMIDYFGRPYEGIAVFDGKKITV 
T&TLWNGNKIIDERLINPDGSLLFRVTINGVTGWRLCERILAGGGGSGGGSSVAILWflEMWHEGLEEASRLYFGERNV 
KGMFEVLEPLHAMMERGPQTLKETSFNQAYGRDLMEAQEWCRKYMKSGNVKDI/TQAWDLYYHVFRRIS 

SEQ ID NO: 333 (9B8 PCA2 (pF5A/[9B8 opt (1-50J ]-GGGGSGGGSS-FRB) 
Atggtgtttacactcgaagatttcgtaggggactggcggcagacagccggctacaacctggaccaagtccltgagcag 
ggcggtctgtccagtttgtttcagaaactGggggtgtccgtaacaccgatccaaaagattgccctgagcggEgaaaac 
ggaggaggtggctcaggtggagggagctccgtggccatcctetggestgagatgtggcatgaaggectggaagaggca 
tctcgtttgtactttggggaaaggaacgtgaaaggcatgtttgaggtgctggagcccttgcatgctatgatggaacgg 
ggcccccagactctgaaggaaacatcctttaatcaggcctatggtcgagatttaatggaggcccaagagtggtgcagg 
aagtacatgaaatcagggaatgtcaaggacctcacccaagcctgggacctctattatcatgtgttccgacgaatctca 

SEQ ID NO:334 (9B0 PCA2 (p£"5A/J9B8 opt (1-50)]-GGGGSGGGSS-FRB) 
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MVFTLEDFVGDWRQTAGYMLDQVLEQGGLSSLFQKLGVSVTPIQKIVLSGENGGGGSGGGSSVAJLWHEMWHEGLEEA 
SRLYFGERNVKGMFEVLEPlHAf'SMERGPQTLKETSFNQAYGRDLM£AQEWCE;<.KYMKSGNVKDLTQAWDLYYHVFRRIS 

SEQ ID NO: 335 (9ES PCA 3 (& pF5A/FKBP-GGGSSGGGSG-[9Q8 opt (51-169) 
atgggagtgcaggtggaaaccatctccccaggagacgggcgcaccttccccaagcgcggccagacctgegtggtgcac 
tacaccgggatgcttgaagatggaaagaaatttgattcctcccgggacagaaacaagccctttaagtttatgctaggc 
aagcaggaggtgatccgaggctgggaagaaggggttgcccagatgagtgtgggtcagagagceaaactgactatatct 
ccagattatgcctatggtgccactgggcacccaggcatcatcccaccacatgccactctcgtcttcgatgtggagctt 
ctaaaaetggaaggaggagggagctccggtggaggcagcggcggcctgaagatcgacatccatgtcatcatcccgtat 
gaaggtctgagcggctatcsgatgggccagatcgaaaaaatttttaaggtggtgtaccccgtggatgatcatcacttt 
aaggtgattctgcactatggcacactggtaatcgacggggtvacgccgaacatgatcgactat ttcggacggccgtat 
gaaggcatcgccgtgttcgacggcaaaaagatcactgtaaccgggaccctgtggaacggcaacaaaattatcgacgag 
cgcctgatcaaccccgacggctccctgctgttccgcgtaaccateaaeggagtgaccggctggcggctgtgcgagcgc 
attttggcg 

SEQ ID NO:336 (9B9 PCA 3 (S pF5A/FKBP-GGGSSGGGSG-[9B8 opt (51-169) 
MGVQVETISPGDGR.TFPKRGQTCVVHYTGMLEDGKKFDSSRDRNKPFKFMLGKQEVIRGWSEGVAQMSVGQRAKLTIS 
PDYAYGATGtiPGIIPPHATLVFDVELLKLSGGGSSGGGSGGLKIDIHVIIPYEGLSGYQMGQIEKIFKWYPVDDHHF 
KVILHYGTLVIDGVTPNM1DYFGRPYEC3IAVFDGKKITVTGTLWNGNKIIDERLINPDGSLLFRVTINGVTGWRLCER 
I LA 

SEQ ID NO:337 (9B0 PCA 4 (pFSA/FKBP-GGGSSGGGSG-[988 opt (1-50) 
atgggagtgcaggtggaaaccatctcceeaggagacgggcgcaccttccccaagcgcggccagacctgcgtggtgcac 
tacaccgggatgcttgaagatggaaagaaatttgattcctcccgggacagaaacaagcoctttaaqtttatgctagge 
aagcaggaggtgateegaggctgggaagaaggggttgcccagatgagtgtgggtcagagagccaaactgactatatct 
cc:agai.taLgcctatggtgccactgggcacccaggcatcatc(s:caccacat gccactctcgtcttcgatgtggagctt 
etaaaactggaaggaggagggagctccggtggaggcagcggtatggtgtttacactcgaagatttcgtaqgqgactgg 
cggcagacagccggctacaacctggaccaagtccttgageagggcggtctgtccagtttgtttcagaaactcggggtg 
tcegtaacaccgatccaaaagattgtcctgagcggtgaaaac 

SEQ ID NO:338 (9B8 PCA 4 (pF5A/FKBP-GGGSSGGGSG-{9BB opt (1-50) 
MGVQVETISPGDGRTFPKRGQTCWRYTGMLEDGKKFDSSRDRSKP^KFMLGKQEVIRCtiZECVRQMSVGQRAKLTIS 
PDYAYGATGHPGIIPPHATLVFDVELIIKLEGGGSSGGGSGMVFTLEDFVGDWRQTAGYNLDQV1.,E;QGGI.SSLFQKLGV 
SVTPIQKIVLSGEN 

SEQ ID NO:339 (K33N+L27V+K43R+Y68D) 
Atggtgtt t-a^actcgaagatttcgtaggggactggcggcagacagccggccacaacctggaccaagtccttgagcag 
ggcggtgtgtccagtttgtttcagaatctcggggtgtccgtaacaccgatccaaaggattg tc^tgagcggtgaaaac 
ggcctgaagatcgacatccatgtcatcatcccgtatgaaggcctgagcggcgatcagatgggccagatcgaasaaatt 
tttaaggtggtgtaccctglggaLgatcatcactttaaggtgattctgcactatggcacactggtaatcgacggggtt 
acgccgaacatgatcgactatttcggacggccgtatgaaggcatcgccgtgttcgacggcaaaaagatcactgtaacc 
gggaccctgtggaacggcaacaaaattatcgacgagcgcctgatcaaoccogacggctccctgctgttccgcgtaacc 
atcaacggagtgaccggctggcggctgtgcgagcgcattctggcg 

SEQ ID MO:340 {K33N+L27V+K43R+Y68D) 
MVFTLEDFVGDWRQTAGYNLDQVLEQGGVSSLFQNLGVSVTPIQRIVLSGENGLK1D1HVTTPYEGLSGDQMGQIEKI 
FKVVYPVDDHHFKVILHYGH.VIDGVTPKMIDYFGRPYEGIAVFDGKKITVTGTLWNGNKIIDERLINPDGSLLFRVT 
INGVTGWRLCERILA 

SEQ ID NOL341 (K33N+ L27V+T39T+K43R+S66N) 
Atggtgtttacactcgaagatttcgtaggggactggcggcagacagccggctacaac^tggaccaagtccttgagcag 
ggcggtgtgtccagtttgtttcagaa cctcggggtgtccgtaact ecgatccaaaggattgtcctgagcggtgaaaac 
ggcctgaagatcgacatccatgtcatcatcccgtacgaaggtctgaacgqctatcagatgggccagatcgaaaaaatt 
tt taaggtggtgtaccctgtggatgatcatcactttaaggtgatt ctgcactatggcacac tggtaatcgacggggtt 
acgccgaacatgatcgactatttcggacggccgtatgaaggcatcgccgtgttcgacggcaaaaagatcactgtaacc 
gggaccctgtggaacggcaacaaaattatcgacgagcgcctgatcaaccccgacggctccctgctgttccgcgtaacc 
atcaacggagtgaccggctqgcggotgtgcgagcgcattttggcg 

SEQ ID NO:342 (K33N+ L27V+T39T+K43R+S66NJ 
MVFTLEDFVGDWRQTAGYNLDQVLEQGGVSSLFQNLGVSVTPIQRIVLSGENGLKIDIHVlIPYEGLNGYQMGQIEKI 
FKVVYPVDDHHFKVILHYGTLVIDGVTPNMIDYFGRPYEGIAVFQGKKITVTGTLWNGNKITDERLINPDGSLLFRVT 
INGVTGWRLCERILA 

SEQ ID NO:343 (pCA 31 pCA L27V02A 45-169 FRB) 
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atggtcctgagcggtgaaaatgggctgaagatcgacatccatgtcatcatcccgtatgaaggtctgagcggcgaecaa 
atgggccagatcgaaaaaattt-ttaaggcggtgtaccctgtggatgai:cai:cactttaaggtgatcctgcactatggc 
acactggtaatcgacggggttacgccgaacatgatcgactatttcggacggccgtatgaaggcatcgccgtgttcgac 
ggcaaaaagatcactgtaacagggaccctgtggaacggcaacaa&atcatcgacgagcgcctgatcaaccccgacggc 
tcectgctgttccgagtaaccatcaacggagtgaccggctggcggctgtgcgaacgcattctggegggaggaggtggc 
tcaggtggagggagctccgtggccatcccctggcatgagatgtggcatgaaggcctggaagaggcatctcgcttgtac 
EttggggaaaggaacgtgaaaggcatgtEtgaggtgetggagcccttgcacgctatgatggaacggggcccccagact 
ctgaaggaaacatcctttaatcaggcctatggtcgagatttaatggaggcccaagagtggtgcaggaagtacatgaaa 
tcagggaatgtcaaggacctcacccaagcctgggacctctattatcacgtgttccgacgaatctca 

SEQ ID NO: 344 <pCA 31 pCA L27V02A 45-169 FRB) 
MVLSGENGLKT DTHVII PYEGLSGDQMGQIEKIFKWYPVDDHflFKVILHYGTLVlDGVTr'NMIDYFGRPYEGIAVFD 
GKKITVTGTLWNGNKIIDERLINPDGSLLFRVTINGVrGWRLCERILAGGGGSGGGSSVAIlWHEMWHEGLEEASRLY 
FGERNVKGMFEVLEPLHAMMERGPQTLKETSFflQAYGRDLMEAQEWCRKYMKSGNVKDLTQAWDLYYHVrRRIS 

SEQ ID NO:345 <pCA 32 PKBP L27V02A 1-44) 
aLgggagtgcaggtggasaccatctccccaggagacgggcgcaccttccccaagcgcggccagacctgcgtggtgcac 
tacaccgggatgcttgaagatggaaagaaattcgattcctcccgggacagaaacaagccctttaagtttatgctaggc 
aagcagqaggtgatccgaggctgggaagaaggggttgcccagatgagtgtgggtcagagagccaaactgaetatatct 
ccagatta tgccta tggtgccactgggcacccaggcatcatcccaccacatgccactctcgtcttcgacgtggagctt 
ctaaaactggaaggaggagggagctccggtggaggcagcggtatggtcttcacactcgaagatctcgttggggactgg 
cgacagacagccggctacaacctggaccaagcccttgaacagggaggtgtgtr,cagtttgttrcagaatctnggggtg 
tccgtaactccgatccaaaggatt 

SEQ 10 NO:346 (pCA 32 FKBP 127V02A 1-44) 
MGVQVETISPGDGRTFPKRGQTCVVHYTGMLEDGKKFDSSRDRNKPFKFMLGKQEVIRGWEEGVAQMSVGQRAKLTIS 
PDYAYGATGHFGIIPPHATLVFDVELLKLEGGGSSGGGSGMV FTLEDFVGE-WRQTAGYNL DQVLEQGGVSSLFONLGV 
SVTPIQRI 

SEQ ID NO:347 (pCA 33 pCA L27V02A 45-169 FRB) 
at get gagcggtgaaaaLgggctgaagatcgacatccaiigtcatcatcccgtatgaaggtctgagcggcgaccaaatg 
gqccagatcgaaaaaatrtttaaggtggtgtaccccgtggatgatcatcactttaaggtgatcctgcactatggcaca 
ctggtaatcgacggggttacgccgaacatgatcgactatttcggacggccgtatgaaggcatcgccgtgt tegaeggc 
aaaaagatcactgtaacagggaccctgtggaacggcaacaaaattatcgacgagcgcctgatcaaccccgacggctcc 
ctgctgttccgagtaaccatnaacggegtgaccggctggcggctgtgcgaacgcattctggcgggaggaggtggctca 
ggtggagggagctccgtggccatcctctggcatgagatgtggcatgaaggcctggaagaggcacctcgtttgtaettt 
ggggaaaggaacgtgaaaggcatgtttgaggtgctggagcccttgcatgctatgatggaacggggcccccagaetctg 
aaggaaacatccttcaatcaggcctatggccgagatttaatggaggcccaagagtggtgcaggaagtacatgaaatca 
gggaatgtcaaggaectcacccaagcctgggacctctattatcatgtgttccgacgaatctca 

SEQ ID NO: 348 (pCA 33 pCA L27V02A 46-169 FRfl) 
MLSGENGLKIDIHVITPYEGLSGDQMCQIEKIFKVVYPVDDHHFKVILHYGTIJVIDGVTPNMIDYFGRPVEGIAVFDG 
KKITVTGTLWtiGNKIIDERLINPDGSLLFRVTINGVTGWRLCERILAGGGGSGGGSSVAILWHEMWH&GLEEASRLYF 
GERNVKGMFEVLEPLHAMMERGPQTLKETSFHQAYGRDLMEAQEWCRKYMKSGNVKDLTQAWDLYYHVFRRIS 

SEQ ID NO:349 (pCA 34 pCA FKBP 1-45 L27V02A) 
atgggagtgcaggtggaaaccatctccccaggagacgggcgcacct tccccaagcgcggccagacctgcgtggtgcac 
tacaecgggatgctcgaagatggaaagaaatttgattcctcccgggacagaaacaagccctttaagtttatgccaggc 
aagcaggaggtgatccgaggctgggaagaaggggttgcccagatgagtgtgggtcagagagccaaactgactatatct 
ccagattatgcctacggtgccactgggcacccaggcatcatcccaccacatgccactctcgtcttcgatgtggagcr t 
qtaaaaclggaaggaggagggagctccggtggaggcagcggtatggtcttcacactegaagatttegttggggactgg 
cgacagacagccggctacaacctggaccaagtccttgaacagggaggtgtgtccagtttgtttcagaatctcggggtg 
tccgtaact ccgatccaaaggattgtc 

SEQ ID HO:350 (pCA 34 pCA FKBP 1-45 L27V02A> 
MGVQVETlSFGDGRTFPKRGQTCWHYTGMLEDGKKFDSSRDRMKfE'KFMI.GKQEVTRGWEEGVAQMSVGQRAKLTIS 
PDYAYGATGHPGIIPPKATLVFDVELLKLEGGGSSGGGSGMVFTLEDFVGDWRQTAGYNLDQVLEQGGVSSLFQNLGV 
SVTPIQRIV 

SEQ ID NO:351 (pCA 35 pCA L27V02A 100-169 FRB) 
atggacggggttacgccgaacatgatcgactatttcggacggccgtatgaaggcatcgccqtgttcgacggcaaaaag 
atcactgtaacagggaecctgtggaacggcaacaaaattatcgacgagcgcctgatcaaccccgacggctccctgctg 
ttCcgagtaaccatcaacggagtgaccggctggcggctgtgcgaacgcaLtctggcgggaggaggtggctcaggtgga 
gggagctccgtggccatcctctggcatgagatgtggcatgaaggcctggaagaggcatctcgttt gtactt tggggaa 
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aggaacgtgaaaggcatgtttgaggtgctggagcccttgcatgctatgatggaacggggcceccagacrctgaaggaa 
acatcctttaatcaggectatggtcgagatttaatggaggcccaagagtggtgcaggaagtacatgaaatcagggaac 
gteaaggacctcacccaagcctgggacctctattatcatgtgttccgacgaatctca 

SEQ ID NO: 352 (pCA 35 pCA L27V02A 100-169 FEB) 
MDGVTPNMlDYFGRPYEGlAVFDGKKITVTGTLWNGNKIIDERLINPDGSLLFRVTItJGVTGWRLCERILAGGGGSGG 
GSSVAILWHEMWHEGLEEASRLYFGERNVKGMFEVLEPLHAMMERGPQTIJKETSFNQAYGRDLMEAQEWCRKYMKSGN 
VKDLTQAWDLYYHVFRRIS 

SEQ ID NO:353 {pCA 36 PKBP L27V02A 1-99} 
atgggagtgcaggtggaaaccatctccccaggagacgggcgcaccttccccaagcgcggccagacctgcgtggtgcac 
tacaccgggatgettgaagatggaaagaaatttgattcctcccgggacagaaacaagccetttaagLtlatgctaggc 
aagcaggaggtgatccgaggctgggaagaaggggttgcccagatgagtgtgggtcagagagccaaactgactatatct 
ccagattatgccta tgg tgccactgggcacccaggcalcatcccaccacatgccactctcgtcttcgatgtggagctt 
ctaaaactggaaggaggagggagqtccggtggaggcagcggtatggtcttcacactcgaagatttcgttggggactgg 
cgaeagacagccggctacaacctggaccaagcccttgaacagggaggtgtgtccagt ttgtttcagaatctcggggtg 
tccgtaactccgatccaaaggattgtcctgagoggtgaaaatgggctgaagatcgacatccatgtcatcatcccgtat 
gaaggtctgagcggcgaccaaatgggccsgatcgaaaaaatttttaaggtggtgtaccctgtggatgatcatcacttt 
aaggtgatccttgeactatggcacactggtaatc 

SEQ ID NO:354 (pCA 36 FKBP L27V02A 1-99) 
MGVQVBiTSPGDGRTFPKRGQTCVVHYTGMLEDGKKFDSSRDRNKPFKFMLGKQEVIRGWEEGVAQMSVGQRAKLTlS 
PDYAYGATGHPGIIPPHATLVFDVELLKLEGGGSSGGGSGMViTL.EnFVGDWRQTAGYNLDQV^RQGGVSSLFQNLnV 
SVT PI QRI VLSGENGLKI DIH VIIPYEGLSGDQMGQIEKIFKWYPVDDHHFKVILHYGTLVI 

SEQ ID NO:355 (pCA 37 L27V02A 101-169 FRB) 
atgggggttacgccgaacatgatcqactatttcggacggccgtatgaaggcatcgccgtgttcgacggcaaaaagatc 
actgtaacagggaccctgtggaacggcaacaaaattatcgacgagcgc^tgatcaaccccgacggclccctgclglie 
cgagtar-iccatcaocggagtgaccggctggcggctgtgcgaacgcattctggcgggaggaggtgqctcaggtggaggg 
agctccgtggccatcctctggcatgagatgtggcatgaaggcctggaagaggcatctcgtttgtactttggggaaagg 
aaagtgaaaggcatgtttgaggtgctggagcccttgcatgccatgatggaacggggcccccagactctgaaggaaaca 
tcctttarftcaggcctatggtcgagatttaatggaggcccaagagtggtgcaggaagtacatgaaatcagggaatgtc 
aaggacctcacccaagcctgggacctctattatcatgtgttccgacgaatctca 

SEQ ID KO:356 (pCA 37 L27V02A 101-169 FRB) 
MGVTPNMIDYFGRFYEGIAVFDGKKITVTGTLWNGNKIIDERLINPDGSLLFRVTINGVTGWPLCERJIAGGGGSGGG 
SSVAILWHSMWHEGLEEASRLYFGERNVKGMFSVLEPLHAMMERGPQTLKETSFNQAYGRDLMEAQEWCRKYMKSGNV 
K DL TOAWDL YYHVFRRIS 

SEQ ID NO:357 (pCA 38 FKBP 1-100 L27V02A) 
Atgggagtgcaggtggaaaccatctccccaggagacgggcgcaccttccccaagcgcggccagacctgcgtggtgcac 
tacaccgggatgct tgaagatggaaagaaatttga;: tcctcccgggacagaaacaagccct ttaagtttatgctaggc 
aagcaggaggtgatccgaggctgggaagaaggggtcgcccagatgagtgtgggtcagagagccaaactgactatatct 
ccagattatgcctatggtgccactgggcacccaggcatcatcccaccacatgccactctCqtCttcgatgtqgagctt 
ctaaaactggaaggaggagggagctccggcggaggcagcggtatggtcttcacactcgaagatttcgttggggactgg 
cgacagacagecggctaeaacctggaccaagteetr.gaacagggaggtgtgtccagtttgtttcagaatctcggggtg 
tccgtaactccgatccaaeggattqtcctgagcggtgaaaatgggctgaagatcgacatccatgtcatcatcccgtat 
gaaggtctgagcggcgaccaaatgggccagatcgaaaaaatttttaaggtggtgtaccctgtggatgatcaLcacttt 
aaggtgatcctgcactatggcacactggtaatcgac 

SEQ ID NO;358 <pCA 38 FKBP 1-100 L27V02A) 
MGVQVBTISPGDGRTFPKRGQTCWHYTGMLEDGKKFDSSRDRNKPFKFMLGKQEVIRGWEEGVAQMSVGQRAKITIS 
PDYAYGATGHPGII PPHATLVFDVEI.LKLftGGGSSGGGSGMVFTLEDb'VGDWRQTAGYNLDOVLEQGGVSSLFONLGV 
SVTPIQRIVLSGENGLKIDIHVIIPYEGLSGDQMGQIEKIFKWYPVDDHHFKVILHYGTLVID 

SEQ ID NO:359 (pCA 39 L27V02A 102-169 FRB) 
Atggttacgccgaacatgatcgactatttcggacggccgtatgaaggcatcgccgtgc tcgacggcaaaaagatcact 
gtaacagggaccctgtgqaaoggcaacaaaatt atcqacgagcgcctgatcaaccccgacggctccctgctgttccga 
gtaaccatcaacggagtgaccggctggcggctgtgcgaacgcattctggcgggaggaggtggctcaggtggagggagc 
tcegtggceatcctctggcatgagatgtggcatgaaggcctggaagaggcatctcgtt tgtactttggggaaaggaac 
gtgaaaggcatgttcgaggtgctggagccct tgcatgctatgatggaacggggcccccagactotgaaggaaacatcc 
tttaatcaggcctatggtcgagattLaatggaggcccaagagtggtgcaggaagtacatgasatcagggaatgtcaag 
gacctcacccaagcctgggacctctattaccatgtgttccgaagaatctca 
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SEQ ID NO:360 (pCA 39 L27V02A 102-169 FRB) 
MVTPNMIDYFGRPYEGIAVFDGKKITVTGTLWNGMKIIDERLINPDGSLLFRVTINGVTGWRLCERILAGGGGSGGGS 
SVAILWHEMWHEGIEEASRLYFGERNVKGMFEVLEPLHAMMERGPQTLKETSFNQAYGRDLMEAQEWCRKYMKSGNVK 
DLTQAWDLYYHVFRRIS 

SEQ ID NO:361 <pCA 40 FKB* L27V02A 1-101) 
atgggagtgcaggtggaaaccatctccccaggsgacgggcgcaecttceceaagcgcggccagacctgcgtggtgcac 
tacaccgggatgcttgaagatggaaagaaatlCgattcctcccgggacagaaacaagccctttaagtttatgctagge 
aagcaggaggtgatccgaggctgggaagaaggggttgcccagatgagtgtgggtcagagagccaaactgfictatatct 
ccagattatgcctatggcgccactgggcacccaggoatcatcccaccacatgccactctcgtcttcgatgtggagctt 
ctaaaactggaaggaggagggagctccggtggaggcagcggtatggtcttcficactcgaagatttcgttggggactgg 
cgacagacagccggctacaacctggaccaagtccttgaacagggeggtgtgtccagtttgtttcaqaatcfccggggtg 
tecgtaactcegatecaaaggattgtcctgagcggtgaaaatgggctgaagatcgacatccatgtcatccitcccgcat 
gaaggtctgagcggcgaccaaatgggccagatcqaaaaaatttttaaggtggtgcaccctgtggatgatcatcacttt 
aaggtgatcctgcactatggcacactggtaatcgacggg 

SEQ ID NO:352 (pCA 40 FKBP L27V02A 1-101) 
MGVQVETISPGDGRTFPKRGQTCWHYTGHLEDGKKFDSSRDRNKPFKFMLGKQEVlftGWEEGVAQMSVGQRAKLTIS 
PDYAYGRTGHPGIIPPHATLVFDVELIIKLEGGGSSGGGSGMV FTLEDFVGDWRQTAGYNLDQVLEQGGVSSLFQNLGV 
SVTPIQRIVLSGENGLKIDIHVIIPYEGLSGUQMGQIEKIFKVVYPVDDHHFKVILHYGTLVIDG 

SEQ ID NO:363 <pCA 41 L27V02A 143-169 FRB) 
atgatcaaccccgacggctccctgctgttccgagtaancatcaacggagtgaccggctggcggctgtgcgaacgcatt 
etggegggaggaggtggcteaggtggagggagctccgtggccatcctctggcatgagatgtggcatgaaggcctggaa 
gaggcatctcgtttgtactttggggaaagyaaogtgeaaggcatgtttgaggtgctggagcccttgcatgctatgatg 
gaacggggcccccagactctgaaggaaacatcctttaatcaggccratggtcgagatttaatggaggcccaagagtgg 
tgcaggaagtacatgaaatcagggaatgtcaaggacctcacccaagcctgggacctctattatcatgtgttccgacga 
atctca 

SEQ ID NO:364 (pCA 41 L27V02A 143-169 FRB) 
MINPDGSLLFRVTINGVTGWRLCERILAGGGGSGGGSSVAILWHEMWKEGLEEASRLYFGERNVKGMFEVLEPLHAMM 
ERGPQT1KETSFNQAYGRDLMEAQEWCRKYMKSGNVKDLTQAWDLYYHVFRRIS 

SEQ ID NO:365 (pCA 42 FKBP 1-142 L27V02A) 
atgggagtgcaggtggaaaccatctccccaggagacgggcgcacct tccccaagcgc;ggc:cagacctgcgtggtgcac 
racaccgggatgcttgaagatggaaagaaatttgattcctcccgggacagaaacaagccotttaagtttatgctaggC 
aagcaggaggtgatccgaggct gggaagaaggggttgcccagatgagtgtgggtcagagagccaaactgact atatct 
ccagattatgcctatggtgccaetgggcaeccaggeatcateeeaccacatgceactet cgtettegatgtggagctt 
ctaaaactggaaggaggagggagctccggtggaggcagcggtatggtcttcacacccgaagatttcgttggggactgg 
cgacagacagccggctacaacctggaccaagtccttgaacagggaggtgtgtccagtttgtttcagaatctcggggtg 
cccgtaactccgatccaaaggattgtcctgagcggtgaaaatgggctgaagatcgacatccatgtcatcatcccgtat 
gaaggtctgagcggcgaccaaatgggccagatcgaaaaaa tttttaaggtggtgtaccctgtgga tgatcatcacttt 

' aaggtgatcctgcactatggcacactggtaatcgacggggttacgccgaacatgatcgactatttcggacggccgtat 
gaaggcatcgccgtgttcgacggcaaaaagatcactgtaacagggaccctgtggaacggcaacaaaattatcgacgag 
cgcctg 

SEQ ID NO:366 (pCA 42 FKBP 1-142 L27V02A) 
MGVQVETISPGDGRTFPKUGQTCVVHYTGMLEDGKKFDSSRDRNKPFKFMLGKQEVIRGWEEGVAQMSVGQRAKLTIS 
PDYAYGATGHPGIIFPHATLVFDVELlKLEGGGSSGGGSGMVFTLEDFVGDtoRQTAGYNLDQVLEQ&GVSSLFQNLGV 
SVTPIQRIVLSGENGLKIDIHVIIPYEGLSGDQMGQIEKIFKVVYPVDDHHFKVILHYGTLVIDGVTPNMIDYFGRPY 
EGIAVFDGKKITVTGTLWNGNKIIDERL 

SEQ ID NO:367 (pCA 43 L27V02A 145-169 FRB) 

atgcccgacggctccetgctgt tccgagtaaccatcaacggagtgaccggctggcggctgtgcgaacgcattctggcg 
ggaagaggLggcLcaggtggagggagctccgtggccatcctctggcatgagatgtggcatgaaggcctggaagaggca 
tctcgtttgtactttggggaaaggaacgtgaaaggcatgtttgaggtgctggagcccttgcatgctatgatggaacgg 
ggcccccagactctgaaggaaacatcctttaatcaggcctatggtcgagatttaatggaggcccaagagtggtgcagg 
aagtacatgaaatcagggaatgtcaaggacctcaceeaageetgggacctctattatcatgtgttccgacgaatetea 

SEQ ID NO:368 (pCA 43 L27V02A 145-169 ETB) 
MPDGSJ.LFRVTINGVTGWRLCERILAGGGGSGGGSSVALLWHEMHEEGLEEASRLYFGERWVKGMFEVLEPLHAHMER 
GPQTLKETSFNQAYGRDLMEAQEWCRKYMKSGNVKDLTQAWDLYYHVB'KKIS 
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SEQ ID NO:369 (pCA 44 FKBP 1-144 L27VQ2A) 
atgggagtgoaggtggaaaccatctccccaggagacgggcgcaccttccccaagcgcggccagacctgcgtggtgcac 
tacaccgggatgcttgaagatggaaagaaatttgattcctcccgggacagaaacaagccctttaagtttatgctaggc 
aageaggaggtgatccgaggctgggaagaaggggttgcccagatgagtgtgggtcagagagccaaactgactatatct 
ccagactatgcctatggtgccactgggcacccaggcatcatcccaccacatgccactctcgtcttcgatgtggagctt 
ctaaaactggaaggaggagggagctccggtggaggcagcggtatggtcttcacactcgaagatttcgntggggactgg 
cgacagacagccggctacaacctggaccaagtccttgaacagggaggtgtgUccagtItgtttcagaatctcggggtg 
tccgtaactccgatccaaaggattgtcctgagcggtgaaaatgggotgaagatcgacatccatgteatcatcccgtat 
gaaggcctgagcggcgaccaaatgggccagatcgaaaaaatttttaaggtggtgtaccctgtggatgatcateacttt 
aaggtgatcctgcactatggcacactggtaatcgacggggtt&cgccgaacatgatcgactatttcggaeggcegtat 
gaaggcatcgccgtgttcgacggcaaa aagatcactgtaacagggaccctgtggaacggcaacaaaattatcgacgag 
cgcctgatcaac 

SEQ ID NO: 3"JQ (pCA 44 FKBP 1-144 L27V02A) 
MGVQVETISPGDGRTrPKRGQTCVVHYTGMLEDGKKFDSSRDRNKPFKfWLGKQ5VXRGWEEGVAQ«SVGQHAKLTIS 
PDYAYGATGEIPGIIPPKATLVE-DVELLKLEGGGSSGGGSGMVFTLEDFVGDWRQTAGYNLDQVLEQGGVSSLFQNLGV 
SVTPIQRIVLSGENGLKIDIHV3IPYEGLSGDQMGQIEKIFKVVYPVDDHHFKVILHYGTLVIDGVTPNMIDYFGRPY 
EGIAVFDGKKITVTGTLWNGNKIIDERLIN 

SEQ ID NO:371 (pCA 45 L27V02A 147-169 FRB) 
atgggctccctgctgttccgagtaaccatcaacggagtgaccggctggcggctgtgcgaaogcattctggcgggagga 
qgtggctcaggtggagggagceeegtggccatcctctggcacgagatgtggcatgaaggcctggaagaggcatctcgt 
ttgtactttggggaaaggaacgtgaaaggcatgtttgaggtgctggagcccttgcatqctatqatgqaacggggcccc 
cagactctgaaggaaacatcctttaatcaggcctatggtcgagatttaatggaggcccaagagtggtgce.ggaagtac 
atgaaatcagggaa-gtcaaggacctcacccaagcctgggscctctattatcatgtgttccgacgaatctca 

SEQ ID NO/372 (pCA 45 L27V02A 147-169 FRB) 
MGSLLFRVTINGVTGWRLCERILAGGGGSGGGSSVAI JjWHEMWHEGLF.EASRLYFGERNVKGMFEVLEPLHAMMERGP . 
QTLKETSFNQAYGRDLMEAQEWCRKYMKSGNVKDLTQAWDLYYHVFRRIS 

SEQ ID NO:373 (pCA 46 FKBP- L27V02A 1-146) 
atgggagtgcaggtggaaaccatctccccaggagacgggcgcaccttccccaagcgcggccagacctgcgtggtgcac 
tacaccgggatgcttgaagatggaaagaaatttgattcctcccgggacagaaacaagcactttaagttta tgctaggc 
aagcaggaggtgatccgaggctgggaagaaggggttgcccagatgagtgtgggtcagagagCcaaactgactatatCt 
ccagattatgcctatggtgccactgggcacccaggcatcatcccaccacatgccactctcgtcttcgatgtgcagctt 
Ctaaaactggaaggaggagggagctccggtggaggcagcggtatggtcttcacactcgaagatttcgttggggactgg 
cgacagacagccggctacaacctggaccaagtccttgaacagggaggtgtgtccagtttgtttcagaatctcggggtg 
tccgtaaetccgatccaaaggattgtcctgagcggtgaaaatgggctgaagategaeatccatcteateatccegtat-. 
gaaggtctgagcggcgaccaaatgggccagatcgaaaaaatttttaaggtggtgtaccctgtggatgatcatcacctt 
aaggtgatcctgcactatggcacactggtaatcgacggggttacgccgaacatgatcgactatttcggacggccgtat 
gaaggoatcgccgtgttcgacggcaaaaagatcactgtaacagggaccctgtggaacggcaacaaaattatcgacgag 
egcctgatcaaccccgac 

SEQ ID NO:374 (pCA 46 L27 V02A-FKBP 1-145) 
MGVQVETISPGDGRTFPKRGGTCVVHYTGMLEDGKKFDSSRDRNKHFKFMLGKQEVIRGWEEGVAQMSVGQRAKLTIS 
PDYAYGATGHPGIIPPHATLVFDVELLKLEGGGSSGGGSGWFTLEDFVGDWRQTAGYNLDQVLEQGGVSSLFQNLGV 
SVTPIQRIVLSGENGLKIDIHVIIPYEGLSGDQMGQIEKIFKWYPVDDHHFKVILHYGILVIDGVTPWMIDYFGRPY 
EGIAVFDGKKITVTGTLWNGNKIIDERLINPD 

SEQ ID NO:375 (pCA 47 L27V02A 14G-169 FRB) 
atgtccctgctgttccgagtaaecatcaacggagtgaccggccggcggctgtgcgaacgcattctggcgggaggaggt 
ggctcaggTggagggagctccgtggccatcctctggcaegagatgtggcatgaaggectggaagaggcatetcgtttg 
tactttggggaaaggaacgtgaaaggcatgtttgaggtgctggagcccttgcatgctatgatggaacggggcccccag 
actctgaaggaaacatcctttaatcaggcctatggtcgagatttaatggaggcccaagagtggtgcaggaagtacatg 
aaatcagggaatgtcaaggacctcacccaagcctgggacctctattat-catgtgttccgacgaatctca 

SEQ ID NO:376 {pCA 47 L27V02A 140-169 FRB) 
MSLLFRVTINGVTGWRLCERILAGGGG5GGGSSVMLWHEMWHEGLEEASRLYFGERNVKGMFEVLEPLHAMMERGPQ 
TLKETSFNQAYGRDIMEAQEWCRKYMKSGNVKDLTUAWDLYYHVFRRIS 

SEQ ID NO:377 (pCA 48 FKBP- L27V02A 1-147) 
atgggagtgcaggtggaaaccatctccccaggagacgggcgcaccttccccaagcgcggccagacctgcgtggtgcac 
tacaccgggatgcttgaagatggaaagaaatttgattcctcccgggacagaaacaagccctttaagtttatgctaggc 
aagcaggaggtgatccgaggctgggaagaaggggttgcccagatgagtgtgggtcagagagccaaactgactatatet 
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cca.gattatgcctatggtgccactgggcacccaggcatcatcccaccacatgccactctcgtcttcgatgtggagctt 
ctaaaactggaaggaggagggagctccggtggaggcagcggtatggtettcacactcgaagatttcgttggggactqg 
cgacagacagecggctacaacctggaccaagtcctcgaacagggaggtgtgtccagtttgtttcagaatetcggggtg 
tccgtaactccgatccaaaggattgtcctgagcggtgaaaatgggctgaagatcgacatccatgtcatcatcccgt at 
gaaggtetgagcggcgaccaaatgggccagatcgaaaaaatttttaaggtggtgtaccttgtggatgatcatcacTtt 
aaggtgatcctgc&ctatggcacactggtaatcgacggggttacgccgaacatgatcgactatt tcggacggccgcat 
gaaggcatcgccgtgttcgacggcaaaaagatcactgtaacagggaccctgtggaacggcaacaaaattategaegag 
cgcctgatcaaccccgacggc ' 

SEQ ID NO:378 (pCA 48 FKBP- L27V02A 1-147) 
MGVQvaTISPCDGRTFPKRGQTCVVHYTGMLEDGKKFDSSF.DRNKPFKFMLGKQEVIRGWEEGVAQMSVGQRAKLTIS 
PDYAYGATGHPGIIPPHATI.VFDVELLKLEGGGSSGGGSGMVFTLEDFVGDWRQTAGYNLDQVLEQCGVSSLFQNLGV 
SVTPIQRIVLSGENGLKIDIHVIIPYEGLSGDQMGQIEKIFKWYPVDDHHFKVIIJJYGTLVIDGVTPNHIDYFGRPY 
EGIAVFDGKKITVTGTLWNGNKIIDERLINPDG 

SEQ ID NO r 379 (pCA 49 L27V02A 156-169 FRB) 
atgaaeggagtgaccggctggcggctgtgcgaacgcattctggcgggaggaggtggctcaggtggagggagctccgtg 
qccatcctctqgcatgagatgtggcat gaaggcctggaagaggeatctcqtttgractttggggaaaggaacgtgaaa 
ggcatgtttgaggtgctggagcccttgcaugctatgatggaacggggcccccagactctgaaggaaacatcctttaat 
caggcctatggtcgagatttaatggaggcccaagagtggtgcaggaagtacatgaaatcagggaatgtcaaggacctc 
acccaagcctgggacctctat tatcatgtgttccgacgaetctca 

SEQ ID NO:380 (pCA 49 L27V02A 156-169 FRB) 
MNGVTGWRLCERILAGGGGSGGGSSVAILWHEMWHEGLEEASRLYFCERNVKCMFEVLEPLHAMMERGPQTLKETSFN 
QAYGRDLMEAQEWCRKYMKSGNVKDLTQAWDLYYHVFRRIS 

SEQ ID NO;381 (pCA SO FKBP-L27V02A 1-155) 
atgggagtgcaggtggaaaccatctccccaggagacgggcgcaccttccccaagcgcggccagacctgcgtggcgcac 
tacaccgggatgcttgaagatggaaagaaatttgattectcccgggacagaaacaagccctttaagtttacgctaggc 
aagcaggaggtgatccgaggctgggaagaaggggttgcccagatgagtgtgggtcagagagccaaactyact-atatct 
ecagacfaT.gcetatggtgccactgggcacccaggcatcatcccaccacatgccactctcgtcttcgatgtggagctt 
ctaaaactggaaggaggagggagctccggtggaggcagcqgtatqgtcttcacacccgaagatttcgttggggactgg 
cgacagacagccggctacaacctggaccaagtccEtgaacagggsggtgtgtccagtttgtttcagaatctcggggtg 
f.ccgtaactcrgatccaaaggattgtcctgagcggtgaaaatgggct gaagatcgacatccatgtcatcatcccgtat 
gaaggtctgagcggcgaccaaatgggccagatcgaaaaaatttctaaggtggrgtaccctgtggatgatcatcacttt 
aaggtgatcctgcactatggcacactggtaatcgacggggttacgccgaacatgatcgactatttcggacggccgta t 
gaaggcatcgccgtgttcgacggcaaaaagatcactgtaacagggaccctgtggaacggcaacaaaattatcgacgag 
cgcctgatcaaccccgacggctccctgctgttocgagtaaccatc 

SEQ ID NO:362 (pCA 50 FKBP-L27V02A 1-155) 
MGVQVIilTISPGDGHTFPKRGQTCVVHYTGMLEDCKKFDSSRDRNKPFKFMLGKQEVIRGWEEGVAQMSVGQRAKLTIS 
PDYAYGATGHPGIIPPHATLVFDVELLXLEGGGSSGGGSGMVFTLEDFVGDWRQTAGYNLDQVLEQGGVSSLFQNLGV 
SVT PI QRI VLSGENGLKI DIHVIIPYEGLSGDQMGQIEKIFKWYPVDDHHFKVILHYGTLVI DC VrPNMIDYFGRPY 
EGIAVFDGKKITVTGTLWNGNKIIDERLINPDGSLLFRVTI 

SEQ ID NO:383 (pCA 51 L27VQ2A 158-169 FRB) 
atggtgaccggctggcggctgtgcgaacgcattctggcgggaggaggtggctcaggtggagggagctccgtggccatc 
ctctggcacgagatgtggcatgaaggcctggaagaggcatctcgtttgtactttggggaaaggaacgtgaaaggcatg 
tttgaggtgetggagcecttgeatgctatgatggaacggggcccccagactctgaaggaaacatcctttaateaggcc 
tatggtcgagatt laatggagycccaagay tgg:;gcaggaagtacatgaaatcaggqaatgtcaaggacctcacccaa 
gcctgggacctctattatcatgtgctccgacgaatctca 

SEQ ID NO:384 (pCA 51 !£7V02A 158-169 FRB) 
MVTGWRLCERILAGGGGSGGGSSVAIlWHEMWHfiGLEEASRLYFGERNVKGMFEVLEPLHAMMERGPQTLKErSFNQA 
¥GRDtMP,AQBWCRKYMKfiGNVKDLTQAWDLYYHVFRRIS 

SEQ ID NO:385 {pCA 52 FKBP 1-157 L27V02A) 
atgggagtgcaggtggaaaccatctccccaggagacgggcgcaccttccccaagcgcggccagac^tgcgtggtgcac 
taeacegggatgcttgaagatggaaagaaatttgattcctcccgggacagaaacaagccctttaagtttatgctaggc 
aagcaggaggtgatccgaggctgggaagaaqgqgttgcccagatgagtgtgggtcagagagccaaactgactatatct 
ccagattatgcctatggtgccactgggcacccaggcatcatcccaccacatgccactctcgtcttcgatgtggagctt 
ctaaaactggaaggaggagggagctccggtggaggcagcggtatggtcttcacactcgaagatttcgttggggactgg 
cgacagacagccggctacaacctggaccaagtccttgaacagggaggtgtgtccagtttgtttcagaatctcggggtg 
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tccgtaactccgatccaaaggattgtcctgagcggtgaaaatgggctgaagatcgaeatecatgteatcatcccgtat 
gaaggtctgagcggcgaccaaatgggccagatcgaaaaaatCtttaaggtggtgtaccctgtggatgatcatcacttt 
aaggtgatcctgcactatggeacactggtaat.cgacggggttacgccgaacatgatcgactatttcggacggccgtat 
gaaggcatcgccgtgttcgacggcaaaaagatcactgtaacagggaccctgtggaacggcaacaaaattatcgaegag 
cgcytgatcaaccqcgacggctccctgctgttccgagtaaccatcaacgga 

SEQ ID NO;386 (pCA 52 FKBP 1-157 L27V02A) 
MGVQV£TISPGDGP.TFPECRGQTCWH'YTGMLEDGKKFDSSRDRNKPFKFMLGKQBVIRC3WSEGVAQMSVGQRAkTjTIS 
PDYAYGArGHPGIIppHATLVFDVELLKlEGGGSSGGGSGMVFTLEDFVGDWRQrAGYNLDQVLEQGGVSSLFQNLGV 
SVTPIQRIVLSGENGLKIDIHVII PYEGLSGDQMGQTEXTFKWYPVDDHHFKVILHYGTLVIDGVTPNMIDYFGRPY 
EGrAVFDGKKITVTGTLVJNGNKIIDERLINPDGSLLFRVTiNG 

SEQ ID NO:387 (pCA 53 L27V02A 166-169 FRB) 
atgcgcattctggcggqaggaggtggct caggtggagggagctccgtggccatcctctggcatgagatgtggcatgaa 
ggcctggaagaggcatctcgtttgtactttggggaaaggaacgtgaaaggcatgtttgaggtgctggagcccttgcat 
gctatgatggaacggggcccccagactctgaaggaaacatccttcaatcaggcctatggtcgagatttaatggaggcc 
caagagtggtgcaggaagtacatgaaatcagggaatgtcaaggacctcacccaagcctgggacctntattatcatgtg 
ttccgacgaatctca 

SEQ ID NO;386 (pCA 53 L27V02A 166-169 FRB) 
MRILAGGGGSGGGSSVAILWHEMWHEGLEEASRLYFGERNVKGMFEVLEPLHAMMERGPQTLKETSFNQAYGRDIMEA 
QEWCRKYMKSGNVPCDLTQAWDLYYHVFRRIS 

SEQ ID NO;389 (pCA 54 FKBP L27V02A 1-165J 
atgggagtgcaggtggaaaccatctccccaggagacgggcgcaccttccccaagcgcggccagacctgcgtggtgcac 
taeaecgggar.gettgaagatggaaagaaatttgattcctcccgggacagaaacaagccccttaagtttatgctaggc 
aagcaggaggtgatccgeggctgggaagaaggggttgcccagatgagtgtgggtcaga gagccaaactgact.atatct 
ccagattatgcctatggtgccactgggcacccaggcatcaCcccaccacatgccactctcgtcttcgatgtggagctt 
ctaaaactggaaggaggagggagctccggtggaggcagcggtatggtcttcacactogaagatttcgttcgggacTgg 
cgacagacagccggctacaacctggaccaagtccttgaacagggaggtgtgtccagtttgtttcagaatctcggggtg 
tccgtaactccgatccaaaggattgtcctgagoggtgaaaatgggctgaagatcgacatccatgtcatcatcccgtat 
gaaggtctgagcggcgaccaaatgggccagatcgaaaaaatttttaaggtggtgtacyctgtggatgatcatc^c'L tt 
aaggtgatectgeaetacggcacaftggtaatcgacggggttacgccgaacatgatcgactattccggacggccgtat 
gaaggcatcgccgtgttcgacggcaa^aagatcacLgtaacagggaccctgtggaacggcaacaaaat tatcgacgag 
cgcctgatcaaccccgacggctccctgctgttccgagtaaccatcaacggagtgaccggctggcggutgt gcyaa 

SEQ ID NO:390 <pCA 54 FKBP L27V02A 1-165) 
MGVQVETISPGDGRTFPKRGQTCVVHYTGMLEDGKKFDSSRDRNKPFKFMLGKQEVIRGWEEGVAQMSVGQRAKLTIS 
PDYAYGATGHPGIIPPHATIVFDVELLKLEGGGSSGGGSGMVFTLEDFVGDWRQTAGYNLDQVLEQGGVSSLFQNLGV 
SVTPIQRIVLSGENGLKIDIHV11PYEGLSGDQMGQTEKIFKVVYPVDDHHFKVILHYGTLVIDGVTPNMIDYFGRPY 
EGIAVFDGKKITVTGTLWHGNKIIDERLINPDGSLLFRVTIKGVTGWRLCE 

SEQ ID NO: 3 91 (pCA 55 FKBP L27V02A 1-47) 
atqggagtgcaggtggaaaccatctccccaggagacgggcgcaccttccccaagcgcggccagacctgcgtggtgcac 
tacaccgggatgcttgaagatggaaagaaatttgattcctcccgggacagaaacaagccctttaagtttatgctaggc 
aagcaggaggtgatccgaggctgggaagaaggggttgcccagatgagtgtgggtcagagagccaaactgactatatct 
ccagat tatgcctat ggtgccaccgggcaccc£.ggcatcatcccaccacatgccactctcgt cttcgatgtggagct t 
ctaaaactggaaggaggagggagctccggtggaggcagcggtaLggLcttcacactcgaagatttcgtLggggactgg 
cgacagacagccggctacaacctggaccaagtccttgaaeagggaggtgtgtccagtttgtttcagaatctcggggtg 
tccgtaactccgatccaaaggattgtcctgagc 

SEQ ID NO:392 (pCA 55 FKBP L27VQ2A 1-47) 
MGVQVETISPGDGRTFPKRGQTCVVHYTGMLEDGKKFDSSRDRNRPFKFMLGKQEVIRGWEEGVAQMSVGQRAKLTIS 
PDYAYGATGHPGIIPPHATLVFDVELLKLEGGGSSGGGSGWVFTLEDFVGDWRQTAGYNLDQVLEQGGVSSLFQNLGV 
SVTPIQRIVIS 

SEQ ID NO:393 (pCA 56 L27V02A 48-169-FRB) 
Atgggegaaaatgggctgaagatcgacatccatgtcatcatcccgtatgaaggtccgagcggcgaccaaatgggccag 
atcgasaaaattLtlaaggtggtgtaccctgtggatgatcatcactttaaggtgatcctgcactatggcacactggta 
atcgacggggttacgccgaacatgatcgactaxttcggacggccgtatgaaggcatcgccgtgttcgacggcaaaaag 
atcactgtaaeagggaceetgcggaaeggeaacaaaattatcgacgagcgcctgatcaaccccgacggctccctgct g 
ttccgagtaaccatcaacggagtgaccggctggcggctgtgcgaacgcattctggcgggaggaggtggctcaggtgga 
gggagctccgtggcca tcctctggcat gaga tgtggcatgaaggcct.ggaagaggcatctcgt.ttg tact ttggggaa 
aggaacgtgaaaggcatgtttgaggtgctggagcccttgcatgctatgacggaacggggcccccagactctgaaggaa 
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acatcctttaatcaggcctatggtcgagatttaatggaggcccaagagtggtgcaggaagtacatgaaatcagggaat 
gtcaaggacctcacccaagcctgggacctctattatcatgtgttccgacgaatetca 

SEQ ID NO:394 (pCA 56 L27V02A 48-16&-FRB) 
MGKNG1KIDIHVI rPYEGLSGDQMGQTEKIFKVVYPVDDHHFKVILHYGTLVIDGVTPNMIDYFGRPYEGlAVFDGKK 
ITVTGTLWNGNKIID£RLINPDGSLLFRVTINGVTGWRLCE.RILAGGGGSC5GGSSVAILWHEMW£1EGLEEASRLYFGE 
RNVKGHFEVLEPLHAMMERGPQTIKETSFNQAYGRDLMEAQEWCRKYMKSGNVKDLTQAWDLYYHVFRRIS-

SEQ ID NO:395 (pCA 57 FKBP L27VC2A" 1-49) 
atgggagtgcaggtggaaaccatctccccaggagacqggcgcaccttccccaagcgcggccagacntgcgtggtgcac 
tacaccgggatgcctgaagarggaaagaaatttgattcctcccgggacagaaacaagccctttaagtttatgctaggc 
aagcaggaggtgatccgaggctgggaagaaggggttgeeeagatgagtgtgggtcagagagceaaactgactatatct 
ccagattatgcctatggtgccactgggcacccaggcatcatcccaccacatgccaetetcgtcttcgatgtggagctt 
ctaaaactggaaggaggagggagctccggtggaggcagcggcatggtcttcacactcgaagatttcgttggggactgg 
cgacagacagccggctacaacctggaccaagtccttgaacagggaggtgtgtccagtttgtttcagaatctcggggtg 
tcggtaactccgatccaaaqgattgtcetgagcggtgaa 

SEQ ID NO:396 <pCA 57 FKBP L27V02A 1-49) 
MGVQVETISPGDGRTFPKRGQTCWHYrGMLEDGKKFDSSRDRNKPFKFMlGKQEVIRGWEECVAQM SVGQRAKLTIS 
PDYAYGATGHPGIIPPHATLVFDVELLKLEGGGSSGGGSGMVFTLEDFVGDWRQTAGYNLDQVLEQGGVSSLFQNLGV 
SVTPIQRIVLSGE 

SEQ ID NO:397 (pCA 56 pCA L27V02A 50-169 FRB) 
atgaatgggctgaagatcgacatccatg t-catcalcccgtatgaaggtctqageggcgaccaaatgggccagatcgaa 
aaaatttTTaaggtggtgtaccctgtggatgatcaEcactttaaggtgatcctgcaccatggcacactggtaatcgac 
ggggttaogccgaacatgatcgactatttcggacggccgtatgaaggdatcgccgtgttcgacggcaaaaagatcact. 
gtaacagggaccctgtgyaacggcaacaaaaLCalcgacgagcgcctgatcaaccccgacggctccctgctgttccga 
gtaaccatcaacggagtgaccggctggcggetgtgcgaacgcattctggcgggaggaggtggctcaggtggagggagc 
tccgtggccatcctctggcatgagatgtggcat gaaggcctggaagaggcatctcgtt tgtact ttggggaaaggaac 
gtgaaaggcatgtttgaggtgctggaqcccttgcacgctatgatggaacggggcccccagactctgaaggaaacatcc 
ttt aatcaggcctatggtcgagatttaatggaggcccaagagtggtgcaggaagUacalgaaatcagggaatglcaag 
gacctcacccaagcctgggacctctattaccacgtgttccgacgaatctca 

SEQ ID NO:398 (pCA 56 pCA L27V02A 50-169 FRB) 
MNGLKI D1HV.1. T l>YEGI,SGDQMGQIEKIFKVVYPVDDHHFKVILHYGTLVIDGVTPNMIDYFGRPYEGIAVFDCKKIT 
VTGTLNNGNKIIDERLINPIX-SLLFRVTINGVTGWRLCERILAGGGGSGGGSSVAILWHEMWHEGLEEASRLYFGERN 
VKGMFEVLEPLHAMMERGPQTLKETSFNQAYGRDLMEAQEWCRKYMKSGNVKDLTQAWDLYYHVFRRIS 

SEQ ID NO:39S (pCA SS FKBP L27V02A 1-82) 
atgggagtgcaggtggaaaccatctccccaggagacgggcgcaccttccccaagcgcggccagacctgcgtggtgcac 
tacaccgggatgcttgaagatggaaagaaatttgattcctcccgggacagaaacaagccctttaagtttatgctaggc 
aagcaggaggtgatccgaggctgggaagaaggggttgcccagatgagtgtgggtcagagagccaaactgactatatct 
ccagattatgcctatggtgccactgggcacccaggcatcatcccaccacatgccactcEcgtcttcgatgtggagctt 
ctaaaactggaaggaggagggagctccggtggaggcagcggtatggtctLcacactcgaagal.t tcgt Lggggactgg 
cgacagacagccggctacaacctggaccaagtccttgaacagggaggtgtgtccagtttgtttcagaatcccggggtg 
tccgtaactccgatccaaaggattgtcctgagcggtgaaaatgggctgaagatcgacatccatgtcatcatcccgtat 
gaaggtctgagcggcgaccaaatgggccagatcgaaaaaatttttaaggLgg Lgtacccl 

SEQ ID HO:400 (pCA 59 FKBP L27VQ2A 1-82) 
MGVQVETISPGDGRrFPKRGQTCWHYTGMLEDGKKFDSSRDRNKPFKfMLGKQEVlRGWEEGVAQMSVGQPAKLTIS 
PDYAYGATGHPGIIPPHATLVFDVEJJLKLEGGGSSGGGSGMVFTLEDFVGDWRQTAGYNLDQVLSQGGVSSLFQNIGV 
SVTPIQRIVLSGENGLKlDIHVl IPYEGLSGDQMGQIEKIFKWYP 

SEQ ID NO:401 (pCA 60 L27V02A 83-169-FRB) 
atggtggatgatcatcactttaaggtgatcctgcactatggcacaccggtaatcgacggggttacgccgaaca'gatc 
gactatttcggacggccgtatgaaggcatcgccgtgttcgacggcaaaaagatcactgtaacagggacccigtggaac 
ggcaacaaaattatcgacgagcgcctgatcaaccccgacggctccctgctgttccgagtaaccat eaacggagtgacc 
ggctggcggctgcgcgaacgcattctggcgggaggaggtggctcaggtggagggagctccgtggtcatccvctggcat 
gagatgtggcatgaaggcctggaagaggcatcccgtttgtacccEggggaaaggaacgtgaaaggcacgtccgaggTg 
ctggagcccttgcatgctatgatggaacggggcccccagactctgaaggaascatcctttaatcaggcctatggtcga 
gatttaatggaggcccaagagtggtgcaggaagtacatgaaatcagggaatgtcaaggacctcacccaagcctgggac 
ctctattatcatgtgttccgacgaatctca 

SEQ ID NO:402 (pCA 60 L27V02A 03-16-FRB) 

218 



MVDDHHFKVILHYGTLVIDGVTPNMIDYFGRPYEGIAVFDGKKITVTGTLWNGNKIIDERLINPDGSJ.LFRVTINGVT 
GWRLCERILAGGGGSGGGSSVATLWHEMWHEGLEEASRLYFGERNVKGMFEVLEPLHAMMERGPQTLKETSFNQRYGR 
DLMEAQEWCRKYMKSGNVKDLTQAWDLYYHVFRRIS 

SEQ ID NO: 403 (pCA 61 FKBP L27V02A 1-84) 
Atqggagtgcaggtggaaaccatctccccaggagaegggcgcaccttccccaagcgcggccagacctgcgtggtgcac 
tacaccgggatgcttgaagatggaaagaaatttgattcctcccgggacagaaacaagccctttaagtttatgctaggc 
aagcaggaggtgatccgaggctgggaagaaggggttgcccagatgagtgtgggtcagagagccaaactgactatatct 
ccagattatgcctatggtgccactgggcacccaggcatcatcocaccacatgccactctcgtcttcgatgtggagctt 
ctaaaaclggaaggaggagggagctccggtggaggcagcggcatggtcttcacactcgaagatttcgtcggggactgg 
cgacagacagccggcnacaacctggaccaagtccttgaacagggaggtgtgtccagtttgtttcagaatctcgqqgtg 
tccgtaactccgatccaaaggat cgtcctgagcggtgaaaatgggctgaagatcgacatccatgtcatcatcccgtat 
gaaggcctgagcggcgaccaaatgggccagatcgaaaaaatctttaaggtggtgtaccctgtggat 

SEQ ID NO:404 (pCA 61 FKBP L27V02A 1-84) 
MGVQVETISPGDGRTFPKRGQTCWHYTGMLEDGKKFDSSRDRNKPFKFMLGKQEVIRGNEEGVAQMSVGQRAKLTIS 
PDYAYGATGHPGIIPPHATLVFDVELLKLEGGGSSGGGSGMVFTLEDFVGDWRQTAGYNLDQVLEQGGVSSLFQNLGV 
SVTPIQRIVLSGENGLKIDIHVIIPYEGLSGDQMGQIEKIFKWYPVD 

SEQ ID NO:405 (pCA 62 L27V02A 95-169-FRB) 
atggatcatcactttaaggtgatcetgcactatggcacactggtaatcgacggggttacgccgaacatgatcgactat 
ttcggacggccgtatgaaggcatcgccgtgttcgacggcaaaaagatoactgtaacagggaccctgtggaacggcaad 
aaaattatcgacgagcgcctgatcaaccccgaoggctccctgctgttccgagtaaccatcaacggagtgaccggctgg 
cggctgtgcgaacgcattctggcgggaggaggtggctcaggtggagggagctccgtggccatcctctggcatgagatg 
tggcacgaaggcctggaagaagcatctcgtttgcactttggggaaaggaacgtgaaaggcatgtttgaggtgctggag 
cccttgcacgctatgatggaaoggggcccccagactctgaaggaaacatcct ttaatcaggcctatggtcgagattra 
atggaggcccaagagtggtgcaggaagtacafcgaaatcagggaatgtcaaggacctcacccaagccLgggacctctat 
taicatgtgttccgacgaatctca 

SEQ ID NO:406 (pCA 62 L27V02A 85-169-FRB) 
MDHHFKVILHYGTLVIDGVTPNMIDYFGPPYEGI AVFDGKKITVTGTX.WNGNKI IDERLINPDGSLLFRVTINGVTGW 
RLCERILAGGGGSGGGSSVAILWHEMWHEGLEEASRLYFGERNVKGMFEVLEPLHAMMERGPQTLKETSFNQAYGRDL 
MEAQEWCPKYMKSGNVKDLTQAHDLYYHVFRRIS 

SEQ ID NO:407 (pCA 63 FKBP L27V02A 1-122) 
atgggagtgcaggtggaaaccatctccccaggagacgggcgcacct tccccaagcgcggccagacctgcgtggtgcac 
tacaccgggatgcttgaagatggaaagaaatttgattcctccogggacagaaacaagccctttaagtttatgctaggc 
aagcaggaggtgatccgaggctgggaagaaggggttgcccagatgagtgtgggtcagagagccaaactgactatatct 
ccagattatgcctatggtgecaetgggeacecaggcatcatcccaccacatgccactctegtcttcgatgtggagett 
ctaaaactggaaggaggagggagctccggtggaggcagcggtatggtcttcacactcgaagatttcgttggggactgg 
cgacagacagccggctacaacctggaccaagtccttgaacagggaggtgtgtccagtttgtttcagaatctcggggtg 
t ccgtaacitccgatccaaaggattgtcctgagcggtgaaaatgggctgaaga tcgacatccotgtcatcatcccgtst 
gaaggtctgagcggcgaccaaatgggccagatcgaaaaaatttttaaggtggtgtaccctgtggatgatcatcacttC 
aaggtaatcctgcactatggcacactggtaatcgacggggttacgccgaacatgatcgactatttcggacggccgtat 
gaaggcatcgccgtgttcgacggc 

SEQ ID NO:409 (pCA 63 FKBP L27V02A 1-122) 
MGVQvETlSPGDGRTFPKRGQTCWHYTGMLEDGKKFDSSRDRNKPFKFMLGKQEVIRGWEEGVAQMSVGQRAKLriS 
PUYAYGATGHPGIIPPHATLVFDVELLKLEGGGSSGGGSGMVFTLEDFVGDWRQTAGYttLDQVLEQGGVSSLFQNLGV 
SVTPIQRIVLSGENGLKIDIHVIIPYEGLSGDQMGQIEKIFKWYPVDDHHFKVILHYGTLVIDGVTPNMIDYFGRPY 
EGIAVFDG 

SEQ ID NO: 409 (pCA €4 L27V02A 123-169-E'KB) 
atgaaaaagatcactgtaacagggaccctgtggaacggcaacaaaattatcgacgagcgcctgatcaaccccgacggc 
tccctgctg t.tccgagtaaccatcaacggagtgaccggctggcggct.gtgcgaacgcat:tcLggcgggaggaggtggc 
tcaggtggagggagctccgtggccatoctotggcatgagatgtggcatgaaggcctggaagaggcatctcgtttgtac 
tttggggaaaggaacgtgaaaggcatgtttgaggtgctggagcccctgcatgctatgatggaacggggcccccagact 
ctgaaggaaacatcctttaatcaggcctatggtcgagatttaatqgaggeecaagagtggEgeaggaagtacatgaaa 
tcagggaatgtcaaggacctcacccaagcctgggacctctatcatcatgtgttccgacgaatctca 

SEQ ID NO:410 (pCA 64 L27V02A 123-16&-FRB) 
MKKITVrGTLWNGNKIIDERLINPDGSLLFRVriNGVTGWRLCERILAGGGGSGGGSSVAILWHEMWHEGLEEASRLY 
FGERNVKGMFEVLEPLHAMMERGPQTLKETSFNQAYGRDLMEAQEWCRKYMKSGNVKDLTQAWDLYYHVFRRIS 
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SEQ ID NO:411 (pCA 65 FKBP L27V02A 1-123) 
atgggagtgcaggtggaaaccatctececaggagacggg'cgcaccttccccaagcgcggccagacctgcgtggtgc.ae 
tacaccgggatgcttgaagatggaaagaaatttgattcctcccgggacagaaacaagccctttaagtttatgctaggc 
aagcaggaggtgatccgaggctgggaagaaggggttgcccagatgagtgtgggtcagagagccaaactgactatatct 
ccagattatgcctatggtgccactgggcacccaggcatcatcccaccacatgccactctcgtcttegatgtggagctt 
ctaaaactggaaggaggagggagctccggtggaggeagcggtatggtcttcacactcgaagatttcgUtggggactgg 
cgacagacagccggctacaacctggaccaagtccttgaacagggaggtgtgtecagtttg'tttcagaatctcggggtg; 
tccgtaactccgatccaaaggactgtcctgagcggtgaaaatgggctgaagatcgacatccatgtoatcatcccgtat 
gaaggtctgagcggcgaccaaatgggncagatcgaaaaaatttttaaggtggtgtaccctgtggatgateatcacttt 
aaggtgatcctgeactatggcacactggtaatcgacggggttacgccgaacatgatcgactatttcggacggccgtat 
gaaggcat cgccgtgttcgacggcaaa 

SEQ ID NO:412 (pCA 65 FKBP L27V02A 1-123) 
MGVQVETISPGDGRTFPKRGQTCWKYTGMLEDGKKFDSSRDRNKPFKFMLGKQEVIRGWEEGVAQMSVGQRAKLTIS 
PDYAYCATGHPGIIPPHATLVFDVELLKLEGGGSSGGGSGMVFTLEDFVGDWRQTAGYNLDQVLEQGGVSSLFQNLIGV 
SVTPIQRIVLSGENGLK1DIHVIIPYEGLSGDQMGQIEKI FKWYPVDDflHFKVILHYGTLVIDGVTPNMIDYFGRPY 
EGIAVFDGK 

SEQ ID NO:413 (pCA 66 L27V02A 124-169 FRB} 
atgaagatcactgtaacagqgaccctgtggaacggcaacaaaattat.cgacgagegectgatcaaccccgacggctcc 
ctgctgt"ccgagtaaccatcaacggagtgaccggctggcggctgtgcgaacgcattctggcgggaggaggtggctca 
ggtggagggagctccgtggccatcctctggcatgagatgtggcatgaaggcctggaagaggcatctcgt ttgtacttt 
ggggaaaggaacgtgaaaggcatgtttgaggtgctggagcccttgcatgctatgatggaacggggcncccngactctg 
aaggaaacaLccttLaatcaggcctatggtcgagatttaatggaegcecaagagtggtgcaggaagtacatgaaatca 
gggaatgteaaggacctcacccaagcctgggacctctattatcatgtgttccga^gaatctca 

SEQ ID NO:414 (pCA 66 L27V02A 124-169 FRB) 
MKITVTGTLWNGNKIIDERLINPDGSLLFRVTINGVTGWRLCERILAGGGGSGGGSSVAILWHEMWHEGLEEASRLYF 
GERNVKGMFEVLEPLHAMMERGPQTLKETSFNQAYGRDLMEAQEWCRKYMKSGNVKDLTQAWDLYYHVFRRIS 

SEQ ID NO:415 {pCA 67 L27V02A 1-168} 
atgggagtgcaggtggaaaccatctccccaggagacgggcgcaccttccccaagcgcggccagacctgcgtggtgcac 
tacaccgggatgcttgaagatggaaagaaatttgattccteeegggacagaaacaagccctttaagtttatgctaggc 
aagcaggaggtgatccgaggctgggaagaaggggttgcccagatgagtgtgggtcagagagccaaactgactatatct 
ccagattatgcctatggtgccactgggcacccaggcatcatcccaccacatgccactctcgtcttcgatgtggagctt 
ctaaaactggaaggaggagggagctccggtggaggcagcggi:atggtcttcacactcgaagatttcgttggggactgg 
cgacagacagccggctacaacctggaccaagtccttgaacagggaggtgtgtccagt ttgtttcagaatctcggggtg 
tccgtaactccgatccaaaggattgtcctgagcggtgaaaaLgggctgaagatcgacatccatgtcatcatcccgtat 
gaaggtctgagcggcgaccaaacgggccagatcgaaaaaat£tttaaggtggtgtaccctgtggatgatcatcacttt 
aaggtgatcctgcactatggcacactggtaatcgacggggttacgccgaacatgatcgactatttcggacggecgtat 
gaaggcatcgccgtgt Lcgacggcaaaaagatcactgtaacagggaccctgtggaacggcaacaaaattatcgacgag 
dgcctgatcaaccccgacggctccctgctgttccgagtaaecatcaacggagtgaccggctggcggctgtgcgaacgc 
attctg 

SEQ ID NOi416 <pCA 67 L27V02A 1-16S) 
atgggagtgcaggtggaaaccatctccccaggagacgggcgcaccttccccaagcgcggccagacctgcgtggtgcac 
tacaccgggatgcttgaagatggaaagaaatttgattcctcccgggacagaaacaagccctttaagtttatgetagge 
aagcaggaggtgatccgaggctgggaagaaggggttgcccagatgagtgtgggtcagagagccaaactgactatatct 
ccagattatgcctatggtgccactgggcacccaggcatcatccoaccacatgccactctcgtcttcgatgtggagctt 
cteaaactggaaggaggagggagctccggtggaggcagcggtatggtcttcacactcgaagatttcgttggggact gg 
egaeagacagccqgctaeaacctggaccaagtccttgaacagggaggtgtgtccagtttgtttcagaatctcggggtg 
tccgtaa.ctccgatccaaaggatcgtcctyagcggcgaaaatgggctyaagatcgacatccatgi.catcatccQg tat 
gaaggtctgagcggcgaccaaatgggccagatcgaaaaaatttttaaggtggtgtaccctgtggatgatcatcacttt 
aaggtgatcctgcactatggcacactggtaatcgacggggttacgccgaacatgatcgactatttcggacggccgtat 
gaaggcalcgccglgttcgacggcaaaaagatcactgtaacagggaccctgtggaacggcaacaaaattatcgacgag 
cgcctgatcaaccccgacggctccctgctgttccgagtaaccatcaaeggagtgaecggetggcggctgtgcgaacgc 
attctg 

SEQ ID NO:417 (pCA 67 L27V02A 1-16S) 
MGVQVETISPGDGRTFPKRGQTCWHYTGMLEDGKKFDSSRDRNKPFKFMLGKCEVIRGWEEGVAQMSVGQRAKLTIS 
PDYAYGATGH PGTT PPHATIVFDVELLKLEGGGSSGGGSGMVFTLEDFVGDWRQTAGYNLDQVLEQGGVSSLFQTJLGV 
SVTPIQRIVLSGENGLKIDIHVIIPYEGLSGDQMGQIEKIFKWypVDOHHFKVILHYGTLVIDGVTPNMIDYFGRPY 
EGIAVFDGKKITVTGTLWNGNKIIDEftLINPDGSLLFRVTINGVTGWRLCERIL 
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SEQ ID NOi41B (*pCA 59 L27V02A 169 FRB) 
Atggcgggaggaggtggctcaggtggagggagctccgtggccatcctctggcatgagatgtggcatgaaggcctggaa 
gaggcatctcgtttgtactttggggaaaggaacgtgaaaggcatgtttgaggtgctggagcccttgcatgctatgatg 
gaacggggcccccagactctgaaggaaacatcctttaatcaggcctatggtcgagatItaatggaggcecaagagtgg 
tgcaggaagtacatgaaatcagggaatgtcaaggaceteacccaagcctgggacctctattatcatgtgttcygacga 
atctca 

SEQ ID NO:419 (*pCA 68 L27V02A 169 FRB) 
MAGGGGSGGGSSVAILWHEMWHEGLEEASRLYFGERNVXGMFEVLEPLHAMMERGPQTLKBTSFNQAYCRDLMEAQEW 
CRKYMK5GNVK DLT Q AW DL Y Y El V FPR IS 

SEQ ID KO:420 (pCA 69 FKBP L27V02A 1-166) 
atgggagtgcaggtggaaaccatctccccaggagacgggcgcaccttccccaagcgcggccagacctgcgtggtgcac 
tacaccgggatgcttgaagatggaaagaaatttgattcctcccgggacagaaacaagccct tlaagl ttatgctaggc 
aagcaggaggtgatccgaggctgggadgaaggggttgcccagatgagtgtgggtcagagagccaaactgactatatct 
ccagattatgcctatggtgccactgggcacccaggcatcatcc.caccacatgccactctcgtcttcgatgtggagctt 
ctaaaacrggaaggaggagggagctccggtggaggcagcggtatggtcttcavactcgaagatttcgttggggactgg 
cgacagacagccggctacaacctggaccaagtccttgaacagggaggtgtgtccsgtttgtttcagaatctcggggtg 
tccgtaactccgatccaaaggattgtcctgagcggtgaaaatggqctgaagatcgacateeatgteateatecegtat 
gaaggtctgagcggcgaccaaatgggccagatcgaaaaaatttttaaggtggtgtaccctgtggatgatcatcacttt 
aaggtgatcctgcactacggcacactggtaatcgacggggttacgccgaaoatgatcgaccatttcggacggccgtat 
gaaggcatcgccgtgttcgacggcaaaaagatcaccgtaacagggaccctgtggaacggcaacaaaattatcgacgag 
cgcctgatcaaccccgacggctccctgctgttccgagtaaccatcaacggagtgaccggctggcggctgtgcgaacgc 

SEQ ID NO:421 (pCA 69 FKBP L27V02A 1-166) 
MGVQVETISPGDGRTFPKRGQTCWHYTGMLEDGKKFDSSRDRNKPFKFMLGKQEVIRGWEEGVAQMSVGQRAKLTIS 
PDYAYGATGHPGIIPPHATLVFDVELLKLEGGGSSGGGSGMVFTLEDFVGDWRQTAGYNLDQVLEQGGVSSLFQNLGV 
SVTPTQFITVE.SGEMGLKI DTHVn PYEGLSGDQMGQIEKIFKWYPVDDHHEKVILHYGTLVIDGVTPNMIDYFGRPY 
EGIAVFDGKKITVTGTLWNGNKIIDERLINPDGSLLFRVTINGVTGWRLCER 

SEQ re MO:422 <*pCA 70 L27V02A 167-169 FRB) 
Atgattctggcgggaggaggtggctcaggtggagggaget ccgtggccatcctctggcatgagatgtggcatgaaggc 
ci.ggaagaggcatetcgtLtgtacLttggggaaagyaacgl.yaaaygcat.ylttgaggt.gcl.gyayccct.lgcalgcL. 
atgatggaacggggcccccagactctgaaggaaacatcctttaatcaggcctatggtcgagattcaatggaggceesa 
gagtggtgcaggaagtacatgaaatcagggaatgtcaaggacctcacccaagcctgggacctctattatcatgtgttc 
egacgaatetea 

SEQ ID HO:423 (*pCA 70 L27V02A 167-169 FRB) 
HILAGGGGSGGGSSVAILWHEMWHEGLEEASRLYFGERNVKGMFEVLEPLHAMMERGPQTLKETSFNQAYGRDLMEAQ 
EWCRKYMKSGNVKDLTQAWDLYYHVFRRIS 

SEQ ID HO:424 {pCA 71 FKBP L27V02A 1-164) 
atgggagtgcaggtggaaaccatctccccaggagacgggcgcacettcccoaagcgcggccagacctgcgtggtgcac 
taeaccgggatycltgaagatggaaagaaattcgattcctcccgggacagaaacaagccctttaagtttatgctaggc 
aagcaggaggtgatccgaggctgggaagaaggggttgcccagatgagtgtgggtcagagagccaaaetgaetatatct 
ccagattatgcctatggtgccactgggcacccaggcatcatcccacc&catgccactctcgtcttcgatgtgqagctt 
ctaaaactggaaggaggagggagctccggtggaggcagcggtatggtcttcacactcgaagatttcgttggggactgg 
cgacagacagccggctacaacctggaocaagtccttgaacagggaggtgtgtccagtttgtttcagaatctcggggtg 
tccgtaactccgatccaaaggattgtcctgagcggtgaaaatgggctgaagatcgacatccatgtcatcatcccgtat 
gaaggtctgagcggcgaccaaatgggccagatcgaaaaaatttttaaggtggtgtaccctgtggatgatcatcacttt 
aaggtgatcctgcactatggcacactggtaatcgacggggttacgccgaacatgatcgactatttcggacggccgtat 
gaaggcatcgccgtgttcgacggcaaaaagatcactgtaacagggaccctgtggaacggcaacaeaattatcgacgag 
cgcctgatcaaccccgacggct ccctgctgttocgagtaaccatcaacggag tgaccggctggcggctgtgc 

SEQ ID NO:425 (pCA 71 FKBP L27V02A 1-164) 
MGVQVETrSPGDGKTFPKRGQTCVVHYTGMLEDGKKFDSSRDRNKPFKFMLGXQEVIRGWEEGVAQMSVGQRAKLTIS 
PDYAYGATGH PGII PPHATLVFDVELLKLEGGGSSGGGSGMVP'TLEDFVGDWRQTAGYNLDQVLEQGGVSSI/FQNLGV 
SVTPIQRIVLSGENGLKIDIHVH PYEGLSGDQMGQIEKIFKWYPVDDHHFKVILHYGTLVIDGVTPNMIDYFGRPY 
EGIAVFDGKXITVTGTLWNGNKIIDERLINPDGSLLFRVTINGVTGWRLC 

SEQ ID NO:42 6 (pCA 72 L27V02A 165-169 FRB) 
atggaacgcattctggcgggaggaggtggctcaggtggagggagctccgtggccatcctctggcatgagatgtggcat 
qaaggcctggaagaggcatctcgtttgtactttggggaaaggaacgt gaaaggcatgtttgaggtgctggagcccttg 
.catgctatgatggaacggggcccccagactctgaaggaaacatcctttaatcaggcctatggtcgagatttaatggag 
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gcccaagagl-ggtgcaggaagtacatgaaatcagggaatgteaaggaccteacccaagcctgggacctctattatcat 
gtgttccgacgaatctca 

SEQ ID N0:427 (pattern sequence) 
GSAIVK 

SEQ ID NO:428 (pCA 72 L27V02A 165-159 FRB) 
MERILAGGGGSGGGESVAILWHEMWHEGTJEEASR.LYFCERWVKGMFEVLEPLHAMMERGPQTLKE.TSFNQAYGRDLME 
AQEWCRKYMKSGNVKDLTQAWDLYYflVFRRIS 

SEQ ID NO:429 (pCA 73 FKBP L27V02A 1-162) 
atgggagtgcaggtggaaaccatctccccaggagacgggcgcanettccccaagcgcggccagacctgcgtggtgcac 
tacaccgggatgcttgaagatggaaagaaatttgattcctcccgggacagaaacaagccctttaagtttatgctaggc 
aagcaggaggtgatccgaggctgggaagaaggggttgcccagatgagtgtgggtcagagagccaaactgactatatct 
ccagattatgcctatggtgccactgggcacccaggcatcatcccaccacafcgccactctcgtcttegatgtggagctr. 
ctaaaactggaaggaggagggagctccgqtggaggcagcggtatggtcttcacactcgaagatttcgttggggactgg 
cgacagacagccggctacaacctggaccaagtccttgaacagggaggtgtgtccagtt tgjittcagaatctcggggtg 
tccgtaactccgateeaaaggattgtcctgagcggtgaaaatgggctgaagatcgacatccatgtcatcatcccgtat 
gaaggtctgagcggcgaccaaatgggccagatcgaaaaaatttttaaggtggtgtaccctgtggatgatcatcacttt 
aaggtgatcctgcactatggcacactggtaatcgacggggttacgccgaacatgatcgactatttcggacggccgtat 
gaaggcatcgccgtgttcgacggcaaaaagatcactgtaacagggaccctgcggaacggcaacaaaattatcgacgag 
cgectgatcaaccccgacggctccctgctgttccgagtaaccatcaacggagtgaccggctggcgg 

SEQ ID NO:430 (pCA 73 FKBP L27V02A 1-162) 
MGVQVETISPGOGRTFPKRGQTCVVHYTGMLEDGKKFDSSRDRNKPFKFMLGKQEVIRGWEEGVAQMSVGQRAKLTIS 
PDYAYGATGHPGIIPPHArLVFDVELliKLEGGGSSGGGSGMVFTLEDFVGDWRQTAGYNLDQVLEQGGVSSLFQNLGV 
SVTPIQRIVLSGENGLKIDIHVIIPYEGLSGDQMGQIEKIFKVVYPVDDHHFKVILHYGTLVIDGVTPNMIDYFGRPY 
SGTAVFDGKKITVTGTLWNGNKIIDERLINPDGSLLFRVTINGVTGWR 

SEQ ID NO:431 (pCA 74 L27V02A 163-169 FRB) 
atgctgtgcgaacgcattctggcgggaggaggtggctcaggtggagggagctccgtggccatcctctggcatgagatg 
tggeatgaaggcctggaagaggcatctcgtttgtaetttggggaaaggaacgtgaaaggcatgtttgaggtgctggag 
cccttgcatgctatgatggaacggggcccccagactctgaaggaaacatcctttaatcaggcctatggtcgagattta 
atggaggcccaagagtggtgcaggaagtacatgaaatcagggaatgtcaaggaccEcacccaagcctgggacccctat 
tatcatgtgttccgacgaatctca 

SEQ ID NO;432 tpCA 74 L27V02A 163-169 FRB) 
MLC3RILACCGGSCGGSSVAILWHEMWHEGLEEASRLYFGSRNVKGMFEVLEPLHAMMERGPQTI.KETSFNQAYGRDL 
MEAQEWCRKYMKSGNVKDLTQAWDLYYHVFRRIS 

SEQ ID NO:433 (pCA 75 FKBP L27V02A 1-160) 
atgggagtgcaggtggaaaccatctccccaggagacgggcgcaccttccccaegcgcggccagacctgcgtggtgcac 
tacaccgggatgcttgaagatggaaagaaatttgattcctcecgggaeagaaaeaagccetttaagtttacgetaggc 
aagcaggaggtgatccgaggctgggaagaaggggttgcccagatgagtgtgggCcagagagccaaaccyactatatct 
ccagattatgcctatggtgccactgggcacccaggcatcatcccaccacatgccactctcgccttcgatgtggagctt 
ctaaaactggaaogaggagggagctccggtggaggcagcggtatggt cttcacactcgaagatttcgttggggactgg 
cgacagacagccggctacaacctggaccaagtccttgaacagggaggtgtytccagttt gtttcagaatctcggggcg 
tccgtaactccgatccaaaggattgtcctgagcggtgaaaatgggctgaagatcgacatccatgtcaccatcecgtat 
gaaggtctgagcggcgaccaaatgggccagatcgaaaaaat ttctaaggtggtgtaccctgcggatgatcatcactc t 
aaggtgatcctgcactatggcacactggtaatcgacggggttacgeegaacatgatcgactatttcggaeggecgtat 
gaaggcatcgccgtgttcgacggcaaaaagatcactgtaacagggaccctgtggaacggcaacaaaatlatcgacgag 
cgcctgatcaaccccgacggccccctgctgctccgagtaaccatcaacggagtgaccggc 

SEQ ID NO:434 (pCA 75 FKBP L27V02A 1-160) 
MGVQVETISPGDGRTFPKRGQTCVVHYTGMLEDGKKFDSSRDRNKPFKFMLCKQEVIRGWEEGVAQMSVGQRAKLTIS 
PDYAYGATGHPGIIPPHATI.,VPDVEL,LKLEGGGSSGGGSGMVFTLEDE,VGDWRQTAGYNLDQVLEQGGVSSLFQNLGV 
SVTPIQRIVLSGSNGLKIDIHVIIPYEGLSGDQMGQIEKIFKWYPVDDHHFKVILHYGTLVIDGVTPNMIDYFGRPY 
EGIAVFDGKKITVTGTLWNGNKIIDER1INPDGSLLFRVTINGVTG 

SEQ ID NO:435 (pCA 76 L27V02A 161-169 FRB) 
a tgtggcggctgtgcgaacgcattctggcgggaggaggtggctcaggtggagggagcl-ccgtggccat cctct ggcat 
gagatgtggcatgaaggcctggaagaggcatctcgttcgtactttggggaaaggaacgtgaaaggcatgtttgaggtg 
ctggagcccttgcatgctatgatggaacggggcccccagactctgaaggaaacatcctttaatcaggcctatggtcga 
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gatttaatggaggcccaagagtggtgcaggaagtacatgaaatcagggaatgtcaaggacctcacceaagectgggac 
ctctattatcatgigttccgacgaatctca 

SEQ ID NO:436 (pCA 76 L27V02A 161-169 FRB) 
ttWRLCERILAGGGGSGGGSSVAILWHEMVJHEGLEEASRLYFGERNVKGMFEVLEPLHAMMERGPQTLKETSFNQAYGR 
DLMEAQEW CR KYM KSGNVKDLTQAWDLY YHVFRRIS 

SEQ ID NO:437 (pCA 77 FKBP L27V02A 1-158) 
atgggagtgcaggtggaaaccatctccccaggagacgggcgcaccttccccaagcgcggccagacctgcgtggtgcac 
tacaccgggatgcttgaagatggaaagaaatttgattcctcccgggacagaaacaagccctttaagtttatgctaggc 
aagcaggaggtgatccgaggctgggaaga&ggggttgcccagatgagtgtgggtcagagagceaaactgactatatct 
ccagattatgcetatggtgccactgggcacccaggcatcaccccaccacatgccactctcgtcttcgatgtggagctt 
claaaactggaaggaggagggagctccggtggaggcagcggtatggtcttcaeactcgaagatttcgttggggactgg 
cgaeagacagccggctacaacctggaccaagtccttgaacsgggaggtgtgtccagtttgtttcagaatctcggggtg 
tccgtaactccgatccaaaggattgtcctgagcggtgaaaatgggctgaagatcgacatccatgtcatcatcccgLat 
gaaggtctgagcqgcgaccaaatgggccagatcgaaaaaatttttaaggtggtgtaccccgtggacgatcatcacttt 
aaggtgatcctgcactatgycacactggtaatcgacggggttacgccgaacatgategaetatttcggacggccgtat 
gaaggcatcgccgr.gttcgacggcaaaaagatcactgtaacagggaccctgtggaacggcaacaaaattatcgacgag 
cgcctgatcaacccogacggctccct gctgttccgagtaaccateaacggagtg 

SEQ ID NO:438 (pCA 77 FKBP L27V02A 1-158) 
MGVQVETISPGDGRTFPKRGQTCVVHYTGMI.EDGKKFDSSRDHNKPFKFMLGKQEVIRGWEEGVAQMSVGQRAKLTIS 
PDYAYGATGHPGIIPPHATLVFDVELLKIEGGGSSGGGSGMVFTLEDFVGDWRQTAGYNLDQVIEQGGVSSLFQNLGV 
SVTFIQRIVLSGENGLKI DIHVIIPYEGLSGDQMGQIEKIFKWYPV DDHHFKVILHYGTLVIDGVTPNMIDYFGRPY 
EG1AVFDGKKITVTGTLWJSIGNKIIDERLINPDGSLLFRVTINGV 

SEQ ID NO:439 (pCA 79 L27V02A 159-169 FRB) 
Atgaccggctggcggctgtgcgaacgcattctggcgggaggaggtggctcaggtggagggagctccgtggccatcctc 
tggcatgagatgtggcatgaaggccc ggaagaggcatctcgtttgtactttggggaaaggaacgtgaaaggcatgttt 
gaggtgctggagcccttgcatgctatgatggaaeggggcccccagactctgaaggaaacatcotttaatcacgcctat 
ggtcgagattcaacggaggcccaagagtggtgcaggaaytacatgaaatcagggaatgtcaaggacctcacccaagcc 
tgggacctctattatcatgcgttccgacgaatctca 

SEQ ID NO:440 <pCA 73 L27V02A 159-169 FRB) 
MTGWRLCRRT LACGCGSGCGSSVAILWHEMWHEGLEEASRLYFGERNVKGMFEVLE PLHAMMERGPQTLKETSFNQAY 
GRDLMEAQEWCRKYMKSGNVKDLTQAWDLYYHVFRRIS 

SEQ ID NO:441 RIIbB {nt esq) 
ATGTATGAAAGCTTTATTGAGTCACTGCCRTTCCTTAAATCTTTGGAGTTTTCTGCACGCCTGAAAGTAGTAGATGTG 
ATAGGCACCAAAGTATACAACGATGGAGAACAAATCATTGCTCAGGGAGATTCGGCTGATrCTTTTTTCATTATTGAA 
TCrGGAGAAGTGAAAATTACTATGAAAAGAAAGGGTAAATCAGAAGTGGAAGAGAATGGTGCAGTAGAAATCGCTCGA 
TGCTCGCGGGGACAGTACTTTGGAGAGCTTGCCCTGGTAACTAACAAACCTCGAGCAGCTrCTGCCCACGCCATTGGG 
ACTGTCAAATGTTTAGCAATGGATGTGCAAGCATTTGAAAGGCTTCTGGGACCTTGCATGGAAATTATGAAAAGGAAC 
ATCGCTACCTATGAAGAACAGTTAGTTGCCCTGTATGGAACGAACATGGATATTGTA 

SEQ ID NO:442 RIIbB (aa seq} 
MYESFlESLPFLKSLEFSARLKWDVIGTKVYNDGEQIIAQGdSADSFFIIESGEVKITMKRKGKSEVEENGAVEIAR 
CSRCQYFGELALVTNKPRAASAKAIGTVKCLAMDVQAFERLLGPCMEIMKRNIATYEEQLVALYGTNMDIV 

SEQ ID NO:443 {L27V CP 13 TEV) 
atgacagccggctacaacctggaccaagtccttgagcagggoggtqtgtccagtttgtttcagaatctcggggtgtcc 
gtaactecgacscaaaggattgtcctgagcggtgaaaacggcctgaagatcgacatccatgtcatcatcccgtatgaa 
ggtctgagcggcgatcagatgggccagatcgaaaaaatttttaaggtggtgtaccctgtggatgatcatcactttaag 
gtgattctgcactatggcacactggtaatcgacggggttacgccgaacatgatcgactatttcggacggccgtatgaa 
ggcatcgccgtgttcgacggcaaaaagatcactgtaaccgggacccLgtggaacggcaacaaaattatcgacgagcgc 
ctgatcaacccogacggctccctgctgttccgcgtaaccatcaacggagtgaccggctggcggctgtgcgagcgcatt 
ttggcgggaagttctggtggaggaagttctggtggagagcctacnactgagaacttgtacttccagagcgataacgga 
agttctggtggaggaagttcL-ggtggaatggtgtttacactcgaagatttcgtaggggactggcggcag 

SEQ ID NO:444 (L27V CP 13 TEV) 
MTAGYNLDQVLEQGGVSSLFQWLGVSVTPIQRJ VLSGENGLKI DIHVII PYEGLSGDQMGQIEKI FKWYPV DDHHFK 
VILHYGTLVIDGVrPNMIDYFGRPYEGIAVFDGKKITVTGTLWNGNKIIDERLINPDGSLLFRVTINGVTGWRLCSRI 
LAGS5GGGSSGGEPTTENLYFQSDNGSSGGGSSGGMVFTLEDFVGDWRQ 
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SEQ ID NO:445 (L27V CP 57 TEV) 
AtgcatgtcatcatcccgtatgaaggEctgagcggcgatcagatgggccagatcgaaaaaatt tttaaggtggtgtac 
cctgtggetgatcatcaotttaaggtgattctgcactatggcacactggtaategacggggttacgccgaacatgatc 
gactatttcggacggccgtatgaaggcatcgccgtgttcgacggcaaaaagatcactgtaaccgggaccctgtggaac 
ggcaacaaaattatcgacgagcgcccgatcaaccccgacggctccctgctgttccgcgtaaccatcaacggagtgacc 
ggctggcggccgtgcgagcgcattttggcgggaagttct ggtggaggaagttctggtggagagcctactactgagaac 
ttgtacttccagagcgataacgqaagttctggtggaggaagttctggtggaatggtgtttacactegaagatttcgta 
ggggactggcggcagacagccggctacaacctggaccaagtccttgagcagggcggtgtgtceagUttgtttcagaat 
ct cggggtgtccgtaactccgacccaaaggattgtcctgagcggtgaaaacggcctgaagatcgacatc 

SEQ ID NO:446 (L27V CP 57 TEV) 
MHVUPYEGLSGDQMGQIEKIFKVVYPVDDHHFKVILHYGTLVIDGVTPNMIDYFGF.PYEGIAVFDGKKITVTGTLWN 
GNKIIDERLINPDGSLlFRVTlNGVTGWRLC&RILAGSSGGGSSGGEFrTENLYFQSDNGSSGGGSSGGMVTTLEDFV 
GDWRQTAGYNLDQVLEOGGVSSIFQNIGVSVTPIQRIVLSGENGLKIDI 

SEQ ID NO:447 (L27V CP 98 TEV} 
atggtaatcgacggggttaegccgaacatgatcgactatttcggacggccgtatgaaggcatcgccgtgttcgacggc 
aaaaagatcactgtaaccgggaccctgtggaacggcaacaaaattatcgacgagcgcctgatcaacoccgacggctcc 
ctgctgttccgcgtaaccatcaacggagtgaccggctggcgactgtgcgagcgcattttggcgggaagttctggtgga 
ggaagttctggtqgagagcctactactgagaacttgtacttccagagcgataacggaagttctggrggaggaagttct 
ggtggaatggtgttcacactcgaagattLcgtaggggactggcggcagacagccggctacaacctggaccaagtcctt 
gagcagggcggtgtgtccagtttgtttcagaatctcggggtgtccgcaactccgatccaaaggattgtnctgagcggt 
gaaaacggcctgaagatcgacatccatgtcatcat cccgtatgaaggtctga gcggcgatcagacgggccagatcgaa 
aaaat ttrtaaggtggtgtaccctgtggatgatoatcactt taaggtgattccgcactatggcacactg 

SEQ ID NO:448 (L27V CP 98 TEV) 
MVIDGVTPNMIDYFGRPYEGIAVFDGKKITVTGTLWNGNKIIDERLINPDGSLLFRVTINGVTGWRICERILAGSSGG 
GSSGGEPTTENLYFQSDNGS5GGGSSGGMVFTLEDFVGDWRQTAGYNLDQVLEQGGVSSLFQNLGVSVTPIQRIVLSG 
ENGLKI DTHVII PYEGLSGDQMGQIEKIFKWYPVDDHHFKVILHYGTL 

SEQ ID NO:449 {Human Protein Kinase C alpha (PKCa) (nt sequence) 
ATGGCTGACGTTTTCCCGGGCAACGACTCCACGGCGTCTCAGGACGTGGCCAACCGCTTCGCCCGCAAACGGGCGCTG 
AGGCAGAAGAACGTGCACGAGGTGAAGGACCACAAATTCATCGCGCGCTTCTTCAAGCAGCCCACCTTCTGCAGCCAC 
TGCACCGACTTCATCTGGGGGTTTGGGAAACAAGGCTTCCAGTGCCAAGTTTGCTGTTTTGTGGTCCACAAGAGGTGC 
CATGAATTTGTTACTTTTTCTTGrCCGGGTGCGGATAAGGGACCCGACACTGATGACCCCAGGAGCAAGCACAAGTTC 
AAAATCCACACTTACGGAAGCCCCACCTTCTGCGRTCACTGTGGGTCRCTGCTCTATGGACTTATCCATCAAGGGATG 
AAATGTGACACC7GCGATATGAACGTTCACAAGCAATGCGTCATCAATGTCCCCAGCCTCTGCGGAATGGATCACACT 
GAGAAGAGGGGGCGGATTTACCTAAAGGCTGftGGTTGCTGATGAAAAGCTCCATGTCACAGTACGAGATGCAAAAAAT 
CTAATCCCTATGGATCCAAACGGGCTTTCAGATCCTTATGTGAAGCTGAAACTTATTCCTGRTCCCARGAATGAAAGC 
AAGCAAAAAACCAAAACCATCCGCTCCACACTAAATCCGCAGTGGAATGAGTCCTTTACATTCAAATTGAA.£VCCTTCA 
GACAAAGACCGACGACTGTCTGTAGAAATCTGGGACTGGGATCGAACAACAAGGAATGACTTCATGGGATCCCTTTCC 
TTTGGACTTTCGGA.GCTGATGAAGATGCCGGCCAGTGGATGGTACAAGTTgCTTAACCAAGAAGAAGGTGAGTACTAC 
AACGTACCCATTCCGGAAGGGGACGAGGAAGGAAACATGGAACTCAGGCAGAAATTCGAGAAAGCCAAACTTGGCCCT 
GCTGGCAACAAAGTCATCAGTCCCTCTGAAGACAGGAAACAACCTTCCAACAACCTTGACCGAGTGAAACTCACGGAC 
TTCAATTTCCTCATGGTGTTGGGAAAGGGGAGTTTTGGAAAGGTGATGCTTGCCGACAGGAAGGGCACAGAAGAACTG 
TATGCAATCAAAArCCTGAAGAAGGATGTGGTGATTCAGGATGATGACGTGGAGTGCACCATGGTAGAAAAGCGAGTC 
TTGGCCCrGCITGACAAACCCCCGTTCTTGACGCAGCTGCACTCCTGCTrCCAGACAGTGGATCGGCTGTACTTCGTC 
ATGGAATATGTCAACGGTGGGGACCTCATGTACCACATTCAGCAAGTAGGAAAATTTAAGGAACCACAAGCAGTATTC 
'J'ATGCGGCAGAGATTTCGATCGGATTCTTCTTTCTTCATAAAAGAGGAATCATTTATAGCGATCTGAAGTTAGATAAC 
GTCATGTTGGATTCAGAAGGACATATCAAAATTGCTGACTTTGGGATGTGCAAGGAACACATGATGGATGGAGTCACG 
ACCAGGACCTTCTGTGGGACTCCAGATTATATCGCCCCAGAGATAATCGCTTATCAGCCGTATGGAAAATCTGTGGAC 
TGCTCGGCCTATGGCGTCCTGTTGTATGAAATGCTTGCCGGGCAGCCTCCATTTGATGGTGAACATGAAGACGAGCTA 
TTTCAGTCTATCATGGAGCACAACGTTTCCTATCCAAAATCCTTG'rCCAAGGAGGCTGTTTCTATCTGCAAAGGACTG 
ATGACCAAACACCCAGCCAAGCGGCTGGGCTGTGGGCCTGAGGGGGAGAGGGACGTGAGAGAGCATGCCTTCTTCCGG 
AGGATCGACTGGGAAAAACTGGAGAACAGGGAGATCCAGCCACCATTCAAGCCCAAAGTGTGTGGCAAAGGAGCAGAG 
AACTTTGACAAGTTCTTCACACGAGGACACCCCGTCTTAACACCACCTGATCAGC'J'GGTTATTGCTAACATAGACCAC 
TCTGATTTTGAAGGGTTCTCGTATGTCAACCCCCAGTTTGTGCACCCCATCTTACAGAGTGCAGTAGTT 

SEQ ID NO:450 (Human Protein Kinase C alpha (PKCa) (aa sequence} 
MAUVFPGNDSTASQDVANRFARKGAIRQKNVHEVKDHKFIARFFKQPTFCSHCTDFTWGFGKQGFQCQVCCFVVHKRC 
HEFVTFSCPGADKGPDTDDPRSKHKFKIHTYGSPTFCDHCGSLLYGLIHQGMKCDTCDMMVHKQCVINVPSI-CGMDHT 
EKRGRIYLKA£VADEKLHVTVRDAKNLIPMDPNGLSDPYVKLK1IPDPKNESKQKTKTIRSTLMPQWNESFTFKLKPS 
DKDRRLSVEIWDWDRTTRNDFMGSLSFGVSBLMXMPASGWYKL1NQEEGEYYNVPIPEGDEEGNMELRQKFEKAKLGP 
AGNKVISPSEDRKQPSNNLDRVKT/rDFNFLMVLGKGSFGKVMLADRKGTEELYAIKILKKDWIQDDDVECTMVEKRV 
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LALLDKPPFLTQLHSCFQTVDRLYFVMEYVNGGDLMYHIQQVGKFKEPQAVFYAAEISIGLFFLHKRGIIYRDLKLDM 
VMLDSSGHIKIADrGMCKEHMMDGVTTRTFCGTFDYlAPEIIAYQPYGKSVDWWAYGVLLYEMLAGQPPFDGEDEDEL 
FQSIMSHNVSYPKSLSKEAVSICKGLMT.KHPAKRLGCGPEGERDVREHAFFRRIDWEKLENREIQPPFKPKVC'GKGAE 
NFDKFFTRGQPVLTPPDQLVIANIDQSDFEGFSYVNPQrVHPILQSAW 

SEQ IQ NO:451 (Human Glucocorticoid receptor (GR) (nt sequence) 
ATGGACTCCAAAGAATCATTAACTCCTGGTAGAGAAGAAAACCCCAGCAGTGTGCTTGCTCAGGAGAGGGGAGAT&TG 
ATGGACTTCTATAAAACCCTAAGAGGAGGAGCTACTGTGAAGGTTTCTGCGTCTTCACCCTCACTGGCTGTCGCTTCT 
CAATCAGACTCCAAGCAGCGAAGACTTTTGGTTGATTTTCCAAAAGGCTCAGTAAGCAATGCGCAGCAGCCAGATOIG 
TCCAAAGCAGTTTCACTCTCAATGGGACTGTATATGGGAGAGACAGAAACAAAAGTGATGGGAAATGACCTGGGATTC 
CCACAGCAGGGCCAAATCAGCCTTTCCTCGGGGGAAACAGACTTAAAGCTTTTGGAAGAAAGCATTGCAAACCTCAAT 
AGGTCGACCAGTGTTCCAGAGAACCCCAAGAGTTCAGCATCCACTGCTGTGTCTGCTGCCCCCACAGAGAAGGAGTTT 
CCAAAAACTCACTCTGATGTATCTTCAGAACAGCAACATTTGAAGGGCCAGACTGGCACCAACGGTGGCAATGTGAAA 
TTGTATACCACAGACCAAAGCACCTTTGACATTTTGCAGGATTTGGAGTTTTCTTCTGGGTCCCCAGGTAAAGAGACG 
AATGAGAGTCCJ^TGGAGA'I'CAGACCTGTTGATAGATGAAAACTGTTTGCTTTCTCCTCTGGCGGGAGAAGACGATTCA 
TTCCTTTTGGAAGGAAACrCGAATGAGGACTGCAAGCCTCTCATTTTACCGGACACTAAACCCAAAATT.AAGGATAAT 
GGAGATCTGGTTTTGTCAAGCCCCAGTAATGTAACACTGCCCCAAGTGAAAACAGAAAAAGAAGATTTCATCGAACTC 
TGCACCCCTGGGGTAATTAAGCAAGAGAAACTCGGCACAGTTTACTGTCAGGCAAGCTTTCCTGGAGCAAATATAATT 
GGTAATAAAATGTCTGCCATTTCTGTTCATGGTGTGAGTACCTCTGGAGGACAGATGTACGACTATGACATGAATACA 
GCATCCCTTTCTCAACAGCAGGATCAGAAGCCTATTTTTAATGTCATTCCACCAATTCCCGTTGGTTCCGAAAATTGG 
AATAGCTGCCAAGGATCTGGAGATGACAACTTGACTTCTCTGGGGACTCTGAACTTCCCTGGTCGAACAGTTTTTTCT 
AATGGCTATTCAAGCCCCAGCATGAGACCAGATGTAAGCTCTCCTCTCATCCAGCTCCTCAACAGCAACAACAGGACCA 
CCTCCCAAACTCTGCCTGGTGTGCTCTGATGAAGCTTCAGGATGTCATTATGGAGTCTTAACTTGTGGAAGCTGTAAA 
GTTTTCTTCAAAAGAGCAGTGGAAGGACAGCACAATTACCTATGTGCTGGAAGGAATGATTGCATCATCGATAAAATT 
CGAAGAAAAAACTGcccAGCATGCCGCTATCGAAAATGTCT'i'CAGGCTGGAATGAACCTGGAAGCTCGAAAAACAAAG 
AAAAAAArAAAAGGAATTCAGCAGGCCACTACAGGAGTCTCACAAGAAACCTCTGAAAATCCTGGTAACAAAACAATA 
GTTCCTGCAACG?TACCACAACTCACCCCTACCCTGGTGrCACTGTTGGAGGTTATTGAACCTGAAGTGTTATATGCA 
GGATATGATAGCTCTGTTCCAGACrCAACTTGGAGGATCATGACTACGCTCAACATGTTAGGAGGGCGGCAAGTGATT 
GCAGCAGrGAAATGGGCAAAGGCAATACCAGGTTTCAGGAACTTACACCTGGATGACCAAATCACCCTACTGCACTAC 
TCCTGGATGTTTCTTATGGCATTTGCTCTGGGGTGGAGATCATATAGACAATCAAGTGCAAACCTGCTGTGTTTTGCT 
CCTGATCrGATTATTAATGAGCAGAGAATGACTCTACCCTGCATGTACGACCAATGTAAACACATGCrGTATGTTTCC 
TCTGAGTTACACAGGCTTCAGGTATCTTATGAAGAGTATCTCTGTATGAAAACCTTACTGCTTCTCTCTTCfl.GTTCCT 
AAGG&CGGTCTGAAGAGCCAAGAGCTATTTGATGAAATTAGAATGACCTACATCAAAGAGCTAGGAAAAGCCATTGTC 
AAGAGGGAAGGAAACTCCAGCCAGAACTGGCAGCGGTTTTATCAACTGACAAAACTCTTGGATTCTATGCATGAAGTG 
GTTGAAAA'rCTCCTTAACTATTGCTTCCAAACATTTTTGGATAACACCATGAGTATTGAATTCCCCCAGATGTTAGCT 
GAAATCATCACCAATCAGATACCAAAATATTCAAATGGAAATATCAAAAAACTTCTGTrTCATCAAAAGGTT 

SEQ ID NO:452 (Human Glucocorticoid receptor (GR) (aa sequence) 
MDSKESLTPGREENPSSVLAQERGDVMDFYKT-LRGGATVKVSASSPSLAVASQSDSKQRRLLVDFPKGSVSNAQGPDL 
SKAVSLSMGLYMGETETKVMGNDLGFPQQGQISLSSGETDLKLLEESIANLNRSrSVPENPKSSASTAVSAAPTEKEF 
PKTHSDVSSEQQHLKGQrGTNGGNVKLYTTDQSTFDILQDLE FSSGSPGKETNESPWRSDLLIDENCLLSPLAGEDDS 
FLLEGNSNEDCKPLILPDTKPKIKDNGDLVLSSPSNVTLPQVKTEKEDFIELCTPGVIKQEKLGrVYCQASFPGANII 
GNKMSAISVHGVSTSGGQMYHYDMNTASLSQQQDQKPIFNVIPPIPVGSENWNRCQGSGDDNLTSLGTLNFPGRTVFS 
NGYSSPSMRPDVSSPPSSSSTATTGPPPKLCLVCSDEASGCHYGVLTCGSCKVFFKRAVEGQHNYLCAGRNDCIIDKI 
RRKNCPACRYRKCLQAGMNLEARKTKKKIKGIQQATTGVSQETSEHPGNKTIVPATLPQLTPTLVSLLEVIEPEVLYA 
GYDSSVPDSTWRIMTTLNMLGGRQVIAAVKWAKAIPGFRNLHLDDQMTLLQYSWMFLMAFALGWRSYRQSSANLLCFA 
PDLIINEQRMTLPCMYDQCKHMLYVSSELHRLQVSYEEYICMKTLLLLSSVPKDGLKSQELFDZIRMTYIKELGKAIV 
KREGKSSQMHQRFYQLTKLLDSMHEVVENLLNYCFQTFLDKTMSIEFPEMLAEIITNQIPKYSNGNIKKLLFHQKV 

SEQ ID HO:453 (L27v02-GR/L27v02-PKCa linker (nt sequence} 
GGTGGTTCAGGTGGTGGCGGGAGCGGTGGAGGGAGCAGCGGTGGAGCGATCGCC 

SEQ ID NO.4 54 (L27V02-GR/lj27V02-PKCa linker (aa sequence) 
GGSGGGGSGGGSSGGA1A 

SEQ ID NO:455 (GR-L27v02/PKCa-L27V02 linker (nt sequence) 
TCTCTCGGTGGTTCAGGTGGTGGCGGGAGCGGTGGAGGGAGCAGCGGTGGA 

SEQ ID NO:456 (GR-L2?V02/PKCa-L27V02 linker (aa sequence) 
SLGGSGGGGSGGGSSGG 

SEQ ID NO:457 (GSsG linker (nt sequence) 
GCTCGAGCGGA 
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SEQ ID NO;456 (GSSG linker (aa sequence) 
GSSG 

SEQ ID NO:459 (AT1R (nt sequence) 
ATGATTCTCAACTCTTC7ACTGAAGATGGTATTAAAAGAATCCAAGATGATTGTCCCAAAGCTGGAAGGCATAATTAC 
ArATTTGrCATGAllTCCTflCTTTArACAGTATCATCTTTGTGGTGGGAATATTTGGAAACAGCTTGGTGGTGATAGTC 
ATTTACTTTTATATGAAGCTGAAGACTGTGGCCAGTGTTTTTCTTTTGAATTTAGCACTGGCTGACTTATGCTTTTTA 
CTGACTTTGCCACI'ATGCCCTGTCTACACAGCTATGGAATACCGCTGGCCCTTTGGCAATTACCTATGTAAGATTGCT 
TCAGCCAGCGTCAGTTTCAACCTGTACGCTAGTGTGTTTCTACTCACGTGTCTCAGCATTGATCGATACCIGGCXATT 
GTTCACCCAATGAAGTCCCGCCTTCGACGCACAATGCTTGTAGCCAAAGTCACCTGCATCATCATTTGGCTGCTGGCA 
GGCTTGGCCAGTTTGCCAGCTATAATCCATCGAAATGTATTTTTCATTGAGAACACCAATATTACAGTTTGTGCTTTC 
CATTATGAGTCCCAAAATTCAACCCTTCCGATAGGGCTGGGCCTGACCAAAAATATACTGGGTTTCCTGTTTCCTTTT 
CTGATCATTCTTACAAGTTATACTCTTATTTGGAAGGCCCTAAAGAAGGCTTATGAAATTCAGAAGAACAAACCAAGA 
AATGATGATATTT'TTAAGATAATTATGGCAATTGTGCTTTTCTTTTTCTTTTCCTGGATTCCCCACCAAATATTCACT 
TTTCTGGATGTATTGATTCAACTAGGCATCATACGTGACTGTAGAATTGCAGATATTGTGGACACGGCCATGCCTATC 
ACCATTTGTATAGCTTATTTTAACAATTGCCTGAATCCTCTTTTTTATGGCTTTCTGGCGAAAAAATTTAAAAGATAT 
TTTCTCCAGCTTCTAAAATATATTCCCCCAAAAGCCAAATCCCACTCAAACCTTTCAACAAAAATGAGCACGCTTTCC 
TACCGCCCGTCAGATAATGTAAGCTCATCCACCAAGAAGCCTGCACCATGTTTTGAGGTTGAGTGA 

SEQ ID NO:460 (AT1R {aa sequence) 
MILNSSTEDGIKRIQDDCPKAGRHNYIFVMIPTLYSIIFWGIFGNSLVVIVIYFYMKLKTVASVFLLNLAIADLCFL 
LTLPLWAVYTAMEVRWPFGNYLCKIABASVSFNL^ASVFI.LTCLSIDRYLAIVHPHKSRLRRTMLVAKVTCIIIWLLA 
GLASLPAIIHRNVPFIENTNITVCAFHYESQNSTLPlGLGLTKNILGFLFPFLIILTSYTkrWKALKKAYEIQKNKPR 
NDDIFKIIMAIVLFFFFSWIPHQIFTFLDVLIQLGIIRDCRIADIVDTAMPITICIAYFNNCLNPLFYGFLGKKFKRY 
FLQLLXYTPPKAKSHSNLSTKMSTLSYRPSDNVSSSTKKPAPCFEVE 

S£Q ID NO:461 (IL6-00 signal peptide (nt sequence} 
ATGAACTCCTTCTCCACAAGCGCCTTCGGTCCAGTTGCCTTCTCCCTGGGGCTGCTCCTGGTGTTGCCTGCTGCCTrC 
CCTGCCCCA 

SEQ ID NO:462 (IL6-00 signal peptide (aa sequence} 
MNSFSTSAFGPVAE'SLGLLLVLPAAf PAP 

SEQ ID NO:463 (IL6-00 L27V-00 (nt sequence) 
ArGAACTCCTTCTQCACAAGCGCCTTCGGTCCAGTTGCCTTCTCCCTGGGGOrGCTCCTGGTGTTGCCTGCTGCCTrC 
CCTGCCCCAGTGTTTACACTCGAAGATTTCGTAGGGGAC'J'GGCGGCAGACAGCCCGCTACAACCTGGACCAAGTCCTT 
GAGCAGGGCGGTGTGTCCAGTTTGTTTCAGAATCTCGGGGTGTCCGTAACTCCGATCCAAAGGATTGTCCTGAGCGGT 
GAAAACGGCCTGAAGATCGACATCCATGTCATCATCCCGTATGAAGGTCTGAGCGGCGATCAGATGGGCCAGATCGAA 
AAAATTTTTAAGGTGGTGTACCCTGTGGATGATCATCACTTTAAGGTGATTCTGCACTATCGCACACTCGTAATCGAC 
GGGGITACGCCGAACATGATCGACTATTTCGGACGGCCGTATGAAGGCATCGCCGTGTTCGACGGCAAAAAGATCACT 
GTAACCGGGACCCTGTGGAACGGCAACAAAATTATCGACGAGCGCCTGATCAACCCCGACGGCTCCCTGCTGTTCCGC 
GTAACCATCAACGGAGTGACCGGCTGGCGGCTGTGCGAGCGCATTTTGGCG 

SEQ ID NO:464 (IL6-C0 L27V-00 (aa sequence) 
MNSFSTSAFGPVAFSLGLLLVLPAAFPAPVFTLEDFVGDWRQTAGYNLDQVLEQGGVSSLFQNLGVSVTPIQRIVLSG 
ENGLKIDIHVIIPYEGLSGDQMGQIEKIFKVVYPVDDHHFKVILHYGTLVIDGVTPNMIDYFGRPYEGIAVFDGKKIT 
VTGTLWNGNKIIDERLINPDGSLLFRVTINGVTGWRLCERILA 

SEQ ID NO:465 (Native secretion signal + L27V (nt sequence] 
atggcttactccacactgtteatca11getctcacagccgtcgtaecacaagcctcctccacacagaaaagceacctg 
acaGTGTTTACACTCGAAGATTTCGrAGGGGACTGGCGGCAGACAGCCGGCTACAACCTGGACCAAGTCCTTGAGCAG 
GGCGGTGTGTCCAGTTTGTTTCAGAATCTCGGGGTGTCCGTAACTCCGATCCAAACGATTGTCCTGAGCGGTGAAAAC 
GGCCTGAAGATCGA.CATCCATGTCATCATCCCGTATGAAGGTCTGAGCGGCGATCAGATGGGCCAGATCGAAAAAATT 
TTTAAGGTGGTGTACCCTGTGGATGATCATCACTTTAAGGTGATTCTGCACTATGGCACACTGGTAATCGACGGGGTT 
ACGCCGAACATGATCGACTATrTCGGACGGCCGTATGAAGGCATCGCCGTGTTCGACGGCAAAAAGATCACTGTAACC 
GGGACCCTGTGGAACGGCAACAAAATTATCGACGAGCGCCTGATCAACCCCGACGGCTCCCTGCTGTTCCGCGTAACC 
ATCAACGGAGTGACCGGCTGGCGGCrGTGCGAGCGCATTTTGGCG 

SEQ ID NO:466 (Native secretion signal + L27V (aa sequence} 
MAYSTLFIIALrAVVTQASSTOKSNLTVFTLEDFVGDWROTAGYNLDQVLEQGGVSSLFQNLGVSVTPIQRIVLSGEN 
GI.KI DIHVII PYEGLSGDQMGQIEKI FKWYPVDDHHFKVILHYGTLVIDGVTPNMIDYFGRPYKGIAVFDGKKITVT 
GrLWN'GNKIIDERLlNP DGSLLFRVTINGVTGWRLCERILA 

SEQ ID NOr467 (CP 6 L27V (RIlbB) (nt sequence) (nt sequence) 
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Atgttcgttggggactggcgacagacagccggctacaacctggaccaagtccttgaacagggaggcgtgtccagtttg 
tttcagaatctcggggtgtccgtaactccgatceaaaggattgtcctgagcggtgaaaatgggctgaagatcgacatc 
catgucatcatcdogtatgaaggtetgagcggcgaccaaatgggccagatcgaaaaaatttttaaggtggtgtaccct 
gtggatgatcatcactttaaggtgatcctgcactatggcacactggtaatcgacggggttacgccgaacatgatcgac 
tatttcggacggecgtatgaaggcatcgccgtgttcgacggcaaaaagatcactgtaacagggaccctqtggaacggc 
aacaaaattatcgacgagcgcctgatcaaccccgaoggctccctgctgttccgagtaaccatcaacggagtgaccggc 
tggcggdtgtGCGAACGCATTCTGGCtAGCTCAAGCGGAGGITCAGGCGGTTCCGGAATGTATGAAAGCTTTATTGAG 
TCACTGCCATTCCTTAAATOTTGGAGTTTTCTGCACGCCTGAAAGTAGTAGATGTGATAGGCACCAAAGTATACAAC 
GATGGAGAACAAATCATTGCTCAGGGAGATTCGGCTGATTCTTTTTTCATTATTGAATCTGGAGAAGrGAAAATTACT 
ArGIWlAGAAAGGGTAAATCAGAAGTGGAAGAGAATGGTGCAGTAGAAATCGCTCGATGCTCGCGGGGACAGTACTTT 
GGAGAGCTTGCcCTGGTAACTAACAAACCTCGAGCAGCTTCrGCCCACGCCATTGGGACrGTCAAATGTTTAGCAATG 
GATGTGCAAGCATTTGAAAGGCTTCTGGGACCTTGCATGGAAArTATGAAAAGGAACATCGCTACCTATGAAGAACAG 
TfAGTTGCCCTGTATGGAACGAACATGGATATTGTAGGGTCAGGTGGATCTGGAGGTAGGTCTrcratggtcttcaca 
ctcgaagat 

SEQ ID NO:460 (CP 6 L27V (RIIbB) (aa seq) 
MFVGDWRQTAGYNLDQVLEQGGVSSLFQNLGVSVTPIQRIVLSGENGLKIDIHVlIPYEGLSGDQMGQIEKIFKVVYP 
VDDKHfc'KV I'LHYGTLVIDGVTPK[MIDYFGRPYEGIAVFDGKKITVrGTLWNGNKIIDERLINPDGSLLFRVTINGVTG 
WRLCERILASSSGGSGGSGMYESFIESLPFLKSLIiFSARLKVVDVIGTKVYNDGEQlIAQGDSADSFFIIESGEVKIT 
MKRKGKSEVEENGAVEIARCSRGQYFGELALVTNKPRAASAHAIGTVKCLAMDVQAFERLLGPCMEIMKRNIATYEEQ 
LVALYGTNMDIVGSGGSGGSSSMVFTLED 

SEQ ID NO;469 (CP 12 L27V {RIIbB) {nt sequence) <nt sequence) 
ATGcagacagccggctacaacctggaccaagtccttgaacagggaggtgtgtccagtttqtttcagaatctcggggtg 
tccgtaactcegatccaaaggattgtcctgagcggtgaaaatgggctgaagatcgacatccatgtcatcatcccgtat 
gaaggtctgagcggcgaccaaatgggccagatcgaaaaaatttttaaggtggtgtaccetgtggatgatcatcacttt 
aaggtgatcctgcactatggcacactggtaatcgacggggttacgccgaacatgatcgactatttcggacggccgtat 
gaaggcatcgccgtgttcgacggcaaaaagatcactgtaaoagggaccctgtggaacggcaacaaaattatcgacgag 
cgcctgatcaaccccgacggctccctgctgttccgagtaaccatcaacggagtgaocggctggcggctgtGCGAACGC 
ATTCTGGCLAGCTCAAGCGGAGGTTCAGGCGGTTCCGGAATGTATGAAAGCTTTATTGAGTCACTGCCATTCCTTAAA 
TCTTTGGAGTTTTCTGCACGCCTGAAAGTAGTAGATGTGATAGGCACCAAAGTATACAACGATGGAGAACAAATCATT 
GCTCAGGGAGAT-TCGGCTGATTCTTTTTTCATTATTGAATCTGGAGAAGTGAAAATTACTATGAAAAGAAAGGGTAAA 
TCAGAAGTGGAAGAGAATGGTGCAGTAGAAATCGCTCGATGCTCGCGGGGACAGTACTTTGGAGAGCTTGCCCTGGTA 
ACTAACAAACCTCGAGCAGCTrCrGCCCACGCCATTGGGACTGTCAAATGTTTAGCAATGGATGTGCAAGCATTTGAA 
AGGCTTCTGGGACCTTGCATGGAAATTATGAAAAGGAACATCGCTACCTATGAAGAACAGTTAGTTGCCCTGTATGGA 
ACGAACATGGATATTGTAGGGTCAGGTGGATCTGGAGGTAGCTCTTCTatggtcttcacactcgaagatttcgttggg 
gactggcga 

SEQ ID NO:470 (CP 12 L27Y {RIIbBj (aa seq) 
MQTAGYNLDQVLEOGGVSSLFQNLGVSVTPIQRIVLSGENGLKIDIHVIIPYEGLSGDQMGQ1EKIFKVVYPVDDHHF 
KVILHYGTLVlDGVTPNMIDYFGRPYEGIAVFDGKKITVrGTLWNGNKIIDERLINPDGSLLFRVTINGVTGWRLCER 
ILASSSGGSGGSGMYBSFIESLPFLKSLEFSAR.LKWDVIGTKVYNDGEQIIAQGDSADSFFIIESGEVKITMKRKGK 
SEVEENGAVElARCSRGQYFGELALVTNKPRAASAHAIGrVKCLAMDVQAFERLLGPCMEIMKRNIATYEEQLVALYG 
tNMDIVGSGGSGGSSSMVFTLEDFVGDWR 

SEQ ID NO;471 (CP 48 L27v (RiibB) (nt sequence) 
ATGygtgaaaatgggctgaagatcgacacccatgtcatcatcccgtatgaaggtctgageggcgaccaaatgggccag 
atcgaaaaaatttttaaggtggtgtaccctgtggatgatcatcacttlaaggtgatcctgcactatggcacactggta 
atcgacggggttacgccgaacatgatcgactatttcggacggccgtatgaaggcatcgocgtgctcgacggcaaaaag 
accactgtaacagggaccctgtggaacggcaacaaaattatcgacgagcgcctgatcaaccccgacggctccctgctg 
ttCCgagtaaccatcaacggagtgaocggctggcggctgtGCGAACGCATTCTGGCtAGCTCAAGCGGAGGTTCAGGC 
GGTTCCGGAATGTATGAAAGCTTTATTGAGTCACTGCCArTCCTTAAATCTTTGGAGTTTTCTGCACGCCTGAAAGTA 
GTAGATGTGATAGGCACCAAAGTATACAACGATGGRGAACAAATCATTGCTCAGGGAGATTCGGCTGATTCTTTTTTC 
ATTATTGAATCTGGAGAAGTGAAAATTACTATGAAAAGAAAGGGTAAATCAGAAGTGGAAGAGAATGGTGCAGTAGAA 
ATCGCTCGATGCTCGCGGGGACAGTACTTTGGAGAGCTTGCCCTGGTAACTAACAAACCTCGAGCAGCTTCTGCCCAC 
GCCATTGGGACTGrCAAATGTTTAGCAATGGATGTGCAAGCATTTGAAAGGCTTCTGGGACCTTGCATGGAAATTATG 
AAAAGGAACRTCGCTACCTATGAAGAACAGTTAGTTGCCCTGTATGGAACGAACArGGATATTGTAGGGTCAGGTGGA 
TCTGGAGGTAGCTCTTCTatggtcttcacactcgaagatttcgttggggactggcgacagacagccggctacaacctg 
gaccaagtccttgaacagggaggtgtgtccagtttgLtCcagaatctcgggglglccgtaactccgatccaaaggatt 
gtcetgagc 

SEQ ID HO:472 (CP 46 L27V (RIIbB) (aa seq) 
MGENGLKIDIHVIIPYEGLSGDQMGQIEKIfKVVYPVDDHHFKVlLHYGTLVIDGVTPNMIDYFGRPYEGIAVFDGKK 
ITVTGTLWNGNKIIDERLINPDGSLLFRVTINGVTGWRLCERILASSSGGSGGSGHYESF3ESLPFLKSLEFSARLKV 
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VDVIGTKVYNDGEQTIAQGDSADSFFIIESGEVKITMKRKGKSEVEENGAVEIARCSRGQYFGELM.VTNKPRAASAH 
AIGTVKCLAMDVQAFERLLGPCMEIMKRNIATYEEQLVALYGTNMDIVGSGGSGGSSSMVFTLEDFVGDWRQTAGYNL 
DQVLEQGGVSSLFONLGVSVTPIQBIVLS 

SEQ ID NO:473 (CP 52 L27V (RXibB) (nt sequence) 
ATGCTGAAGATCGACATCCATGTCATCATCCCGTATGAAGGTCTGAGCGGCGACCAAATGGGCCACRTCGAAAAAAXT 
TTTAAGCTGGTGTACCCTGTGGATGATCATCACTTTAAGGTGMCCTGCACTATGGCACACTGGTAATCGACGGGGTT 
ACGCCGAACATGATCGACTATTTCGGACGGCCGTATGAAGGCATCGCCGTGTTCGACGGCAAAAAGATCACXGTAACA 
GGGACCCTGTGGAACGGCAACAAAATTATCGACGAGCGCCTGATCAACCCCGACGGCTCCCTGGTGTTCCGAGTAACC 
ATCAACGCACTGACCGGCTGGCGGCTGTGCGAACGCATTCTGGCTAGCTCAAGCGGAGGTTCAGGCGGT,TCCGGAATG 
TATGAAAGCTTTATTGAGTCACTGCCATTCCTTAAATCTTTGGAGTTTTCTGCACGCCTGAAAGTAGTAGATGTGATA 
GGCACCAAAGTATACAACGATGGAGAACAAATCATTGCTCAGGGAGATTCGGCTGATTCTTTTTTCATTATTGAATCX 
GGAGAAGTGAAAAXTACTATGAAAAGAAAGGGTAAATCAGAAGTGGAAGAGAATGGTGCAGTAGAAATCGCTCGATGC 
TCGCGGGGACAGTACTTTGGAGAGCTTGCCCTGGTAACTAACAAACCTCGAGCAGCTTCTGCCCACGCCATTGGGACT 
GTCAAATGTTTAGCAATGGATGTGCAAGCATTTGAAAGGCTTCTGGGACCTTGCATGGAAATTATGAAAAGGAACATC 
GCTACCTATGAAGAACAGTTAGTTGCCCTGTATGGAACGAACATGGATATTGTAGGGTCAGGTGGATCTGGAGGXAGC 
TCTTCTATGGTCTTCACACTCGAAGATTTCGTIGGGGACTGGCGACAGACAGCCGGCTACAACCTGGACCAAGTCOTT 
GAACAGGGAGGTGTGTCCAGTTTGTTTCAGAATCTCGGGGTGTCCGTAACTCCGATCCAAAGGATTGTCCTGAGCGGT 
GAAAATGGG 

SEQ ID NO:474 (CP 52 L27V (RIIbB) (aa aaq) 
MLKIDIHVIIPYEGLSGDQMGQIEKIFKWYPVDDHHFKVILHYGTLVIDGVTPNMTDYFCRPYEGIAVFDGKKITVT 
GTLWNGNKIIDERLINFDGSIJLFRVTINGVTGWRLCERILASSSGGSGGSGMYESFIESLPFLKSLEFSARLKWDVI 
GTKVYNDGEQIIAQGDSADSFFIIESGEVKITMKRKGKSEVEENGAVEIARCSRGQYFGELALVTNKPRAASAHAIGT 
VKCLAHDVQAFERLLGPCMEIMKRNiA'I'YEEQLVALYGTNMDIVGSGGSGGSSSMVFTLEDFVGDWRQrAGYNLDQVL 
EQGGVSSLFQNLGVSVTPIQRIVLSGENG 

SEQ ID NO:47S (CP 55 L27V (RIIbB) (nt sequence) 
Atggacatccatgtcatcatcccgtatgaaggtct gagcggcgaccaeatgggccogatcgaaaaaatttttaaggtg 
gtgUaccctgtggatgatcatcactttaaggtgatcctgcactatggcacactggtaatcgacggggttacgccgaac 
atgatcgactatttcggacggccgtatgaaggcatcgccgtgttcgacygca,aaaa.galcagtgtaacagggaccctg 
tggaacggcaacaaaattstcgacgAgcgcctgstcssccccgacggctccctgctgttccgagtaaccatcsa.cqgs. 
gtgaccggctggcggctgtGCGAACGCATTCTGGCtAGCTCAAGCGGAGGTTCAGGCGGTTCCGGAATGTATGAAAGC 
TTIATTGAGTCACTGCCATTCCTTAAATCTTTGGAGTTTTCTGCACGCCTGAAAGTAGTAGATGTGATAGGCACCAAA 
GrATACAACGATGGAGAACAAATCATTGCTCAGGGAGATTCGGCTGAT'J'CTT'TTTTCATTATTGAATCTGCACAAGTG 
AAAATTACTATGAAAAGAAAGGGTAAATCAGAAGTGGAAGAGAATGGTGCAGTAGAAATCGCTCGATGCTCGCGGGGA 
CAGTACTTTGGAGAGCTTGCCCTGGTAACTAACAAACCTCGAGCAGCTTCTGCCCACGCCATTGGGACTGTCAAATGT 
TTAGCAATGGATGTGCAAGCATTTGAAAGGCTTCTGGGACCTTGCATGGAAATTATGAAAAGGAACATCGCTACCTAT 
GAAGAACAGTTAGTTGCCCTGTATGGAACGAACATGGATATTGTAGGGTCAGGTGGATCTGGAGCTAGCTCTTCTatg 
gtcttcacactcgaagatttcgttggggactggcgacagacagccggccacaacctggaccaagtcct tgaacagyga 
ggtgtgtccagtttgtt tcagaatctcggggtgtccgtaactccgatccaaaggattgtcctgagcggtgaaaatggg 
ctgaagatc 

SEQ ID NO:476 (CP 55 L27V (RIIbB) (aa seq) 
MDIHVIIFYEGLSGDQMGQIEKIFKVVYPVDDHHFKVILHYGTLVIDGVTPNMIDYFGRFYEGIAVFDGKKITVTGTL 
WNGNKIIDERLINPDGSLLFRVTINGVTGWRLCERILASSSGGSGGSGMYESFXESLPFLKSLEFSARLKVVDVIGTK 
VYNDGEQIIAQGDSADSFFIIESGEVKITMKRKGKSEVEENGAVEIARCSRGQYFGELALVTNKPRAASAHAIGXVKC 
LAMDVQAFERLLGPCMEIMKRNIATYEEQLVALYGTNMDIVGSGGSGGSSSMVFTLEDFVGDWRQTAGYNLDQVLEQG 
GVSSLFQNLGVSVTPIQRIVLSGENGLKI 

SEQ ID NO-477 (CP 93 L2TV (RIIbB) (nt sequence) 
ATGgtggatgatcatcactttaaggTgatcstgcactatggeaeaetggtaatcgacggggttacgccgaacatgatc 
gactacttcggacggccgtatgaaggcatcgccgtgt tcgacggcaaaaagatcactgtaacagggaccctgtggaac 
ggcaacaaaatlalcgacgaoygcctgatcaaccccgacggctccctgctgttccgagtaaccatcaacggagtgacc 
ggctggcggctgCGCGAACGCATTCTGGCtAGCTCAAGCGGAGGTTCAGGCGGTTCCGGAATGTATGAAAGCTTTATT 
GAG'I'CAC'I'GCCATTCCTTAAATCTTTGGAGTTTTCTGCACGCCTGAAAGTAGTAGATGTGATAGGCACCAAACTATAC 
AACGATGGAGAACAAATCATTGCTCAGGGAGATTCGGCTGATTCXTITTTCATTATTGAATCTGGAGAAGTGAAAATT 
ACTATGAAAAGAAAGGGTAAATCAGAAGTGGAAGAGAATGGTGCAGTAGAAATCGCTCGATGCTCGCGGGGACAGTAC 
TTTGGAGAGCTXGCCCTGGTAACTAACAAACCTCGAGCAGCTTCTGCCCACGCCATTGGGACXGXCAAAIGXXXAGCA 
A'l'GGATGTGCAAGCATTTGAAAGGCTTCTGGGACCTTGCATGGAAATTATGAAAAGGAACATCGCTACCTArGAAGAA 
CAGrTAGTTGCCCTGTATGGAACGAACATGGATATTGTAGGGTCAGGTGGAXCXGGAGGXAGCTCTTCTatggtcttc 
acactcgaagatttcgttggggactggcgacagacagccggctacaacctggaccaagtccttgaacagggaggtgtg 
tccagtttgtttcagaatctcggggtgtccgtaactccgatccaaaggattgtcctgagoggtgaaaatgggctgaag 
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atcgaca-ccatgtcarcatcccgtatgaaggtctgaycggcgaccaaatgggccagatcgaaaaaatttttaaggtg 
gtgtaccct 

SEQ ID NO; 478 (CP 83 L27V (RIIbB) (aa seq> 
MVDDHHFKVILHYGTLVIDGVTPNMIDYFGRPYEGIAVFDGKKITVTGTLWBGNKIIDERLINPDSSLLFRVTINGVT 
GWRLCERILASSSGGSGGSGMYESFIESLPFLKSLEFSARLKWDVIGTKVYNDGEQI IAQGDSADSFFIISSGEVKI 
TMKRKGKSEVEENGAVEIARCSRGQYFGELALVTNKPRAASAHAIGTVKCLAMDVQAFERLLGPCMEIMKRNIATYEE 
QLVALYGTNMDIVGSGGSGGSSSMVFrLEDFVGDWftQTAGYNLDQVLEQGGVSSLFQNLGVSVTPIQBIVLSGENGLK 
TDIHVIIPYEGLSGDQMGQT EKIFKVVYP 

SEQ ID NQ:479 (CP 84 L27V (RIIbB) (nt sequence) 
atggatgatcatcactttaaggcgatcctgcactatggcacactggtaatcgacggggttacgccgaacatgatcgac 
tatttcggacggccgtatgaaggcatcgcegtgttcgacggcaaaaagatcactgtaacagggaccctgtggaacggc 
aacaaaattatcgacgagcgccCgatcaaccccgacggctccctgctgttccgagtaaccatcaacggagtgaocggc 
tggcggctgtGCGAACGCATTCTGGCtAGCTCAAGCGGAGGTTCAGGCGGTTCCGGAATGTATGAAAGCTTTATTGAG 
TCACTGCCATTCCTTRAATCTTTGGAGTTTTCTGCACGCCTGAAACTAGTAGATGtGATAGGCACCAAAGTATACAAC 
GATGGAGAACAAArCATTGCTCAGGGAGATTCGGCTGATTCTTTTTTCATTATTGAATCTGGAGAAGTGAAAATTACT 
ATGAAAAGAAAGGGTAAATCAGAAGTGGAAGAGAATGGTGCAGTAGAAATCGCTCGATGCTCGCGGGGACAGTACTTT 
GGAGAGCTTGCCCTGGTAACTAACAAACCTCGAGCAGCTTCTGCCCACGCCATTGGGACTGTCAAATGTTTAGCAATG 
GATGTGCAAGCATTTGAAAGGCTTCTGGGACCTTGCATGGAAATTATGAAAAGGAACATCGCTACCTATGAAGAACAG 
TrAGTrGCCCTGrATGGAACGAACATGGATATTGTAGGGTCAGGTGGATCTGGAGGTAGCTCTTCTatggtcU Lcaca 
ctcgaagatttcgttggggactggcgacagacagccggctacaacctggaccaagt:CCttgaaCcigggaggtgtgtCc 
agtttgtttcagaatctcggggtgtccgtaactccgatccaaaggattgtcctgagcggtgaaaatgggctgaagatc 
gacatccatgtcatcatcccgtatgaaggtctgagcggcgaccaaatgggccagatcgaaaaaatttttaaggtggtg 
taccccgtg 

SEQ ID NO: 480 (CP 84 L27V (aa seq) 
MDDHHFKVILHYGTLVIDGVTPNMIDYFGRPYEGIAVFDGKKITVTGTLWMGNKIIDERLIHPDGSLLFRVTINGVTG 
WRLCERILASSSGGSGGSGMYESFTESI.PFliKSLEFSARLKVVDVIETEfVYNDCEQIIAQGDSADSFFIIESCEVKIT 
MKRKGKSEVEENGAVEIARCSRGQYFGELALVTNKPRAASAHAIGTVKCLAM DVQAFERLLGPCMEIMKRNIATYSEQ 
LVAIYGTNMDIVGSGGSGGSSSMVFTLEDFVGDWRQTAGYNLDQVLEQGGVSSLFQNLGVSVTPIQRIVLSGENGLKI 
DIHVII PYEGLSGDQMGQI£Kl FKWYPV 

SEQ ID NO:4B1 (CP 103 L27V (RIIbB) (nt sequence) 
ATGacgccgaacatgatcgactatttcggacggcegtatgaaggcategecgtgttcgaeggc.3.aaaagateactgta 
acagggaccctgtggaacggcaacaaaatcatcgacgagcgcctgatcaaccccgacggctccctgctgt tccgagta 
accatcaacggagtgaccggctggcggctgtGCGAACGCATTCTGGCtAGCTCAAGCGGAGGTTCAGGCGSTTCCGGA 
ATGTATGAAAGCTTTATTGAGTCACTGCCATTCCTTAAATCTTTGGAGTTTTCTGCACGCCTGAAAGTAGTAGATGTG 
ATAGGCACCAAAGTATACAACGATGGAGAACAAATCATTGCTCAGGGAGATTCGGCTGATTCTTTTTTCATTATTGAA 
TCTGGAGAAGTGAAAATTACTATGAAAAGAAAGGGTAAATCAGAAGTGGAAGAGAATGGTGCAGTAGAAATCGCTCGA 
TGCTCGCGGGGACAGTACTTTGGAGAGCTTGCCCTGGTAACTAACAAACCTCGAGCAGCTTCTGCCCACGCCATTGGG 
ACTGTCAAATGTTTACCAATGGATGTGCAAGCATTTGAAAGGCTTCTGGGACCTTGCATGGAAATTATGAAAAGGAAC 
ATCGCTACCTATGAAGAACAGTTAGTTGCCCTGTATGGAACGAACATGGATATTGTAGGGTCAGGTGGATCTGGAGGT 
AGCTCTTCTatggtcttcacactcgaagattccgtIggggacCggcgacagacagccggctacaacctggatcaagtc 
cttgaacagggaggtgtgtccagtttgtttcagaatctcggggtgtccgtaactccgatccaaaggattgtcctgage 
ggtgaaaatgggctgaagatcgacatccatgtcatcatcccgCatgaaggtctgagcggcgaccaaatgggccagatc 
gaaaaaatttttaaggLggtgtaccctgtggalgatcatcactLLaaggtgatcctgyactatggcacactggtaaLc 
gacggggtt 

SEQ ID NO:482 (CP 103 L27V (RIIbBJ (aa seq) 
MTPNMIDYFGRPYEGIAVFDGKKITVTGTLWNGNKIIDERLINPDGSLLFRVTINGVTGWRLCERILASSSGGSGGSG 
MYESFIESLPFLKSLEFSARLKWDVIGTKVYNDGEQI IAQGDSADSFFIIESGEVKITMKRKGKSEVEENGAVGIAR 
CSRGQYFGELALVTNKPRAASAHAIGTVKCLAMDVQAFERLLGPCMEIMKRNIATYEEQLVALYGTNMDIVGSGGSGG 
SSSMVFTLEDFVGDWRQTAGYNLDQVLEQGGVSSLFQNLGVSVrPIQRIVLSGENGLKIDIHVIIPYEGLSGDQMGQI 
EKIFKWYPVDDHHFKVILHYGTLVIDGV 

SEQ ID NO:403 (CP 120 L27V (RIIbB) (nt sequence) 
ATGttcgacggcaaaaagatcactgtaacagggaccctgtggaacggcaacaaaat tatcgacgagcgcctgatcaac 
cccgacggctccctgctgttccgagtaaccatcaacggagtgaccggctggcggctgtGCGAACGCATTCTGGCtAGC 
TCAAGCGGAGGTTCAGGCGGTTCCGGAATGTATGAAAGCTTTATTGAGTCACTGCCATTCCTTAAATCTTTGGAGTTT 
TCTGCACGCCTGAAAGrAGTAGATGTGATAGGCACCAAAGTATACAAGGATGGAGAACAAATCATTGCTCAGGCAGAT 
TCGGCTGATTCTlTTTrCATTArTGAATCTGGAGAAGTGAAAATTACrATGAAAAGAAAGGGTAAATCAGAAGTGGAA 
GAGAATGGTGCAGTAGAAATCGCTCGATGCTCGCGGGGACAGTACTTTGGAGAGCTTGCCCTGGTAACTAACAAACCT 
CGAGCAGCTTCTGCCCACGCCATTGGGACTGTCAAATGTTTAGCAATGGATGTGCAAGCATTTGAAAGGCTTCTGGGA 
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CCTTGCATGGAAATTATGAAAAGGAACATCGCTACCTATGAAGAACAGTTAGTTGCCCTGTATGGAACGAACATGGAT 
ATTGTAGGGrCAGGTGGATCTGGAGGTAGCTCTTCTatggtcttcacactcgaagatttcgttggggactggcgacag 
acagccggctacaacetggaccaagtccttgaacagggaggtgtgtccagtttgtttcagaatctcggggtgtccgta 
actccgatccaaaggattgtcctgagcggtgaaaatgggctgaagatcgacatccatgtcatcatcccgtatgaaggt 
ctgagcggcgaeeaaatgggccagatcgaaaaaatttttaaggtggtgtaccctglggatgatcatcactttaaggtg 
atcctgcactatggcacactggtaatcgacggggttacgccgaacatgatcgactatttcggacggccgtatgaaggc 
atcgccgtg 

SEQ ID MO:484 (CP 120 L27V (RIIbB) (aa seq) 
MFDGKKITVTGTLWNGNKIIDERLINPDGSLLFRVriNGVTGWRLCERILASSSGGSGGSGMYESFIESLPFLKSLEF 
SARLKVVDVIGTKVYNDGEQIIAQGDSADSFFIIESGEVKITMKRKGKSEVEENGAVEIARCSRGQYFGELALVTNKP 
RAASAHAIGTVKCLAMDVQAFERLLGPCMEIMKRNIATYEEQLVALYGTNMDIVGSCCSGGSSSMVFTLEDFVGDWRQ 
TAGYNLDQVLEQGGVSSLPQNLGVSVTPIQRIVLSGENGLKIDIHVII'PYEGLSGDQMGQIEKIFKWYPVDDHHFKV 
ILHYGTLVIDGVTPNMIDYFGRPYEGIAV 

SEQ ID NO:465 (CP 123 L27V <RIIbB) (nt sequence) 
ATGaaaaagatcactgtaacagggaccctgtggaacggcaacaaaattatcgacgagcgcctgatcaaccccgacggc 
tccctgctgttccgagtaaccatcaacggagtgaccggctggcggctgtGCGAACGCATTCTGGCtAGCTCAAGCGGA 
GGTTCAGGCGGTTCCGGAATGTATGAAAGCTTTATTGAGTCACTGCCATTCCTTAAATCTTTGGAGTTTTCTGCACGC 
CTGAAAGTAGTAGATGTGATAGGCACCAAAGTArACAACGATGGAGAACAAATCATTGCTCAGGGAGATTCGGCTGAT 
TCTTTTTTCATTATTGAATCTGGAGAAGTGAAAATTACTATGAAAAGAAAGGGTAAATCAGAAGTGGAAGAGAArGGT 
GCAGTAGAAATCGCTCGATGCTCGCGGGGACAGTACTTTGGAGAGCTTGCCCTGGTAACTAACAAACCTCGAGCAGCT 
TCTGCCCACGCCATTGGGACTGTCAAATGTTTAGCAATGGATGTGCAAGCATTTGAAAGGCTTCTGGGACCTTGCATG 
GAAATTATGAAAAGGAACATCGCTACCTATGAAGAACAGTTAGTTGCCCTGTATGGAACGAACATGGATAITGTAGGG 
TCAGGTGGATCTGGAGGTAGCTCTTCTatggtctitcacactcgaagatttcgttggggactggcgacagacagccggc 
tacaacctggaccaagtccttgaacagggaggtgtgtccagtttgtttcagaatctcggggtgtccgtaactccgatc 
caaaggattgtcctgagcggtgaaaatgggcTgaagatcgacatccaLglcatcatcccgCatgaaggtcLgagcggc 
gaccaaatgggccagatcgaaaaaatttttaaggtggtgtaccctgtggatgatcstcaccttaaggtgatcctgcac 
tatggcacactggtaatcgacggggttacgccgaacatgatcgactatttcggacggccgtatgaaggcatcgccgtg 
Ltcgacggc 

SEQ ID NO:486 (CP 123 L27V (RIIbB) <aa seq) 
MKKITVrGTLWNGNKIIDERLINPDGSLLFRVTINGVTGWRLCERILASSSGGSGGSGMYESFIESLPFLKSLEFSAR 
LKVVDVIGTKVYNDGEQlIAQGDSADSFFIIESGEVKirMKR'KGKSEVESNGAVEI ARCSRGQYFGELALVTNKPRAA 
SAHAIGTVKCLAMDVQAFBRLT.GPCHEIMKRHTATYBEQIJVALYGTNMDIVGSGGSGGSSSHVFTLEDFVGWKQTAG 
YNLDQVLEQGGVSSLFQNLGVSVT PIQRIVLSGENGLKIDIHVIIPYEGLSGDQMGQIEKIFKVVYPVDDHKFKVILH 
YGTLVIDGVTPNMXPYFGRPYSGIAVFDG 

SEQ ID NO:467 (CP 124 L27V (RIIbB) (nt sequence) 
ATGaagatcactgtaacagggaccctgtggaacggcaacaaaat lal:cgacgagcgcctgalcaaccccgacggctcc 
ctgctgttecgagtaaccatcaacggagtgaccggctggcggctgeGCGAACGCATTCTGGCtAGCTCAAGCGGAGGT 
TCAGGCGGTTCCGGAATGTATGAAAGCTTTATTGAGTCACTGCGATTCCTTAAATGTTTGGAGT'I'TTCTGCACGCCTG 
AAAGTAGTAGATGTGATAGGCACCAAAGTATACAACGATGGAGAACAAATCATTGCTCAGGGAGATTCGGCTGATTCT 
TTTTTCATTATTGAATCTGGAGAAGTGAAAATTACTATC-AAAAGAAAGGGTAAATCAGAAGTGGAAGAGAATGGTGCA 
GTAGAAATCGCTCGATGCTCGCGGGGACAGTACTTTGGAGAGCTTGCCCTGGTAACTAACAAACCTCGAGCAGCTTCT 
GCCCACGCCATTGGGACTGTCAAATGTTTAGCAATGGATGTGCAAGCATTTGAAAGGCTTCTGGGACCTTGCATGGAA 
ATTATGAAAAGGAACATCGCTACCTATGAAGAACAGTTAGTTGCCCTGTATGGAACGAACATGGATATTGTAGGGTCA 
GGTGGATCTGGAGGrAGCTCTTCTatggtcttcacactcgaagatttcgttggggactggcgacagacagccggctac 
aacctggaccaagtccttgaacagggaggtgtgtccagtttgtttcagaatctcggggtgtccgtaactccgatccaa 
aggattgtcctgagCggtgaaaatgggctgaagatcgacatccatgtcatcatcccgtatgaaggtctgagcggcgac 
caaatgggccagatcgaaaaaatttttaaggtggtgtaccctgtggatgatcatcactttaaggtgatcctgcactat 
ggcacactggtaatcgacggggttacgccgaacatgatcgaeeatttcggaeggcegtatgaaggcatcgccgtgttc 
gacggcaaa 

SEQ ID NO:4S8 (CP 124 L27V (RIIbB) (aa Seq) 
MKITVTGTLWNGNKI IDERLINPDGSLIIFRVTTNGVTGWRLCERILASSSGGSGGSGMYEISFIESLPFLKSLEFSARL 
KWDVIGTKVYNDGEQIIAQGDSADSFFIIESGEVKITMKRKGXSEVEENGAVEIARCSRGQYFGELALVTNKPRAAS 
AHAIGTVKCLAMDVQAFERLLGPCMEIMKRNIATYEEQLVALYGTNMDIVGSGGSGGSSSMVFTLEDFVGDWRQTAGY 
NLDQVLEQGGVSSLFQNLGVSVTPIQRIVLSGENGLKIDIHVIIPYEGLSGDQMGQIEKIFKVVYPVDDEHFKVILHY 
GTLVIDGVIPNWIDYFGRPYEGIAVE'DGK 

SEQ ID NO:409 (CP 125 L27V (RIIbB) (nt sequence) 
ATGatcactgtaacagggaccctgtggaacggcaacaaaattatcgacgagcgcctgatcaaccccgacggctccctg 
ctgttccgagtaaccatcaacggagtgaccggctggcggctgtGCGAACGOATTCTGGCtAGCTCAAGCGGAGGTTCA 
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GGCGGTTCCGGAATGTATGAAAGCTTTATTGAGTCACTGCCATTCCTTAAATCTTTGGAGTTTTCTGCACGCCTGAAA 
CTAGTAGATGTGATAGGCACCAAAGTATACAACGATGGACAACAAATCATTGCTCAGGGAGATTCGGCrGATTCITTT 
TTCATTATTGAATCTGGAGAAGTGAAAATTACTATGAAAAGAAAGGGTAAATCAGAAGTGGAAGAGAATGGTGCAGTA 
GAAATCGCTCGATGCTCGCGGGGACAGTACTTTGGAGAGCTTGCCCrGGTAACTAACAAACCTCGAGCAGCTTCrGCC 
CACGCCATTGGGACTCTCAAATGTTIAGCAATGGATGTGCAAGCATTTGAAAGCCTTCTGGGACCTTGCATGGAAATT 
ATGAAAAGGAACATCGCTACCTATGAAGAACAGTTAGTTGCCCTGTATGGAACGAACATGGATATTGTAGGGTCAGGT 
GGATCTGGAGGTAGCTCTTCTatggtcttcacactcgaagatttcgttggggactggcgacagacagccggctacaae 
ctggaccaagtc:cttgaacagggaggtgtgtccagcttgtttcagaatctcggggtgtccgtaactccgatccaaagg 
at tgtcctgagcggtgaaaatgggctgaagatcgacatccatgtcatcatcccgtatgaaggtctgagcggcgaceaa 
atgggccagatcgaaaaaatttttaaggtggtgtaccctgtggatgatcatcactttaaggtgatcctgcactatggc 
acactggtaatcgacggggttacgccgaacatgatcgactatttcggacggccgtatgaaggcatcgccgtgttcgac 
ggcaaaaag 

SEQ ID NO:490 {CP 125 L27V (RIIbB) (aa seq) 
MITVTGTLWNGfJKI IDERLINPDGSLLFRVTINGVTGWRLCEKILASSSGGSGGSGMYESFIESLPFLKSLEFSARLK 
VVDVIGTKVYNDGEQIIAQGDSADSFFIIESGEVKITMKRKGKSEVEENGAVEIAKCSRGQYFGELALVTKKPRAASA 
HAIGTVKCLAMDVQAFERLLGPCHEIMKJWIATYEEQLVALYGTNMDIVGSGGSGGSSSMVFTLEDFVGDWRQTAGYN 
LDQVLEQGGVSSLFQNLGVSVTPIQRIVLSGENGLKIDIHVIIPYEGLSGDQMGQIEKIFKWYPVDDHHFKVILHYG 
TLVIDGVTPNMIDYFGRPYEGIAVFDGKK 

SEQ ID NO:4&1 (CP 130 L27v (RIIbB) (nt sequence) 
ATGaccctgtggaacggcaacaaaattatcgacgagcgcctgatcaaccccgacggctccctgctgttcegagtaacc 
atcaaCggagtgaccggctggeggctgtGCGAACGCATTCTGGCtAGCTCAAGCGGAGGTTCAGGCGGTTCCGGAATG 
TATGAAAGCrTTATTGAGTCACTGCCATTCCTTAAAXCTTTGGAGTTTTCTGCACGCCTGAAAGTAGTAGATGTGATA 
GGCACCAAAGTATACAACGATGGAGftACAAATCATTGCTCAGGGAGATTCGGCTGATTCTTTTTTCATTATTGAArCT 
GGAGAAGTGAAAATTACTATGAAAAGAAAGGGTAAATCAGAAGTGGAAGAGAATGGTGCAGI'AGAAATCGCTCGATGC 
TCGCGGGGACAGTACTTTGGAGAGCTTGCCCTGGrAACTAACAAACCrCGAGCAGCTTCTGCCCACGCCATTGGGACr 
GTCAAATGTTTAGCAATGGATGTGCAAGCATTTGAAAGGCTTCTGGGACCTTGCATGGAAATTATGAAAAGGAACATC: 
GCTACCTATGAAGAACAGTTAGTTGCCCTGTATGGAACGAACAl'GGATA'rTGTAGGGTCAGGTGGATCTGGAGGTAGC 
TCTTCTatggtcttcacactcqaagatttcgttggggactggegacagacageeggetacaaccrggaccaagtcctE 
gaacagggaggtgtgtccagtttgtttcagaatctcggggtgtccgt aactccgatccaaaggat tgtcctgagcggt 
gaaaatgggetgaagatcgacatecatgteatcateccgtatgaaggtctgageggsgaccaaatgggccagaEcgaa 
aaaatttttaaggtggtgtaccctgtggatgatcatcactttaaggtgatcctgcactatggcacactggtaatcgac 
ggggttacgccgaacatgatcgactatttcggacggccgtatgaaggcatcgccgtgttcgacggcaaaaagaccace 
gtaacaggg 

S&Q ID NO:492 (CP 130 L27V (RIIbB) (aa seq} 
MTLWNGKKIIDERLINPDGSLLFRVTINGVTCWRLCERIIASSSGGSGGSGMYESFIESLPFLKSLEFSARLKWDVI 
GTKVYNDGEQ1IAQGDSADSFFI1ESGEVKITMKBKGKSEVEENGAVEIARCSRGQYFGELAX.VTNKPRAASAKAIGT 
VKCLAMDVQAFERLLGPCMEIMKRNIATYEEQLVALYGTNMDIVGSGGSGGSSSMVFTLEDFVGDWRQTAGYNLDQVL 
EQGGVSSLFQNLGVSVTPIQRIVLSGENGLKI DIHVII PYEGLSGDQMGQIEKIFKWYPVDDHHFKVILHYGTLVID 
GVTPNMIDYFGRPYEGIAVFDGKKITVTG 

SEQ ID NO:493 (CP 145 L27V (RIIbB) (nt sequence) 
ATGcccgacggctcoctgctgttccgagtaaccatcaacggagtgaccggctggcggctgtGCGAACGCATTCTGGCt 
AGCTCAAGCGGAGGTTCAGGCGGTTCCGGAATGTATGAAAGCTTTATTGAGTCACTGCCATTCCTTAAATCTTTGGAG 
TTTTCTGCACGCCTGAAAGTAGTAGATGTGATAGGCACCAAAGTATACAACCATGGAGAACAAATCATTGCTCAGGCA 
GATTCGGCTGATTCTTTTTTCATTATTGAATCTGGAGAAGTGAAAATTACTATGAAAAGAAAGGGTAAATCAGAAGTG 
GAAGAGAATGGTGCAGTAGAAATCGCTCGATGCTCGCGGGGACAGrACTTTGGAGAGCTTGCCCTGGTAACTAACAAA 
CCTCGAGCAGCTTCrGCCCACGCCATTGGGACTGTCAAATGTTTACCAATGGATGTCCAAGCATTTGAAAGGCTTCTG 
GGACCTTGCATGGAAATTATGAAAAGGAACATCGCTACCTATGAAGAACAGTTAGTVGCCCTGTATKGAACGAACATG 
GATATTGTAGGGTCAGGTGGATCTCGAGGTAGCTCTTCTatggtcttcacactcgaagatttcgttggggactggcga 
cagacagccggctacaacctggaccaagtccttgaacagggaggtgtgtccagtttgtttcagaatctcggggtgtcc 
gtaactccgatccaaaggattgccctgagcggtgaaa3tgggctgaagatcgacatccatgtca'tcatcccgtatgaa 
ggtctgagcggcgaccaaatgggccagatcgaaaaaatttttaaggtggtgtaccctgtggatgatcatcactttaag 
gtgatcctgcactatggcacaccggtaaccgacggggttacgccgaacatgatcgactatttcggacggccgtatgaa 
ggcatcgccgtgttcgacggcaaaaagatcactgtaacagggaccctgtggaacggcaacaaaatc atcgacgagcgc 
ctgatcaac 

SEQ ID NO:494 (CP 145 L27V (RTIbB) (aa seq) 
MPDGSLLFRVTINGVTGWRLCERILASSSGGSGGSGMYSSFIESLPFLKSLEFSARLKVVDVIGTKVYNDGEQIIAQG 
DSADSFFIIESGEVKITMKRKGKSEVEENGAVEIARCSRGQYFGELALVTNKFRAASAHAIGTVKCLAMDVQAFERLL 
GPCMEIMKRNIATYEEQLVALYGTNMDIVGSGGSGGSSSMVFTLEDFVGDWRQTAGYNLDQVLEQGGVSSLFQNLGVS 
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VTPlQRIVLSGENGLKIDIHVIIPYEGLSGDQMGQIEKIFKVVYPVDDHflFKVILHYGTLVlDGVTPNMIDYFGRPYE 
GTAVFDGKKITVTGTLWNGNKIIDERLIN 

SEQ ZD NO:495 (CP 149 L27V (RIIbB) {nt sequence) 
ATGtccctgctgtrccgagtaaccatcaacggagtgaccggctggcggctgtGCGAACGCATTCTGGCtAGCTCAAGC 
GGAGGTTCAGGCGGTTCCGGAATGTA'rGAAAGCTTTATTGAGTCACTGCCATTCCTTAAATCTTTGGAGTTTTCTGCA 
CGCCTGAAAGTAGTAGATGTGATAGGCACCAAAGTATACAACGATGGAGAACAAATCATTGCTCAGGGAGATTCGGCT 
GATTCTTTTTTCATTATTGAATCTGGAGAAGTGAAAATTACTATGAAAAGAAAGGGTAAATCAGAAGIGGAAGAGAAT 
GGTGCAGTAGAAATCGCTCGATGCTCGCGGGGACAGTACTTTGGAGAGCTTGCCCTGGTAACTAACAAACCTCGAGCA 
GCTTCTGCCCACGCCATTGGGACTGTCAAArGTTTAGCAATGGATGTGCAAGCATTTGAAAGGCTTC'EGGGACCTTGC 
ATGGAAATTATGAAAAC GAACATCGCTACCTATGAACAACAGTTAGTTGCCCTGTATGGAACGAACATGGATATTGTA 
GGG'i'CAGGTGGATCTGGAGGTAGCTCTTCTatggtcttcacaetcgaagatttcgttggggaetggcgacagacagee 
ggctacaacctggaccaagtccttgaacagggaggtgtgtccagtttgtttcagaatctcggggtgtccgtaactccg 
acccaaaggattgtcctgagcggtgaaaatgggctgaagatcgacatccatgtcatcatcccgtatgaaggtctgagc 
ggcgaccaaatgggccagatcgaaaaaatttttaaggtggtgtaccctgtggatgatcatcactttaeggtgatcctg 
cactatggeaeaetggtaatcgacggggttacgccgaaeatgategactatttcggacggccgtatgaaggcatcgcc 
gtgttcgacggcaaaaagatca<jtgtaacsiggga.ccctgtggaacgg<;aacaaaattatcgacgagcgcctgatcaac 
cccgacggc 

SEQ ID NO:49€ (CP 146 L27V (RIIbB) (aa seq) 
MSLLFRVTINGVTGWRLCERILASSSGGSGGSGMYESFIESLPFLKSLEFSARLKVVDVIGTKVYNDCEQIIAQGDSA 
DSFFIIESGEVKITMKRKGKSEVEENGAVEIARCSRGQYFGELALVrNKPRAASAHAIGTVKCLAMDVQAPERLLGPC 
MEIMHRNIATYEEQLVALYGTNMDIVGSGGSGGSSSMVFTLEDFVGDWRQTAGYNLDQVXEQGGVSSLFQNLGVSVTP 
IQRIVLSGENGLKIDIHVI IPYEGLSGDQMGQIEKIFKWYPVDDHHFKVILHYGTIJVIDGVTPNMIDYFGRPYEGIA 
VFDGKKTTVTGTI.WNGNK'J TDRRLTN PDG 

SEQ ID NO:497 (CP 157 L27V (RIIbB) (nt sequence} 
AtCCCAGTGACCGCCTGCCGCCTCTCCGAACGCATTCTGGCTAGCTCAAGCGGAGGrrCAGGCGGTTCCGGAATGTAT 
GAAAGCTTTATTGAGTCACTGCCATTCCTTAAATCTTTGGAGTl'TTCTGCACGCCTGAAAG'rAGTAGATGTGATAGGC 
ACCAAAGTATACAACGATGGAGAACAAATCATTGCTCAGGGAGATTCGGCTGArTCTITrTTCATIATTGAATCTGGA 
GAAGTGAAAATTACTATGAAAAGAAAGGCTAAATCACAAGTGGAAGAGAATGGTGCAGTAGAAATCGCTCGATGCTCG 
CGGGGACAGTACTTTGGAGAGCTTGCCCTGGTAACTAACAAACCTCGAGCAGCTTCTGCCCACGCCATTGGGACTGTC 
AAATGTTTAGCAATGGATGTGCAAGCATTTGAAAGGCTTCTGGGACCrTGCATGGAAATTATGAAAAGGAACATCGCT 
ACCTATGAAGAACAGTrAGTTGCCCTGTATGGAACGAACATGGATATTGTAGGGTCAGGTGGATCTGGAGGTAGCTCT 
TCTATGGTCTTCACACTCGAAGATTTCGTTGGGGACTGGCGACAGACAGCCGGCTACAACCTGGACCAAGTCCTTGAA 
CAGGGAGGTGTGTCCAGTTTGTTTCAGAATCTCGGGGTGTCCGTAACTCCGATCCAAAGGATTGTCCTGAGCGGTGAA 
AATGGGCTGAAGATCGACATCCATGTCATCATCCCGTATGAAGGTCTGAGCGGCGACCAAATGGGCCAGATCGAAAAA 
ATTTTTAAGGTGGTGTACCCTGTGGATGATCATCACTTTAAGGTGATCCTGCACTATGGCACACTGGTAATCGACGGG 
GTTACGCCGAACATGATCGACTATTTCGGACGGCCGTATGAAGGCATCGCCGTGTTCGACGGCAAAAAGATCAOTGTA 
ACAGGGACCCTGTGGAACGGCAACAAAATTATCGACGAGCGCCTGATCAACCCCGACGGCTCCCrGCTGTTCCGAGTA 
ACCATCAAC 

SEQ ID NO:498 (CP 157 L27V (RIIbB} (aa seq) 
MGVTGWRLCERIIASSSGGSGGSGMYESFIESLPFLKSLEFSARLKVVDVIGTKVYNDGEQIIAQCDSADSFFIIESG 
EVKITMKRKGKSEVEENGAVEIARCSRGQYFGELALVTNKPRAASAIIAIGTVKCLAMDVQAFERU.GPCME1MKRNIA 
TYEEQLVALYGTNMDIVGSGGSGGSSSMVFTLEDFVGDWRQTAGYNLDQVLEQGGVSSLFQNIGVSVTPIQRIVLSGE 
NGLKIDIHVIIPYEGLSGDQMGQIEKIFFO/VYPVDDHHFKVILHYGTLVIDGVTPNHIDYFGRPYEGIAVFDGKKITV 
TGTLWNGNKIIDERLINPDGSLLFRVTIN 

SEQ ID NO:499 (SS 6 L27V (RIIbB) (nt sequence) 
ATGgtcttcacactcgaagatAGCgctAGCGGAGGTTCAGGCGCTTCCGGAatgtatgaaagctttattgagtcactg 
ccar.tccttaaatctttggagttttctgcacgcctgaaagtagtagatgtgataggcaccaaagta tacaacgatgga 
gaacaaatcattgctcagggagattcggctgattctttttccattattgaatctqgagaagtgaaaattactatgaaa 
agaaagggtaaatcagaagtggaagagaatggtgcagtagaaatcgctcgatgctcgcggggacagtactttggagag 
cttgccctggtaactaacaaaCCtcgagcagcttctgcccacgccattgggactgtCaaatgtttagcaatggatgtg 
caagcatttgaaaggcttccgggaccttgcatggaaattatgaaaaggaacatcgctacctatgaagaacagttagtt 
gccctgTATggaacgaacacggatattgtaggGTCAGGTGGATCTGGAGGtAGCTCttcTttcgttggggactggcga 
cagacagccggctacaacctggaccaagtccttgaacagggaggtgtgtccagtItgtttcagaatctcggggtgtcc 
gtaactccgatccaaaggattgtcctgagcggtgaaaatgggetgaagatcgacatccatgtcatcatcccg tatgaa 
ggtctgagcggcgaccaaatgggccagatcgaaaaaatttttaaggtggtgtaccctgtggatgatcatcactttaag 
gtgatccLgcactatggcacaccggtaa LcgacggggL tacgccgaacatqatcgactatttcggacggccg tatgaa 
ggcatcgccgtgttcgacggcaaaaagatcactgtaacagggaccctgtggaacggcaacaaaattatcgacgagcgc 
C t gat Ca^ncccgacggctccct get gt t ccgagt aaccatcaacggagttgaccggc t ggegge t g t GCGAACGCATT 
CTGGCt 

232 



SEQ ID HO:500 (SS 6 L27V (RIIljB) (aa seq) 
MVFTLBDSASGGSGGSGMYESFIBSLPFLKSLEFSAR1KWDVIGTKVYNDGEQIIAQGD5ADSFFTIESGEVKITMK 
RKGKSEVEENGAVEIARCSRGQYFGELALVTNKPRAASAHAIGTVKCLAMDVQAFERLLGPCMEIMKRNIATYEEQLV 
ALYGTNMDIVGSGGSGGSSSFVGOWRQTAGYNLDQVLEQGGVSSLFQNLGVSVTPIQRIVLSGENGLKIDIHVIIPYE 
GLSGDQMGQIEKIFKWYPVDDHHFKVILHYGTLVIDGVTPNMIDYFGRPYEGIAVFDGKKTTVTGTLWNGNKIIDER 
LINPDGSLLFRVTINGVTGWRLCERILA 

SEQ ID MO:501 (SS 12 L27V (RIIbB) (nt sequence) 
ATGgtcttcacactcgasgatt tcgttggggactggcgaAGCgCvAGCGGAGGTTCAGGCGGTTCCGGAatatatgaa 
agetttattgagtcactgccattccttaaatctttggagEtttctgcacgcctgaaagtagtagatgtgataggcacc 
aaagtatacaacgatggagae.caaatcattgctcagggagatteggctgattctttt ttcattattgaatctggagaa 
gtgaaaattactatgaaaagaaagggtaaatcagaagtggaagagaatggtgcagtagaaatcgctcgatgctcgcgo 
ggacagtactttggagagcttgecctggtaactaacaaacctcgagcagcttctgcccacgccattgggactgtcaaa 
tgtttagcaatggatgtgcaagcatttgaaaggcttctgggaccttgcatggaaattatgaaaaggaaeatcgctacc 
ta L.gaagaacagttagttgccctgTATggaacgaacatggacattgtaggGTCAGGTGGATCTGGAGGtAGCTCttc'L 
cagacagccggctacaacctggaccaagtccttgaacagggaggtgtgtccagtttgtttcagaatctcggggtgtcc 
gtaactccgatccaaaggattgtcotgagcggtgaaaatgggctgaagatcgacatccatgtcatcatcccgtatgaa 
ggLctgagcggcgaccaaatgggccagatcgaaaaaatttttaaggtggtgtaccctgtggatgatcatcactttaag 
gtgatcctgcactatggcacactggtaatcgacggggttacgccgaacatgatcgactatttcggacggccgtatgaa 
ggcatcgcogtgttcgacggcaaaaagatcactgtaacagggaccctgtggaacggcaacaaaattatcgacgagcgc 
ctgatcaaccccgacggctccctgctgttccgagtaaccatcaecggagtgaccggctggcggctgtGCGAACGCATT 
CTGGCt 

SEQ ID NO: 502 (SS 12 IJ27V (RIIbB) (aa seq) 
MVFrLEDFVGDWRSASGGSGGSGMYESFIESLPFLKSLEFSARLKVVDVIGTKVYNDGBQlIAQGDSADSFt'liySGE 
VKITMKRKGKSEVEENGAVEIARCSRGQYFGELALVTNKPRAASAHAIGTVKCLAMDVQAFERLLGPCMEIMKRHIAT 
YEEQLVALYGTNMDIVGSGGSGGSSSQTAGYNLDQVLEQGGVSSLFQNLGVSVTPIQRIVLSGENGLKIDIHVIIPYE 
GLSGDQMGQIEKIFKWYPVDDHHFKVILHYGTLVIDGVTPKMIDYFGRPYEGIAVFDGKKITVTGTLWNGWKIIDER 
LINPDGSLLFRVTINGVTGWRLCERILA 

SEQ ID NO:503 (SS 26 L27V (RIIbB) (nt sequence) 
ATGgtcttcacactcgaagatttcgttggggactggcgacagacagccggctacaacctggaccaagtccttgaacag 
ggaAGCgctAGCGGAGGTTCAGGCGGTTCCGGAatgtatgaaagctttattgag-cactgccattccttaaatctttg 
gagttttctgcacgcctgaaagtagtagacgtgataggcaccaaagtatacaacgatggagaacaaetca ttgctcag 
ggagattcggctgattctttettcattattgaatetggagaagtgaaaattaetatgaaaagaaagggfcaaatcagaa 
gtggaagagaatggtgcagtagaaatcgctcga tgctcgcggggacagtactttggsgagcttgecctggtaactaac 
aaacctcgagcagcttctgcccacgccattgggactgtcaaatgtttagcaatggatgtgcaagcatttgaaaggctt 
ctgggaccttqcatggaaattatgaaaaggaacatcgctacctatgaagaacagttagttgccctgTATggaacgaac 
atggatattgtaggGTCAGGTGGATCTGGAGGLAGCTCttcTggtgtgttcagtttgtltcagaatctcggggtgtcc 
gtaactccgatccaaaggattgtcCtgagcggtgaaaatgggctgaagatcgacatCCatgtCStcatCCCgtatgaa 
ggtctgagcggcgaccaaatgggccagatcgaaaaaatttttaaggtggtgtaccctgtggatgatcatcactttaag 
gtgatcctgcactatggcacactggtaatcgaoggggttacgccgaacatgatcgactatttcggacggccgtatgaa 
ggcatcgccgtgttcgacggcaaaaagatcactgtaacagggaccctgtggaacggcaacaaaattatcgacgagcgc 
ctgatcaaccccgacggctccctgctgttccgagtaaccatcaacggagtgacftggctggcggctgtGCGAACGCATT 
CTGGCt 

SEQ ID NO:504 (SS 26 L27V (RIIbB) (aa Seq) 
MVFTLEDFVGDWRQTAGYNLDQVLEQGSASGGSGGSGMYESFIESLPFLKSLEFSARLKWDVIGTKVYNDGEQIIAQ 
GDSADSFFIIESGEVKITMKRKGKSEVEENGAVEIARCSRGQYFGELALVTNKPRAASAHAIGTVKCLAMDVQAFERL 
LGPCMEIMKRNIATYEEQLVAIYGTNMDIVGSGGSGGSSSGVSSLFQNLGVSVTPIQRIVLSGENGLKIDIHVIIPYE 
GLSGDQMGQIEKIFKWYPVDDHJIFKVILHYGTLVIDGVTPNMIDYFGRPYRGTAVFDGKKITVTGTLWNGNKIIDER 
LINPDGSLLFRVTINGVTGWRLCERILA 

SEQ ID NO:505 (SS 45 L27V (RIIbB) (nt Sequence) 
ATGgtcttcacactcgaagatttcgttggggactggcgacagaeagecggctacaacctggaccaagtccttgaacag 
ggaggtgtgtccagtttgtttcagaatctcggggtgtccgtaactcugatCcaaaggattAGCgctAGCGGAGGTTCA 
GGCGGTTCCGGAatgtatgaaagctttattgagtcagtgccattccttaaatctttggagttttctgcacgcctgaaa 
gtagtagatgtgataggcaccaaag-tatacaacgatggagaacaaatcattgctcagggagattcggctgattctttt 
ttcattattgaatctggagaagtgaaaattactatgaaaagaaagggtaaatcagaagtgqaagagaetggtgcagta 
gaaatcgctcgatgctcgcggggacagtactttggagagcttgccctggtaactaacaaacctcgagcagcLtctgce 
cacgccattgggactgtcaaatgtttagcaatggatgtgcaagcatttgaaaggcttctgggaccttgoatggaaatt 
atgaaaaggaacatcgctacctatgaagaacagttagttgccctgTATggaacgaacatggatat tgtaggGTCAGGT 
GGATCTGGAGGtAGCTCttcTgtcctgagcggtgaaaatgggctgaagatcgacatccatgtcatcatcccgtatgaa 
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ggtctgagcggcgaccaaatgggccagatcgaaaaaatttttaaggtggtgtaccctgtggatgatcatcaetttaag 
gtgatcctgcactatggcacaccggtaatcgacggggttacgccgaacatgatcgactatttcggacggccgtatgaa 
ggcatcgccgtgttcgacggcaaaaagatcaetgtaacagggaccctgtggaaoggcaacaaaattatcgacgagcgc 
ctgatcaaccccgacggctccctgctgttccgagtaaccatcaacggagtgaccggctggcggctgtGCG/y\CGCATr 
CTGGCt 

SEQ ID NO:506 (SS 45 L27V (RIIbB) (aa seq) 
MVFTLEDFVGDWRQTAGYNLDQVLEQGGVSSLFQNLGVSVTPIQRISASGGSGGSGMYESFIESLPFLKSLEFSARLK 
WDVIGTKVYNDGEQIIAQGDSADSFFIIESGEVKrrMKRKGKSEVEENGAVEIARCSRGQYFCELALVTNKPRAASA 
HAIGTVKCLAMDVQAFERLLGPCMEIMKRNIATYEEQLVALYGTNMDIVGSGGSGGSSSVLSGENGLKID1HVI1FYE 
GLSGDQHGQT EKTFKVVYPVDDHHFFCVILHYGrLVIDGVTPNMI DYFGRPYEGIAVrDGKKITVTGTL-WNGKKIIDER 
LINPDGSLLFRVTINGVTGWRLCERILA 

SEQ ID NOr507 (SS 48 L27V (RIIbB) (nt sequence) 
atg'igtcttcacactcgaagattccgt tggggactggcgacagacagccggctacaacctggaccaagtccttgaacag 
ggaggtgtgtccagtttgtttcagaatctcggggtgtccgraacteegatccaaaggattgtcctgagcAGCgctAGC 
GGAGGTTCAGGCGGTTCCGGAacgtatgaaagctttattgagtcactgccattccttaaatctttggagttttctgea 
cgcctgaaagtagtagatgtgataggcaccaaagtatacaacgatggagadcaaatcarcgctcagggagattcggct 
gattctttttteat tattgaatctggagaagtgaaaattactatgaaaagaaagggtaaateagaagtggaagagaat 
ggtgcagtagaaatcgctcgatgctcgcggggacagtactttggagagcttgccctggtaactaacaaacctcgagca 
gcttctgcccacgccattgggactgtcaaatgtttagcaatggatgtgeaagcatttgaaaggcttctgggaccttgc 
atgqaaattatgaaaaggaacatcgctacctatgaagaacagttagttgccctgTATggaacgaacatggatattgta 
ggGTCAGGTGGATCTGGAGGtAGCTCttcTggtgaaaatgggctqaagatcgaeatceatgtcatcatcccgtatgaa 
ggtctgagcggcgaccaaacgggccagatcgaoaaaatttttaaggtggtgtaccc;tgtggatgaEcatcacttt aag 
gtgatcctgcactatggcacactggtaatcgacggggttacgccgaacatgatcgactatttcggacgcccgtatgaa 
ggcatcgccgtgttcgacggcaaaaagaccactgtaacagggaccctgtggaacggcaacaaaattategacgagege 
ctgatcaaccccgacggctccctgctgttccgagtaaccatcaacygagtgaccggctggcggctgtGCGAACGCATT 
CTGGCt 

SEQ ID NO:506 (SS 46 L27V (RIIbB) (aa seq) 
MVFTLEDFVGDWRQTAGYNLDQVLEQGGVSSLFQNLGVSVTPIQRIVLSSASGGSGGSGMYESF2ESLPFLKSLEFSA 
RLKVVDVIG'l'KVYNDGEQTIAQGDSADSFFIIESGEVKITMKRKGKSEVEENGAVEIARCSRGQYFGELALVTNKfRA 
ASAHAIGTVKCLAMDVQAFERLLGPCMEIMKRNIATYEEQLVALYGTMMDIVGSGGSGGSSSGEMGLKIDIHVIIPYE 
GLSGDQMGQIEKIFXWYPVDDHHFKVILHYGTLVIDGVTPNMIDYFGRPYEGIAVFDGKKITVTGTLWNGNKIIDER 
LINPDGSLLt'RVTlNGVTGWRLCSRILA 

SEQ ID NOJ 509 (SS 52 L27V (RIIbB) (nt sequence) 
ATGgtcttcacactcgaagatttcgttggggactggcgacagacagccggctacaacctggaccaagtcctrgaacag 
ggaggtgtgtccagtttgtttcagaatctcggggtgtccgtaactccgatccaaaggattgtcctgagcggt gaaaat 
gggAGCgctAGCGGAGGTTCAGGCGGTTCCGGAatgtatgaaagctttattgagtcactcccattccttaaaucLltg 
gagttttCtgCacgCCtgaasgtagtagatgtgataggcaccaaagtatacaacgatggagaacaaatcattgctcag 
ggagaEtcggctgattcttttttcattattgaatctggagaagtgaaaattactatgaaaagaaagggtaaaccagaa 
gtqqaagagaatggtgcagtagaaatcgctcgatgetcgcggggacagtactttggagagcttgccctggtaactaac 
aaaccccgagcagcttctgcccacgccattgggactgtcaaatgtttagcaatggatgtccaagcatttgaaaggctt 
etgggaccttgcatggaaattatgaaaaggaacatcgctacctatgaagaacagttagttgccctgTATggaacgaac 
atggatatt gtaggGTCAGGTGGATCTGGAGGtAGCTCttcTctgaagatcqacatccatgtcatcatcccg^atgaa 
ggtcCgagcggcgaccaaatgggccagai-cgaaaaaatttttaaggtggtgtaccccgtggatgatcatcacttLaag 
gtgatoctgcactatggcacactggtaatcgacggggttacgccgaacatgatcgactatttcggacggccgtatgaa 
ggcatcgccgtgt tcgacggcaaaaagatcactgtaacagggaccctgtggaacggcaacaaaattatceacgagcgc 
ctgatcaaccccgacggctccctgctgttccgagtaaeeateaacggagtgaccggctgqcggctgtGCGAACGCATT 
CTGGCt 

SEQ ID NO:510 (SS 52 L27V (RIIbB) (aa seq) 
MVFTLEDFVGDWRQTAGYWLDQVLEQGGVSSLFQNLGVSVTPIQRIVLSGENGSASGGSGGSGMYESFIESLPFLKSL 
Ef SARLKVVDVIGTKVYNDGEQIIAQGDSADSFFIIESGEVK'ITKKRKGKSEVEBNGAVEIARCSRGQYFGELALVTN 
KPRAASAHAIGTVKCLAHDVQAFERLLGPCMEIMKRNTATY}r;EQLVALYGTNWDIVGSGGSGGSSSLK.[ DIHVIIPYE 
GLSGDQMGQIEKI FKWYPVDDHHFKVILHYGTLVIDGVTPNMIDYFGRPYEGIAVFDGKKIT'VTGTLWNGWKI IDER 
LINPDGSLLFRVTINGVTGWRLCERILA 

SEQ ID HO:511 (SS 55 L27V (RIIbB) (nt sequence) 
ATGgtcttcacactcgaagatttcgttggggactggcgacagacagccggctacaacctggaccaagtccttgaacag 
ggaggtgtgtccagtttgtttcagaatctcggggtgtccgtaactccgatccaaaggattgtcctgagcggtgaaaat 
gggctgaagatcAGCgctAGCGGAGGTTCAGGCGGTTCCGGAatgtatgaaagctttattgagtcactgccattcctt 
aaatctttggagttttctgcacgcctgaaagtagtagatgtgataggcaccaaagtatacaacgatggagaaoaaatc 
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attgctcagggagattcggctgattcttttttcattattgaatctggagaagtgaaaattactatgaa.aagaaagggt 
aaatcagaagrggaagagaatggtgcagtagaaatcgctcgatgctcgcggggaeagtactttggagagcttgccctg 
gtaactaacaaacctcgagcagcttctgcccacgccattgggactgtcaaatgtttagcaatggacgtgcaagcattt 
gaaaggcttctgggaccttgeatggaaattatgaaaaggaacatcgetacctatgaagaacagttagttgccctgTAT 
ggaacgaacatggatattgtaggGTCAGGTGGATCTGGAGGtAGCTCttcTgacatccatgtcatcatcccgtatgaa 
ggtctgagcggcgaeeaaatgggccagatcgaaaaaatttttaaggtggtgtacectgtgqatgatcatcactttaag 
gtgatcctgcactatggcacactggt aatcgacggggttaegecgaacatgatcgactatt.tcggaQggccgtatgaa 
ggcatcgccgtgttcgacggcaaaaagatcactgtaacagggaccctgtggaacggeaacaaaattatcgacgagcgc 
otgatcaaccccgacggctccctgctgttccgagtaaccatcaacggagtgacoggctggcggctgtGCGAACGCATT 
CTGGCt 

SEQ ID «Q:5l2 (SS 55 L27V (RIIbB) (aa seq> 
WVETLEDFVGDWRQTAGYNLDQVLEQGGVSSLFQNLGVSVTPIGRIVISGENGLKISASGGSGGSGMYESFIESLPFL 
KSLEfSARLKVVDVIGTKVYWDGEQIIAOGDSADSFFirESGEVKlTMKRKGKSEVEEHGAVSIAB.CSRGQYFGELftL 
VTNKPRAASAHAIGTVKCLAMDVQAFERLLGPCMEIMKRMIATYEEQLVALYGTNMDIVGSGGSGGSSSDrHVIIPYE 
GLSGDQMGQIEKIFKWYPVDDHHFKVILHYG'rLVIDGVTPNMIDYFGRPYEGIAVFDGKKITVTGTLWNGNKIIDER 
LINPDGSLLFRVTINGVTGWRLCERILA 

SEQ ID NO:Sl3 (SS 83 L27V {RIIbB) (nt sequence) 
ATGytctccacactcgaagatttcgvtggggactggcgacagacagccggctacaacctggaccaagtcctcgaacag 
ggaggtgcgcccagtttgtctcagaatctcggggtgtccgtaactccgatccaaaggattgtcctgageggtgsaaac 
gggctgaagatcgacatccatgtcat catcccgtatgaaggtctgagcggcgaccaaatgggccagatcgaaaaaatt 
tttaaggtggtgtaccctAGCgctAGCGGAGGTTCAGGCGGTTCCGGAatgtaegaaagctttattgagtcactgcca 
ttccttaaatctttggagttttctgcacgoctgaaagtagtagatgtgataggcaccaaagtatacaacgacggagaa 
caaatcattgctcagggagattcggctgattcttttttcattattgaatctggagaagtgaaaatcactatgaaaaga 
aagggtaaatcagaagtggaagagaatggtgcagtagaaatcgcucgatgctcgcggggacagtactltggagagctt 
gccctggtaactaacaaacctcgagcagcttctgcccacgccactgggactgtcaaatgtttagcaatggatgtgcaa 
gcatttgaaaggcttctgggaccttgcatggaaattal:gaaaaggaacatcgc5:acctatgaagaacagttagttgcc 
ctgTATggaacgaacatggatattgt aggGTCAGGTGGATCTGGAGGtAGCTCttcTgtggatgacca Lcactttaag 
gtgatcctgcactatggcacactggt aatcgacggggttaogccgaacatgatcgactatttcggacggccgtatgaa 
ggcatcgccgtgttcgacggcaaaaagatcactgtaaeagggaccctgtgoaacggcaacaaaattatcgacgagcgc 
ctgatcaaccccgacggctccctgct gtcccgagtaaccatcaacggaglgaccggctggcggctgtGCGAACGCATT 
CTGGCt 

SEQ ID NO:514 (SS 83 L27V (RIIbB) (aa seq) 
MVFTLEDFVGDWRQTAGYNLDQVLEQGGVSSLFQNLGVSVTPIQRIVLSGENGLKIDIHVIIPYEGLSGDQMGQIEKI 
FKVVYPSASGGSGGSGMYESFIESLPFLKSLEFSARLKVVDVIGTKVYNDGEQIIAQGDSADSFFIIESGEVKITMKR 
KGKSEVEENGAVEIARCSRGQYFGELALVTNKPRAASAHAIGTVKCLAMDVOAFERLLGPCMEIMKRNIATYEEQLVA 
lYGTNMDIVGSGGSGGSSSVDDHKFKVILHYGTLVIDGVrPNMIDYFGRPYEGIAVTPGKKITVTGriWNGNKIIDER 
LJNPDGSLLFR.VTINGVTGWRLCERILA 

SEQ ID NO:515 (SS 84 L27V (RIIbB) (nt sequence) 
ATGgtCttcacactcgaagatttcgttggggactggcgacagacagccggctacaacctggaccaagtCCttgaacag 
ggaggtgtgtccagtttgtttcagaatctcggggtgtccgtaactccgatccaaaggattgtcctgagcggtgaaaat 
gggctgaagatcgacatccat:gtcatcatcccgtatgaaggtctgagcggcgaccaaatgggccagatcgaaaaaatc 
tttaaggtggtgtaccctgtgAGCgctAGCGGAGGTTCAGGCGCTTCCGOAatgtatgaaagctttattgagtcactg 
ccatcccttaaatctttggagttttctgcacgcctgaaagtagtagatgtgataggcaccaaagtatacaacgat gga 
gaacaaatcactgctcagggagattcggctgattctti; tttcat tat tgaatccggagaagtgaaaat tact atgaaa 
agaaagggtaaatcagsagtggaagagaatggtgcagtagaaatcgctcgatgctcgcggggacagtactttggagag 
cttgccctggtaactaacaaacctogagcagcttctgcccacgccat tgggaccgtcaaatgtttagcaatggat gtg 
caagcatttgaaaggcttctgggaccttgcatggaaattatgaaaaggaacatcgctacctatgaagaacagttagtt 
gccccgTATggaacgaacatggatattgtaggGTCAGGTGGATCTGGAGGtAGCTCttcrgatgatcatcactttaag 
gtgaccctgcactacggcacaccggraatcgacggggttacgccgaacatgatcgactatttcggacggccgtatgaa 
ggcatcgccgtgt^cgacggcaaaaagatcactgcaacagggaccctgtggaacggcaacaaaattatcgacgagcgc 
ctgatcaaccccgacggctccctgctgttccgagtaaccatcaacggagtgaccggctggcggctgtGCGAACGCATT 
CTGGCt 

SEQ ID NO:516 (S3 84 L27V (RIIbB) (aa aaq) 
MVFTLEDFVGDWRQTAGYNLDQVLEQGGVSSLFQNLGVSVTPIQRIVLSGENGLKIDIHVIIPYEGLSGDQMGQIEKI 
FKWYPVSASGGSGGSGMYESFIESLPFLKSLEFSARLKWDVIGTKVYMDGEOIIAOGDSADSFFIIESGEVKI TMK 
RKGKSEVEENGAVEIARCSRGQYFGELALVTNKPRAASAHAIGTVKCLAMDVQAFERLLGPCMEIMKRNIATYEEQLV 
ALYGTNMDIVGSGGSGGSSSDDHHFKVTLHYGTLVIDGVTPNMIDYFGRPYEGIAVFDGKKITVTGTLWNGNKIIDER 
LINPDGSLLFRVTINGVTGWRLCERILA 
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SEQ ID NO:517 <SS 85 L27V (RIIbB) {nt sequence) 
ATGgtctt cacactcgaagatttcgt tggggactggcgacagacagccggctacaaectggaccaagtccttgaacag 
ggaggtgtgtccagtttgtttcagaatctcggggtgtccgtaactccgatccaaaggattgtcctgagcggtgaaaat 
gggctgaagatcgacatccatgtcatcatcccgtatgasggtctgagcggcgaccaaatgggccagatcgaaaaaatt 
tttaaggtggtgtaccctgtggatAGCgctAGCGGAGGTTCAGGCGGTTCCGGAatgtacgaaagctttattgagtca 
ctgccattccttaaatcttrggagtt ttctgcaegcctgaaagtagtagatgtgataggcaceaaagtaCacaacgat 
ggagaacaaatcatLgctcagggagattcggctgattcltttttcatuattgaatctggagaagtgaaaattaceatg 
aaaagaae gggtaaatcagaagtggaagagaatggtgcagtagaaatcgctcgatgctcgcggggacagtad ttgga 
gagettgccctggtaactaacaaacctcgagcagcttctgcccacgccattgggactgtcaaatgtttageaatggat 
gtgeaagcatttgaaaggcttctgggaccttgcatggaaattatgaaaaggaaeategecacctatgaagaacagtta 
gttgccctgTATggaacgaacatggetattgtaggGTCAGGTGGATCTGGAGGt&GCTCttcTgatcatcactttaag 
gtgatcct gcactatggcacactggtaatcgacggggt taegcegaacatgatcgactatttcggacggccgtatgaa 
ggcatcgccgtgttcgacggcaaaaagatcactgtaacagggaccctgtggaacggcaacaaaattatcgacgagcge 
ctgatcaaccccgacggctccctgctgttccgagtaaccatcaacggagtgaccggctggcggctgtGCGAACGCATT 
CTGGCt 

SEQ ID KO:518 (S3 85 L27V (RIIbB) (aa seq) 
MVFTLEDFVGDWRQTAGYNLDQVLEOGGVSSLFQNLGVSVTPIQRIVLSGENGLKIDIHVIIPYEGLSGDQMGQIEKI 
FKVVYPVDSASGGSGGSGMYESFIESLPFLKSLEFSARLKVVDVIGTKVYNDGEQIIAQGDSADSFFIIESGEVKITM 
KRKGKSEVEENGAVEIARCSRGQYFGELALVTNKPRAASAHAIGTVKCLAMDVQAFERLLGPCMEIMKRNIATYEEOL 
VALYGTNMDIVGSGGSGGSSSDHHFKVILHYGTLVIDGVTPNMIDYFGRPYEGIAVFDGKKITVTGTLWNGNKIIDER 
LINPDGSLLFHVTTNGVTGWRLCERILA 

SEQ ID HO:519 (SS 100 L27V (RIIbB) (nt sequence) 
ATGgtcttcacactcgaagatttcgttggggactggcgacagacagccggctacaacctggaccaagtccttgaacag 
ggaggtgtgtccagtttgttt cagaatctcggggtgtccgtaactccgatceaaaggattgtcctgagcggtgaaaaf. 
gggctgaagatcgacatccaLgtcalcatcccgtatgaaggtctgagcggcgaccaaatgggccagatcgaaaaaatt 
tttaaggtggtgtaccctgtggatgatcatcactttaaggtgatcctgcactatggcacactggtaatcAGCgctAGC 
GGAGGTTCAGGCGGTTCCGGAatgtatgaaagctttattgagtcactgccattccttaaatctttggagtttcctgca 
cgcctgaaagtagtagatgtgataggcacoaaagtatacaacgatggagaacaaatcattgctcagggagatteggct. 
gattcttttttcattat;:gaatctgga.gaagtgaaaattactatgaaaagaaagggta.satcagaagtggaagagaat 
ggtgcagtagaaategcccgatgctcgeggggaeagtactttggagagcttcccctggtaactaacaaacct.cgagca 
gcttctgcccacgccattgggactgtcaaatgtttagcaatggatgtgcaagcatttgaaaggcttctgggaccttgc 
atggaaattatgaaaaggaacatcgctacctatgaagaacagttagttgccctgTATggaacgaacatggatattgta 
ggGTCAGGTGGATCTGGAGGtACCTCttcTgacggggttacgccgaacatgatcgactatttcggacggccgtatgaa 
ggcatcgccgtgttcgacggcaaaaagatcactgtaacagggaccctgtggaacggcaacaaaattatcgacgagcgc 
CtgatcaaccccgacggcLccctgctgttccgagtaaccatcaacggagtgaccggctggcggctgtGCGAACGCATT 
CTGGCt 

SEQ ID NO:520 (SS 100 L27V (RIIbB) (aa seq) 
MVFTLEDFVGDWRQTAGYNLDQVLEOGGVSSLFQNLGVSVTPIQRIVLSGENGLKIDIHVIIPYEGLSGDQMGQIEKT 
FKVVYPVDDHHFKVILHYGTLVISASGGSGGSGMYESFIESLPfLKSLEFSAP.LKVVD^iG'J'KVYNDGEQIIAQGDSA 
DSFFIIESGEVKITMKRKGK'SEVEENGAVEIARCSRGQYFGELAIVTNKPRAASAHAIGTVKCLAMDVQA^ERLLGPC 
MEIMKRNIATYEECLVALYGTNMDIVGSGGSGGSSSDGVTPNMIDYFGBPYEGIAVFDGKKITVTGTLWKGNKIIDER 
LINPDGSLLFRVTINGVTGWRLCERILA 

SEQ ID NO:521 (SS 101 L27V (RIIbB) (nt sequence) 
ATGgtcttcacactcgaagatttcgttggggactggcgacagacagccggccacaaoctggaccaagtccttgaacag 
ggaggtgtgtccagt ttgtttcagaatctcggggtgtccgtaactccgatccaaaggattgtcctgagcggtgaaaat 
gggctgaagatcgacatccatgtcatcatccegtatgaaggtctgagcggcgaccaaatgggcoagatcgaaaaaatt 
tttaaggtggtgtaccctgtggatgatcatcactt taaggtgatcctgcactatggcacactggtaategacAGCgct 
AGCGGAGGTTCAGGCGGTTCCGGAatgt:atgaaagctttattgagT.cactgccattccttaaatctttggagttttct 
gcacgcctgaaagtagtagatgtgateggcaccaaagtatacaacgatggagaacaaatcattgctcaqggagattcg 
gccgactcttttttcattattgaatctggagaagtgaaaattactatgaaaagaaagggtaaatcagaagtggaagag 
aat ggtgcagtagaaatcgctcgatgctcgcggggacagtactttggagagcttgccctggtaactaacaaacctcga 
gcagcccctgcccacgccattgggactgtcaaabgtttagcaacggatgtgcaagcatttgaaaggcttctgggacct 
tgcatggaaat tatgaaaaggaacatcgctacCtatgaagaacagt tagt tgccctgTATggaacgaaCatggatatt 
gcaggGTCAGGTGGATCTGGAGGtAGCTCttcTggggttacgccgaacatgaccgactatttcggacggccgtatgaa 
ggeatcgcegtgttcgaeggeaaaaagatcactgtaacagggaccctgtggaaeggcaacaaaattatcgacgagcgc 
ctgatcaaccccgacggctccctgctgttccgagtaaccatcaacggagtgaccqgctggcggctgtGCGAACGCATT 
CTGGCt 

SEQ ID NO:522 (SS 101 L27V (RIIbB) (aa seq) 
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WVFTLEDFVGDWRQTAGYNLDQVLEQGGVSSLFQNLGVSVTPIQRIVLSGENGLKIDIHVIIPYEGLSGDQMGQIEKI 
FKWYPVDDRHFKVTLHYGTLVIDSASGGSGGSGMYESFIESLPFLKSLEFSARLKWDVIGTKVYNDGEQIIAQGDS 
ADSFFIIESGEVKITMKRKGKSEVEENGAVEIARCSRGQYFGELALVTNKPUAASAHAIGTVKCLAMDVQAFERLLGP 
CMEIMKRNIATYeEQLVALYGTNMDIVGSGGSGGSSSGVTPNMIDYFGRPYEGlAVFDGKKlTVTGTlWNGNKIIDER 
LINPDGSILFRVTINGVTGWRLCERILA 

Sic ID NO:523 (SS 102 L27V (RIIbB) (nt sequence) 
ATGgtcttcacactcgaagatttcgttggggactggcgacagacagccggctaoaacctggaccaagtccttgaacag 
ggaggtgtgtccagtttgtttcagaatctcggggtgtccgtaactccgatccaanggatcgtcctgagcggtgaaaat 
gggctgaagatcgacatccatgtcatcatccogtatgaaggtctgagcggcgaccaaatgggccagatcgaaaaaatt 
tttaaggtggtgtaccctgtggatgatcatcactttaaggtgatcctgcse tatggcacactgytaatcgacgggAGC 
gctAGCGGAGGTTCAGGCGGTTCCGGAatgtatgaaagetttattgagtcactgecattccttaaatctttggagttl 
tctgcacgcctgaaagtagtagatgtgataggcaccaaagtatacaacgatggagaacaaatcattgetcagggagat 
tcggctgatccctttttcattattgaatctggagaagtgaaaattactaLgaaaagaaagggcaaatcagaagtggaa 
gagaacggtgcagtagaaatcgctcgatgctcgoggggacagtactttggagagcttgccctggtaactaacaaacct 
cgagcagcttctgcccacgccattgggactgtcaaatgtttagcaatggatgtgcaagcatttgaaaggcttctggga 
ccttgcatggaaattatgaaaaggaacatcgctacctetgaagaacagttagttgccctgTATggaacgaacatggat 
attgtaggGTCAGGTGC-ATCTGGAGGtAGCTCttcTgttacgccgaacatgatcgactatttcggacggccgtatgaa 
ggcatcgccgtgttcgacggcaaaaagatcactgtaacagggaccctgtggaacggcaacaaaattatcgacgagcgc 
clgatcaaccccgacggctccctgetgttccgsgtaaccatcaacggagtgaccggctggcggctgtGCGAACGCATT 
CTGGCt 

SEQ 10 MO:524 (SS 102 L27V (RIIbB) (aa seq) 
MVFTLEDFVGDWRQTAGYNLDQVLEQGGVSSLFQNLGVSVTPIQRIVLSGENGLKIDIHVIIPYEGLSGDQMGQIEKI 
FKWYPVDDHHFKVILHYGTLVXDGSASGGSGGSGMYESFIESLPFLKSLEFSARLKWDVIGTKVYNDGEQIIAQGD 
SADSFFIIESGEVKITMKRKGKSEVEENGAVEIARCSRGQYFGELALVTNKPRAASAHAIGTVKCLAMDVQAFERLLG 
PCMEIMKRNIATYEEQLVA1YGTNMDIVGSGGSGGSSSVTPNMIDYFGRPYEGIAVFDGKKITVTGrLWNGNKIIDER 
LINPDGSLLFRVTINGVTGWRLCERILA 

SEQ ID NO:525 (SS 103 L27V (RIIbB) (nt sequence) 
ATGgtCttcacactcgaagatttcgtUggggactgocgacagacagccggctacaacctggaccaagtccttgaacag 
ggaggtgtgtccagtttgtttcagaatctcggggtgtccgtaactccgatccaaaggattgtcctgagcggtgaaaat 
gggctgaagatcgacatccatgtcatcatcocgtatgaaggtctgagcggcgaccaaatgggccagatcgaaaaaatt 
tttaaggtggtgtaccctgtggatgatcatcactttaaggtgatccl:gcactatggcacacL;gytaaLcgacygggtt 
ACCgctAGCGGAGGTTCAGGCGGTTCCGGAatgtatgaaagctttattgagtcactgccattccttaaatctttggag 
ttttctgcacgcctgaaagtagtagatgtgataggcaccaaagtatacaacgatggagaacaaatcattgctcaggga 
gat tcggctgattcttttttcattattgaatctggagaagtgaaaattactatgaaaagaaagggtaaatcagaag tg 
gaagagaatggtgcagtagaaatcgctcgatgctcgcggggacagcactttggagagcttgccctggtaactaacaaa 
cctcgagcagcttctgoccacgccattgggactgtcaaatgt.ttagcaatggatgtgcaagcatttgaaaggcttctg 
ggacctigcatggaaattatgaaaaggaacatcgctacct atgaagaacagttagttgccctgTATggaacgaaca Lg 
gatattgtaggGTCAGGTGGA.TCTGGAGGtAGCTCtccTacgccgaacatgatcgactatttcggacggccgtatgaa 
ggcatcgocgtgttcgacggcaaaaagatcactgtaacagggaccctgtggaacggcaacaaaattatcgacgagcgc 
ctgatcaaccccgacggctccctgctgttccgagtaaccatcaacggagtgaccggctggcggctgtGCGAACGCATT 
CTGGCt 

SEQ ID NO:526 (SS 103 L27V (RIIbB) (aa seq) 
MVFTLEDFVGDWRQTAGYNLDQVLEQGGVSSLFQNLGVSVTPIQRIVLSGENGLKIDIHVIIPYEGLSGDQMGQIEKI 
FKVVYPVDDHHFKVILHYGTLVIDGVSASGGSGGSGMYESFIESLPFLKSLEFSARLKVVDVIGTKVYNDGEQIIAQG 
DSADSFFIiBSGEVKITMKRKGKSEVEENGAVEIARCSRGQYFGELALVTNKPRAASAHAIGTVKCLAMDVQAFERLL 
GPCMEIMKRNIATYEEQLVALYGTNMDIVGSGGSGGSSSTPNMIDYFGRPYEGIAVFDGKKITVTGTLWNGNKIIDER 
LINPDGSLLFRVTINGVTGWRLCERILA 

SEQ ID NO:527 (SS 120 L27V (RIIbB) (nt sequence) 
ATGgtcttcaoactcgaagatttCgt tggggact ggcgacagacagccggctacaacctggaccaagtccttgaacag 
ggaggtgtgcccagtttgtttcagaatctcggggtgtccgtaactccgatccaaaggattgtcctgagcggtgaaaat 
gggctgaagatogacatccatgtcatcatcccgtatgaaggtctgagcggcgaccaaatgggccagatcgaaaaaatt 
ttt&aggtggtgtaccctgtggatgatcatcactttaaggtgatcctgcactatggcacactggtaatcgacggggtt 
acgccgaaoatgatcgactatttcggacggccgtatgaaggcatcgccgtgAGCgctAGCGGAGGTTCAGGCGGTTCC 
GGAatgtatgaaagctttattgagtcactgccattccttaaatcttcggagttttctgcacgcctgaaagtagtagat 
gtgataggcaccaaagtatacaacgatggagaacaaatca ttgctcagggagattcggctgattfitttttt-.cattatt 
gaatctggagaagtgaaaactaetatgaaaagaaagggtaaatcagaagtggaagagaatggtgcagtagaaatcgct 
cgatgctcgcggggacagtactttggagagcttgccctggtaactaacaaacctcgagcagcttctgcccacgccatt 
gggactgtcaaatgtttagcaatggatgtgcaagcatttgaaaggct tctgggaccttgcatggaaattatgaaaagg 
aacatcgctacctatgaagaacagttagttgccctgTATggaacgaacatggatattgt aggGTCAGGTGGATCTGGA 
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GGtAGCTCttcTttcgacggcaaaaagatcactgtaacagggaccctgtggaacggcaacaaaattatcgacgagcgc 
ctgatcaaccccgacggctccctgotgttccgagtaaccatcaacggagtgaccggctggcggetgtGCGAACGCATT 
CTGijct 

SEQ ID NO:528 (SS 120 L27V (RIIbB) (aa saq) 
MVFUEDFVGDWRQTAGYNLDQVLEQGGVSSLE-QNLGVSVTPIQRIVLSGENGLKI DI HVI JPYEGLSGDQMGQIEKI 
FKWYPVDDHHFKVILHYGTLVIDGVTPNMinYFCRPYEGIAVSASGGSGGSGMYESFIESLPFLKSLEFSARLKWD 
VIGlKVYWDGEQIIAQGDSADSPPIIESGfiVKlTMKRKGKSEVEENGAVBIAHCSRGQYFGELALVTNKPRflASAHAI 
GTVKCLAMDVQAFERLLGPCMEIMKRNIATYEEQLVALYGTNMDIVGSGGSGGSSSFDGKKITVTGTLWNGNKIIDER 
LINI>DGSILFRVTINGVTGWRLCERILA 

SEQ ID NO:529 (SS 123 L27V (RIIbB) (nt sequence) 
ATGgtcttcacactcgaagatttcgttggggactggcgaeagacagccggctacaacctggaccaagtccttgaacag 
ggacjgtgtgcccagtttgtticagaatctcggggtgtccgtaactccgatccaaaggattgtcctgagcggtgaaaat 
gggctgaagatcgacatccatgtcatoatcccgtatgaaggtctgagcggcgaccaaatgggccagatcgaaaaaatt. 
ttraaggtggtgtaccctgtggatgatcatcactttaaggtgatcctgcactatggcacactggtaatcgacggggtt 
acgecgaacatgategactatttcggaeggecgtatgaaggcatcgccgtgctcgacggeAGCyctAGCGGAGGTTCA 
GGCCSGTTCCGGAatgtatgaaagctttattgagtcactgccattcectaaatctttggagttttctgcacgcctgaaa 
gta^tagatgtgataggcaccaaagtatacaacgatggagaacaaatcattgetcagggagattcggctgattctttt 
ttcattattgaatctggagaagtgaaaattactatgaaaagaaagggtaaatcagaagtggaayagaatggtgcagta 
gaaiatcgctogatgctcgcggggacagtactttggagagcttgcoctggtaactaacaaacctcgagcagct tccgcc 
cacgccattgggactgtcaaatgtttagcaatggatgtgcaagcatctgaaaggcttctgggaccttgcatggaaatt 
atgiiaaaggaacatcgcracctatgaagaacagttagttgccctgTATggaacgaacatggatattgtaggGTCAGGT 
GGATCTGGAGGtAGCTCttcTaaaaagatcactgtaacagggaccccgcggaacggcaacaaaattatcgacgagcgc 
ctg&tcaaccccgacggctccctgctgttccgagtaaccatcaacggagtgaccggctggeggctgcGCGAACGCATT 
CTGGCt 

SEQ ID NO:530 (SS 123 L27V (RIIbB) (aa seq) 
MVFI-LEDFVGDWRQTAGYNLDQVLEQGGVSSLFQNLGVSVTPIQRIVLSGENGLKIDIHVIIPYEGLSGDQMGQIEKI 
FKVVYPVDDHHFKVILHYGTLVIDGVTPNWIDYFGRPYEGIAVFDGSASGGSGGSGMYESFIESLPFLKSLEFSARLK 
VVDVlGTKVYNDGEQIIAQGDSADSFFnRSGEVKITMKRKGKSEVEENGAVEIARCSRGQYFGELALVTNKPRAASA 
HAIISTVKCLAMDVQAFERLLGPCMEIMKRHI ATYEEQLVALYGTOMDIVGSGGSGGSSSKKITVTGTLWNGNKI 1OER 
LTNF>DGSLLFRVTINGVTGWRLCERILA 

SEQ ID NO:531 I S3 124 L27V (RIIbB) (nt sequence) 
ATGgtcttcacactcgaagat ttcgttggggactggcgacagacagccggctacaacctggaceaagtccctgaacag 
ggaggtgtgtecagtttgtttcagaatctcggggtgtccgtaactccgatccaaaggattgtcctgagcggtyaaaat 
gggctgaagatcgecatcca~gtcatcatcccgtatgaaggtctgageggcgaccaaatgggccagatcgaaaaaatt 
ttt&aggtggtgtaccctgtggatgatcatcacLtUaaggtgatcctgcactatggcacactqgtaatcgaccgggtt 
acgccgaacatgatcgactatttcggacggccgtatgaaggoatcgccgtgttcgacggcaaaAGCgctAGCGGAGGT 
TCAGGCGGTTCCGGAatgtargaaagctttattgagtcactgccattccttaaatctttggagctttctgcacgcctg 
aaacjLagtagangtgataggcaccaaagtatacaacgatggagaacaaatcattgctcagggagattcggctgattct 
tttttcattattgaatctggagaagtgaaaattac ta tgaaaagaaagggtaaatcagaagtggaagagaatggtgca 
gtagaaatcgctcgatgctcgcggggacagtactttggagagcttgccctggtaactaacaaacctcgagcagcttct 
gt;cc;acgccattgggactgtcaaatgtttagcaatggatgtgcaacrcatttgaaaggcttetgggaecttgcatggaa 
att^tgaaaaggaacatcgctacctatgaagaacagt LagttgccctgTATggaacgaacatggatattgtaggGTCA 
GGTGGATCTGGAGGtAGCTCttcTaagatcactgtaacagggaccctgtggaacggcaacaaaattatcgacgagcgc 
ctg&teaaccccgacggctccctgctgttccgagtaaccetcascggagtgaccggctggcggctgtccGAACCCATT 
CTGGCt 

SEQ ID NO;532 (SS 124 L27V (RIIbB) (aa seq) 
MVFTLEDFVGDWROTAGYNLDQVLEQGGVSSLFQNLGVSVTPIQRIVLSGENGLKIUIHVIIPYKGT.SGDQMGQIEKI 
FKVVYPVDDHHFKVI LHYGTLVIDGVTPPTMIDY'FGRPYEGIAVFOGKSASGGSGGSGMYESFIESLPFLKSLEFSARL 
KWDVIGTKVYNDGEQIIAQGDSA DSFFIIESGEVKITMKRKGKSEVEENGAVEIARCSRGQYFGELALVTNKPRAAS 
AKAIGTVKCLAMDVQAFERLLGPCMEIMKRN/ATYEEQLVALYGTNMDIVGSGGSGGSSSKITVTGTLWNGNKIIDER 
LINPDGSLLFRVTINGVTGWRLCERILA 

SEQ ID NO:533 (SS 125 L27V (RIIbB) (nt sequence) 
ATGcjtcLlcacactcgaaga'; ttcgttggggaetggcgacagaeageeggetacaacctggaecaagtccttgaacag 
ggacjgtgtgtccagtttgttTcagaatctcgggqtgtccgtaactccgatccaaaggattgtcctgagcggtgaaaat 
gggctgaagatcgacatccatgtcatcatcccgtatgaaggtctgagcggcgaccaaatgggccagaLcgaaaaaatt 
tctfcaggtggtgtaccctgtggatgatcatcactttaaggtgatcecgcactatggcacactggtaatcgacggggtt 
acgccgaacatgategactatttcggacggccgtatgaaggcatcgccgtgttcgacggcaaaaagACCgctAGCGGA 
GGTTCAGGCGGTTCCGGAatgtatgaaagctttattgagtcactgccattecctaaatctttggagttttctgcacgc 
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ctgaaagtagtagatgtgataggcaccaaagtatacaacqatggagaacaaatcattgctcagggagattcggctgat 
tctttttteatcattgaatctggagaagtgaaaatcactatgaaaagaaagggtaaatcagaagtggaagagaatggt 
gcagtagaaatcgctcgatgctcgcggggacagtactttggagagcttgccctggtaactaaeaaacctcgagcagct 
tctgcccacgccattyggactgtcaaatqtttagcaatggatgtgcaagcatttgaaaggcttctgggaccttgeatg 
gaaattatgaaaaggaacatcgctacctatgaagaacagttagttgccctgTATggaacgaacatqgatattqtaggG 
TCAGGTGGATCTGGAGGtAGCTCtteTatcactgtaacagggaccctgtggaacggcaacaaaattatcgacgagcgc 
ctgatcaaccccgacggctccctgctgttccgagtaaccatcaacqgagtgaccggctggcggctgtGCGAACGCATT 
CTGGCt. 

SEQ ID NO:534 (53 125 L27V {RIIbB) (aa seq) 
MVFTLEDFVGDWROTAGYNLDQVLEOGGVSSLFQNLGV5VTPIQRIVLSGENGLKIDIHVIIPYEGLSGDQMGQIEKI 
FKVVYPVDDHHFKVILHYGTLVIDGVTPNMIDYFGRPYEGIAVFDGKKSASGGSGGSGMYESFIESLPFLKSLEFSAR 
LKVVDVIGTKVYNDGEQIIAQGDSADSFFIIESGEVKITMKRKGKSEVEENGAVBIARCSRGQYFGELAIIVTNKFRAA 
SAHAIGTVKCLAMDVQAFERLLGPCMEIMKRNIATYEEQLVALYGTNMDIVGSGGSGGSSSITVTGTLWNGNKIIDER 
LINPDGSLLFRVTINGVTGWRLCERILA 

SEQ ID NO:535 (SS 130 L27V (RIIbB) (nt sequence) 
ATGgtcttcacsctcgaagatttcgttggggactggcgacagacagccggctacaacctggaccaagtccttgaacag 
ggaggtgtgtccagtttgttteagaatcteggggtgtccgtaactccgatccaaaggattgtcctgagcggtgaaaat 
gggctgaagatcgacatccatgtcatcatcccgtatgaaggtctgagcggcgaccaaatgggccagatcgaaaaaatt 
ttr aaggtcgtgtaccctgtggacgatcatcactttaaggtgatcctgca^tatggcacac Lggliaatcgacggggtt 
acgccgaacatgatcgactatttcggacggccgtatgaaggcatcgccgtgttcgacggcsaaaagatcactgtaaca 
gggAGCgctAGCGGAGGTTCAGGCGGTTCCGGAatgtatgaaagctttattgagtcactgccattccttaaatctttg 
gagttttctgyacgcct-gaaagtagtagatgtqataggcaccaaagtatacaacgatggagaacaaatcattgctcag 
ggagattcggcrgattcttttttcattattgaatctggagaagtgaaaattactatgaaaagaaagggtasatcagaa 
gtggaagagaatggt gcagtagaaatcgctegatgetcgcggggacagtact ttggagagcttgcsctggtaactaac 
aaacctcgagcagctLctgcccacgccattgggactgtcaaatgtttagcaatggatgtgcaagcatttgaaaggctt 
ctgggaccttgcatggaaattatgaaaaggaacatcgctacctatgaagaacagttagttgccctgTATggaacgaac 
atggatatcgtaggGrCAGGTGGAICTGGAGGtAGCTCttcTaccctgtggaacggcaacaaaattaccgacgagcgc 
ctgateaaccccgacggctecetgetgttecgagtaaccatcaaeggagtgaccggctggcggctgtGCGAACGCATT 
CTGGCt 

SEQ ID HO:536 (SS 130 L27V (RIIbB) (aa seq) 
MVFTLEDFVGDWRQTAGYNIDQVLEQGGVSSLFQNLGVSVTPIQRIVLSGENGLKIDIHVIIPYEGLSGDQMGQIEKI 
FKVVYPVDDUHFKVILHYCTLVIDGVTPNMIDYFGRPYEGIZWFDGKKITVTGSASGGSGGSGMYESFIESLPFLKSL 
EFSARLKVVDVIGTKVYWDGEQIIAQGDSADSFFIIESGEVKITMKRKGKSEVEENGAVEIARCSRGQYFGELALVTN 
KPRAASAHAIGTVKCLAMDVQAFERLLGPCMEIMKRNIATYEEQLVALYGTNMDIVGSGGSGGSSSTLWNGNKIIDER 
LINPDGSLLFRVTINGVTGWRLCERILA. 

SEQ ID HO:53V (SS 136 L27V (RIIbB) (nt sequence) 
ATGgtcttcacactcgaagatttcgttggggactggcgacagacagccggcLacaacctggaccaagtcct tgaacag 
ggaggtgtgtcoagtttgttccagaatctcggggtgtccgtaactccgatccaaaggattgtcctgagcggtgaaaat 
gggctgaagatcgacatccatgtcatcatcccgtatgaaggtctgagcggcgaccaaatgggccagatcgaaaaaat: t 
tttaaygtggtgtacccCglggatgatcatcactttaaggtgatcctgcactatggcacactggtaatcgacggggtt 
acgccgaacatgatcgactatttcggacggccgtatgaaggcatcgccgtgttcgacggcaaaaagatcactgtaaca 
gggaccctgtggaacggcaacAGCgctAGCGGAGGTTCAGGCGGTTCCGGAatgtatgaaagctttattgagtcactg 
ccattccttaaatci:itggagttttctgcacgcctgaaagtagtagatgtgataggcaccaaagtatacaacgatgga 
gaacaaatcattgct cagggagattcggctgattcttttttcattai. tgaatctggagaagtgaaaattactatgaaa 
agaaagggtaaatcagaagtggaagagaatggtgoagtagaaatcgctegatgctcgcggggacagtactttggagag 
ettgccctggtaactaaeaaacetcgagcagcttctgcccacgccattgggactgtcaaatgtttagcaatggatgtg 
caagcatttgaaaggcttctgggaccttgcatggaaattatgaaaaggaacatcgctacctatgaagaacagttagtt 
gccctgTATggaacgaacatggatattgtaggGTCAGGTGGATCTGGAGGtAGCTCttcTaaaattatcgacgagcgc 
ctgatcaaccccgacggctccctgctgttccgagtaaccat oaacggagtgaceggctggcggctgtGCGAACGCATT 
CTGGCt 

SEQ ID NO:538 (SS 136 L27V (RIIbB) (aa seq) 
MVFTLEDFVGDWRQTAGYNLDQVLEQGGVSSLFQNLGVSVTPIQRIVLSGENGLKIDIHVIIPYEGLSGDQMGQIEKI 
FKWYPVDDHHFKVILHYGTLVIDGVTPNMIDYFGRPYEGIAVFDGKKITVTGTLWNGNSASGGSGGSGMYESFIESL 
PFLKSLEFSARLKVVDVIGTKVYNDGEQIIAQGDSADSFFIIESGSVKITMKRKGKSEVEENGAVEIARCSRGQYFGE 
LALVTNKPRAASAHAiGTVKCLAMDVQAFEKLLGPCHSrMKRUIATYEEQLVALYGTNMDIVGSGGSGGSSSKIIUER 
LINPDGSLLFRVTINGVTGWRLCERILA 

SEQ ID HO:53 9 (SS 143 L27V (RIIbB) (nt sequence) 
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ATGgtcttcacactcgaagattlcgt tggggactggcgacagacagccggctacaacctggaccaagtccttgaacag 
ggaggtgtgtceagtttgtttcagaatctcggggtgtccgtaactccgatccaaaggattgtcetgagcggtgaaaat 
gggctgaagatcgacatccatgtcatcatcccgtatgaaggtctgagcggcgaccaaatgggccagatcgaaaaaatt 
tttaaggtggtgtaccctgtggatgatoatcactttaaggcgatcctgcactacggcacactggtaatcgacggggtt 
acgccgaacatgatcgactatttcggacggccgtatgaaggcatcgccgtgttcgacggcaaaaagatcactgtaaca 
gggaccctgtggaaeggcaacaaaattategacgagcgcczgAGCgctAGCGGAGGTTCAGGCGGTTCCGGAatgtat 
gaaagctttattgagtcactgccattccttaaatctttggagttttctgcacgcctgaaagtagtagatgtgataggc 
accaaagtatacaacgatggagaacaaatcattgctcagggagattcggctgattcttttttcatfcattgaatctgga 
gaagtgaaaattactatgaaaagaaagggtaaatcagaagcggaagagaatggtgcagtagaaaLcgctcgaCgctcg 
cggggacaqtactt fcggagagettgccctggtaactaacaaaoctcgagcagcttctgcccacgccattgggactgtc 
aaatgtttagcaatggatgtgcaagcatttgaaaggcttctgggaccttgcatggaaattatgaaaaggaacatcgct 
acctatgaagaacagttagttgccctgTATggaacgaacatggatatcgtaggGTCRGGTGGATCTGGAGGtAGCTCt 
tcTatcaaccccgacggctccctgctgtcccgagtaaccatcaacggagtgaccggctggcggctgtGCGAACGCATT 
CTGGCt 

SEQ ID NO:540 (SS 143 L27V [RIIbB) {aa seq) 
MVFTLEDFVGDWRQTAGYHLDQVLEQQGVSSLPQNLGVSVTPIORIVLSGENGLKIDIHVIIPYEGLSGDQHGQILKI 
FKWYPVDDHHFKVILHYGTLVIDGVTPNMIDYJGRPYEGIAVFDGKKITVTGTLWNGNKIIDERLSASGGSGGSGMY 
ESFIESLPt'LKSI.EFSARLKVVDVIGTKVYNDGEQIIAQGDSADS FFIIESGEVKITMKRKGKSEVEENGAVEIARCS 
RGQYFGELALVTNKPRAASAHAIGTVKCLAMDVQAFERLLGPCMEIMKRNIATYEEQLVALYGTNMDIVGSGGSGGSS 
SINPDGSLLFRVTINGVTGWRLCSRILA 

SEQ ID NO:541 (SS 145 L27V (RIIbB) (nt sequence) 
ATGgtcttcacactcgaagatttcgttggggactggcgacagacagocggctacaacctggaccaagtccttgaacag 
ggaggtgtgtccagtttgtttcagaatctcgggglgtccgtaactccgatccaaaggattgtcctgagcggtgaaaat 
gggctgaagatcgacatccatgtcatcatcccgtatgaaggcctgagcggcgaccaaatgggccagatcgaaaaaatt 
tttaaggtggtgtaccctgtggatgatcatcactttaaggtgatcctgcactatggcacactggtaatcgacggggtt 
acgccgaacatgatcgactatttcygacggccgtatgaaggcatcgccgtgttcgacggcaaaaagatcactgtaaca 
gggaccctgtggaacggcaacaaaattatcgacgagcgcctgatoaacAGCgctAGCGGAGGlTCAGGCGGTTCCGGA 
atgtatgaaagctttattgagtcactgccattccttaaatctttggagttttctgcacgcctgaaagtagtagatgtg 
ataggcaccaaagtatacaacgatggagaaoaaateattgetcagggagattcggctgattcttttttcattattgaa 
rccggagaagtgaaaattactatgaaaagaaagggtaaatcagaagtggaagagaatggtgcagtagaaatcgctijga 
tgctcgcggggacagtactttggagagcttgecetggtaaeitaacaaaeetcgagcagcttctgcccacgccattggg 
actgtcaaatgtttagcaatggatgtgcaagcatttgaaaggcttctgggaccttgcatggaaattatgsaaaggaac 
atcgctacctatgaagaacagttagttgccctgTATggaacgaacatggatattgtaggGTCAGGTGGATCTGGAGGt 
AGCTCttcTcccgacggctccctgctgttccgagteaccatcaecggagtgaccggccggcggctgnECCAACGCATT 
CTGGCt 

SEQ ID NO:542 (SS 145 L27V (RIIbB) (aa seq> 
MVFTLEDFVGDWRQTAGYNLDQVLEQGGVSSLFQNLGVSVTPIQRIVLSGENGLKIDIHVIIPYEGLSGDQMGQIEKI 
FKWYPVDDHHFKVTLHYGTLVIDGVTPNMIDYFGRPYEGIAVFDGKKITVTGTLWSGNKIIDERLINSASGGSGGSG 
MYESFIESLPFLKSLEFSARLKWDVIGTKVYNDGEQIIAQGDSADSFFIIESGEVKITMKRKGKSEVEENGAVEIAR 
CSRGQYFGZLALVTNKPRAASAHAIGTVKCLAMDVQAFERLLGPCMEIMKRNIATYEEQLVAIYGTNMDIVGSGGSGG 
SSSPDGSLLFRVTINGVTGWRLCERILA 

SEQ ID NO:543 (SS 147 L27v (RIIbB) (nt sequence) 
ATGgtCttoacactcgaagatttcgttggggactggogacagacagccggctacaacccggaccaagtccttgaacag 
ggaggtgtgtccagtltgtttcagaatctcggggtgtccgtaactccgatccaaaggattgtcctgagcggtgaaaat 
gggctgaagatcgacatcoat gtcatcatcccgtatgaaggtctgagcggcgaccaaatgggccagatcgaaaaaatt 
tttaaggtggtgtaccctgtggatgatcatcactttaaggtgatcctgcact atggcacactggtaatcgacggggtt 
acgccgaacatgatogactat ttcggacggccgtatgaaggcatcgccgtgttogacggcaaaaagatcactgtaaca 
gggaccctgtggaacggcaacaaaattatcgacgagcgcctgatcaaccccgacAGCgctAGCGGAGGTTCAGGCGGT 
TCCGGAatgtatgaaagctttattgagtcactgftcattccttaaatctttggagttttctgcacgcctgaaagtagta 
gatgtgataggcaocaaagtatacaacgatggagaacaaatcattgctcagggagattcggctgattcttttttcatt 
attgaatctggagaagtgaaaattactatgaaaagaaagggtaaatcagaagtggaagagaatggtgcagtagaaatc 
gctcgatgctcgcggggacagtacttcggagagcttgccctggtaactaacaaacctcgagcagcttctgcccacgcc 
attgggact gtcaaatgcttagcaatggatgtgcaagcatttgaaaggct tctgggaccttgcatggaaattatgaaa 
aggaacatcgctacctattgaagaacagttagttgccctgTATggaacgaacatggatattgtaggGTCAGGTGGATCr 
GGAGGLAGCTCttcTggctccctgctgttccgagtaaccatcaacggagtgaccggctggcggctgtGCGAACGCATT 
CTGGCC 

SEQ ID NO:544 (SS 147 L27V {RIIbB) (aa seq) 
MVFTLEDFVGDWRQTAGYNLDQVLEQGGVSSLFQNLGVSVTPIQRIVLSGENGLKIDIHVIIPYEGL5GDQMGQ1EKI 
FKVVYPVDDHHfKVTE.HYGTLVIDGVTPNMIDYFGRPYEGIAVFDGKKrTVTGTLWNGNKIIDERLINPDSASGGSGG 
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SGMYESFIESLPFLKSLEFSARLKWDVIGTKVYNDGEQIIAQGDSADSFFI lESGEVKlTMKRKGKSEVEENGAVEI 
ARCSRGQYFGELALVTNKPRAASAHAIGTVKCLAMDVQAFERLLGPCMEIMKRNIATYEEQLVALYGTNMDIVGSGGS 
GGSSSGSLLE'RVT INGVTGWRLCERILA 

SEQ ID HO;545 (SS 145 L27V (RIIbB) {nt sequence) 
ATGgtcttcacactcgaagatttcgttggggactggcgacagacagccggctacaacctggaccaagtccttgaacag 
ggaggtgtgtccagtttgttteagaatctcggggtgtccgtaactccgatccaaaggattgtcclgagcggtgaaaat 
gggctgaagatcgacacccalgtcatcatcccgtatgaaggtctgagcggcgaccaaacgggccagatcgaaaaaatt 
tttaaggtggtgtacectgtggatgatcatcactttaaggcgatcctgcactatggcacactggtaatcgaeggggtt 
acgccgaacatgat cgactatttcggacggccgtatgaaggcatcgccgtgttcgacggcaaaaagatcactgtaaca 
qggaccctgtggaacggcaacaaaattatcgacgagcgcctgatcaaccccgacggcAGCgctAGCGGAGGTTCAGGC 
GGTTCCCGAatgtatgaaagctttattgagtcactgccattccttaaatctttggagttttctgcacgcctgaaagta 
gtagatgtgataggeaccaaagtatacaacgatggagaacaaatcattgctcagggagattcggctgattcttttttc 
attattgaatctggagaagtgaaaattactatgaaaagaaagggtaaateagaagtggaagagaatggtgeagtagaa 
atcgctcgatgctcgcggggacagtactttggagagctlgccctggtaactaacaaacctcgageagcttctgcccac 
gccattgggactgtcaaatgtttagcaatggatgtgcaagcatttgaaaggcttctgggaccttgcatggaaattatg 
aaaaggaacatcgctacctatgaagaacagttagttgccctgTATggaacgaacatggatattgtaggGTCAGGTGGA 
TCTGGAGGtAGCTCttcTtccctgctgttecgaqtaaccatcaacggagtgaccggctggcggctgtGCGAACGCAT'r 
CTGGCt 

SEQ ID NO:546 (SS 143 L27V (RIIbB) (aa seq) 
MVFTLEDFVGDWRQTAGYNLDQVLEQGGVSSLFQNLGVSVTPlQRIVLSGENGLKIDIHyilPYEGLSGDQMGQIEKI 
FKVVYPVDDIIHFKVILHYGTLVj IJGVTPNMIDYFCRPYEGIAVFDGKKITVTGTLUNGNKIIDERIINPDGSASGGSG 
GSGMYESFIESLPFLKSLEFSARLKVVDVIGTKVYNDGEQIIAQGDSADEFFIIESGEVKTTMKRKGKSEVEENGAVE 
IARCSRGOYFGELALVTNKPRAASAKAIGTVKCLAMDVQAFERLLGPCMEIMKRNIATYEEQLVAIYGTNMDIVGSGG 
SGGSSSSLLFRVTINGVTGWRIICERILA 

SIQ ID HO:547 <SS 155 LZ7V (RIIbB) (nt se^ence) 
ATGgtettcacactcgaagatttcgttggggactggcgacagacagccggctacaacctggaccaagtccttgaacag 
ggaggtgtgtccagtttgtttcagaatctcggggtgtccgtaactccgatccaaaggatcgtcctgagcggtgaaaac 
gggctgaagatcgaeatecatgtcatcatcccgtatgaaggtctgagcggcgaccaaatgggccagatcgaaaaaatc 
tttaaggtggtgtaccctgtggatgatcatcactttaaggtgatcctgcactatggcacactggtaatcgacgqgqtt 
acgccgaacatgatcgactatttcggacggccgtatgaaggcatcgccgtgttcgacggcaaaaagatcactgtaaca 
ggqaccctgtggaacggcaacaaaat tatcge cgagcgcctgatcaacccegacggctccctgctgttccgagtaacc 
atcAGCgctAGCGGAGGTTCAGGCGGTTCCGGAatgLatgaaagctttattgagtcactgccattccttaaatctttg 
gagttttctgcacgcctgaaagtagtagatgtgacaggcaccaaagtatacaacgatggagaacaaatcattgctcag 
ggagattcggctga ttcttttttcattattgaatctggagaagtgaaaattactatgnr-iriagaaagggtaaatcagaa 
gtggaagagaatggtgcagtagaaatcgctcgatgctcgcggggacagtactttggagagcttgccctggtaactaac 
aaacctcgagcagcttctgcccacgccattgggagtgLcaaptg!; ICaycaaLggatgtgcaagcaLttgaaaggct t 
etgggaccttgcatggaaattatgaaaaggaacatcgctacctatgaagaacagttagttgccctgTATggaacgaac 
atggatattgtaggGTCAGGTGGATCTGGAGGtAGCTCttcTaacggagtgaccggctggcggctgtGCGAACGL'AT'l1 

CTGGCt 

SEQ ID HOr540 (SS 156 L27V (RIIbB} (aa seq) 
MVFTLEDFVGDWRQTAGYNLDQVLEQGGVSSLFQNLGVSVTPIQRIVLSGENGLKIDIHVIIPYEGLSGDQMGQIEKI 
FKWY PVDDHHFKVILHYGTLVIDGVTPNMIDYFGRPYEGIAVFDGKKITVTGTLWNGNKIIDERLINPDGSLLFIWT 
ISASGGSGGSGMYESFTBSLPFLKSLEFSARI.KWDVIGTKVYNDGEQIIAQGDSAD3FFIIESGEVKITMKRKGKSE 
VEEMGAVEIARCSRGQYFGELALVTNKPRAASAKAIGTVKCLAMDVQAFERLLGPCMEIHKRNIftTYEEQLVALYGTN 
MDIVGSGGSGGSSSNGVTGWRLCERILA 

SEQ ID NO:549 (SS 157 L27V (RIIbB) (nt sequence) 
ATGgtcttcacactcgaagatttcgt tggggactggcgacagacagccggctacaacctggaccaagtccttgaacag 
ggaggtgtgtccagtttgtttcagaatctcggggtgtccgtaactccgatccaaaggattgtcctgagcggtgaaaat 
gggetgaagatcgacatccatgtcatcatcccgtatgaaggtctgagcggcgaccaaataggccagatcgaaaaaatt 
tttaaggtggtgtaccctgtggacgatcatcactttaaggtgatcctgcactatggcacactggtaatcgacggggtt 
acgccgaacatgatcgactatttcggacggccgtatgaaggcatcgccgtgttcgacggcaaaaagatcactgtaaca 
gggaccctgtggaacggcaacaaaattatcgacgagcgcct.gatcaaCcccgacggctccctgctgttccga gtaacc 
atcaacAGCgctAGCGGAGGTTCAGGCGGTTCCGGAatgtatgaaagctttattgagtcactgccattccttaaatct 
ttggagttttctgcacqcctgaaagtagtagatgtgatAggcaccaaagtatacaacgatqqagaacaaatcattgct 
cagggagattcggctgattctttttteattattgaatctggagaagtgaaaattactatgaaaagaaagggtaaatca 
gaagtggaagagaatggtgcagtagaaatcgctcgatgcEcgcggggacagtactttggagagcttgccctggtaact 
aacaaacctcgagcagcttctgcccacgccattgggactgteaaatgtttagcaatggatgtgcaagcatttgaaagg 
cttctgggaccctgcatggaaattiatgaaaaggaacatcgctacctatgaagaacagttagttgccctgTATqgaacg 
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aaeatggatattgtaggGTCAGGTGGATCTGGAGGtAGCrctteTggagtgaccggctggcggctgtGCGAACGCATT 
CTGGCt 

SEQ ID NO:550 {SS 157 L27V (RIIbB) (aa seq) 
MVFTLEDFVGDWRQTftGYNLDQVLEQGGVSSLFQNLGVSVTPIQRIVLSGENGLKIDIHVIIPYEGLSGDQMGQIEKI 
FKVVYPVDDHHFKVILHYGTLVIDGVTFNMIDYFGRPYEGIAVFDGKKITVTGTLWNGNKIIDERLINPDGSLLFRVT 
INSASGGSQGSGMYESFIESLPFLKSLEFSARLKWDVIGTKVYNDGEQIIAQGDSADSFFIIESGEVKITMKRKGKS 
EVEENGAVE;IARCSRGQYFGSLALVTNKPRAASAHAIGWKCLAMDVQAFEP.LLGPCMEIMKRNIATYEE.QLVAT,YGT 
NMDIVGSGQ5GGSSSGVTGW51LCERILA 

SEQ ID NO:551 (SS 158 L27V (RIIbB) (nt sequence) 
ATGgtcttczacaetegaagatttcgttggggactggcgacagacagccggctacaacctggaccaagtccttgaacag 
ggaggtgtcjtccagtttgtttcagaatctcggggtgtccgtaactccgatccaaaggatcgtcctgagcggtgaaaat 
gggetgaagatcgacatccatgtcatcatcccgtatgaaggtctgagcggcgaccaaatgggccagatcgaaaaaatt 
tttaaggtggtgtaccctgtggatgatcatcactttaaggtgatcctgcactatggcacactggtaatcgacggggtt 
acgccgaacatgatcgactatttcggacggccgtatgaaggcatcgccgtattcgacggeaaaaagatcacrgtaaca 
gggaccctgtggaa-sggcaacaaaat t.atcgacgagcgcctgatcaaccccgacggctccctgctgttccgagtflacc 
aeeaacgg^AGCgctAGCGGAGGTTCAGGCGGTTCCGGAatgta Lgaaagctttattgagtcactgccattcctt aaa 
tctttggacjttttctgcacgcctgaaagtagtagatgtgataggcaocaaagtatacaacgatggagaacaaatcatt; 
gctcagggagattcggclgaltcttttttcattattgaatctggagaagtgaaaattaetatgaaaagaaagggtaaa 
tcagaagt<jgaagagaatggtgcagtagaaatcgctcgatgcl_cgcggggacagtactttggagagcttgccctggta 
actaacaa^cctcgagcagcttctgcccacgccattgggactgtcaaatg"Ctagcaatggat gtgcaagcatttgaa 
aggottctijggaccttgcatggaaattacgaaaaggaacatcgctacctac gaagaacagttagttgccctgTATgga 
acgaacatggatactgtaggGTCAGGTGGATCTGGAGGtAGCTCttcTgtgaccggctggcggctgtGCGAACGCATT 
CTGGCt 

SEQ ID NO:552 CSS 158 L27V (RIIbB) (aa seq) 
MVFTT.EDFVGDWRQTAGYNLDQVLEQGGVSSLFQNLGVSVTPIQRIVLSGENGLKIDIHVIIPYEGLSGDQMGQIEKI 
FKWYPVDDHHFKVILHYGTLVIDGVTPNMIDifc'GRPYEGIAVFDGKKITVTGTLWNGNKI IDERLINPDGSLLFRVT 
INGSA5GGSGGSGMYESFIE3LPFLKSLEFSARLKWDVIGTKVYNDGEQIIAQGD5ADSFFIIESGli:VKITMKRKGK 
SEVEENGAVEIARCSRGQYFGEIIALVTNKPRAASAHAIGTVKCLAMDVQAFERLLGPCMEIMKRNIATYEEQLVALYG 
TNMDIVGSCJGSGGSSSVTGWRLCERILA 

SEQ ID NO:553 (SS 166 L27V (RIIbB) (nt sequence) 
ATGgrctteacactcgaagatttcgttggggactggcgacagacagccggctacaacctggaccasgtccttgaacag 
qgaggfcgt cjtccagtttgtttcagaatcccggggtgtccgtaactccgatcnaaaggattgtcctgagcggtgaaaat 
gggccgaacjatcgacatccatgtcatcatcccgtatgaaggtctgagcggcgaccaaatgggccagatcgaaaaaatt 
tttaaggtqgtgtaccctgtggatgatcatcactttaagglgatcctgcactatggcacactggtaatcgacggggtt 
acgccgaacatgategaetatttcggacggccgtatgaaggcatcgccgtgttcgacggcaaaaagatcactgleaca 
gggaccctgtggaacggcaacaaaattatcgacgagcgcctgatcaacccegacggctccctgctgttccgagtaacc 
atcaacggEigtgaccggctggcggctgtGCGAAAGCgcLAGCGGAGGTTCAGGCGGTTCCGGAatgtatgaaagcttt 
attgagtcactgccattccttaaatctttggagttttctgcacgcctgaaagtagtagatgtgataggcaccaaagta 
tacaacgatgg&gaacaaatcattgctcagggagattcggctgattcttttttcattattgaatctggagaagtgaaa 
attactat cjaaaayaaagggtaaatcagaagtggaaqagaatggtgeagtagaaatcgctcgatgctcgcggggacag 
tactrtggagagcttgccctggtaactaacaaacctcgagcagcttctgcccacgccattgggactgtcaaatqttta 
gcaatggatg-gcaagcatttgaaaggcttctgggaccttgcatggaaattatgaaaaggaacatcgctacctatgaa 
gaacagttagctgccctgTATggaacgaacat ggatat tgtaggGTCAGGTGGATCTGGAGGtAGCTCttcTCGCATT 
CTGGCt 

SEQ ID NO:554 {SS 166 L27V (RIIbB) (aa seq) 
MVFTLEDFVGDWRQTAGYNLDQVLEQGGVSSLFQNLGVSVTPIQRIVLSGENGLKIDIHVIIPYEGLSGDQMGQIEKI 
FKVVYPVDDHHFKVILHYGTLVIDGVrPNMIDYFGRPYEGIAVFDGKKITVTGTLWNGNKIIDERLIMPDGSLLFRVT 
INGVTGWRLCESASGGSGGSGMYESFIESLPFLKSLEFSARLKVVDVIGTKVYNDCEQIIAQGDSADSFFIIESGEVK 
ITMKRKGKSEVEENGAVEIARCSRGQYFGELALVTNKPRAASAHAIGTVKCLAMDVQAFRRLLGPCMEIMKRNIATYE 
EQLVALYGFNMDIVGSGGSGGSSSRILA 

SEQ ID NO:555 (CP 26 L27V (RIIbB) (nt sequence) 
ATGggtgtgtccagtttgtttcagaatctcggggtgcccgtaactccqatccaaaggattgtcctgagcggtgaaaat 
gggctgaagatcgacacccatgtcatcatcccgtetgaaggtctgagcggcgaccaaatgggccagatcgaaaaaat t 
tttaaggtggtgtacectgtggatgatcatcactetaaggtgatcctgcactatggcacactggtaatcgacggggtt 
acgccgaac;atgatcgacte tt tcggacggccgtatgaaggcatcgccgtgttcgacggcaaaaagatcactgtaaca 
gggaccct^tggaacggcaacdaaattatcgacgagcgcctgatcaaccccgacggctccctgctgttccgagtaacc 
atcaacggagtgaccggctggcggctgtGCGAACGCATTCTGGCCAGCTCAAGCGGAGGTTCAGGCGGTTCCGGAATG 
TATGAAAGCTrTATTGAGTCACTGCCATTCCTTAAATCT'n'GGAGTTTTCTGCACGCCTGAAAGTAGTAGArGTGATA 
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GGCACCAAAGTATACAACGATGCAGAACAAATCATTGCTCAGGGAGATTCGGCTGATTCTTTTTTCATTATTGAATCT 
GGAGAAGTGAAAATTACTATGAAAAGAAAGGGTAAATCAGAAGTGGAAGAGAATGGTGCAGTAGAAATCGCTCGATGC 
TCGCGGGGACAGTACTTTGGAGAGCTTGCCCTGGTAACTAACAAACCTCGAGCAGCTTCTGCCCACGCCATTGGGACT 
GTCAAATGTTTAGCAATGGATGTGCAAGCATTTGAAAGGCTTCTGGGACCTTGCATGGAAATTATGAAAAGGAACATC 
GCTACCTATGAAGAACAGTTAGTTGCCCrGTATGGAACGAACRTGGATATTGTAGGGTCftGGTGGRTCTGGAGGTAGC 
TCTTCTat.ggtcttcacactcgaagattlcgttggggactggcgacagacagccggctacaacctggaccaagtcctt 
ga^caggga 

SEQ ID MO:556 (CP 26 L27V (RIIbB) (aa seq} 
MGVSSLFQNLGVSVTPIQRIVLSGEHGLKIDIHVIIPYEGLSGDQMGQIEKIFKWYPVDDHHFKVILHYGTLVIDGV 
TP&MIDYFGRPYEGIAVFDGKKITVTGTLWUGNKIIDEIRLINPDGSLLFRVTINGVTGWRLCERILASSSGGSGGSGM 
YESFIESLPFLKSLEFSARLKWDVIGTKVYNDGEQIIAQGDSADSFFIIESGEVKITMKRKGKSEVEUNCAVEIARC: 
SRQQYFGEIALVTNKPRAASAHAIGTVKCLAMDVQAFERLLGPCMEIMKRNIATYEEQLVALYGTNMDIVGSGGSGGS 
SStoVFTLEDFVGDWRQTAGYNLDQVLFQG 

SEQ ID NO:557 (CP 45 L27V (RIIbB) (nt sequence) 
ATGgtcctgagcggtgaaaatgggctgaagatcgacat.ncatgtcatcatcccgtatgaaggtctgagcggcgaccaa 
at^ggccagatyyaaaaaatttttaaggtggtgtaecctgtggatgatcatcactttaaggtgatcctgcactatggc 
af^ictggtaatcgacggggttacgccgaaeatgatcgactatttcggacggccgtatgaaggcatcgccgtgttcgac 
ggcaaaaagatcactgtaafiagggaccctgtggaacggcGacaaaattatcgacyaycycclgalcaaccccgacggG 
tcc;ctgctgttc;cgagtaaccatceacggagtgaccggctg-geggctgtGCGAACGCATTCTGGCtAGCTCAAGCGGA 
GGTTCACGCGGTTCCGGAATGTATGAAAGCTTTATTGAGTCACTGCCATTCCTTAAATCTTTGGAGTTTTCTGCACGC 
CKSAAAGTAGTAGA'i'GTnATAGGCACCAAAGTATACAACGATGGAGAACRAATCATTGCTCAGGGAGATTCGGCTGAT 
TCTTT.TTTCATTATTGAATCTGGAGAAGTGAAAA'JTACTATCAAAAGAAAGGGTAAATCAGAAGTGGAAGAGAATGGT 
GCftGTAGAAATCGCTCGATGCTCGCGGGGACAGTACTTTGGAGAGCTTGCCCTGG'l'AACTAACAAACCTCGAGCACCT 
TCTGCCCACGCCATTGGGACTGTCAAATGTTTAGCAATGGATGTGCAAGCATTTGAAAGGCTTCTGGGACCTTGCATG 
GAAATTATGAAAAGGAACATCGCTACCTATGAAGAACAGTTAGTTGCCCTGTATGGAACGAACATGGATATTGTAGGG 
TC^GGTGGATCTGGAGGTAGCTCTTCTatggtct tcacactcgaagatttcgttggggactggcgacagacagccggc 
tacaacctggaccaagtccttgaacygggaggtgtgtccagtttgtttcagaatctcggggtgtccgtaactccgatc 
ca^aggatt 

SEQ ID NO:558 (CP 45 L2?V (RIIbB) (aa seq) 
MVLSGENGT.XIDIHVIIPYEGLSGDQMGQIEKIFKWYPVDDHHFKVILHYGTLVIDGVTPNMIDYFGRPYEGIAVFD 
GKBCITVTGTLWNGNKIIDERLINPDGSLLFRVTTNGVTGHRLCERILASSSGGSG'GSGMYESFIESLPFLKSLEFSAR 
LKVVDVIGTKVYNDGEOIIAQGDSADSFFIIESGEVKITMKRKGKSEVEEHGAVEIARCSRGQYFGELALVTNKPRAA 
SAHAIGTVKCLAMDVQAFERILGPCMEIMKRNIATYEEQLVALYGTNMDIVGSGGSGGSSSMVFTLEDFVGDWRQTAG 
YNXDQV1EQGGVS5LFQNLGVSV7PIQR1 

SEQ ID NO: 559 (CP 100 (+1) L2"?V (RIIbB) (nt sequence) 
AT^gacggggtt acgccgaacfitgatcgactatttcggacggccgtatgaaggcaccgccgtgttcgacggcaaaaag 
at^a^tgtaeicagggaccctgtggaacggcaacaaaattatcgacgagcgcctgatcaaccccgacggctccctgct g 
tteegagtaaceatcaacggagtgaccggctggcggctgtGCGAACGCATTCTGGCtAGCTCAAGCGGAGGTTCAGGC 
GGTTCCGGAATGTAI'GAAAGCTTTATTGAGTCACTGCCATTCCTTAAATCTTTGGAGTTTTCTGCACGCCTGAAAGTA 
GTAGATGTGATAGGCACCAAAGTATACAACGATGGAGAACAAATCATTGCTCAGGGAGATTCCGCTGATTCTTTTTTC 
ATTATTGAATCTGGAGAAGTGAAAATrACTATGAAAAGAAAGGGTAAATCAGAAGTGGAAGAGAATGGTGCAGTAGAA 
ATCGCTCGATGCTCGCGGGGACAGrACTTTGGAGAGCTTGCCCTGGTAACTAACAAACCTCGAGCAGCTTCTGCCCAC 
GCCArTGGGACTGTCAAA'rGT'fTftGCAATGGATGTGCAAGCATTTGAAAGGCT'I'CTGGCACCTTGCATGGAAATTATG 
AAAAGGAACATCGCTACCTArGAAGAACRGTTAGlTGCCCrGTRTGGAACGAACATGGA'L'ATTGTAGGGrCAGGTGGA 
TCTGCAGGTAGCTCTTCTatggtcttcacactcgaagatttcgttggggactggcgacagacagccggctacaacctg 
gaccaagtocttgaacagggaggtgtgtccagtttgtttcagaatctcggggtgtccgtaactccgatccaaaggatt 
gtc;ctgagcggtgaaaatgggctgaagatcgacatccatgtcatcatcccgtatgaaggtof-gagcggcgaccaaatg 
ggccagatcgaaaaaat 1t ttaaggtggtgtaccctgtggatgatcatcaotttaaggtgatectgcactatggcaca 
ct.ggt aatcGAC 

SEO ID NO:560 (CP lOO(-t-l) L27V (RIIbB) (aa seq) 
MDGVTPNMIDYFGRPYEGIAVFDGKKITVTGTLWNGNKIIDERLINPDGSLLFRVTINGVTGWRLCERILASSSGGSG 
GSGMYESFIESLPFLKSLEFSARLKWDVIGTKVYNDGEQIIAQGDSADSFFIIESGEVKITMKRKGKSEVEENGAVE 
IAKCSRGQYFGELALVTNKPRAASAIIAIGTVKCLAMDVQAFERLLGPCMEIMKKNIATYEEQLVALYGTNMDIVGSGG 
SGQSSSMVFTLEDFVGDWRQTAGYNLDQVLEQGGVSSLFQNLGVSVTPIQRJVLSGEMGLKIDIHVIIPYEGLSGDQM 
GQIEKIFKWYPVDDHHFKVILHYGTLVID 

SEQ ID NO:561 (CP 101 (+1} L27V (RIIbB) (nt sequence) 
ATGggggttacgccgaacatgatcgactatttcggacggccgtatgaaggcatcgccgtgttcqacggcaaaaagatc 
actgtaacagggaccctgtggaaeggcaacaaaattatcgacgagcgcctgatcaaccccgacggctccctgctgttc; 
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cgagtaaccatcaacggagtgaccggctggcggctgtGCGAACGCATTCTGGCtAGcrcAAGCGGAGGTTCAGGCGGT 
TCCGGAATGTATGAAAGCTTTATTGAGTCACTGCCATTCCTTAAATCTTTGGAGTTTTCTGCACGCCTGAAAGTAG7A 
GATGTGATAGGCACCAAAGTATACAACGATGGAGAACAAATCATTGCTCAGGGAGATTCGGCTGATTCTTTTTTCATT 
AITGAATCTGGAGAAGTGAAAATTACTATGAAAAGAAAGGGTAAATCAGAAGTGGAAGAGAATGGTGCAGTAGAAATC 
GCTCGATGCTCGCGGGGACAGTACTTTGGAGAGCTTGCCCTGGTAACTAACAAACCTCGAGCAGCITCTGCCCACGCC 
ATTGGGACTGTCAAATGTTTAGCAATGGATGTGCAAGCATTTGAAAGGCITCTGGGACCTTGCATGGAAATTATGAAA 
AGGAACATCGCTACCTATGAAGAACAGTTAGTTGCCCTGTATGGAACGAACATGGATATTGTAGGGTCAGGTGGATCT 
GcAGGTAGCTCTTCTatggtcttcacactcgaagatTtcgttggggactggcgacagacagccggetacaacetggac 
caagtccttgaacagggaggtgtgtccagtttgtttcagaatctcggggtgtccgtaactccgatecaaaggattgtc 
ctgagcggtgaaaatgggctgaagatcgacatccatgtcatcatcccgtatgaaggtctgagcggcgaccaaatgggc 
cagaccgaaaaaatCtCCaaggcggtgtacccCgtggatgatcatcactttaaggtgatcctgcactatggcacactg 
gtaatcgacGGG 

SfeQ ID NO:562 (CP 1011+1) L27V (RIIbB) laa seq) 
MQVTFNMIDYFGRPYEG3AVFDGKKITVTGTLWNGNKIIDERLINPDGS1LFRVTINGVTGWRLC£RILASSSGG3GG 
SGHYESFIESLPFLKSLEFSARLKWDVIGTKVYNDGEQIIAQGDSADSFFIIESGEVXITMXRXGKSZVEENGRVEI 
ARCSRGQYFGELALVTNKPRAASAHAIGTVKCLAMDVQAFERLLGPCMEIMKRNIATYEEQLVALYGTNMDIVGSGGS 
GGasSMVFTLEDfVGDNRQTAGYNLDQVLBQGGVSSLFOHLGVSVTPIQFIVLSGENGLKIDI tlVIIPYEGLSGDQMG 
QlEKIFKVVYPVDDHHFKVILHYGTLVIDG 

S£Q ID NO:563 {CP 102(+1) L27V (RIIbB) {nt sequence) 
ArGgttacgccgaacstgatcgactatttcggacggccgtatgaaggcatcgcogtgttcgacggcaaaaagatcact 
gtaacagggaccctgtggaacggcaacaaaattatcgacgagcgcctgatcaaccccgacggctecctgctgttccga 
gtaaccatcaacggagtgaccggctggcggctgtGCGAACGCATTCTGGCrAGCTCAAGCGGAGGTTCAGGCGGTTCC 
GGAATGTATGAAAGCTTTATTGAGTCACTGCCATTCCTTAAATCTTTGGAGTTTTCTGCACGCCT-GAAAGTAGTAGAT 
GTGATAGGCACCAAAGTATACAACGATGGAGAACAAATCATTGCTCAGGGAGATTCGGCTGATTCTTTTTTCATTATT 
GAATCTGGAGAAGTGAAAATTACTATGAAAAGAAAGGGTAAATCAGAAGTGGAAGAGAATGGTGCAGTAGAAATCGCT 
CGATGCTCGCGGGGACAGTACTTTGGAGAGCTTGCCCTGGTAACTAACAAACCTCGAGCAGCTTCTGCCCACGCCATT 
GGGACTGTCAAATGTTTAGCAATGGATGTGCAAGCATTTGAAAGGCTTCTGGGACCTTGCATGGAAATTATGAAAAGG 
AACATCGCTACCTATGAAGAACAGTTAGTTGCCCTGTATGGAACGAACATGGATATTGTACGGTCAGGTGGATCTGGA 
GGTAGCTCTTCTatggtcttcacact cgaagatttcgttggggactggcgaeagacagccggctacaacctggaccaa 
gtccttgaacagggaggtgtgtccagctcgtitcagaatctcggggtgtccgtaactccgatccaaaggattgtcctg 
agcggtgaaaatgggctgaagaccgacatccatgtcaccatcccgtatgaaggtctgagcggcgaccacatgggccag 
atcgaaaaaatt tt t.aaggtggtgtaccctgtggatgatcatcacttfcaaggtgatcctgcaetatggcaeafitggt.a 
atcgacgggGTT 

SEQ ID NO:564 <CP 102(+1) L27V (RIIbB) (?»& seq) r 

MVTPNMIDYFGRPYEGIAVFDGKKITVTGTLWNGNKIIDERLINPDGSLLFRVTINGVTGWRLCERIIASSSGGSGGS 
GMYESFIESLPFLKSLEFSARLKVVDVIGTKVYNDGEQIIAQGDSADSFFIIESGEVKITMKRKGKSEVEENGAVEIA 
RCSRGQYFGELALVTNKPRAASAKAIGTVKCLAMDVQAFERLLGPCMEIMKRNIATYEEQLVALYGTNMDIVGSGGSG 
GSSSMVFTLEDFVGDWFQTAGYMLDQVLEQGGVSSLFQNLGVSVTPIQRIVLSGENGIKIDIHVIIPYEGISGDQMGQ 
TEKIFKVVYPVDDHHFKVILHYGTLVIDGV 

SEQ ID NO: 565 (CP 143{+1) L27V (RIIbB) {nt sequence) 
ArGatcaaccccgacggctccctgctgtcccgagtaaccatcaacggagtgaccggctggcgq QtgtGCGAACGCATT 
CT-GGCtAGCTCAAGCGGAGGTTCAGGCGGTTCCGGAATCTATGAAAGCTTTATTGAGTCACTGCCATTCCTTAAATCT 
TrGGAGTTTTCTGCACGCCTGAAAGTAGTAGATGTGATAGGCACCAAAGTATACAACGATGGAGAACAAATCATTGCT 
CAGGGAGATTCGGCTGATTCTTTTTTCATTATTGAATCTGGAGAAGTGAAAATTACTATGAAAAGAAAGGGTAAATCA 
GAAGTGGAAGAGAATGGTGCAGTAGAAATCGCTCGATGCTCGCGGGGACAGTACTTTGGAGAGCTTGCCCTGGTAACT 
AACAAACCTCGAGCAGCTTCTGCCCACGCCATTGGGACTGTCAAATGTTTAGCAATGGATGTGCAAGCA']"i"rGAA_AGG 
CTTCTGGGACCTTGCATGGAAATTATGAAAAGGAACATCGCTACCTATGAAGAACAGTTAGTTGCCCTGTATGGAACG 
AACATGGATATTGTAGGGTCAGGTGGATCTGGAGGTAGCTCTTCTatggtcttcac^ctcgaagatttcgttggggac 
tggcgacagacagccggctacaacctggaccaagrccctgaacagggaggtgtgtccagtttgtttcagaatctcggg 
gtgtccgtaactccgatccaaaggattgtcctgagcggtgaaaatgggctgaagatcgacatccatgtcatcatcccg 
tatgaagg tctgagcggcgaccaaatgggccagatcgaaaaaatttttaaggtggtgtaccctg tggatgatcatcac 
tttaaggtgatcctgcactatggcacactggTaatcgacggggttacgccgaacatgatcgactatttcggacggccg 
tatgaaggcatcgccgtgttcgacggcaaaaagatcactgtaacagggaccctgtggaacggcaacaaaatcatcgac 
gagcgcctgATC 

SEQ ID NO:566 (CP 143{+1) L27V (RIIbB) (aa seq) 
MiNPDGSLLFRVTINGVTGWRLCERILASSSGGSGGSGMYES FIESLPFLKSLEF3ARLKVV DVTGTKVYNDGEQIIA 
QGDSADSFFIIESGEVKITMKRKGKSEVEENGAVEIARCSRGQY ETGELALVTNKPRAASAHAI GTVKCLAMDVQAFER 
LLGPCMEIMKRNIATYEEQLVALYGTNMDIVGSGGSGGSSSMVFTLEDFVGDWRQTAGYWLDQVLEQGGVSSLFQNLG 
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VSVTPIQRIVLSGENGI.KI DIHVIIPYEGLSGDQMGQIEKIFKVVYPVDDHHFKVILHYGTLVIDGVTPNMIDYFGRP 
YEGIAVFDGKKITVTGTLWNGNKIIDERLI 

SEQ ID NO: 567 <CE» 14*7 <+l> L27V (RIIbB) (nt serenes) 
ArGggctccctgctgtt.ccgagtaaccatcaacgqagtgaecggctggcggctgtGCGAACCCATTCTGGCtAGCTCA 
AGCGGAGGTTCAGGCGGTTCCGGAATGTATGAAAGCTTTATTGAGTCACTGCCATTCCTTAAATCTTTGGAGTTTTCT 
GCACGCCrGAAAGTAGTAGATGTGATAGGCACCAAAGTATACAACGATGGAGAACAAATCATTGCTCAGGGAGATTCG 
GCTGATTCTTTrT'tCATTATTGAA'rCTGGAGAAGTGAAAATTACTATGAAAAGAAAGGGTAAATCAGAAGTGGAAGAG 
AATGGTGCAGTAGAAATCGCTCGATGCTCGCGGGGACAGrACTTTGGAGAGCTTGCCCTGGTAACTAACAAACCTCGA 
GCAGCTTCTGCCCACGCCATTGGGACTGTCAAArCXTTAGCAATGGATGTGCAAGCATTTGAAAGGCTTOTGGGACCT 
TGCATGGAAATTATGAAAAGGAACATCGCTACCrATGAAGAACBGTTAGTTGCCCTGTATGGAACGAACATGGATATT 
GTAGGGTCAGGTGGATCTGGAGGTAGCTCTTCTatggtcttcaeactegaagatttcgttggggactggcgacagaca 
gccggctacaacctggaccaagtccttgaacagggaggtgtgtccagtttgtttcagaatctcggggtqtccgtaacc 
ccgatccaaaggattgtcctgagcggtgaaaatgggctgaagatcgacatccatgtcatcatcccgtargaaggtctg 
agcggcgaccaaatgggccagatcgaaaaaatttttaaggtggtgtaccctgtggatgatcatcacttnaaggtgatc 
ctgcactatggcacactggtaatcgacggggttacgccgaacatgategaceatttcggacggccgtatgaaggcatc 
gccgtgttegacggcaaaaagateaetgtaacagggaccctgtggaacggcaacaaaattatogacgagcgcctgatc 
aaccccgacGGC 

SEQ ID NO:560 (CP 147(+1) L27V (RIIbB) (aa seq) 
MGSLLFRVTINGVTGWRLCERILASSSGGSGGSGMY12S FTESLPFLKSLEFSARLKVVDVIGTKVYNDGEQIIAQGDS 
ADSFFIIESGEVKITMKRKGKSEVEENGAVEIARCSRGQYFGELALVTNKPRAASAHAIGTVKCLAMDVQAFERLLGP 
CMEIMKRNIATYEEQLVALYGTNMDIVGSGGSGGSSSMVFTLEDFVGDWRCTAGYNLDQVLEQGGVSSLFQNLGVSVT 
PIQRIVLSGENGLK.I DI HVIIPYEGLSGDQMGQIEKI f KVVYPVDDHHFKVILHYGILVIDGVTPNMIDYFGP.PYEGI 
AVFDGKKITVTGTLWNGNKIIDERLINPDG 

STQ ID NO: 569 (CP 1S6(+1) L27V (RIItiBJ (nt Sequence* 
ATGaaeggagtgaccggctggcggctgtGCGAACGCATTCTGGCtAGCrCAAGCGGAGGTTCAGGCGGTTCCCCAATC 
TATGAAAGCrTTATTGAGTCACTGCCATTCCTTAAATCTTTGGAGTTTTCTGCACGCCrGAAAGTAGTAGATGTGATA 
GGCACCAAAGTATACAACGATGGAGAACAAATCATTGCTCAGGGAGATTCGGCTGATTCTTTTTTCATTATTGAATCT 
GGAGAAGTGAAAATTACTATGAAAAGAAAGGGTAAATCAGAAGTGGAAGAGAATGGTGCAGTAGAAATCGCTCGATGC 
TCGCGGGGACAGTftCTTTGGAGAGCTTGCCCTGGTAACTAACAAACCTCGAGCAGCTTCTGCCCACGCCATTGGGACT 
GTCAAATGTTTAGCAATGGATGTGCAAGCATTTGAAAGGCTTCTGGGACCTTGCATGGAAATTATGAAAAGGAACATC 
GCTACCTATGAAGAACAGTTAGTTGCCCTGTATGGAACGAACATGGATATTGTAGGCTCAGGTGGATCTGGAGGTAGC 
TCTTCTatggtcttcacactcgaagatttcgttggggacEggcgacagacagccggctacaacctggaccaagtcctt 
gaacagggaggtgtgtGcagtttgtttcagaatctcggggtgtccgtaactccgatccaaaggattgtcctgagcggt 
gaaaacgggctgaagatcgacatccatgtcatcatcccgtatgaaggtctgagcggcgaccaaatgggccagatcgaa 
aaaatctttaaggtggtqtaccctgtggatgatcatcactttaaggtgatcctgcactatggcacactggtaatcqac 
ggggt'acgccgaacatgatcgactatttcggacggccgtatgaaggcatcgccgtgtlcgacggcaaaaagatcact 
gtaacagggaccGtgtggaacggcaacaaaattatcgacgagcgcctgatcaaccccgacggctccctgctgttccga 
gtaaccatcAAC 

SEQ ID NO; 5*70 (CP 156 (+1) L27V (RIIbB) (as seq) 
MNGVTGWRLCERILASSSGGSGGSGMYESFIESLPFLKSLEFSARLKWDVIGTKVYNDGEQIIAQCDSADSFFIIES 
GEVKITMKRKGKSEVE&NGAVEIARCSRGQYFGELALVTNKPRAASAHAIGTVKCLAMDVQAFERLLGPCMETMKRNI 
ATYEEQLVALYGTNMDIVGSGGSGGSSSMVFTLEDFVGDWRQTAGYNLDQVLEQGGVSSLFQNLGVSVTPIQRIVLSG 
BNGLKIDIHVIIPYEGI.SGDQMGQIEKIFKVVYPVDDHKFKVILHYGTLVIDGVTPNMIDYFGRPYEGIAVFDGKXIT 
VTGTLWNGNKIIDERLINPDGSLLFRVTIN 

SEQ ID NO: 5*71 (CP 158(+1) L27V (RIIbB) (nt sequence) 
ATGgt gaccggctggeggetgtGCGAACGCATTCTGGCt AGC'J'CAAGCGSAGGTTCAGGCGGTTCCGGAATGTATGAA 
AGCTTTATTGAGTCACTGCCATTCCTTAAATCTTTGGAGTTTTCTGCACGCCTGAAAGTAGTAGATGTGATAGGCACC 
7VAAGTATACAACGATGGAGAACAAATCATTGCTCAGGGAGATTCGGCTGATTCTTTTTTCATTATTGAATCTGGAGAA 
GTGAAAA'J'TACTATGAAAAGAAAGGGTAAATCAGAAGTGGAAGACAATCGTGCAGTflGAAATCGCTCGATGCTCGCGG 
GGACAGTACTTTGGAGAGCTTGCCCTGGTAACTAACAAACCTCGAGCAGCTTCTGCCCACGCCATTGGGACTGTCAAA 
TGTTTAGCAATGGATGTGCAAGCATTTGAAAGGCTTCTGGGACCTTGCATGGAAATTATGAAAAGGAACATCGCTACC 
TATGAAGAACACTTAGTTGCCCTGTATGGAACGAACATGGATATTGTAGGGTCAGGTGGATCTGGAGGTAGCTCTTCT 
atggtctteacactegaagatctcgttggggactggegacagacagccggct acaacctggaccaagtccttgaacag 
ggaggtgtgtccagtttgtttcagaatctcggggtgtccgtaactccgatccaaaggattgtcctgagcggtgaaaat 
ggactgaagatcgacatccatgtcatcatcccgtatgaaggtctgagcggcgaccaaa tgggccagatcgaaaaaatt 
tttaaggtggtgtaccctgtggatgatcatcactttaaggtgatcctgcaccatggcacactggtaatcgacggggtt 
acgccgaacatgatcgactatt tcggacggccgtatgaaggcatcgccgtgctcgacggcaaaaagatcactgtaaca 
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gggaccctgtggaacg^caacaaaac t-atcgacgagcgcctgatcaaccccgacggctccctgctgttccgagtaacc 
atcaacggaGTG 

SEQ ID NO: 572 (CI? 153 ( + 1) L27V (RIIbB) (aa seq) 
MVTGWRLCERILASSSGGSGGSGMYESFIESLPFLKSLEFSARLKWDVIGTKVYNDGEQIIAQGD5AD5FFIIESGE 
VKITMKRKGKSEVEENQAVEI ARCSRGQYFGELALVTNKPRAASAHAIGTVKCTiAMDVQAFEP.LLGPCMEIMKRNIftT 
YEEQLVALYGTNMDIVGSGGSGGSSSMVFTLEDFVGDWRQTAGYNLDQVLEQGGVSSLFQNLGVSVTPIQRIVLSGEN 
GLKI DIHVII PYEGLSCDQMGQrEKI FKWYPVDDHHFKVILKYGTLVIDGVTPNMI DYFGRJ?1'EGIAVTDGKKI7VT 
GTLWNGNKIIDERLIN&DGSLLFRVTIWGV 

SEQ TD NO:573 (C$ 166(+1) L27V (RIIbB) {fit sequence) 
ATGCGCATTCTGGCtAGCTCAAGCGGAGGTTCAGGCGGTTCCGGAATGTATGAAAGCTTTATTGAGTCACTGCCATTC 
CTTAAATCTTTGGAGTTTTCTGCACGCCTGAAAGTAGTAGATGTGATAGGCACCAAAGTATACAACGA'rGGAGAACAA 
ATCATTGCTCAGGGAGATTCGGCrGATTCTTTTTTCATTATTGAATCTGGAGAAGTGAAAATTACTATGAAAAGAAAG 
GGTAAATCAGAAGTGGAAGAGAATGGTGCAGTAGAAATCGCTCGATGCTCGCGGGGACAGTACTTTGGAGAGCTTGCC 
CTGGTAACTAACAAACCTCGAGCAGCTrCTGCCCACGCCATTGGGACTGTCAAATGTTTAGCAATGGATGTGCAAGCA 
TTTGAAAGGCTTCTGGCiACCTTGCATGGAAATTATGAAAAGGAACATCGCTACCTATGAAGAACAGTTAGTTGCCCTG 
TA.TGGAACGFiACArGGATATTGTAGGGrCAGGTGGATCTGGAGGTAGCTCTTCTatggtCttcacactcgaagatttc 
gttggggactggcgacagacagccggctacaacctggaccaagtccttgaacagggaggtgtgtccagtttgtttcag 
aatctcggggtgtccgtaactcegatccaaaggattgtcctgagcggtgaaaatgggctgaagatcgacatccatgtc 
atcatcccgtatgaaggtctgagcggcgaccaaatgggccagatcgaaaaaatttttaaggtggtgtaccctgtggat 
gatcatcactttaaggtgatcctgcaotatggcacactggtaatcgacggggttacgccgaacatgatcgactatttc 
ggacggccgtatgaaggcatcgccgtgttcgacggcaaa£agatca.ctgtaacagggaccctgtggaacggcaacaaa 
attatcgacgagcgcctgatcaaccccgacggctccctgctgttccgagtaaccatcaacggagtgaccggctggcgg 
ctgtGCGAACGC 

SEQ ID NO:574 <CI> 16${+1) L27V (RIIbB) <aa seq) 
MRILASSSGGSGGSGMVESFIESIPFLKSLEFSARLKVVDVIGTKVYNDGEQITAQGDSADSFFIIESGEVKITMKRK 
GKSEVEENGAVEIARCSRGQYFGELALVTNKPRAASAHAIGTVKCLAMDVQAPERLLGPCMEIMKRNIATYEEQLVAL 
YGTNMDIVCSGGSGGSSSMVFTLEDFVGDWROTAGYNLDQVLEQGGVSSLFQNLGVSVT-PIQRIVLSGENGLKIDIHV 
1IPYEGLSGDQMGQI CKlF'KVVYPVnDHHFKVTT.HYGTLVIDGVTPNMrDYFGRPYEGl AVFDGKKITVTGTLWNGMK 
IIDERLINPDGSL1FRVTINGVTGWRLCER 

SEQ ID NO:575 (linker) 
CGGTCAGGTQGATCTGGAGGTAGCTCTTCT 

SEQ ID NO:576 (linker) 
AGCTCAAGCGOAGG JTCAGGCGGTTCCGGA 

SEQ ID NO: 577 (LC3 (nt sequence)) 

ATGCCGTCCGAGAAGACCTTCAAACAGCGCCGGAGCTTCGAACAAAGAGTGGAAGATGTCCGGCTCATCCGGGAGCAG 
CACCCCACCAACATCCCAGTGATTATAGAGCGATACAAGGGTGAGAAGCAGCTGCCCGTCCTGGACAAGACCAGTTCC 
TTGTAC'CTGATCACGTGAATATGAGCGAACTCATCAAGATAATrAGAAGGCGCCTGCAGCTCAATGCTAACCAAGCCT 
TCTTCCTCCrGGTGAATGGGCACAGCATGG'TGAGTGTGTCCACACCCATCTCTGAAGTGTACGAGAGCGAGAGAGATG 
AAGACGGCTrCCTGTACATGGTCTATGOCTCCCAGGAGACGTTCGGGACAGCACTGGCTGTGTAA 

SEQ ID NO:578 {LC3 (aa sequence)) 

MPSEKTFKQRRSFEQRVEDVRLIREQHPTKIPVIIERYKGEKQLPVLDKTKFLVPDHVNMSELIKIIRRRLOLNAMQA 
h'FJ.LVNGHS^VSVSTPI SEVYESERDEDGFLYWVtfASQErFGTALAV 

SEQ ID NO:579 (pattern sequence) 
GSAIVK 

SEQ ID NO:580 (pattern sequence) 
NHGK 

SEQ ID NO:581 (pattern sequence) 
SlLM 

SEQ ID NO:582 (pattern sequence) 
AVTK 
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SEQ ID NO:583 {pattern sequence) 
11VMFY 

SEQ ID NO;584 (pattern sequence) 
LIVMFY 

SEQ ID NO:585 (pattern sequence) 
1,1 VM 

SEQ ID NO:586 (pattern sequence) 
LIVMWF 

SEQ ID NO:58^ (pattern sequence) 
EKTQ 

SEQ ID NO:588 {pattern sequence) 
LIVMAKR 

SEQ ID NO:589 {pattern sequence) 
LIVMAKRG 

SEQ ID NO:590 (pattern sequence} 
LIVMF 

SEQ ID NO:591 {pattern sequence) 
LIVMFSYQ 

SEQ ID NO: 592 OgLuc L27V-LC3 fusions proteins (Nt seq) 
ATGGTGTTTACACTCGAAGATTTCGTAGGGGACTGGCGGCAGACAGCCGGCTACAACCTGGACCAAGTCCTTCACCAC 
GGCGGTGTGTCCAGTTTGTTTCAGAATCTCGGGGTGTCCGTAACTCCGATCCAAAGGATTGTCCTGAGCGGTGAAAAC 
GGCCTGAAGATCGACATCCATGTCATCATCCCGTATGAAGGTCTGAGCGGCGATCAGATGGGCCAGATCGAAAAAATT 
TTTAAGGTGGTGTACCCTGTGGATGATCATCACTTTAAGGTGATTCTGCACTATGGCACACTGGTAATCGACGGGGTT 
ACGCCGAACATGATCGACTATTTCGGACGGCCGTATGAAGGCATCGCCGTGTTCGACGGCAAAAAGATCACTGTAACC 
GGGACCCTGTGGAACGGCAACAAAATTATCGACGAGCGCCTGATCAACCCCGACGGCTCCCTGCTGTTCCGCGTAACC 
ATCAACGGAGTGACCGGCTGGCGGCTGTGCGAGACAATTTTGCCCCGCTCGACCGGAGGTGGAGGTTCAGGTGGTGGC 
GGGAGCGGTGGAATGCCGTCCGAGAAGACCTTCAAACAGCGCCGGAGCTTCGAACAAAGAGTGGAAGATGTCCGGCTC 
ATCCGGGAGCAGCACCCCACCAAGATCCCAGTGATTATAGAGCGATACAAGGGTGAGAAGCAGCTGCCCGTCCTGGAC 
AAGACCAAGTTCCTTGTACCTGATCACGTGAATATGAGCGAACTCATCAACATAATTACAAGGCCCCTGCAGCTCAAT 
GCTAACCAAGCCTTCTTCCTCCTGGTGAATGGGCACAGCATGGTGAGTGTGTCGACACCCATCTCTGAAGTGTACGAG 
AGCGAGAGAGATGAAGACGGCTTCCTGTACATGGTCTATGCCTCCCAGGAGACGTTCGGGACAGCACTGGCTGTGTAA 

SEQ ID NO: 593 OgLuc L27V-LC3 fusions proteins (aa seq) 
MVFTLEDFVGDWRQTAGYNLDQVLEQGGVSSLFQNLGVSVTPIQRIVLSGENGLKIDIHVIIPYEGLSGDQMGQIEKI 
FKWYPVDDHHFKVILHYGTLVIDGVTPNMIDYFGRPYEGIAVFDGKKITVTGTLWNGNKIIDERLINPDGSLLFRVT 
TNGVTGWRLCERILAGSSGGGGSGGGGSGGMPSEKTFKQRRSFEQRVEDVRLIREQHPTKIPVIIERYKGEKQLPVLD 
KTKFLVPDHVNMSELIKIIRRRLQLNANQAFFLLVNGHSMVSVSTPISEVYESERDEDGFIYWVYASQETFGTALAV 
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What is claimcd: 

1. An isolated polynucleotide encoding an OgLuc variant polypeptide having at least 60% 

amino acid sequence identity tn SEQ TD NO: 1 comprising at least one amino acid substitution at 

a position corresponding to an amino acid in SEQ ID MO: 1 wherein the OgLuc variant 

polypeptide has enhanced luminescence relative to anon-Qplophorus luciferase. 

2. The polynucleotide of claim 1, wherein the non-iOplophorus luciferase is a Renilla 

lucifcrasc, 

3. The polynucleotide nf claim L wherein the nau-Qplaphorus luciferase is a firefly 

lucifcrasc. 

4. A polynucleotide encoding an OgLuc variant polypeptide having at least 60% ammo acid 

scqucncc identity to SEQ ID NO: J comprising at least one amino acid substitution at a position 

corresponding to an amino acid in SEQ TD NO: 1 wherein the OgLuc variant polypeptide has 

enhanced luminescence relative to an OgLuc polypeptide of SEQ ID NO: 3 with the proviso that 

the polypeptide encoded by the polynucleotide is not one of those listed in Table 47. 

5. A polynucleotide encoding an OgLuc variant polypeptide having at least 60% amino acid 

scqucncc identity to SF.Q ID NO: I comprising at least one amino acid subslilution at a position 

corresponding to an amino acid in SEQ TD NO: 1 wherein the OgLuc variant polypeptide has 

enhanced luminescence relative tu ;i polypeptide of SEQ ID NO: 31 with the proviso that the 

polypeptide encoded by the polynucleotide is not SEQ TD NO: 3 or 15. 

6. A polynucleotide encoding an OgLuc variant polypeptide having at least 60% amino acid 

sequence identity to SHQ II) NO: 1 comprising at least one amino acid substilulion at a position 

corresponding to an amino acid in SEQ TD NO: 1 wherein the OgLuc variant polypeptide has 

enhanced lumincsccncc relative to a polypeptide of SEQ TD NO: 29 with the proviso that the 

polypeptide encoded by the polynucleotide is not SEQ TD NO: 3 or 15. 

7. The polynucleotide of any one of claims 1-6, wherein the polypeptide has at least 80% 

amino acid scqucncc identity to SEQ ID NO: 1. 

8. The polynucleotide of any one of claims 1-7, wherein the polypeptide has at least 90% 

amino acid sequence identity to SEQ TD NO: 1. 

9. The polynucleotide of any one of claims 1-8, wherein the OgLuc variant polypeptide has 

at least one of cnhanccd protein stability or cnhanccd biocompatibility relative to the polypeptide 

of SEQ ID NO: 3. 

10. The polynucleotide of any one of claims 1-9, wherein the OgLuc variant polypeptide has 

at least one of enhanced enzyme stability or enhanced biocompatibility relative to a Reniila 

luciferase. 
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11. The polynucleotide of any one of claims 1-10. wherein the OgLuc variant polypeptide has 

at least one of cnhanccd enzyme stability or cnhanccd biocompatibility relative to a firefly 

luciferase. 

12. The polynucleotide of any one of claims 1-11, wherein the OgLuc variant polypeptide has 

enhanced luminescence relative to the polypeptide of SEQ ID NO: 3 in the presence of a 

coclcntcrazinc. 

13. The polynucleotide of any one of claims 1-12. wherein the OgLuc variant polypeptide has 

cnhanccd luniincscencc relative lo Lhc polypcplidc of SHQ ID NO: 3 in the presence of a 

or 

wherein R2 is sclcctcd from the group consisting of 

straight chain alkyl; 

R6 is selected from the gruup eunsisting of -H, -OH, -NH?. -OQ'OjR or -OCHjOC(0)R; 

RR is sclcctcd from the group consisting of 
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H 

R4, H or lower cycloalkyl; 

*3 4 wherein R' and R arc both H or both C i .2 alkyl; 

W -ij> -NH2) halo, -OH, -NHC(0)R, -C02R; 

Xis-S-, -O- or -NR22-; 

Y is -H, -OH, or -OR11; 

Z is -CH- or -N-; 

each R" is independently-C(0)R" or -CH20C(0)R1 

R22 is H. CH?arCH2CH3; 

each R is independently C1.7 straight-chain alkyl or CV7 branched alkyl; 

R"' is C1 _7 straight-chain alkyl or C1.7 branched alkyl; 

the dashed bonds indicate the presence of an optional ring, which may be saturated or 
unsaturated; 

with the prov 

C 

, R* is 

•OH 

R4 or lower 

H 

O 

o. 

, or 

with the proviso that when R6 is NH2, R2 is , — , or C2-5 alkyl; 
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14. The polynucleotide of any one of claims 1-13. wherein the OgLuc variant polypeptide lias 

a change in relative substrate specificity relative to the polypeptide of SEQ ID NO: 3 in the 

presence of a coeienterazine compared to a different coeienterazine. 

15, The polynucleotide of any one of claims 1-14, wherein the OgLuc variant polypeptide has 

a change in relative substrate specificity relative to the polypeptide of SEQ ID NO: 3 in the 

presence of a compound of formula (la) or (lb): 

R2 

W 

or 

wherein R is selected from the group consisting of 

or CVs 
straight chain alkyl; 

R6 is sclcctcd from the group consisting of -H, -OH, -NHA -0C(0)R or -0CH?0C(0)R; 

RR is sclcctcd from the group consisting of 
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AV^ R , H or lower cycloalkyl; 

wherein R and R arc both H orboi.li Ci.? alkyl; 

W is -NH2. halo. -OH, -NHC(0)R, -C02R; 

X is -S-, -O- or-NR22-; 

Y is -H% -OH. or -OR11; 

7, is-CH-or-N-; 

each R11 is independently-C(0)R" 0r-CH20C(0)Rn'; 

R22 is Hf OH, orCH2CH3; 

each R is independently CY- straight-chain alkyl or CUT branched alkyl; 

R" is Ci - straight-chain alkyl or Ci - "branched alkyl; 

the dashed bonds indicate the presence of an optional ring, which may be saturated or 
unsaturated; 

O. 

with the proviso that when 

VR 
,,, r&> , or 

\ / 
RJ 

with the proviso that when R is 
cycloalkyl; and 

, R* is R or lower 

r-X 

, or C2-5 alkyl; with the proviso that when R6 is NH2, R2 is , 

A^W 
compared to a native or known coclcntcrazinc. 

or R* is not 

252 



16. The polynucleotide of any one of claims 1-15. wherein the OgLuc variant polypeptide has 

enhanced biocompatibility7 relative to the polypeptide of SEQ ID NO; 3. 

17. The polynucleotide nf any one of claims I - 16, wherein the OgLuc val iant polypeptide ba.s 

enhanced luminescence relative to a Renilla lucifcrasc in the presence of a coclcntcrazinc. 

18. The polynucleotide of any one of claims 1-17. wherein the OgLuc variant polypeptide has 

enhanced luminescence relative to a Renilla luciferase in the pr esence of a compound of formula 

(la) or (lb): 

or 

wherein R" is selected from the group consisting of 

Y 

or C2-5 
straight chain alkyl; 

R6 is sclccLcd from ihe group consisting of -H, OH„ -NH2. -0C(0)R or -OCH2OC(0)R; 

R8 is selected from the group consisting of 



.X,„ or lower cycloalkyl; 

wherein R3 and R1 arc both H orboi.li Ci.? alkyl; 

W is -yH2. hub. -OH, -NHC(0)R, -C02R; 

X is -S-, -O- or NR22-; 

Y is -H, -OH. or -OR11; 

7, is—CH or-N-; 

each R11 is independently-C(0)R" or-CH^OClX^R1'; 

R22 is H, CH? orCH2CH,; 

each R is independently C1.7 straight-chain alkyl or C1.7 branched alkyl; 

R" is Ci - straight-chain alkyl or Ci - branched alkyl; 

the dashed bonds indicate the presence of an optional ring, which may be saturated or 
unsaturated; 

with the proviso that when R2 is 

VR 
"=\ r® 
^ // 

o 
, R" is not 

with the proviso that when R is 
cycloalkyl; and 

rxJ , R* is 

r-X A£'> 
^ ' Z , or C2-5 alkyl; with the proviso that when R5 is NH2, R is . 

O. 

, or 

RJ 

R or lower 

or R* is not 
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19. The polynucleotide of any one of claims 1-18. wherein the OgLuc variant polypeptide has 

a changc in relative substrate specificity relative to a Renilla luciferase in the prcscncc of a 

coeienterazine compared to a different coeienterazine. 

20, The polynucleotide of any one of claims 1-19. wherein the OgLuc variant polypeptide has 

a changc in relative substrate specificity relative to a Renilla luciferase in the prcscncc of a 

compound of formula (Ta) or (Tb): 

or 

wherein R is sclcctcd from the group consisting of 

Y. „ c 

straight chain alkyl; 

R6 is sclcctcd from the group consisting of -H, -OH, -NH^; -0C(0)R or -OCH?OC(0)R; 

RR is sclcctcd from the group consisting of 
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AV^ R , H or lower cycloalkyl; 

wherein R and R arc both H orboi.li Ci.? alkyl; 

W is -NH2. halo. -OH, -NHC(0)R, -C02R; 

X is -S-, -O- or-NR22-; 

Y is -H% -OH. or -OR11; 

7, is-CH-or-N-; 

each R11 is independently -C(Q)R" or-CH^OClX^R1'; 

R22 is Hf OH, orCH2CH3; 

each R is independently CY- straight-chain alkyl or C|.7 branched alkyl; 

R" is Ci - straight-chain alkyl or Ci - branched alkyl; 

the dashed bonds indicate the presence of an optional ring, which may be saturated or 
unsaturated; 

with the proviso that when 

VR 
\ // 

with the proviso that when R? is 
cycloalkyl; and 

, Rs is 

r-X 

^ , or C2-5 alkyl; with the proviso that when R5 is NH2, R is . 

O. 

,,, AV^? °" rCH hR 
, or 

RJ 

R or lower 

or R* is not AAJ 
compared to a native or known coeienterazine, 
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21. The polynucleotide of any one of claims 1-20. wherein the OgLuc variant polypeptide has 

cnhanccd biocompatibility7 relative to a Renilla luciferase. 

22. The polynucleotide nf any one of claims I -21, wherein the OgLuc val iant polypeptide ba.s 

enhanced luminescence in the prcscncc of a coclcntcrazinc relative to a firefly lucifcrase in the 

presence of lu ciferin. 

23. The polynucleotide nf any one of claims 1 -22, wherein the OgLuc variant polypeptide has 

enhanced luminescence in the prcscncc of a compound of formula (la) or (lb): 

straight chain alkyl; 

R6 is sclccLcd from ihe group consisting of -H, OH„ -NH2. -0C(0)R or -OCH2OC(0)R; 

R8 is selected from the group consisting of 

or 

wherein R" is selected from the group consisting of 
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AV^ R , H or lower cycloalkyl; 

wherein R and R arc both H orboi.li Ci.? alkyl; 

W is -NH2. halo. -OH, -NHC(0)R, -C02R; 

X is -S-, -O- or-NR22-; 

Y is -H% -OH. or -OR11; 

7, is-CH-or-N-; 

each R11 is independently -C(Q)R" or-CH^OClX^R1'; 

R22 is Hf OH, orCH2CH3; 

each R is independently C1.7 straight-chain alkyl or C|.7 branched alkyl; 

R" is Ci - straight-chain alkyl or Ci - branched alkyl; 

the dashed bonds indicate the presence of an optional ring, which may be saturated or 
unsaturated: 

with the proviso that when 

VR 
\ // 

with the proviso that when R? is 
cycloalkyl; and 

, R* is 

r-X 

io ' , or C2-5 alkyl; with the proviso that when R5 is NH2, R is . 

O. 

,,, AV^? °" rCH hR 
, or 

RJ 

R or lower 

or R* is not AAJ 
relative to a firefly luciferase in the presence of luciferin, 
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24. The polynucleotide of any one of claims 1-23. wherein the OgLuc variant polypeptide has 

cnhanccd biocompatibility7 relative to a firefly luciferase. 

25. The polynucleotide of any one of claims 1-24, wherein the OgLuc variant polypeptide i.s 

from Oplophorus gracilirostris, Oplophorus grimaldii, Oplophorus spinicauda, Oplophorus 

foliaceus, Oplophorus noi?aezeviamliae, Oplophorus typus, or Oplophorus spinosus. 

26. The polynucleotide of any one of claims 1-25, wherein the at least one amino acid 

substitution is in a position corresponding to positions 1, 4, 6, 10, 11, 14, 15. 16, 18, 19, 20, 21, 

22, 23, 24, 25, 27, 28, 31, 32, 33, 34, 36, 38, 39, 40, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 54, 55, 

56, 58. 59, 60. 66, 67, 68, 69, 70, 71, 72, 74, 75, 76, 77, 86. 87, 89, 90, 92, 93, 94, 95, 96, 97, 98, 

99, 100, 102, 106, 109, 110, 111, 112, 113, 117, 119, 124, 125, 126, 127, 128, 129, 130, 135, 

136. 138, 139, 142, 145, 146, 147, 148, 149, 150, 152, 154, 155, 158, 159, 163, 164, 166, 168, or 

169, or a combination thereof, of SEQ TD NO; 1, 

27. The polynucleotide of any one of claims 1-26, wherein the encoded OgLuc variant 

polypeptide further comprises a substitution corresponding to at least one of FIT, E4K, F6Y, 

W10Y, R11Q. A14V/S, G15R, Y16E, Q18D/F/G/H/1/K^L/M/N/P/R,'S/V/W/Y, D19N, Q20P/R, 

V21L/M, L22I/K, K23K, Q24A, G25L, L27M/V/A/D/G/I, S28Y, F31I, Q32H/I7P, A33N/M, 

L34M, V36E/M, V38F/1, T391, P40T/FL/Q, Q42H, K43N/R, 144F, V45E, L46Q, S47P, G48R, 

E49D/G/K, N50K/S, G5 IE/RAT, A54I/S, D55E/G, 156V, V58I/L. I59T, I60V, S66T/N, G67D/S, 

F68L/SAVA7D, Q69H, M70V, G71D, L72A/C/F/G^/I/M;fN/'P/Q/R/S/T,/VAV..'Y, E74T/K, 

M75F/K, 176F./N/Vv F77AC/D/G/M/N/S/TAVW7Y, II86L/R, 1187N/T, K89E, 

190D/K/P/Q/R/'JYV/Y. L92A/G/H/M/Q/R/S/Y, H93R, Y94F, G95D/S, T96A, L97E, V98F, 

I99T/V, D100I, V102E/M/T, M106I/K, Y109F, F1101, G111N. R112C, P113H/T/K, 1117F, 

VI19M, K124M, T125L, T126R. VI27A, T128A/S, G129Q, T130K, N135D/Y. L136M, T138S, 

D139G, L142V/E/KAV, P145L/Q, D146G, G147N, S148T, L149I/M, L150V, R152H/S/E/T, 

T154S, 1155T, V1581, T1591/S, L1631, C164S, N1661/F/L, L168F, or A169V, or a combination 

thereof, corresponding to SEQ ID NO: 1. 

28. The polynucleotide oTany one oTclaims 1-27, wherein ihe polypeptide encoded by ihe 

polynucleotide includes at least one of the following amino acids: isoleucine at position 1, lysine 

at position 4, tyrosine at position 6, tyrosine at position 10, glutamine fit position 11, valine or 

serine at position 14, arginine at position 15, glutamate at position 16, aspartate, phenylalanine, 

glycine, histidinc, isolcucine, lysine, leucine, methionine, asparaginc, proline, arginine, serine, 

valine, tryptophan, or tyrosine at position 18, asparaginc al posilion 19, arginine or proline at 

position 20, leucine or methionine at position 21, isoleucine or phenylalanine at position 22, 

lysine at position 23, alanine at position 24, leucine at position 25, valine, methionine, alanine, 

aspartate, glycine or isoleucine at position 27, tyrosine at position 28, isoleucine at position 3 I, 



proline* histidinc* or icucinc at position 32, asparaginc or methionine at position 33, methionine 

at position 34, methionine or glutamate at position 36, isolcucine or phenylalanine at position 38, 

isoleucine at position 39, threonine, isoleucine, leucine or glutamine at position 40, histidine at 

position 42, asparaginc or arginine at position 43, phenylalanine at position 44, glutamate at 

position 45 , glutamine at position 46, proline at position 47, arginine at position 48, aspartate, 

glycine, or lysine at position 49, lysine or serine at position 50, glutamate. arginine, or valine at 

position 51, serine or isoleucine at position 54, gtycine or glutamate at position 55, valine at 

position 56, isoleucine or leucine at position 58, threonine at position 59, valine at position 60, 

threonine or asparagine at position 66, serine or aspartate at position 67, leucine, aspartate, 

serine, tyrosine or tryptophan at position 68, valine at position 69, valine at position 70, aspartate 

at position 71, gluLaminc, alanine, cysteine, phenylalanine, glycine, histidine. isoleucine, 

methionine, asparagine, proline, arginine, serine, threonine, valine, tryptophan, or tyrosine at 

position 72. lysine or isoleucine at position 74, lysine or phenylalanine at position 75. asparaginc, 

phenylalanine, or valine at position 76, alanine, cysteine, aspartate, glycine, asparagine, 

methionine, serine, threonine, valine, tryptophan, or tyrosine at position 77, arginine or Icucinc at 

position 86, asparaginc or threonine at position 87, glutamate at position 89* aspartate, lysine, 

proline* glutamine, arginine, threonine, valine, or tyrosine at position 90, alanine, glycine, 

histidinc, methionine, glutamine, arginine, serine, or tyrosine at position 92, arginine at position 

93, phenylalanine at position 94, serine or aspartate at position 95, alanine at position 96, 

glutamate at position 97, phenylalanine at position 98, threonine or valine at position 99, 

isolcucine at position 100, methionine, glutamate, or threonine at position 102, i so Icucinc or 

lysine at position 106, phenylalanine at position 109, isolcucine at position 110, asparaginc at 

position 111, cysteine at position 112, histidine, threonine, or lysine at position 113, 

phenylalanine at. position 117, methionine at position 119, methionine at position 124, leucine at 

position 125, arginine at position 126, alanine at position 127, alanine or serine at position 128, 

glutamine at position 129, lysine at position 130, aspartate or tyrosine at position 135, methionine 

at position 136, serine at position 138, glycine at position 139, valine, glutamate. lysine or 

tryptophan at position 142, leucine or glutamine at position 145, glycine at position 146, 

asparagine at position 147, threonine at position 148, Lsoleuuine or methionine at position 149, 

valine at position 150, histidine, serine, glutamate or threonine at position 152, serine at position 

154, threonine at position 155, isoleucine at position 158, serine or isolcucine at position 159, 

isolcucine at position 163, serine aL position 164, phenylalanine at position 168, or valine at 

position 169, or a combination thereof, corresponding to SEQ TD NO; 1. 

29. The polynucleotide of any one of claims 1-28, wherein the OgLuc variant polypeptide 

comprises the amino acid substitutions A4E, QI1R, A33K, V44T> A54F, PI 15E, QI24K, Y138T 
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and N166R corresponding to SEQ ID NO: 1, and at least one additional amino acid substitution 

at a position corresponding to positions 1, 4, 6, ] 1, 14. 15, 18, 19, 20. 21, 22, 23. 27, 28, 31, 32, 

33, 34, 36, 38, 39, 40, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 54, 55, 56, 58, 59, 60, 66, 67, 68, 69, 

70, 71, 72, 74, 75, 76, 77. 86. 89, 90, 92, 93, 94, 95, 96, 98, 99, 102, 106, 109, 110, 112, 113, 

117, 119, 124, 126, 127, 12S, 135, 136, 138, 139, 142, 145, 148, 149, 152, 154, 155, 158, 159, 

163, 164, 168, or 169, or a combination thereof, of SEQ ID NO: 1. 

30. The polynucleotide of any one of claims 1-29, wherein the amino acid at position 4 Is 

glutamate, at position 11 is arginine, at position 33 is lysine, at position 44 is isoleucine, at 

position 54 is phenylalanine, at position 115 ib glutamate, at position 124 is lysine, at position 

138 is isolcucinc, and at position 166 is arginine corresponding to SEQ ID NO: 1, and at least 

one additional amino acid substitution al a position corresponding to positions 1, 4, 6. 1 I, 14, 15, 

18, 19, 20, 21, 22, 23, 27. 28, 31, 32, 33, 34, 36,38, 39, 40, 42,43,44, 45,46, 47, 48,49, 50, 51, 

54, 55, 56, 58, 59, 60,66, 67, 68, 69, 70, 71, 72, 74, 75, 76, 77, 86, 89, 90, 92, 93, 94, 95, 96, 98, 

99, 102. 106, 109, 110, 112, 113, 117, 119, 124, 126, 127, 128, 135, 136? 138, 139, 142, 145, 

148, 149, 152, 154, 155, 158, 159, 163, 164, 168, or 169, or a combination thereof, of SEQ ID 

NO: 1. 

31. The polynucleotide of claim 29 or 30, wherein the at least one amino acid substitution 

corresponds to at least one of FIT, E4K, F6Y, RI 1Q, A14V, G15R, 

Q\mWGfHJ\fK,'LM,WPfRIS/VfWfYt DI9N, Q20P/R, V21L/M, L22T/F, E23K, L27M/V, 

S28Y, E31I, Q321I/L/P, A33N/M, L34M, V36E/M, V38F/I, T39I. P40T, Q42II, K43N/R, 14417, 

V45E, L46Q, S47P. G48R, E49D/G/K, N50K./S, G51E/R/V, A541/S, D55E/G, 156V, V58I/L, 

I59T, 160V. S66T/N, G67D/S, F68L/S/W/Y/D, Q69H, M70V\ G71D, 

L72 A/C/F/G/H/I/M/N/P/Q/R/S/T/VAV/Y, E74I/K. M75F/K, T76F/N/V, 

F77A/C/D/G/M/N/S/T/VAV/Y, HK6L/R, K.89E, I90D/K^/Q/R'T/V/Y, L92A/G/HM/Q/R/S/Y, 

II93R, Y94E, G95D/S, T96A, V98F, 199T/V, V102E/M, M1061/K, Y109E, El 101, R112C, 

Pll3EI/% I117F, V119M, K124M, T126R, V127A, T128A/S, N135D/Y, L136M, 1138S, 

D139G, IJ42V, PI451,/Q, S148T, 1,1491, R152H/S, TIMS, 1155T, VI58I, TI59I/S, 14631, 

CI 64S, E168F, or A169V, or a combination thereof, corresponding to SEQ TD NO: 1, 

32. The polynucleotide of claim 29 or 30, wherein the polypeptide encoded by the 

polynucleotide includes at least one of the following amino acids: isoleucine at position 1, lysine 

at position 4, tyrosine at position 6, glutamine at position 11, valine at position 14, arginine at 

position 15, aspartate, phenylalanine, glycine, hisLidinc, isolcucinc, lysine, leucine, methionine, 

asparagine, proline, arginine, serine, valine, tryptophan, or tyrosine at position 18, asparagine at 

position 19, arginine or proline at position 20, Icucinc or methionine at position 21, isolcucine or 

phenylalanine at position 22, lysine at position 23, valine or methionine at position 27, tyrosine at 
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position 28, isoleucinc at position 31, proline, histidine, or leucine at position 32, asparaginc or 

methionine at position 33, methionine at position 34, methionine or glutamate at position 36, 

isoleucine or phenylalanine at position 38, isoleucine at position 39, threonine at position 40, 

histidine at position 42, asparaginc or arginine at position 43, phenylalanine at position 44, 

glutamate at position 45, glutamine at position 46, proline at position 47, arginine at position 48, 

aspartate, glycine, or lysine at position 49. lysine or serine at position 50, glutamate. arginine, or 

valine at position 51, serine or isoleucine at position 54, gtycine or glutamate at position 55, 

valine at position 56, isoleucine or leucine at position 58, threonine at position 59, valine at 

position 60, threonine or asparagine at position 66, serine or aspartate at position 67, aspartate, 

serine, tyrosine or tryptophan at position 68, histidine at position 69, valine at position 70, 

aspartate ai position 71, glutamine, alanine, cysteine, phenylalanine, glycine, histidine, 

isoleucine, methionine, asparagine, proline, arginine, serine, threonine, valine, tryptophan, or 

tyrosine at position 72, lysine or isoleucine at position 74, lysine Of phenylalanine at position 75. 

asparagine, phenylalanine, or valine at position 76, alanine, cysteine, aspartate, glycine, 

asparaginc, methionine, serine, threonine, valine, tryptophan, or tyrosine at position 77, arginine 

or leucine ai position 86, glutamate al position 89, aspartate, lysine, proline, gluiaminc, arginine, 

threonine, valine* or tyrosine at position 90, alanine, glycine, histidine, methionine, glutamine, 

arginine, serine, or tyrosine at position 92, arginine at position 93, phenylalanine at position 94, 

serine or aspartate at position 95, alanine at position 96, phenylalanine at position 98, threonine 

or valine at position 99, methionine or glutamate at position 102, isoleucinc or lysine at position 

106, phenylalanine at position 109, isoleucinc at position 110, cysteine at position 112, histidine 

or threonine at position 113. phenylalanine at position 117, methionine at position 119, 

methionine at position 124, arginine at position 126, alanine at position 127, alanine or serine at 

position 128, aspartate or tyrosine at position 135, methionine at position 136, serine at position 

138, glycine at position 139, valine at position 142, leucine or glutamine at position 145, 

threonine at position 148, isolcucine at position 149, histidine or serine at position 152, serine at 

position 154, Ihrconine at position 155, isolcucine at position 158, serine or isoleucine at position 

159. isoleucine at position 163, serine at position 164, phenylalanine at position 168, or valine at 

position 169, or a combination thereof, corresponding to SEQ ID NO: 1. 

33. The polynucleotide of any one of claims 1-26, wherein the OgLuc variant polypeptide 

comprises the amino acid substitutions A4E, Q11R, A33K. V44L A54F, PI 15E. Q124K, Y1381 

and N166R corresponding to SKQ II) NO: 1, and aL IcasL OTIC amino acid aL a position 

corresponding to positions 1, 4, 14, 15, 18, 20, 22, 23, 27, 33, 38, 39, 43, 49, 54, 55, 56, 58, 59, 

66, 67, 68, 70, 71, 72, 75, 76, 77, 89, 90. 92. 93, 102, 106, 109, 113, 117, 126, 127. 136, 139. 

145, 148, 163, 164, or 169, oi a combination thereof, of SEQ TD NO: 1. 
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34. The polynucleotide of any one of claims 1-26, wherein the amino acid at position. 4 is 

glutamate, at position 11 is arginine, at position 33 is lysine, at position 44 is isoleucinc, at 

positinn 54 is phenylalanine, at position 115 i.s glutamate, at position 124 is ly.sine, at position 

138 is isolcucinc, and at position 166 is arginine corresponding to SEQ ID NO: 1, and at bast 

one additional amino acid substitution at a position corresponding to positions 1, 4, 14, 15, 18, 

20, 22, 23, 27, 33, 38, 39, 43, 49. 54, 55, 56, 58, 59, 66, 67, 68, 70, 71, 72, 75. 76, 77. 89, 90, 92, 

93, 102, 106, 109, 113, 117, 126, 127, 136, 139, 145, 148, 163, 164, or 169. or a combination 

thereof, of SEQ ID NO: 1. 

35. The polynucleotide of claim 33 or 34, wherein the encoded OgLuc variant polypeptide 

further comprises a substitution corresponding to at least one of Fll, E4K, A14V. G15R, 

Ql SD/F/G/H/l/K/l/M/N/P/R/S/W/Y, Q20R, 1.221, E23K, L27M/V, A33N, V381, T39I, K43R, 

E49K, A54T/S, D55G, T56V, V58I/L, T59T, S66T/N, G67S, F68S/WA7D, M70V, G71D, 

L72A/C/F/G/H,™/N/P/Q,/R./S/T./VAV;/Y> M75F/K, I76N, F77A/C/D/G/M/S/T/V/W/Y, K89E, 

I90D/TC/P/Q/R/T/V/Y, L92A/G/H/M/Q/S/Y, H93R, V102E: M106K, Y109F, P113T, T117F, 

T126R, V127A, L136M, D139G, P145L, S148T, L1631, C164S, or A169V, or a combination 

thereof* corresponding to SKQ II) NO: 1. 

36. The polynucleotide of claim 33 or 34, wherein the polypeptide encoded by the 

polynucleotide includes at least one of the following amino acids: isolcucinc at position 1, lysine 

at position 4, valine at position 14, arginine at position 15, aspartate, phenylalanine, glycine, 

histidine, lysine. Icucinc. methionine, asparaginc, proline, arginine, serine, tryptophan, or 

tyrosine at position 18, arginine at position 20, isolcucinc at position 22, lysine at position 23, 

valine or methionine at position 27, asparaginc at position 33, isoleucinc at position 38, 

isoleucine at position 39, arginine at position 43, lysine at position 49. serine or isoleucine at 

position 54, glycine at position 55. valine at position 56, isoleucine or leucine at position 58, 

threonine at position 59, threonine or asparagine at position 66, serine at position 67, aspartate, 

serine, tyrosine or tryptophan at position 68, valine at position 70, aspartate at position 71, 

gliilaminc, alanine, cysteine, phenylalanine, glycine, histidine, isoleucine, methionine, 

asparagine, proline, arginine, serine, threonine, valine, tryptophan, or tyrosine at position 72, 

lysine or phenylalanine at position 75, asparagine at position 76, tryptophan, tyrosine, serine, 

threonine, valine, alanine, glycine, cysteine, aspartate or methionine at position 77, glutamate at 

position 89, aspartate, lysine, proline, glutamine, arginine, threonine, valine, or tyrosine at 

position 90, alanine, glycine- histidine. methionine, glutamine. serine, or tyrosine at position 92, 

arginine at position 93, glutamate at position 102, lysine at position 106, phenylalanine at 

position 109, threonine at position 113, phenylalanine at position 117, arginine at position 126, 

alanine at position 127, methionine at position 136, glycine at position 139, leucine at position 



145, threonine at position 148, isolcucinc at position 163, serine at position 164* or valine at 

position 169, or a combination thereof, corresponding to SEQ TD NO; 1. 

37. The polynucleotide of any one of claims 1-26, wherein the OgLuc variant polypeptide 

comprises the amino acid substitutions A4E, Q11R, A33K, V44I, A54F, PI 15E. Q124K, Y1381 

and. N166R corresponding to SEQ ID NO; 1, and at least one additional amino acid substitution 

at a position corresponding to positions 1, 4, 6, 11, 18, 19, 20, 21, 22, 27, 28, 31, 32, 33, 34, 36, 

38, 40. 42, 43. 44, 45, 46, 47, 48, 49, 50, 51, 54, 55, 58, 60. 66, 67, 68, 69, 70, 72, 74, 75, 76, 77, 

86, 90, 92, 94, 95, 96, 98, 99, 102, 106. 109, 110, 112, 113, 119, 124. 128, 135, 138, 142, 145, 

149, 152, 154, 155, 158, 159, or 168, or a combination thereof, corresponding to SEQ TD NO: 1. 

38. The polynucleotide of any one of claims 1-26, wherein the amino acid at position 4 is 

gUilamalc, at position 11 is arginine, at position 33 is lysine, at position 44 is isolcucinc, at 

position 54 is phenylalanine, at position 115 it. glutamate, at position 124 is lysine, at position 

138 is isolcucinc, and at position 166 is arginine corresponding to SEQ TD NO; 1, and at least 

one additional amino acid substitution at a position corresponding to positions 1, 4, 6. 11, 18, 19, 

20, 21, 22, 27, 28, 31, 32, 33, 34, 36, 38, 40, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 54, 55, 58, 60, 

66,67, 68,69,70, 72,74, 75, 76,77, 86, 90,92, 94, 95, 96, 98,99, 102, 106, 109, 110, 112, 113, 

119, 124, 128, 135, 138, 142, 145, 149, 152, 154, 155, 158, 159, or 168, or a combination 

thereof, corresponding to SEQ TD NO; 1. 

39. The polynucleotide of claim 37 or 38, wherein the encoded OgLuc variant polypeptide 

further comprises a substitution corresponding to at least one of Fll, E4K, F6Y, R11Q, 

Q18H/I/LV, D19N, Q20P, V21L/M, L22H. L27V, S28Y, b311, Q32 H/L/P, A33N/M. L34M, 

V36E/M, V38F/1, P40T, Q42H, K43N/R, 144F, V45E. L46Q, S47P, G48R, E49D/G, N50K/S, 

G51E/R/V, A54T, D55E, V58T, T60V, S66N, G67D/S, F68L/Y/D. Q69H. M70V, L72Q, E74T/K, 

M75K, I76F/N/V, F77N/Y, H86L/R, I90T/V, L92Q/R, Y94F, G95D/S, T96A, V98F, I99T/Y, 

V102E/M, .\11061, Y109F, F1101, R112C, Pi 1311, V119M, K124M, T12RA/S, N135D/Y, 1138S, 

L142V, P145Q, L1491, R152H/S, T154S, 1155T, V158I, T1591/S, or L168F, or a combination 

thereof, corresponding to SEQ ID NO; I. 

40. The polynucleotide of claim 37 or 38, wherein the polypeptide encoded by the 

polynucleotide includes at least one of the following amino acids: isoleucine at position 1, lysine 

at position 4, tyrosine at position 6, glutamine at position 11, histidine, isoleucine, leucine, or 

valine at position 18, asparaginc at position 19, proline at position 20, Icucinc or methionine at 

position 21, phenyl alanine al position 22, valine al position 27, tyrosine al position 28, isolcucinc 

at position 31, proline, histidine, or leucine at position 32, asparagine or methionine at position 

33, methionine at position 34, methionine or glutamate at position 36, isolcucine or 

phenylalanine at position 38, threonine at position 40, histidine at position 42, asparagine or 
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arginine at position 43, phenylalanine at position 44, glutamate at position 45* glutamine at 

position 46, proline at position 47, arginine at position 48, aspartate or glycinc at position 49, 

lysine or .serine at position 50. glutamate, arginine, or valine at position 51, isoleucine at position 

54, glutamate at position 55. isolcucinc at position 58. valine at position 60, asparaginc at 

position 66, serine or aspartate at position 67, aspartate, leucine, or tyrosine at position 68, 

histidine at position 69. valine at position 70, glutamine at position 72, Lysine or isolcucinc at 

position 74. tysine at position 75. asparagine, phenylalanine, or valine at position 76, asparagine 

or tyrosine at position 77, arginine or leucine nt position 86, threonine or valine at position 90, 

arginine or glutamine at position 92, phenylalanine at position 94, serine or aspartate at position 

95, alanine at position 96, phenylalanine at position 98, threonine or valine at position 99, 

methionine or* glutamale at position 102, isoleucine al position 106, phenylalanine at position 

109. isoleucine at position 110. cysteine at position 112, histidine at position 113, methionine at 

position 119, methionine at position 124, alanine or serine at position 128, aspartate or tyrosine at 

position 135, serine at position 138, valine at position 142, glutamine at position 145, isoleucine 

at position 149, histidine or serine at position 152, serine at position 154. threonine at position 

155. isolcucine aL position 158, serine or isolcucine aL position 159, or phenylalanine at position 

168, or a combination thereof, corresponding to SEQ ID NO: 1. 

41. The polynucleotide of any one of claims 1-26, wherein the OgLuc variant polypeptide 

comprises the amino acid substitutions A4E, QI IR, A33K, V44T, F54I, T90V, PI 15E, Q124K, 

Y1381 and N166R corresponding to SLQ ID NO: 1, and at least one additional amino acid 

substitution at a position corresponding to positions 1,4, 10, 14, 16, 18, 24, 25, 27, 33. 38, 40, 

68, 70v 72, 75, 87, 90, 97, 100, 102. Ill, 113. 125, 129, 130, 142* 146, 147, 149. 150, 152. or 

166. or a combination thereof, of SEQ TD NO: 1. 

42. The polynucleotide of any one of claims 1-26, wherein the OgLuc variant polypeptide 

comprises the amino acid substitutions wherein the amino acid at position 4 is glutamate, at 

position 11 is arginine, at position 33 is lysine, at position 44 is isoleucine, at position 54 is 

isolcucinc, at position 90 is valine, al. position 115 is glulamalc, al. position 124 is lysine, at 

position 138 is isoleucine, and at position 166 is arginine corresponding to SEQ TD NO: 1, and at 

least one additional amino acid substitution ut a position corresponding to positions 1, 4, 10, 14, 

16, 18, 24, 25, 27, 33, 38, 40, 68, 70,72, 75, 87, 90, 97, 100, 102, 111, 113, 125, 129, 130, 142, 

146, 147, 149, 150, 152, or 166, or a combination thereof, of SEQ ID NO: 1. 

43. The polynucleotide of claim 41 or 42, wherein the al least one amino acid substitution 

corresponds to at least one of FIT, E4K, W10Y, A14S, Y16E, 

Q18D/F/G/H/K/L/M/N/P/R/S/W/Y, Q24A, G25L, L27M/A/D/G/1, A33N, V38T, P40T/T7Q, 

F68W/Y, M70V, L72A/C/F/G/H/I/M/N/P/'R.'S<'W,W,/Yt M75F/K, HH7N/T, T90D/K/P/Q/R/Y, 
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L97E, DIOOi, V102E/T, G111N, PU3K, 1125L, G129Q, T130K, L142E/KAV, D146G, G147N, 

L149M, L1SOV. R152E/T, or N1661/TVE, or a combination thereof, corresponding to SEQ TD 

NO: '1. 

44. The polynucleotide of claim 41 or 42, wherein the polypeptide encoded by the 

polynucleotide includes at least one of the following amino acids: isoleucine at position 1, lysine 

at position 4, tyrosine at position 10, .serine at position 14. glutamate at position 16, aspartate, 

phenylalanine, glycine, histidine, lysine, leucine, methionine, asparagine, proline, arginine, 

serine, tryptophan, or tyrosine at position 18, alanine at position 24, leucine at position 25, 

methionine, alanine, aspartate, glycine or isoleucine at position 27, asparagine at position 33, 

isolcucinc at position 38, isolcucinc, Icucinc or glutamine at position 40, tyrosine or tryptophan at 

position 68, valine at position 70, alanine, cysteine, phenylalanine, glycine, his Li dine, isolcucinc, 

methionine, asparagine, proline, arginine, serine, threonine, valine, tryptophan, or tyrosine at 

position 72, lysine or phenylalanine at position 75, asparaginc or threonine at position 87, 

aspartate, lysine, proline, glutamine, arginine, or tyrosine at position 90, glutamate at position 97, 

isolcucinc at position 100, glutamate or threonine at position 102, asparaginc at position 111, 

lysine al position 113, Icucinc al position 125, glutamine aL position 129, lysine aL posilion 130, 

glutamate, lysine or tryptophan at position 142, glycinc at position 146, asparaginc at position 

147, methionine at position 149, valine at position 150, glutamate or threonine at position 152, or 

isoleucine, phenjdalanine, or glutamate at position 166, or a combination thereof, corresponding 

to SEQ ID NO: 1. 

45. The polynucleotide of any one of claims 1-26, wherein the OgLuc variant polypeptide 

comprises the amino acid substitutions A4E, Q11R, A33K, V441. P115E, Q124K. YI381, 

N166R, 190V, E541, Q18L, F68Y, L72Q, and M75K corresponding to SEQ ID NO: 1. 

46. The polynucleotide of any one of claims 1-26, wherein the amino acid at position 4 is 

glutamate, at position 11 is arginine, at position 18 is Icucinc, at position 33 is lysine, at position 

44 is isolcucinc, at position 54 is isolcncinc, at position 68 is tyrosine, at position 72 is glntaminc, 

at posilion 75 is lysine, at position 90 is valine, al posilion I 15 is gluLamatc, al posilion 124 is 

lysine, at position 138 is isoleucine. and at position 166 is arginine corresponding to SEQ TD NO: 

T. 

47. The polynucleotide of claim 45 or 46 wherein the amino acid substitution at a position 

corresponding to 33 of SEQ ID NO: 1 is asparaginc. 

48. The polynucleotide of claim 47, wherein position 39 is encodcd by codon ACT, the 

amino acid at position 39 is threonine, at position 43 is arginine, and at position 68 is aspartate 

corresponding to SEQ TD NO: 1, the OgLuc variant polypeptide having luciferase activity. 
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49. The polynucleotide of claim 48, wherein the amino acid at position 27 is valine 

corresponding to SEQ TD NO; 1, the OgLuc variant polypeptide having lucifcrasc activity, 

50. The polynucleotide of any one of claims 1-26, comprising the polynucleotide encoding 

the polypeptide of SEQ ID NO: 19. 

51. The polynucleotide of any one of claims 1-26, comprising the polynucleotide of SEQ ID 

NO: 18, SEQ ID NO: 24, SEQ ID NO: 25, SEQ ID NO: 42, SEQ ID NO: 88v or SEQ ID NO: 

92. 

52. The polynucleotide of any one of claims 37-40, wherein the encoded OgLuc variant 

polypeptide further comprises amino acid substitutions Q18L, F54T, L92H, and Y109F 

corresponding to SEQ ID NO: 1. 

53. The polynucleotide of 52, wherein ihe encoded OgLuc variant polypeptide further 

comprises amino acid substitutions V21L, F68Y, L72Q, M75K, H92R and V158T corresponding 

to SEQ TD NO: 1, 

54. The polynucleotide nf any nne of claims 37-40, wherein the encoded OgLuc variant 

polypeptide comprises amino acid substitutions F54I, 190V and F77Y corresponding to SEQ ID 

NO: 1. 

55. The polynucleotide of any one of claims 37-40, wherein the amino acid at position 18 is 

Icucinc, at position 54 is isolcucinc, at position 92 is histidine, and at position 109 is 

phenylalanine corresponding to SEQ ID NO: I. 

56. The polynucleotide of 55, wherein the amino acid at position 21 is Icucinc, at position 68 

is tyrosine, at position 72 is glutamine, at position 75 is lysine, at position 92 is arginine, and at 

position 158 is isolcucine corresponding to SEQ ID NO: 1. 

57. The polynucleotide of any one of claims 37-40, wherein the amino acid at position 54 is 

isoleucine, at position 90 is valine, and at position 77 is tyrosine corresponding to SEQ ID NO: 1. 

58. The polynucleotide of any one of claims 52-57, wherein the encoded OgLuc variant 

polypeptide further comprises a substitution corresponding to at least one of Fll, E4K, F6Y, 

RI IQ, Q18H/I/V, DI9N, Q20P, V2IM, L22F, L27V, S28Y, F31I, Q32 H/L/P, A33N/M, I.34M, 

V36E/M, V38F/T, P40T, Q42H, K43N/R, T44F, V45E, L46Q, S47P, G48R, E49D/G, N50K/S, 

G51E/R/V, D55E, V5K1, I60V, S66N, G67D/S, F68L/D, Q69H, M70V, E741/K, I76F/N/V, 

F77N, HKfiL/R, T90T, Y94R G95D/S, T96A, V9RF; T99T/V, V102E/M, M106L F110T, RI 12C, 

P113H, V119M, K124M. T128A/S, N135D/Y, I138S, LI42V, P145Q, L1491, R152H/S, T154S, 

1155'\\ T159I/S, or LI 68 K. or a combination thereof, corresponding lo SEQ II) NO: 1. 

59. The polynucleotide of any one of claims 52-57, wherein the polypeptide encoded by the 

polynucleotide includes at least one of the following amino acids: isolcucine amino acid at 

position I, lysine at position 4V tyrosine at position 6V glutamine at position II, histidine, 
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isolcucinc, or valine at position 18. asparaginc at position 19, proline at position 20, methionine 

at position 21, phenylalanine at position 22, valine at position 27, tyrosine at position 28, 

isoleucine at position 31, proline, histidine, or leucine at position 32, asparagine or methionine at 

position 33, methionine at position 34, methionine or glutamate at position 36. isolcucinc or 

phenylalanine at position 38, threonine at position 40, histidine at position 42, asparagine or 

arginine at position 43, phenylalanine at position 44, glutamate at position 45, glutamine at 

position 46, proline at position 47. arginine at position 48, aspartate or glycine at position 49, 

lysine or serine at position 50, glutamate, arginine, or valine at position 51, glutamate at position 

55, isoleucine at position 58, valine at position 60, asparagine at position 66, serine or aspartate at 

position 67, Icucinc or aspartate at position 68, histidine at position 69, valine at position 70, 

lysine or isolcucinc ai. posilion 74, asparaginc, phenylalanine, or valine at posilion 76, asparaginc 

at position 77, arginine or leucine at position 86, threonine at position 90, glutamine at position 

92, phenylalanine at position 94, serine or aspartate at position 95, alanine at position 96, 

phenylalanine at position 98, threonine or valine at position 99, methionine or glutamate at 

position 102, isoleucinc at position 106, isolcucinc at position 110, cysteine at position 112, 

histidine al posilion 113, methionine al posilion 119, methionine ai posilion 124, alanine or 

serine at position 128, aspartate or tyrosine, at position 135 is serine at position 138, valine at 

position 142, glutamine at position 145, isolcucinc at position 149, histidine or serine at position 

152, serine at position 154, threonine at position 155, serine or isoleucine at position 159, or 

phenylalanine at position 168, or a combination thereof, corresponding to SEQ ID NO: 1. 

60. A polynucleotide encoding an OgLuc variant polypeptide having at least 80% amino acid 

scqucncc identity to an OgLuc polypeptide of SEQ ID NO: 1 comprising amino acid 

substitutions A4E, Q11R, A33K, V44T, P115E, Q124K, Y138I, N166R, 190V, F54T, Q18L, 

F68Y, L72Q, and M75K corresponding to SEQ ID NO: 1 and the OgLuc variant polypeptide 

having lucifcrasc activity. 

61. A polynucleotide encoding an OgLuc variant polypeptide having at least 80% amino acid 

scqucncc iden Lily to an Ogl uc polypeptide of SEQ ID NO: 1, wherein ihe amino acid at position 

4 is glutamate, at position 11 is arginine, at position 18 is leucine, at position 33 is lysine, at 

position 44 is isoleucine, at position 54 is isoleucine, at position 68 is tyrosine, at position 72 is 

glutamine, at position 75 is lysine, at position 90 is valine, at position 115 is glutamate, at 

position 124 is lysine, at position 138 is isolcucinc, and at position 166 is arginine corresponding 

to SKQ ID NO: 1 and the OgLuc variant polypeptide having luciferase acliviLy. 

62. The polynucleotide of claim 60 or 61 wherein the amino acid substitution at a position 

corresponding to 33 of SEQ TD NO: 1 is asparaginc, 
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63. The polynucleotide of claim 62, wherein position 39 is cncodcd by codon ACT, tlic 

amino acid at position 39 is threonine, at position 43 is arginine. and at position 68 is aspartate 

corresponding to SEQ TD NO: 1, the OgLuc variant polypeptide having luciferase activity. 

64. The polynucleotide of claim 63. wherein the amino acid at position 27 is valine 

corresponding to SEQ ID NO: 1, the OgLuc variant polypeptide having luciferase activity. 

65. A polynucleotide encoding an OgLuc variant polypeptide having at least 80% amino acid 

sequence identity to an OgLuc polypeptide of SEQ TD NO: 1 comprising amino acid 

substitutions A4E, QilR, A33K, V44I, P115E, Q124K, Y138I, N166R, Q18L, F54I, L92H, and 

YIQ9F corresponding to SEQ TD NO: 1 and the OgLuc variant polypeptide having luciferase 

activity. 

66. The polynuclcolidc of claim 65 furl her comprising the amino acid substitutions V21L, 

F68Y, L72Q, M75K, H92R, and V158F corresponding to SEQ TD NO: 1. 

67. A polynucleotide encoding an OgLuc variant polypeptide having at least 80% amino acid 

sequence identity to an OgLuc polypeptide of SEQ TD NO: 1 comprising amino acid 

substitutions A4E, Q11R, A33K, V44I, A541, F77Y, I90V, P115E, Q124K, Y138I and N166R 

corresponding to SEQ II) NO: 1 and Lhe Ogl.nc variant polypeptide having lucifcrase activity. 

68. A polynucleotide encoding an OgLuc variant polypeptide having at least 80% amino acid 

scqucncc identity to an OgLuc polypeptide of SEQ ID NO: 1, wherein the amino acid at position 

4 is glutamate, at position 1 1 is arginine, at position 18 is leucine, at position 33 is lysine, at 

position 44 is isolcucinc, at position 54 is isoleucine, at position 92 is histidine, at position 109 is 

phenylalanine, at position 115 is giutamatc, at position 124 is lysine, at position 138 is isolcucinc, 

and. at position 166 is arginine corresponding to SEQ ID NO: 1 and the OgLuc variant 

polypeptide having luciferase activity. 

69. The polynucleotide of claim 68, wherein the amino acid at position 21 is leucine, at 

position 68 is tyrosine, at position 72 is glutamine, at position 75 is lysine, at position 92 is 

arginine, and at position 158 is isolcucinc corresponding to SEQ ID NO: 1. 

70. A polynucleotide encoding an OgLuc variant polypcplidc having aL 1casl 80% amino acid 

sequence identity to an OgLuc polypeptide of SEQ TD NO: 1, wherein the amino acid at position 

4 is glutamate, at position 11 is arginine, at position 33 is lysine, at position 44 is isoleucine, tit 

position 54 is isoleucine, at position 77 is tyrosine, at position 90 is valine, at position 1 15 is 

glutamate, at position 124 is lysine, at position 138 is isoleucinc, and at position 166 is arginine 

corresponding to SEQ II) NO: 1 and Lhe OgLuc variant polypcplidc having lucifcrase activity. 

7L A polynucleotide comprising the polynucleotide encoding the polypeptide of SEQ TD 

NO: 19. 
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72. A polynucleotide comprising the polynucleotide of SEQ ID MO: 18, SEQ ID NO: 24, 

SEQ ID NO; 25, SEQ TD NO: 42, SEQ TD NO: 88, or SEQ TD NO: 92. 

73. An isolated polynucleotide encoding a decapod luciferase polypeptide having at least 

30% amino acid scqucncc identity to SEQ ID NO: 1, the polypeptide comprising a scqucncc 

pattern corresponding to the sequence pattern of Formula (VII) and including no more than 5 

diffcrcnccs, wherein diffcrcnccs include differences from pattern positions 1, 2, 3, 5, 8, 10, 12, 

14, 15, 17, or 18 relative to Formula (VIT) according to the OgLuc pattern listed in Table 4 as 

well as gaps or insertions between any of the pattern positions of Formula (VII) according to the 

OgLuc pattern listed in Table 4, wherein the decapod luciferase produces luminescence in the 

prcscncc of a coclcntcrazinc. 

74. The polynucleotide of claim 73, wherein ihe dccapod lucifcrase includes no more Llian 4 

differences from the sequence pattern of Formula (VII) according to the OgLuc Pattern listed in 

Tabic 4. 

75. The polynucleotide of claim 73, wherein the decapod luciferase includes no more than 3 

diffcrcnccs from the scqucncc pattern of Formula (VII) according to the OgLuc pattern listed in 

Table 4. 

76. The polynucleotide of claim 73, wherein the dccapod lucifcrase includes no more than 2 

diffcrcnccs from the scqucncc pattern of Formula (VIT) according to the OgLuc pattern listed in 

Table 4. 

77. The polynucleotide of claim 73, wherein the dccapod lucifcrasc includes no more than 1 

diffcrcncc from the scqucncc pattern of Formula (VII) according to the OgLuc pattern listed in 

Table 4. 

78. The polynucleotide of claim 73, wherein the polypeptide comprises a sequence 

corresponding to Formula (VII) according to the OgLuc pattern listed in Table 4. 

79. The polynucleotide of claim 73, wherein the decapod lucifcrasc is from a Aristcidac, 

Pandalidca, Solcnoccridac, Lucifcridac, Scgcstidac, Pasiphacidac, Oplophoridac, or 

Thalassocaridac family, 

80. The polynucleotide of claim 79, wherein the decapod luciferase is from the Oplophoridae 

family. 

81. The polynucleotide of claim HO, wrherein the decapod luciferase is from an Oplophorus 

spccics. 

82. The polynucleotide of claim 79, wherein I he dccapod luciferase is a luciferase from 

Plesiopenaeus coruscans, a Ileterocarpus species, a Parapandalus species, Ilymenopenaeus 

debil'ts, Mesopenaeus tropicalis, Lucifer typus, Sergestes atlanticus, Sergestes arcticm, Sergestes 

armatus. Sergestes pediformis, Sergestes carnutus, Sergestes edwardsi, Sergestes kertseni, 
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Sergestes pectinatus, Sergestes sargassi Sergestes similis, Sergestes vigilax, Sergia challengeri, 

Sergia grand is, Sergia iucens, Sergia prehensilis, Sergia patens, Sergia robusta, Sergia 

scintillans, Sergia splendens, Glyphus marsapialis, Leptocheia hermudensis, Pampas iphae 

sidcatifrons, Pasiphea tarda, Acanthephyra acanthi.telsonis, Acanthephyra acutijrons, 

Acanthephyra brcvirostris, Acanthephyra cuculiata, Acanthephyra curtirostris, Acanthephyra 

eximia, Acanthephyra gracilipes, Acanthephyra kings fey i., Acanthephyra media, Acanthephyra 

microphthalma, Acanthephyra pektgica, Acanthephyra prionota, Acanthephyra purpurea. 

Acanthephyra sanguined, .Acanthephyra sibogae, Acanthephyra stylorostratis, Ephyrina bifida, 

Ephyrina ftgueirai, Ephyrina koskynii, Ephyrina otnbango, Ilymenodora glacial is, Ilymenodora 

gracilis. Meningodora miccyla, Meningodora mollis, Meningodora vesca, Notosromus gibbosus, 

Notosiomus auriculaiwi, Oplophorus graciliwslris, Oplophorus grimahlu, Oplophorus 

novaezealandiae, Oplophorus spinicauda, Oplophorus foliaceus, Oplophorus spinosus, 

Oplophoms typus, Systellaspis braueri, Systellaspis cristata, Systellaspis deb His, Systellaspis 

pellucida, C.hlorotocoides spinicauda, Thalassocaris crinita, or Thalassocaris lucida. 

83. The polynucleotide of claim 73, wherein the sequence pattern of Formula (VII) is aligned 

Willi SHQ II) NO: 1 starting at residue 8 of SHQ ID NO: 1 

84. The polynucleotide of any one of claims 1-83, wherein the sequence has been codon-

optimized. 

85. The polynucleotide of claim 84, wherein the polynucleotide comprises SEQ ID NO: 22, 

SEQ ID NO: 23, SEQ ID NO: 24, or SEQ ID NO: 25. 

86. The polynucleotide of any one of claims 1-85, wherein the polynucleotide further cncodcs 

a polypeptide of interest linked to the OgLuc variant polypeptide, the polypeptide of interest and 

the OgLuc variant polypeptide capable of being expressed as a fusion protein. 

87. A vector comprising the polynucleotide of any of claims 1-86. 

88. The vector of claim 96, wherein the polynucleotide is operably linked to a promoter. 

89. A ccll comprising the polynucleotide of any one of claims 1-86 or the vcctor of claim 87 

or 88. 

90. A non-human transgenic animal comprising the cell of claim 89, 

91. A non-human transgenic ;mim;il comprising the polynucleotide of any one of claims 1-86 

or the vector of claim 87 or 88. 

92. An OgLuc variant polypeptide cncodcd by the polynucleotide of any one claims 1-86. 

93. A polypeptide cncodcd by the polynucleotide of any one of claims 1 -86. 

94. A fusion protein comprising an OgLuc variant polypeptide encoded by the polynucleotide 

of any one of claims 1-86. 
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95. A method of producing an OgLuc variant polypeptide comprising growing the cell of 

claim 89 under conditions that permit expression ofthe OgLuc variant polypeptide. 

96. A method of producing an OgLuc variant polypeptide comprising introducing the vector 

of claim 87 or 88 into a ccll under conditions which permit expression of the OgLuc variant 

polypeptide. 

97. A kit comprising the polynucleotide of any one of claims 1-86 or the vector of claim 87 

or 88. 

98. A kit comprising the OgLuc variant polypeptide of claim 92. 

99. The kit of anyone of claim 97 or 98, further comprising at least one of: 

(a) the compound of formula (Ta) or (Tb): 

or 

wherein R"" is selected from the group consisting of 

Y 

or C2-3 
straight chain alkyl; 

R6 is selected from the group consisting of -H, -OH, -NH2. -0C(0)R or -OCH20C(0)R; 
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R8 is selected from the group consisting of 

rw 'R4, H or lower cycloalkyl; 

wherein R"5 and R4 arc both H or both C1-2 alkyl; 

W \6 -NH2. halo. -OH, -NHC(0)R, -C02R; 

X is -S-, -O- or -MRVJ-; 

Y is -H, -OH. or -OR11; 

Z is -CH- or -N-; 

each R11 is independently-C(0)R" 0r-CH20C(0)Rn'; 

R;, t is H. CH, or CH2CH3; 

each R is independently CV? straight-chain alkyl or C|_7 branched alkyl; 

R" is C1-7 straight-chain alkyl or C1-7 branched alkyl; 

the dashed bonds indicate the presence of an optional ring, which may be saturated or 
unsaturated; 

with the proviso that when R" is 

VR 
W r° , Rs is not 

with the proviso that when R' is 
cycloalkyl; and 

OH 

, R is 

with the proviso that when R6 is NH2, R" is , .2, 

r-X 

r/) 
Z , or C2-5 alkyl; 

C> 

r° 
, or 

RJ 

H 

R4 or lower 

or R8 is not / ^ J ; and 

(b) a buffei reagent. 



100. A kit comprising the compound 

0 
l«L 

H 

or and. the polynucleotide of any one of 

claims 60-64 or 71-72 or the polypeptide encoded by the polynucleotide of any one of clai ms 60-

64 or 71-72. 

101. A method for measuring biolumincscencc using at least one of the polynucleotide of any 

one of claims 1-86; the vcctor of any one of claims 87 or 88; the cell of claim 89: the animal of 

any of claims 90-91; ihe OgLuc variant polypcplidc of claim 92; the polypcplidc of claim 93; and 

the fusion protein of claim 94. 

102. A synthetic nucleotide sequence encoding an OgLuc variant polypeptide comprising a 

fragment of at least 100 nucleotides having 80% or less nuclcic acid scqucncc identity to a parent 

nucleic acid scqucncc having SEQ ID NO: 2 and having 90% or more nuclcic acid scqucncc 

id.eni.ity lo SKQ II) NO: 22, SKQ II) NO: 23, SKQ ID NO: 24, or SKQ II) NO: 25 or lhe 

complement thereof, wherein the decreased sequence identity is a result of different codons in the 

synthetic nucleotide sequence relative to the codons in the parent nucleic acid sequence, wherein 

the synthetic nucleotide .sequence encodes a OgLuc variant which has at least 85% amino acid 

scqucncc identity to the corresponding lucifcrasc cncodcd by the parent nuclcic acid scqucncc, 

and wherein the synthetic nucleotide scqucncc has a rcduccd number of regulatory scqucnccs 

relative to the parent nucleic acid sequence. 

103, A synthetic nucleotide sequence encoding an OgLuc variant polypeptide comprising a 

fragment of at least 300 nucleotides having 80% or less nucleic acid sequence identity to a parent 

nuclcic acid scqucncc having SLQ ID NO: 14 and having 90% or more nuclcic acid scqucncc 

identity ro SEQ ID NO: 22 or SEQ ID NO: 23 or the complement thereof, wherein the decreased 

sequence identity is a result of different codons in the synihciic nucleotide sequence relative io 

the codons in the parent nucleic acid sequence, wherein the synthetic nucleotide sequence 

encodes a firefly luciferase which has at least 85% amino acid sequence identity to the 

corresponding lucifcrasc cncodcd by the parent nuclcic acid scqucncc, and wherein the synthetic 

nucleotide scqucncc has a rcduccd number of regulatory scqucnccs relative to the parent nuclcic 

acid scqucncc. 

104, A synthetic nucleotide sequence encoding an OgLuc variant polypeptide comprising a 

fragment of at least 100 nucleotides having 80% or less nucleic acid sequence identity to a parent 

nucleic acid sequence having SEQ TD NO: 18 and having 90% or more nucleic acid sequence 

identity to SLQ ID NO: 24 or SEQ ID NO: 25 or the complement thereof, wherein the decreased 
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scqucncc identity is a result of different codons in the synthetic nucleotide sequence relative to 

the codons in the parent nuclcic acid scqucncc, wherein the synthetic nucleotide scqucncc 

encodes a OgLuc variant which has at least 85% amino acid sequence identity to the 

corresponding lucifcrasc cncodcd by the parent nuclcic acid, sequence, and wherein the synthetic 

nucleotide sequence has a reduced number of regulatory sequences relative to the parent nucleic 

acid, scqucncc. 

105, The polynucleotide of any one of claims 1-86, wherein the OgLuc variant polypeptide is a 

soluble monomer. 

106, The polynucleotide of claim 86, wherein the fusion protein comprises a signal sequence at 

the N-terminus of the OgLuc variant polypeptide. 

107. The polynucleotide oTclaim 106, wherein ihe fusion protein is scerclcd from a cell. 

108, A fusion peptide comprising a signal peptide from Oplophorus gracilirostris fused to a 

heterologous protein, wherein said signal peptide is SEQ TD NO: 54, wherein the fusion peptide 

is expressed in a cell and secreted from the cell. 

109. A biolumincsccncc resonance energy transfer (BRET) system comprising: a first fusion 

protein including a firsl largcl protein and a biolumincsccncc donor molcculc, wherein 1 he 

biolumincsccncc donor molcculc is ail OgLuc variant cncodcd by the polynucleotide of any one 

of claims 10-88; a sccond fusion protein including a sccond target protein and a fluorescent 

acceptor molecule; and an OgLuc substrate. 

110. The BRLT system of claim 109, wherein the OgLuc substrate is a native or known 

coclcntcrazinc. 

111. The BRET system of claim 109, wherein the OgLuc substrate is a compound of formula 

(Ta) or (lb): 

H 

(la) 

or 
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N R' 

wherein is selected from the group consisting of 

W 

nr C 
straight chain alkyl; 

R6 is selected from the gruup consisting of -H, -OH, -NH?. -0C(0)R or -OCH2OC(0)R; 

RR is sclcctcd from the group consisting of 

W is -NH2, halo, -OH, -NHC(0)R, -C02R' 

X is -S-, -O- or -NR7'-; 

Y is -H, -OH, or -OR11; 

Z is -CH- or -N-; 

each R11 is independently-C(0)R" or-CH200(0)Rn 

R? ' is H, CH? or CH2CH?; 

cach R is independently CV? straight-chain alkyl or C1.7 branched alkyl; 

R" is C'i-7 straight-chain alkyl or C-|_7 branched alkyl; 

the dashed bonds indicate the presence of an optional ring, which may he saturated 
unsaturated; 

^ 4 wherein R' and R arc both H or both Ci.? alkyl; 
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o. 

with the proviso that when R2 is ^ ^^ 

•OH =\ *hR ^ y° 
, or 

RJ 

.r\J with the proviso that when R2 is 
cycloalkyl; and 

X 

6 • , . /"^ ^ with the proviso that when R is NH2, R is, 

R* is 

,H 

R4 or lower 

rT 
Z , or C2-5 alkyl; 

or R' is not r\J 
112. The BRET system of claim 109, wherein the OgLuc substrate is the compound 

113. A method of measuring the enzymatic activity of a luminogenic protein comprising: 

contacting a luminogenic protein, a deprotecting enzyme, and a protected luminophnre; and 

detecting light produced from the composition, wherein the luminogenic protein is an OgLuc 

variant cncodcd by the polynucleotide oT any OTIC of claims 1-86 and the luminophorc is a 

or 
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wherein R' is selected from the group consisting of 

straight chain alkyl; 

R6 is sclcctcd from the group consisting of -H, -OH. -NH2| -0C(0)R or -OCH2OC(0)R; 

Rb is sclcctcd from the group consisting of 

R3 

kH 
R4 , II or lower cycloalkyl: 

wherein K? and R4 arc both H or both C|.2 alkyl; 

W is -NH2, halo, -OH, -NHC(0)R, -C03R, 

X Ls -S-, -O- or -MR22-; 

Y is -11,-011, or -OR"; 

Z is CH or N-; 

each R11 is independently-C(0)R" or -CH20C(0)R"; 

R22 is II, CH? or CH2CH3; 

each R is independently Cu? straight-chain alkyl or C1.7 branched alkyl; 

K." is Ci-- srraight-chain alkyl or C1-7 branched alkyl; 

the dashed bonds indicate the presence of an optional ring, which may be saturated or 
unsaturated; 
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with the proviso that when R2 is ^ ^^ 

\ >''r^ , Ra is no, / \-J 

.r\J with the proviso that when R2 is 
cycloalkyl; and 

X 

6 • , . /"^ ^ with the proviso that when R is NH2, R is, 

rT 

•OH 

R* is 

Z , or C2-5 alkyl; 

or R" is not ru 

o. =\ *hR ^ y° 
, or 

114. The method of claim 113 wherein the enzymatic activity is measured, in a live, intact non-

human animal. 

115. A method for measuring the activity of a non-luminescent enzyme of interest comprising: 

(a) providing a luminogenic molecule wherein the molecule is a substrate for the non-

luminescent enzyme of interest and a pro-substrate of an OgLuc variant encoded by the 

polynucleotide of any one of claims 1-86; (b) contacting the luminogenic molecule with at least 

one non-lumincsccnt enzyme of interest and at least one OgLuc variant to produce a reaction 

mixture; and (c) de'ermining activity of lhe non-1 uTnincsccnl cn/ymc of interest by measuring 

luminescence of the reaction mixture, 

116. The method of claim 115, wherein the luminogenic molecule is a modification of the 

compound of formula (la) or (lb): 

R2 

X 
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or 

wherein R" is sclcctcd from the group consisting of 

or C 
straight chain alkyl; 

K6 is sclcctcd from the group consisting of -11, -Oil, -NIl2; -0C(0)R or -OCllaOCfOjR; 

RR is sclcctcd from rhc group consisting of 

R3 

R4 , H or lower cycloalkyl; 

wherein R and R4 are both H or both C| 2 alkyl; 

W is -_NH2, halo, -OH, -NHC(0)R? -C02R; 

X is -S-, -O- or-NR22-; 

Y is -H, -OH. or -ORn; 

Z is -CH- or -N-; 

cachR" Ls independently-C(0)R" 0r-CH20C(0)R,h; 

R22 is th CH3orCH2CH3; 

each R is independently Cu? straight-chain alkyl or C1.7 branched alkyl; 

R" is C1 7 straight-chain alkyl or C-\ 7 branched alkyl; 

the dashed bonds indicate the prcscncc of ail optional ring, which may be saturated 
unsaturated; 



with the proviso that when R"" is 
cycloalkyl; and 

, R* is 

OH 

L/ H 

R4 nr lower 

0. 

O 

with the proviso that when R6 is NH., R2 is . ' Z , or CJ-S alkyl: 

or R* is not 

117. The method of any one of claims 115 and 116 wherein the non-iuminesccnt enzyme of 

interest is a protease enzyme, a cytochrome P450 enzyme, a monoamine oxidase enzyme. or a 

glutathione S-transferase enzyme. 

118. The method of any one of claims 115 to 117 wherein the activity ofthe non-luminescent 

enzyme is measured in a live, intact animal. 

119. A method to dctcct the prcscncc of at least two molcculcs in a sample* comprising: 

contacting the sample with a firsl reporter molcculc comprising an Ogl uc var iant encoded by 1 he 

polynucleotide of any one of claims 1-86, wherein the first reporter molcculc is opcrativcly 

linked to a first component ofthe sample; contacting the sample with a sccond reporter molcculc, 

wherein the .second reporter molecule is operatively linked to a second component nf the sample, 

detecting the prcscncc of the first and. sccond reporter molcculcs to determine the prcscncc and/or 

amounts of the first and second components in the sample. 

120. A method to dctcct the prcscncc of at least two molcculcs in a cclL comprising: 

contacting the cell with a first reporter molecule comprising an OgLuc variant encoded by the 

polynucleotide of any one of claims 1-86, wherein the first reporter molecule is operatively 

linked to a first component of the sample; contacting the sample with a second reporter molecule, 

wherein the sccond reporter molecule is opcrativcly linked to a sccond component of the sample; 

detecting Lhe presence of the first and second reporter molecules to determine the presence and/or 

amounts ofthe first and second components in the sample. 

281 



121. A method of generating a polynucleotide encoding a OgLuc variant polypeptide 

comprising: 

(a) using a parental fusion protein construct comprising a parental Ogl -uc polypeptide and 

at least one heterologous polypeptide to generate a library of variant fusion proteins; and 

(b) screening the library for at least one of cnhanccd lumincsccncc, cnhanccd enzyme 

stability or enhanced biocompatibility relative to the parental fusion protein construct. 

122. The method of claim 121. wherein the heterologous polypeptide is C-terminal to the 

OgLuc polypeptide. 

123. The method of claim 121, wherein the heterologous polypeptide is N-terminal to the 

OgLuc polypeptide. 

124. The method of any one of claims 121-123, wherein the heterologous polypeptide is 

ILALOTAC®. 

125. The method of claim 121, wherein the fusion protein constructs comprises two 

heterologous polypeptides. 

126. The method of claim 125, wherein the one of the heterologous polypeptide is N-terminal 

to the OgLuc polypeptide and the other heterologous polypeptide is C-terminal to the OgLuc 

polypeptide. 

127. The method of claim 125 or 126, wherein the heterologous polypeptides arc 

HALOTAG®and Id. 

128. A vector comprising the polynucleotide, or a fragment thereof, of any of claims 1 -86. 

129. A circularly permuted luciferase comprising the polypeptide encoded by the 

polynucleotide of any of claims 1 -86 or a fragment thereof. 

130. A method of generating codon-optimized. polynucleotides encoding a luciferase for use in 

an organism, comprising: for cach amino acid in the luciferase, randomly selecting a codon from 

the two most common!}7 used codons used in the organism to encode for the amino acid to 

produce a first codon-optimized polynucleotide. 

131. The method of optimizing codons of claim 130, further comprising selecting the other of 

the two most commonly used codons used in the organism to encodc for the amino acid to 

produce a second codon-optimized polynucleotide. 


