OPLOPHORUS-DERIVED LUCIFERASES, NOVEL COELENTERAZINE
SUBSTRATES, AND METHODS OF USE

CROSS REFERENCE TO RELATED APPLICATIONS

[0001]  This application claims priority to United Siates Provisional Application No.
61/409.422, filed November 2, 2010, which is incorporated herein by reference in its entirety.

BACKGROUND

[0002]  The luciferase secreied from the deep-sea shrimp Oplophorus gracilirosiris has been
shown to possess many interesting characteristics, such as high activity, high quantum yield, and
broad substrate specificity (including, e.g., coelenterazine as well as various coelenterazine
analogs). The bioluminescent reaction of Oplophorus takes place when the oxidation of
coelenterazine (substrate) with molecular oxygen is catalyzed by Oplophorus luciferase, resulting
in light of maximum intcnsity at 462 nm and the products CO» and coelenteramide {Shimomura
et al., Biochemistry, 17:994 (1978)). Optimem luminescence occurs at pH 9 in the presence of
0.05-0.1 M NaCl at 40°C, and, due to the unuvsual resistance of this enzyme to heai, visible
luminescence occurs at temperatures above 50°C when the highly purified cnzyme is used or at
over 70°C when partially purified enzyme is used. At pH 8.7, the native luciferase was reported
by Shimomura er al. (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 gracilirestris luciferase is a complex of
native 35 kDa and 19 kDa proteins, i.e., a heterotetramer consisting of two 19 kDa components
and two 35 kDa components. Inouye ef al. (2000) reported the molecular cloning of the cDNAs
encoding the 35 kDa and 12 kDa proteins of Oplophorus luciferase, and the identification of the
protein component that catalyzes the luminescence rcaction. The ¢DNAs encoding the proteins
were expressed in bacterial and mammalian cells, and the 19 kDa protein was identified as the
component capable of catalyzing the luminescent oxidation of coelenterazine (Inouye ez al,,
2000).

[0004]  The 19 kDa protein of Oplophorus luciferase (GenBank accession BAB13776, 196
amino acids) appears to be the smallest catalytic component having luciferase function, and its
primary struclure has no significant similarity with any reported luciferase including
imidazopyrazinone luciferases (Lorenz e al., PNAS US4, 88:4438 (1991); Thempson et af.,
PNAS USA, 86:6567 (1989)). Expression of the 19 kDa protein in E coli resulted in the



formation of inclusion bodies (Inouye and Sasaki, Protein Expression and Purification, 56:261-
263 (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 coclenterazine, is an excellent substrate for Oplophorus luciferase comparable
to coelenterazine (Nakamura ef ai., Tetrahedron Leti., 38:6405 {1997)). Moreover, Gplophorus
luciferase is a secreted enzyme, like the luciferase of the marine ostracod Cypridina {(Varguia)
hilgendorfii (Johnson and Shimomura, Meth Enzyme, 57:331 (1978)), which also uses an
imidazopyrazinone-type luciferin to emit light.
' SUMMARY

[0008) In an aspect, the disclosure relates to a compound of formula (Ia) or (1b):

wherein R” is selected from the group consisting of

X X
L2 /_OY OW
/T\jf./-t-z’ s or Cos

straight chain alkyl;



RS is selected from the group consisting of -H, -OH, -NHz, -OC(O)R or -OCH-OC(O)R;
R? is selected from the group consisting of
R3
K
s R*, H or lower cycloalkyl;
wherein R? and R* are both H or both C,.; alkyl,
W 15. -NH3, halo, -OH, -NHC(O)R, -CO:R;
X is =§-, —O- or -NR”;
Y is —H, -OH, or —OR'";
Z is =CH- or —N-;
each R'! is independently —C(O)R"* or -CH,0C(OR™*;
R™ is H, CH; or CHCHj;
each R is independently C,.; straight-chain alkyl or C,.;7 branched alkyl;
- R" is Cyystraight-chain alkyl or Cy.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 R? is N , or
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with the proviso that when R? is R* or lower

cycloalkyl; and
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with the proviso that when R®is NH,, R? is, Z , or Cg-5 alkyl;

or R? is not
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[p007] In another aspeet, the disclosure relates to a compound selected from
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[0008] In an aspect, the disclosure relates to a compound of formula
[a]
ow@ ﬂ\g'k'o»’(_a
N i N
[ ] »
H N

or

[0009] In an aspect, the disclosure relates to an isolated polynucleotide encoding an OgLluc
variant polypeptide having at least 60% amino acid sequence identity to SEQ ID NO: |
comprising at Jeast 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: |
4



comprising at least onc amino acid substitution at a position corresponding to an amino acid in
SEQ ID NO: | wherein the Ogluc variant pelypeptide 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 polynuclectide encoding an OgLuc
V 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 1D NO: | wherein the OgLue variant polypeptide has enhanced luminescence relative to a
polypeptide of SEQ ID NO: 31 with the proviso that the polypeptide encoded by the
polynucteotide is not SEQ {D 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
comptising at least ane amino acid substitution at a position corresponding to an amino acid in
SEQ 1D NO: | wherein the OgLuc variant polypeptide has enhanced luminescence relative to a
polypeptide of SEQ 1D NO: 29 with the proviso that the polypeptide encoded by the
pelynucleotide is not SEQ ID NO:; 3 or 15,

[0013] In an aspecl, the disclosure relates to an isolated polynucleotide encoding an OgLuc
varianl polypeptide having at least 80% amino acid sequence identity to an OgLuc polypeptide of
SEQ 1D NO: | comprising amino acid substitutions A4E, Q11R, A33K, V44I, PI115E, QI24K,
Y1381, N166R, [90V, F541, Q18L, Fo8Y, L72Q,.and M75K corresponding to SEQ ID NO: 1 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 1D 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 68 is tyrosine, at position 72 is plutamine, at position 75 is lysine, at
position 90 is vuline, at position 115 is glutamate, at position 124 is lysine, at position 138 is
iscleucine, and at position 166 is arginine corresponding to SEQ 1D NO: 1 and the OgLuc variant

polypeptide having luciferase activity.

[0015] 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: | comprising amino acid substitutions A4E, Q11R, A33K, V44I, F115E, QI24K,



Y1381, N166R, Q18L, F54I, L92H, and Y109F cotresponding 1o SEQ ID NO: 1 and the OgLuc

variant polypeptide having luciferase activity.

[0016]  1In an aspect, the disclosure relates 1o an isolated polynucleotide encoding an OgLuc
variant polypeptide having at least 80% amino acid sequence identity to an OgLuc pelypeptide of
SEQ ID NO: | comprising amino acid substitutions A4E, Q11R, A33K, V441, A54l, F77Y,
190V, P115E, Q124K, Y 138I and N166R corresponding to SEQ 1D NO: 1 and the Ogl.uc 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
positian 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 124 is lysine, al position 138 is isoleucine, and at position 166 is arginine

corresponding 1o SEQ [D NO: | and the OgLuc variant polypeptide having luciferase activity.

[0018] In an aspect, the disclosure relates to an isolated pelynucleotide encoding an Ogluc
variant polypeptide having at least 80% amino acid sequence identity to an OgLuc polypeptide of
SEQ ID NQ: 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, 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 lucifcrase activity.

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

polynuclectide encoding the polypeptide of SEQ ID NG: 19.

[0020] In an aspect, the “disclosure relates to an isolated polynucleotide comprising the
_polynucleotide of SEQ ID NO: |8, SEQ ID NO: 24, SEQ ID NO: 25, SEQ ID NO: 42, SEQ ID
NC- 88, or SEQ 1D NO: 92.

[0021] In an aspect, the disclosure relates to an isolated polynucleotide encoding a decapod
luciferase polypeptide having at Jeast 30% amino acid sequence identity to SEQ ID NO: 1, the
polypeptide comprising a sequence pattern corresponding to the sequence pattern of Formula
(VID) and including no more than 5 differences, wherein differences include differences from
paitemn positions 1, 2, 3, 5, 8, 10, 12, 14, 15, 17, or 18 relative to Formula (VI1) 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 coelenierazine.

[0022)  In an aspect, the disclosure relates to a synthetic nucleotide sequence enceding 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 1D NQ: 2 and
having 90% or more nucleic acid sequence identity to SEQ 1D NO: 22, SEQ ID NO: 23, SEQ ID
NQG: 24, or SEQ ID NO: 25 or the complement thereof, wherein the decreased sequence identity
is a result of different codons in the synthetic nuclectide sequence relative to the codens 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.

[0023] In an aspect, the disclosure relates to a synthetic nucleotide sequence encoding an
CgLuc 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 1D NO: 14 and
having 90% or more nucleic acid sequence identity to SEQ ID NO: 22 or SEQ D 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 sequence.

[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 te a parent nucleic acid sequence having SEQ ID NO: 18 and
having 90% or more nucleic acid sequence identity to SEQ [D 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 symthetic nucleotide sequence has a reduced number of regulatory sequences

relative to the parent nucleic acid sequence.



[0025] In an aspect, the disclosurc relates to a fusion peptide comprising a signal peptide
from Qplophorus gracilirosiris 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 polynucieotide
encoding a OgLluc variant polypeptide comprising: (2) using a parental fusion protein construct
comprising a parental OgLuc polypeptide and at least cne heterologous polypeptide to generate a
library of variant fusion protcins; 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 mecthod of generating codon-optimized
polynucleotides encoding a luciferase for use in an organism, comprising: for each amino acid in
the haciferase, 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 coelenterazine, known bis-
coelenterazine (coelenterazine-hh), and known coelenterazine-h, where R2, R6 and KR8 represent

Lthe regicns of the malecule where modifications were made.

[0030] FIG. 2 shows the chemical structure of novel coelenterazines PBI-3939, PRBI-3889,
PBI-3945, PBI-4002, PBI-3841, PBI-3897, PBI-3896, PBI-3925, PBI-3894, PB1-3932, and PBI-
3840,

[0031]  FIG. 3 shows the Km detcrmination of PBI-393%.

[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 celis
expressing C1+A4E using native, known, and novel coelenterazine as substrates. FIGS. 5A, 5C-
5G show independent experiments measuring the luminescence in RLUs generated by C1+A4E

with knewn and novel coclenterazines using native coelenterszine as a comparison. FIG. 5B



shows the fold-decrease in luminescence generated by CI+4AE using the substrates shown in

FIG, SA compared to native coelenterazine.

[0034] FIGS. 6A-D show the luminescence generated from lysed bacterial cells expressing
various Ogluc variants using native coetenterazine (“Coelente”), known coelenterazine-h (*h”),
known coelenterazine-hh  (*h,h”), known 2-methyl coclenterazine (“2-me”), known
coelenterazine-v (“v"), and novel coelenterazines PBI-3840, PBI-3897, PBI-388%, PBI-3899,
PBI-3900, PBI-3912, PBI1-3913, PBI-3925, PB1-3897, PBI-3899, PBI-38389, PBI-3939, FBI-
3933, PBI-3932, PBI-3946, PBI-3897, PBI-3841, PBI1-3896, PBI-3925, and PBI-3945 as

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

[0036] FIGS. 8A-B show the luminescence generated from lysed bacterial cclls expressing
OglLuc variants listed in FIG. 7 using native coclenterazine (“Coclenterazine™), known
coelenterazine-h (“I™), known coelenterazing-hh (*h,h™), and novel coelenterazines PBI-3840,
PBI-3925, PBI-3912, PBI-3889, PB1-3939, PBI-3933, PBI-3932, PBI-3946, PBI-3%941, and PBI-
3896 as substrates.

[0037] FIG. 9 shows the luminescence generated from lysed bacterial cells expressing
varicus QgLuc variants using native coelenterazine (“Coelenterazine™), known coelenterazine-hh
(“h,h”), and nove! coelenterazines PBI-3939, PBI1-3945, PBI-3840, PBI-3%32, PBI-3925, PBI-
9894, and PBI-3896 as substrates.

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

[0039] FIG. 11 shows the luminescence generated from lysed bacterial cells expressing
OgLuc variants listed in FIG., 10 using native coelenterazine (“Coelenterazine”), known
coelenterazine-hh {*h,h”), and novel coelenterazines PB1-3939, PBI-3945, PBI-3840, PBI-3932,
PBI-3925, PBi-3894, and PBI-3896, as substrates.

[0040] FI1G. 12 shows the luminescence penerated from lysed bacterial cells expressing
OgLuc variants using native coelenterazine (“Coelenterazine’), known coelenterazine-hh (“h,h™),
and novel coelenterazines PBI-3939, PB1-3945, PBI-3889, PBI-3840, PBI-3932, PBI-3025, PBI-
3894, PRI-3896, and PBI-3897 as substrates.

[0041] FIG. 13 shows the luminescence gencrated from lysed bacterial cells cxpressing
Ogluc variants using native coelenterazine (“Coelenterazine™), known coelenterazine-hh
(“H,H™), and novel coelenterazines PBI-3897, PBI-3898, and PBI-3894 as substrates.
g



[0042]  FIG. 14 shows the amino acid substitutions in various OgLuc variants.

[0043] FIG. 15 shows the lumincscence generaled from lysed bacterial cells expressing
OgLuc variants listed in FIG. 14 using native coelenterazine (“Cotlenterazine™), known
coelenterazine-hh (“h,h), and novel coelenterazines PBI-3897, PBI-3841, PBI-3896, and PBI-

3894 as substrates.

[0044] FI1G. 16 shows the luminescence generated from lysed bacterial cells expressing
OgLuc variants using native coelenterazine (“Coelenterazine™), known coelenterazine-h (“I17),
known coclenterazine-hh (“HH®), and novel coelenterazines PBI-3841 and PBI-3897 as

substrates,

[0045] F1G. 17 shows the luminescence generated from lysed bacterial cells expressing
various QgLuc variants and humanized Rewifla luciferase (hRL) using native coelenterazine
(*“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 OglLuc variants using native coelenterazine (“Coelenterazing”), known coelenterazine-hh

(“h,), and novel coelenterazines PB1-3939, PBI-3945, PBI-3889, and PBI-4002 as subsirates.

[0047] FIG. 19 shows the luminescence generated from lysed bacterial cells expressing
various QgLuc variants using native coelenterazine (“Coelenterazine™), known coelenterazine-h
(“H”), known coelenterazine-hh (“h,h™), and novel coelenterazines PB1-3939, 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 (“Coelenterazine™), known
coclenterazine-h (“H™), known coelenterazine-hh (“h,h”), and novel coelenterazines PBI-3939,

PBI-3945, PB1-4002, PBI-3932, and PBI-3840 as subslrates.
[0050] FIG. 22 shows the amino acid substitutions in various QgLuc variants.

[0081] FIG. 23 shows the luminescence generated from lysed bacterial cells expressing
OgLuc variants listed in FIG. 22 using native coelenterazine (“Coelenterazine™}, known
coelenterazine-h (YH”), known caelenterazine-hh (*h,h™). and novel coelenterazines PBI-3939,
PBI-3945, PBI-3889, PBI-4002, PB1-3932, and PBI-1840 as substrates.
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[a052] FIG. 24 shows the luminescence generated from lysed bacterial cells expressing
various OgLuc variants and hRL (“Renilla”) using native coelenterazine (“Coelenterazine”),
known coelenterazine-h (“H™), known coelenterazine-hh (“H,H"), and novel coclenterazines

PBI-3939 and PBI-3943 as substrates.

[0053] FIG. 25 shows the luminescence gencrated from lysed bacterial cells expressing
various OgLuc variants and hRL (“Renilla”) using native coelenterazine (“Coelenterazine™),
known coelenterazine-hh (*h,h*), and novel coelenterazines PB1-3939, PBI-3945, PRI-3839, and
PBI-4002 as substrates.

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

[0055] FIG. 27 shows the luminescence generated from lysed bacterial cells expressing
Ogl.uc variants listed in FIG. 26 using native coelenterazine (“Coelenterazine”), known
coelenterazine-h (“H”), known coelenterazine-hh {“h,h™), 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 coelenterazine (“Coel.”), known
coelenterazine-h (“H™), known coelenterazine-hh (*“H,H™), and novel coelenterazines PBI-3939,
PBI-3945, PB1-3889, and PBI-4002 as subsirates,

[0057]  FIG. 29 shows the luminescence of 9B8 opt and 9B8 opt+K33N in bacterial lysates
using native coelenterazine and PB1-3939 as substrates and the relative specificity of these

variants for PBI-3939 compared to native coelenterazine.

[0058]  FIGS. 30A-D show mutational analysis at position 166 using native coelenterazine
(F1G. 30A), coelenterazine-h (FIG.30B), 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 coclenterazine as a substrate, firefly luciferase (Luc2)
using luciferin (BRIGHT-GLO™ Assay Reagent) as a substrate, and various OgLuc variants

using novel PB1-3939 as a substrate.
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[0061]  FIG. 33 shows the signal stability of 1V and 15C1 in bacterial lysates using the novel
coclenterazine PBI-3945 as a substrate and IV and 9B8 in bacterial lysates using the novel

coelenterazine 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 (Fluc) and Renilla (Rluc} luciferases.

[0062] FIG. 35 shows the Ymax (RLU/sec) and Km (pM) values for various OgLuc variants

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

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

in bacterial lysates using the nove! coelenterazine PBI-3939 as a substrate.

[0065] FIG. 37 shows the VYmax {RLU/sec) and Km (uM) values for 9B8 opt and 9B§

opt+K 33N both in bacterial lysates using the novel coclenterazine PBI-3939 as a substrate,

[0066]  F1G. 38 shows the protein stability at 50°C of various OgLuc variants in bacterial

lysates using native coelenterazine 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 varicus OgLuc variants at
25°C (FIG. 39A) and 37°C (FIG. 39B) compared to Remitla (hRL) and firefly luciferase (Luc2).

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

9B8 opt+K33N using the novel coelenterazine PB1-3939 as a substrate as the natural log (In) of

the luminescence (in RLU) over time (FIG. 40A) and as the half-life in hrs (F1G. 40B).

[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
{F1G. 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,



[0073] FIGS. 45A-B show the protein expression levels of various OgLuc variant-
HALOTAG® (HT7) (usion proteins in undiluted and i:1 diluted bacterial lysate samples
analyzed by SDS-PAGE (FI(G.45A) and the normalized protein expression levels (FIG. 45B).

[0074]) FIGS. 46A-B, show the protein expression (FIG. 46A) and solubility of the Ogluc
variants 9B8 opt, V2 and L27V (FIG. 46B).

{0075] F1G. 47 shows the normalized luminescence in RLUs generated from lysed HEK293
cells expressing IV, 9B8, and hRL (*Renilla”} wsing native coclenterazine and the novel

coelenterazine PBI-3939 as substrates,

[0076] F1G. 48 shews the normalized luminescence in RLUs generated from lysed HEK293
cells expressing pF4Ag-Ogluc-9B8-HT7, pF4Ag-Luc2-14T7 and pF4Ag-Renilla-HT7 using PBI-
3939, Luciferin (BRIGHT-GLO™ Assay Reagent), and native coclenterazine, 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

coelenterazine PB1-3939 as a substrate.

[0078] FIGS. 50A-F show the luminescence of the QgLluc variant L27V compared to firefly
luciferase (Luc2) in HEK 293 (FIG. 50A) and Hela cells (non-fusion) (FIG. 50B), the
luminescence of HaloTag® fusion compared to the OgLuc variant L27V (FIG. 50C) and firefly
luciferase (Luc2) (FIG. 50D}, and the protein expression of HaloTag®-Ogluc L27V compared
to HaloTag®-Firefly luciferase (Luc2} in HEK 293 (“HEK™) and HeLa cells (“HeLa™).

[0079]  FIG. 51 shows inhibition analysis of the Ogluc variants SB8 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 (FIKG. 52D) and
Tyr ag 835 (FIG. 52E).

[0081] FIG. 53 shows the activity of the OgLuc variants B8 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 ¢AMP transcriptional reporter compared to hRL (“Renilla”) using known coelenterazine-h as
a substrate with (“induced”) or without (“basal™) forskolin treatment and the fold induction

{responsc) due to forskolin treatment (*fold™).

-

[0084] FIG. 56 shows the normalized luminescence generated from lysed HEK293 cells
expressing the 988, 9B§ opt, hRL (*Renilla”) or ﬁréfly luciferase (“Luc2”) ¢cAMP transcriptional
reporter using PBI-393% {for 9B8 and 9BS opt), native coelenterazine (for bRL) or luciferin
. (BRIGHT-GLO™ Assay Reagent; for Luc2) 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 coelenterazine
PBI-3939 as a substrate with (“Induced™) or without (*'Basal™) forskolin treatment and the {old

induction due 1o forskolin treatment {(*Fold Induction™).

[0086) FIGS. 58A-C show the luminescence of the CgLuc variants 9B8 and L27V lytic

reporter constructs for multiple pathways in multiple cell types.”

[0087] FIGS. 52A-C show the luminescence of the OgLuc variant L27V reporter constructs

in various cell lines and with various response elements.

[c088] FIGS. 60A-B show the luminescence of the OgLuc variant L27V secretable reporter
compared to Metridia longa luciferase with a CMV premoter (FIG. 60A) or a NFkB response
element (FIG. 60B). '

[0089] FIGS. 61A-F show the absolute luminescence (FIGS. 61 A and 6¢1B), the normalized
luminescence (FIGS. 61C and 61D) and the fold response (FIGS. 61E and 61F) of optimized
versions of L27V (L27V0l, L27V02 and L27V(03) compared to L27V (L27V00) 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)”), L27VO02P
{(*L27V(02)P{01)™) and luc2 (“Fluc™) reporters (T'1G. 62A) expressed in HepG2 cclls treated with
various doscs of thTNFa (“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 nativc coelenterazine as a substrate,
L]

[0092) FIGS. 84A-D show the luminescence of the secreted OgLuc variants 9B8, V2 and
L27V reporters expressed in CHO celis (FIGS. 64A and 64B) and HeLa (FIGS. 64C and 64D).

[0093] FIGS. 63A-B show a comparison of the luminescence from the secreted OgLuc
variants 9B8 and V2 using PB1-3939 as a substrate to that of the secreted luciferase of Mepidia
longa using Ready-to-Glow™ as a substrate numerically (FIG. 65A) and graphically (FIG. 65B).

[0094]) FIGS. 66A-B show the fold-increase in luminescence over backgr(;und generated
from HEK293 cells expressing hRL (“Ren”) and 938 opt using the coelenlerazine derivatives
ENDUREN™ (FIG. 66A) and VIVIREN™ (FIG. 66B) and the novel coelenterazine PBI-393%
(FIG. 66B) as substrates.

[0095] F1GS. 67A-D show confocal images of U20S cells transiently expressing L27V-
HaloTag® fusion (FIG. 67A) or IL6-L27V fusion (FIGS. §78-D). Scale bars = 20um.

[00986]) FIG. 68 shows the luminescence generated from lysed bacterial cells expressing
various OgLuc variants and hRL (“Renilla®) in the presence (“Sand™) or abscnce of sandwich

background (“pF4Ag™) using native coelenterazine as a substrate.

[0097] FIG. 69 shows the fold-decrease in activity of various OgLud variants and hRL
(“Renilla”) due to the presence of the sandwich background using native coelenterazine 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 coelenterazine
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
OglLuc variant L27V, CP84 and CP93, either with no linker or with a 3, 10, or 20 amino acid
linker. '

[00101} FIGS., 73A-G show the luminescence of the various CP-TEV protease L27V
constructs expressed in wheat germ extract (FIGS. 73A-D), E ¢ofi (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 lumincscence of various protein cemplementation (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), 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 tragment of each pair was fused to ¢ither 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
complcrﬁcntalion {PCA) negative controls was alsc 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] FIGS. 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 (F1G. 77B). .

[601 06] FEIG. 78 shows the activity of the OgLuc variant 9B8 cAMPF 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 rcticulocyte lysate (FIGS. 79A-B)
and HEK293 cells (FIGS. 79C-D).

[001€8] FIGS. B0A-B show the subcellular distribution of the OgLuc variant L27V (FIG.
80A) and control vector pGEM3ZF (FIG. 80B) in U20S cells for various exposure times,

[00109]) FIGS. 81 A-C show the subcelluiar location of the Ogluc variant L27V lused (o either
the transcription factor Nrf2 (FIG. 81B) or GPCR (FIG. 81C) compared to an unfused L27V
control (FIG. 81A).
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[00110] FIGS. 82A-C show the use of the OgLuc variant 9B8 opt to monitor intracellular
signaling pathways using PB1-4377 (FIG. 82A). - The 9B8 opt luciferase was fused to either IkB
(F1G. 82B) or ODD (oxygen-dependent degradation domain of Hif-la) (FIG. 82(-3), and -fold
response to a stimulus (TNFa for IkB and phenanthroline for ODD) was monitored via

lyminescence.

[00111] FIGS. 83A-C show the monitoring of oxidative stress signal pathways using the
OgLuc variant (FIG. 83A}, L27V02 (FIG. §38), or Renilla tuciferase (Rluc) (FIG. 83C).

[00112] FIGS. 84A-B show the comparison of the Nef2-L27V02 sensor (FIG. 84A) and
Nrf2{ ARE)-Luc2P reporter (FIG. §4B).

[00113] FIGS. 85A-B show the emission spectra of TV-HT7 with and without ligand, using 1
uM TMR (FIG. 85A) or 10 uM Rhodamine 110 (FIG. 85B) as a ligand for HT7 and

coelenterazine-h as a substrate for [V.

[00114) FIG. 86 shows the luminescence generated from lysed bacterial cells expressing B8
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-393%2 as a substrate with (FIG. 87B) or without
{not shawn) rapamycin treatment and the response (FIG. 87C) due to rapamycin treatment. The

concept of the circularly permuted straight split variants is shown in FIG. §7A.

[00116] TIG. 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. 21A-B show the bioluminescence imaging of phorbol ester-induced Protein
Kinase C alpha {PKC alpha) translocation of OgLuc fusions using PB1-3939 substrate,

[00120] FIGS. 92A-B show the bicluminescence imaging of autophagosemal protein
translocation of OgLuc fusions using PB1-3939 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
technigues, however, the invention is capable of other embodiments and of being practiced or of

being carried out in various ways.

[00122] In the [ollowing 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 hercin includes all values from
the lower value to the upper value. For example, if a concentration range or beneficial effect
range is stated as 1% 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 intermediale values such as 65%, 75%,
85%, 90%, 95%, elc. are expressly enumerated in this specification. These are only examples of
what is specifically intended, and ali possible numerical values from the lowest vaiue 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” encompasscs the possibility of
no further members being present, i.c., for the purpose of this embodiment “"comprising™ is to be

understood as having the meaning of "cansisting 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 emhodiments, 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. 1f a certain component defined by a generic 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 peneric term exceeds the specified relaiive amount. More

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

[00128] In various aspects, the invention is drawn to novel compounds, nove] luciferases, and
combinations thereof. The invention encompasses mcthods, compositions, and kits including the
novel compounds, novel luciferases, and/cr combinations theteof.

[00127] The novel compounds are novel coelenterazines, which can be used as substrates by
proteins that utilize coelenterazines to produce Juminescence, including, but not limited to,
luciterases and photoproteins found in various marine organisms such as cnidarians (e.g., Renifla
luciferase), jellyfish (e.g., aequerin from the degquorea jellyfish) and decapeds 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 coelenterazine stability), reduced autolumincscence, and increased biocompatibility
with cells (e.g., less toxic to cells, including heterologous cell types) relative to native
coelgnterazing.

[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,
meluding, but not limited to, native and known coclenterazines as well as the novel
coelenterazines of the present invention. The novel luciferases display at least onc of: enhanced
luminescence (including increased brightness, enhanced signal stability and/or signal duration),
enhanced enzyme stability {i.c., 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 (c.g., particles, capillaries, or assay tubes or plates).

[00128] Certain combinations of the novel coelenterazines and the novel luciferases provide
significant technical advantages for bioluminescent assays including enhanced luminescence,
wherein cnhanced Fumingscence may be due to one or more factors including enhanced signal

stabilily and enhanced coelenterazine 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 novel luciferases of the present invention preferentially utilize the novel, smaller

coelentcrazines over the commercially-available and/or knewn larger coelenterazines.

[00130] The invention encompasses combinations of: the novel luciferasc variants with the
novel coelenterazines; the novel luciferase variants with known or native coelenterazines; and the
novel coelenterazines with any known or native protein (¢.g., luciferases or photoproteins) that

uses coelentcrazine as a substrate.

[00131] The term “coelenterazine” refers to nmaturally-occurring {“native™) coelenterazine as
well as analogs thereof, including coelenterazine-n, coclenterazine-f, coclenterazine-h,
coelenterazine-hep, coelenterazine-cp, coelenterazine-c, coelenterazine-e, coelenterazine-fep, bis-
deoxycoelenterazine (“coclenterazine-hh™), coclenterazine-i, coelenterazine-icp, coelenterazine-
v, and 2-methyl coelenterazine, in additicn te those disclosed in WO 2003/040100 and U.S.
Application Serial No. 12/056,073 (paragtaph [0086]), the disclosures of which are incorporated
by reference herein. The term “coelenterazine™ also refers to the novel coelenterazines disclosed
herein (see below). The terin “known coelenterazine” refers to a coelenterazine 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 coelenterazine. 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 Qplophorus gracifirosiris, although comparable polypeptides from other decapod
species (including other Oplophorus species) could also be employed and are encompassed
within the invention (see R.I). Dennell, Cbservations 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 documenté des espécies ¢t bilan des formes ks plus
communes de la mer d'Iroise. Rappor: Scientifique duw Laboratoire d'Océanographie de I'Ecole
Navale (LOEN}, Brest {83pgs), cach of which is incorporated by reference herein); cxamples
include, without limitation, luciferases of the Aristeidac family, including Plesiopenaeus
coruscans, the Pandalidea family, including Heterocarpus and Pargpandalus vichardi, the
Solenoceridae family, including Hymenopenaeus debilis and Mesopenaeus (ropicalis; the
Luciferidae family, including Lucifer fypus; the Sergestidac family, including Sergestes
atlanticus, Sergesies arcticus, Sergestes armatus, Sergestes pediformis, Sergestes cormutus,
Sergestes edwardsi, Sergestes henseni, Sergestes pectinatus, Sergestes sargassi, Sergestes

similis, Sergestes vigilax, Sergia challengeri, Sergia grandis, Sergia lucens, Sergia prehensilis,
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Sergia potens, Sergia robusia, Sergia sciniillans, and Sergia splendens; the Pasiphacidae family,
including Glyphus marsupialis, Leptochela bermudensis, Parapasiphae sulcatifrons, and
Puasiphea tarda; the Oplophoridae family, including Acanthephyra acanthitelsonis, Acanthephyra
acutifrons, Acanthephyra brevirostris, Acanthephyra cucullata, Acanthephyra curfirosiris,
Acanthephyra eximia, Acamthephyra gracilipes, Acanthephyra kingsleyi, Avanthephyra media,
Acanthephyra microphthalma, Acanthephyra pelagica, Acanthephyra prionota, Acanthephyra
purpurea, Acanthephyra sanguinea, Aconthephyra sibogae, Acanthephyra stylorostratis,
Ephyrina bifida, Ephyrina figueirai, Ephyrina koskynii, Ephyrina ombango, Hymenodora
glacialis, Hymenodora gracilis, Meningodora miccyla, Meningodora mollis, Meningodora vesca,
Notostomus gibbosus, Notostomus auricuiatus, Oplophorus gracifivostris, Oplophorus grimaldii,
Oplophorus novaezealandiae, Oplophorus spinicauda, Oplophorus joliaceus, Oplophorus
spinosus, Oplophorus typus, Systellaspis braueri. Systellaspis cristata, Systellaspis debilis, and
Systellaspis pellucida; and the Thalassocaridae lamily, including Chlorctocoides spinicauda,

Thalassocaris crinita, and Thalassacaris hucida.

[00133] The polypeptide scquence of the mature (i.e., with no signal sequence) 19 kDa subunit
of the naturally-cccurring form of the Oplophorus gracilivostris luciferase (i.e., 169 amino acids,
residues 28 to 196 of BAB 13776) is given in SEQ ID NO: 1. 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 amine acid substitutions referred te hercin are specified “relative 10 SEQ
ID NO: 1, i.e., the polypeptide sequence of the mature (with no signal sequence), native 19 kDa

subunit of the Oplophorus graciliresiris luciferase protein complex.

[00134])  Specifically, a protein is a decapod luciferase if, upon alignment of its amino acid
sequence with SEQ ID NO: I, the sequence identity is > 30%, preferably > 40%, and most
preferably > 50%, and the protein can utilizé coelenterazine as a substrate to catalyze the
emission of luminescence, and the amine acid sequence beginning at the position corresponding
to position 8 of SEQ ID NO: 1 is:

[00135] [GSAIVK]-{FE}—[FYW]—x—[LIVMFSYQ]-x-x-{K}-x-[NHGK]-;c-[DE]-x—
[LIVMFY]-[LIVMWF]-x-{G}-[LIVMAKRG]  (SEQ ID NO. 330) (VII),

[00136] with no more than 5 differences, or more preferably no more than 4, 3, 2, or |
difference, or most preferably no differences, wherein the differences occur in positions

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

positions of Table 4.

[00137] The term “variant” refers to a modified version of a starting polypeptide or
polynucleotide sequence. The term “parental” is 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, c.g., to compare the activity levels or other
properties of the protcins encoded by the parental and the modified sequences. The starting
scquence can be a naturally-ocemrring (ie., ﬁative or wild-type) sequence. The starling sequence
can also be a variant sequence which is ihen further modified. A polypeptide sequence is
“modified”™ when one or more amino acids (which may be naturally-cccurring or synthetic) are
substituted, deleted, and/or added at the beginning, middle, and/or ¢nd of the sequence. A
polynucleotide sequence is “modified” when one or more nucleotides are substituted, deleted,
and/or added at the beginning, middle, andfor end of the scquence, but which may or may not
alter the amino acid encoded by the sequence. In some embodiments, the modifications produce
a variant that is a functional fragment olf a particular Cgluc or OgLuc variant. A {unctional
fragment is a fragment which is less thun 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 medifications produce a variant that is a
permuted sequence of the parental sequence, such as a circularly permuted sequence and

permuted sequences comprising deletions and/or insertions.

[0013B] Several of the OgLuc variants disclosed herein have been assigned shorthand names
to facilitate discussion, The term “CI1+A4E” (also referred to as “C1A4E”) refers to a particular
Ogluc variant with the amino acid substitutions A4E, Ql1IR, A33K, V44I, AS5S4F, P113E,
QI124K, Y138I, and N166R relative to SEQ ID NO: 1 (S8EQ ID NOs: 2 and 3) (where the format
“x#y”" indicates a parent amino acid ‘x” at a position ‘#’ that is changed to variant amino acid ).
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 F541, 190V, and
- F77Y relative to SEQ ID NO: 1 (SEQ ID NOs: 8 and 9). The term “I'V” refers to another variant
of the C1+A4E OgLuc variant having additional amino acid substitutions F541 and 190V relative
to SEQ ID NQ: | (SEQ ID NOs: 14 and 15). The term “QC27" refers (v yet another variant of
the C1+A4E OgLuc variant having additional amino acid substitutions Q18L, F541, L92H, and
Y109F telative to SEQ ID NO: | (SEQ ID NOs: 4 and 5). The term “QC27-9a” refers to a
variant of the QC27 OgLuc variant with additicnal amino acid substitutions V21L, F68Y, L72Q,
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M75K, H92R, and V158F relative to SEQ ID NO: 1 (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 te the codon optimized version of the 9B8 variant (SEQ (D NO: 24). The term “9B8
opt+K33N” refers to a variant of the 9B3 opt variant with additional amino acid substitution
K33N relative to SEQ 1D NO: 1 (SEQ ID NOs: 42 and 43). The term “9B8 opt+K33N-+170G"
refers to a variant of the “9B§ 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 ID NO: 68 and 69). T'he terms
“L27V+T39T+K43R+Y68D™ and “L27V" refers to a variant of the 9B8 opt+K33N” variant with
additional amin.o acid substitutions 127V, T39T, K43R, and Y68D relative to SEQ ID NO: 1
{SEQ ID NOs: 88 and 89). The terms “T39T+K43R+Y68D” and *V2” réfers to & variant of the
“OB8 opt+K33N” variant wilh additional amino acid substitutions T39T, K43R, and Y680
relative 1o SEQ ID NO: I {(SEQ 1D NOs: 92 and 93).

[00139] In general, “cnhanced” 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 coelenterazine combination or luciferase
under consideration, where the increase is at least 1%, at least 5%, at least 10%, at least 20%, at
least 25%, at teast 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 coclenterazine combination or luciferase

under consideration.

[00140] The term “luminescence” refers to the light cutput of the OgLuc variant under
appropriate conditions, e.g., in the presence of a suitable substrate such as a coelenterazine. The
light output may be measured as an instantaneous or near-instantaneous measure of light output
{which is sometimes referred to as “T=0" luminescence or “flash™) at the start of the
luminescence reaction, which may be initiated upon addition of the coelenterazine substrate. The
luminescence reaction in various embodiments is carrted out in a solution. In other
embodiments, the luminescence reaction is carried out on a sclid support. The solution may
contain a lysate, for example from the cells in a prokaryotic or eukaryotic expression system. [n
other cmboediments, expression occurs in a cell-free system, or the luciferase pirotein is secreted
into an extracellular medium, such that, in the tatter case, it is not necessary to produce a lysate.
In some embodiments, the reaction is started by injecting appropriate materials, e.g.,
coelenterazine, buffer, etc,, into a reaction chamber (e.g., a well of a multiwell plate such as a 96-
well platc) containing the luminescent protein. In still other embodiments, the OgLuc variant

and/or novel coelenterazine are infroduced into a host and measurements of luminescence are
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made on the host or a portion thereof, which can include a whole crganism 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 Juminescence may be reported as the
average over time, the half-life of decay of signal, the sum of the signal over a period of time, or

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

[00141}  The “enhanced luminescence™ of an OgLuc variant may be due to one or more cf 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 OgLug, an
OgLuc variant protein, Renilla luciferase (e.g., hRluc), or firefly luciferase (¢.g., Luc2 luciferase
from Photinus pyraiis) 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 éﬂelenterazine (including native, known, or nove! coelenterazines) may be compared
to the properties of one of OgLuc variants C1+A4E, [V, or IVY combined with any of a native,
known, or novel coelenterazine 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 bacterial lysates containing OgLuc
varianis 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 [nactivation is
slowed and the luminescence signal is stabilized, which is described elsewhere in the application.
In some embodiments, some luciferase variants, e.g., L27\{, 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 C1-+A4E variant with coelenterazine or coelenterazine-h or Renilla luciferase

with native coelenterazine.

[00142) “Enzyme stability” refers to the stability of enzyme activity (i.e., tolerance of
enzymatic activity to reaction conditions). Enhanced cnzymc stability refers to enhanced
stabitity of enzyme activity (i.e., enhanced tolerance 1o reaction conditions). Enhanced enzyme l
stabitity 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, €.g., TRITON™ X-100). Enzyme stability can be used as a measure of protein
stability, particularly under conditions known to be distuptive 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 sigﬁal may be compared to the reference point of C1+A4E

variant with coelenterazine or coelenterazine-h or Rewifia luciferase with native coelenterazine.

[00143] “Biocompatibility™ refers to the tolerance of a cell (.., prokaryotic or eukaryolic) (o
a luciferase and/or coclenterazine compound.  Biccompatibility of a luciferase and/or
coclenterazine 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 thaf 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 toleraie the insertion of the
foreign gene, i.e,, a transgene containing the gene encoding the luciferase or fragment thereol]
whereby the cells with the transgene de 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 biocempatibility of an OgLuc variant may be due to factors such
as enhanced protein expression and/or reduced cell stress. Enhanced expression of luminescence
for a particular polynucleotide enceding an Ogluc variant may be determined relative to
luminescence expression levels for a polynucleotide encoding wild-type Ogl.uc or an Opgluc
~ variant protein, including codon-oplimized polynucleotides, where luminescence activity can be

used as a means to monitor protein expression levels.

[00144] In particular, enhanced biocompatibility of the OgLue variant, novel coelenterazine
compound and/or a combinatten ihereof, may be determined by measuring cell viability and/or
growth rate of cells. For example, enhanced biocompatibilily of the OgLuc variants may be
determined by measuring cell viability and/or growth rate of cells containing the OGgLuc variants
compared te cells containing firefly or Renilla luciferase or no luciferase, in the absence of any
coelenterazine compound to determine how compatible and/or toxic the luciferase is to the cells.
Enhanced biccompatibility of the novel coelenterazine compounds may be determined by
measuring cell viability in the absence of luciferase expression of cells exposed to the novel
coelenterazine compound compared to native or known coelenterazines to determine how

compatible and/ar toxic the coelenterazine compound is to the cells. Enhanced biocompatibility
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of a combination of an OgLuc variant with a novel coelenterazine compound may be determined
by measuring cell viability and/or growth rate of cells containing the OgLuc variant and exposed
to the novel coelenterazine and compared to cells containing firefly or Renilla lucilerase 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 instructicns) 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 luciterase or Renilla iuciferase. The effect of the novel
coelenterazine compound on cell viability or apoplosis may be compared to the effect of native

or known coelenterazine compounds on cell viability or apoptosis.

[00146] Enhanced biocompatibility may also be determined by measuring the effect of the
OgLuc variant and/or novel coelenterazine compound on cell growth-or gene expression. For
examples, enhanced biccompatibility of the OgLuc variant may be determined by measuring the
cell number after a period of time or by determining the expression of stréss response genes in a
sample of cells that contain the OgLuc variant compared to cells that contain another luciferase
or no luciferase. Enhanced bioccompatibility of the novel coelenterazine compound may be
determined by measuring the cell number after a peried of time or by determining the expression
of stress response genes in a sample of cells that are exposed to the novel coelenterazine
compound compared 1o cells exposed to native or known coelenterazines or no coelenterazines.
The eftect 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 coelenterazine 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 CgLuc genc. 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 ta 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., transfection chemicals, necded in transient transfections 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 DNA or reagents needed for
transfection is less than the amount needed for another luciferase, e.g., native OgLuc, firefly, or
Reniila luciferase, to generate 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 OgLue, firefly or Renilla luciferase.

[00148] *“Relalive substrate specificity” is determined by dividing the luminescence of a
luciferase in the presence of a test coelenterazine substrate by the luminescence of the luciferase
in the presence of a reference coelenterazine substrate. For example, rclative specificity may be
determined by dividing the lumingscence of a luciferase with a novel coelenterazine of the
present invention by the luminescence of the Iucifei-as.e with a different coelenterazine {e.g.,
native or known coelenterazine, see FIG. 1 for examples, or a different novel coelenterazine of
the present invention). The test coelenterazine substrate and the reference coelenterazine
substrate that are compared are considered a comparison substrate pair for determining rclative

substrate specificity.

[00149] A “change in relative substrate specificity” 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 detcrmined by dividing the relative substrate specificity of a
test luciferase with a novel coelenterazine of the present invention compared to a different
coelenterazine (e.g., native or known coelenterazine or a different novel coelenterazine of the
present invention), by the relalive subsirate specificity of a reference luciferase with the same
novel coelenterazine of the present invention compared to the same different coelenterazine used

for the test luciferase.

[00150] In some embodiments, the luminescence with one novel coglenterazine is compared to
the luminescence with a different novel coelenterazine. In some embediments, the luminescence
with one native or known coelenterazine is compared ta the luminescence with another native or
known coelenterazine. In still other embodiments, the luminescence with one native or known

coelenterazine is compared to the luninescence with a novel coelenterazine,
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[00151] The novel coelenterazines of the present invention include properties such as
enhanced physical stability {e.g. enhanced coelenterazine stability) or reduced
autoluminescence. The physical stability of the coelenterazine refers to how stable the
coelenterazing is in certain conditions such that it maintains the ability to lJuminesce 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 for;'n of light during decay or decomposition. For example,
autoluminescence can be caused by spontanecus oxidation of the luminogenic substrate

coelenlerazing,

[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, aparl 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 macromolecular species
present. Generally, a "substantially pure” composition will comprise more than about 80% of all
macromolecular species present in the composition, in some embediments more than ahout 85%,
morc 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 colnpo;iticnm by conventional detection methods) wherein the composition consists essentially

of a single macromolecular species.
Coelenterazine Derivatives

[00153] In some embodiments, the present invention provides novel coclenterazine derivarives
of formula (Ia) or (Ih):

RZ

RB

(1a)

or
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R® {15)

wherein R? is selected from the group consisting of

X X
T M /—< >— ~< >—
/—I‘—I;//Z, /%‘*£>, Y, i or Cr-s

straight chain alkyl;
R® is selected from the group consisting of -H, -GH, -NH;, -OC{O)R or -OCH,OC(O)R;

RE is selected from the group consisting of

R3
s R* H or lower cycloalkyl;

wherein R? and R* are both H or both C).» alkyl;

W is -NH;, halo, -OH, -NHC(O)R, -CO4R;

X is =S-, —0- or -NR*-;

Y is—H, -OH, or —-OR'Y

Z.is —CH- or —N-;

each R'' is independently —C(O)R’* or -CH-OC(O)R™;

R? is H, CH; or CH,CH;
each R is independently C,_; straight-chain alkyt or Cy.7 branched alkyl,

R™ is Cy.7 straight-chain alkyl or C) branched alkyl;

the dashed bonds indicate the presence of an optional ring, which may be saturated or
unsaturated;
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0
OH »-R
,——< :)—0
with the proviso that when R? is , , or

0

R

o]
,——< :}—DF ;
, R" is not

with the proviso that when R? is
cycloalkyl; and

:
RS
/]<H |
CRY s R* or lower
rx

X
> n />
FAURY /L
with the proviso that when R®is NH,, R? is N , Z | orCpsalkyl;

or R%is not

[00154] The lerm “alkyl”, as used herein, pertains to a monovalent moiety obtained by
removing a hydrogen atom from a hydracarben compound, and which may be saturated, partially
unsaturated, or fully unsaturated. The alkyl group may be a straight-chain or branched. An alkyl
group may be optionally substituted with, for example, halo, Examples of straight-chain atky]
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 mere carbon-carbon double
bonds include, but are not limited to, ethenyl (vinyl-CH=CHj), 2-propenyl (allyl, -CH-
CH=CHa3), and bufenyt. Examples of unsaturated alkyl which have one or more carbon-carbon
triple bonds include, but are not limited to, ethyny! and 2-propynyl (prepargyl). Examples of
branched alkyl groups included isopropyl. iso-butyl, sec-butyl, t-butyl and isc-pentyl.

[00155] The term “lower cyclealkyl”, as used herein, pertains to a monovalent moiety
obtained by removing a hydrogen atom from a hydrocarbon compeund having from 3 to 3 carbon
atoms. Examples of saturated lower cycloalkyl groups include, but are not limited to, groups
such as cyclopropyl, cyclobutyl and cyclopentyl. 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 cyclopenienyl.

[60156] The term “halo®, as used herein, pertains to a halogen, such as Cl, F,Brorl
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X

[00157] In some embodiments, R? is ;and X is O or S. [n other
R3

)<H
embodiments, R% is Cos straight chain alkyl. In certain embodiments, RYis R* lower

cycloalkyl or H. In other emboediments, R¥is benzyl. In some embodiments, R”’ is —C(CHs)s, -
CH(CH3)2, -CH2C(CH3)s, or -CH2CH{CH3)s. ,

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

Formula (11a) or (11b):

(11a)

or
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(IIb)

wherein X is O or 8, R® is H or OH, R'! is as defined above, and the dashed bonds indicate the

presence of an optional ring.

{00158] I some embodiments, the inveniion provides compounds according to Formula (I11a)

or (I1b):

R12

{I11a})

or
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QO
R‘H/ Hﬁ

R1 2
N 7 N
N
(111b)

wherein R'? is Cy.5 straight-chain alkyl, furyl or thienyl, R® is H or OH, R'! 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 {1Va)
or (IVb):

0

\
N \”
X

or

Iz

(Iva)
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N /N
/;\[/
N
R3

wherein X is O or 8, R®is Hor OH, R'® is H, /J<R4

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

RG

Ry
(IVb)
H

or lower cycloalkyl, R?, R* and R*' are

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

OH

(Va)

or



OH

(Vb)
wherein R? is benzyl, R''is as defined above, and the dashed bonds indicate the presence of an

optional ring.

[00162] In some embodiments, the present invention provides novel coelenterazine derivatives
of formula (VIa) or (VIb):

R2

)

N
|

.

(V1a)
or
- OHR;:

N N

(Vib)
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wherein R? is selected from the group consisting of

X X /\’ > < >
Lo M w
/{’72’ /7&'2), Y, or Cy-s

straight chain alkyl;
R® s selected from the group consisting of -H, -OH, -NH,, -OC(O)R or -OCH:0C(O)R,;

? is selected from the group consisting of

/ : )<R‘ H or lower cycloalkyl;

wherein R3 and R? are both H or both C,.; alkyl;

W is -NH;, halo, -OH, -NHC(O)R, -CO;R;

X is —S-,~0- or -NH-;

Y is—H, -OH, or -OR'!;

Z is -CH- or —N-;

aach R'' is independently —C(O)R"* or ~CH,OC(O)R;

each R is independently C,.; straight-chain alkyl or C,.; branched alkyl;
R™ is Cj.5 straight-chain alkyl or C|.7 branched alkyl;

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

o

OH R

/—< >—0

with the proviso that when R? is \ y O
0

MR

It
/ < > 0 8
, R” is not

2 ) R3
/ i : /J<H
with the proviso thar when R® is , RY is R* or lower

cycloalkyl, and
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X
i >
with the proviso that when R® is NH,, R? is l\-/ , or Cas alkyl;

or R® is not
[00163] Suitable compounds according 1o the present invention include
W e Lk
N "‘ i/

g g
B oy ey Ry

@f”é) @‘ug e ca”;g 8P 31{3)
o o oy oY oo

wol D aed e B
~AN o o8 O»t:éj

Isomers, Salts and Protected Forms

[00164] Certain compounds may exist in one or more particular gcometric, optical,
enantiomeric, diasteriomeric, epimeric, stereoisomeric, tautomeric, conformational, or anemeric
forms, including but not limited to, cis- and trans-forms; E- and Z-forms; c-, t-, and r- forms;
endo and exo-forms; R-, S-, and mesc-forms; D- and L-forms; d- and 1-forms; (+) and (-) forms;

keto-, enol-, and enolate- forms; syn- and anti-forms; synclinal- and anticlinal-forms; e~ and §-
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forms; axial and equatorial forms; boat-, chair-, twist-, envelope-, and half-chair forms; and

combinations thereof, hercinafier collectively 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 canstitutional) 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, -OCHs, is not to be construed as a reference to its
structural isomer, a hydroxymethyl group, -CH,OH. Similarly, a reference to ortho-chlorophenyl
is not to be construed as a reference to its structural isomer, meta-chiorophenyl. However, a
reference 1o a class of structures may well include structurally isomeric forms falling within that
class (e.g., Cy7 alkyl includes n-propyl-and iso-propyl; butyl includes n-, iso-, sec-, and tert-

butyl, methoxyphenyl includes ortho-, meta-, and paramethoxyphenyl).

[00166] Note that specifically included in the term “isomer” are compounds with one or morg
isotopic substitutions. For example, H may be in any isotopic form, including 'H, 2H (D), and *H
(T}, C may be in any isotopic form, including 2¢ B¢, and '*C; © may be in an)f isatopic form,
including "0 and '*0; 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 thergof, 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 10 a particular compound also includes ionic,
salt, solvate, and prolected forms of thereof, for example, as discussed below. 1l 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 pharmaceutically

acceptable salts are discussed in Berge et af., J. Pharm. Sci., 66:1-19 (1977).

[00169] For example, if the compound is anionic, or has a functional gronp which may be
anionic (e.g., -COOH may be -COOC-), 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 Ca®* and Mg?", and other cations such as AL’
Examples of suitable organic caticns include, but are not limited to, ammonium ion (i.e., NH)
and substituted ammenium ions (e.g, NH3R", NH;R;", NHR;", NRs"). Examples of some

suitable substituted ammonium ions are those derived from: ethylamine, dicthylamine,
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dicycloehexylamine, triethylamine, butylamine, ethylénediamine, ethanolamine, dicthanolamine,
piperazine, benzylamine, phenylbenzylamine, choline, meglumine, and tromethamine, as well as
amino acids, such as lysine and arginine. An example of a common quaternary ammeonium ion is
N(CH;)4".

[00170}  If the compound is cationic, or has a functional group which may be cationic {c.g., -
NH> may be -NH;"), 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 inctude, 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, salicyclic, sulfanilic, 2-acetyoxybenzoic, fumaric,
phenylsulfonic, toluenesulfonic, methanesulfonic, ethanesulfonic, ethane disulfonic, exalic,
pantothenic, isethionic, valeric, lactobionic, and gluconic. Examples of suitable p_olymeric
anions include, but are not limited to, those derived from the following polymeric acids: tannic

acid, carboxymethyl eellulosc.

[00171] It may be convenient or desirable to prepare, purify, and/or handle a corresponding
solvate of the active CDmpoun.d. The term “solvate” is used herein in the conventional scnse to
refer to a complex of solute (c.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-hydrate, eic.

[00172] It may be convenient or desirable to prepare, purify, and/or handle the active
compound in a chemically protccted form. The term “chemically protected form™, as used
herein, pertains to a compound in which one or maore reactive functional groups are protected
from undesirable chemical reactions, that is, are in the form of a protected or protecting group
(also kncwn as @ 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 substantiatly affecting the remainder of the molecule. See, for

example, Protective Groups in Organic Synthesis (T. Green and P. Wuls, Wiley, 1999).

f00173] For example, a hydroxy group may be protected as an ether (-OR) or an ester (-
OC(=O)R), for example, as: a t-butyl ether; a benzyl, benzhydryl (diphenylmethyl), or trity]
(triphenylmethy!) ether; a trimethylsilyl or t-butyldimethylsilyl ether; or an acetyl ester (-
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OC(=0)CH;, -OAc). For example, an aldehyde or ketone group may be protccted as an acetal or
ketal, respectively, in which the carbony] group (>C=0) is converted to a diether (>C(OR);), by
reaction with, for example, a primary alcohol, The aldehyde or ketone group is readily
regenerated by hydrelysis 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-CHa); a benzyloxy amide (- NHCO-OCH,CgHs, -NHCbz); as a t-butoxy amide (-
NHCO-OC(CH;)s, -NH-Boc); a 2-biphenyl-2-propexy amide {-NHCO-OC(CH;)2CeHaCeHs, -
NH-Bpoc), as a 9-fluorenylmethoxy amide (-NH-Fmoc), as a 6-nitroveratryloxy amide (-NH-
Nvoc), as a 2-trimethylsilylethyloxy amide (-NH-Teoc), 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.

[0D0174] For example, a carboxylic acid group may be protected as an ester for example, as: an .
Cir alkyl ester (e.g., a methyl ester; a t-butyl ester), a Ci.; haloalkyl ester {e.g., a Cis
trihaloaikylester); a triCy alkylsilyl-Cy7 alkyl ester; or a Csop aryl-Cy7 alkyl ester (e.g., a benzyl

ester; a nitrobenzyl ester); 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 acetamidomethyt ether (-8-CHNHC(=0)CHs).

Synrhesis of Coelenterazine Derivatives

[00178] Coelenterazine 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 hergin 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 (c.g., enhanced
brightness, enhanced signal stability, enhanced enzyme stability, and/or change in relative
substrate specificity). Furthermore, including one or more coden-optimizing substitutions in the
polynucleotides which encode for the various synthetic OgLuc variant polypeptides produced

enhanced cxpression 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 QglLuc variants of the present invention may be coupled to any protein of interest
or molecule 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 include ‘HT7 as part
of the name, e.g., ‘IVY-HT7". In some embodiments, a signal sequence (¢.g., the narurally-
occurring Oplophorus gracilirosivis 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 Ogl.uc 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 ccll.

[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 is C1+A4L, IVY, IV, QC27, QC27-9a, 9B8, 9B8
opt+K33N, 9B8 opt+K33N+170G, V2 or “L27V”. In anather embodiment, the invention
provides a modified decapod lucifcrase which utilizes a novel coelenterazine. In one
embodiment, the modified decapod luciferase has a change in relative specificily for nalive,
known or novel coelenterazines. In one embodiment, the modified decapod luciferase has a

change in refative specificity relative te a corresponding parental, variant decapod luciferase.

[00180] In some embodiments, the carresponding 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 Heferocarpus and Parapandalus richardi, the Solenoceridae
family, including Hymenopenaeus debilis and Mesoperaeus tropicalis; the Luciferidae family,
inclnding  Lucifer typus; the Sergestidae family, including Sergest_es atlanticus, Sergestes
arcticus, Sergestes armatus, Sergestes pediformis, Sergestes cornutus, Sergestes edwardsi,
Sergesies henseni, Sergestes pectinaius, Sergestes sargassi, Sergesies similis, Sergestes vigilax,
Sergia challengeri, Sergia grandis, Sergia lucens, Sergia prehensilis, Sergia potens, Sergia
robusta, Sergia scintilfans, and Sergiq splendens, the Pasiphaetdae family, including Glyphus

marsupialis, Leptochela bermudensis, Parapasiphae suicatifrons, and Pasiphea tarda; the
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Oplophoridae family, including Acanthephyra acanthitelsonis, Acanthephyra acutifrons,
Acanthephyra brevirostris, Acanthephyra cucullata, Acanthephyra curtirostris, Acanthephyra
eximia, Acanthephyra grocilipes, Acanthephyra kingsieyi, Acanthephyra media, Acanthephyra
microphthalma, Acanthephyra pelagica, Acanthephyra prionota, Acanthephyra purpureq,
Acanthephyra sanguinea, Acanthephyra sibogae, Acamheﬁhyra stylorostratis, Ephyrina bifida,
Ephyrina figueirai, Ephyrina koskynii, Ephyrina ombango, Hymenodora glacialis, Hymenodora
gracilis, Meningodora miccyla, Meningodora moliis, Meningodora vesca, Notostomus gibbosus,
Notostomus auriculatus, Oplophorus gracilirostris, Oplophorus  grimaldii, Oplophorus
novaezealandiae, Oplophorus spinicauda, Oplophorus )%lr‘a;'eus, Oplaphorus  spinosus,
Oplophorus typus, Systellaspis braueri, Systellaspis cristata, Systellaspis debilis, and Systellaspis
pellucida;, and the Thalassocaridae family, including Chlorotocoides spinicauda, Thalassocaris
crinita, and Thalassocaris lucida. In certain embodirﬁents, 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 refative to the corresponding wild-type luciferase. In some
embodiments, one or more properties of the modified decaped luciferase is compared to
. comparable properties of a luciferase from ancther species, ¢.g., a firefly lu'ciferase or a Renifia

luciferase.

[00181] In some embodiments, the OgLuc variant has at least 60%, c.g., at least 65%, 70%,
75%, 80%, 85%, 90%, 93%, 36%, 97%, 98%, or 99%, or 100%, amino acid sequence identity to
SEQIDNOs: 3,5,7,9,11, 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, Y1, 93, or 95. In some embodimenis, 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 1, 2, 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 paitern 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 onc with an epitope or fusion tag), which optionally directly or indirectly interact with a
molecule of interest. [n some embodiménts, 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 heterclogous amino acid sequence is an
epitope tag. In some embodiments, the heterologous amino acid sAcqucnce 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 .g., an OgLuc variant with such an amino acid sequence
is useful to detect allosteric interactions. The OglLuc 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
heterclogous amino acid sequence, the fusion thercby forming a beta-barrel, which fusion protein
is capable of generating luminescence from a naturally-occurting coelenterazine or an analog
" thercof including the various known coelenterazines discussed herein, or a navel coelenterazine

of the present invention.

[00184] Alsc provided is a polynucleotide encoding an OglLuc variant of the invention or a
fusion thereof, an isolated host cell having the polynucleotide or the OglLuec variant or a fusion
thereof, and methods of using the polynucleotide, Ogl.uc variant or a fusion thereofl or host cell

of the invention.

[00185] The term “identity,” in the context of two or more nucleic acids or polypeptide
sequences, refers to two or more sequences or subsequences that are the same or have a specified
percentage of amino acid residues ot nucleotides that are the same when compared and aligned
for maximum correspondence over 4 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 er af., {J. Mol. Biol
147:195-197 (1981)), by the homology alignment algorithm of Needleman and Wunsch, (J. Mol
Biol , 48:443-453 (1970)), by the search for similarity method of Pearson and Lipman, (Proc.
Nail Acad Sci. USA, 85:2444-2448 (1988)), by computerized implementations of algorithms
e.g., FASTA, SSEARCH, GGSEARCH ({available at the University of Virginia FASTA server
by William R. Pearson hitp://fasta bioch.virginia.edu/fasta_www2/fasta_intro.shtml), the Cluystal
series of programs (Chenna et al., Nucl. Acids Res. 31(13):3497-3500 (2003}, available examples
at http://www.ebi.ac.uk or http://www.ch.embnet.crg), or other sequence analysis software. It is
known in the art that generating alignments with maximum correspondence between polypeptide
sequences with significant sequence allerations (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,” "polynuclectide” 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 polynucieotide 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, transcriplion
factor binding sites, splicing signals, polyadenylation signals, termination signals and enhancer

elements.

[00188] By "pcptide;” "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 pelypeptide fragment thereof, which has an amine acid sequence that is at least
60%, e.g., at least 65%, 70%, 75%, 80%, 83%, 90%, 95%, 96%, 97%, 98%, 99%, or 100%,
amine 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 protein” refers 1o a chimeric profein 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 binder),
and ReAsH (red arsenical helix binder) {(e.g., LUMIO™ tag recognition sequence (Invitrogen)),
chloramphenico! acetyltransferase (CAT), B-galactosidase (B-Gal), lactamase (P-gai), neomycin
resistance (Neo), GUS, galactopyranoside, green fluorescent protein (GFP), luciterase (e.g., a
Renilla reniformis \uciferase, a firefly luciferase (e.g., Photinus pyralis or Photuris
pennsylvanica), or a click beetle luciferase (e.g., Pyrophorus plagiophthatamus or Pyrearinus

termitilluminans) or a glowworm luciferase {c.g., Phrixothrix hirtus), xylosidase, ihymidine
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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-lerminps 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”, which refers to an
alteration in the sequence of a nucleotide at a particular base position relative to the wild-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 4.

[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 segment(s) 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 praduct isolated from a naturally occurring source. A
wild-type gene is that which is most frequently cbserved in a population and is thus arbitrarily
designated the "wild-type" forin 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; thesc arc identified by the fact that they have altered

characteristics when compared to the wild-type gene or gene product.
Exemplary Pelynucteotides and Proteins

[00182] The invention includes an OpLuc variani or protein frapments thereof, .., those with
deletions, lor instance a deletion of | to about 5 residues, and chimeras (fusions) thereof (see
U.S. Patent Publication No. 2009/0253131 and WIPO Publication No. WQ 2007/120522, the
disclosures of which are incorporated by reference hercin} having at lcast onc amino acid
substitution telative to a wild-type OgLue, which substitution results in the OgLuc variant having
cnhanced stability, enhanced luminescence, e.g., increased luminescence emission, greater
stability of the luminescence kinetics, and/or altered fuminescence cotor. 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 63%, 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%,
08%, 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 mere 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 correspon;:ling to pattern position 1, 2, 3, 5, 8, 10, 12, 14, 15, 17, or 18 of
Formula (VII} according to Table 4. Differcnces may also include gaps, insertions, or

permutations between the pattern positicns 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 are

known in the art.
Methods of Use and 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, they may be used
in a bioluminogenic method which employs an analog of coelenterazine to detect one or more
molecules in a sample, e.g., an enzyme, a cofacter 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
lysate, a cell supernatant, or a purified fraction of a cell (e.g., a subcellular fraction). The
presence, amount, spectral distribution, emission kineties, or specific activity of such a molecule
may be detected or quantified. The molecule may be detscted or quantified in solution, including
multiphasic solutions (e.g., emulsions or suspensions), or on solid supports {e.g., particles,
capillarics, 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
aequerin, obelin, or iPhotina. [n some embodiment, the OglLuc variant can be used as an energy

denor to another melecule (e.g., to a fluorophore, a chromophore, or a nanoparticle).

[00185] The invention also provides a polynucleatide 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 mere enhancer, a promoter, a transcription
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termination sequence or a combination thereef, to form an expression cassette. Fer 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 uscd as bioscnsors, e.g., an OgLuc variant,
which, in the presence of another molecule (e.g, one or more molecules of intetest), or under
certain conditions, has onc 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, €.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, cyelic nucleotides such as cAMP or cGMP, or a metal such as calcium, by insertion of
a suitable sensor region inte the Ogluc variant sequence. One or mote 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 Ogl.u¢ variant. In addition, one or all of the inserted sensot regions may
include linker amino acids to couple the sensor to the remainder of the OglLuc variant
polvpeptide, Examples of luciferase biosensors are disclosed in U.S. Pat. Appl. Publ. Nos.
2005/0153310 and 2009/030528C 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 Rescnance 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 doner molecule which is combined
with a molecule or protein of interest to create a first fusion protein. ln 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 intcraction 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 embediments, HALOTAG® can be fused 1o a second proteia of interest or to
an QglLuc variant. For example, an OpLuc variant can be fused to HALOTAG®, expressed in
celis or animals, and Jabcled 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 (RFF) or fluorescent labels including fluorescein, rhodamine

green, Orepon green, or Alexa 488, to name a few non-limiting examples.

[00198] In various embodiments, the OgLuc variants and/or the novel ¢oelenterazines of the
present invention may be used in protein complementation assays (PCA) to detect the interaction
of iwe biomalecules, 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 (o 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 coglenterazine or a novel coslenterazine of the
present invention, In some embodiments, the split OgLluc variant can be used in a more general
complementation system simitar to lac-Z (Langley et al, PNAS 72:1254-1257 (1975)) or
ribonuclease S (Levit and Berger, J RBiol Chem. 251:1333 —1339 (1976)). I[n some
embodiments, an OgLuc variant fragment (designated “A™) known to completnent with another
Ogl.uc 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 fragmem B is
integrated inte 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 cr immobilized using a fusion between fragment B
and a polypeptide such as HALOTAG® capable of attachment to a solid support. In some
embodiments, luminescence can be used to demonstrate successful capture or to guantify the

amount of material captured.

[00198] In various embodiments, the OgLue variants and/or the novel coelenterazines of the
present invention may be used to quantify coelenterazine. In some embodiments, a
coelenterazine (e.g., a native or known coelenterazine, or a novel coelenterazine 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 coclenterazine 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 luminescence directly when combined with luciferase, but can be converted into
coelenterazine 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, coelenterazine (e.g., a native or known coelénterazine, or a novel
coelenterazine 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 P430 enzyme, the
6'0-methyl is cleaved, and the pro-coelenterazine converied to coelenterazine which can be
detected with an Ogl.uc variant of the present invention. In some¢ eémbodiments, the pre-
coelenterazine can be combined with other components necessary to support luminescence, e.g.,
luminescent protein such as an 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 coelenterazine. In various
embodiments, similar assays can be developed for other enzymes, small molecules, or other
cellular processes that can be linked fo the generation of coglenterazines from pro-

coelenterazines,

[00200]) In various embodiments, the OgLuc variants andfor the novel coelenterazines of the
present invention may be-used as genetie transeriptional 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 beelle luciferase (CHROMA-LUCT™; Promega 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 resclved using a luminometer with wavelength-discriminating filters, enabling the
measurement of both signals from the salhe 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 cireularly-permuted firefly luciferase biosensor, ot both simultanecusly, to
detect muliiple 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
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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 substratcs 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

cell viability, or caspase activity to estimate cellular apoptosis.

[00201] 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 is low. In some
embodiments, the OgLuc variants can be used as reporters in cells that are especially sensitive to
conditions associated with transfection, ¢.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 luminescence
can be achieved using lower DNA concentrations, less transfection reagent, and/or shorter post-
transfection times prior to beginning an aésay 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 profein 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 ihe role various types of stimuli may play in ithese pathways. In some
embodiments, the Ogluc variants can also be used as a means to moenitor 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, ie., infectivity, can be monitored in cells following treatment with
potential antiviral agents. In some embodiments, the varianis can also be fused to green
fluorescent protein {GFP)} or HALOTAG® (in addition to a target protein) for Huorescence
activated cell sorting (FACS) to idéntify high expression clenes.
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[00203] In varicus embodiments, identification of robust, stable cell lines expressing an
OglLuc variant of the present invention, either in the cytoplasm or as a secreled form, can be
facilitated by the enhanced signat 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 te protein A or protein G, and the
fusion could then be used to detect a speéiﬁc 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 recngﬁizes the primary antibody. In
some cmbodiments, the Ogl.uc variant actlivity would be reconstituted in the presence of analyte.
As still another example, an Ogl.uc 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
].uciferase Immunoprecipitation System (Burbelo ef ai., 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 lumineseence in live cells. In some etﬁbodiments, an OglLuc
variant can be expressed in cells (as a reporter or otherwise), and the cells rreated with a
coelenterazine, e.g., a novel coelenterazine such as PBI-3939, which will permeate cells in
culture, react with the OgLuc variani and generate luminescence. In addition to being cell
permeant, PBI-3939 shows comparable biocompatibility to native coelenterazine in terms of cell
viability. In some embodiments, a version of PBI-3939 containing chemical modifications
known to increasc the stability of native coelenterazine in media can be synthesized and used for-
more 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 coelenterazine

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 coclenterazines 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 coelenterazine,
along with suitable reagents and instructions to enable a uscr to perform assays such as those
disclosed herein. The coelenterazine may be any of the native, known, or novel coelenterazines

disclosed herein. The kit may also include one or more buffers, such as those disclosed herein.
Vectors and Host 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 expression cassette encoding the OgLuc variant or a fragment thereof, e.g., one for
complementation, or 2 fusion thereof with lumineseence activity, may be prepared. For cxample,
a nucleic acid molecule compriging a nucleic acid sequence encoding an OgLuc variant is
opticaally operably linked to transcription regulatory sequences, €.g., ane or more enhancers, a
promoter, a transcription termination sequence or a combination thereof, fo 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. cofi, Streptomyces spp.,
Bacillus spp.. Staphviococcus spp. and the like, as well as eukaryotic cclls 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
transeription/transiation 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-1, SH-SY5Y, and NIH 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 prometer
capable of expression in prokaryotic cclls or eukaryetic cells including synthetic promoters,
Prokaryotic promoters include, but are not limited to, SP6, T7, TS, tac, bla, trp, gal, lac or
maltose promoters, including any fragment that has promoter activity. Eukaryotic promoters
include, but are not limited to, constitutive promoters, €.g., viral promoters such as CMV, $V40

and RSV promoters, as we!l as regulatable promoters, €.g., an inducible or repressible promoter
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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 Ogl.uc variant
may also be controiled 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 o a cell by any method including, but not limited to, calcium-

mediated {ransformation, electroporation, microinjection, lipofection, and the like.
Optimized Sequences, and Vectors and Host Cells Encoding the OgLuc Variants

[00208] 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 thercof. In some embodiments, the isolated nucleic acid meolecule comprises a
nucleic acid sequence which is eptimized for expression in at least one selected host. Optimized
sequences inchide sequences which are codon optimized, i.e., codons which are employed more
frequenily in one organism relative to another crganism, €.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, €.g., increased levels of protein expression, when
inttoduced 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 pelynucleotide 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 polynucleatide no longer hybridizes
to the corresponding non-optimized sequence, e.g., does not hybridize to the non-optimized
sequence under medium or high stringency cenditions. The term "siringency” 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 basc pairing will occur only between nucleic acid fragments that have a high
frequency of complementary base sequences. Thus, cenditions of "medium" or "low" stringency
are ofien used when it is desired that nucleic acids that are not completely complementary 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%, c.g., at lcast 65%, 70%, 75%, 80%, 85%, 90%, 93%,
96%, 97%, 98%, 99%, or 100%, amino acid sequence identity with the pelypeptide encoded by
the non-optimized sequence. Constructs, e.g., expression cassettes, and vectors comprising the
isolated nucleic acid molecule, e.g., with optimized nucleic acEd‘ sequence, as well as kits

comprising the isolated nucleic acid molecule, construct or vector are also provided.

[00212] A nucleic acid molecule comprising a nucleic acid sequence encoding an OglLuc
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 linked lo transeription regulatory
sequences, &.g., one or more enhancers, 4 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 ihe 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 artributes. Examples of undesirable structural
attributes include, but not limited to, restriction enzyme sites, eukaryotic sequence elements,
veriebrate promoter modules and transcription factor binding sites, response elements, £ coli
sequence clements, mRNA secondary structure. Thus, the optimized nucleic acid product may
have an improved level of expression due to improved codon usage frequency, and a reduced risk
of inappropriate transcriptional behavior due to a reduced number of undesirable transcription

regulatory scquences.

[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 43%, 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 seme amino acid in a particular organism and, in some embediments, are also not low-usage
codons in that organism and are not low-usage codons in the organism used to clone or screen for
the expression of the nucleic acid melecule. Moreover, codons for certain amino acids (i.e.,
those amino acids that have three or more codons), may include two or more codons that are

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 of the organism
that employs those codons more frequently, is expressed in those cells at a level that is greater

than the expression of the wild-type or parent nucleic acid sequence in those cells.

[0021§] 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 parlicular 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 ol 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.p., Wada er af., Nucl. Aeids
Res., 18:2367 (1990); Murray er @f., Nucl. Acids Res., 17477 {1989)).

EXAMPLES

Reference Example 1 - Synthesis of a-Aminonitrile (Compound 1):

H,N.__CHN
CHO e HC
Ry Ry

1

[00216] A flask was charged wit.h sodium bisulfite (71.4 mmol) and 17 mL of water. To this,
a solution of aldehyde (69.3 mmel) in 14 mL of tetrahydrofuran (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 60°C for 1 hr
and then left at ambient temperature overnight. The solution was cocled in an ice/saltwater bath
until the internal temperature measured below 5°C. To this, a solution of sodium cyanide (71.4
mmol) in 14 mL of water was added dropwise over 3¢ min. The resulting mixture was stirred at
approximaiely 10°C for 20 min, 30°C for 2 hrs, and at ambient temperature for 18 hrs. The
.reaction mixture was extracted into three 200 mL portions of diethyl ether, and the combined
extracts dried over anhydreus sodium sulfate. The mixture was filtered, and the solution cooled
in an ice bath for 20 min. To the stirred selution, 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
£ (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,”
Jowrnal of the American Chemical Society, 82(3):696-698 (1960).

Reference Example 2 — Synthesis of 2-0x0-2-phenylacetaldehyde oxime (Compound 2):

O O

o
R. R

2 2
2

[00217] A flask was charged with potassium tert-butoxide (58 mmol) and 63 mL of tert-buty!
alcohol. The mixture was stirred until a solution was formed, and a selution of the appropriate
benzophenone (50 mmol) in 35 mL of tert-butyl alcohol added dropwise over 15 min. The
reaction mixture was stirred for 1 hr, and the neat isocamyl nitrite (75 mmol) added over five min.
The reaction mixture was monilored 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: Hagedorn er al, Chem. Ber., 98:193 (1965).

Reference Example 3 — Synthesis of Pyrazine derivatives (Compound 3)

o
0 : HaN. N
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[00218] A 3-neck flask was ﬁttea with a thermometer, septum, and argon line. Te this,
aminonitrile (47.5 mmeol), dry pyridine (190 mL), and oxime (61.75 mmol) was added. The
mixture was well stirred for |5 min, and tetra-chloro(bis-pyridyl}titanium complex (4.9 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
remperature. The reaction mixture was slowly added to a solution of sodium bicarbonate (21.75
g in 174 mL waler) 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 filier 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 methanolic filtrates were combined and concentrated, and the
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residue dissolved in 200 mL of ethyl acetate {EtOAc). The solution was added 1o the separatory
lunnel containing the original filtrate, and the mixture further cxtracted with three 100 mL
portions of EtQAc¢., The combined extracts were washed with two 100 mL portions of saturated
sodium carbonate and two 100 mL portions of brine selution. The organic solvent was
evaporated, and the crude pyazine-oxide obtained as a brown oil, The material was dissclved 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 mixlure cooled in an ice bath until an intemnal temperature of
13°C was reached. The mixture was treated with glacial acetic acid (3 ml} and warmed to an
internal temperature of 30°C 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 heptane/EtQAc gradient. This
gave 2.9 g (29%) of the pyrazine as a brown solid. Procedure was adapted from: Kishi et al,
"The structure confirmation of the light-emitting moiety of bioluminescent jellyfish.”
Tetrahedron Lett, 13(273:2747 (1972).

Reference Example 4 — Synthesis of Coelenterazines

[00219] Merhod A: (the following compounds can be synthesized by Method A: compounds
PBI-3840, PB1-3836, PBI-3857, PBI-3887, PBI-3913, PBI1-3894, PBI-38%96, PBI-3897, PBI-3841
and PBI-3842)

HDZC\(’\R;,
, ININHZ o) N NH
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6 T
[00220] A flask was charged with pyrazine (8.25 mmol), pyruvic acid (14.0 mmel}, 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 in an oil bath at 110°C for I8 hrs. The sieves were replaced with fresh ones, and
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refiux continued for 24 hrs. The reacticn mixture was filtered and concentrated, and the residue
dissolved in EtOAc (200 mL). This sclution was washed with three 25 mL portions of saturated
sodium bicarbonate solution, 100 mL of 0.1 M sodium acetate buffer, pH 5, and 100 mL of brinc
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 reactien mixture stirred at ambient temperature for 3 hrs. To the reaction
mixture, 50 mL of 0.1 M sodium acetate buffer, pH 5 was added, and the mixture well stirred for
10 min. The biphasic mixiure 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 ‘.\{jse until 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 vacoum for several hours to give 318 mg
{94%) of the crude coelenterazine as a yellow solid. Procedure was adapted from: Kakoi and

Inoue, Chem. Lett. 11(3):299-300 (1980).

[00221] Method B: (the following compounds can be synthesized by method B; compounds
PBI-3882, PBI-3932, P8I-3881)
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[00222] A flask was charged with the glyoxal (2.2 mmol), aminopyrazine (1.1 mmol), ethanol
(20 mL), 12N HC! (0.6 mL), and water {1 mL). The reaction mixture was hcated 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 coelenterazine product as
a dark solid. Procedure was adapted from: Inouve et al. "Squid bicluminescence, 11, Isolation
from Watasenia scintillans and synthesis of 2-(p-hydroxybenzyl)-6-(p-hydroxyphenyl)-3,7-
dihydroimidazof1,2-a)pyrazin-3-one.” Chem. Lelt., 4(2):141-4 (1973).
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Method C: Synthesis of novel coclenterazines (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 Letr, 13:2747 (1972); Mosrin et al.,
Organic Letters, 11:3406 (2009); Kakol, Chem. Pharm. Bull., 50:301 (2002)}.

[00224] Synthesis of 2-uminc-3-benzyl-5-phenylpyrazine. A round bottomed flask was
charged with 5 g (33.5 mmoal) of 2-isonitroscacetephenone, 6.7 g (36.8 mmol) of 2-amine-3-
phenylprobanenitrile hydrochloride and 100 mL of dry pyridine. The mixture was cooled to
-20°C and 4.6 mL (40.0 mmcl) of TiCls was added dropwise. The reaction was kept at -20°C for
30 min and heated to 80°C for 2.5 hrs. The solvent was evaporated, and the residue taken up in
| L of DCM. This solution was washed with saturated NaHCO; 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 amm of hydrogen. The
mixture was passed through celite, and volatiles removed. The residue was chromatographed on

silica gel (heptanes/DCM) to give 2.5 g (29%)} of 2-amino-3-benzyl-3-phenylpyrazine.

[00225] Syathesis of 2-amino-3-phenyipropanenitrile hydrachioride. A round bottomed flask
was charged with 65 g (0.624 mol} of sodium hydrogensulfite and 150 mL of water. A soclution
of 75 g (0.624 mol) of phenylacetaldehyde in 150 ml of THF was added dropwise. Afier 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 0°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 and
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 HCl. The

resulting precipitate was filtered and dried in vacuum to give 55 g (60%) of product.

[00226]  Synthesis of 3-(furan-2-vl}-2-oxopropanoic acid. To a 100 mL flask, 3-(furan-2-yl)-2-
oxopropanocatc (940 mg) along with 23 mL. cold 6N NaOH was added. The imscluble mixiure
was stirred in a 90°C bath for 5 min until dissclved. Cold IN HCI was added until solution was
acidic {approx 120 mL). Solution was extracted 2 x 50 mL EtOAc. Combined organic layers
were washed with 40 mL brine and dried with Na;SO,. Solution was evaporated to yicld 540 mg
brown solid. Solid was further puriﬁéd by rcversed-phase high-performance liquid
chromatography (HPLC) ramping from 97% aqueous trifluorcacetic acid (TFA) to acetonitrile
(ACN).
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[00227)  Symthesis of ethyl 3-(furan-2-yl)-2-oxopropanoate. To a 500 mL flask containing the
mixture of isomers (E/Z)-ethyl 2-fermamido-3-(furan-2-yl)acrylate (5.0 g), a chilled solution of
220 mL 1.4M {5%) HC] in 50/50 ethanol/water was added. After 5 hrs, the reaction was
partitioned between 200 mL of EtCAc 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;SQ4. Organic layers were co-evaporated with 26 g celite and eluted over 80 g
silica gold ramping from heptane to EtQAc. The appropriate combined fractions were

evaporated to yield 2.1 g.

[00228] Svnthesis of (E/Z)-ethyl 2 formamido-3-(furan-2-yllacrylate. To a 500 mL flask, 50
mL diethyl ether, CuaQ (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 EtCAc was added and stirred for 10 min. Aqﬁcous layer was
extracted with 50 mL EtQAc. Combined organic layers were dricd over anhydrous sodium
sulfate, ErQAc layers were co-evaporated with 24 g celite and eluted over 80 g silica gold

ramping from heptane to FtOAc. Yellow syrup was used without further purification.

[00229] Synthesis of 2-oxo-3-(thiophen-2-yl)propanoic acid. To a 250 mL flask, (F/Z)-5-
{thiophen-2-yImethylene)imidazolidine-2,4-dione (5.0 g) and 100 mL of cold 6N NaOH were
added. The mixture was healed to 100°C for 1 hr. Concentrated HCl was added to the ¢ooled
solution until acidic (pH=1). The mixture was extracted 8 x 50 mL diethylether. The combined
cther layers were washed with 30 mL brine, dried over Na)SOq and evaporated to yield 3.36 g

solid. Sample was further purified by recrystalization with a,0,a-trifluorotoluene to yield 1.63 .

[00230) Synthesis of (E/Z)-5-(!hfaphen-Z-y[ﬁe!hy!ene}imidazoﬁdine—2,4—dl‘one. To a 250 mL
flask, hydantoin (9.8 g) and thiophene-2-carbaldehyde (10 g) were added. Ta the mixture was
dripped piperidine (9.6 mL). The mixture was heated to 100°C for 1 hr and then pouréd into 300
mL of IN HCL. The solid was filtered, washed with watcr and dried in vacuo to vield 4.9 g solid.
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[00231] Sreps /- To a microwave vial (10 mL), the appropriate phenylpyrazin-Z-amine (100

mg), the appropriate pyruvic acid (2 Equivalents), DCM (1 mL), and 1,1,}-triflucrcethanol (1

mL} were heated with stirring for 30 min at 80°C. Reaction was co-adsorbed on 2 grams of
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celite, and solvents removed in vacuo. The cclite was loaded on 24 g of spherical silica gel and
eluted with a ramp of heptancs to cthylacetate. 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 uL), dimethylaminopyridine (8.5 mg), and triethylamine (25 pL)
were added. After 2 hrs, the majority of THF was removed in vacuo. The product was
precipitateﬁ with an aqueocus selution of 30% eitric acid (2 mL). The solid was washed with
water (2 mL) and then dissolved in 3 mL DCM. The DCM was washed | 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 lcaded on 12 g of spherical silica gel and eluted with a ramp of

heptanes to DCM. Appropriate fractions were combined and evaporated.

[00233] Siep 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 pL of 0.5
M) were added. Afier 2 hrs, acetic acid (10 pL) 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 celite was loaded on 4 g of
spherical silica gel and eluted with a ramp of DCM to EtOAc. Appropriate fractions were

comhined and cvaporated.

[00234]  Siep 4 (only if R” = OAc) — The material in step 3 was dissolved in THF (200 uL}) and
chilled in an ice bath. 1 equivalent of 1.35 M potassium mcthoxide in THF was added to the
solution. Aftcr 30 min, the reaction was partitioned between DCM (1 mL) and 30% citric acid (1
mL). The DCM layer was co-adsorbed on 0.5 g celite, and selvent removed in vacuo. The celite
was loaded on 4 g of spherical silica gel and eluted with a ramp of DCM tfo EtOAc. Appropriate

fractions were combined and evaporated.

[00238] Aderhod D: (the following compounds can be synthesized by method IX: compounds
PBI-3899, PBI-3300, PBI-3925, PBI-3933, PBI-3946) - In general, an aminopyrazine was
condensed with 2 equivalents of a 2-oxoacid under an atmosphere of hydrogen in the presence of
palladium catalyst, The alpha-amino acid preduced 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[1,2-a]pyrazin-
3(7H)-one

[00238]  2-((3-benzyl-3-(4-hydroxyphenyl)pyrazin-2-yl)amino)pentancic acid. 4-(5-amino-6-
benzylpyrazin-2-yl)pheno! (100 mg, 0.36 mmol) was mixed with 2-Oxovaleric acid (84 mg, 0.72
mmol) in ethanol (20 mL). Pd/C (10% Palladium in active carbon, 40 mg) was added, and the
reaction mixture heated to 65°C. Air was bubbled out by N gas, and a hydrogen balloon applied
to the reaction flask. The rcaction was continuously stirred for 4 hrs. Afier coaling down, it was
filtered, and the resulting solulion purified by flash chromatography (eluting solvent: 50% EtCAc
in heptanes) to give the product as 4 yellow powder (70 mg, 52%). "H NMR {300 MHz, CD:Cla,
5):8.31 (5, 1H), 7.82 (d, 2H, J = 9.0Hz), 7.3t (m, 5H), 6.92 (d, 2H, J = 9.0Hz), 5.34 (s, 2H), 4.20
(m, tH), 1.10 (m, 2H), 0.98 (m, 2H), 0.87 (t, 3H); MS (ESI) m/z 378.3 (M+1).

[00237]  8-Benzyl-6-(4-hydroxyphenyl)-2-propylimidazof 1, 2-ajpyrazin-3(7H)-cne. 2-((3-
benzyl-5-(4-hydroxyphenyl)pyrazin-2-yhamino)pentancic  acid (42 mg, 0.13 mmol) was
dissolved in DCM (10 mL).  Pyridine (0.5 mL) was added followed by NN'-
Dicyclohexylcarbodiimide (54 mg, 0.26 mimol). The reaction mixture was slowly stirred at room
temperature for 1 hr. The solvent was evaporated, and the residue purified by Mash
chromatography (eluling sclvent: EtOAc to DCM to 10% methanol in DCM) to give the product
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as a yellow powder (40 mg, 86%). 'H NMR (300 MHz, CD:;OD, &): 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 (¢, ] = 7.5Hz, 3H); MS (ESI)
m/z 359.0.

Example 6 — Synthesis of 8-benzyl-2-butyl-6-{4-hydroxyphenyl}imidazo|l,2-a]pyrazin-
3(7H)-one

[00238]  2-((3-bernzyl-5-(4-hydroxyphenyl)pyrazin-2-yl)amina)hexanoic acid.  4-(5-amino-6-
benzylpyrazin-2-yl)phenc] (200 mg, 0.72 mmol} was mixed with 2-Ketohexanoic acid sodium
salt (220 mg, 1.44 mmol) in ethanol {20 mL). Pd/C (10% Palladium in active carbon, 100 mg)
was added with a few drops of acetic acid, and the reaction mixture heated 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 resufting solution was
purificd by flash chromatography (eluting solvent: 50% EtOAc in heptanes) 1o give the product
as a yellow pbwder (130 mg, 46%). MS (ESI): m/z 392.2 (M+1).

[00239])  8-benzyi-2-butyl-G-(4-hvdroxyphenyl)imidazof 1, 2-afpyrazin-3(7H)-one. 2-((3-
benzyl-5-(4-hydroxyphenylpyrazin-2-yl)amino)hexanoic acid (130 mg, 033 mmol) was
dissolved in DCM (10 mL). Pyridine (0.5 mL) was added followed by WN,N-
Dieyclohexylcarbodiimide (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 te 106% methanol in DCM) to give the product
as a yellow powder (110 mg, 89%). '"H NMR (300 MHz, CD10OD, 6): 7.30 (m, 8H), 6.88 {d, 2H),
4,40 (s, 2H), 2.84 (t, 2ZH), 1,77 (m, 2H), 1.51 (m, 2H}, 0.89 (m, 3H); MS (ESI) m/z 374.3 {M +
1}

Example 7 — Synthesis of 8-benzyl-2-ethyl-6-phenylimidazo[1,2-a] pyrazin-3(7H)-one (PBI-
3925)

[00240] 2-((3-benzyl-2-phenylpyrazin-2-ylamino)butanoic acid. 3-benzyl-5-phenylpyrazin-2-
amine (200 mg, ¢.77 mmel) was mixed with 2-Oxobutyric acid (157 mg, 1.54 mmol} in ethanol
(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 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 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, CD;Cl., 5): 7.72 (s,
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TH), 7.32-7.48 {(m, 10H), 4.46 (s, 2H), 4.20 (m, 2H), 2.25 (g, 2H), 0.9 (1, 3H); MS (ESI): m/z
348.3 (M+1).

[00241]  2-((3-benzyl-5-phenylpyrazin-2-ylamino)butanoic acid 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 slowiy 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%). 'H NMR (300
MHz, CD;0D, 8). 7.26 (m, 3H), 6.84-7.07 (m, 8H), 4.03 (s, 2H), 2.47 (q, J = 9.0Hz, 2H), 0.96 (1,
J=9.0Hz, 3H); MS (ESI}: m/z 330.2 (M+1). -

Example 8 — Synthesis of 8-benzyl-6-phenyl-2-(3,3,3-trifluoropropyl)imidazo|1,2-a}pyrazin-
3{7H)-one
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[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 ethanol. Sodium ethoxide (21% in

ethanol, 2.09 g) was added to the soluticn, and the reaction mixture stirred for 0.5 hrs. Solvent
was distilled, and the residue extracted with EtQAc/water, The organic layers were collected and
dried over sedium sulfate. Afier filtration, solvent was removed to pive a clear liquid. MS (ESI):

m/z 269.1 (M-1). 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 filiration, solvent was
removed, and the residue used directly in the next step. MS (ESI): m/z 168.7 (M-1).

[00243] 55 5-rriflucro-2-((3-benzyl-5-phenylpyrazin-2-yllaminotbutanoic acid.  3-benzyl-5-
phenylpyrazin-2-amine (240 mg, 0.92 mmol) was mixed with 5,5,5-trifluoro-2-oxopentaneic acid
(150 mg, 0.88 mmol) in ethanol (2¢ mL). Pd/C {10% Palladium in active carben, 100 mg) was
added, and the reaction mixture heated to 65°C. Air was bubbled out by N, gas, and a hydrogen
balloon applied to the reaction flask. The rcaction was continuously stirred for 4 hrs. Afer
cooling down, it was filfered, and the resulting solution purified by flash chromatography
(eluting solvent: 30% EtOAc in heptanes) to give the product as a yellow powder (200 mg, 54%).
"H NMR (300 MHz, CD;Cls, 8): 11.45 (s, 1H), 10.20 (s, 1H), 7.94 (s, 1H), 7.34 (m, 10H), 5.34
(5, 2H), 3.96-4,.23 (m, 2H), 3.02-3.28 (m, 2H): FNMR: -76.3; M8 (ESI): m/z 416.1 (M+1).

[00244) Coelenterazine (R, = H R» = -CH,CH:CF3). | 5.3,5-rifluoro-2-{(3-benzyl-3-
phenylpyrazin-2-y1l}Jamino)butanoic acid (100 mg, .24 mmol) was dissolved in DCM (10 mL).
Pyridine (0.5 mL) was added followed by N,N-Dicyclohexylcarbodiimide {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 ﬂa;h chromatography (eluting solvent: EtOAc 10 DCM 10
10% methanol in DCM) to give the product as a yellow powder (80 mg, 87%). 'H NMR {300
MHz, CDyCl, 8): 7.36 (m, 11H), 3.43 {5, 2H), 1.60-1.92 (m, 4H); FNMR: 67.4 (t, J = 18Hz); MS
(ESI): m/z 398.2 (M+1).

Example 9 — Synthesis of 8-benzyl-2-(furan-2-ylmethyl)-6-phenylimidazo|1,2-a]pyrazin-
3(7H)-one (PB1-3939) '
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100245}  S-benzyl-2-(furan-2-ylmethyl)-6-phenylimidazof |, 2-ajpyrazin-3(7 H)-one:

Synthesized from method € using 3-(furan-2Z-yl)-2-oxopropancic acid and 3-benzyl-5-
phenylpyrazin-2-aminc as starting materials. 'H NMR (300 MHz, dmso) & 8.88 (s, 1H), 8.02 (d,
J=179,2H), 7.6] — 7.38 (m, 6H), 7.37 — 7.14 (m, 3H), 6.38 (s, 1H), 6.26 (d, J=13.2, 1H), 4.64 (5,
3H}, 4.40 (s, 3H); exact mass calculated for CoqHzoN3Oa* miz+ 382,16, found m/z+ 382.
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Example 10 - Synthesis of 8-benzyl-6-phenyl-2-(thiophen-2-ylmcthyl)imidazo[l,2-
ajpyrazin-3(7H)-one (PBI-3889)
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[00246)  8-benzyl-6-phenyl-2-{thiophen-2-yimethyl)imidazof 1, 2-a]pyrazin-3(7H)-one:
Synthesized [fom method C using 2-oxe-3-(thiophen-2-yl)propancic acid and 3-benzyl-5-
phenylpyrazin-2-amine as starting materials. 'H NMR (300 MHz, dmso) & 8.85 (s, LFT), 7.99 (d,
J =638, 2H), 7.63 — 7.02 (m, 10H), 6.94 (dd, J = 3.5, 5.1, 1H), 4.62 (s, 2H), 4.58 (s, 2H]), 2.69
(contaminate); exact mass calculated for C2qHzoN3OS" m/z+ 398.13, found m/z+ 398.

PB1-3889

Example 11 - Synthesis of 8-cyclopropyl-2-(4-hydroxybenzyl)-6-phenylimidazo[l,2-
ajpyrazin-3(7H)-one (PBI-38%7)

PBI-3897

[00247]  &-cyclopropy!-2-(4-Aydroxybenzyl)-6-phenylimidazof I, 2-alpyrazin-3(7H}-one:
Synthesized using method A with 3—cycl0propy]-5~phenylp3{rézin-2-amine and 3-(4-
hydroxyphenyl)-2-oxopropanoic acid as starting materials.  Exact mass calculated for
CozHgN5O7 miiz- 356.14, found m/z- 356.

Example 12 — Synthesis of 8-benzyl-2-methyl-6-phenylimidazo[!,2-a] pyrazin-3(7H)-one

(PB1-3932)
o?_R{'
j IE)
[j/:u .
PBI-3932

[00248]  8-benzyl-2-methyl-6-phenylimidazof !, 2-ajpyrazin-3(7Hj-one: Synthesized using
method B with i,l—dimeihoxypropan-2-one and 3-benzyl-5-phenylpyrazin-2-amine as starfing
materials. Exact mass calculated for CogHzN;OF m/z+ 316.14, found m/z+ 316,
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Example 13 — Synthesis of 2-(4-hydroxybenzyl)-8-methyl-6-phenylimidaze|1,2-a]pyrazin-
3(7H)-one (PBI-3896)

Cra
+ PBI-38%96

[00248) 2-{4-hydroxybenzyl)-8-methyl-6-phenylimidazof1,2-aJpyrazin-3(7H)-one:
Synthesized using method A with 3-methyl-5-phenylpyrazin-Z-amine and 3-(4-hydroxyphenyl)-
2-oxopropanoic acid as starting materials. 'H NMR (300 MHz, dmso) & 8.84 s, 1H), 8.00 (d, /=
7.6, 2H), 7.47 (dd, J = 8.6, 16.2, 3I0), 7.17 (d, J = 7.3, 2H), 6.69 (d. J = 8.4, 2H), 6.26 (s, 4H),
4.17 (s, 2H), 2.86 (s, 3H), 2.48 (s, 1H).

Example 14 — Synthesis of 8-benzyl-2-(4-hydroxybenzyl)-6-phenylimidazo[I,2-a]pyrazin-
3(7H)-one (PBI1-3840)

DWGH
. M ‘N
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[00250]  8-benzyl-2-(4-hydroxybenzyl)-6-phenylimidaze[1, 2-alpyrazin-3(7H)-one: Synthesized
using method A with 3-(4-hydroxyphenyl)-2-oxopropanoic acid and 3-benzyl-5-phenylpyrazin-
2-amine as starting materials. Exact mass calculated for CasH2aN3C2' miz+ 408.17, found m/z+
408,

Example 15 - Synthcsis of Protected Coelenterazine (Stabilized) (PBI-4377)

[00251] To a mixture of PBI-3939, potassium carbonate (1.1 equiv) and potassium iodide (1.1
equiv) in dimethylformamide (DMF), under an argon ammosphere, was added one equivalent of
chloromethy| 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
concentrated to give the crude product. The material was further purified by chromatography

over silica gel.
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Example 16 — Synthesis of  8-benzyl-2-((1-methyl-1H-imidazol-2-ylymethyl)-6-
phenylimidazo[1,2-a]pyrazin-3(7H)-one (PBI-4525), 8-benzyl-6-(4-hydroxyphenyl)-2-({1-
methyl-1H-imidazol-2-yl)methyl)-6-phenylimidazo|1,2-a]pyrazin-3(7H)-one (FBI-4540) and
2-((1H-imidazol-2-yl)methyl)-8-benzyl-6-phenylimidazo|1,2-a] pyrazin-3(7H)-one (PBI-
4541)

PBI-4525 PBI-4540 PBI-4541
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[00252] To a flask containing 10 mmol of 2-methy] imidazole derivative | or 2 under an argon
atmosphere, 26 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-butyllithivm (2.46 M
in Hexanes) was added dropwise over scveral minutes. The resulting solution was stirred at
approximately -78°C 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 selution. The cold bath
was removed, and after warming to room temperature, the mixrure was extracted with 3 x 100
mL of EtOAc. The combined extracts were dried (MgSQjy), concentrated in vacuo, and the crude

compounds 4 or 5 were purified by column chromatography vsing 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 & or 9. To the mixture, 4.5 mL of ethanol and 0.25 mL of concentrated
HCl was added. The reaction mixture was heated in a microwave at 100°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

{mcthancl/dichloromethane} to give compounds 10-12.

Example 17 — Stability and Anto-Luminescence Characterization of Novel Coclenterazines

[00254] The stability and auto-luminescence characterization of the novel coelenterazines
PB[-3939, PBI-3889, PBI-3945, PBI-4002, or PBI-3896 wer¢ determined. Higher stability and

less auto-luminescence is an attractive technical feature in a substrate/reagent.

[00255) To determine stability, 20 uM of novel coclenterazines PBI-3939, PBI-3889, PBI-
3945, PBI1-4002, or PBI-3896, 30 nM native coelenterazine, or 22 pM of known coelenterazine-h
or known coelenterazinc-hh, were placed in a reporter reagent buffer containing 50 mM CDTA,
150 mM KCI, 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., 22-24°C) for various
lengths of time and then transferred to -70°C. Afier all the samples were collected and frozen,
they were thawed and mixed with 10 pL of bacterial cell lysate containing the Ogluc variant IV
in 40 uL of DMEM without phenol red + 0.1% PRIONEX®. The luminescence of the sampte

was read at 5 min after [V addition.

{00256] Ty indicates the amount of time for the luminescent signal to dece;y by 10% (i.e.,
loss in activity by 10%) at ambient temperature, i.e., 22°C. The rate of decay of the luminescent
signal (“Toy™") was determined from the slope of the linear fit of the data plotted as ln RLU vs.
time, which was calculated from the following equation: t = In (A/Ag) + (-k), where A =
infensity al time t, Ap = intensity at time 0, and k = the rate of decay. As shown in Table 1, the
Toy values for known coelenterazines-h and -hh, novel coelenterazines PB1-3939, PBI-3889, PRI-
3945, PB1-4002, and PBI-3896 were higher than for native coelenterazine, indicating that these

coelenterazines were more stable compounds than native coelenterazine.

[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 uM each of the novel coelentcrazines shown in FIG. 2, ie.,, PBI-3939, PBI-
3889, PBI-3945, PBI-4002, PBI-3841, PBI-3897, PRBI-3896, PBI-3925, PB1-3894, PRI-3932, and
PR1-3840, native coelenterazine and known coelenterazines, coelenterazine-h and coelenterazine-
hh, diluted inte CO» independent media plus 10% FBS. Luminescence was measured shortly
after substrate addition on the GLOMAX® Luminometer (1 sec/well).  Background
luminescence was 154+15 RLU. Table | shows the auto-luminéscence characterization

normalized 1o native coelenterazing (“Autolum (norm to coel)”). While coelenlerazine-h had
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more auto-luminescence than native coelenterazine, all of the other ceelenterazines tested had

less auto-luminescence.

Table 1: Stability Experiments and Autoluminescence Characterization of IV with Various

Coelenterazines,
Substrate ID Stability (pH 8)  |Autolum {norm to
{Ty, in hrs) coel)
Coet 1.7 1
Coel h 21 12
Coel hh 2.0 0.3
3919 4,1 0.2
3889 2.9 0.2
3945 33 0.5
4002 3.5 0.6
3341 0.1
3897 ' 0.1
3896 2.8 0.1
38594 02
3932 0.1
3840 02
3925 0.2

Example 18 — Toxicity of Novel Coelenterazines

[00258] The foxicity of the novel coelenterazines were investigated in HEK293 cells.
HEK293 cells were grown overnight at 15,000/well in DMEM + 10% FBS + pyruvatc. The
media was removed and replaced with the novel coelenterazine compounds (or DMSO control)
diluted into CO; independent media plus 10% FBS. Cell viability was measured 24 hrs afler
compound addition using CELLTITER-GLO® assay reagent (Promega Corp.} according to the
manufacturer’s instructions, and luminescence was measured on the GLOMAX® Luminometer
(1 sec/well). Table 2 shows the toxicity of the native coelenterazine, known coelenterazine-h and
coelenterazine-hh, and the novel coelenterazines PB1-393%, PBI-3889, PBI-3841, PBI-3897, PBI-
3945, PBI-4002, and PBI-3840 in HEK293 cells. With the exceplion of PB1-3840, the novel
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coelenterazines had at least the same toxicity as coelenterazine-hh. Some of the novel

coelenterazines had the same toxicity as native coelenterazine and coelenterazine-h.

Table 2: Toxicity of Varicus Coelenterazines in HEK293 Cells Based on CELLTITER-
CLO®

Substrate Viability {(normalized to vehicle (DMSO)
control) (%)
Native coelenterazine 100
Coelenterazine h 100
Coelenterazine hh 87
PBI-3939 89
PBI-3839 90
PBI-3841 100
PBI-3897 100
PBI-3945 ~ 1oo
PBI1-4002 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 in DMEM without Phencl Red and 0.1%
PRIONEX®. 50 pL assay buffer (100 mM MES pH 6, 35 mM Thiourea, .5% TERGITOL®
NP-9 (v/v), | mM CDTA, 2 mM DTT and 150 mM KCI) with varying amounts of PBI-3939 was
added to 50 pL diluted enzyme (approximately 20 pM final enzyme concentration), and
luminescence measured at 3 min at 22°C. As the data in FIG. 3 demonstrates, the Km of PBI-

3939 is approximately 10 uM.
Example 20 — Characterization of compounds PBI-4525, PBI-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), | mM CDTA, 2 mM DTT
and 150 mM 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 (.1% PRIONEX®. As a control, assay buffer
with 20 uM 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 juminescence from a

coelenterazine-utilizing luciferase.

Table 3

cmpd REU +-
43535 20,855 1,006
4528 202080 | 5,688
3839 [9,808,880| 307,565
4530 909 7
4541 5,676 80

Example 21 — OgLuc Pattern Sequence

[00261] Enzyme families, including different classes of luciferascs, can be recognized by
having common threefdimensional structurcs and defined catalytic activity, Because enzyme
familics share evolutionary histories with other enzyme families, they will also exhibit
similarities in their three-dimensional structures. Through various means of structural and
finctional analysis, the invenlors have determined that OgLuc, as a representative of decaped
luciferases, has a strikingly similar three-dimensional structure to Faity Acid Binding Proteins
(FABPs), indicating commenality of evoluticnary history. Thus, decapod luciferase may be
defined as having a characteristic three-dimensional structute similar to FABPs and utilizing
coelenterazine as a substrate to catalyze the emission of luminescence. Other luciferases, e.g.,
firefly luciferase, Renilla luciferase, bacterial luciferase, and so forth, have clearly distinct three-
dimensional struclures, indicating that they belong 1o difl'erent enzyme familtes and do not share
evolutionary histories. Dinoflagellate luciferase has a three-dimensional structure exhibiting
some similarities to FABPs, suggesting a shared svolutionary history, but does not utilize
coelenterazine 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 comunonality 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);
Tramontano, 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 >
30%, preferably > 40%, and mosi preferably > 50%, and the protein can utilize coelenterazine as

a substrate to catalyze the emission of luminescence.

[00263] Beccause of structural constraints necessary fo 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 fqund in public databascs such as PROSITE (http://expasy.org/prosite;
Sigrist er al., Nucieic Acids Res. 38(suppl 1):12161-D166 (2010)).

[00264] For example, a pattern of conserved aminc acids can be found upon examination of 2
large number of known FABPs. PROSITE {Release 20.67, of 05-Oct-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] [GSAIVK]-{FE}-[FYW]-X-[LIVMF)-x-x-{K}-x-[NHG]-[FY]-[DE}-x-[LIVMFY]-
[LIVM]-{N}-{G}-[LIVMAKR] (SEQ ID NO: 329) (VI),

[00266] where:

. the standard [UPAC one-letler 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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. cach 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 Fermula (VI), etc.

[002677 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 PROSITE pattern.  These additional members of the
FABP family include five proteins listed in PROSITE as false negative hits, i.e., FABP prolein
family members not picked up by the FABP pafttern (UniProt dalabase accession numbers
FBP12_HUMAN, FABP1 FASGI, FABP2 FASHE, FABPL_SCHBI, RETS_BOVIN) and one
protein known to have an FABP fold (Protein Dala Bank accession number 2A02). Although
OgL-uE shares a closely similar three-dimensional structure with FABPs, the sequence patterns of
the native and variant amino acid sequences also differ slightly, having diffcrences at 5 positions
from the PROSITE pattern. In various embodiments, the pattern in OgLuc begins at a pesition
corresponding to position 8 of SEQ ID NO: 1. An amino acid substitution, deletion, or insertion

the scquence pattern is counted as a difference.

[00268] Combining the sequence information from these additional FABPs and the OgLuc

variants, an improved sequence pattern can be derived:

[00268] [GSA[VK]-{FE}-[FYW]-x-[L]VMFSYQ]-x-x-{k}-x-[N'HGK]-x-[DE]-x-
[LIVMFY}-[LIVMWF]-x- {G}-[LIVMAKRG] (SEQ ID NO: 330) (VII).

[00270] The sequence information used to derive this pattern is shown in Table 4. Column 1
identifies the pattern posilion (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
1D NG: 1). Column 2 shows the PROSITE FABP pattern (Formula {VI)) ¢lement 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 (V11)} created by merging pattern information
from columns 2, 3, and 4. Column 7 lists the amino acids in QgLuc (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, AAAG684%1, AAC36472,
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AAV35379, AAV3S5380, AAL40676, AAL4D677, AAV35378, AAV35377, AAV3538], and

Protein Data Bank accession number 1VPR),

[00271] The improved pattern (Formula (V1)) serves as an indication (i.c., 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, 8 common three-dimensional structure may exist even
with as many as 5 changes in the pattern. Also, for examplé, although the dinoflagellate
luciferase 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 coclenterazine for Juminescence, it can be furiher
recognized by also having the improved sequence pattern. Specilically, a protein is a decapod
luciferase if, upon alignment of its amino acid sequence with SEQ ID NO: 1 or variants thereof,
the sequence identity is > 30%, preferably > 40%, and most preferably > 50%, and the protein
can utilize coelenterazine 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:

[00273] [GSAIVK]-{FE}-[FYW]-x-[LIVMFSYQ}-x-x- {K}-x-[NHGK]-x-[DE]-x-
[LIVMFY]-{LIVMWF}-x-{G}-[LIVMAKRGG] (SEQ ID NO: 330) (VID),

i

[00274] with no more than 5 differences, or more preferably no more than 4, 3, 2, or |
difference, or most preferably no differences, wherein the differences occur in positions
corresponding to pattern position 1, 2, 3, 5, & 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

PROSITE
Pattern Other | Ogluc wt OgLuc | Oglucwt | Dinofl.
. FABP patiern OgLuc pattem .
position FABPs | & variants position | sequence | Luc
PS00214
[GSAIVK] [GSAIVK]
i (SEQ [D NO: 437) (SEQ ID NO: §79) G G
2 | {FE} {FE} 9 D R
1 | [FYW] T TRYW] T 10 w w
4 X X i1 Q |
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[LIVMF] {LIVMFSYQ]

5 (SEQIDND: 590y | SY Q SEGIDNO: sy | 12 Q r

6 X X 13 T [v1]

] T—m A?(_A - X ]4 A S
8 |¢k; 1K) 15 G G
9 X X 16 Y G
[NHGK]
10 [NHG] K sEQDNO:ssoy | 17 N o
SILM | I B [AVTK]
(SEG 1D GEQ 1D
11 [F¥Y] no:sany | {FY} X 18 Q NO: 582)
12 [ [DE] [DE] 19 D 14E]
13 [« X . 20 Q F

[LIVMEY] [LIVMFY]

14 (SEQ 1D NO. 583) (SEQIDNO. 58y | 21 v I
[LIVM] [LIVMWF]

15 SEQID NG 585y | W F (SEQIDNO 586y | 22 L K

[EKTQ]
(SEQ D

16 fK} K X 23 E NO; 587)

17 G e g2 g AV
[LIVMAKR] [LIVMAKRG]

18 (SEQ ID NO. 588) G (SEQIDNO: 589) | 23 G (vn

Example 22 - Generation of OgLuc Variants
[00275] Experimenial 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 11 Random Mutagenesis Kit (Stratagene; Daughtery, PNAS US4, 97(5):2029
(2000)), according to manufacturer’s instructions, and NNK site saturation (Zheng e? al., Nucieic
Acids Research, 32:¢115 (2004)).

[00277]  Further varianis of a starting OgLuc variani having specific mutations were generated
using the oligo-based site-dirested mutagenesis kit QuikChange 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 ef pFIK FLEXI® vecter for T7

promotér-based expression (Promega Corp.).  Alternatively, the resulting variants were
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constructed in the context of pF4Ag vector (a version of the commercially-available pF4A
(Promega Corp.), which contained T7 and CMV promoters modified to contain an E. coli
ribosome-binding site with or without a C-terminal HALOTAG® (Promega Corp.; referred
hercin as “HT7™) (Ohana et 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 vecier background. The Cl¥A4E library was generated
in a pF4Ag vector background with no HT?7. The QC27, QC27-9a, and 1VY libraries were
generated in a pF4Ag vector background with a C-terminal HT7. The I'V-based variants were
generated in a pF4Ag vector background without HT7. The resulting vectors were vsed to

transform KRX E. ¢oli 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 . cofi clone 16C3 has the substitution Q20R.
[00280]  Screening Delails

[00281]' Resulting libraries were expressed in E cofi and primarily screened with a robotic
system for OgLuc variants having increased light cutput (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 prown at 37°C for 17 to 20 hrs ("M culture™). The M1 culture was diluted 1:20 with
fresh minimal media and grown at 37°C for 17 — 20 hts (“M2 culture®). The M2 culture was
diluted 1:20 into induction media and grown 17-20 hrs at 25°C with walk-away induction, ie.,
autoinduction (Schagat et af., “KRX Autoinduction Protocol: A Convenient Method for Protein
Expression.” Promega Notes, 98:16-18 (2008)). The induction media contained rhamnose and
glucose when nevel coelenterazines PBI-3841, PBI-3842, PBI-3857, PBI-3880, PBI-3881, PBI-
3886, PBI-3887, PBI-3897, PBI-3896, or PBI-3894 were used as substrates in the primary -
screen. The induction media did not contain rthamnese or glucose wiwn native coelenterazine,
known coelenterazine-h, or novel coelenterazines PBI-3840, PBI-3889%, PB!-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 CI1+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 nevel

coelenterazines with C1+A4E,
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[00282] Ten pL of induced cells were lysed using 60 pL lysis buffer containing 300 mM
HEPES pH 8.0, 300 mM thiourea, 0.3X Passive Lysis Buffer (“PLB™; Promega Corp. Cat. No.
E194A), 0.3 mg/mL lysozyme, and 0.003 U/ul. RQ1 DNase and measured for luminescence with
50 pL assay buffer containing 150 mM KCl, 1 mM CDTA, 10 mM DTT, 0.5% TERGITOL®
NP-9 (v/v), and 20 uM of a native, known, or novel coelenterazine as a substrate. Luminescence
measurements for each variant were taken 3 min afier reagent addition and relative luminescence
unit (RLU} values were normalized to an average of § control wells of the corresponding starting

OgLuc variant for each plate. Assay was completed on a TECAN® robotic system.

[00283] QOgluc variants of interest were sequenced using standard sequencing technigues
known in the ait to identify any additienal amino acid substitutions in each such variant. A
secondary screen using a non-robotic (manval) system was performed on the vaniant 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 cxcept the
assay buffer was added manuaily 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® F300 luminometer.

[00284] Determining Change in Relative Specificity

[00285] Relative substrate specificity was determined by dividing the luminescence of a
lugiferase in the presence of a test coclenterazine substrate by the luminescence of the luciferase -
in the presence of a reference coelenterazine substrate. For example, relative specificity was
determined by dividing the luminescence of a luciferase with a novel coelenterazine of the
present invention by the luminescence of the luciferase with a different coelenterazine (e.g.,
native or known coelenterazine, or a different novel coelenterazine of the present invention). The
1est coelenterazine substrate and the reference coelenterazine substrate that were compared were

considered a comparison substrate pair for determining relative substrate specificity.

[00286] A change in relative subsfrate specificity was determined by dividing the relative
subsirale 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 rclative substrate specificity of a
test luciferase with a novel coclenterazine of the present invention compared to a different
coelenterazine {e.g., mative or known coelenterazine or a different novel coelenterazine of the.

present invention), by the relative substrate specificity of a reference luciferase with the same
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novel coelenterazine of the present invention compared to the same different coelenterazine used

for the test luciferase.

[00287] The luminescence with one novel coelenterazine was compared to the [uminescence
with a different novel coelenterazine. " The luminescence with one native or known
coclentcrazine was compared to the lominescence with another native or known coelenterazine,
The luminescence with one native or known coelenterazine was compared to the luminescence

with a novel coelenterazine.

[00288] An incrcasc in luminescence (RLUs) for the OgLuc variant compared to the
corresponding starting OgLuc template for novel coslenterazing and a decrease or no change in
_luminescence for a reference coelenterazine was indicative of 2 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 coelenterazine decreasing more, was also indicative of a change in relative specificity.
An increase in luminescence of the OgLuc variant compared to the corresponding starting Ogl.uc
for the novel and reference coelenterazines indicated an  improvement in
activity/stability/expression. If the luminescence of the Ogluc variant with both the novel and
the reference coelenterazines increased, but the increase in luminescence with the novel
coelenterazine was greater, it indicated an increase in relative specificity and an improvement in

actévity/stability/expression of the OgLuc variant,
[00289] A CI+A4E Variants

[00290] CI1+A4E (SEQ ID NOs: 2 and 3), previously described in U.S. Sérial Application No.
12/773,002 (U.S. Published Application No. 2010/0281552), was used as a primary starting
sequence (i.¢., the parental sequence) for generating additional, synthetic OgLuc variants.
C1+A4E has the following amino acid substitutions: A4E, Q11R, A33K, V441, A54F, PI15E,
Q124K, Y1381, 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
fuminescence using native and known coelentcrazines as substrates (FIGS. 5A-G). FIG. 5A
shows the luminescence of C1+A4E using native coelenterazine (“coelenterazine™), known PBI-
3880, and novel coelenterazines PBI-3842, PB]-3857, PBI[-3881, PBI-3882, PB1-3886, and PBI-
3887 as substrates. The luminescence measurements using known and novel coelenterazines
were normalized to the luminescence of C1+A4L using native coelenterazine and the fold-

decrease compared to native coelenterazine (FIG. 5B). FIGS. 5C-E show the lumincscence of
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C1+A4E using native coelenterazine and novel coelenterazines PBI-3945, PBI-3894, and PBI-
4002, respectively. FIG. SF shows the luminescence of Ci+A4E using native coelenterazine and
novel coelenterazines PBI-3840, PB1-3897, PB1-3889, PBI-3899, and PB1-3900. FIG. 5G shows
the luminescence of C1+A4E using native coelenterazine, known coelenlerazine PB1-3912 and
novel coelenterazines PBI-3913, PBI-3925, PBI-3939, PBI-3933, PBI1-3932, PBI-3946, PBI-
3841, and PBI-3896. The data indicates the Cl1+A4E variant can use each of the novel

coelenterazines as substrates.

[00291] CI1+A4E variants were generated that had at least the amino acid substitutions
identified in C1+A4E, unless otherwise indicated. A library (Library 1) of 4400 variant clones of
CI+A4E was generated by random mulagenesis as described previowsly and screened as
described previously for improvement in relative specificity change and/or activity change, e.g,,
brightness.  The wvariants were primarily screened with native coeclenterazine, known
coelenterazine-h, known PBI-3830, and novel coelenterazines PBI-3840, PBI-3841, PBI-3842,
PBI-3857, PBI-3881, PBI-3886, PBI1-3887, PBI-3889, PB1-3897, and PBI-3800 as substrates. In
addition, half of the variants were screened with novel coelenterazines PB1-3896 and PBI-3894
as substrates. Plaies 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) fer 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 tesled with known coelenterazines
PBI-3912, coelenterazine-h, coelenterazine-hh, 2-methyl coelenterazine, and coelenterazine v;
and novel ¢coelenterazines PBI-3840, PBI-3897, PBI-3889, PBI-3899, PBI-3900, PBI-3925, PBI-
3944, PBI-3932, PBL.3945, PBL-3913, and PBI-3896 as substrates. FIGS. 6A-D summarize the
average luminescence normalized to Cl1+A4E for the variants {(“Clone”). FIGS. 6A-D
summarize the substitutions in these variants (“AA sequence’), which had at least one of the
following additional amino acid substitutions: AMV; GI15R, QI18L, Q20R, L22], E23K, L27V,
L27M, K33N, T39I, E49K, F54S, F541, DS5G, 156V, V58I, VS8L, ISOT, S66T, G67S, F68S,
L72Q, M75K, 176N, F77T, F771C, K89E, 190V, 90T, L92ZH, H93R, MI106K, Y109F, P113T,
I117F, TI26R, V127A, L136M, D139G, P145L, S148T, C1645, 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 coelenterazine and towards at least one novel coelenterazine, as shown in
FIGS. 6A-C. The amino acid substitution F541 in clone 29H7 provided greater light output with

native coelenterazine and several of the novel coelenterazines. The aminc acid substitution
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QISL in clone 40H11, the amino acid substitution L92H in clonc 04A12, and the amino acid
substitution ¥ 1 0SF in clone 43F9 provided improved relative specificity.

[00294] Table 5 lists C1+A4E variants with an additional amino acid substitution at pesition
77, 92, or 109 (“AA change™), generated as described previously. These variants were analyzed
for increased light output as described previously, i.e., screencd for variants that were at least
1.3x brighter than C1+A4E, using native coelenterazine, known coelenterazine-hh, and novel
coelenterazines PBI-3939, PBI-3894, PBI.3896, PBI-38537, PBI-3932, or PBI1-3925 as a
substrate. The following additional substitutions yielded a variant that was at least 1.3x brighter
than C1+A4E: 192G, L92Q, L92S, L92A, LI92M, L92H, L92Y, Fi7W, F77Y, F77S, F77T,
F77V,, F77A, F77G, F77C, F77D, F77M, and Y109F. As shown in Table 5, L92H, F77W and
F77A substitutions had the most dramatic improvements with PBI-38%7, PBI-3896, and PBI -
3932,

Table 5: Site Saturation of Positions 77, 92 and 109

AA |naive |hh PBI. |PBL | PBI | PBI- | PBI- | PBL
Change 3939|3894 | 3896 |3897 |3032 | 3025
L92G |22

L92Q 2 1.8 1.6 1.3 1.4 2.8 1.4 34
L928 | 2.0 s (26 1z7 |86
L9zA |25 |13

L92M 13

L92H 22 |2 5.1 |34 |59
L92Y 25
F7TW | 1.4 T4 [1a (83 (32 17 |23
E77Y 15 [13 (49 |65
F77S 2.6

F77T 23

F77V i 2.3

F77A 79 2.5
F77G 3.1

F77C 2.3

F77D> 1.5

F77M . 5 |16
Y 109F 1.34 14
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[00285] Additional Cl+A4E variants {Group A} were generated by site-directed mutagenesis
as described previously 1o have an additional substitution in at least one of the follewing amino
acid positions relative to SEQ ID NO: | 18, 20, 54, 59, 72, 77, 89, 92, 109, 113, 127, 136, or
164, These amino acid positions were chosen because, bascd on the primary and secondary
screens of Library |, substitutions at these positions had increased total light cutput compared 1o
C1+AA4E using at least one of the following as a substrate: novel coelenterazines PBI-3841, PBI-
3896, PBI-3897, PBI-3804, PBI-3923, or PBI-3932, or known coelenterazines 2-methyl
coelenterazine or PRI-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 normalized to C1+A4E. FIGS. 8A-B
and 9 show the normalized average luminescence of the variants listed in FIG. 7 with varicus
coelenterazines as substrates. FIGS. 8A-B and 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 coclenferazine compared to C1+A4E. Clone QC27, which has
additional amine acid substitutions Q18L, 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 tc 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.

[00298] Other substitutions of interest identified from Library 1 were combined to generate
additional variants {Greup B) (FIG. 10). Additional amino acid substitutions were made in at
least one of the following amine acid positions relative to SEQ ID NO: 1: 18, 20, 34, 71, 77, 90,
92, 109, or 127. These substitutions showed improvement with at least one of the following
novel coclenterazines as a substrate: PBI-3841, PBI-3896, PBI-3897, PBI1-3894, PBI-3923, or
PBI-3932. These variants were assayed as described for Group A variants using native
coelenterazine, known coelenterazine-hh, and novel coclenterazines 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 secondary manual screen as described previously and normalized to
CI1+A4E. FIG. 11 shows the normalized average luminescence of the variants listed in FIG. 10
with the various coelenterazines as substrates. FIG. 11 shows variants with either large increases
in luminescence for the lisied novel coelenterazines compared to C1+A4E or no change or a

decrease in luminescence for the native and known coelenterazine compared to CI+A4E,
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[00297] Additional variants were generated with the additional amino acid substitution 190V
and/or Y109F (Group C) and compared to variants generated from Group A or B (see FIG. 12).
Clones containing variants with an 190V substitution (“[20V”), a Y109F substitution (“Y109F"),
or both substitutions (*LE2”} were compared to clones QC #27, QC#2 E7, QC#2 F4, and QC#]
All using assays as described for Group A recombinanis with native coelenterazine, known
coclenterazine-hh, and novel coelenterazines PBI-3939, PBI-3943, PBI-3889, PB1-3840, PBI-
3925, PBI-3932, PBI-3894, PBI-3896, and PBI-3897 as substrates (FIG. 12). Variant ciones
were assayed [n triplicate as described for the secondary manual screen as previously described
and normalized 10 C1+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 coelenterazing compared to C1+A4E. FIG. 12
shows that 190V provided greater light output for native coelenterazine and several of the novel

substrates.
[00298] 5. QC27 Variants

[00299] The variant QC27 (SEQ ID NOs: 4 and 5) from A, which has additional amino acid
substitulions Q18L, F541, L92H, and Yi09F, was cloned into a pF4A medified vector as
described previously to create a C-terminal HT7 (Promega Corp.) fusion protein (“QC27-HT7”)
(SEQ 1D NOs: 44 and 45). 4400 variants of QC27-HT7 (Library 2) were generated by tandom
mutagenesis as describéd previously, and primarily screened for increased relative specificity
change as described previously using native coclenterazine and novel coclenterazines PBI-38%6
and PBI-3897 as substrates. Variant clones were selected, sequenced, and assayed in a secondary
manual screen as described previously using native coelenterazine, known coelenterazine-hh, and

novel coelenterazines PBI-3897, PBI-3896, and PBI—3894‘as substrates.

[00200] FIG. 13 lists the additional amino acid substitutions (“Sequence™) identified in these
variants (“Sample”), and the Juminescence of the variants using native coelenterazine, 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-HT?. The variants in FIG.
14, had at least one of the following additional amino acid substitutions: F1I, Rt1Q, L1831, L18Q,
V21L, V21M, L22F, £311, Q32H, V45E, L46Q, S47P, G48R, F49D, G51E, D55E, G678, F63Y,
F48L, Q69H, L72Q, E74K, E741, MT5K, 176F, 176V, H86R, I90T, H92Q, H92R, T96A, VI8F,
199V, 199T, V102M, M106], F109Y, L142V, V158], T159S, L168F, or G170R (the G170R is

located in the linker region between HT7 and the OgLuc variant). -

83



[00304) The aminc acid substitutions F68Y in variant 24B12, L72Q in variant 29C4, and
M75K in variant 31111 each provided greater light output for native coelenterazine and several of
the novel substrates. The amine acid substitutions V21L in variant 23A11 and H92R in variant
1B6 provided improved relative specificity. Both of these substitutions were cases where
lominescence signals were down using the novel coelenterazines as substrates, but were down

more ysing 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 lgast 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 of the QC27-HT7
variants using native coelenterazine, known coelenterazing-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 FG8Y, L72Q, and
M75K with V1581, as for example in varianl QC27#1, provided greater light output for each

coelenterazine tested.
[00303] C. OC27-9a Variants

[00304] The variant QC27-9a (SEQ ID NOs: 6 and 7) from B, a QC27-HT7 fusion protein
" with additional amino acid substitutions V21L, H29R, F68Y, L72Q, M75K, and V58I, was used
as a §tarting 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 coelenterazine and novel coclenterazines PBI-3841 and PBI-
3897. Variant clones were selected, sequenced, and assayed in a secondary manual screen as
described previously using native coelenferazine, 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 coelenterazine, known coelenterazine-hh, known
coelenterazine-h, and novel coelenterazines PBI-3 841 and PBI-3 897 as substrates in the
secbndary 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 decrcased more. For example, the variant 30D12 with
the amino acid substitution L22F had an approximately three-fold loss in activity with the novel
coelenterazines PB1-3841 and PBI1-3897. However, with native coelenterazine, known
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coelenterazine-h, and known coelenterazine-bh, the luminescence of the variant 30D12 was

down by ten-fold er more.

{00305] FIG. 17 shows a comparison of the luminescence of CIH+A4E, QC27-HT7 and QC27-
9a compared to humanized Renilie luciferase (referred herein as “hRL") (SEQ 1D NOs: 30 and
31) using native coelenterazine, known coelenterazine-hh, and novel coelenterazines PBI-3341
and PBI-3897 as substrates. Although the reactien of QC27-9a with PB1-3897 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 coelenterazine (800-fold)
indicated a change in relative specificity (350,000-fold) of QC27-%9a using PBI-3841 compared to

nalive coelenterazine.

Table 6: The Change in Relative Specificity of the OgLuc Variants for PBI-3897 and PBI-

3841 Compared to Native Coelenteruzine and coelenterazine-hh.

Compound Evaolution trend: Change in relative specificity (novel
C1A4E to QC27 #9a coelenterazine/native coelenterazine)
coelenterazine DOWN 800X
coelenterazine-hh DOWN 300X
PBI-38%7 UP 100X £0,000X

PBI-3841 UP 440X 350,000X

[00306] D. IVY Variams

[00307] IVY (SEQ ID NOs: & and 9), a C1+A4E variant with additional amino acid
substitutions F34I, [90V, 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 brighiness} and increased relative specificity using native coelenterazine, 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 coelenterazine, known coelenterazine-hh,
and novel coelenterazines PBI-3889, PB1-3939, PBI1-3945, and PBI-4002 as substrates. FIGS. 18
and |9 lists the additional substitutions (“AA change™) identified in the variants {“Sample”) and
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the average luminescence of the variants normalized to IVY-HT7 using native coelenterazine,
known coelenterazine-hh, and novel coelenterazines PBI-3889, PB1-3939, PBI-3945, and PBI- -
4002 as substrates in the seccondary screen. FIG. 18 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, Q20P, Q32P, K33N, V381, V38F, K43N, 144F, E49G, 160V, Q69H,
176N, Y77N, Y94F, G958, G95D, F1101, V119M, K124M, L1491, 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: F6Y, Q18L, L27V, 528Y, Q32L, K33N, V36E, P40T, Q42H,
N50K, G51R, H86L, N135D, or [155T.

[00308] Additional IVY-H'T7 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 TVY-HT7 using native
coelenterazine, known coelenterazine-h, known coelenterazine-hh, and novel coelenterazines
PBI-3939, PBI-3945, PBI-4002, PBI[-3932 and PBI-3840 as substrates. None of the variants
showed an improvement over [VY-HT7, but there were instances, such as variant C5.19 (SEQ ID
NOs: 12 and 13) where luminescence with native or a known coelenterazine 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, V381, and L1491, ‘

[00309] FIG. 22 Iists variants with at least one of the following additicnal amino acid
positions relative to SCQ 1D NO:; 1: 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 coelenterazine, known coelenterazine-h, known coelenterazine-hh, and novel
coelenterazines PBI-3939, PRI[-3945, PBI-3889, PBI-4002, PBI-3932, and PBI1-38340 as
substrates normalized to IVY-HT7. Luminescence decreased for each of the variants compared
to IVY-HT7. Variant C1.3 (SEQ ID NQOs: 10 and 11) had about 2000-fold more luminescence
with PBI-3939 than with native or known coelenterazine. Variant C1.3 has additional amino acid
substitutions F6Y, K33N, N135D, and 1155T. ‘

[00310] The best IVY-LIT7 variants for relative specificity change compared to hRL and IVY-

HT7 were C5.19, which had the best luminescence with PBI-3%43, and C1.3, 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 C1.3 (a C-terminal HT7 fusion) with native coelentcrazine, known

coelenterazine-h, known coclenterazine-hh, and nove! coelenterazines PBI-3939 and PBI-3945.
[00341] E. IV Varianis

[00312] IV (SEQ ID NOs: 14 and 15), a C1+A4E variant with additional amino acid
substitutions F541 and 190V, was generated as previously described. To determine the brightest
variant for use as a franscriptional 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 1V (SEQ ID
NOs: 14 and 15) wusing nalive coelenterazine, known coelenterazine-hh, and novel
coelenterazines PBI-3939, PB1-3945, PBI-3889, and PBI-4002 as substrates. hRL was uscd as a
control.  As seen in FIG. 25, IV was brighter than both C1+A4E and IVY. The amino acid
substitution F541 in IV provided greater light output for native coelenterazine 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.c., screenings of the libraries generated from Cl1+A4E,
IVY, and QC27 as the starting sequences) were reviewed to determine those additional amino
acid substitutions with incrcased light output (i.e., increased brightness) with a variety of
coelenterazines, 1V variants were generated as described previously to have additional
substitutions which had reduced specificity for native coelenterazine by two- to ten-fold, As
listed in FIG. 26, the 1V wvariants (“clone™) had an additional amino acid substitution
(“Sequence™)} of at least one of the following amino acid substitutions: F11, E4K, Q18L, L27V,
K33N, V3381, F68Y, M70V, L72Q, M73K, or VIQ2E.

[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 coelenterazine, known coelenterazine-h, known coelenterazine-hh, and novel
coelenterazines PBJ-3889 and PBI-3945 as substrates, Variants with improved luminescence
were selected, sequenced, and assayed in triplicate using the manual screen as described
previously. Luminescence was measured using native coclenterazine, known coelenterazine-h,
known coelenterazine-hh, and novel coelenierazines PBI-3889, PBI-3939, PBI-3945, and PBI-

4002 as substrates. Corresponding starting sequences 1V and hRL were used as controls.

[00315] FIG. 26 lists the variants, and the additional amino acid substitutions identificd in the
variants. FIG. 27 shows the average luminescence of the varianits in the secondary screen
normalized to 1V. Variant 8A3 (SEQ ID NOs: 26 and 27), which has additional aming acid

substitutions F1I, L27V, and V38], had improved relative specificity with novel coelenterazines,
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but was not brighter than [V, Variant 8F2 (SEQ ID NOs: 46 and 47), which has additional amino
acid substitution L27V, offercd improved relative specificity and 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 all substrates and offered some
relative specificity advantage over native coelenterazine as well. Variant 9F6 (SEQ [D 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 1 D6 provided improved relative specificity,
i.e., away from native coelenterazine and towards novel substrates, in the context of 1V, 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 15C1 variants in the
secondary screen using native coelenterazine, known coelenterazine-hh, known coelenterazine-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 coelenterazine
compared to 1V, Variant 9F6 had | log decrease in brightness with native coelenterazine
compared to IV, Variant 15C1 with PBI-3945 was the brightest, but the signal half-lifc was short
(see Example 27).

[00317] F. 988 Variants

[00318] The 9B8 variant from E was further modified 10 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 detcrmine if other amino acid substitutions at
position 72 would provide similar increases in brightness, additionat variants of 9B8 were
generated as described previously by saturating position 72 with alternative residues. Four
replicates of E. coli tysates 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 KC], 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 io 9B8)"), ie., 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 Q, i.e., 1-fold.

Table 7: Variants with Similar Luminescence Compared to Yariant 9BS.

Variant RLU {normalized to SBg)
9B8 + 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 dcscr~ibcd 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 coelenterazine and novel PBI-3939 as substrates. Relative specificity was
determined from the ratio of the luminescence of the variant with PBI-3939 to the luminescence
of the variant with native coelenterazine, normalized to the ratio of corresponding luminescence
of 9B8. Table 8 lists 9B8 variants (“Variant™} with at least 1.1X fold-incrcase in rclative
specificity for PBI-3939. The results demonstrate that at least one additional change at each of
the sites provided improved relative specificity for PBI-3939 versus native ccelenterazine. 9BR
variznts with amino acid substitutions K, D, F, G, Y, W, and H ai position 18 had the highest fold

improvement in relative specificity.

Table 8: Variants with Improved Rclative Specificity for PBI-3939

Relative specificity
Variant :
(PBI-3939 RLU/native coelenterazine RLU; normalized to 9B8)
9BR + L18K 40.7
9B8 +L18D 25.8
9B8 + L18F 25.6
9B8 + LI8G t8.2
9B8 + L18Y ] 17.8
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9B8 + LI8W 1.2
9B8 + LI18H 9.1
ORS + L18R 15
9B + L18M 14
9B§ + L18N 2.9
9Rg + L18P 2.6
988 + L18S 2.3
9BE + Y6BW 1.1
9B§ + Q72W 6.1
9BE + Q72Y 2.5
ORE + Q72ZF 2.2
_9B8 +Q72V 2.2
9B8 + Q721 2.1
9B8§ + Q72T 1.9
9RBS + Q72N 1.8
9B8 + Q72R 1.7
9BE + Q72P 1.6
9B% + Q72G L5
9RE + Q72A 1.4
9B8 + Q72M 1.3
9B8 +Q72C 1.3
9BS + Q72H 1.2
9BS + Q728 1.2
9R8 + M75F 1.2
9E8 + VOR 2.4
988 + VO0Y 1.6
9B8§ + V90D 1.4
9B8 + V9OP 1.4
9B8 + V90K 1.3
9E8 + VS0Q 1.2
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[00320) G. 988 + K33N Varianis

[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) £ 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). Luminescence generated from the lysates was mcasurcd using the novel PBI-3939 and
native coelenterazine as substrates. The rclative specificity of the variants for PBI-3939 and
native coelenterazine was calculated as described previously. 9B8 opt+K33N (“K33N”) had
greater light output (RLU) and a higher relative specificity for PBI-3939 than native
coelenterazine compared to 988 opt (FIG. 29), indicating that the K33N substitution provided

greater light output and improved relative specificity.

[00323] A ncw OgLue library was created using 9B8opt+K33N as a starting template. The
random library was created using DIVERSIFY® PCR Random Mutagenesis Kit (ClonTech;
Catalog # 630703). Condition 3 (as listed in the user manual) was used (o 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 cleres. 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 vector background are
designated with (F). In order to clone the PCR product into both vectors, an amino acid, ie., a
slycine, 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 instcad of HEPES, and 0.5% TERGITOL® WP-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 assay volumes were as follows: 10 pl, cells, 40 pl lysis buffer, and 50 pL assay
buffer.

[00324] The PCR library in the pF4Ag-based non-fusion background was screened for
additional variants with increased Juminescence compared to 9B8 opt+K33N+170G (SEQ ID
NOs: 68 and 69). Selected variants were then assayed in HEK293 and NIH3T3 cells. For each

91



cell type, 15,000 cells were plated and grown overnight at 37°C. The next day, the cells were
ransfected as described in Examplc 25 with 10 ng pGL4.13 (Promega Corp.) as a transfection
control and 100 ng of the QOgLuc test DNA. The media was removed, and the cells were lysed
with 100 uL of lysis buffer as deseribed 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 pL of lysale was assayed with 50 pL of lysis buffer containing 20 yM PBI.
3939. For the transfection control, 10 pL of lysate was assayed with 50 pL of BRIGHT-GLO™
Assay Reagent.

[00325] Table 9 shows the fold-increase in luminescence of variants in E. coli, HEK293, and
NIH3T3 cells and the aming acid substitutions found in the variants, The variants 27A5 (NF)
(SEQ 1D NOs: 70 and 71), 23D4 (NF) (SEQ ID NOs: 72 and 73) and 24C2 (NF) (SEQ 1D NOs:

74 and 75) had at least 1.3 fold-increase in luminescence in £. coli and HEK293 cells.

Table 9: Increase in Luminescence Generated by OgLuc Variants Compared to 9B3
opt+K3IIN+1T0G in £. coli, HEK293 and NIH3T3 Cells

Fold over 988 opt+K33WN + 170G
Sample Sequence :
E. coli HEK283 NIH3T3
27A5 (NF) T39T, 170G 1.3 1.5 1.3
23D4 (NF) | G26G, M106L, R112R, 170G i.5 1.6 1.2
24C2 (NF) R11Q, T39T, 170G 1.5 1.5 1.1

[00326] Based on the above data, further combination variants were designed and generated

(see Table 10) in the context of the pF4Ap-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
coelenterazine. Table 10 shows the fold-increase in luminescence of the variants in £, coli,
HEK?293, and NTH3T3 cells, and the amine acid substitutions found in the variants (“Sample™).
The vartanis 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 PB1-
3939 compared to native coelenterazine 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 £, coli and a slight improvement in luminescence in NIH3T3 cells.
The variani 9B8 opt+K33N+L27V+K43R+Y68D (“L27V, K43R, Y68D™) had a neuiral
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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 9BS opt+K33N in E. coli, NII3T3 and HEK293 Cells

Sample Feld over 9BS opt +K33N
E. coli NII3T3 HEK293
T39T 1.8 1.1 1.1
K43R 1.2 1.1 1.1
T39T, K43R 1.3 0.9 1.1
Y68D ' 1.0 1.0 1.2
K43R, Y68D 1.2 1.2 1.2
T39T, K43R, Y6RD (*V2") 1.8 1.1 1.3
L27V 0.9 0.7 0.8
L27V, K43R 0.7 0.6 0.6
L27V, K43R, Y68D 1.2 0.8 0.9
L27V, Y63D 1.2 0.8 0.7
S66N, K43R 0.9 1.1 1.1
.27V, K43R, S66N 1.0 0.6 0.7
9B8 opt + K33N 1.0 1.0 1.0

Table 11: Change in Relative Specificity of OgLuc Combination Variants for PB1-3939
Con]pared to Native Coelenterazine in E. coll, NIH3T3 and HEK293 Cells

Samplo Fold over Native Coelenterazine
E. coli NIH3T3 HEK293
T39T 18.2 18 20
K43R 29.5 31 32
T39T, K43R 294 30 32
Y68D 114 10 12
K43R, Y68D 18.6 19 21
T39T, K43R, Y68D (“V2™) 18.5 18 21
L27v 85.2 85 97
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L27V,K43R 120.1 131 147
L27V, K43R, Y68D 98.3 98 101
127V, Y68D 599 61 64
S66N, K43R 229 23 . 25
L27v, K43R, 566N 100.4 97 106
9BR 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 1D NO: 1 127V, T39T,
K43R, Y68D, or S66N (see “Sample” in Table 12 for the amino acid substitutions in the
variants}. The varianis were named by adding the additioral amino acid substitutions in the
variant after the prefix “SB8 opt+K33N.” These additional variants and the variants 9B8
Opt+K33N+L27V+YG8D (“L27V, Y68D”), 9B8 opt+K3IN+L27V+K43R+Y68D (“L27V,
K43R, Y68D™), 9B8 opt+K33N+L27V+K43R+866N (“L27V, K43R, S66N"), and SB8
opt+K33N+TIOTHKA3R+Y 68D (“T39T, K43R, Y68D”; also known as “V2”) from above, werc
examined for brightness, relative specificity, signal stability and thermal stability. The variants
were compared fo the variants 9B§ opt (“2B&"") and 9B8 opt+K33N (“K33N”).

{00328] L. coli lysates containing the variants were prepared and analyzed as described
previously. Lumineseence gencrated from the lysates was measured using the novel PB1-3939
and native coelenterazine as substrates. The luminescence of the varianis was normalized to the
luminescence generated by 9B8 opt (Table 12). The relative specificity of the variants for PBI-
3939 and native coelenterazine was calculated by dividing the luminescence of the variants using
PBI-3939 as a substrate with the luminescence of the variants using native coelenterazine as a
substrate (Table 12). This data indicates that the amino acid substitution L27V lowers specificity

for native coclentcrazine.

Table 12: Increase in Luminescence Generated by Ogluc Variants Compared to 9B8 and
Change in Specificity of OgLuc Variants for PBI-3939 Compared to Native Coelenterazine

in Bacterial Lysates
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T Bample “Fold over 9B8 | Fold over coelenterazine |
9B8 1.0 7|
K33N . 1.1 21
T39T, Y63D 09 12|
T39T, L27V, K43R 1.2 149
L27V, T39T, K43R, Y63D 1.8 110
T39T, K43R, Y680 1.6: 21
L27V, T39T, K43R, S66N 1.3 114
LZ7V K43R, Y68D 1.3 110
L27V, Y68D 1.0 631
L27V, K43R, S66N } 1.1 114

[00328]) H V2 Varianis

[00330) A sct of additional vartants were designed using V2 (9BSopt 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 2§ fatty acid binding proteins (1VYF, IFDQ, 2A0A, TO8V, IBWY, 2ANS, 1VIV,
[PMP, LFTP, 2HNX, 1J1), ICBR, 2CBS, 1LPJ, IKQW, 2RCQ, 1EII, 1CRB, 11FC, 2PYI, 2JU3,
IMVG, 2Q04, 1P6P, 2FT9, IMDC, 101U, IEIQ; 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 30% of the aligned, above-mentioned flatty acid binding proteins. Changes
listed under *Predominant Minority” relate to residues identificd 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 coelenterazine or a coelenterazine analog. For example, the designed specificity
changes al position 27 (leucine residue in the parental sequence, i.¢., 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 potar side chains, or residues cﬁntaining
charged side chains); note that glycine, glutamine, isaleucine, 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
uL of the cultured, transformed E. coli cells, 40 pL of lysis buffer (100 mM MES pH 6.0, 0.3X
PLB, 0.3 mg/mL Lysozyme, 0.003 U/pL. RQ1 DNascl and 0.25% TERGITOL® NP-9 (v/v)) was
added followed by the additional of an equal volume (50 pL) of assay reagent (1 mM CDTA,
150 mM KCI, 2 mM DTT, 20 uM PBI1-3939 or native coelenlerazine, 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 1o the parentat clone {V2) with regards to the luminescence
measured for both PBI1-3939 and native coelenterazine. The relative change in specificity to PBI-

3939 wilh respect to native coelenterazine is also shown,

Table 14
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PBI-3539 COELENTERAZIKE RELATIVE CHANGE IN

substitution HORMALIZED NORMALIZED SPECIFICITY FOR PBI-3%39
h 10 ¥ 0.7 0.2 3.5
143 1.3 1.2 1.1
16 B 0.5 0.2 2.5
23 K 1.3 4 0.3
24 n 0.4 0.2 2.0
25 L 0.0001 0.000023 4.3
27 & 6.8 0.1 B.0
21 p 0.006 0.001 6.0
27 ¢ 0.088 0.005 17.4
27 1 0.2 0.029 8.3
2T H 2.2 0.9 2.4
10 1 0.0017 0.0002 .5
0L 0.0007 0.0001 7.0
¢ 0.0001 0.000026 3.8
81w 1.2 1.5 0.8
grr 1.3 1.6 0.8
ST E 0.014 0.01 1.4
100 1 0.002 0,002 1.0
102 7T 1.1 1.1 1.0
11 e 0.6 0.6 1.0
113 K 1.2 0.6 2.0
125 L 0.6 0.4 1.5
129 ¢ 0,0003 ¢,0001 3.0
130 & 1.1 0.9 1.2
142 E 0.9 9.3 3.0
142 K 0.9 0.3 3.0
142 w 0.8 0.d 2.0
146 ¢ 0.9 0.8 1.1
147 n 0.4 0.4 1.0
149 M 0.7 0.4 1.8
150 ¥ 0.9 0.4 2.3
152 B 0.9 0.5 1.8
152 T 0.9 0.3 3.0

[00333] [ L27V Variants

[00334] Using the OgLuc variant L27V as a starting template, i.e., starting sequence or
parental sequence, additional varianis were made in which some of the amino acids (Table 15) in
the L27V variant were reverted to the amine 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 cither native
coclenterazine or PBI-3939. Luminescence was measured on a TECAN® TNFINITE® F500 5
min after subsirate/assay reagent (as described in H) was added and normalized 1o the L27V
variant starting template. SDS-PAGE analysis of the lysates indicates comparable expression

levels (data not showny).

[00335] Table 15 shows the relative activities of the L27V varianls with native coelenterazine

or PB1-3939. Relative activities <1 indicate the reversion is detrimental compared to the residue
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al that ;:.ite 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 60°C for 166K, 54F, and 54A were 87, 74, and 33%, respectively, indicating ihese
Substitutions cause a reduction in thermal stability. The Km values for these same 4 variants
were the following: for native coelenterazine, L27V was 16 pM, 54A was 23 uM, 54F was 40
pM, and 166K was 21 uM; for PB[-3939, L27V was 18 pM, 54A was 62 pM, 54F was 163 uM,
and 166K was 23 uM. This indicates higher substrate affinity for L27V, particularly for the

position 54 substitutions.

L3

Table 15
Native coelenterazine (50 mM) PBI-3939 (50 mM)
AA Relative activity AA Relative activity
substitution (5 min) substitution (5 min)
72L 0.2 72L 0.6
4A 1.0 4A 1.0
124Q 1.6 124G 1.0
43K 1.9 43K 1.1
115P 0.6 115P 0.9
166N 2 166N 2.0
75M 1.1 75M 1.2
54F 0.1 54F 0.4
68F 05 68F 0.9
33A 1.7 33A 1.0
138Y 1.0 138Y 1.0
54A 0.6 54A 1.6
501 0.8 901 0.6
33K 4.2 33K 0.8
44V 0.7 44V
166K 2.t 166K 2
11Q 1.6 11Q 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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[0DA36] A. To assess the effect of different amino acids at position 166 on the lucilerase
activity, the arginine (R) residue at position 166 was substituted to each of the other 19 amino
acids using site-directed mutagenesis as previously described in ihe 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 £. coli as previously described.

[00337] 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 22°C. For the
analysis, 50 pL of lysate was assayed in 50 uL of assay rcagent (as previously described in
Example 22H) with either 100 pM PBI-3939, 30 uM native coelenterazine, or 22 pM
coelenlerazine-h). Luminescence was measured as previously described (FIGS. 30A-C). FIGS, |
30A-C show the relative activity of the N166 mutants, Western analysis confirmed comparable

expression of all variants (data not shown),

[002338] B. The specific single amino acid substitutions, L27V, A33N, K43KR, M73K, 39T,
L72Q and F68D were assessed in the wild-type OglLuc or N166R background. The single amino
acid substitutions were generated via site-directed mutagenesis as previously described,
expressed in £, coli as previously described, and luminescence measured using the assay reagent
(previously described in Example 22H) with 22 uM native coclenterazine (FIG. 30D). Western

analysis confirmed comparable expression of all variants (data not shown).
Example 24 - Deletion Variants

[00338] Deletions te 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 -84 and Val -1
19 Residues 63-83
23 Residues 65-87
23A1 Residues 65-87 + Go4l»
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[00340] The N-terminus of the GgLuc variant L27V is methionine, valine and phenylalanine,
i.e., MVF. For numbering purposes, the phenylalanine was considered the first amino acid.
“Val-1” 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 £ coli KRX cells as previously described. Inductions and lysate preparations were
performed as described Lysates were analyzed using the assay reagent (previously described; 100
uM PBI1-3939), and luminescence measured as previously described (FIG. 31). The data

demonstrates that smaller fragments of the OgLuc variants can also generate luminescence.
Example 25 — Codon Optimizatian of Ogl.ue Variants
[00341] A. [V and 988

[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-fold: 1) to remove known transcription
factor binding sites, or other regulatory sequences, e.g., premoter 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) te 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 cofi, human, other mammalian, or other eukaryotic
organisms {Wada et al., Nucleic Acids Res., 18:2367 (1990)). ‘

[00343] Two ditferent optimized sequences for 1V and 9BE, 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 of the two for incorporation at each site. For the
'optB versions, the previous, codon-usage, optimized version, ie., 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 al position 3 in either
the IV or 9B8 sequence is encoded by the codon TTG. TTG is not one of the two most commen
codons for leucine in a human cell, and therefore the codon was changed to the alternative, more
commeon 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 te optimization, sequences opt/optA and opt B were maximally codon-distinct.

Table 17: Codons used in Codon Optimization
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Amjno acid Choicc#] | Choice#2
Gly GGC | GGG
Gly GAG GAA
Asp GAC GAT
Val GTG GTC
Ala GCC GCT
Ser A AGC TrC
Lys AAQG AAA
Asn AAC AAT )
Mer ATG
Tle FATC ATT
Thr ACC ACA
[ Trp TGG
Cys TGC TGT
Tyr TAC TAT
Phe TTC TTT
Arg CGG CGC
Gln CAG CAA
His CAC CAT
Leu CTG CTC
Pro CCC CCT

[00344] Euach of the 4 sequences (IV opt, IV optB; 9B8 opt, SBE 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. cofi, the transcripiion factor binding sites or other regulatory clements was
removed by changing to one of these codons, even though they are not choice#1 or choice#2 (see
Table 18). In cases, where removing a transcription factor binding site or other regulatory
element would have involved introducing a rare codon, the transcription binding site (or other

regulatory element) was usuvally 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 GTT

Ala GCG GCA

Ser AGT TCA

Thr ACG ACT

Leu TTG crIr

Pro CCG ccA

[00345] Codon optimized versions of 1V (*IV opt” (SEQ 1D NO: 22) and “IV optB” (SEQ D
NO: 23)) and 9B8 (“9B8 opt™ (SEQ ID NO: 24) and “9B8 optB” (SEQ 1D 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/S8V40)
{Paguic ef-al, “pGL4 Vectors: A New Generation of Luciferase Reporter Veclors™ Promega
Notes. 89:7-10 (2005)) or pGL4.73 (hRL/SV40) {/d) to normalize for differences in transfection
efficiency. Ten ngftransfection or 10% of the total DNA transfected was used. Media was
removed, and cells were lysed with 100 L lysis buffer which contained 10 mM CDTA, 150 mM
KCI, 10 mM DTT, 100 mM HEPES, pH 7.0, 35 mM thiourea, and 0.5% TERGITOL® NP-9
{v/v) 1o create a lysate sample. Luminescence of the lysate sample was measured on a TECAN®
INFINITE® F500 luminometer as follows: for hRL and the OgLuc variants, 1¢ pL of the lysate
- sample was assayed for iuminescence with 50 pL of lysis buffer containing 20 pM of substrate
{native coelenterazine for hR1. and PBI-3939 for the OgLuc variants). For Luc2 {(SEQ ID NOs:
28 and 29), a firefly luciferase, 10 pL of lysate sample was assayed for luminescence with 50 pL
of BRIGHT-GLO™ Luciferase Assay Reagent (Promega Corp.).

[00346] FIG. 32 shows a comparison of the luminescence measured for the lysates containing
the coden optimized versions of the OpLuc variants compared to hRL and Luc2. hRL and the
OgLuc variants werc normalized to pGL4.13 and Luc2 was normalized to pGLA4.73 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 1o Luc? and
hRL. The codon optimized versions of IV (“IV opt” and “IV optB”) and 9BS (“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

[00348) The L27V variant (SEQ 1D NQ: 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 of the L27V variant were created:

[00350] 1. [.27V(H - version 1 (SEQ ID NO: 319) - Promoter modules and all other undesired
sequence elements (additional details below) were removed by nucleotide substitutions except
for individual TFBSs.

[00351] 2. 1.27V02 - version 2 - L27V01 was used as the starting, i.e., parental, sequence, and
as many TFBSs were removed as possible using high stringency mateh eriteria (A higher
stringency involves a befter 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: 318)),
created for L27V02. These two versions were created by selecting different codons for each
version to remove undesired scquence elements. Both versions were analyzed by scarching for

TFBSs with lower stringency.

[60352] 3. L27V03 - version 3 (SEQ ID NO: 325) - L27V02B (SEQ ID NO: 318) 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 1V 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 | Avoid Amino | Best | Avoid
acid i Codons Codons acid Codons Codons
A | GCT N P AAT
A Geeo N PAAC |
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AAA

| CTG

. CTC

| ATG

C PTGT P iCCT |
¢ itec P icce |
D éGAT E Q ECAG %
D iGAC ¢ icaa |

: ; ' TAGE

E  GAG R cos | Ed

s f ik

EC)

. CGA

E EGAA R coe %Eﬁ?

o

é i é ; L8]
F iTTe | S iTce
G GGG | T TACA |
G laoc | T iacc |
H . CAT E v 5 GTG IF
H  icac | ‘ v lerc |
I fatr (R w  iT0G |
P Y i i
I LATC Y {TAT |
K AAG | Y iTAC |

[00355] 2. Undesired sequence elements that were removed where possible

[00356]

clening and should otherwise not be present in open reading frame (ORF).

A. Restriction Enzyme {RE) Sites: RE sites were removed that would be useful for
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[00357] B. Eukaryotic Sequence Elements: Splice donor and acceptor sites, 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: £. 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

(“(y” indicate number of nucleotide differences).

Table 20
L27V01 L27V02A | L27V02B L27V03
L27vQ0 99% (3) 7% 97% 94%
L27V01 98% {12) 98% 94% (32)
L27V02A 99% (4) 95% (26)
L27V02B 96%

Example 26 - Signal Stability of OgLuc Variants
[00363] A I5C). 9B and IV

[00384] The signal stability of 15C1 with PBI-3945 and 9B8 with PBI-3889 was measured
and compared to IV. E. coli containing plasmid DNA encoding 15C1, 9B8, 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/ul. RQ1 DNase. Lysates were diluted 1:1000 in
lysis buffer and measured for luminescence using 8 TECAN® INFINITE® F500 luminometer.
Measurements were laken immediately after the addition to 10 pL of diluted lysate sample of 50

pl of “Glo” 0.3% TERGITQL assay buffer (*0.5% TERGITOL™), which contained 150 mM
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KCY, | mM CDTA, 10 mM DTT, 100 mM thiourca, 0.5% TERGITOL® NP-9 (v/v), and 20 pM
of either novel coelenterazines PBI-3945 or PBI 3839,

[00365] The signal stability of the variants was determined by re-reading the plate every 30
seconds for a length of time after the addition of the assay buffer to the sample. The signal half-
life was determined from these measurements using melimds known in the art. The average
signal half-life was compared between the variants and TV. Both 15C1 and 3B had a signal
half-life of at least 30 min (FIG. 33). Although 15C1, assayed with PBI-3945 had a higher
luminescence at =0, the signal decayed more rapidly than variant 9B8 assayed with PBI-3889.
At =10 min, luminescence for 15C1 with PBI-3945 and 9B8 with PBI-3889 were equivalent.

[00366] B. 988 opr + K33N

[00367] The signal stability of the SB8 opt + K33N variants was examined. £. 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-393%. Table 22 shows the signal half-life in

min of the variants and indicates that the amino acid substitution [.27V improves signal stability.

Table 22: Signal stability of OgLuc variants in bacterial lysates

sample : signal half life (min)
aBa . 74
K33N 55
T39T, Y&8D 87
T39T, L27V, K43R 139
L27V, T39T, K43R, Y68D [114
T39T, K43R, Y68D 61
L27V, T39T, K43R, S66N {124
L27V,K43R, Y68D 122
L27V, YGED 138
L27V, K43R, S66N 124

. [00368] The signal activity and stability of the L2V variant
(9B8+KIINHL2TVHTIITHKAIR+Y68D; SEQ ID NO: 88 and 89) was measured and compared
to that of firefly (Luc2) and Renifia luciferases. The L27V variant, Luc2 and Renifia 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 (pFNI1BA;
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 KCI, and 100 uM PBI-3939 for the L27V variant; ONE-GLO™
Luciferase Assay Systemn (Proinega Corp.} for firefly lciferase; and RENILLA-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 (F1G. 34A) and signal stability (FIG. 34B) of the L27V variant when compared to firefly

and Renifla luciferase.
Example 27 — Enzyme Kinetics of OgLuc Variants
[00369] A [¥, 15Ci, 9B8 9F6 and 943

[00370] Using methods known in the art, enzyme kinetic assays measuring luminescence were
perfermed with the lysates of E. colf containing 1V and the IV variants 15C1, 9BS§, 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 dilutiens of PBI-3939 in the 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 9B§
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 §A3 had a lower

Vmax value compared o IV.

[00371] 15C), which had the highest luminescence with PBI-3945 contained the amino acid
substitution K33N, indicating that K33N provided increased luminescence. A 9B3 variant was
generated to have this additional substitution to provide improvement in luminescence for this
varianl. Additional variants of 9B8 and 9F6 were generated to have at least one of amine acid
substitutions K33N or V381 (“9B8+K33N+V381” 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 calculated using a hyperbolic
fit for TV and the variants 9B8, 9BB+K33N+V381, 9F4, OF6+K33N, and 1D4. While the actual
Km values were different between FIGS. 35 and 36 for YB3 and 9F6, the general trend belween

the variants was ¢onsistent.

[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. cofi lysates were
assayed with a buffer containing 1 mM CTDA, 150 mM KCI, 2 mM DTT, 100 mM MES pH 6.0,
35 mM thiourca, 0.25% TERGITOL® NP-9 (v/v), 10 mg/mL 2-hydroxypropyl-B-cyclodextrin,
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and 20 pM 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 substrate.
[00373) B 9B8 CPT+K33IN VARIANTS

[00374] The enzyme kinctics values were determined for the OgLuc variants as described
previously, except luminescence was measured using a GLOMAX® luminometer. Three
replicates were used [or each variant. Table 23 shows the average Km and Vmax values with the
standard deviation (“Km{+/-)” and “Vmax(+/-)” respectively) calculated using HYPER EXE,

Version 1.0

Table 23: Vmax (RLU/0.5 sec) and Km (pM) values for OgLuc Variants

N e — A kA mmeam vier et e s mmm e e me —

sample Km CKm(H) . Vmax | Vmax(+-) |
9BB 77 2.0 86,000,000 14,000,000
K33N 125 30 110,000,000 17,000,000
T39T, Y660 7.9 1.8 74,000,000 10,000,000
T39T, L27V, K43R 214 54 150,000,000 28,000,000
27V, T39T, K43R, Y68D 139 2.9| 190,000,000 28,000,000
T39T, KA3R, Y680 105 28 720,000,000 25,000,000
27V, T30T, K43K, S6EN 16.3 43| 730,000,000] 28,000,000
27V KA3R, Y660 137 43 130,000000] 28,000,000
L27Vv, YB8D ' 10.2 3.0 97,000,000 19,000,000
[57V K43R, 566N 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., therma) stability, of the variants was determined.
[00376] A. 15C!, 9BS, 9F6, BA3 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 bufter containing 10 mM HEPES pH 7.5 with 0.1% gelatin.
Diluted lysate {100 pL) samples, in replicate 36-well plates, were incubated at 30°C. 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., 22°C, for
10 min. Samples (10 pL of each thawed sample) were assayed using native coelenterazine as a

substrate. L.uminescence 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 poini using methods known in the art.

[00378)  Table 24 shows the protein stability of variants 15C1, 9B8, 9F6, and 8A3 having half-
lives in min {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, while IV had a hatf-life of 27.2 min. Table 24 also
shows that at 4 hrs, 79%, 61%, and 80% of 15C1, 9B8, and 9F§, respectively, remained active.

Table 24: Protein Stability of OgLuc Variants at 50°C

Sample %% life (min) ¥ life (hrs) % remaining at t = 4 hrs
Renilla 2.6
v 27.2
15C1 630.1 10.5 . 79%
9B3 346.6 5.8 61%
9F6 7702 12.8 B0%
8A3 65.4 1.1

[00379) B 1D, 9B8, 9B8+K3IIN+V38L, 9F6, IF6+K33N, and IV

[00380] Lysates of £ coli containing 1D6, 9B8, 9B8+K3IN+V38I, 9F6, IF6+K3IN, 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 50°C, and the
luminescence of the sample measured at the start of the incubation petiod, i.e., =0, using native
coelenterazine as a substrate. The difference between variant 9B8+33+38 and OF6 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 106. The difference between these two variants,
i.e., 9B8 containg additional amino acid substitutions F68Y, 1.72Q, and M75K, indicated the

importance of these three substitutions.

[00381] In addition to thermal stability, structural integrity determined by expression, stability,

and solubility can also affect luminescence. As a way 1o further test the structural integrity of the
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improved variants, KRX E. coli harboring pF4Ag-based (i.e., no HT7) OgLuc variants N166R
(previously described in U.S. Serial Application No. 12/773,002 (U.S. Published Application No.
2010/0281552)), C1+A4E, TV, 9B8, and 9F6 werc grown at 37°C in Luria broth (I.B) to an
ODgy=0.6 and then induced for dverexpression 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
SIMPLYBLUE™ SafeStain (Invitrogen) to stain the gels (FIGS. 39A-B). hRL and Luc2 were

used as controls.

[00382] The OgLluc variants, hRL and Luc2 expressed well and were soluble when the
induction eccurred at 25°C (FEG. 39A; note the approximately 19 kDa dark band in the “soluble™
fraction for the OgLuc variants, exciuding the N166R variant, and the approximately 36 and 64
kDa bands in ihe “soluble™ fraction for hRL and Luc2, respectively). In contrast, although
CI+AA4E, IV, 9B8, and 9F6 expressed well at 37°C (significantly better 'than hRL or Luc2, as
shown in the *“total” fraction), only the 9B& 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. 988 OPT AND 9B8 OPT + K33N

[00384] The thernal stability of the variants 9B8 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 placed on dry ice to freeze the
samples. Frozen lysates were thawed at 22°C and assayed with a buffer containing 20 mM
CDTA, 150 mM KCl, 10 mM DTT, 20 uM PBI-3939, 10¢ mM HEPES pH 7.0, 35 mM thiourea,
and 0.1% TERGITOL® NP-9 (v/v). Luminescence was measured on a GLOMAX®
luminometer (Promcga 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,
9B$ 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 9B3
opt+K33N, and the luminescence ("RLU”) data at the start of the incubation period (i.e., t=0).
9B8 opt+K33N was more stable and approximately 1.8-fold brighter than 9B8 opl, indicating
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that the amino acid substitution K33N provided both greater light output and higher thernal
stability.

Tablc 25: Thermal Stability and Luminescence Data for 9BS opt and 9BS opt+K33N

. Variant T2 (60°C) RLU
9B8 opt S.7 hrs 23,283,252,000
9B8 opt+K33N 6.8 hrs 42,278,732,000

[00386] D. 9BS + K33N Variants

[00387] The thermal stability of the variants ai 60°C was examined as described above, except
the assay buffer 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 variants at 60°C

T T "Gample “"T4iZ life hours |
9B8 5.1
K33N 6.7
T39T, Y68D 16.3
T39T, L27V, K43R 11.8
L27V, T39T, K43R, Y68D 217
T39T, K43R, Y68D 15.2
L27V, T39T, K43R, S66N .8
L27V,K43R, Y68D 23.2
L27V, Y68D 285
27V, K43R, S66N 10.7

[00388] The variants 9B8 and V2 (9BE+K3I3N+TI9THKA3IR+Y68D) were also scr;:ened in
HLEK293 cells to determine their stability. The variants were cloned into pF4Ag and transfected
intc HEK293 cells (15,000 cells/well) as previously described. Afier transfection, the cells were
lysed in :assay reagens (as previously described; no PBI-3939), and luminescence measured using
the assay reapent with 20 pM 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. ¢ofi (Table 26),

[00389] FE L27V variant
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[00390] The activity of the L27V variant (SB8+K33N+L27V+T39T+K43R+Y68D) was
assessed at various pHs and different salt conditions. 9B8 and 9B8+K33N were previously
shown to have similar stability at pH 6 and pH 7 (data not shown). For assessing activity at
various salt conditions, 50 pL of assay buffer with 20 pM PBI-393% and varying amounts of KClI
or NaCl was mixed with 50 pL of HEK293 cells transiently transfected with L27V (pFd4Ag).
Luminescence was measured, and the percent activity (the ratio of luminescence to no sait)
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, ] mM CDTA, and 1 mM DTT titrated to
various pH values, 362 pM L27V in assay reagent was mixed with substrate 100 uM PBI-3939

and luminescence was measured. (IFIG. 42A).
Example 29 - Gel filtration Chromatographic Analysis of OgLuc Variants
[00391] A Cl/+A4F and 9B8 )

[003%32] Gel filtration analysis was used to verify 'ghc 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 CI+A4E and 9B8 was made by gel filtrarion 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 tagped protein that was
overexpressed in E. coli KRX cells. The overexpressed proteins were purified using the
HISLINK™ Profein Purification System (Promega Corp.) according to manufacturer’s
instructions. Samples of each individual standard and sample protein were analyzed by gei
filtration chromatography, which was performed at 24°C on an Agilent 1200 HPLC, using a
Superdex 200 5/150 GIL. 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 elution was monitored at 214 and 280 nm. A standard calibration curve was generated
using: 1) Ovalbumin, 43 kDa (GE FHealthcare), 2) Carbonic Anhydrase, 29 kDa (Sigma) and 3)
Myoglobin, 17 kDa {Horse Heart, Sigma). The molecular weights of the purified protcins were

calculated direcily 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 Myogtobin 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 wvariant existed as a monomer, whereas Cl1+A4E eluted at
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approximalely 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 L27¥ variant

[00395] To demonstrate that the OgLuc variant L27V exists in a monomeric state, gel
filtration analysis was used 1o verify the expected molecular weight of the purified L27V protein
based on the theoretical value, and consequently to determine its oligomeric state. 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
pFN1BA {(Premega Corp.) to create a HaloTag®-terminally tagged p}otein that was
overexpressed in £ cofi KRX cells (Promega Corp.). The cverexpressed protein was purified
using the HaloTag® 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 mlL./min (FIG, 56). The mobile phase
(i.e., running bulfer) consisted of 30 mM Tris and 150 mM NaCl, pH 7.5. Protein elution was
monilored at 214 and 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 F1G. 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, 843, 8F2, 9B8, 9F6 and 15C1

[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 previousty. The following fusion proteins were generated: IV-HT7 (SEQ
1D NQs: 48 and 49), 8A3-H17 (SEQ 1D NOs: 34 and 35), 8F2-HT7? (SEQ ID NOs: 50 and 51),
9B8-HT7 (SEQ 1D NOs: 36 and 37), 9F6-HT7 (SEQ ID NOs: 38 and 39), and 15CI-HT7 {SEQ
ID NOs: 52 and 53). E. coli containing the OgLuc variant-HT7 fusions were grown and induced
as deseribed previously. 900 pL of cell culrure was lysed with 100 pL of 10X FASTBREAK™
Cell Lysis Reapent (Promega Corp.). HALOTAG® TMR-ligand (Promega Corp.} was added 1o
each bacterial lysate sample to obtain a ﬁnql concentration of (.5 pM. Bacterial lysates were

incubated with the HALOTAG® TMR-ligand for 30 min at room temperature according to
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manufucture’s instructions. 10 pL of each sample was diluted 1:1 with 1X FASTBREAK™, i.e.,
10 uL sample to 10 L 1X FASTBREAK™. 15 pL of the lysate and 15 pL of the 1:1 dilution
for each sample were analyzed by SDS PAGE. The labeled fusion proteins were resolved by
SDS-PAGE, stained with SIMPLYBLUE™ 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 (‘QIV”), 15C1-HT7
(“15C1™), 9B8-HT7 (“9B8™), SF6-HT7 (“9F&™), and 8F2-HT7 (“8F2”), nermalized to IV-HT7.

The data shows that [he 1V variants expressed well compared to IV,
[00398] AB. 9BSopr, V2and L27V

[00398] The expression levels and solubility of 9B8 opt, V2 and L27V were compared. These
three variants, in the context éf a pF4Ag background, were used to transform E. coli KRX cells.
The resulting clones were used for an cxpression cxperiment where single colonies were grown
overnight at 30°C, diluted t:100 in LB, grown to an ODsgqq approximately 0.5, and then induced
with 0.2% rhamnose for 18 hrs at 23°C. Cells were then incubaled for 30 min al room
temperature in the presence of 0.5X FASTBREAK™ Lysis Reagent (Promepa 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 solubte (8) fractions were
then analyzed for expression levels using SDS-PAGE + Simply blue staining (FIG. 46A) as wel)
as by mcasuring luminescence (FIG. 46B). For luminescence measurement, 50 pL of soluble
lysates in 96-well microtiter plates were mixed with 50 pL assay reagent (previously described;
40 uM 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 > 3BRopt.

Example 31 — Brighiness of OgLuc Variants Expressed in Mammalian Cells

[00400] A. [V and 988

[0C401] 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 platc. were transiently transfected using TRANSIT®-LT1 with plasmid DNAs
encoding the various variants andfor control sequences. Cells were grown, lysed, and treated as
described in Example 25. Cells were co-transfected with pGL4.13 (Promega Corp.) as a
transfection control (10 ngfransfection or 10% of the total DNA transfected was used).

Luminescence was measured as described previously using native coelenterazine 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 Lue2 luminescence (i.e., measuring luminescence after
the addition of luciferin substrate). The OgLuc variants IV and 9B8 had preater luminescence

compared to hRL {“Renilla”) (F1G. 47).

[00402] For camparison of brightness on a per mole basis in mammalian cells, the C-terminal
HT7 fusion protein of variant 9B8 {(“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 ITT7- 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 pFdAg-
Renilla-HT7, pF4Ag-Luc2-HT7, or pF4Ap-OgLuc-9B8-HT7 and grown overnight at 37°C.
Media was removed and cells were lysed as described previously. 10 pL of each sample was
assayed for luminescence (RLU) with 50 yL BRIGHT-GLO™ for Luc2, 30 pL of 20 pM native
coelenterazine for hRL, and 5G uL of 20 pM PBI-3939 for variant 9B8.

[004¢3] The lysates from 6 wells were pooled and labeled with HALOTAG® TMR-ligand as
described in Exampte 30. The labeled fusion proteins were rescelved by SDS-PAGE and
fluorimaged {GE Healthcare Typhoon). The band densities were determined to quanﬁtate the
relative number of moles present for each luciferase enzyme and the RLU value for cach 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. 9B opt and 988 opr+K33N

The brightness of the variants 9B8 opt and 9B8 opt+K33N expressed in HEK293 cells was
measuted 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 KCI, 2 mM DTT, 100 mM MES pH 6.0, 35 mM
thiourea, 0.25% TERGITOL® NP-9 (v/v), and 10 mg/mL 2-hydroxypropy!l-B-cyclodextrin. The
lysates were assayed with lysis buffer containing 20 pM 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. 988+K33IN Variants

[00406] The brighiness of the variants expressed in HEK293 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 T HEK293 . NIH3T3
oB8 1.0 r 1.0
K33N 1.8 1.5
T39T, Y63D 19 1.5
T39T, L27V, K43R 13 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 Juminescence of the L27V variant to firefly luciferase alone and
as a fusion was performed. HEK293 and HeLa cells were plated at 15,000 and 10,000 cells/well,
respectively, into wells of |2-well plates and incubated overnight at 37°C, 5% CO,. 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 cells (6 replicates 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% COs.

[00409]  After transfection, the media was removed from the cells, and 100 pL. PBS with 0.5%
TERGITOL® NP-9 (v/v) added and shaken for 1¢ min at room temperature. 10 pl, of each cell
lysate was assayed using ONE-GLO™ Luciferase Assay Systern (Promega Corp.; Luc2) or assay
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reagent (Example 22H with 20pM PBI-3939; Ogluc). Luminescence was measured as
previously described for the HEK293 (FIG. 50A) and Hel.a 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. S0C-D show the
luminescence measured with the different fusions in HEK293 (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 1X PBS, 100 pL 0.1X Mammalian Lysis Buffer (Promega
Corp.) containing 1 pM HALOTAG®TMR ligand (Promega Corp.) and 20 U DNase I was
added, and the cclls incubated with stow shaking for 45 min at room temperature. The cell
samples were then frozen at -20°C. For protein analysis, 32.5 pl. 4X SDS loading dye was
added o each sample, and the samples heated at 95°C for 2 min. 10 pL of sample was then
loaded onto an SDS-PAGE gel and imaged on a Typhoon Scanner as previously described (FI1G.
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 dilutcd cnzymc and substratc were performed using the following 2X
buffer/assay reagent: 100 mM MES pH 6.0, | mM CDTA, 150 mM KCl, 35 £nM thiourea, 2 mM
DT, 025% TERGITOL® NP-9 (v/v), 0.025% MAZU® DF 204, 10 mg/ml 2-hydroxy-f-
cyclodextrin, and 20 pM PBI-3939. The final assay concenirations of purified enzyme and
subsirate were 0.5 pM and 10 pM, 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 BRIGHT-GLO™,
and the final assay concentrations were 0.5 pM enzyme and 3500 pM luciferin.  As the
buffers/ircagents far cach 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 FPBI-3939 (19,200 RLU) was approximately 8-fold brighter than QUANTILUM®
Recombinant Luciferase with BRIGHT-GLQ™: (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 | mM in DMSO. On the day of the assay, the compounds were
diluted to 20 pM in 1X PBS, and 10 uL transferred to a 96-well, white plate. To each well, 10
KL of purified 9B8, L27V or fircfly luciferase {Luc2) enzyme diluted 10 in Glo Lysis Buffer
(Promega Corp.) was added and incubated at room temperature for 2 min, To the samples, 20 pL
assay reagent (1 mM CDTA, 150 mM KCI, 2 mM DTT, 100 mM MES pH 6.0, 35 mM Thiourea,
0.5% TERGITOL® NP-9 (v/v) and 60 uM PBI-3939) was added, incubated for 3 min, and
luminescence measured on a TECAN® GENIOS™ Pro Luminometer. For assaying firefly
luciferase, the BRIGHT-GLO™ Assay reagent (Promega Corp.) was used according to the
manufacturer’s protocol. As a negative control, 8 wells of each plate contained 1 X PBS + 2%
glycerol. As a positive control, 8 wells of each plate contained 2 mM Suramin in 2% DMSO or 2
mM luciferase inhibitor 1 in 2% DMSQO (Calbiochem). Suramin was identified in the
preliminary screen of the LOPAC library (i.e., the LOPAC library was screened using the 9B8

variant with a lower substrate concentration of 20 uM) to be an inhibitor of QgLuc.

[00414] The results in FIG. 51 indicate a general low frequency of off-targetl inleraclions
between the compounds in the LOPAC library and L27V. This suggests a potential use for L27V
as a screening lool for large libraries of diverse chemicals and therapeutic candidates, including

live cell-based formats (¢.g., high-throughput screening).

'[00415] To further examine inhibition resistance, purified 9B8 and 127V were screened
against various concentrations of Suramin (Sigma 8-2671) 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 988 and L27V were prepared as described above. Serial -
dilutions (0, 2 uM, 6 pM, 20 uM, 60 puM, 200 pM and 2 mM) of the inhibitors were prepared in
IX PBS with 2% DMSO. Te wells of a 96-well, white agsay plate, 10 pL of diluted enzyme and
10 uL 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
luminemeter (FIGS. 52A-C). FIGS. 52A-B show the dose responAse curves of 9B8 and L27V to
Suramin (FIGS. 52A) and Tyr ag 835 (FIGS. 52B). FIG. 52C shows the half maximal inhibitory
concentration (1Cso) 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 sereening tool for large libraries of diverse chemicals

and/or therapeutic candidates.

Example 34 - Resistance to Non-specific Protein Interactions
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[00416] 1. Purified 9B8 and .27V enzyme were serial diluted in 1:10 in buffer (1X PBS, 1
mM DTT, and 0.005% IGEPAL® CA-630) with or without 0.5 mg/mL BSA (4 seté of each
dilution) to 200 pL into PCR strip tubes. The samples were incubated at 60°C wherein al 0, 2, 4,

and & hrs onc sct of dilutions for each variant was transferred to -70°C,

100417]  To analyze activity, the samples were thawed to room temperature in a water bath. 50
nL assay reagent (as previously described with 100 pM PBI-3939) was added, and luminescence
measured for each minute for 30 min on a TECAN® INFINITE® F500 plate reader. Activity

was calculated using the average luminescence of the 1x10° and 1x10” dilutions (FIG. 33).

[00418] 2. To demonstrate the reactivity of the QOgLuc variants to plastic, purified 938 and

L27V were exposed to polystyrene plates, and their activity measured.

[00419] 50 ul purified 9B8 (45.3 pM) and LZ’IV {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 pL assay reagent (described above) containing 20 pM PBJ-
3939 was added and incubated for 5 min at room temperature. Luminescence was measured as

previousily described, and percent activity determined (FIG. 54; ratio of luminescence to time 0).
Example 35 - Post Translational Modification

[00420] To determine if the Ogl.uc variants undergo any post transiation 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).

[0042t] 9B8 and L27V variants were expressed as N-tcrminal HALOTAG® fusions (pFN18K
fer E. coli; pFN21K for HEK293 cells) in HEK293 and £ coli KRX (Promega Corp.)'celIs 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, 3.5um)} 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 v1.03 software (Zhang e al., J Am. Soc. Mass
Spectrom., 9:225-233 (1998)). Both purified enzymes 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 19,663 Da.
Example 36 — Evaluation of OgLuc Variants as a Transcriptional Reporter

[00422] A. iV
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[00423) The usc 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 of the modified pGL4
contained a minimal promoter and a cAMP-response element (CRE; SEQ 1D NO: 96), so that
upon stimulation with a cAMP agonist such as forskolin (FSK), cells accomulating cAMP
activated the reporter and generated luminescence. In this experiment, 2 ng DNA of either the
hRL or JV transctiptional 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, Cclis that
were not treated with FSK were used as a control. After 6 hrs, a reporter reagent was added to
treated aﬁd control cells. For hRL, the reporter reagent was Renilla-Glo™ reagent (Promega
Cerp.). For IV, the reporter reagent contained | mM CDTA pH 5.5, 150 mM KCi, 10 mM DTT,
0.5% TERGITOL® NP-9 (va); 20 uM coelenterazine-h, and 150 mM thicurea. 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 1V transcriptional reporter treated (“+FSK™) or not treated (*-F3K™) 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
celis (-FSK). As shown in FIG. 55, the response for hRL was <50, while for IV it was >300,

demonstrating the use of I'V as a transeriptional reporter.
[00425] B 988 and 988 opt

[00428] The use of varianis 9B3 and 9B opt as a transcriptional reporter was also examined
and compared to hRL and Luc2 transcriptional reporters as previously des;:ribed for the TV
transcriptional reporter with the following modifications. Transcriptional reporters of cAMP
containing either variants B8 or 9B8 opt were generated as described above. After 6 hrs of FSK
induction, the media was removed from the cells 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 pL of the Luc2 lysate was
asgayed with 50 pL of BRIGHT-GLO™ Luciferase Assay Reagent, 10 pl, of the hRL lysate was
assayed with 50 pL of lysis buffer containing 20 pM native coelenterazine. |0 pL of the variants
9B8 and 9B 8 cpt lysates were assayed with 50 pL of lysis buffer containing 20 pM PBE-3939,

[00427] FIG. 56 shows the normalized luminescence of HEK293 cells containing the 9B8,
9B8 opt, hRL, or Luc2 transcriptiopal rcporter treated (“induced™) or not treated (“basal”) with
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FSK. The response, ie., fold-induction or fold-increase (“fold”™) in luminescence, was
determined by dividing the induced iuminescence by the basal luminescence (FIG. 56).
Although the fold induction values are similar for each of the reporters except LucZ, the
luminescence generated by the induced 9B8 opt transcriptional reporter was approximately 2.5
logs higher than the induced Renilla transcriptional reporter and approximately 1.5 logs higher
than the Luc2 transcriptional reporter. FIG. 56 demonstrated the use of 9B8 and SB8 opt as

transcriptional reporters.
[00428] C. 9B8 optand 9B8 opt+K33IN

[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 {CRE). The
9B8 opt+K3 IN transcriptional reporter was tested and compared to the 9B8 opt transcriptional
reporler 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 iysed 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-B-cyclodexirin.
Luminescence was measured on a TECAN® GENIOS™ Pro luminometer. The lysate was
assayed with the lysis buffer containing 20 pM 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 FIC. 537, 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 9BR
opt+K33N was 275 and 147, respectively. When higher amounts of DNA were used for

transtection, K33N provided a greater response.
[00430] D. L27V

[00431] 1. L27V was cloned into a reporter vector as described in C of this Example
containing a CRE, NFkB or HSE (Heat shock element) response ¢lement. Reporter constructs
were then transfected into HEK293 cells or HeLa cells as previously described. The cells were
then induced using FSK for CRE, TNFe for NFkB or 17-AAG for HSE. Lumincscenee was
measured as previously described using the assay reagent with 20 pM PBI1-3939 (FIGS. 58A-C).
The reporter constructs were all validated in HEK293, Hela, NIH3T3, U208 and Jurkat cell

lines (data not shown).
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[00432] 2. 1.27V02 and L27VO2P (containing a PEST sequence; SEQ 1D NO: 323) were
cloned into a reporter vector (pGL4.32 bascd) as described in C of this Example. Other OgLuc
variants containing a PEST sequence include L27V01-PESTQ0 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 the assay reagent with 20 pM 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. 539C summarizes the data in FIGS. 59A-B and shows the same type
of data for the NFKB tesponse element. Both CRE and NFKB report canstructs were examined in
HEK293, HeLa, HepG2, Jurkat, ME180, HCT116, and U20S cell lines.

[00433] 3. HEK293 c;tli; (0.9x10° cells in a T25 flask) were transfected with pNFkB-L27V
secretion construct {(SEQ ID NOS: 463 & 464; wherein the IL-& secretion sequence (SEQ ID
NOs: 461 and 462) replaced the native QgLuc secretion sequence SEQ ID NO: 54), Metridia
longa {Clontech), pNFkB-L27V (native secretion sequence; SEQ 1D NOs: 465 and 466) or firefly
luciferase (Luc2; pGLA.32-based) plasmid DN{\ using FUGENE® HD {Promega Corp.)
according to the manufacturer’s instructions. Cells were incubated at 37°C, 5% CO; for 8 hrs,
then trypsinized in 0.5 mL TrypLE (Invitrogen). The lysates were then resuspended in 8 mL
DMEM with 10% FBS, 1X NEAA and 1X sodium pyruvate. 100 pL of the resuspended sample
was then added to wells of a2 96-well plate and incubated for 16 hrs at 37°C, 5% CO,

[00434] Following incubation, the media was removed from the cells and replaced with 100
pL fresh media with our without TNFa (serially diluted). To assay for secretion, at 3 and 6 hrs, 5
pL of media (in triplicate) was removed from the cells, brought to 50 pL with PBS and mixed
with 50 pL assay rcapent (as previously described with 100 pM PBI-3939). Luminescence was
measured at 0 and 10 min as previously described (FIG. 60).

[00435] TFor measuring Meiridia longa luciferase activity, the Ready-To-Glow™ Secreted
Luciferase System (Clontech) was used according to the manufacturer’s protocol. Bricfly, 5 pl.
Ready-to-Glow™ reagent was added to 5 pl. of sample and 45 pL of PBS. Luminescence was

measured immediately after reagent addition (FIG. 60).
[00438) E. L27V optimized variants.

[00437] Plasmid DNAs (pGL4.32-L27V00, pGL4.32-L27V(Q], pGL4.32-L27V02, pGL4.32-
L27v03, and pGLA4.13) were prepared for transfection using FUGENE® HD according to the
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manufacturer’s protocol. The pGL4.32 vector (Promega Corp.) contains the NF-xB response
clement. 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 uL of DNA transfection mixture was then mixed with 6 mL of Hela cell
suspension {2x10° celts/mL), homogenized, and 100 pL plated into wells of a 96-well plate. The
cells were then incubated overnight at 37°C, 5% COs. Following incubation, 10 pL of 10X
thTNFa in DPBS with BSA was added to the wells and incubated for 4.5 brs at 37°C, 5% CO.
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 previcusly 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 Reapent was added. Luminescence was measured (2 min
post-assay reagent addition as previously described. FIGS, 6iA-B shows the absolute
luminescence, FIGS. 61C-D shows normalized juminescence and FIGS. 61E-F shows fold

response.
Example 37 - OgLuc Variants in a Transcription Reporter Assay

[00438] To demonstrate the ability of the OgLuc variants of the present invention to be used
as transeription 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 genetic

transcriptional reporters.

[0044D)  Forward Transfection

[00441]  Transcriptional reporters containing the cAMP response element (CRE) and 9B8 opt
or 9B8 opt further comprising the PEST proiein degradation sequence {9B8 opl-P) were prepared
in the pGL4.29 (Promega Corp.) backbone, ie., 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.

[0044Z) HEK293 cells were plated at 15,000 cells/well in six 96-well tissue culture plates.
Celis were grown in 100 pL of DMEM + 10% FBS + 1X 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 9B opt, p(GL4.29 9B8 opt-P, or pGL4.29. Plasmid DNA was
mixed with §50 pL of OPTI-MEM® (Invitrogen) and 32.4 pL of FUGENE® HD transfection
reagent (Promega Corp.) and incubated at room temperature for 10 min. Eight pL of the
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transfection/reporter DNA mixture was added to the appropriate wells (2 constracts/plate). Cells
were incubated for 4 hrs at 37°C. The medium was replaced with OPTI-MEM® + 0.5% dialyzed
FBS + 1X NEAA + 1X sodium pyruvate + 1X Penn-Strep and incubated overnight at 37°C.

[00443] Following incubation, 10 nM or 10 pM FSK (from a 10X stock) in 0PTI-ME]V}® was
added to the cells and incubated for 3 hrs at 37°C. A lytic reagent containing 100 mM MES pH
6.f, 1 mM CDTA, 150 mM KCl, 35 mM thiourea, 2 mM DTT, 0.25% TERGITOL® NP-2 (v/v),
0.025% MAZU® DF 204, and 20 pM PBI-3939 was added to the cells containing pGl.4.29 9BE
opt or pGL4.29 9B8 opt-P and allowed to incubated for 10 min at room temperature (100 pL
lytic reagent added to 100 pL cells). ONE-GLOT™ assay reagent (Promega Corp.) was added to
cells containing pGLA4.29 and used according to the manufacturer’s protecol (100 pL reagent
added 10 100 pL cells). Luminescence was measured on a GLOMAX® Luminometer. Table 26
shows the luminescence of the HEK293 cells expressing the transcriptional reporters containing
CRE treated with 10 nM (“baseline”) or 1) mM FSK, and the response to FSK (i.e., the
luminescence generated by the 10 mM FSK treated cells divided by the luminescence generated
of the 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)

100 ng DNA for transfection 10 ng DNA for transfection
Reporter
' RLU RLU
construct | haseling ] Response | baseline Response
(10 mM FSK) {10 mM FSK)
9B3 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
lucZP 356 5,293 15 0 0 -

[0b445] Reverse Transfection

[00448] Transcriptional reporters containing the antioxidant response element (ARLE) 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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[00447] HEK293 cells were trypsinized (T75 flask, 3 mL trypsin} and resuspended in ix10°
cells/mL (approximately 8.9x10° total cells) in medium containing DMEM + 10% FBS + 1X
NEAA. Each transcriptional reporter was prepared for transfection by mixing 1.2 mL OPTI-
MEM®, 12 pL transcription reporter DNA (100 ng) and 36 pl. FUGENE® HD fransfection
rcagent together and incubated at room temperature for 35 min. Following incubation, 624uL of
the transfection/reporter DNA mixture was added to 12 mL of cell suspension and mixed by
inversion. After mixing, 100 pL of the cel/DNA mixture was added to wells of a 96-well plate
(2 constructs/plate). The cetls were incubated 1 37°C for 22 hrs. Tert-butylhydroquinone (a
Nrf2 stabilizer, tBHQ; | pM (“baseline®) or 20 uM) or sulphoraphane, (an organosulfer
antioxidant known to activate Nrf2; 1 uM (“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 | pM (“bascline”) or 20 pM sulphoraphane and the
response to sulpheraphane (i.e., the luminescence peneraled by the 1 pM sulphoraphane treated
cells dividedAby the luminescence generated of the 20 uM sulphoraphane treated cells). Table 30
shows the luminescence of the HEK293 cells expressing the transcriptional reporters containing
ARE treated with | pM (“baseline™) or 20 uM tBHQ, and the response to tBIQ (ie., the
luminescence generated by the 1 pM tBHQ treated cells divided by the luminescence generated
of the 20 uM tBIIQ treated cells). Tables 2¢ and 30 show that 9B8 opt and 9B8 opt-P could

repart the presences of two different known stimuli for ARE.

Table 29: Transeriptional Reporters Containing ARE in HEK293 Cells (24 h time point)

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 258,406 3,940,000 15

Table 30: Transcriptional Reporters Containing ARE in HEK293 Cells (24 h time point)

100 ng DNA for transfection
Reporter construct

baseline RLU (20 mM tBHQ) Response

SB& opt 15,100,000 120,000,000 8

125



9B8 opt-P 317,238 8,460,000 27

[00449]  Bulk Transfection

[00450] The transcriptional reperters containing CRE and 9B8 opt or 9B8 opt-P described in
the forward fransfection were used in the bulk transfection of HEK293 and NIH3T3 cells.
Transcriptional reporters containing the heat shock responsc clement (HRE; SEQ ID NO: 67} and
9B38 opt or 9B8 opt-P were prepared in the pGL4.29 (Promega Corp.} backbone, ie., the lucZP
gene of the pGL4.29 vector was replaced with 9B9 opf or 9B8 opt-P, and the CRE was replaced
_ with HRE. The transcriptional reporter containing HRE and 9B8 opt-P was used in the bulk

transfection of HeLa cells

[00451] HEK293, NIH3T3, or HeLa cells were plated to a single well of a 6-well tissue
culture plate the day before mansfection at a density of 4.5x10° celis/well in 3 mL complete
medivm (DMEM + 10% FBS + 1X NEAA + X sodium pyruvate) for HEK293 cells, 3x10°
cells/well in 3 mL complete medium (DMEM + 10% fetal calf serum {FCS) + 1X NEAA+1X
sodium pyruvale) for NIH3T3 cells, or 9.9x10° cells/well in 3 mL complete medium (DMEM +
10% FBS + 1X NEAA) for HeLa cells. Cells were grown overnight at 37°C.

[00452] 3,300 ng of reporter plasmid DNA in 155 pL OPTI-MEM® was mixed with 9.9 plL
FUGENE® HD transfection reagent, vortexed briefly, and incubated at room temperature for 10
min. The CRE transcriptional reporters were used to transfect HEK293 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
NIH3T3) or 3 hrs (HeLa). Cells were then trypsinized and resuspgnded in medium (DMEM +
10% FBS + 1X NEAA + 1X sodiutn pyruvate for HEK293 cells, DMEM + 10% FCS + 1X
NEAA + 1X sodium pyruvate for NIH3T3 cells, or DMEM + 10% FBS + 1X NEAA for Hela
cells), followed by plating to the individual wells of a 96-well plate (20,000 cells/100 pL for
HEK293, 10,000 cells/100 uL for NIH3T3, or 13,000 cells/pL for HeLa) and incubated at 37°C

overnight.

[00453] FSK (CRE stimulator) or 17-AAG (HRE stimulater; 17-Allylamino-demethoxy
geldanamycin) in OPTI-MEM® was added to the cells (10 nM or 10 pM final concentration for
FSK; 1 nM or | pM 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 pL 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 ¥SK and the response to
FSK. Table 32 shows the luminescence of the NIH3T3 cells expressing the transcriptional
reporfers containing CRE treated with 10 nM (“baseline”) or 10 mM FSK and the response to
FSK. Table 33 shows the luminescence of the HeLa cells expressing the transcriptional reporters
containing HRE treated with 10 nM {(“baseline™} or 10 mM 17-AAG and the response to 17-

AAG,

[00455]

presence and stimulatory effects of FSK on CRE in the context of two different cell lines,

Tables 29-31 show that 1) both versions of the 9B8opt OgLuc variant can report the

HEK2932 and NIH3T3, and 2) 9B8 opiP can report the presence and stimulatory effects of 17-
AAG on HRE in the context of HeLa cells.

Table 31: Transeriptional Reporters Containing CRE in HEK293 Cells (4 h time point)

100 ng DNA for transfection
Reporier construct

baseline RLU (10 mM FSK) Response
9B8 opt 35,700,000 654,000,000 16
9B38 opt-P 3,960,000 460,000,000 116

Table 32: Transcriptional Reporters Containing CRE in NIH3T3 Cells (4 h time point)

100 ng DNA for transfection
Reporter construct

baseline RLU (10 mM FSK) Response
9BR 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 h time point)

Reporter construct

100 ng DNA for transfection

taseline

RLU (1 mM 17-AAG)

Response

9BR opt-P

278,118

3,204,000

12

Example 38 - Lytic and Secretable Reporter in Difficuit to Express Cells
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[00456] HepG2 cells, 1x10° 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 IL-6 secretion sequence; {“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 37°C, 5%
CQO;  Other OgLuc constructs which have the native secretion sequence replaced by the 116
secretion sequence include IL601-L27V01 and IL602-L27V'D3 (SEQ ID NOs: 321 and 327,

respectively).

[00457]  For secretion analysis, the media was removed from the cells,-and the cells washed in
100 pL DPBS. 100 pLl complete media (DMEM + 10% FBS5+ 1X NEAA) was added along with

-varying doses (1 pg/mL — 100 ng/tnL) of thTNFu (“TNF¢™*) 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 werc incubated for 4.5 hrs at 37°C, 5%
CO». The cells were then allowed to cquilibrate to room temperature for 20 min. Assay reapent
(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

[00458] The OpLuc 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 transfections

[00460] © The Ogl.uc 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 ¢ells 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 leve! of [uminescence can be achieved using fower DNA concentrations, tess
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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 thymidylate kinase (TK)

promoter, HOX genes, or LIN28.
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.

[0D462] ‘I'o 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 usced to transfect a cell line of interest, e.g., HEK293
cells. Cells of an carly passage number, e.g., less than 10 passages, are plated into T25 (1x10%
or T75 (SXIO'S) tissue culture flasks and allowed to grow ovemnight to approximately 75%
confluency. Cells are then transfected using the above plasmid DNA and an appropriate
transfection reagent, e.g., TRANSIT®-LT! 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 wecks. During this time, the cells
are re-plated in sclection 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 ¢ell celonies. Eventually, the

flasks will contain many large colonies and few dead cells.

[00463] TFrom the poo! 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
trypsi/EDTA method, i.c., cells are harvested by removing media, rinsing with Ca** and Mg®"
free PBS and detached by treatment with Trypsin/EDTA. The tclls arc counted using a
hemocytometer and diluted 1x10° in complete media. The cells are then diluted to 109 cells/mL,
33 cells/mL, 10 cells/mL, and 3.3 cells/ml, in complets media. 100 pL of each dilution is plated

into all wells of 96-well tissue culture plate (1 plate for each dilution} and allowed to grow 4-3
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days aﬁer which 30 pL of selection media is added to the cclls. Approximately a week after
plating, cells are visually screened for colony growth and another 50 pL of selectien 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 coleny 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., CELLTITER-
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 usc at the earliest possible passage.
Example 42 - OgLuc Secretion Signal Analysis
[00464] A [Vopr

[00465] The wild-type OgLuc is processed afier synthesis into a mature profein with the
sceretion signal sequence cleaved off. To determine if the secretion signal sequence would
facilitate secretion of the Ogl.uc variant, the [V opt variant of Example 25 and hRL were cloned
into pF4Ag containing an N-terminal OgLuc secretion signal (SEQ ID NO:; 54). TEK293 cells
(15,000) in 10¢ pL 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 seererion signal and grown overnight at 37°C. 50 pL 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 pL of lysis buffer described in
Example 25 to generate a “lysate” sample. 10 pL of media sample and 10 pL 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 pL of lysis buffer
containing 20 pM native coclenterazine, Samples for IV opt with (“TV opt sig™) or without (“1V
opt”) the OgLuc secretion signal sequence were measured using 30 pL of lysis buffer containing
20 pM 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 Iytic reagent. The open bars tepresent the total light (secreted + non-

secreted) that was detected upon addition of a Iytic reagent. FIG. 63 shows that TV opt was
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secreted from HEK293 cells into the growth media and that the sceretion signal sequence was
functional in mammalian cells. “IV opt sig” represents the only situation where a significani
amount of luciferase was detected in the media. The results also indicate that this parlicular

signal peptide did not facilitate secretion of hRL.
I00467] B. 9BS, V2 and L27V

[00468] To determine if the sccretion signal sequence of OgLuc facilitates its secretion, the
Ogpluc variants 9B8, V2 and L27V were cloned inte pF4Ag containing an N-terminal OgLuc
secretion signal sequence. The variants were also cloned inte 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 1X sodium pyruvate (CHO cells) or DMEM with 10% FBS and 1X sodium
pyruvate (HeLa cells) into 12-well plates and incubated overnight at 37°C, 5% COx.

[004698] Afier the overnight incubation, the cells were transfected with lug plasmid DNA
containing 9B8, V2, or L27V with or without the secretion signal sequence using the
TRANSIT®-LT! transfection reagent (Mirus Bio} and OFTI-MEM® media (Invitrogen). The
cells were again incubated overnight at 37°C, 5% CO;.

[00470]  Afier 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 KCI, 2 mM DTT, 100 mM MES pH
6.0, 35 mM Thiocurea and 0.5% TERGITOL® NP-9 (v/v)) was added to create a cell lysate. To
10 pL of cell lysate or saved media from each sample, 50 pL assay buffer with 40 uM PBI-3930
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 determinc the stability of the scereted 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, 1,2, 3, 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})
988 B
w2 10|
La7y 17
. sample i 1f2Iife 50C (hours)
1988 3
\2 7
L27V 1"

[00472] C. 988 and V2 comparison to secreted luciferase of Metridia longa

[00473] The secretion of the OgLuc variants 9B8 and V2 was compared to that of the secreted
luciferase from Metridia longa. CHO cells were plated at 300,000 cells/well in 3 mL F12 media
with 10% FBS into wells of 6-well plates and incubated overnight at 37°C, 5% COa. The cells
were lht.%l'l trangfected with either 10 or 100 ng of each variant or Metridia luciferase (Clentech}
plasmid DNA using TRANSIT®-LTI according to the manufacturer’s instructions and incubated
for 20 hrs at 37°C, 5% CO,. Afler transfection, the media was removed from the cells and
assayed. For the OgLuc variants, 50 uL of media was assayed with 50 pL of assay reagent
{previously described; 40 tM PBI-3939). For Memridia luciferase, the media was assayed using
the Ready-to-Glo™ Secrcted Luciferase Reporter System {Clontech) according to the
manufacture’s protocel, Briefly, 5 uL of the 1X 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 QgLuc Variants and Novel Coclenterazine in Live Cells

[00474] A. The use of OgLuc variants and PBI-3939 in live cells v;vas 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 TRANSIT®-LTI in 3 replicates with
100 ng of hR1, or 9BR opr in pF4Ag and grown overnight at 37°C. The following day the growth
media was removed and replaced with media containing 60 pM VIVIREN™ Live Cell Substrate
(Promega Corp.), 60 pM ENDUREN™ Live Cel!l Substrate (Promega Corp.), er 60 puM PBI-
3939 for both hRL and 9B8 opt transfected cells, Non-transfected cells were used as background
control. The plate was incubated at 37°C during the course of ene day and periodically measured
on a TECAN® GENIOS™ Pre 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
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VIVIREN™, ENDUREN™, or PBI-3939. The data also demonstrated that PBI-3939 can
permeate cells in culture, react with the Ogl.uc 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 monitered in live cells. U20S cells were plated al 40,000
cells/mL into imaging chamber wells and incubated overnight at 37°C, 5% CQs. Cells were than
transfected using FUGENE® HD according to the manufacturer’s protocol with the piasmids
pFC14K, pFN21K or pF4Ag (all Promega Corp.) containing L27V or pF4Ag containing LZ-TV
with the native or IL-6-secretion sequence. Cells were then incubated for 24 hrs at 37°C, 5%
CO..

[00476] 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 secondary antibody used was an Alexa 488 conjugated secondary antibody (green)
(FIG. 67A). FIG. 67A shows green flucrescent channel and FIG. 67B shows the differential
interference contrast (DIC). Images were acquired using an Olym.p'us Fluoview FV500 confocal
microscope (Olympus, USA) outfitted with a 37°C + CO2 environmental chamber (Solent
Scientific Lid., UK).

[0047Y] FIGS. 67B-D shows the 1CC images with native or IL-6 secretion sequence. Both
signal sequences dramatically decreasc 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. Asshown above, the Ogluc variants and novel substrates of the present invention
are biocompatible. A rteporter 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] o addition to being cell permeant, PBI-3939 shows comparable biocompatibility to
native coelenterazine in terms of cell viability. A version of compound 3932 containing

chemical medifications known to increase the stability of native coelenterazine 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 reparter. The
native secretion signal peptide (or other known secretion signal peptides) can be fused to the N-
terminus 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 protcin. Specific proteins
involved in stress respoﬁse pathways, e g., DNA damagc, oxidative stress, inflammation, can be
monitered 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 ireatment 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 could be used to identify high expression clones and to provide localization

information.
Example 45 - Evaluation of QOgLuc 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.

[00482] A CI+4AE, IV, 988 and 9F6

[00483] The OgLuc variants C1+4AE {SEQ 1D NOs: 55 and 56), IV (SEQ ID NOs: 57 and
58), 9B8 (SEQ ID NQOs: 61 and 62), and 9F6 (SEQ [D NCs: 63 and 64), and hRL {SEQ ID NOs:
32 and 33) were cloned into a pF4Ag fusion vector with an N-ferminal 1d {Benczra et al., Cell,
61(1):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 Id and HT7, ie., Id-
Luciferase-HT7. E. coli lysates, containing the variant constructs in pF4Ap or pF4Ag sandwich
background, were prepared as described in Example 26 and then assayed with 20 uM native

coelenterazine in the buffer described in Example 235.
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[00484] FIG. 68 shows the luminescence for each variant in either pF4Ag or pF4Ag sandwich
background (*Sand”). FIG. 69 shows the fold-decreasc in luminescence due to the presence of Id
and HT7 and determined by dividing the luminescence of the variant in pF4Ap by the
luminescence of the variant in the pF4Ag-sandwich., Samples with the largest values showed the
most sénsitivity to the poor fusien parter Id. The variant 9B8 was the brightest in the sandwich

context,
[00485) B. 9B8 OPT AND 988 OPT+K33N

[00488] The 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 9BS§
opt+K33N (SEQ D NOs: 59 and 60) were generated as described above. E. cofi lysates were
assayed and measured using the same assay buffcr and luminometer as used for generating FIG.
40. FIG. 70 shows the fold-decre:ase in the presence of a sandwich background indicating that

9B8 opr+K33N is less sensitive to the poor fusion partner 1d 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 £. 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 opttK33N 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 9BS
opt+K33N+170G in Sandwich Background

Sample Sequence Fold over 9B8 opt+K33N sandwich (£, coli)

23D4 (F) | G26G, M106L, R112R, 170G~ | 1.0
24C2(F) | RILQ, T39T, 170G 1.0

[00489] D 1F7and 15H!

[00480] The PCR library in the Td-OgLuc-HT7 sandwich background was screened for
additional variants with increased luminescence 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 Juminescence of the sandwich variants in £ cofi, HEK293 and NIH3T3 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 NOs: 86 and 87) had at least 1.3 fold-inctease in luminescence in £. coli. 1F7
(F) was brighter than 9B8 opt+K33N in the sandwich background in HEK293 and NIH3T3 cells.

Table 36: Increase in Luminescence Generated by OgLuc Variants Compared to 9BS
opt+tK3I3N in Sandwich Background

Fold over 988 opt+K33N sandwich
Sample Scquence

E. coli HEK293 NIH3T3
1F7 (F) K43R, Y&8D 1.9 24 1.4
15H1 (F) { DI19D, S66N 1.5 0.9 1.2

[00491] The sandwich variants were subcloned into the pF4Ag-based non-fusion background
vector to generate 1F7 (NF) (SEQ 1D 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 £ coli, HEK293 and NIH3T3 cells. 1F7 (NF)
and 15H1 (F) had at least 1.3 fold-increase in luminescence in £ coli and HEK293 cells.

Table 37: Increase in Luminescence Generated by Ogluc Variants Compared to 9B8
opt+K33N +170G

Fold over 9BB opt+K33N + 170G
Sample | Sequence

E coli HEK293 NIH3T3
IF7 (NF) | K43R, Y68D L5 1.5 1.1
15H1 (NF) | D19D, S66N L7 1.7 1.2

[00492] £ V2 9B8 opi+K33N+L27V+K43R+Y68D0, 988
opt+K3IN+L27V+T30T+K43R+S66N and L27V

[00493] The variants 9B8 opt+K33IN+T39T+K43R+Y68D (“V2*; SEQ ID NOs: 92 and 93),
9B8  opt+K3IN+L27V+K43R+Y6RD (SEQ 1D NOs: 339 and  340), 9BS8
opt+K33N+L27V4+T39T+K43R+S66N (SEQ ID NOs: 341 and 342), and 9BS
opt+K33N+L27VHTI9T+K43R+Y 68D (“L27Vv™; SEQ ID NOs: 88 and 89) were subcloned into
the Id-OgLuc-HT7 sandwich background as described above and assayed in HEK293 and
NIH3T3 cells as described above. The luminescence generated by the sandwiched variants were

compared to the luminescence generated by the 9B9 cpt+K33N sandwich (SEQ ID NOs: 59 and
136



60) (Table 38). The L27V sandwich (SEQ ID NOs: 90 and 91) and V2 sandwich (SEQ 1D NOs:
94 and 235) had at least 1.3X fold-increase in luminescence in HEK293 and N1H3T3 cells.

Table 38: Increasc in Luminescence Generated by OgLuc variants in sandwich

background compared to 9B8 opt+K33N in sandwich background

T o

' Sample [NH3T3 cells |HEK 293 |
K33N Sand 1.0 1.0]
T39T, K43R, Y&8D Sand 186 2.3
L27V, K43R, YB8D Sand 1.4 1.7
L27V, T39T, K43R, S66N Sand 0.7 07
L27V, T39T, K43R, Y&8D Sand 1.4 1.7

[00494] The sandwich and non-sandwich wversions of the variants V2, 9BS
opt+K33N+L2TV+K43R+Y 68D, 9B8 opt+K3IIN+L27V+T39T+K43R+866N, and L27V were
assayed in HEK293 and NIH3T3 cells as described in Example 37. The lumingscence generated
by the non-sandwiched variants was compared to the luminescence generated by the sandwiched
variants {Table 39). The data shown in Tabkle 39 indicates that the fold-decrease in luminescence
for the 9B opttK33N sandwich was less in mammalian cells than in E. coli cells as shown in

FIG. 70.

Table 39: Fold-Decrease in Luminescence of the OgLue Variants in the Presence of
Sandwichk Background

Sample ’ " INH3T3cells |HEK 293

K3aN 75 El
T39T, K43R, YB8D 20 8
L27V, K43R, YB8D 2 8
L27V, T39T, K43R, S66N 25 12
L27V, T3ST, K43R, YB8D 18

Example 46 - Multiplexing

[00495] A. Lysates of E. cofi expressing the variant SB8 opt were prepared as previously
described in Example 27 and diluted t000-fold in DMEM without phenol red + 0.1%
PRIONEX®. Luminescence from a sample containing 6.3 ug/mL of purified red click beetle
luciferase and £ coli lysate expressing the variant 9B8 opt was detected using a modified
DUAL-GLO® Luciferase Assay System (Promega Corp.). DUAL-GLO® STOP&GLO®
Reagent containing 20 pM coelenterazine-h and DUAL-GLO® STOP&GLO® Reagent

containing 20 pM PB1 3939 were used, according 10 the manufacturer’s protocol, to detect the
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red click beetle luciferase and OgLluc variant 9B8 luciferase from a single sample. Three

replicates were performed.

[00496] Luminescence was detected on a Tumer 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 coefTicient of variance ("CV™) are also shown. A
“no coelenterazinc” contrel 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 coelenterazine. The “no coelenterazine” control yielded a 349-
fold quench, Table 40 shows that large luminescent signals from both the red click beeile 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

e'nough 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

l— _c_li:k'ht;éue +- cv _|-._aél'uc +e cV fold-quench | +/ coel !
[ nocoel | 5081,183 | 147,145 | 2.8% |_ 14,504 214 | 1.5% 349 ’
| coelh | 5082100 | t52,254 | 5.0% | 921,440 | 47.623 | 5.2%

3039 | 5078547 | 11,753 | 0.8% | 2,886,040 | 187,300 | 6.2%

L
. 207

[00497] B. To demonstratc that the multiplex reporter assay described above could be done in
reverse, i.c., 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 for their ability to also inhibit Ogluc. Two
different, previously identified, Renifla 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, 1 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 MODULUST™), As shown in Table 41, both compounds were able to inhibit OgLuc
luminescence. This demonsirates that an OgLuc variant can be multiplexed in a reporter assay
with another luciferase wherein luminescence from an OgLuc variant is detected first in the

Teporter assay,
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Table 41: The effect of PBI-3077 and PBI-1424 on Luminescence Gencrated by Bacterial
Lysates Expressing 9B8 opt Using PBI-3939 as a Substrate

(mMor%) | RLU +- %

: . control | 27,794,800 | 626862 | 100% '
PAI@EOTH) T 3 15,473,100 | 209567 | 56%
| 03 | 22210433 | 102,888 | 80%
,: . 003 | 22484933 | 927459 | 81%

AC(1424) 04 176,868 9579 | 0.64% ;

% 004 | 24267533 | 363661 | 87% .

. _Doos | 25126900 | 1,669,453 | 90%

[00488] C. The épectral resolution between OgLuc Variant L27V and firefly luciferase (Fluc)
was analyzed. Purified L27V (previously described; 9.54 pM) in DMEM without phenol red +
0.1% PRICNEX® was mixed with assay reagent (previously described) containing 20 uM PBI-
3939. Purified firefly luciferase cnzyme (QUANTILUM® Recombinant Luciferase; Promega
Corp.; 271 ng/mL) in the same media was mixed with a test reageni (100 mM HEPES, pH 7.4, 1
mM CDTA, 16 mM MgS04, 1% TERGITOL® NP-9 (v/v), 0.1% MAZU® DF 204, > mM ATP,
50 mM DTT, 333 pM luciferin). Puriﬁed Renilla luciferase (5 ng/mL GST-Renilla) in 1X
Renilla Luciferase Assay Lysis Buffer (Promega Corp.) was mixed with 10.3 uM native
coelenterazing in Renilla Luciferase Assay Buffer. Luminescence was measured after 3 min for
L27V and Fluc and after 10 min for Renifla luciferase (FIG. 71)

[00498] 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 simuitaneously) 1o detect multiple pathways in a single sample, e.g.,
aequorin 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.

[00500] E. Other examples for multiplexing with the OgLue variants of the present invention

include:

[00501] i) Transfecting cells with constructs containing an Ogl..uc‘ variant of the present

invention and Firefly luciferase. Afier 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 on
the ability to quench the lumincscence from the first luciferase with the second reagent. For this
example, luminescence from the Ogluc variant could be measured first as high concentrations of

luciferin (substrate for firefly luciferase) has been shown to inhibit OgLuc variant activity.

[00502] i) 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
fram 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 te the quenching of luminescence from the first luciferase.

[00503] iii) Transfecting cells with construcis 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 fuminescence from each
luciferase is spectrally different. The emission max of the OgLuc variants is approximately 460
nm, and certain substrates for Firefly luciferase, for cxample 5'-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.

{00504] iv) Transfecting cetls with constructs containing an Ogl.uc 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 unigue 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 luciferase 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 substraie to generate luminescence for the first luciferase,
Luminescence fiom 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 Juciferasc to measure first would only depend on
the ability to quench the luminescence from the first luciferase with the second reagent. For this
example, inhikitors to quench either the OgLuc variant or Rerilla 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 luciferases, 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 madc: CP84 and
CP95. The number designation refers to the N-terminal residue (c.g., “84” indicates the new N-

terminus of the 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 1D NOs: 105
and 106)) or a 5 (“CP84 SAA linker” (SEQ ID NOs: 99 and 100) and “CP95 SAA linker” (SEQ
ID NOs: 107 and 108), 10 (“CP84 10AA linker” (SEQ ID NCs: 101 and 102) and *CP95 10AA
linker” (SEQ 1D NQOs: 109 and 110}, or 20 (“CP84 20AA linker” (SEQ 11 NOs: 103 and 104}
and “CP95 20AA linker” (SEQ 1D NOs: 111 and 112) amino acid linker, (GSSGG)n (SEQ ID
NQ: 113) in between the N- and C-termini 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 pIF1K
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 8 wells of a 96-well plaie. Afler induction, the 8 wells from each sample were pooled,
and 10 pL lysed in 40 pL lysis buffer (100 mM MES pH 6.0, 0.3X PLB, 0.3 mg/mL lysozyme,
0.003 U/uL DNase 1, and 0.25% TERGITOL® NP-9 (v/v)). The lysates were then diluted 1:100
(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 pL assay

reagent (previously described). Luminescence was measured as previpusly described (FIG. 72).

Example 48 - Identifying Additional Sites for Circular Permutation
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[00508] To identify additional CP sites, determine the impact of the CP sites on luciferase
activity and investigate the use of a “tether” benween tragments, CP constructs were made with a
circular permutation made at approximately every 3" site (i.e., amino acid) of the L27V variant
(See FIG. 73E). One skilled in the art would understand that other sites, e.g., the 1% and 2™ site,
could alse be tested and wsed 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/RITbB-based sensors). At each site, the
linker GSSGG-GSSGG-EPTT-ENLYFOS-DN-GSSGG-GSSGG (SEQ D NO: 328) was added.

The underscored sequence refers to 8 TEV prolease recognition site. The 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 TEV protease) so that its importance to
maintaining activity could be investigated. The use of the TEV protease recognition site created
a mode to predict which CP sites would be useful for protcin complementation assays (PCA) or

for biosensor applications (c.g., insertion of a response element between the CP sites).

[005107 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 cnzyme. 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 withoul induction. Samples thai show a large loss in activity after TEV cleavage
indicate sites that would function in PCA and biosensor applications. In the case of PCA, the
two halves of the variant enzyme would be fused 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
“tether” 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 breught
into proximity with exposure to rapamycin (Banaszynski ef al., J. Am. Chem. Soc, 127(13):4715-
4721(2005)). One example of a biosensor application would be 1o insert a Cyclic AMP binding
domain {z.g., RITbB) 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 enzymé was expressed in wheat
germ, E. coli and mammalian cells and digested with TEV protease to investigate luciferase

activity.
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[00512] ‘1. For analysis in wheat germ, the CP constructs were expressed using the Tn'T® T7
Coupled Wheat Germ Extract System (Promega Corp.) according to the manufacture’s
instructions, The TnT® reactions were then diluted 1:100 in. 1X PBS + 0.1% gelatin, and 20 pL
added to 25 uL of TEV reaction reagent (5 pL 20X ProTEV buffer (Promega Corp.), 1 uL 100
mM DTT, and 2 pL 10 U ProTEV Plus (Promega Corp.)). The volume of the digestion reactions
was the brought to 100 pL with water and incubated at 30°C for 60 min. Control samples
without TEV protease were also prepared. 10 pL of the digested samples were then added to 40
pl DMEM to a final volume of 50 pL and assayed in 50 pL assay reagent (as previously
described; 100 pM PBI1-3939). 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 protocel. Briefly, 1 ng CP L27V plasmid DNA was
mixed with | pg carrier DNA and added to cells in a well of a 12-well plate. Cells were then
incubated for 16 hrs at 37°C, 5% CQ».  Cell lysates were then prepared by removing the media
from the cells, washing them in 1X PBS, and adding | mL. 1X PLB. Lysates were then diluted
1:10 in 1X PBS with 0.1% gelatin. 40 ul. of the diluted lysate was then used in a TEV protease
digestion as described above. 10 pL of the digestion was mixed with 40 pL. DMEM without
phenol red, and 50 pL assay reagent (previously described; 100 uM PBI-3939) added.

Luminescence was measured as previouslf described (FI1G. 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 (ODggo is approximately 0.5). Rhamnose (final concentration of 0.2%) was
added, the cultures moved to 25°C, and incubated with shaking for 18 hrs.

[00515] To create lysates, 50 uL 0.5X FASTBREAK™ Cell Lysis Reagent (Promega Corp.)
was added to 950 L, of induced cultures, and the mixtures incubated for 30 min at 22°C. 50 uL
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 uL assayed in 50 pL of assay reagent (as previously described;
100 uM 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 g 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. The
reverse transfection protocol, previously described was used to transfect 1 ng DNA /well with |
pg of carrier DNA. Each cell sample was grown in 1 mL of media in a 12 well plate. Cell
lysates were prepared by removing media and adding 1 mL of 1X FPLB. Samples were diluted
1:10in 1X PBS+0.1% gelatin. 40 pL of the dilution sample was set up for TEV digestion. 10
uL of the digestion reaction was added to 40 puL of DMEM without phenol red and 50 pL of
PBI-3939 as previously described. FIG. 73H shows the luminescence of the various CP-TEV
protease L27V constructs expressed in HEK293 cells.

[00518] 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 mammatlian cel} data and Wheat Germ data show similar fold reduction with TEV cleavage.
The CP .27V variants that are more dependent on the tether, e, afe more sensitive to TEV
protcase cleavage, are potential candidates for PCA. CP L27V variants that are less dependent

on the tether may be potential candidates for self-complementaticn/dimerization assays.
EXAMPLE 49 - PROTEIN COMPLEMENTATION ASSAYS

[00520] 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 site(s) tolcrant to separation. Then, each fragment of the separated OgLuc variant
can be fused to one of a puir of polypeptides of interest believed to interact, e.g., FKBP and FRB. -
If the two polypeptides of interest do in fact interact, the OgLue fragments then come into close
proximity with each other to reconstitute the functional, active OgLuc variant. The activity of
the reconstituted Qgluc variant can then be detected and measured using a native or known
coelenterazine ot a novel coelenterazine of the preseni invention. In another example, the split

Ogl.uc variant can be used in a more general complementation systemn 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 ceil {either in the chremosome 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 fo 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. Pubtished Application

No. 2005/0153310, incorporated herein by reference,
[00621] 1. 9B& opt PCA constructs were made as follows:

[00522) -pSBSPCA 1/4 = pF5SA/Met-[9B3 opt (51-169)]-GGGGSGGGSS-FRB (SEQ ID NOs:
331 and 332) & pFSA/FKBP-GGGSSGGGSG-[9BS opt (1-50)] (SEQ 1D NOs: 337 and 338)

[00523] -p9B8PCA 1/2 = pFSA/Met-[9B8 opt (51-169)]-GGGGSGGGSS-FRB (SEQ 1D NOs:
331 and 332) & pFSA/[9B8 opt {1-50)]-GGGGSGGGSS-FRB (SEQ ID NOs: 333 and 334)

[00524]  -p9BSPCA 2/3 = pF5A/[9BS opt (1-50)]-GGGGSGGGSS-FRB (SEQ ID NOs: 333
and 334) & pFSA/FKBP-GGGSSGGGSG-[918 opt (51-169)] (SEQ ID NOs: 335 and 336)

[00525] -p9BSPCA 3/4 = pFSA/FKBP-GGGSSGGGSG-[9B8 apt (51-169)] (SEQ ID NOs:
335 and 336) & pF5SA/FKBP-GGGSSGGGSG-[9BS opt (1-50)] (SEQ ID NOs: 337 and 338)

[00526] The PCA constructs were transfected into HEK293 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 37°C, 5% CO: After transfection, the media on the cells was
replaced with COz-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 uM rapamycin was
then added to the wells, and luminescenee continuously measured for 1 hr. Fold response was
calculated 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) construets made and tested.
“2/3” designates the variant complementation pairs where 1) the “‘old™ C-terminus of L27V02A
(“old”=criginal C-terminus of L27V02A} is the C-terminal partmer 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 L27V02ZA fragment, and FRB was located at the C-terminus of the
L27V02A fragment. For example, PCA construcls were made with split sites at position 157
(sea Table 42, “2/3” and “1/4™ #s 11 and 12 (SEQ ID NOs: 288-293)}), 103 (see Table 42, ©“2/3”
and “1/4” #s 9 and 10 (SEQ ID NOs: 296-303)), and 84 (see Table 42, “2/3” and “1/4” #s 7 and 8
(SEQ 1D NOs: 304-315)). Other PCA constructs were made (SEQ 1> NOs: 343-426 and 428-
440) (See Table 21) |

Table 42
“z /3" “1/47
1. FKHP~—L27V &6-169 1, KWKBP—LZ?7V i-5
Z. LZ27v 1-5—FRB 2. LZ7V 6-159-—FREB
3. PKHP—L27V 12-169 a, [KDP—L27V 1-11
4. L27V 1-11—FRB 4. L27V 12-169—FRB
5. FKBP—L27V 55-169 S. FKBP—LZ7V¥ 1-54
6, L27Y L-54—FRB 6. L27V 55-145—FRRB
7. FPKHBP==I[,Z27V B4-1469 7. FKBP—IL27V 1-B3
B. L27Yy L-83—FRB 8, LZ7?VB84-169—FRB
9. FPKBEP—L27¥ 103-169 9. FKBP—L27V 1-102
10. L27V 1-102—FRB 10, L27V 103-169-—HRB
11. FKBP—L2Z7V 157-169 11. FKBP—L2Z7V 1-15a
12. L27V 1-156—FRB 12. L27V 157-169—FRR
“2/3 “1/4"
1l FKBP—LZ27V &-169 1. FKBP—127V 1-5
2 LZ7V1-5—FRB 2. L2Z7V 6-169—FRB
3. RKBP—LZ7V 12-169 3. FKBP-—L27V1-11
4., L27v1-11—FRB 4, L27V12-169—FRB
5. FPFKEP—L27V 55-189 5. FKBP—L27V 1-54
6. L27V 1-54—FRB 6. L27V 55-169—NRB
7. FKBP—LZ7V B4-1G9 7. PKBP--L27¥ 1-83
8. L27v1-83—FRB 8. L27va4.-169—FRB
2, FKBP—L27V 103-169 9. FKBP—L27V 1-102
19, L27V 1-102—FRD 10 L27vV 103-165—FRD0O
L1, FKBpP—L27V 157-169 11. FKBP—L27Vv 1-156
12. L27V 1-156=-=FRB 12, L27V 157.-159—FRB
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Table 21

pCA constructs

SEQ ID NO:343 (pCA 31 pCA L27V02A 45-169 FRB)

SEQ 1D NO:344 (pCA 31 pCA L27V02A 45-169 FRB)

SEQ ID NO:345 (pCA 32 FKBP L27V02A 1-44)

SEQ ID NQ:346 (pCA 32 FKBP L27V02A 1-44)

SEQ 1D NQ:347 (pCA 33 pCA L27V02A 46-169 FRB)

SEQ 1D NO:348 (pCA 33 pCA L27V02A 46-169 FRB)

SEQ ID NO:349 (pCA 34 pCA FKBP 1-45 L27V02A)

SEQ ID NO:350 (pCA 34 pCA FKBP 1-45 L27V02A)

SEQ 1D NQO:351 (pCA 35 pCA L27V02A 100-16% FRB)

SEQ ID NO:352 {(pCA 35 pCA L27V02A 100-16% FRB)

SEQ ID NO:353 (pCA 36 FKBP L27V02A 1-99)

SEQ ID NO:354 (pCA 36 FKBP L27V02A 1-99)

SEQ ID N(G:355 (pCA 37 L27V02A 101-169 FRB)

SEQ ID NO:356 (pCA 37 L27V02A 101-169 FRR)

SEQ IDNO: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 ID NO:360 (pCA 39 L27V02A 102-169 FRB)

SEQIDNO:361 (pCA 40 FKBP L27V024 1-101)

SEQ IDNG:362 (pCA 40 FKBF L27V02A 1-101)

SEQ ID NQ:363 (pCA 41 L27V02A 143-16% FRB)

SEQ 1D NQ:364 (pCA 41 L27V02A 143-169 FRB)

SEQ 1D NG:365 (pCA 42 FKBP 1-142 L27V02A)

SEQIDNO:366 (pCA 42 FKBP 1-142 L27V02A)

SEQ IDNO:367 (pCA 43 L27V02A 145-160 FRB)

SEQ IDND:368 (pCA 43 L27VD2A 145-169 FRB)

SEQ ID NQ:369 (pCA 44 FKBF 1-144 L2Z7V02A)

SEQ IDNO:370 {(pCA 44 FKBP 1-144 L27V02A)

SEQ D NO:371 (pCA 45 L27V02A 147-169 FRB)

SEQ 1D NO:372 (pCA 45 L27V02A 147-16%9 EFRB)

SEQIDNQ:373 (pCA 46 FKBP-L27V02A 1-146)

SEQ 1D NG:374 (pCA 46 L27V02A-FKBP 1-146)

SEQ IDNO:375 (pCA 47 L2Z7V02A 148-169 FRB)

SEQ IDNG:376 {pCA 47 L27V02A 148-169 FRB)

SEQ 1D NG:377 (pCA 48 FKBP- L27V02A 1-147)

SEQ IDNQ:378 (pCA 48 FKBP- L27V02A 1-147)
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SEQ ID NO:379 (pCA 49 L27V02A 156-169 FRB}

SEQ ID NO:380 (pCA 49 L27V02A 156-169 FRB)

SEQ ID NQ:381 (pCA 50 FKBP-L27V0D2A 1-155)

SEQIDNO:382 (pCA 50 FKBP-L.27V02A 1-155)

SEQ ID NO:383 (pCA 51 1,27V02A 158-169 FRB)

SEQID NO:384 {(pCA 51 L27VD2A 158-169 FRB)

SEQ ID NO:385 (pCA 52 FKBP 1-157 L27TV02A)

SEQ ID NO:5386 (pCA 52 FKBP 1-157 L27V(2A)

SEQ ID NO:387 (pCA 33 L27V02A 166-169 FRB)

SEQ ID NO:388 (pCA 53 L27V02A 166-169 FRB)

SEQ LD NO:389 (pCA 54 FKBP L27V02A 1-165)

SEQ ID NO:390 (pCA 54 FKBP L27V(2A 1-165)

SEQIDNO:391 (pCA 55 FKBP L27V02A 1-47)

SEQ ID NG:392 (pCA 55 FKBP L27V02A 1-47)

SEQID NO:393 {(pCA 56 1.27V02A 48-169-FRB)

SEQ D NO:394 (pCA 56 L27V02A 48-169-FRB)

SEQ ID NO:393 (pCA 57 FKBP L27V02A 1-49)

SEQ I NO:396 (pCA 57 FKBP L27V02A 1-49)

SEQ 1D NO:397 (pCA 58 pCA L27V02A 50-169 FRB)

SEQ ID NO:398 (pCA 58 pCA L27V02A 50-16% FRB)

SEQ 1D NO:399 (pCA 32 FKBP L27V02A 1-82)

SEQ 1D NQ:400 (pCA 59 FKBP L27V02A 1-82)

SEQ 1D NO:401 (pCA 60 L27V(2A $3-169-FRB)

SEQ ID NO:402 (pCA 60 L27V(2A 83-16-FRB)

SEQ 1D NO:403 (pCA 61 FKEP L.27V02A 1-84)

SEQ ID NO:404 (pCA 61 FKBP L27V02A 1-84)

SEQ ID NO:405 (pCA 62 L27V02A 85-169-FRB)

SEQ ID NO:406 (pCA 62 L27V02A 85-169-FRB)

SEQ ID NO:407 (pCA 63 FKBP L27V02A 1-122)

SEQ IT» NO:408 (pCA 63 FKBP L27V024 1-122)

SEQ ID NO:409 (pCA 64 L27V02A 123-169-FRB)

SEQ ID NO:4 10 (pCA 64 L27V02A 123-169-FRB)

SEQ 1D NO:411 (pCA 65 FKBP L27V02A 1-123)

SEQ 1D NO:412 (pCA 65 FKBP L27V02A 1-123)

SEQ 1D NQ:4 13 (pCA 66 L27V02A 124-169 FRB)

SEQ 1D NO:414 (pCA 66 L27V02A 124-169 FRB)

SEQ ID NO:413 (pCA 67 L27V02A 1-168)

SEQ IDNO:416 (pCA 67 L27V(2A 1-168)
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SEQ ID NO:417 (pCA 67 L27V02A 1-168)
SEQ ID NO:418 (*pCA 68 L27V02A 169 FRB)
SCQID NO:419 (*pCA 68 L27V02A 169 FRB)
SEQ ID NO:420 {pCA 69 FKBP L27V02A 1-166}
SEQ 1D NO:421 (pCA 69 FKBP L27V02A 1-166)
SEQ ID NO:422 (*pCA 70 L27V02A 167-169 FRB)
SEQ 1D NO:423 (*pCA 70 L27V02A 167-169 FRB)
SEQ ID NO:424 (pCA 71 FKBP L27V024 1-164)
SEQ ID NO:425 (pCA 71 FKBP L27V02A 1-164)
SEQ ID NO:426 (pCA 72 L27V02A 165-169 FRB)
SEQ ID NO:428 (pCaA 72 L27V02A 165-169 FRB)
SEQ 1D NO:429 (pCA 73 FKBP L27V02A 1-162)
SEQ ID NO:430 (pCA 73 FKBP L27V02A 1-162)
SCQ 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 L2TV02A 1-160)
SEQ ID NO:435 (pCA 76 L27V02A 161-169 FREB)
SEQ ID NO:436 (pCA 76 L27V02A 161-169 FRB)
SEQ 1D NO:437 (pCA 77 FKBP L27V02A 1-158)
SEQ ID NO:438 (pCA 77 FKBP L27V02A 1-158)
SEQ IDNO:439 (pCA 78 L27V02A 159-169 FRB)
SEQ ID NO:440 (pCA 78 L27V02A 159-169 FRB)

[00529] The complementation pairs described in Table 42 were cloned into the pF4Ag vector
as previously described. The PCA constructs (900 pL) were then expressed in rabbit reticulocyte
lysate (RRL; Fremega 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 pL water, and 18 pL transferred to wells of a 96-
well plate. 2 puL of 5 pM Rapamycin (final concentration 0.5 pM) was added and incubated for

10 min at room temperature.

[00530] Feollowing incubation, 100 pL of PBI-3939 (50X stock diluted to IX in assay buffer)
and incubate for 3 min at rcom 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 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) 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 in 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 of the L27V variant, are functional.

[00532] 3. To demonstrate the use of the PCA constructs for cell-based PCA, 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 pL
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 L. HEK293 cells (1.5x10° cells/imL) in DMEM with 10% FBS (no anfibiotics),
transferred to wells of a 96-well plate, and incubated gvernight at 37°C, 5% CO»

[00533]  Afier transfection, the media was removed and replaced with COz-independent media
with 20 pM or 50X PBI-4377 and incubated at 37°C without CO; regulation for 2 hrs.
Luminescence was measured, 10 pL 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 “2/37, 157 #2/3", 103 “1/4" and 157 “1/4” described
_in Table 42 were cloned into the pF4Ag vector as previously described. The PCA constructs (25
uL) were then expressed in rabbit reticulocyte lysate (RRL; Promega Corp.) following the
manufacture’s instructions, 1.25 puL of the expressiﬁn 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 pL water, and 16.2 pL transferred to wells of a 96-
well plz.’ntc. Rapamycin was examined with various amounts of FK506. To the reactions, the
FRB-FKBP binding inhibitor, FK306 (10X) 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 pL of PBI-3939 (50X stock diluted to 1X in assay buffer) and incubated for 3
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min at room temperature, Luminescence was measwured on a GLOMAX® luminometer. FIG. 77
demonstrates that the PCA constructs disclosed herein can be used to identify inhibitors of

protein-protein interactions.

[00538] 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 transfected into HEK293 cells
and assayed with PBI-3939. 0.5 ng plasmid from each PCA pair was mixed with 5 pL. OPTI-
MEM® and 49 ng pGEM-3zf (Promega Corp.). The sample mixture was incubated at room
temperature for 5 min. (.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) ar a concentration of 1.5x10° cells/mL was added to each sample mixture. The
cell sample \\;as then transferred to a well of a 96-well plate and incubated at 37°C, 5% CO:»

overnight.

[005637]) The nextday, 11.1 pL of 10 pM Rapamycin (Final concentration 1 pM) was added to
half of the wells and 11.1 pb 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-393%9 mixed
with 98 uL assay reagent, previcusly 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

1005381 The Ogluc variants of the present invention can be linked to light outpur not only
through concentration, but also through modulation of enzymalic activity. For example, a cAMP
biosensor can be developed by incorporating a cAMP-binding domain from Protein Kinase A
into a circularly perinuted OgLuc variant. An OgLuc variant of the present invention can be
circularly permuted at a site(s) tolerable to such permutation by methods knewn in the art (e.g.,
U.S. Published Application No. 2005/0153310). The resulting circularly permuted OgLuc
variant chimeric protein can function as an intracellular bioscnsor 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 eteh virus {TEV) can be
developed by incorporating the appropriate binding domain or cleavape 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. Cirevlarly permuted constructs conlaining the R1IBB 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/US2007/008178, 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 (+) cAMIY
() cAMP.

[0D0540] 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 prédicts an ordered sequence of the 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] 1. The template for expression of the biosensor constructs consisted of: C-terminal
OgLuc sequence-RIIPB sequence-N-terminal Ogluc sequence in plasmid pF5 (Promega Corp.).
The TNT® T7 Coupled Wheat Germ' Extract System (Promega Part #L.4140) 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 pL. Amino Acid Mixture,
Complete (L446A), 1 pl. RNasin® (40 U/pL) (N2615), 1 pl, TNT® T7 RNA Polymerase
(L516A), 1.0 pg DNA template and Nuclease-Free Water to bring the total volume to 50 pL.

The reaction mixture was incubated at 30°C for 120 min.

[00542] An Ogluc activity assay was performed by adding to the 50 pL. OgLuc translation
mixture, 50 pl. Ogluc Glo Reagent (100 mM MES (pH 6.0), 1 mM CDTA, 150 mM KClI, 35
mM thiourea, 2 mM DTT, 0.25% TERGITOL® NP-9 (v/v), 0.025% MAZU® DF 204, and 20
uM PBI-3639) with or without 100 pM ¢cAMP, and performing a kinetic read for 30 min
(TECAN® INFINITE® F500 Plate Reader). Response is defermined 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
5t 2.2X
34 15X
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122 43X
147 1.9X
157 5.6X

{00543] 2. A cAMP biosensor of 9BRopt circularly permuted at the CP-site 51 was created as
described in ].. 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% CO;. After transfection, the media was removed and replaced with CO,-
independent media with 10% FBS. The cells were then incubated for 2 hrs at 37°C, 5% CO;
after which varying amounts of FSK were added. The cells were then again incubated for 3 hrs
at 37°C, 5% COa. 6 pM PBI-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”; ¢.g., $56 refers to a sensor arientated as follows: OglLue (1-
6)-RIIBb binding site (SEQ ID NOs: 441 and 442) -OgLuc (7-169}) versions of L27V were used
as cAMP biosensors (SEQ ID NOs: 467-574), CP (SEQ ID NOs: 467-498 and 555-574) and S8
{SEQ ID NOs: 499-554) versions of the L27V variant were derived as previously described and
expressed in expressed in rabbit reticulocyte lysate (RRL; Prom;:ga Corp.) following the
manufacture’s instructions. The linker sequence between the C-terminus of the RIIfb binding
site and OgLuc luciferase sequence was GOGTCAGGTGGATCTGGAGGTAGCTCTTCT {(SEQ
ID NO: 575). The linker sequence between the N-terminus of the RII1fb binding site and OgLuc
luciferase sequence was AGCTCAAGCGGAGGTTCAGGCGGTTCCGGA (SEQ 1D NO: 576)
3.753 uL of the expression reactions were mixed with 1.25 pL 4X ¢AMP (final concentration |
nM-0.1 mM), and incubated at room temperature for 15 min. Following incubation, 100 uL of
PBI-3932 (50X stock diluted to 1X 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 cells and
treated with forskolin as previously described (FIGS. 79C-D). FIGS. 72A-D demonstrates that
circularly permuted and siraight split versions of the OgLuc variants disclosed herein can be used

as biosensors.
Example 51 - Subcellular Distribution and Localization

[06545] To analysis subcellular distribution, U208 cells were plated at 2x10* cells/em? into

gtass-bottom culture dishes in McCoy's 5A media (Invitrogen) containing 10% FBS. The cells
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were then incubated for 24 hrs at 37°C, 5% COs. Cells were then transfected with 1/20 volume
transfection mixture (FUGENE® HD and pFSA-CMV-L27V (the L27V variant (SEQ 11> NO:
88) cloned into the pFSA vector with CMV promoter (Promega Corp.)) or pGEM3ZF (Promega
Corp.; negative control})) and- incubated for 24 hrs at 37°C, 5% COa. Following incubaticn, the
cell media was replaced with COy-independent media with 0.5% FBS and 100 uM FPBI1-4378.
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,

[00546] To analyze subceliular localization, N-terminal [.27V fusions with the GPCR ATIR
(Angiotensin type 1 receptor (SEQ [D NOs: 459 and 460)) with [L-6 secretion sequence (SEQ 1D
NOs: 461 and 462) or ihe transcription factor, Nrf2 (SEQ 1D NO: 31 7); were made using a GSSG
linker (SEQ ID NOs: 457 and 458) and transfected into U208 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 ATIR is downstream of the L27V variant
sequence. The L27V variant alone was also transfected (“Unfused™), After a 24 hr incubation at
37°C, 5% CO;, ccll media was replaced with COg-independent media with 0.5% FBS and
equilibrated for 1 hr at 37°C in a non-CO;-regulated atmosphere. An equal volume of media +
200 uM PBI-3939 was then added, and unfiltered images were captured immediately on an
Olympus LYZ200 bi_oluminescence microscope using a 60X or 150X objective (FIGS. 81A-C).
For cells expressing L27V alone, PBI-3939 was washed (;ff 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 moniter
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 er al., Natureg Methods 2(8):607-614 (2005)) (at the C-terminus, i.e., N-IkB-
{9BBopt)-C)) or ODD(oxygen-dependent degradation domain of Hif-1-o (Moroz et al, PLoS
One 4{4):5077 (2009)) (at the N-terminus, i.c., N-(9B8opt}-ODD-C)). IKB is known to be
degraded in cells upon stimulation with TNFe; therefore, the TKB-{9B8opt) construct could be
used as a live cell TNFo sensor. ODD (Hif-1-a} is known lo 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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[00548] Constructs containing fusions with IkB or ODD with 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% COa.
Afier transfection, the media was replaced with fresh CO»-independent media containing 0.5%
FBS and 20 pM PBI-4377 and allowed to equilibrate for 4 hrs at 37°C, atmospheric COz. Cells
were then exposed to a stimulus: TNFa for IKB fusion expressing cells and phenanthroline for
ODD fusion expressing cells. DMSQ {vehicle) was added to control cells. For the TNFo/IKB
samples, 100 pg/ml cycloheximide was added appreximately 15 min prior to adding the
stimulus to prevent synthesis of new protein. At the indicated time points following trearment,
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 manitor 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-ferminus; i.e,, N-Nrf2-(L.27V)-C or N-Nrf2-(Rluc)-C). Keapl is a negative regulator of
Nrf2 (SEQ 1D NO: 217). In 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 Nri2-Rluc (5 ng, pFSK) and a HALOTAG®- Keapl fusion protcin
(pFN21-HT7-Keapl (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% CQ; After transfection, the media was replaced with fresh CO;-
independent media with ¢.5% FBS and 20 pM PBI-4377 for L27V or 20 uM ENDUREN™
(Promega Corp.} for Renilla luciferase, and the cells equilibrated for 4 hrs at 37°C under
atmospheric CO2, For kinetic analysis, 20 pM D,L sulforaphane or vehicle (DMSO) were used.
[n 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
(F1GS. 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 NrfZ 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 Nef2-L27V
at 2 hrs and Nrf2(ARE}-Luc2P at 16 hrs
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Example 53 — Evaluation of OgLuc Yariant as Bioluminescent Reporter with BRET

{00552] Bicluminescence resonance energy transfer (BRET) allows monitoring of protein-
protein inferactions. The intramolecular energy transfer was examined between IV and a HT7
fusion partner where HT7 was previously labeled with a fluorophore, ic., TMR
{excitation/emission (ex/em) wavelength = 555/585 nm) or Rhodamine 110 (excitation/emission
wavelength = 502/527 nm). 50 pL 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 pL of RENILLA-GLO™, which contains 22 pM
coclenterazine-h, was added to 50 pL of the enzyme-ligand mixture, and the emission specirum
was recorded at 5 min. Example spectra of [V-HT7 with TMR (FIG. 83A) or Rhodamine 110
(“Rhod1107) (FIG. 85B) are shown indicating BRET was greater when the ex/em of the ligand
was closer 10 the 460 nm luminescent peak of OgLuc, ic., greater with Rhodamine 110, This
data shows that intramolecular energy transfer can occur between OgLuc variants and a
flucrophore on a fusion protein. Three different contrels were used for comparisoﬁ (data not
shown): lj 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 inveolved to achieve BRET. BRET was greater for C1+A4E and
IV with a C-terminal HT7 compared to N-terminal HT7.

Example 54 — Protein Proximity Assays for live cells or lytic formats

[00553] In one example, circularly permuted (CT) or straight split (85) OgLuc fusion proteins
is applied 1o measurements of protein proximity. OgLuc is permuted or split via insertion of a
prolease substrale amino acid sequence (e.g., TEV) to generate low bioluminescence. The
inactive luciferase is tethered (e.p., via genetic fusion) to a monitor protein. A polential
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 luciferasc 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 OgLue variant luciferase could

enable measurements of antibody-antigen interactions in lysed cells or biochemical assays.

Exumple 55 - Bioluminescent Assays
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{00554] 1. To demenstrate the use of an OgLuc variant in a bioluminescent assay to detect
caspasc-3 enzyme, the 9B8 opt variant was wsed 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 Exampte 27, and diluted 10-fold in a buffer containing 100 mM MES
pH 6.0, 1 mM CDTA, 150 mM KCI, 35 mM thiourea, 2 mM DTT, 0.25% TERGITOL® NP-9
{(viv), 0.025% MAZU@ DF 204, with or without 23.5 pM z-DEVD-coelenterazine-h in 100 mM
HEPES pH 7.5. The caspase-3 enzyme was incubated with the lysate sample for 3 hrs at room
temperature, and luminescence deteeted on a Turner MODULUS™ luminometer al 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 SB8 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 lumincscence in RLU generated from bacterial lysates expressing the
9B8 opt variani incubated with er 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 2,308 43,370
190.3 L1155 42,448

[00555] 2. The L27V variant was 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 uL) was mixed with 227 nM L27V02 variant and 47 pM
PBI1-3741 (z-DEVD-coelenterazine-h) in assay buffer (50 puL). 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 the present invention, can be used in a bioluminescent assay with a pro-

coelenterazine substrate to detect an enzyme of interest.
Table 45

157



{+) caspase +- (-) caspase +-

L27v 11,532 3 803 25

Caspase-Glo 15,156,567 703,981 302 5

Example 56 - Immunoassays

[00556] The Ogluc variants of the present inventién are inlegrated into a variety of different
immunoassay concepts. For example, an 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 ancther example, an OgLuc variant is genetically-fused or chemically conjugated to
protein A, protein G, protein L, or any other peptide or protcin knewn to bind to Ig fragments,
and this could then be used to detect a specific antibody bound 1o a particular analyte. As
another exampie, an QpLuc variant is genetically-fused or chemically conjugated to streptavidin
and used to detect a specific bietinylated antibody bound to a particular analyte. As another
example, complementary fragments of an OgLuc variant are genetiéally-ﬁlsed or chemically
conjugated to primary and secondary antibodies, where the primary antibody recognizes a
particutar immobilized analyte, and the secondary antibody recognizes the primary antibedy, 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 Ogl.uc variant can be fused to
two antibodies, where one antibedy 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 fragpmenis of an OgLue 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 analyie (for cxample, following post-translational modification).
The QgLuc variant activity would be reconstiluted in the presence of analytc only when it is-
maodified. The method would be amenable to meusurements 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 ELISA format.

Example 57 — Dimerization Assay

158



[00558] This example demonstrates that full-length circularly permuted Ogluc variants can be
fused to respective binding partmers, eg., FRB and FKBP, and used in a prolcin
complementation-type assay. The key difference between the 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., circolarly permuted OgLuc variants.

[00558]  Briefly, the circularly permuted reporter proteins similarly configured for low activity
were fused to both of the fusion protein partners (See FIG. 87A). For example, each fusion
partner may be linked to identically siructured, permuted reporters. Interaction of the fusion
partners brought the permuted reporters into close proxinity, 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-(85-169)(1-
58;)-FRB-C and C-(1-58,)-(SS-169)-FKBPF) were cloned as previously described and expressed
(25 pL) in rabbit reticulocyte lysate (RRL; Promega Corp.) following the manufacture’s
instructions. 1.25 pL of the 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 pL transferred to wells of a 96-well
plate. To the reactions, 2 pl. rapamycin (final concentration 0 and 0.1-1000 nM) was added, and
the reactions incubated at room temﬁerature for 10 min. Following incubation, 100 uL of PBI-
3939 (50X stock diluted to 1X in assay buffer) and incubated for 3 min at rodm temperature.
Luminescence was measured on a GLOMAX® luminometer (FIG. 87B) and the respense was
determined (FIG. 87C). FIGS. 87B-C demonstrates that the OgLuc variants of the present

invention can be uscd to detcet protein-protein interactions via a PCA-type dimerization assay.

Example 58 - Intercellular Hall-Life

-[00561]  The intracellular half-life of the OgLluc 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 1X sodium pyruvate were transfected with 30 pnL. 100 ng/pL. plasmid DNA containing
9B8, 9BS+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 hra.

[00562]  Afier incubation, the media was removed and 1| 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 platc (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 QPTI-MEM®. The diluted cyctoheximide (1 mg/mL) was added (11 pL)
to 3 replicates of each transfected variant sample and 11 pL of the diluted DMSO (1%) was
added to the other 3 replicates. The cells were then incubated at 37°C, 5% CO; and removed at
various timepoints (i.e., 0, 0.5, 0.9, 2.3, 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 pL 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 the
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 caiculated (Table
46). The OgLuc variants had intracellular half-lives of approximately 6-2 hrs with a full strength
CMYV promoter, but the half lives were reduced with a CMV deletion variant (d2). The presence
of a PEST depradation signal combined with the full strength CMV promoter reduces half-life

significantly.

Table 46
Sample CMYV no deg. | CMV d2 nodeg. | CMV Pest
5B3 6.32 3.87 1.43
K3IN 9.24 3.70 1.18
V2 9.63 4.28 1.61
V2+L27V 6.66 4.78 1.63
V2+4L27M 8.89 6.98 1.63

[00568] Another experimeni 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 =0.

Example 59 — Exposure of OgLuc Variants to Urea

[00567] Since Firefly luciferase 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 pl of 45.3 pM L27V enzyme was mixed with
100 uL of a urea solution (100 mM MOPS, pH 7.2, 100 mM NaCl, 1 mM CDTA, 5% glycerol
and varicus concentrations of urea) and incubated for 30 min at room temperature. 5 pL of the
urea+L27V enzyme solution was diluted 10,000-fold intc DMEM without phenol red + 0.1%
PRIONEX®, 50 pL, was mixed with 50 pL of assay reagent containing 100 uM PB1-3939
(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 .31 mg/mL stock of purified L27V variant was diluted 109,000-fold into buffer
(PBS + | mM DTT + 0.005% IGEFAL) and incubated with 3 M urea for 30 min at 25°C and
then mixed 1:1 (50 uL + 50 uL) with an assay reagent containing 100 uM PBI-3939 (previously
described). The reactions were read on a TECAN® INFINITE® F500 luminometer as described
previously (for 100 min; 1 min read intervals) (FIG. 89). The results indicate that 3M urea
reduces the activity of L27V variant by approximately 50%, but, upen diluting out the urea by 2-

fold {to a 1.5 M final concentration) the activily increases, presumably due to refolding.

Example 60 — Imaging of OgLur Fusion Proteins

[00569] This example demonstiates the use of OgLuc and OgLuc variants to moﬁitor protein
translocation in living cells without the nced 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 1D NOs: 449 and 450} or LC3 (SEQ ID NOs: 577 and 578)._ To analyze
subcellular protein translocation using bioluminescence imaging, HelLa cells were plated at 2x10
cells/em? into glass-bottom culture dishes (MatTek) in DMEM medium (Invitrogen) containing
10% FBS. The cells were then incubated for 24 hrs at 37°C, 3% CO2. Cells were then
transfected with 1/20 volume transfection mixture (FUGENE® HD and DNA encoding L27V02-
GR (SEQ ID NOs: 453 and 454) or L27V02-PKC alpha (SEQ ID NOs: 455 and 456) cloned into
the pFSA 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 L.27V02-PKC alpha was used undiiuted, Cells were then
incubated for 24 hrs at 37°C, 5% CQO;. 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-transfection (for PKC alpha measurements) or 48 hrs post-
transfection (for GR measurements), the cell media was replaced with CO»-independent media
containing 100 uM PBI1-3939 immediately before imaging. Unfiltered images were immediately

captured on an Olympus LV200 bioluminescence microscope using a 130X ebjective.

[00570] Cytosol-to-nucleus transiocation of L27V02-GR fusion protein was achieved via
stimulation with 0.5 mM dexamethasone for 13 min. Cytosol-to-plasma membrane translocation
of 1.27V02-PKC alpha fusion pretein was achieved via stimulation with 100 nM PMA for 20
min. L27V02-LC3 fusion protein transfected cells were left unireated or trcated with 50 mM
Chioroquine in BMEM medium (Invitrogen) containing 10% FBS.

[00571] L27V82-Glucocorticoid receplor

[00572] In the absence of glucocorticoids, glucocorticoid receptlor (GR) is complexed to
Hsp90 proteins and resides in the cytosol. Upon interactien 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 PB1-393% substrate in HeLa cells,
[00573] L270V82-PKCa

[00574] Upon treatment with phorbol esters, PKC alpha proteins are recruited to the plasma
membrane and regulate cellular responses including membrane dynamics and signal
transduction. FIGS. 91A-B show the biolumingscence imaging of phorbol ester-induced Protein
Kinase C alpha (PKC alpha) cytosol tc plasma membraye'translocation of Ogluc L27V02-PKC
alpha fusions using PBI3939 substrate in U-2 OS cells.

[00573] L2Z7V_LCS

_[00576]  Association of processed LC-3 proteins with autophagosomes represenis a hallmark
step in autophagy. Chloroquine treatment arrests autophapic flux at this stage, resulting in
accumulation of LC-3 proteins on autophagosomes (producing a punctate subcellutar

distribution),  FIGS. 92A-B show the bicluminescence imaging of chloroquine-induced

162



autophagosomal protein translocation of OgLluc L27V-LC3 fusions proteins {(SEQ 1D NQs: 592

and 593) using PBI-3939 substrate in two representative HeLa cell samples.

Table 47 ~ Proviso List

Cl1+A4E [ Additional Substitutions

C1+A4E | 192G

Cl+A4E | L920Q

CI+A4E | 1925

Cl+A4E | L92A

CI+A4E | L72Q

Cl+A4E | 190T

CI+A4E | Q20R

Cl+A4E | C1645

CI1+A4E | M75K

CI+A4E | V79I

C1+A4E | F541

C1+A4E | K89E

CI1+A4E | 90V

Ci+A4E | F77W | F688 190V

CI1+A4E | F541 M735K

CI+A4E | F54I1 M75K | 190V

Cl+A4E | F54] F688 M75K

CI1+A4E | F541 190V

C1+A4E | F541

CI1+A4E | F54T NI135K | 1167V | P104L | DI39E

CH+A4E | V45E | L34M G351V [ 99V 1143L

Cl+A4E | S28F L34M G351V [ 199V 11431 F54T |

C1+A4E | SZ8P L34M G351V [ 199V 1143L F54T

C1+A4E | §28P
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SEQUENCE LISTING

SEQ ID NO:1 (Native mature OgLuc pxotein) Oplophorus gracilirosiris
FTLADFYGDWQQTAGYNQDQVLEQGGLSSLFQALGVSVTPIOKVVLSGENGLKADIHVIIPYECLSGFQMELIEMIFK
VVYPVDDHKEFRI ILHYGTLVIDGVTPNMIDY FGRPYPGIAVFDGKOI TVTGTLWNGNKI YDERL1NPDGSLLFRVTIN
GVTGWRLCENILA

SEQ ID NO:2 (ClA4E nuclectide)
ATGGTGTTTACATTGGAGGATTTCGTTGGAGACTGGCGECAGACAGCTGGATACAACCAAGATCAAGTGTTAGARCAR
GGAGGATTGTCTAGTCTGTTCCARAAGCTGGGAGT GTCAGTCACCCCARTCCAGAARATTGTGCTGTCTGGGGAGAAT
GGGTTAAAATTFGATATTCATGTCATCATCCUTTACGAGGGACTCAG TG T TTCAAATGGETCTGAT TGAAATGATC
TTCAARGTTGTTTACCCACTGGATGATCATCATTTCARGATTATTCTCCATTAT GGTACACTCGTTATTGACGCTGTG
ACACCAARACATGATTGACTACTT TGGACGCCCTTACGAGGGAAT TGCTGTGTTTGACGGCAAGAAGAT CACAGTTACT
GGAACTCPGTGGARCGGCAACARGATCATTGATGAGCGCCTGATCARCCCAGRTGGTTCACTCCTCTTCCGCGTTACT
ATCARTGGAGTCACCGGATCGCGCCTTTGCCAGCGTATTCTTGCC

SEQ ID NO:3 {ClA4E protein)

MVEFTLEDFVGDWROTAGYNODOVLEQGGLS SLFQKLGVSVIPIQKIVLSGENGLKFDIHVI IPYEGLSGFOMGLIEMT
FKVVYPVDDHHFKI ILHYGTLVIDGVTPNMIDYFGRPYEGIAVFDGKKI TVTGTLWNGNKI IDERLINPDGSLLFRVT
INGVTGWRLCERLLA

SEQ ID NO:4 (QC27 nuclectida)

ATGGTGTTTACATTGGAGGATTTCGT TGGAGACTGGCGGCACACAGCTGGATACAARCCTAGATCAARGTGTTAGARACAR
GGAGGATTGTCTAGTCTGTTCCAAAAGCTGGGAGTGTCAGTCACCCCAATCCAGAAARTTETGCI'GTCTGGGEAGAAT
GGGTTRARART TGATATTCATGTCATCATCCCTTACGAGGGACTCAGTGGTTTTCAARTGGGTCTCGAT TCGARATGATC
TTCAMNAGTTGTTTACCCAGTGGATGATCATCATTT CARGATTATTCACCATTATGGTACACTCGTTATTGACGETGTG
ACACCRARCATGATTGACTTCTTTGCACGUCCTTACGAGGGAATTGCTGTGT I GACGGCAAGRAGATCACAGTTACT
GGAACTCTGTGGAACGGCAACAAGATCATTGATGAGCGCLCTGATCARCCCAGATGGTTCACTCCTETTCCGCGTTALT
AICAATGGAGCTCACCGGATGGCGCCTTTCCCGAGCCGTATTCTTGCT

SEQ ID NG:5 {QC27 protein)

MYFTLEDFVGOWRQTAGYNLDQVLEQGGLSSLEFQKLGY SVTPIQKIVLSGENGLKIDIHVIIPYEGLSGFOMGLIEMT
FRKVVYPVDDHHFKITHHYGTLVIDGVTPNMIDFFGRPYEGIAVEDGKKI TVTIGTLWNGNKI I DERLINPDGSLLFRVT
INGVTGWRLCERILA

SEQ ID NO:6 (QC27 %a nucleotide}
ATGETGTTTACATTGGAGGAT TTCGT TGEAGACTGEGLGECAGACAGCTGGATACAACCTAGATCAACTGETTAGARACAA
GCAGGATTGTCTAGTCTCTTCCAARAGC TGGCAGTGTCACTCACCCCAATCCAGARARATTGTGCTGTCTGGGGAGRAAT
GGGTTAARAAATTGATATTCATGTCATCATCCCTTACGAGGGACTCAGTGETTATCARATGGGTCAGAT TGAARAGATC
TTCAARAGITGTT TACCCAGTCCATGATCATCATTTCAAGATTATTCGCCATTATGGTACACTCGTTATTGACGGTGTG
ACACCAAACATGATTGACTTCTTTGGACGCOCTTACGAGGGAATTGC TG TGTTTGACGGCARGRAGATCACAGTTACT
GGAACTCTGTGCARCGGCAACRAGATCATTGATGAGCGCCTCGATCAACCCAGATGGTTCACTCCTCTTCCCCGTTACT
ATCAATGGAATCACCGGATGCCCCCTTTGCCGACCGTATTCTTCCC

SEQ ID NO:7 (QC27 Sa protein)
MVFTLEDFVGDWRQTAGYNLDQLLEDGGLS SLFQKLGVSVTPIQKIVLSGENGLKIDIHVI IPYEGLSGYQMGQIEKI
FKVVYPVDDHHFKIIRHYGTLVIDGVTPNMIDFFGRPYEGIAVFDGKK [ TVTGT LWNGNKI IDERLTNPDGSLLERVT
INGITGWRLCERILA

SEQ ID NO:8 (IVY nucleoctide)

ATGGTGTTTACATTGCGAGGAT TTCGTTGGAGACTGGLGGCAGACAGCTGEATACRACCAAGATCAAGTGT TAGAATAA
GGAGGATTGTCTAGTCTGT TCCARRAGC TGEGAGTGTCAGTCACCCCARTCCAGARAATTGTGCTGTCTGCGGAGAAT
GGGTTAAARPATTGATATTCATGTCATCATCCCTTACGAGGGACTCAGTGGTTTTCARATGGGTCTGAT TGARATGATC
TACAAAGTTGTTTACCCAGTGGATGATCATCAT TTCAAGGTTATTCTCCATTATGGTACACTCGTTATTGACGGTGTG
ACACCAARACATGATTGACTACTTTGGACGCCCTTACGAGGGAATTGCTGTGTTTCGACGGCARGRAAGAT CACAGTTACT
GGAACTCTGTGGAACGGCAACAAGATCATTGATGAGCGCCTEGATCAACCCAGATGGTTCACTCCTCTTCCGCGTTACT
ATCAATGGAGTCACCGGATGGCGCCTTTGCGAGCGTATTCTTGCC

S5EQ ID WO:9 (IVY protein}

MV FTLEDFVGDWRQTAGYNODOVLEQGGLSSLEQKLGVSVTPIQKIVLSGENGLKIDIHVITPYEGLSGFQMGLIEMT
YRKVVYPYDDHHFKVILAYGTLVIDGVTPNMIDY FGRPYEGIAVEFDGKKITVTGTLWNGNKI IDERLINPDGSLLERVT
INGVTGWRLCERILA

SEQ ID NO:10 (IVY+Cl.3 nucleotide)
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ATGGTGTTTACATTGGAGGATTACGTTGGAGACTGGCGGCAGACAGCTGGATACARCCAARGATCAAGTGT TAGAACAR
GCAGGATTGTCTAGTC TGTTCCAARATCTGGGAGTGTCTGTCACCCCARTCCAGARAAT TGTGCTGTCTGGGGRGAAT
GGGTTARBAATTGATATTCATGTCATCATCCCTTACGAGGGACTCAGTGGTTTTCARATGGETCTGAT TGARATGATC
TACAAAGTTGTTTACCCAGTGGATGATCATCATTTCARGGTTATTCTCCATTATGGTACACTCGT TATTGACGGTETG
ACACCARACATGATTGACTACT TTGGACGCCCTTACGACGCAATTGC TGTGTTTGACGGCARGARGATCACAGTTACT
GGAACTCTGTGGAACGGCGACARGATCATTGATGAGCGCCTGATCAACCCABATGGTTCACTCCTCTTCCGCGTTACT
BCCAATGGAGTCACCGGATGGCGCCTTTGCGAGCGTATTCTTGCT

SEQ ID NO:11 (IVY+Cl.3 protein)
MVFTLEDYVGDWRQTAGYRQDQVLEQGGLSSLFQNLGVSVTPIQKIVLSGENGLKIDIHVIIPYEGLSGFQHGLLLMI
YKVVYPVDDHHFHVILHYGTLVIDGVTPNMIDYFGRPYEGIAVFDGKKITVTGTLWNGDKTIDERLINPDGSLLFRVT
TNGVTGWRLCERILA

SEQ ID NO:12 {IVY C5.19 nucleotids)
ATGCTGTTTACATTGGAGGATTTCGTTGGAGALTGGCGGCAGACAGCTGGATACAACCARGATCARGTGTTAGARCAR
GGAGGAGTGTCTAGTCTGTTCCARAAGCTEGGAGTGTCAATCACCCCARTCCAGARARTTGTGUTGTCTGGGEAGAART
GGGTTARARATTGATATTCATGTCATCATCCCT TACGAGGGACTCAGTGGT TTTCRAAATGGGTCTGATTGARATGATC
TACABAGTTGTTTACCCAGTGGATGATCATCATTTCRAGGTTATTCTCCATTATGGTACACTCGTTATTGACGGTGTG
ACACCARBCATGATTGACTACT PTGGACGCCCTTACGAGGGAAT TECTGTGT TTGACGGCARGARGAT CACAGT TACT
GGAACTCTGTGEARCGGCAACARGATCATTGATGAGCGCCTGATCARCCCAGATGGTTCAATCCTCTTCCCCETTACT
ATCAATGGAGTCACCGGATGGCGCCTTTGCGAGCGTATTCTTGCC

SEQ ID NO:13 {IVY C5.19% protein)

MVFTLEDFVGDWROTAGYNODOVLEQGCVSSLFQKLEVSITP IQKIVLSGENGLKIDIHVIIPYEGLSGFOMGLIEMT
YRVVYPVDDHHFKVILHYGTLVIDGVTTPNMIDYFGRPYEGIAVFDGKKITVIGTLWNGNKI IDERLINPDGSILERVT
INGVTGWRLCERILA

SEQ ID NQ:14 (IV nucleotide)

ATGCTCLITIACATTGCGAGGATTTCGT TGGAGACTGGUCCGCAGACACCTGCATACAACCAAGATCAAGTCTTAGAACAR
GGAGGATTGTCTAGTCTGTTCCARMAGLTGGGAGTGTCAGTCACCCCARTCCAGAARATTGTGCTGTCTGGGGAGRAT
GGGTTARARATTGATATTCATGTCATCATCCCT TACGAGGGACT CAGTGGTT TTCARATGGGTCTGATTGAAATGATC
TTCAARAGT TGTTTACCCAGTGGATGATCATCATTTCAAGGTTATTCTCCATTAT GGTACACTCGTTATTGACGGTGTG
ACACCARACATGATTGACTACTTTGGACGCCCT TACGAGGGRAT TGCTGTGTTTGACGGCAAGRAAGATCACAGTTACT
GCARACTCTGTGGAACCGCAACAAGATCATTGATGAGCCCCTGAT CARCCCAGATGGTTCACTCCTCTTCCGCGTTACT
ATCARTGGAGTCACCGGATGECGCCTTTGCGAGCGTATTCTTGCC

SEQ ID NO:15 {IV protein)
MVFTLEDFVGDWROTAGYNODOVLEQGGLSSLEQKLGVSVTPIOKIVLSGENGLKIDIHVIIPYEGLSGFOQMGLIEMT
FXYVYPVDDHHFRVILHYGTLVIDGVTPNMI DY FGRPYEGTAVEDGKK]L TV TGT LWNCNK I IDERLINFDGSLLFRVT
INGVTGWRLCERILA

SEQ ID NO:16 {15C1 nucleotide)
ATGGTGTTTACATTGAAGGATTTCGTTGCAGACTGGCGECAGACAGCTGGATACAACCAAGATCAAGTGT TAGAACAA
GGAGGATTGTCTAGTCTGTTCCAAAATCTGGGAGTGCTCAGTCACCCCARTCCACGAARATTGTCCTGTCTGGCECAGAAT
CGCTTAARARTTCGATAT TCATGTCATCATCCCTTACGAGGCACTCAGTGGT TATCARATGGGTCAGATTGAARAGATC
TTCAAAGT TGTTTACCCAGTGGATGATCATCATTTCAAGGE T TATTCTCCATTATGGTACACTCGTTATTGACGGTGTG
ACACCAARCATGATTGACTACTT TGGACGCCCTTACGAGGGARTTGCTGTGT TTGACGGCAAGARGEATCACAGTTACT
GGAACTCTGTGGAACGGCAACAAGATCATTGATGAGCGCCTEATCARCCCAGATGETTCACTCCTCTTCCGCGTTACT
ATCARTGGAGTCACCGGATGCCGCCTTTGCGAGCGTATTCTTGCC

SEQ ID NO:17 (15C1 protein)

MVETLKDFVGDWROTACYNQDOVLEQGGLSSLEQNLGYSVT PIQKIVLSGENGLXIDIHVIIPYEGLSGYQMGQIEKT
FKVVYPVDDHHFKVILEYGTLY 1 DGVTPNMI DY FGRPYEGIAVEDGKKI TV TGTLWNGNKI I DERLINPDGSLLERVT
INGVTGWRLCERILA

SEQ ID NO:18 (9B8 nucleotide)

ATGGTGTTTACATTGGAGGAT TTCGTTGCAGACTGGULEGCAGACAGC TGGATACAACCTAGATCAAGTGTTAGARCAA
GGAGGATTGTCTAGTCTGTTCCARARGCTGGGAGTGTCAGTCACCCCAATCCAGAARATTGTGETGTCTGGGGEGRAT
GGGTTARAMATTGATAT TCATGTCATCATCCCTTACGAGGGACTCAGTCGTTAT CARATGGGTCAGATTGAMANGATC
TTCAAAGTTGTTTACCCAGTGGATGATCATCATTTCHAGGTTATTCTCCATTATGGTACACTCGTTATTGACGGTGTG
ACACCARACATGATTGACTACTT TGGACECCCT TACGAGGGAATTOC TCTGTTTGACGGCAAGARGATCACAGTTACT
GGRAACTCTGTGGAACGGCARCAAGATCATTGATGAGCGCCTGATCAACCCAGATGGTTCACTCCTCTTCCGCGTTACT
ATCAATGGAGTCACCGGATGGCGCCTTTGCGAGCGTATTICTTGCC
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SEQ ID NO:19 (SB8 protein}
MVFTLEDFVGDWRQTAGYNLDQVLEQGGLSSLFQKLGVSVTPIQKIVLSGENGLKIDIHVIIPYEGLSGYQMGQIEKI
TKYVYPVDDHHFKVILHYGTLVIDGVTENMIOY FGRPYEGIAVEDGKKITVTGTLWNGNKI IDERLINEDGSLLFRVT
INGVTGWRLCERILA -

SEQ ID NO:20 {9F6 nucleotide)
ATGGTGTTTACATTGGAGGAT TTCGT TGGAGACTGGCGGCAGACAGCTGGATACAACCTAGAT CAAGTGT TAGAACAR
GGAGGAGTGTCTAGTCTGTTCCAARAGC TGGGAGTGTCARTCACCCCARTCCAGRRRATTGTGCTGTCTGGGGAGAAT
GGGTTARRAATTCGATATICATGTCATCATCCCTTACGACGGACTCAGTGGTTATCANATGGGT CAGAT TGAAARCGATC
TTCARAGTTGTTTACCCAGTGGATGATCATCATTTCAAGETTATTCTCCATTATGGTACARCTCGTTAT TGACGETGTG
ACACCAAMCATGATTGACTACT TTGGACGCCC TTACGAGGGARTTGCTGTGTTTGACGGCARGAAGATCACAGTTACT
GGAACTCTGTGGAACGGCARCAAGAT CATTGATGAGCGCCTGATCAACCCAGATGGTTCACTCCTCTTICCGCGTTACT
ATCAATGGAGTCACCEGATGGCGCCTTTGCGAGCGTATTCTTGCC

SEQ ID NO:21 (9F8 protein)

MVFTLEDEVGDWROTAGYNLDOVLEQGGVSSLFQKLCVS [TPIOKIVLSGENGLKIDIHVIIPYEGLSGYQMGQIEKE
TKVVYPVYDDHHFKVILHYGTLVIDGVTPNMIDYFGRPYEGIAVEDGKKITVTGTLWNGNKI IDERLINPDGSLLERVT
INGYTGWRLCERILA

SEQ ID NO:22 {(IV opt nucleotide)
atggtgtttacactcgéagatttcgtaqgggactggcggcagacagccggctacaaccaagaccaagtccttgagcag
ggeggtotgtecoagtttgtttecagaaacteggggtgtecgtaacacegatecaaaagattgrectgagegytgaaaac
ggoctgaagatcgacatccatgtcatcatececgtatgaaggtectgageggettecagatgggoctecatigagatgate
tttaaggtggtglaccctgtggatgatcatcactttaaggtgattctgsactatggcacactggtaatcgacggggtt
acgccgaacatgatcgactatticggacggeccgtatgaaggcatecgocgtgttcgacggecaaaaagatcactgtaace
gggaccctgtggaacggecaacaaaattatcgacgagegectgatcaaccococqacggetacctgoctgttcogegtaaca
atcaacggagtgaccggetggoegactgtgegagegeattitggeg

SEQ TID NO:23 (IV optR nuclectide)
atggtaticacactggaggattttgtcyggtgattgyoggcaaaccgectgggtacaaccaggaccaggtictegaacaa
gggggcctcagotocctgtitecaaaaactgggtgtiageagtiacacctial {caaaaaategtyctetececggggaaaac
gggctraaaatagataticatgtgartarcecttacgaagggetctecegggtttecagatggggetgategaaatgate
tttaaggrcgtectatccogragatgatecaccacttcaaggtgatectecactacgggaccectegtaattgatggeatyg
accecccaacatgatcgactatttigggegoeccttacyaygggatigelgicttegatggcaaaaaaattacagtgaca
ggcacactctggaacgggaataagatecattgatgagegectgattaatecegatgggagectgetetttegggtgaca
attaacagcgtaacaggetggegectectgtgaacggattotggeg

SEQ ID NO:24 (9B8 opt nuclectide)
atggrgtttacactcgaagatttocgtaggggactggcggcagacagecggectacaacctggaccaagtccttgageag
ggcggtctgtccagtttgttitcagaaacteggggtgtececgtaacaccgatccaaaagattgtecctgagecggtgaasac
ggccrgaagatcgacatccatgtcatcatceceogtatgaaggictgageggetatcagatgggecagatcgaaaaaatt
tttasggtggtgtacectgtggatgatcatcactttaaggtgattctgeactatggcacactggtaatcgacgggott
acgccgaacatgatcgactattteggacggeegtatgaaggeategeegigttegacggeaaaaagateactgtaace
ygggaccectgtggaacggcaacaaaattatscgacqagegactgatcaaccacgacggctoocctgotgticocgagtaace
atcascggagtgaccggetggeggetgtgogagegeattitggeg

SEQ ID NO:25 (YB8 cptB nucleotide)
atggrattcacactggaggattttgtcggtgattggecggraaaccgetgggtacaaccicgaccagglictcgaacaa
gggggoctcageteoctgtitcaaanactgggtgttagegttacacctattcaaaaaategtgetetecggggaaaac
gggctcaaaatcgataticatgtgattateccttacgaagggctetcegggtatcagatggggecagategaaaaaate
tttaaggtcgtctatecocgtagatgatcaccacttcaaggtgatectoccactacgggacacctcgtaattgatggogtg
acccecaacatgatcgactatttigggogoecttacgaggggattgetgtctticgalggeaaaaaaattacagigaca
ggcacactctggaacgggaataagatcatigatgagogcctgattaatcaocgatgggagectgotatttogggtgaca
attaacggcgtaacaggctggegectetgtgaacggattctggeg

SEQ ID NO:26 (823 nucleotide)
Atggtgattacattggaggatttegttggagactggeggeagacagetggatracaaccaagatcaagtgttagaacaa
gyaggagtgtctagtctgttecaaaagoctgggagtgtcaatcaccoccaatoccagaaaattgtgetigrotggggagasat
gggttaaaaattgatattcatgtecatcatoccttacgagggactecagtggttitcaaatgggletgatigaaatgate
ttcaaagttgtttacccagtggatgatcatcatrttcaaggttattctccattatggtacactcgitattgacggtgty
acaccaaacatgattgactactttggacgoecttacgagagaattgeotgtgtitgacggcaagaagatcacagttact
ggaactctgtggaacggcaacaagatcattgatgagegecctgatcaaccocagatggttcactoctettecgegthtact
atcaatggagtcaccggatggogecttigogagegrartcetyee
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SEQ ID NO:27 (BA3 protein)
MVITLEDFVGDWRQTAGYNQDQVLEQGGVSSLFQKLGVSITPIQKlVLSGENGLKIDIHUIIPYEGLSGFQMGLIEMI
FKVVYPYDDHHFKVILHYGTLVIDGVTPNMIDYFGRPYEGIAVFDGKKITVTGTLWNGNKI IDERL1NPDGSLLERVT
INGVTGWRLCERILA

SEQ ID NO:28 (LucZ nucleotide)
atggaagatgccaaaaacattaagaaqqgcccagcgccattctacccactcgaagacgggaccgccggcgagcagctq
cacaaagccatgaagcgcotacgcoctggtgeecggeaccategeetttacegacgecacatategaggtggacattace
tacgeegagkacticgagatgagogttsggctygcagaagetatgaagegetatgggetgaatacaaaccateggate
grggrgtgecagegagaatagettigeagttottcatgeccgtgtigggigecotgttcateggtgtggctgtggccoca
gctaacgacatoctacaacgagogogagetgotgaacagecatgggcatcagecageccaccgecgtattegigageaag
aaagggctgcaaaagateclcaacgrgeaaaagaageraccygatcatacasaagatrcatcatcatggaragcaagace
gactaccagggcttecaaageatgracaccircgtgactrcccattigecacceggottcaacgagtacgacticgtg
cccgagagcttcgaccggqacaeaaacatcgccctgaccatgaacaqtaqtggcagtaccggattgcccaagggcgta
gscotaccgoacegcacegettgtgtccgaticagtcatgoocgogaceceatettcggeaaccagatecateccegac
accgctatccoctocagogtggtgecatiteaccacggctcggeatgttecaccacgetgggetacttgatetgeggette
cgggtegtgetcatgtacegettogagyaggagetattettgegeagettgcaagactataagattcaatetgecotyg
ctggtgooracactatttagottettegetaagagoactotcatcgacaagtacgacctaageaacttgeacgagate
gccagoggeggggogocgctcageraaggaggiaggtgaggecgtggecaaacgettccacctaccaggecatccgecag
ggctacggretgacagaaacaaccagegecattoctgatcacccccgaaggggacgacaagectggegeaygtagycaag
gtggtgceccttocttegaggectaaggtggtggacttggacaceggtaagacactgygtgtgaaccagegeggcgagoty
tgcgleccgtgeccccatgatcatgageggstacgttaacaacccegaggectacaaacgetotcatcgacaaggacgge
tggctgeacageggegacatcgectactgggacgaggacgageacttcttcategtggaceggctgaagagectgate
asatacasqggeotaccaggragecccagecgaactggagageatectgetgeaacacoocaacatct togacgeoggy
gtogeoggootgeccgacgacgatgecggogagetgeccgecgeagtegtegtgotggaacacggtaaaaccatgace
gagaaggagatcgtggactatgtggecageecaggttacaaccgecaagaagetgegeggtggtgttgtgttecgtggac
gaggtgectaaaggactgaceggeaagt tggacgeccgcaagatecgegagattotcat taaggecaagaayggeygye
aagatcgcegtt

SEQ ID NO:29% (Luc2 protein)
medaknikkgpapfypledgtageqlhkamkryalvpgtiaftdahicvdityacyfemsvrlacamkryglntnhri
vvcsenslqifmpvlgal figvavapandiynerellnsmgisgptvvivskkglgkilnvgkklpiigkiiimdskt
dyqgfagsmytfvtshlppgfneydfveesfdrdktialimnssgstglpkgvalphrtacvrishardpifgngiipd
tailsvvpfhhgfgmftrtlgylicgfrvvimyrfeeelflrslgdykigsallvptlfsffakstlidkydlsnlhei
asgygaplskevgeavakrfhlpgirggygltettsailitpegddkpgavgkvvpffeakvvdldtgktlgvngrgel
cvrgpmimsgyvnnpeatnalidkdgwlhsgdiaywdedehffivdrlkslikykgygvapaelesillghpnifdag
vaglpdddagelpaavvvliehgktmtekeivdyvasgvtrakklrggvvivdevpkgltgldarkireilikakkgg
kiav

SEQ ID NO:30 (HRL {Humanized Renilla) nucleotide)
Atggcttoccaaggtgtacgaceecgagecaacgecaaacgeatgatecactgggectcagtggigggetegetgecaageaa
atgaacgtgctggactccocttcatcaactactatgattccgagaagoacgeocgagaacgecgtgattittetgeatggt
aacgectgectecagetacctgitggaggecacgtogtgooctcacategagecegtggetagatigocatcatoccotgatetyg
atcggaatgggtaagiccggcaagagegggaatggectecatatcgectectggatcactacaagtacctcaccgettygyg
ttcgagctgctgaacscttccasagazaatcatctitgtgggccacgactggggggecttgtctggectttcactacroe
tacgagcaccaagacaagatcaaggerategtecatgetgagagtgteglyggacgtgategagtieoctgggacgagtgyg
cetgacarcgaggaggatatcgecctgatcaagagecgaagagggcgagaaaatggtgettgagaataacttctticgte
gagaccatgcetceccaageaagatcatgeggaaactggagectgaggagttegetgectacctggagecattecaaggag
aaggacgaggttagacqggcctaccctotectggectegegagatesctctegttaagggaggcaageccgacgtegte
cagatigltccgcaactacaacgectaccocttocgggccagcgacgaletgectaagatglleatecgagtccgaccotggyg
ttcttttecaacgctatigtcgagggagetaagaagtteccciaacaccgagttegtgaaggtgaagggectecacttc
agccaggaggacgctacagatgaaatgggtaagtacatcaagagcttcgtggagecgegtgctigaagaacgagcad

SEQ ID NO:3l1 (HRL {Humanized Renilla) protein)

MASKVYDPEQREKRMITCPOWHARCKOMNVLDSFINYYDSEKHAENAVIFLHGNAASSY LWRHVVPHIEPVARCI IPDL
IGMGKSGKSGRGSYRLLDHY KY LTAWFELLNLFKKI IFVGHDWGACLAFHY SYEAQDKIKAIVHAESVVDVIESWDEW
PDIEEDIALIKSEEGEKMVLENNFFVETMLPSKIMRKLEPEEFAAYLEPFKEKGEVRRPTLSWPREI PLVKGGKPDVY
QIVRNYNAYLRASDOLPKMEFIESDPGFFSNAIVEGAKKE PNTEFVKVKGLHFSQEDAPDEMGKY IKSFVERVLKNEQ

SEQ ID WO:32 (Id-HRL-HT7 sandwich fusjion nucleotide)

atgcttggtctgtcggagecaaagegtgteccatetegegeigegetgggacgoegocctgocogoocttgetggacgageag
caggtgaacgtcctgetctacgacatgaacggetgetactcacgecteaagoagetggigececacectgececagaac
cgcaaagtgagcaaggtggagatcetgcagecatgtaategactacatcagggacctgecagetggagectgaacteggag
{ctgaagtcgyggaccaceggaggcoggggactgoctgtocogegoeocgetcagoaccotgaacggegagatcagtgee
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ttggcggccgaggcggcatgtgttccagccgacqatcgcatCttqtgtcgcgtttthttgagaatctttattptcag
gegtetggagetggtggeggagegatcgecatggetteccaaggrgtacgacecegagcaacgcaaacgeatgatcact
gggectcagtggtgggetegetgeaageaaatgaacgtgerggactectteatcaactactatgartccgagaagcac
gocogagaacgeogtgatttticrgeatggtaacgetgectecagetacctgtggaggeacgtegtgecteacategag
cocgtggetagatgoatcatcectgatetgaleggaatgggtaagtecggeaagagecgggaatggetcatategecte
ctggatcactacaagtacctcacegettggttcgagetgetgaacecttccaaagaaaatcatettigigggecacgac
tgqqngcttgtctggcctttcactactcctacgagcaccaagacaagatcaaggCCatcgtccatgctgagagtgtc
grggacgtgategagtecctgggacgagtggcctgacategaggaggatateygeccctgatlcaagagcgaagagggcgag
aaaatggtgcttgagaataacttettcgtegagaccatgotocecaageaagateatgcggaaactggageetyaggayg
ttegetacctacciggagecattcaaggagaagggegaggttagacggectaceetetectggretegegagatecet
thgttaagqgaggcaagcccgacgtcgtccagattgtccgcaactacaacgcctaccttcgqqccagcgacgatctg
cctaagatgttecatcgagtecgaccotgggttcttttecaacgetatigtegagggagetaagaagttecctaacace
gagttocgtgaaggtgaagggeotecact tcagoccaggaggacgoteccagatgaaatgggtaagtracatcaagagette
gtggagegcgtgorgaagaacgageaggtiicictogagecaaccacigaggatectgiactitcagagegataacgat
ggatcegaaateggtactggetticecattegaccaccattatgtggaagtectgggegagegcatgcactacgtegat
gttggteoccgogcgatggcaccectgtgetgttectgeacggtaaccegacctectectacgtgtggegeaacateate
ccgcatgttgcaccgacccatcgctgcattgctccagacctqatcggtatggg;aaatccqacaaaccagacctgggt
tatttettegacgaccacgteogcttcatggatgecttcatogaageectgggtctggaagaggtegtectggteati
cacgactggggctceogekengggttteccactgggccaagagcaateecagagegeytcaaaggtattgeatttatggag
ttcatcogeeoctatcocgaccligggacgaatggocagaattigoccgegagaccttecaggecttecgecaccaccgac
gtcggoeogeaagetgatcatcgatcagaacgtttttatcgagggtacgotgeogatgggtgtegtecygeecrygetgact
gaagtegagatggaccattecegegageegitcetgaatectgttgacegegagecactgtggegettoccaaacgag
ctgccaatcgcocggtgagecagegaacatogtegegetggtegaagaatacatggactggetgecaccagtocectgte
ccgaagectgotgttotggggecaccocecaggogttotgatcecaccggocgaagocgctegectggecaaaagectgoct
aactgcaaggctgtggacatcgacccgggtcigaatetgetgeaagaagacaacoceggacetgateggeagegagate
gegegetggetgtetactectggagatttecggt

SEQ ID NC:33 (Id-HRL-ET7 sandwich fusion protein)
MLGLSEQSVSISRCAGTRLPALLDEQOVNVLLYDMNGCYSRLKELVPTLEOQNRKVSKVEILOBRVIDY IRDLOLELNSE
SEVCGTTGGRGLPVRAPLITLNGEI SALAARARCVPADDRILCRVSLENLY PFQASGGGGGAIAMASKVYDPEQRKRMIT
GPOWWARCKOMNVLDSFINYYDSEKHEAENAVIFLHGNAASSY LWRHVVPHIEPVARCIIPDLIGMGKSGKSGNGSYRL
LONYKYLTARFELLNLFKKIIFVGHDWGACLAFHYSYRHQDKIKAIVHAESYYDVIESWDEWPDIEEDIALIKSEEGE
KMVLENNFFVETMLPSKIMRXLEPEEFAAYLEPFKEKGEVRRPTLSWFREIPLVKGGKPODVVRIVRNYNAY LRASDDL
PKMFIESDPGFFSNAIVEGAKKFPNTEFVKVKGLHFSQEDAPDEMGKY IKSFVERVLKNEQVSLEPTTEDLY FQSDND
GSEIGTGFPFDPHYVEVLGERMHYVDVGPRDGTPVLFLHGNPTSSYVWENIIPHVAPTHRCIAPDLIGMGKSDKPDLG
YFEFDDHYRIMDAFIEALGLEEVYLYVIHDWGSALGFHWAKANPERVKGIAFMEE LRPIPTWDEWPEFARETFQAFRITD
VGREKLIIDQNVFIEGTLPMGVVRPLTEVEMDHYREPFLNPVDREPLWRFPNELPIAGEPANIVALVEEYMDWLHDSPV
PRLLFWGTPGVLIPPAEAARLAKSLPRCKAVDIGPGLNLLOEDNPDLIGCSEIARWLETLELISC

BEQ ID NO:34 (BA3-HT7 fusion nuclectide)
atggtgattacattggaggatttcgttggagactgooggcagacaygctggatacaaccaagatcaagtgttagaacaa
ggaggagtgtctagtctgtteccaaaagetgggagtgtcaateacectaateccagaaaattgqtgetgtctggggagaat
gggttaaaaattgatattcatgtcatcatcecttacgagggactcagtggttttcaaatgggtctgattgaaatgate
i tcaaagttgtttaccocagtggatgatcatcatttcaaggttattctccattatggtacactcgttattgacggtgtyg
acaccaaacatgattgactactitogacgccectrttacgagggaattgetgigtttgacggecaagaagatcacagttact
ggaactctgtggaacggcaacaagatcattgatgagcgectgatcaacccagatggttcactectecttecgogitact
atcaatggagtcaccggatggegectitgegagegtattcttgecggatatetegageraaccactgaggatetgtac
rgTcagagcgataacgatggatocgaaatcggractggotttcoattogacecocattatgtggaagtoctgggegag
cgeatgeactacgtegatgtrggtecgegegatggeacecetgtgetgttectgecacggtaaccegacetecteatac
gtgtggcgeaacatcatcccgeatgttgcaccgaccecatecgetgeattgetecagacctgateggtatgggeaaatee
gacaaaccagacstgggttatttecttegacgaccacgtoocgottcatgogatgocttcatcgaageoccctgggticiggaa
gaggtcgtectggtecattecacgactggggectecgetetgggttteccactgggecaagegecaatcecagagegegicaaa
ggtattgcattratggagticatccgccctatecaegacctyggacqaatggecagaatttgeoegecgagacctiacay
gecettecegraccaccgacgteggecgecaagetgatecategatcagaacgitittategagggtacgeigecgatgagt
gtcgtecgecegetgactgaagtcgagatggaccattaccgegagecgticotgaatectgttgaccgegagecacyg
tggcgctteccaaacgagetgecaategecggtgagecagegaacategtegegetggteqaagaatacatggactgyg
ctgcacrcagtecoctgtccecgaagetgetgttctggggeaccccaggogttetgatecccaccggecgaagecgetoge
ctggocaaaagoctigoctaactgoaaggctgtggacatcggoeogggtctgaataetgetgecaagaagacaacccygad
ctgatcggcagcgagatcegegogetggetgictactectggagat tteeqgt

SEQ ID NO:3%5 (BA3-HT7 fusion protein)

MVITLEDEVGDWROTAGYNQDOVILEQGGVSSLFOKLGVSITPIQKIVLSGENGLKIDIHVIIPYEGLSGFOMGLIEMI
FRVVYPVDDHHFKVILHYGTLVIDGVTFNMIDYFGRPYEGIAVEDGKKITVTGTLWNGNKI IDERLINPDGSLLFRYT
INGVTGWRLCERILAGYLEPTTEDLYFQSDNDGSE IGTGFPFDPHYVEVLGERMBYYDVG PRDGTPYL.FLHGNPTSSY
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VWRNIIPHVAPTHRCIAPDLIGMGKSDKPDLGY FFDDHYRFMOAFIEALGLEEVVLVIHDWGSALGFHWAKRNPERVE
GIAFMEFTRPIPTWDEWPEFARETFQAFRTTDVGRKLIIDONVE IEGTLPMGYVRPLTEVEMDHYREPFLNPVOREFPL
WRFPNELPIAGEPANIVALVEEYMDWLHOSPVPKLLFWGTPGVLIFPPAERAARLAKSLPNCKAVDIGPGLNLLOEDNPD
LIGSEIARWLSTLEISG

SEQ ID NO:36 {9B8-HT7 fusion nuclecotids)
atggtgtttacattggaggatttegttggagactggeggeagacagetiggatacaacctagatcaagtgtitagaacaa
ggaggattgtctagtctgttccaaaaqctgggagtgtcaqtcaccccaatccagaaaattgcgctqtctggqqagaat
gggttaaaaattgatattcatgtcatecatoccttacgagggaclecagiggltakcaaatgyggtcagatigaaaagate
ttcaaagttgtttaccscagtggatgatcatcatttcaaggttattoctecattatggtacactegttattgacggtgty
acaccaaacatgattgactacttityggacgcecttacgagggaattgetgtgtttgacggcaagaagatcacagitact
qqaaCtctgtgqaacggcaacaagatcattgatgagcgcctgatcaacccagatgqttoactcctctt:cg:gttact
atcaatggagtcaccggatggegocttrgegagegtattettgecggatatetogagecaacecactgaggategtac
tttcagagcgataacgatggatecgaaateggtactggetttecattcgacacccatratgrggaagtectyggegag
cgeatgecactacgtegatgttggtcecgegegatgycaccectgtgetgitoctgeacggtaaceecgaccicoctectac
gtgtggcgeaacatcatecegeatgttgecaccgaccéatcgetgcattgotocagacctgarcggtatgggeaaatee
gacaaaccagacctgggttatttcttegacgaccacgteegetteatggatgeettcategaageectgggtotggaa
gaggtcgtectggteattcacgactggggctccgetetgagtttecactgggeccaagograatecagagegegtcaaa
ggtattgcatttatyggagttcateccgecctateecgacetgggacgaatggecagaatttgoocogogagaccticsag
gccttccgcaccaccgacgthgccgcaagctqatcatcgatcagaacgtttttatcgagggtacgctgccgatgggt'
gtegtecgoccgctgactgaagtcyagatggaccattacecgegagecgttocetgaatoctgttgaccgegagecactg
tggcgettoccasacgagetgocaatcgccggtgagecagogaacatcgicgegetygtogaayaatacatggactyg
ctgeaccagteceectgtcecgaagetgotgttetggggecacecccaggegttetgatcocaccggoccgaagecgctcge
ctggccaaaageetgcetaactgecaaggetgtggacatocggeccgggtetgaatetgotgraagaagacaaccoggac
ctgatcggcagegagategegegectggetgtctacliclggagatttceggt

SEQ ID NO:37 (SBB-HT7 fusion protein)
MVFTLEDFVGDWRQTAGYNLDOVLEQGGLSSLFQKLGVSYTPIQKIVLSGENGLKI DIRVII PYEGLSGYQMGOIEKT
FKVVYPVDDHHEKVTLHYCTLYIDGVTPNMIDYFGRPYEGIAVFDCKKITVTGTLWNGNKI IDERLINPDGSLLFRVT
INGVTGWRLCERILAGYLEPTTEDLYFQSDNDGSEIGTGFPFDPHYVEV LGERMHYVDYGPRDGTPVLELHCNPTESY
VWRNIIPHVAPTBRCIAPDLIGMGKSDKPDLGYFFDDHVRFMDAFTEALGLEEVVLVIHDWGSALGFHWAKRNPERVEK
GIAFMEFIRFPIPTWDEWPEFARETFOAFRTTDVGRKLIIDONVFIEGTLPMGVVRPLTEVEMDHEYREPFLNPVDREPL
WRFPNELPIAGEPANIVALVEEYMDWLHQSPVPKLL.FWGTPGVLIFPPAEAARRLAKSLPNCKAVDIGPGLNLLQEDNED
LIGSEIARWLSTLEISG

SEQ ID NO:38 (9F6§-HT7 fusion nuclectide)
atggtgtttacattyggaggatttegttggagactggeggcagacagetggatacaacctagatcaagtgttagaacaa
ggaggagigtctagtcigttocaaaayctgggagtgtcaatcacceccaatccagaaaattgtgotgtctggggagaat
gggttaaaaattgatattcatgtcatcatcccttacgagggactcagiggttatcaaatgggtcagattgaaaagatc
ttcaaagttgtttacceagtggatgatcatcatttcaaggttattctacattatggtacactegttattgacggtgtg
acaccaaacatgattgactactttggacguectliacygagggaattgetgtgtttgacggeaagaagatcacagttact
ggaactctgtggaacggcaccaagatcattgatgagegectgatcaacccagatggttcactoctottoccgegttact
atcaatggagtcaccqggatggegectttgegagegtattettgecggatatetecgageccaaccactgaggatetgtac
tttcagagegataacgatggatccgaaatcggtactygetttccattogacceccattatgtggaagtectgggegag
cgeatgecactacgtogatgttggtoecgegegatggeaccectagtgelgllcetgeoacyggtaaccogacctoctoctac
gtgtggcgcaacatcatcoccgecatgttgecaccgacccategetgeatigetecagacctgateggtatgggeaaatee
gacaaaccagacctgggitatttettegacgaccacqgteegettecatggatgocttcategaagocotgggictggaa
gaggtcgtectggtcattcacgactggggeotoccgetectgggtttoccactyggecaagegecaatccagagogegteaaa
ggtattgcatttatggagttecatecgecetateccgacctgggacgaatggecagaatttgeacegegagaccerecay
gocttecgcaccaceqgacgtocggecgecaagetgatcategatcagaacgtttttatcgagggtacgetgecgatagat
gteelcegeoogetgactgaagtegagatggaccattaccgogagocgttesctgaatectgttgacegagagecactg
tggcgettoccaaacgagectyccaategocggtgagecagegaacatecgtegegetggtcgaagaatacatggactgg
c¢tgecaccagtcecctgtccecgaagetgetgttctggggeactccagacgttictgatcoccaccggecgaagoecgocrege
ctggecaaaagectycctaactgeaaggelgtyggacateggeceggotectgaatctgetgrazgaagacaaceeggac
ctgatcggcagcgagatcgegegetggetgtctactctggagatttcoggt

SEQ ID NO:3% (S5F6-HT7 fusion protein)
MVFTLEDFVGDWROTAGYNLDQVLEQGGVSSLFQKLGVSITPIQKIVLSGENGLKIDIHVIIPYEGLSGYQMGQIEKIL
FKVVYPVDDHEFKVILHYGCTLYIDGVTPNMI DYFGRPYECIAVFDGKKITVTGTLWNGNKI IDERLINPDGSLLERVT
INGVTGWRLCERILAGYLEPTTEDLYFQSDNDGSEIGTGFPFRPHYVEVLGERMHYVDVGPRDGT PVLFLHGNPTESY
VWRNIIPHVAPTHRCIAPDLIGMGKSDKPDLGYFFDDHVRFMBAFIEALGLEEVYLVIHDWGSALGIEWAKRNIPERVE
GIAFMEFIRFIPTWDEWPEFARETFOAFRTTDVGRKLIIDONVFIEGTLPMGVVRPLTEVEMDHYREFFLNPVOREFL
WRFPNELPIAGEPANIVALVEEYMDWLHQSPVYPKLLFWGTPGVLIPPAEARRLAKSLPNCKAVDIGPGLNLLOEDNED
LIGSEIABRWLETLEISG
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SEQ ID NC:40 (Id-9BB opt-HT?7 sandwich fusion nucleotide)
atgcottggtoctgteggageasagegtgtecatectegegetgegetgggacgegectgoceccgecttgotggacgageayg
caggtgaacgteetgototacgacatgaacggstgotacteacgeotcaaggagetggligeecacectgoaccagaac
cgcaaagrgagcaaggtyggagatectgeageatgtaategactacatcagggacctgcagetggagetgaactecggag
tctgaagtcgggaccaccggaqgccggggactgcctgtccgcgccccgctCagcaccctgaacggcgaqatcagtgcc
ttggcggecgaggeggeatgtgttocrageogacgategeatottgtgtogegttictottgagaatectttattttcag
gogtetggaggtggtggeggagegategecatggtgtttacactegaagaittcgtaggggactgecggecagacageco
ggctacaacctggaccaagtecttgageagggeggtetgtecagtetgtttcagaaacteggggtgtcegtaacacey
atccaaaagattgtcctgagcaggtgaaaacggoctgaagategacatcecatgtecateateoegtatgaaggtetgage
ggctatcagatgggecagatcgaaaaaatttttaaggtgglgtaccctgtggatgatcatcacettaaggtgattetyg
tactatggcacactggtaatcgacggggttacgccgaacatgategactattlcggacgygoegtatgaaggeategoc
gtgttcgacggcaaaaagatcactgtaaccgggaccctgtggaacggcaacaaaattatcgacgagcqcctgatcaac
coccgacggctccctgotgttcogegtaaccatcaacggagtgaceggetggeggetgtgegagegtattcttgecgga
tatctcgagocaaccactgaggatetgtactttcagagegataacgatggatccgaaateggtactggelttecalte
gacccccattargtggaagtoctgggegagegeatgecactacgtecgatgttggtecgegegatggeaccocetgtgetyg
ttectgracggiaaccegacctectectacgtgtggogeaacatcateccegeatgttgecaccgaceccategetgeatt
gctcocagacoctgateggtatgggcaaatccgacaaaccagacctgggttatticttcgacgaccacgtcogettcatyg
gatgecttecatcgaageceotgggtctggaagaggtegtectggtcattecacgactggggetecgetetgggtitecac
tgggccaagegeaatecagagegegtcaaaggtattgeatttatggagt tecatcogocctatcccgacctgggacgaa
tggccagaatttgeecygcgagaccttccaggccttcogecaccacoegacgtcggocgeaagotgatcategatcagaac
gtttttatcgagggtacgectgecgatggatgtegtcageecegctgactgaagticgagatggaccattaccgegageeg
ttcctgaatcctgttgaccygcgagecactgtggcgetteccaaacgagetgecaategecggtgageeagegaacate
glcgcgotggicyaagyaatacatggactggetgeoaccagtecectgteccgaagotgetgttctggggecaccoccagge
gttectgateccaccgygecgaagecgetcgectggecaaaageclygectaactgeaaggetgtggacateggecegyggt
ctgaatctgctgcaagaagacaacccggacaetgatcggcagegagategegegetggetgtctactetggagatttce
ggtt

SEQ ID NO:41 (Id-9B8 opt-HT7 sandwich fusion protein)
MLGLSEQSVSISRCAGTRLPALLDEQQOVNVLLY DMNGCYSRLKELVPTLPONRKVSKVEILOHVIDY IRBLQLELNSE
SEVGTTGGRGLPVRAPLSTLNGEI SALAARAACVPADDRILCRVSLENLY FRQASGGGGGAIAMVFTLEDFYGDWROTA
GYNLDQVLEQGGLS SLEQKLGVSVTPIQKIVLSGENGLKIDIHVITPYECLSGYOMGQIEKIFKVVY PYDDHHFKVIL
BYGTLVIDGVTPMMIDYFGRPYEGIAVEDGKKITYVTGTLWNGNK L IDERL INPDGSLLFRVI INGYTGWRLCER T LAG
YLEPTTEDLYFQSDNDGSEIGTGFPFDPHYVEVLGERMHYVDVGPRDGT PYLFLHGNETSSYVWRNI I PHVAPTHRCI
APDLIGMGKSDKPDLGYFFDDHVRFMDAFI EALGLESYVLYVIHDWGSALGFHWAKRNFERVKGIAFMEFIRPIPTHWDE
WPEFARETFQAFRTTDVGRKLIIDONVEIEGTLPMGVVYRPLTEVEMDHYREPFLNPVDREPLWREFPNELPIAGEPANT
VALVEEYMDWLHEQS PVPKLLEFWGTPGVLI PPAEAARLAKSLEFNCKAVLIGPGLNLLQEDNPDLIGSEIARWLSTLELS
G

SEQ ID HO:42 ([9B8 opt+K33N nucleotide}
Atggtgttracactcgaagatttcgtaggggactggeggcagacageccggectacaacctggaccaagbccttgageag
ggcggtetgtecagtttgtttcagaatecteggggtgtecegtaaracegateccaaaagattgtectgageggtgaaaac
ggcctgaagatecgacatccatgtcatcatcecgtatgaaggtctgageggectatcagatgggeccagatcgaaaaaatt
tttaaggtggtgtaccctgtggatgatcatcactttaaggtgattectgcactatggcacactggtaatcgacggggtt
acgccgaacatgatcgactatticggacggoecgtatgaaggcatcgecgtgttcgacggcaaaaagatcactgtaacc
gagaccotgtggaacggcaacaaaattatcgacgagcgoectgatcaaceocgacggetcectgetgtrcegegtaaca
atcaacggagtgaccggcectggeggetgtacgagegeattttggeg

SEQ ID NO:43 {9BO opt+K33N protein)
MVETLEDFVGDWROTAGYNLDOVLEQGGLS SLEONLGVSV TP IQKIVLSGENGLKIDINVIIPYEGLSGYOMGQIEKT
FKVVYPVDDHHFKVILHYGTLVIDGVTPNMIDY FGRPYEGIAVFDGKKITVTGTLWNGNKIIDERLINFDGSLLFRVT
INGVTGWRLCERILA

SEQ ID NO:44 {QC27-HT7 nucleotids)

atggtgtttacattggaggatttcgtitggagactyggoggoagacagetggatacaacetagatcaagiygttagaacaa
ggaggattgtctagtetgttecaaaagetgggagtgtecagtcaceccaatecagaaaattgtgetgtetggggagaat
gggttaaaaattgatattcatgtecatcatcecttacgagggactcagtggtrttcaaatgggtctgattgaaatgate
ttcagagttgtttacccagtggatgatcatcatttcaagattaticaccattatggtacactegttattgacqgatgtyg
acaccaaacatgattgacttctttggacgeecttacgagggaattgetgtgittgacggecaagaagatcacagttact
ggaactctgtggaacggcaacaagatcattgatgagegcctgatcaacccagatggrtcactectottecgegttact
atcaatggagtcaccggatggegectttgcgagegtattettigerggatatectegagecaaccactgaggatetgtac
ttitcagagegataacgatggatccgaaatecggtactggetttccattocgacecccattatgtyggaagiectgggegag
cgcatgractacgtcgatgttggtcegegegatggeacecetgtgetgttectgcacggtaacecgacctccteetac
gtgtggcgcaacatcatcecgeatgttgecacegacecategetgecattgetecagacctgateggtatgggeaaater
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gacaaaccagaGetgggttatttottcgacgaccacgtcogeottcatggatgecttecategaageectgggictggaa
gaggtcgtcectggteattcacgactggggetecgotetgggtttccactgggecaagegeaatecagagegeghcaaa
ggtattgeatttatggagttcatocogecctatocegacetgggacgaatggecagaatttgecegegagacCtrtecag
gecttocgeoaccaccgacgtoggregcaagetgatcategatcagaacgtttttatcgagggtacgetgecgatgggt
gtegtecgeecgetgactgaagtcgagatggaccattaccgegagecgttecctgaatectgttgacegcgagecactyg
tggecgettoccaaacgagetgecaatcgerggtgageccagegaacatogtocgegetggtcgaagaatacatggact gy
clgcaccagtcccctgtoccgaagetgetgttoctggggeaceccagygegtietgatcecacecggecgaagccgaotege
crggccaaaagectgectaactgeaaggetgtggacateggeceggygtetgaatergetgecaagaagacaaccoggac
crgatcggcagecgagatcgogegetggetgtctactetggagarttecggt

SEQ ID NO:45 (QC27-HT?7 protein)
MVFTLEDFVGDWROTAGYNLDCGVLEQGGLSSLFQKLGYSYTPIQKIVI.SGENGLKI RTHVIIPYEGLEGFOMGLI EMI
FKVVYPVDDHHEFKIIHHYGTLVIDGVTPNMIDFFGRPYEGIAVE DGKKITVTGTLWNGKNKL IDERLINFDGSLLERVT
INGVTGWRLCERILAGYLEPTTEDLYFCSDNDGSEIGTGFPFDPHYVEVLGERMHAYVDVGPRDGT PVLEFLAGNPTSSY
VWRNIIPHVAPTRRCIAPDLIGMGKSDKPDLGYFFDDHVRFMDAFIEALGLEEVVLVIHDWGSALGFEWAKRNPERVEK
GIAFMEFIRPIPTWDEWPEFARETFQAFRTTDVGRKLI IEQNVFIEGTLPMGVVRPLTEVEMDIYREP FLNEPVBREPT,
WREENELPIAGEPANIVALVEE YMDWLHQS PVPKLLFWGTPGVL I PPAEAARLAKSLPNCKAVDIGPGLNLLQEDNPD
LIGSETIARWLSTLEISG

SEQ ID NO:46 (BF2)
atggtgtttacattggaggatticgtiggagactggeggoagacagetggatacaaccaagatcaagtgttayaacaa
ggaggagtgtctagkectgtteccaaaagetgggagtgtcagtcacccesatcecagasaatigtgetgtectggggagaat
gggttaaaaattgatattcatgicatcatccettacgagggactcagtagttttcaaatgggtctgatigazatgate
ttcaaagrttgttracccagtggatgatcatcatttcaaggttattctcrattatggtacactegttatigacggtgtyg
acaccaaacatgattgactactttggacgeccitacgaggqaattgetgigtttgacggcaagaagatcacagttact
ggaactcrgtggaacggcaacaagatcattgatgagegectgatcaaceccagatggttcactoctottacgegttact
atcaatggagtcaccggatggogoctttgogagegtattettgee

SEQ ID NO:47 (BF2 protein)
MVFTLEDFVGDWRQTAGYNQDQVLEQGGVSSLFQKLGVSVTPIQKIVLSGENGLKIDIHVI IPYEGLSGEFQMGLIEMI
FKVVYPVDDHHFKVILHYGTLVIDGVT PNMIDYFGRPYEGIAVFDGKKITVTGTLWNGNKI IDERLINPDGSLLERVT
INGYTGWRLCERTLA

SEQ ID NO:48 (IV-HT7 nucleotide)
atggtgtttacattggaggatttcgttggagactggecggcagacagctggatacaaccaagatcaagtgttagaacaa
ggaggattgtctagtctgttccaaaagetgggagtgtcagtcacccecaatecagaaaattgtgetgtetggggagaat
gggttaaaaattgatattcatgtcatcatoccttacgagggactcagtggttttcaaatgggtctgattgaaatgate
ttcaaagttgtttacccagiggatgatcatcatittcaaggttattcteccattatggtacactecgttattgacggtgty
acaccaaacatgattgactactttggacgaccttacgagggaatrgetgrgtttgacggoaagaagatcacagttact
ggaactctgtggaacggraacaagatcattgatgagegectgatcaacceagatggttecactectetteccgegttact
atcaatggagtcaccggatggcgectttgogagegtatteottgecggatatctegagecaaceactgaggatctgtae
tttcagagegataacgatggatecgaaateggtactggetttaecattegaccececattatgtggaagtecctgggegag
cgcatgcactacgtcgatgttggtccgocgeogatggcaccoctgtgetgrtcctgcacggtaaccegacstectactac
gtglagegeaacatcateccgeatglligeacegacerategetigeatigetecagacctgatecggtatgggeasatee
gacaaaccagacctgggttacttcttcgacgaccacgtccgettcatggatgecttcatcgaageoectgggtectggaa
gaggtcgtcctggtcattcacgactggggctcocgetoctgggtttocactgggccaageogcaatccagagegegticaaa
ygtattgcatttatggagttcatcogecctatececcgaccigggacgaatggccagaatttgoccgegagaccticocag
gecttococgecaccaccgacgrecgqocgcaagectgatcatcgatcagaacgtttttategagggtacgetgececgatgggt
gtegtecogeocegetgactgaagtecgagatggaccattecegegagecgitectgaatectgttgacecgegageeactg
tggcgcttooccaaacgagetgecaatecgocggtgagecagogaacategtegegetggtcgaagaatacatyggactygy
ctgcaccagtccoctgtocegaagetgetgttetggggecaccoeaggegttetgat cccaccggocgaageegetoge
ctggccaaaagectgectaactgecaaggetgtggacatcggececgggtectgaatctgectgcaagaagacaacceggad
ctgatcggcagcgagatcgecqgegetggotgtctactoctgaagatttcoggt

SEQ ID NO:49 (IV-HT7 protein)

MY FTLEDEFVGDWRQTAGYNQDOVLEQGCLSSLEQKLGYSVIPIQKIVLSGENGLKIDIHVI IPYEGLSGFOMGLIEMI
FRVVYPVDDHHFKVILHYGTLYVIDGY TPNMIDYFGRPYEGIAVEFDGKK I TYTGTLUNGNKIIDERLINPDGSLLFRVT
INGVTGWRLCERILAGYLEPTTEDLY FQSPNDGSEIGTGFPFDPHYVEVLGERMHYVDVGPRDGTEVLFLEGNPTSSY
VWRNIIPHVAPTHRCIAPDLIGMGKSDKPDLGY FFDDHVRFMDAFIEALGLEEVYVLVIHDWGSALGFHWAKRNPERVK
GIAFMEFIRPIPTWDEWPEFARETFQAFRTTDVGRKLI I DQNVFIEGTLPMGYYRPLTEVEMDHYREPFLNPVDREPL
WRFPNELPIAGEFPANIVALVEEYMDWLHOSPVPKLLFWGTPGVLIFPAERARLAKSLPNCKAVDIGPGLNLLQEDNPD
LIGSEIARWLSTLEISG

SEQ ID NO:50 (BF2-HT?7 nucleotide}

17)



atggtgtttacattggaggatttogitggagactggeggecagacagetggatacaaccaagatcaagtgttagaacaa
ggaggagtgtctagtctgttccaaaagctgggagtqtcagtcaccccaatccagaaaattgtgctgtctggggagaat
gggttaaaaattgatatrcatgtcatcatcocettacgagggacrcagtggttiteaaatgggtetgattyaaatgate
ttcaaagttgtttacccagtggatgatcatcatttcaagytrattcteccattatggracactogttattgacggtgtyg
acaccaaacatgattgactactttggacgeccocettacgagggasltyoctgtgtitgacggcaagaagatcacagitact
ggaactctgtggaacggecaacaagatcartgatgagcgoctgatcaacccagatggrrcactecteticcgegtact
atcaatggagtcaccggatygegoctttgegagegtattetigocggatatetcgagoccaaccactgaggatatgtac
tttcagagegataacgatggatccgaaatcggtactggottrocatticgacceccattatgtyggaagtectgggegag
cgcatgcactacgtegatgttggtecegegegatggeaceccigtgotgttocctygcacggtaacacgacecteetectac
gtgtggegcaacatcatcecgecatgttgcacegacoccategetgeattgetecagacctgateggtatgggeaaatec
gacaaaccagacctgggritatttcttegacgaccacgicegotteatggatgecttcatocgaagecctgggtctggaa
gaggtcgtcetggtcattcacgactggggctecgetetgggiticcactgggocaagogeaateccagagegegicaaa
gulattgcatttatggagttcatccgecctatcecgacctgggacgaatggecagaatttgeccgegagacctteeag
gcettocgecaccaccgacgteggecgeaagotgatcategatcagaacgtttttategagggtacgetgocgatgggt
gtcgteogecegetgactgaagtegagatggaceattaccgegageegttectgaatectgttgaccgegagecactyg
tggcqcetteccaaacgagetgecaategecggtgagecagegaacategtegegetggtegaagaatacatagactgyg
ctgcaccagteccctgtococgaagetget gt tetggggcaceccaggegtictgatcccaccggoccgaagecgetege
ctggecaaaagectgectaactgcaaggetgtggacateggecegaglictgaatetgetiycaagaagascaacceggac
ctgatcggecagecgagatcgegegotggetgtctactectggagattteeggt

SEQ ID NO:51 (8F2-HT7 protein)
MVETLEDEFVGDWRQTAGYNODOVLEQGGVSSLEQRLGYSVTPIQKIVLSGENGLKIDIHVIIPYEGLSGFQMGLIEMI
FKVVYPVDDHHFKVILHYGTLVIDGVTPNMIDYFGRPYEGIAVIDGRKKITYTGT LWNGNKIIDERLINPDGSLLFRVT
INGYVTIGWRLCERILAGYLEPTTEDPLY FQSDNDGSEIGTGFPFDPRYVEVLGERMHYVDVGPRDGTPVLFLHGNPTSSY
VWRNIIPAVAPTHRCIAPDLIGMGKSDKPDLGYFFDDRVRFMDAFIEALGLEEVVLVIHDWGSALGFHWAKRNPERVK
GIAFMEFIRPIPTHWDEWPEFARET FOAFRTTDVGRKLT TDOQNVE I ZGTL PMGVVRPLTEVEMDHYREPFLNFVDREFL
WREPNELPTAGEPANIVALVEEYMDWLHQSPVPKLLFWGTPGVLIPPAEAARLAKSLPNCKAVDIGPGLNLLOQEDNPD
LIGSEIARWLSTLEISG

SEQ ID N0O:52 (15C1-HT7 nuclactide)
atggtgtttacattgaaggatticgttgeagactygegycagacagetyggatacaacecaagatecaagtgttagaacaa
gygaggattgtetagrctgrtccaaaatctgggagtgtcagtcaccccaatecagaaaattgtgetgtectggggagaat
gggttaaaaattgatattcatgtecatcatecettacgagggactcagtggtiatcaaatgggtcagattgaaaagatc
ttcaaagttgittacccagtgyatgatcatecattteaaggttattctecattaktggtacacticgtitattgacggtgty
acaccasacatgatzgactactttggacgcccttacgagggaattgectgtgtttgacggeaagaagatceacagttact
ggaactctotggaacggcaacaagatcattgatgagegectgatcaacccagatggttcactectettcegegttact
atcaatggagtcaccggatggcgecoctttgogagogtattcttgecggatatctogagocaaccactgaggatstgtac
tttcagagcgataacgatggatecgaaatecggtactggettiteccattiogacecocattatgtggaagteectgggegag
cgcatgeactacgtegatgtiggtecgegegatggcacoecatygtgetgttecctgcacggtaacccgacctectectac
gtgtggegeaacatcatececegeatgttgecarcgaccoategetgecattgetecagacetgatcaggtatgggeaaatee
gacaaaccagacctgggttatticttcgacgaccacgteccgettecatggatgecttecategaageeoctgggtetggaa
gaggtcgtectggtecattecacgactggggetcogetetgggtttccactgggecaagegeaateccagagegegtecaaa
ggtattgcatttatggagttcateccgecctateoceccgacctgggacgaatggecagqaatttgecegegagacettecag
geeclteegeaccaccgacyt cggeegeaagelgatcategatcagaacgtttttategagggtacgetgecgatgggt
gtegteogecegetgactgaagtecgagatggaccattaccgegageegttcetgaatectagttgaccgegagccactyg
tggcgctteoccaaacgagetgecaategececggtgagocagegaacategtcgogetgghcgaagaatacatggactgy
ctgeaccagtececkgteccgaagetgetygltebggygeaceecaggegltectgatcecaceygygcogaagecegetogo
ctggecaaaagectgectaactgeaaggetgtggacategaccsaggtetgaatctgetgcaagaagacaacccggac
ctgatcggragegagategegegetggetgtcetactetggagattteceggt

SEQ ID NQ:53 {15C1-HT7 protein)

MYFTLEDFVGDWRQTAGYNQDQVLEQGGLSSLFQNLGY SVTPIQKIVLSGENGLKIDIHVII PYEGLSCYOMGOIEKI
FKVVYPVDDHHFKVILHYGTLVIDGYTPNMIDYFGRPYEGIAVFDGKKITVTGTLWNGNKI IDERLINPDGSLLFRVT
INGVTGWRLCERILAGYLEPTTEDLY FQSDNDGSEIGTGFFPFDPHYVEVLGERMHYVDVGPRDGTPVLFLHGNPTSSY
VWRNIIPHVAPTHRCIAPDLIGMGKSDKEDLGYFFDDHVRFMDAFIEALGLEEVVLVIHDNGSALGFHWAKRNPERVK
GIAFMEFIRPIPTWDEWPEFARETFQAFRTTDVGRKLIIDONVEIEGTLPMGVVRP LTEVEMDHYREPFLNPYDREPL
WRFPNELPIAGEPANIVALVEEYMDWLHQS PVPKLLFWGTPGVLI FPAEAARLAKSLPNCKAVDIGPGLNLLQEDNED
LIGSEIARRWLSTLEISG

SEQ ID NO:5& (Ogluc Secretion Signal Peptide) Oplophorus gracitirostris
artggcettactccacactgttecatcattgetetecacagocgregtaacacaagecticctoccacacagaaaagcaacety
aca :

SEQ ID NO:55 (Id-ClA4E~HT7 sandwich fusion nucleoctide)
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atgottggtctgtcggagraaagegtgicratectegegetygcgetgggacgegecoctgeccgeettgetggacgageay
caggtgaacgtcctgctctacgacatgaacgqctgctactcacgcctcaaggaqctggtgcccaccctgccccaqaac
cgcaaagtgagecaaggtggagatectgeageatgtaategactacatecagggacctgeagetggagergaacteggag
tetgaagtcgagaccaceygaggeeggggactgosctytcogegcssegotcagcaccctgaacyggegagateagtgee
ttggcggeecgaggeggeatyigttecagecgacgategeatettgigtogegtttetcttgagaatetttattttcag
gegtctggaggtggtyggcggagegatcgecatggtgtttacattggaggartrcgtrggagactggoeggecagacaget
ggatacaaccaagatcaagtgttagaacaaggaggattgtetagtctgtteccaaaagetgggagtgtcagtcacceca
atccagaaaattgtgetgtctggggagaatgggttaaaatttgatattecatgtcatcatccettacgagggactecagt
ggttttcaaatgggtctgattgaaatgatettcaaagttgtitacccagtggatgatcatcatttcaagattattctc
cattatggtacactecygttatigacggtgtgacaccaaacatgattgactactitggacgeocttacgagggaattget
gtgtttgacggcaagaagatcacagttactggaactctgtggaacggcaacaagatcattgatgagegoctgatcaac
ccagatggttcacteetcttoccgogttactatcaatggagtcaceagatggegectttgcgagegtattettgecgga
tctctogagecaaccactgaggatctgtactttecagagegataacgatggatecgaaatcggractggetttecatte
gacscoccattatgtggaagtcetgggegagegecatgecactacgtocgatgttggtcegegegatggcaccooctgtgetyg
ttcetgecacggtaaccegacetectoctacgtgtggegeaacateatcecegeatgttgcacecgacccatcgetgeatt
gctecagacctgatcggtatgggecaaatecgacaaaccagacctgggttatttettegacgacecacgtecgetteatyg
gatgeccticatcgaageocctgggtctggaagaggtegtectggtocattcacgactggggetcogetoctgggtttecac
tgggccaagcgcaatccagagegegtcaaaggtategeatttatggagttcatecgececlateccoaccigygacygaa
tggecagaattigoccgegagaccttccaggecttoogeaccacegacgteggecgeaagetgatecategatecagaac
gtttttatcgagggtacgetgeegatgggrgtegicegecegetgactgaagtegagatggaccattacecgecgageey
ttcetgaatectgttgaccgegagocactytggcgetteccaaacgagetgecaategecgglgagecagegaacate
gtcgegetggtecgaagaatacatggactggetgecacrcagtecectgtecegaagetgétgttetggggeaceececagge
gttctgatcccacegygecgaagecgotogectyggecaaaagectgoctaactgeaaggetgtyggacateggecegggt
ctgaatctgctgraagaagacaacecggacctgateggeagegagategegegotggetgictactctggagatttoe
ggt

SEQ ID NO:56 (I4A-ClAR4F~HET7 sandwich fusion protein)
MLGLSEQSVSISRCAGTRLPALLDEQQVNVLLYDMNGCYSRLXKELVPTLPONRKVSKVEILQHVIDYYRDLGLELNSE
SEVGTTGCGRGLPVRAPLSTULNGEISALAARAACVPADDRILCRVSLENLYFQASGGGGGAIAMVFTLEDFVCDWROTA
GYNQDOVLERPGGLSSLFQKLGVSVTPIQKIVLSGENGLKFDIHVIIPYEGLSGFQMGLIEMIFKVVYPVDDHHFKIIL
HYGTLVIDGVTPNMIDYFGRPYEGIAVFDGKKITVTIGTLANGNKIIDERLINPDGSLLFRVTINGVTGWRLCERILAG
SLEPTTEDLYFQSDNDGSEIGTGFPFDPHYVEVLGERMHYVDVGPRDGT PYLFLHGNEPTSSYVWRNT I PHVAPTHRCT
APDLIGMGKSDKPDLGY FEFDDHVREFMDAFIEALGLEEVVLVIBEDWGSALGFHWAKRNFERVYKGIAFMEFIRPIPTWDE
WPEFARETFOAFRTTDVGRKLIIDONVFIEGTLPMCYVRPLTEVEMDHYREPFLNPYDREPLWREPNSLPIAGEPANI
VALVEEYMDWLHOSPVPELLFWGTPGVLIFPAEARRLAKS LENCEKAVDIGPGLNLLOEDNPDLIGSEIARWLETLELIS
G

SEQ ID NO:57 {(Id-IV-HT7 sandwich fusion nucleotide)
atgettggtotgtcggagcaaagegtgtecatctogegotgegetgggacgcgectgeccecgecttgotggacgagecag
caggtgaacgtcctgectectacgacatgaacggetgetactcacgectcaaggayciggtgeccaceelgeccragaac
cgcaaagrgagcsaggtggagatcctgecagecatgtaatcgactacatcagggacctgcagetggagetgaacteggay
tctgaagtegggaccaceggaggecggggactgectgtecegegeccegetcagracectgaacggegagatcagtgee
ttggcggccgaggocggcatgtgttecagecgacgategecatettgtgtegogtttectcttgagaatctttattttcag
gcgletggaggtggtggeggagegategocatggtgittacattgoagyatttegi tggagactggeggeagacaget
ggatacaaccaagatcaagtgttagaacaaggaggattgtctagtctgttccaaaagetgggagtgtcagtcaccecca
atccagaaaattgtgoctgtctggggagaatgggttadaaatrtgatattcatgtcatcatecccttacgagggactcagt
ggttttoaaatgggtctgattgaaatgatettcaaagttgtittacccagtggatgatcatcaltlicaaggttattcte
cattatggtacactcgttattgacggtgtgacaccaaacaktgattgactactttggacgecettacgagggaattget
gtgtttgacggcaagaagateacagttactggaactetgtggaacggecaacaagatcattgatgagegectgateaac
ccagatggttcactcctettecocgegttactatcaatggagtecaccggatggegectttgegagegtattcttgeogtt
tctoctogagecaaccactgaggatotgtacittcagagegataacgatggateccgaaateggtactggetticcattic
gacccccattatgtggaagtectgggegagegecatgeactacgicgatgttggtecgogegatggeacecctgigetyg
ttcctgoacggtaacceogacctactectacgtgtggcgcaacatcatecceogeatgttgoaccgaccecatecgetgeatt
gcecteoccagacctgatecggtatgggecaamatecgacaaaccagaccigggttatttocttegacgacvcacgtecgettcaty
gatgoccttcatecgaagocctgggtetggaagaggtogleciggtcattcacgactggggctecogetetgggttecac
tgggecaagegeaatoccagagegegtcaaaggtattgcatttatggagttcatcegoectatcocgacctgggacgaa
tggccagaatttgoccgogagaccttocaggecitocgeaccaccgacgteggoogcaagetgatcatcgatcagaac
gtitttategagyglacgctgecgatgggtgbegtecgocccgetgactgaagtegagatggaccattacegegageey
ttecctgaatcetgttgaccgecgagecactgtggegelicoraaacgagetgecaatcgecggtgagecagegaacatc
gtegegctggtcgaagaatacarggactggetgeaccagteccctgtcecgaagetgetgttctggggcaccecagge
gttctgateccaceggeocgragecgotogectggocaaaagectgectaactgeocaaggetgtggacateggecegggt
ctgaatctgctgcaagaagacaaccoggacclgatocggragegagatcgegegatggetgrctactcrggagatttee
ggt
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SEQ ID NO:58 (Id-IV-KT7 sandwich fusion protein)
MLGLSEQSVSISRCAGTRLPALLDEQQVNVLLYDMNGCY SRLKELVETLPONRKVSKVE ILGHVIDYIRDLOLELNSE
SEVGTTGGRGLPVRAFLSTLNGEI SALARERACVPADDRILCRVSLENLYFQASGCGGCATAMVETLEDFVGDWROQTA
GYNQDQVLEQGGLSSLFQKLGVSVTPIQKIVLSGENGLKIDIHVIIPYEGLSGFQMGLIEMIFKVVYPVDDHHFKVIL
HYGTLVIDGVTPNMIDYFGREPYEGIAVFDGKKITVTCTLWNGNKI IDERLINPDGSLLFRVTINGVTGWRLCERILAY
SLEPTTEDLYFQSDNDGSE IGTGFPFDPHYVEVLGERMHY VDVGPRDGT PVLFLHGNPTSSYVWRNI IPHVAPTHRCI
APDLIGMGKSDKPDLGYFFDODHVREMDAFIEALGLEEVVLVIHDWGSALGFHWAKRNPFRVKGIAFMEFTREIFTWDE
WPEFARETFQAFRTTDVGRELI IDQNVFIEGTLEMGVVRPLTEVEMDHYRE PFLNPVDREPLWRFPNELPIAGEPANI
VALVEEYMDWLHQSPVPKLLFWGT PGVL1 PPAEAARLAKSL PNCKAVDIGPGLNLLQEDNPDLIGSEIARWLSTLEIS
G

SEQ ID NO:59 (Id-9B8 optt+K33N-HT7 sandwich fusion nucleotide)
atgcttggtetgtecggagecaaagegtgtceatetegegetgeget gggacgegectgocegecttgetggacgageag
caggtgaacgteoctgetctacgacatgaacggetgetactecacgecticaaggagetggtgoccacectgecccagaac
cgcaaagtgagcaaggtggagatectgeagecatgtaategactacatcagggacctgocagetggagectgaacteggag
tctgaagtcgggaccacecggaggeeqggggactgectgtcegegeecegetecagecacectgaacggegagatcagtgec
ttggcggoegaggeggeatgtygttecagoogacgatcgoatettgtgtocgogtttoteottgagaatetttattttcag
gcgtctggaggtggtggcggagegatcgccatggtgtttacactegaagatttegtaggggactggeggeagacagee
ggctacaacctggaccaagtccttgdgecagggoggtctgtecagritgtttcagaatctegggatgtccgtaacacecg
atccaaaagaltgtecigagegytygaaaacggerctgaagategacatocatgtcatcatececgtatgaaggtetgaqge
ggctatcagatgggocagatcgaaaaaattittaaggtggtgtaccctgtggatgatcatcactttaaggtgattctg
cactatggcacactggiaatcgacggggttacgecgaacatgategactatttecggacggeegtatgaaggecategee
gtgttcgacggeaaaaagatcactgtaacocgggaccctgtggaacggeaacaaaattatecgacgagegectgatcaac
ccecgacggetecoctgetgttoegegl aaccal caacvggagigaceggetggeggetgtacyagegeattttggocggga
tatctcgagccaaccactgaggatctgtactttcagagegataacgatggatccgaaatecggtactggetttecatte
gacccccattatgrggaagtococtgggegagecgoatgeactacgtcgatgttggtoccgeogogatgacaccectgtgotg
ttcetgeacrggtaacecgacchectoctacgtgtggegeaacatcatececogecatgitgracegacecategetgratt
gctccagacctgatcggtatggogcaaatcegacaaascagacctgggttattettcgacgaccacgtccgertcatyg
gatgceotTecateogaageoctgggtetggaagaggtecgtectggtcaticacgactggggeiccgetetgggtttecac
tgggcocaagogoaatccagagegogtcaaaqgtattigeatttatggagticataecgecctatcccgacetgggacgaa
tggeccagaatttgecogogagaccttcecaggecticograccarcgacgioggecgeaagetgatcategatcagaac
gtitttatcgagggtacgergecgatgggtgtegtcegecogectgactgaagtocgagatggaccattaccgogageeg
ttecctgaatectgttgacogegagecactgtggegetteccaaacgagetgecaategeeggtgagecagegaacate
gtcgegectggtecgaagaatacatggactggetgraccagtecectglececgaagetgeotgttetggggraceceagyge
gttetgateecaccggecgaageegetegectggecaaaagectgectaactgecaaggetgtggacateggeecgggt
ctgaatctgectgcaagaagacaaccecggacetgateggeagegagatcgegegetggetgtectactctggagatttee
ggt

SEQ ID NHO: 60 (Id-9%B8 opt+K33N-HT?7 sandwich fusion protein)
MLGLSEQSVSISRCAGTRLEFALLDEQOVNVLLY DMNGCY SRLEELYPTLPONRKVSKVEILQHVI DYIRDLOLELNSE
SEVGTTGGRGLPVRAPLSTLNCEI SALAAEAACVPADDRILCRYVSLENLYFQASGCCGOATAMVETLEDFVGDHROTA
GYNLDOVLEQGGLSSLEFQNLGVSVTPIQKIVLSGENGLKIDIRVIIPYEGLSGYQMGQIEKIFKVVYPVDDHHEFKVIL
HYGTLVIDGVTPNMIDY FGRPYEGIAVFDGKEITVIGTLWNGNKIIDERLINPDGSLLFRVTINGVTGWRLCERILAG
YLEPTTEDLYFQSCNDGSEIGTCEFPFDPHYVEVLGERMAYVDVGPRDGTPVLEFLHGNPTSSYVWRNI IPHVARTHRC I
APDLIGMGKS DKPRLGY FFDOHVRFMDAFI EALGLERVVLVI HDUGSALGFHWAKRNPERVKGTAFMEF1IRP I PTWDE
WPEFRARETFQAFRTTDVGRKLIIDONVEIEGTLEPMCYVRPLTEVEMDHYREPFLNPVDREPLWRFPNELPTAGEPAN I
VALVEEYMDWLHQSPVEKLLFWGT PGVLI PPREAARLAKSLPNCKAVDIGPGLNLLOEDNPDLIGSEIARWLSTLEIS
G

SEQ ID NO:61 (Id-9B8-HT7?7 sandwich fusion nuclecotida)

atgettggtetgtecggageaaagegtgtecatetecgegeigegetgggacgegectgeccgectigetggacgageag
caggtgaacgtcctgctctacgacatgaacggetgoctacicacgoctcaaggagctggtgaccaccstgecccagaac
cgcaaagtgagraaggtggagatecotgecageatgtaategactacatcagggacetgeagetggagetgaacteggag
tctgaagtcgggaccaccggaggooggggactgectgtocogogoocegetcageacertgaacggcgagatcagigec
ttggeggeegaggecggeatgtgttecagecgacgategeatetogtgtegegtttectet tgagaatectttattttecag
gcgtctggagagtggtggcggagegategecatggtgtttacatrggaggatttegtiggagactggecggecagacaget
ggatacaacctagatcaagtgttagaacaaggaggattagtctagtetgttccaaaagetgygagtgtecagtecacceca
atccagaaaattgtoctgbtctggggagaatgggttaaaaattgatatteatgtcatecaicecttacgagugactcagt
ggttatcaaatgggtcagattgaaaagatcttcaaagttgtttacccagtggatgatcatcatttcaaggttattete
cattatggtacactegttattgacggtgtgacaccaaacatgattgactactrtggacgeccttacgagggaattgot
gtgtttgacggcaagaagatcacagtltactggaactctgtggaacggcaacaagatcattgatgagegectgatecaac
ccagatggttcactectecttecgegttactatcaatggagtcacocggatggegectttgegageogtattocttgoeogte
tctectegagecaaccactgaggatetgtacttteagagegataacgatggatccgaaateggiactggettteeatte
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gacccccattatgtqqaagtcctgggcgagcgcatgcactacgtcgatgttggtccgcgcga:ggcacccctgtgctg
tzcctgcacggtaacccgacctcctcctacqtgtggcqcaacatcatcccgcatgttgcaccgacccatcgctgcatt
gotecagaccigarcggtatgggcaaatccgacaaaccagacctgggtratttcitegacgaccacgtecgetteatg
gatgeeotteatcgaagecetgggtetggaagaggtegtcetggtecatteacgactggggotcocgetctgggtitecac
tgggccaagoycaatacagagegogtcaaagotattgoatttatggagttcatecgeoctatocecgacetgggacgaa
tqqccagaatttgcccgcgagaccttccaggccttccqcaccaccgacgtcggccgcaagctgatcatcgatcagaac
gtttttatcgagggtacgetgocgatgggtgtegtocgececgetgactgaagticgagatggaccatiaccgcgagocyg
ttcctgaatecctgitgaccgegagecactgtggogetteccaaacgagetgocaategecggtgagecagegaacatce
gtcgegetggtogaagaatacatggactggetgeaccagtecectgicocgaagotgetgitetggggecaccoccagge
gttetgatcocaceggoegaageogetogectggosaaaagostgoctaactgcaaggetgtggacateggeecgggl
crgaatctgctgcaagaagacaacccggaccigatoggecagegagategegegetggotgtetactetggagatttee
ggt

SEQ ID NO:62 (Id-9B8-HT?7 sandwich fusion protein)}
MLGLSEQSVSISRCAGTRLPALLDEQOVNVLLY DMNGCYSRLKELVPTLPONRKVSKVEILQHVI DY IRDLOLELNSE
SEVGTTGGRGLPYRAPLSTLNGEISALAAERACVPADDRILCRYSLENLYFQASGGGGGAIAMVETLEDFVGDWROTA
GYNLDOVLEGGGLS SLFQKLGVSYTPIQKTVLSGENGLKIDIHVIIPYEGLSGYQMGRIEKIFKVVYPVDDHHEKVIL
HYGTLVIDGVTPNMIDYFGRPYEGIAVFDGKKITVTGTLWNGNKI IDERLINPDGESLLFRVTINGVTGWRALCER L LAV
SLEPTTEDLYFOSDNDGSEIGTGFPEDPRYVEVLGERMHYVDVGPROGT PVLFLHGNPTSSYVWRNIT PHVAPTHRCT
APDLIGMGKSDKFDLGYFFDDHYRFMDAFIEALGLEEVVLVIHDWCSALCFHWAKRNPERVEGIAFMEFIRPIPTWDE
WPEFARETEFCAFRTTDVGRKLITIDONVFIEGTLPMGVVRPLTEVEMOHYREPFLNPVDREPLWRFPNELPTAGEPANI
VALVEEYMDWLHQS PVPKLLFWGTPGVLIPPRAEAARLAKSLPNCKAVDIGFGLNLLOEDNPDLIGSEIARWLSTLEIS
G

SEQ ID NO:63 (Id-9F6~HT?7 sandwich fusion nucleotide)

argcttggtotgteggageaaagegtgtccatetegegetgegetgggacgegectgooccgeocttgectggacygageay
caggtgaacgtectgoctctacgacatgaacggoctgctacteaagectcaaggagetggtgecccaccctgocccagasac
cgcaaagtygageaaggltggagatcectgeageatgtaategactacatcagggacctgeagetggagetgaactecggayg
tetgaagtcegggaccaccggaggccggggactgoectgtccgegeoccgctcageaccctgaacggegagatecaytygec
trggecggecgaggeggecatgtgttecagecgacgategeatettgtgtegegtttectettgagaatetttatttteag
gocgtcoctggaggtggtggeggagegatogecatggtgtttacattggaggatttegttggagactggecggcagacaget
ggatacaacctagatcaagtgttagaacaaggeyggaglgictagtetgttccaaaagectgyggagtgtcaatcacccea
atccagaaaattgtgctgtctggggagaatgggttaaaaattgatattcatgtcatcatecccttacgagggactcagt
ggttatcaaatgggtcagattgaaaagatcttcaaagttgtttacccagtggatgatcatcattteaaggttattcte
cattatggtacactcgttattgacggtgtgacacceaacatgattgactactitggacgecocttacgagggaattget
gtgtttgacggcaagaagatcacagttactggaactetgtggaacggcaacaagatcattgatgagegectgatcaac
ccagatggttcactectettecgegttactatcaatggagtcaceggatggegectttgegagegtattettgoegtt
tectctegagoccaaccactgaggatctgtactttcagagegataacgatggatcogaaateggtactggectttcecatte
gacccoccattatgtggaagtectgggegagegeatgeactacgtlcyatgtiggtecgegegatggeaceectgtygoty
ttcectgcacyggtaacoccgacctectcctacgtgtggogeaacatcatecegeatgttgecacegacecategetgeatt
gctecagacctgatcggtatgggeaaatecgacaaaccagacctgggttatttcttcgacgaccacgtecgettaatg
gatgcctrcatcgaageocctgggtectggaagaggtegtectggteattcacgactggagetecgetectgggtetoccac
tgggecaagograatccagagegegtcaaaggtattgeatttatggagttcatecgecectaccecgacctygggacgaa
tggccagaatttgecoccgogagaccttecaggecttcegeaccaccgacgtecggecgecaagetgateatcgateagaac
grttltatcgagggtacgetgecgatgggtgtcgtcogoocogotgactgaagtcgagatggaccattaccyogagecyg
ttecctgaatectgttgaccgegagecactgtggogettceccaaacgagetgecaatecgeoggtgagecagegaacate
gtcgcgetggtcgaagaatacatggactggotgcaccagiecoactgreccgaagetgectrgttctggggecaccccagge
gttclygatcecaccggecgaagecgetegectggecaaaagectgectaactgceaggetgtggacatecggecegggt
ctgaatctgetgroaagaagacaaceccggacctgatcggcagcgagatcgogegetggongtotactcrggagatitee

ggt

SEQ ID NWO:64 (Id-9F6-HT7 sandwich fusion protein}
MLGLSEQSVSISRCAGTRLPALLDEQOVNVLLYDMNGCY SRLKELVPTLPOQNRKVSKVEILOHVIDYIRDLOLELNSE
SEVGTTGGRGLPVRAFPLSTLNGEISALAAEAACVPADRDRILCRYSLENLY FOQASGGGGGAT AMVETLEDFVGDWROTA
GYNLDOVLEQGGVSSLFQKLGVSITPIQKIVLSGENGLKIDIHVIIPYEGESGYOMGOTIEKT FKYVYPVDDHRFKVIL
HYGTLVIDGVTPNMIDYFGRPYEGIAVFDGKRITVTGTLWNGNKI IDERLINPDGSLLERVTINGVTGRWRLCERILAV
SLEPTTEDLYFQSDNDGSE [GTGFPEFDPHY VEVLGERMHYVDVGPRDGTPVLELHGNPTSSYVWRNI IPHVAPTHRCT
APDLIGMGKSDKPDLGYFFDDHVREMDAF IEALGLEEVVLVIHDWGSALGFHWAKRNPERVKGIAFMEFIRPIPTWDE
WPEFARETFQAFRT TDVGRKLI IDQNVFIEGTLPMGVVRPLTEVEMDHY REPFLNPVDREPLWREFPNELPIAGEPANT
VALVEEYMDWLHOSPVPKLLFWCTPGVLIPPAEARRLAKSLPNCRAVDIGPGLNLLOEDNPDLIGSEIARWLSTLELIS
G

SEQ ID KO:§65 (9B8 opt-P nucleotide}
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atggtgtttacactcgaagatttcgtaggggactggcggcagacagccggctacaacctqgaccaagtcct:gagcag

ggcggtetgtecagtttgttteagaaacteggggtgiccgtaacaccgatccaaaagattgterigagrggtgaaaac

ggcctgaagatcgacatccatgtcatcatrocgtatgaaggtotgageggetatcagatgggecagatcgaaaaaatt -
tttaaggtgglgleccetygtggatgatcatcactttaaggtgattetgcactatgycacactggtaatcgacggggt

acgccgaacatgatcgactatttoggacggeogtatgaaggeategecgtgitogacggeaaaaagatcactgtaace

gggaccctgtggaacggcaacaaaattatcgacgagegectgatcaacceccgacggetecctgetgbicrgegtaace

atcaacggagtgaccggetggeggetgtgegagegeattttyggegaattetcacgget tecectcecgaggtggaggag

taggecgecggeacectgeecatgagot gcgcccaggagagcggoatggatagacacectgetgettgegecagegee

aggatcaacgte

SEQ ID NO:66 (2X ARE)
TAGCTTGGAAATGACATTGCTAATGGTGAQAAAGCBACTTTTAGCTTGCAAAIGACATTGCTAATGGTGACAAAGCAA
CTITT :

SEQ ID NO:67- (HRE)
CIGGAATTTTCTAGACTGGAATT TTCTAGACTGGARATTTTCTAGA

SEQ ID NO0:68 (K33N+170G nucleotids)
atggtgtttacactcgaagatttcgtaggggactqgeggcagacagecggetacaacctggaccaagtectigageag
ggcagiclgtccagtttgtttcagaatcteggggtgtoegtaacaccgatccaaaagattgtectgagegygtgasaac
ggcctgaagatcyacatccatgtcatcatcocegtatgaaggtctgageagetatcagateggecagatogaaaaaatt
tttaaggtggtgtaccctgtggatgatcatecactttaaggtgattctgeactatggcacactggtaatcgacggggtt
acgccgaacatgatcgactatttcecggacggecgtatgaaggeategeogigttogacggeaaasagatcactgtaace
gggaccelytggaacggcaacaaaattatcgacgagegectgatcaaacecgacggctocctgoetgttcocgegtaace
atcaacggagtgaccggectggcggetgtgegagegeattttggeggga

SEQ ID NO:63 (K3I3N+170G protein)
MVFTLEDFVGOWRQTAGYNLDQVLEQGGLSSLEONLGVSVTPIGKIVLSGENGLKIDIAVIIPYEGLSGYOMGQIEKT
FKVVYPVDODHHFKVILHYGTLVIDGVTPNMIDY FGRPYEGIAVFDGKKITVTGTLWNGNKIIDERLINPDGSLLFRVT
INGVTGWRLCERILAG

SEQ ID NO:70 (27A5 (NF) nucleotide)
ATGGTGTTTACACTCGAAGATTTCGTAGGGGACTGGCGGCAGACAGCCCGCTACAACCTGGACCAAGTCCTTGAGCAG
GGCGETCTGTCCAGTTTCTTTCAGARATCTCGGGETGTCCCTAACTCCGATCCAAARCAT TGTCCTGAGCGGTGAARAC
GGCUTGAAGATCGACATCCATGTCATCATCCCG TATGAAGGTCIGAGCGGL TATCAGATGGGCCAGRATCGAARRARTT
TTTARAGGTGGTGTACCCTGTGGATGATCATCACTTTAAGGTGATTCTGCACTATGGCACACTEGTAATCGACGEGGTT
ACGCCGARCATGATCGACTATTTCGGACGGCCGTATGAAGGCATCGCCCTGT TCGACGGCAARAAGNTCACTGTANCC
GGGACCCTETGGAACGGCAACARARTTATCGACGAGLUGCCTGATCAARCCCCGACGGCTCCCTGCTGTTCCGOGTARCC
ATCAACGGAGTGACCGGCTGECGGECTETECGAGCGCATTTTGGCGGGA

SEQ ID NO:71 (27A5 (NF} protein}
MVFTLEDFVGDWRQTAGYNLDQVLEQGGLSSLEQNLGVSVTPIQKIVLSGENGLKIDIHVI IPYEGLSGYQMGDIEKT
FKVVYPVDDHHFKVILHYGTLVIDGVTPNMI DY PGRPYEGIAVEFDGKKI TVTGTLWNGNKIIDERLINPDGSLLEFRVT
INGVTGWRLCERILAG

SEQ ID HO:72 (23D4 (NF} nuclectide}
ATGETGTTTACACTCGRAGATTTCGTAGGGGACTGGCGGCAGACAGCCCGCTACAACCTGGACCARGTCCTTGAGCAG
GGCGGCCTGTCCAGTTTGTTTCAGAATC TCGGGGTGTCCGTAACACCGATCCAAARGAT TCTCCTGAGCGGTGAMNAC
GGCCTGRAGRTCCACATCCATGTCATCATCCCGTATGAAGGTCTCAGCGGCTATCAGATGGGCCAGATCGRARABARTT
TPTAAGGTGCTCTACCCTGTGGATGATCATCACTTTAAGGTGATTCTGCACTATGGCACACTGGTARTCGACGGGGTT
RCGCCGARCTTGATCGACTATTTCGGACGTCCGTATGRAGGCATCCCCETETTCGACGGCAMNMGNTCACTGTAACC
GGGACCCTGTGCAACGGCAACAAARATTATCGACGAGCGCCTGATCAACCCCGACGGCTCCCTGCTGTTCCGCGTARACT
ATCAACGGBAGTGACCGGCTGECEECTGTGCGAGCGCATTTTGGCGEGGA '

SEQ ID NO:73 {23D4 (NF) protein)

MVFTLEDFVGDWRQTAGYNLDOVLEQGGLS SLFQNLGYSVTIPIQKIVLSGENGLKIDIHVIIPYEGLSGYCMGQIEKI
FKVVYPVDDHHFKVILHYGTLVIDGVTPNLIDYFGRPYEGIAVEDGKKITVTGTLWNGNKIIDERLINPDGSLLFRVT
INGVTGWRLCERILAG

SEQ ID NO:74 {(24C2 {NF) nucleotide)

ATGGTGTTTACACTCGARAGATTTCGTAGGGGACTGCCAGCAGACAGCCGGC TACAACCTGGACCAAGTCCTTGAGCAG
GGCCGTCTGTCCAGTTTCGTTTCAGRAATCTCGGGETGTCCGTARCTCCGATCCAARAGATTCTCC TGAGCGGTGAAAAL
GGCCTGARGATCGACATCCATGTCAT CATCCCGTATGAASGTCTGAGUGGC TATCAGRATGCGUCAGAT CGAARARAATT
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TTPEAGGTGGTGTACCC TG TGGATGATCATCACT TTAAGGTGAT TCTGCACTATGGCACACTGGTAAT CGACGGGETT
ACGCCGAACATGATCGACTATTTCGGACGECCGTATGARAGGCAT CGCCGTGTTCGACGGCAARRAGAT CACTCTAACT
GGGACCCTGTGGARCGGCARCAARAT TATCGACGAGCGCCTGATCAACCCCGRACGGCTCCCTGCTGTTCCGCGTAACT
ATCAACGGAGTGACCBGCTGGCGECTGTGCGAGCGCATTTTGGEGEGA

SEQ ID RO:75 (24C2 (NF) protein)

MV EPTLEDFVGDWOQTAGYNLDOVLEQGGLSSLFONLGVSYTPIQKIVLSGENGLKY DIHVIT PYEGLSGYQMGQIEKT
FKVVYPBPVYDDHHFKY ILHYGTLVIDGVTPNMIDYFGRPYEGIAVFDGRKITVTGTLWNGNKI IDERLINPDGSLLFRVT
INGVTGWRLCRRILAG

SEQ ID NO:76 (Id-23D4-HT7 sandwich fusion nucleotids)
atgcétgq:ctgtcggagcaaagcgtgtccatctcgcgctgcgctgggacgcgcctgcccgccttgctqqacqaqcag
caggigaacgtectgetctacgacatgaacggetgetactcacgactcaaggagetggtgeoccaccetgeccecagaac
cgcaaagtgaycaaggtggagatcctgeageatgraatcgactacatcagggacctgecagetggagetgaacteggag
tctgaagtcgggaccaccggaggecggggactgectgtocgegeceegeotcagcacecctgaacggegagatcagtgee
ttggcggecgaggeggecatgtgetecagececgacgategeatettgigtegegtttetecttgagaatetttatttteag
gogtctggaggtggtggoggagcgatcgecatggtgtttacactcgaagatttocgtaggggactggeggragacagec
ggctacaacctggaccaagrccttgagragggeggeciglecagbttgtttecagaatectocggggtgteccgtaacacey
atccaaaagattgtcctgageggtgaaaacggeoctgaagategacatecatgtcatcatececgtatgaaggtctgaac
ggctatcagatgggecagatcgaaaaaatitttaaggtggtgtacecctgtggatgatcatcactttaaggtgaticeyg
cactatggcacactggtaatcgacggggttacgeocgaacttgatcgactatitecggacgtiocegtatgaaggcategec
gtgttegacggcaaaaagatcactgtaacegggacectgtggaacggcaacaaaattatcgacgagegectgatcaac
cccgacggetecctgetgtitcegegtaaccatcaacggagtgaceggetggeggetgtgegagegeattttggeggga
tatctocgagccaaccactgaggatctgtactttcagagegataacgartggatacgaaateggracoggcttticcatte
gacceccattatgtggaagtectgggegagegeatgeactacgtegatgttggteccgrgegatygeacceetgtgetg
ttoctgcacgqtaaccegacctectectacgtgtggcgecaacatcatcocgeatgttgecaccgacccatcgotgoatt
gctecagacctgatecggtatgggecaaatcogacaaaccagacctgggttatttettegacgaccacgtecgetteatyg
gatgccttcatcgaagecctgggtoctggaagaggtegtocctggtcattcacgactggggctceogototgggtttocac
tgggcecaagegecaatcecagagegegtcaaaggtattgeatitatggagttcatcegecctatecegacetgggacgaa
tggccagaatttgcocccgecgagaccttccaggecttecgcaccacegacgteggecgecaaqectgatcatcgatecagaac
gtttttatcgagggtacgetgccgatgggtgtecgtcogecegctgactgaagtcgagatggaccattaccgegagecg
ttecctgaatcecrgttgacegegagecactgrtggegettecccaaacgagetgccaategecggtgagecagegaacate
gtcgcgetggtcgaagaatacatggactggotgocaccagtaccoctgtectcgaaqaetgetgttctggggecaccccagge
gttctgateccaccggecgaagecgetegectggecaaaagectgectaactgraaggetgtggacateggecegyggh
ctg

SEQ ID NO:77 (Id-23D4-HT7 sandwich fusioen protein)
MLGLSEQSVSISRCAGTRLPALLDEQQVNVLLY DMNGCYSRLKELVPTLPONRKVSKVEILORVIDYIRDLCLELNSE
SEVGTTGCRGLPVRAPLSTLNGEISALAARAACYPADDRILCRVSLENLY FQASGGGGGAIAMVETLEDFVGDWRQTA
GYNLDOQVLEQGGLSSLFQNLGVSVTPFIQKIVLSGENGLKIDIHVIIPYEGLSGYOMGOIEKIFKVVY PVDDHHFKVIL
HYGTLVIDGVTPNLIDY FGRPYEGIAVFDGKKI TVTGTLWNGNKI IDERLINPDGSLLFRVTINGVTGWRLCERILAG
YLEFTTEOLYFQSDNDGSEIGTGFPFOPHYVEVLGERMHYVDVGPRDGTPYVLEFLAGNPTSSYVWRNI T PHVAPTHRCT
APDLIGMGKSDKPDLGY'FODHVRFMDAFIEALGLEEVVLVIHDWGSALGFHWAKRNPERVKGIATMEFIRFIPTWDE
WPEFARETFQAFRTTDVGRRLIIDQNVFIEGTLPMGVYRPLTEVEMDHYREPFLNPVDREFLWREFPNELPIAGEPANT
VALVEEYMDWLHQSPVPKLLEWGT PGVLIPPAEAARLAKSLPNCKAVDIGPGL

SEQ ID NO:78 {1d-24C2-HT7 sandwich fusion nucleoctide)

atgcttggtctgtcggagecaaagegtgtocatoctogeogetgegeotgggacgogoctgocogecttgetgoacgageag
caggtgaacgtcctgetctacgacatgaacggetgetactcacgectcaaggagetggtgeccaceckgececagaac
cgcaaagtgagcaaggtggagatcctocagecargtaategactacatcagggacctgeagetggagetgaactcagag
tetgaagtegggaccaccggaggosgogggactgecctgtocegeogcoocogectcagcaccoctgaacggogagatecagtgeo
ttggcggeegagygecggcatgtgticecagecgacgategeatettgtgtecgegtttoctettgagaatetttattttcag
gegtetggagygtggtggeggagegategoecatggtgtttacactegaagatt tegtaggggactggcagcagacagoee
ggctacaacctggaccaagtecttgagecagggeggtectgteccagtttgtitcagaateteggggtgtoccgtaacteeg
atccaaaagattgtcctgagcggtgaaaacggoctgaagatcgacatocatgtcatcatcoccgtatgaaggtctgage
ggctatcagatgggccagatcgaaaaaatthttaaggtggtgracectgtggatgatecatcactttaaggtgattetyg
cactatggcacactggtaategacggggttacgecqaacatgatcgactattteggacggecgtatgaaggecategece
gtgttcgacggtaaasagatcactgtaaccgggaccctgtggaacggcaacaaaattatcgacgagogooctgatcaac
coegacggetecectgetgitoccgegtaaccatcaacggagtgeccggetggeggectgtgegagegeattttggoggga
tatctegagccaaccactgaggatctgtactttcagagecgataacgatggatcecgaaatcggtactggetttecatte
gacccoccattatgtggaagtcoctgggegagegcatgecactacgteogatgttggteccgogegatggocacecectgtgerg
ttecetgecacggtaaccrgacctectecctacgtglggegecaacatecatcecgecatgttgecaccgacccategetlgeact
gctccagaccrgatcggtatgggcaaatecgacaaaceagaccigggttatrtctregacgaccacgtecgetteary
gatgccitcategaageeetgggtetggaagaggtegtoctggtcatteacgactggggetecgetetgggtttocac
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tgggecaagegraatecagagogoegtcaaaggtattgeattratggagt tecatecegecctatccecgacctgggacdaa
tggccagaatttgoccegegagaccticcaggecttecgeacecacegacgtoggeogoaagotgatcategatlcagaac
gtttttatcgagggtacgectgecgatgggtytecgtecgoccgotgactgaagtcgagatggaccattacegegayccy
ttcctgaatectgtigaccgegageractgtggoget teccaaacgagoigocaatcgecggtgagecagegaacate
gtcgeogotggtocgaagaatacatggactggergocaccagtecectgtececgaagetgetgttotggggcaseocagye
gttctgatcocaccggcogaageogetegoctggecaaaagoctgoctaactgcaaggetgtggacateggecegggt
Ctgaatctgotgeaagaagacaacccggacctgatcggcagegagategogegetggetgteracrotggagatrrrce
ggt

SEQ ID NO:79 (Id-24C2-HT7 sandwich fusion protein)
MLGLSEQSVSISRCAGTRLPALLDEQQVNVLLY DMNGCYSRLKELVEPTLPONRKVSKVEILOQHVIDYTRDLOLELNSE
SEVGTTGGRGLPVRAPLSTLNGE I SALAAREAACY PADDRI LCRVSLENLY FQASGGGGGAIAMVFTLEDFVGDHRQQTA
GYNLDQVLEQGGLS SLFONLGYSVTPIQKIVLSGENGLKIDIAVIIPYEGLSGYOMGOIEKIFKVVYPVODHHFKVIL
HYGTLVIDGVTPNMIDYFGRPYEGIAVFDGKKI TVTGTLWNGNKI IDERLINPDGSLLFRVTINGVTGWRLCERILAG
YLEPTTEDLYFQSDNDGSEIGTGFPFDPHYVEVLGERMHYVDVGPROGTEVLFLHGNPTSSYVWRNI T PHVAPTHRCI
APDLIGMGKSDKPDLGYFFDDHVRFMDAFIEALGLEEVYLYIHDWGSALGFHWAKRNPERVKGIAFMEFIRPIPTWDE
WPEFARETFQAFRTTDVGRKLI IDONVFIEGTLPMGVVRPLTEVEMDRYREPFLNPVDREPLWRFPNELFP TAGEPANT
VALVEEYMDWLHQS PVPKLLFWGT PGVL I PPAEAARLAKSLENCKAVDIGPGLNLLOEDNPDLIGSEIARWLSTLEIS
G

SEQ ID NO:80 (lF7 (NF}! nuclectide)
ATGGTGTTTACACTCGAAGATTTCGTAGGGGACTGGCGGCAGARCAGCCGCCTACANRCCTGGACCAAGTCCTTGAGCAG
GGCGGTCTOTCCAGTTTGTTTCAGARTCTCGGGGTGTCCGTAACACCGATCCARAGGATTGTCCTGAGCGGTGARARC
GGCCTGAAGATCGACAT CCATGTCATCATCCCGTATGARGGT CTCAGCGGCGATCAGATCGECCAGATCGARAAAATT
TTTAAGGTGGTGTACCCTGTGGATGATCATCACTTTAAGGTGATTCTGCACTATGGCNCNC TGGTAATCOGNACGEGETT
ACGCCGRRACATGATCGACTATTTCGGACGGLLGTATGAAGGCATCGCCETGT TCGACGGCAAMAAGATCACTGTALCT
GGGACCCTGTCGAACGGCAACARARTTATCGACGAGLGCCTGATCRACCCCGACCGCTCCCTGCTETTCCGUGTAACC
ATCAACGGAGT GACCGGUTGGCCCCTETGCGAGCGCATTTTGGCGGGA

SEC¢ ID NO:81 (1F7 (NF) pxrotein} .

MY ETLEDFVGDWROTAGYNLDOVLEQGGLSSLFQNLGYSVTPIQRIVLSGENGLKIDIAVIIPYEGLSGDOMGOIEKE
FKYVYPVDDHEFKVILEYGTLVIDGVTPNMI DY FGREPYEGIAVFDGKKI TVTGTLIMNGNKI IDERLINPRGSLLERVT
INGVTGWRLCERILAG

SEQ ID NO:82 {(15H1 (NF} muclecotide)
ATGETGTTTACACTCGAAGATTTCGTAGGGGACTGGCGGCAGACAGCCGGCTACAACCTEGATCAAGTCCITGAGCAG
GGCGGTCTETCCAGTTTGT TTCAGAATCTCGGGGT GTCCGTAACACCGATCCARRAGATTGTLCTEGAGCGGTGRARML
GGCCTGRAGATCGACATCCATCTCATCATCCCGTATGANGGTCTGAACGGCTAT CAGATCGGCCAGATCGARARALTT
TTTAAGGTGGTGTACCCTGTGGATGATCATCACTT TARGGTGATTCTGCACTAT GGCACACTGGTARTCGACGGGGTT
ACGCCGAACATGATCGRCTATTTCGGACGGCCGTATGAAGGCATCGCCGTCTTCGACGGCAAARAGATCACTGTARCC
GGGACCCTGTGGARCGGCARCARARTTATCGACGAGEGCCTGATCARACCLCGALGGCTCCCTGCTGTTCCGCGTAACC
ATCAACGGAGLGACCGGUTGGCCGCTGTCCCGAGCGCAT TTTGGCGGGA o

SEQ ID NO:83 (15H1 (NF)} protein)
MYFTLEDFVGDWROTACYNLDOVLEQGGLSSLEFONLGVSVTIPIQKIVLSGENGCLKIDIHVIIPYEGLNGYQMGOIEKT
FKVVYPVDDHHFKVILHEYGTLYV [DGVIPNMI DY FGRPYEGIAVFDGKKI TV I'GI LANGNKI I DERLINPDGSLLFRVT
INGVTGWRLCERILAG

SEQ ID NO:84 (Id-1F7-HT7 sandwich fusion nuclectide)

atgettggtetgteggagecaaagegtgtccatctegegetgegetgggacgegactgecegecttgectggacgagecag
caggtgaacgtectgetetacgacatgaacygetgoctactcacgocicaaggagetggtgeocacectgececcagaac
cgcaaagtgagcaaggtggagatcetgeagratgtaatecgactacatcagggacctgecagetggagctgaactcggag
tctgaagtcogggaccaccggaggeeggggactgeetgtecgegoccogetcageaccctgaacggegagatcagtgeo
tiggcggecgaggcggcatglgttecageegacgatcgeatettgtgtegegettrtettgagaatectttattttecay
gcgtoctggaggtggtggcggagegatcgecatggtgtttacacticgaagatttegtaggggactggecggcagacagee
ggctacaacetggaccaagtecttgagcagggeggtotgtocagtttgtttcagaatecteggggtgteegtaacaceyg
atccaaaggattgtoctgagoggtgaaaacggectgaagatcgacatecatgtcatcatececgratgaaggtetgage
ggcgatcagatgggecagatcgaaaaaatrtttaaggtggtgtaccetgiggatgatecatcacttiaaggtgatictg
cactatggcacactggtaatcgacggggriacgecegaacatgatcgactattteggacggeegtatgaaggecategee
gtgttcgacggcaazaagatcactgtaacegggaccotgiggaacggcaacaaaattatcgacgagegectgateaac
cecgacggeteectgetgticcgegtaaccatcaacggagtgaccggetggeggetgtgegagegecattttggeggga
tatclcgagecaaccactgaggatctgtactttcagagegataacgatggatcegaaateggtactggetttccatte
gacccccattatgtggaagtcctgggcgagcgcatgcactacgtcgatgttggtccgcgcgatqgcacccctqtqctg
ttectgeacggraaccecgacctectectacgtgtggogeadacateatecegeatgttgeacegacececategetgeatt
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gcteocagacctgateggtatgggraaatergacaaaccagacehgggttatttetticgacgaccacgtecegottcaty
gatgccotteategaagooctgggtctggaagaggtagicctggtcat teacgactggggoteccgetetgggtttecac
tgggecaagegeaatccagagegegtcaaaggtattgecatttatggagtteateegeectatceccgacetgggacgaa
tegocagaatttgeeegogagaccticcagyecttoegeaccaccgacgtcgycegeaagetgatcatcgatcagaac
grtttttatcgagggtacgectgecygatgggigtegtocgecegetgactgaagticgagatggaccattaccgegagecy
ttectgaatectgttgacedgegagecactygtyggogetroacaaacgagetgocaatregecggtgagecagegaacate
gtcgegectggtegaagaatacatggactggetgeaccagticeccctgtececcgaagetgetgttetggggeaccccagge
gttctgatcccaccggccgaégccgctcgcctggccaaaaqcctgcctaactgcaaggctgtggacatcggcccgggt
ctgaatctgotgoaagaagacaanceggacctgatoggeagegagategegegetggetgtetactetggag

SEQ ID NO:85 (Id-1F7-HT7 sandwich fusion protein)
MLGLSEQSVSISRCAGTRLPALLDEQQVNVLLYDMNGCYSRLKELYPTLPQNRKVSKYEI LOHVIDYIRDLOLELNSE
SEVGTTGGRGLPYRAPLSTLNGEI SALAAREAACVPADDRILCRVSLENLY PDASGGGGGAIAMVETLEDEVGDWRQTA
GYNLDQVLEQGGLSSLFONLGVSVTPIQRIVLSGENGLEKIDIHVIIPYEGLSGDOMGOIEKIFKVVYPVDRHAFKVIL
HYGTLVIDGVTPNM1 DY FCRPYEGIAVFDGKKITVTGTLWNGNKI IDERLI NPDGSLLFRVTINGVTGWRLCERILAG
YLEPTTEDLYFQOSDNDGSEIGTGFPFDPHYVEVLGERMHYVDVGPRDGTPVLEFLHGNPTSSYVWRNIIPHVAPTHRCE
APDLIGMGKRSDKPDLGYFFDDHVRFMDAFIEALGLEEVVLVIHDWGSALGFHWAKRNPERVKGIAFMEFIRPIPTHDE
WPEFARETEQAFRTTIUVGRXLIIDONVEIEGTLPMGVVRPLTEVEMDHYREPFLNPVDREPLWRFPNELPIAGEPANT
VALVEEYMDWLHOSPVPKLLFWGTPGVLI PPAEAARLAKSLPNCKAVDIGPGLNLLQEDNFDLIGSEIARWLSTLEIS
G

SEQ ID NG:886 (Id-15Hi1-HT7 sandwich fusion nuclaotide}
atgettggtetgtocggagecaaagogtgteccatctecgogotgogetgggacgecgectgcecgecttgetggacgageag
caggtgaacgtectgeteclacgacat gaagggetgetactcacqgeoctcaaggagotggtgoccaccoctgoococagaac
cgcaaagtgagcaaggtggagatecrgecageatgtaatcgactacatcagggacctgecagrtggagetgaactecggag
tctgaagtcgggaccaceggaggocggggactgectgtecocgogesacagatsageacoctgaacqgcgagatcagigon
ttggcggccgaggeggecatgtgttecageccgacyatcgeatettgtgtegegittetottgagaatetttatiitecag
gegtetggaggtggtggeggagegategecatggtgtttacactegaagatttegtaggqgactgqcggcagacagec
ggctacaacctggatcaagtcocttgagecagggeggtctgtecagtttgtttcagaateteggggtgteccgtaacaceg
atccaaaagattgteoctgageggtgaazacggectgaagatcgacatccatgtcatcatcccgtatgaaggtctgaac
ggctatcagatgggccagatcgaaaacatttttaaggtggtgtacectgtggatgatcatcactttaaggtgattctg
cactatggcacactggtaategacggdgttacgeagaacatgatcgactattteggacggcagratgaaggcategee
gtgttcgacggcaaaaagatcactgtaaccgggaccoctgtggarcggeaacaaaattategacgagegectgateaac
cccgacggctocctgectgttccgegtaaccatcaacggagtgaccggctggeggetgtgogagegeattttggeggga
tatctegageceaaccactgaggatetgtactitcagagegataacgatggatecegaaateggtactggettteceatte
gaccccecattatgtggaagtcctgggegagogeatgecactacgtegatgttggtcogeogegatggeaccecctgtgetyg
ftcetgecacggtaaccegacetect.ecctacgtgtggegeaacateatecogeatgtigragegacecategetygeatt
gcetccagacctgatcggratgggcaaatecgacaaaccagacctgggttatttectrecgacgaccacgtecgetteatg
gatgccttcatcgaagecstoggtctggaagaggtecgtcctggtcattcacgactggggetocogotctgggtttoccac
Lgggccaagegcaatccagagegegtcaaaggtattgeatttatggagticatecgecctatcecgacctgggacgaa
tggccagaatttgeccgegacaccrtccaggocttccgcaccaccqacgicqgaccycaagetgatcatcgatcagaac
gttittatcgagggtacgetgeegatoggtgtegtecgeccgetgactgaagtegagatggaccattaccgegagecyg
ttcctgaatcctgttgacecgegagocactgtggogettcccaaacgagetgecaatcgoocggtgageccagcgaacate
gkcgegoetggtcgaagaatacatggact ggetgeaccagteecetgbececgaagetgetgttetggggracocecagge
gttcrtgateccaccggecgaagocgetecgectggecaaaagectgeoctaactacaaggetgtggacatcggeccyggge
ctgaatatgotgcaagaagacaacecggacctgatcggeagagagatagegeactggatgrctactetggagatttce
agt

SEQ ID NO:87 (Id-15H1-HT7 sandwich fusion protein}
MLGLSEQSVSISRCAGTRLPALLDEQOVNVLLYDMNGCYSRLKELY PTLPONRKVSKVEILONVIDY IRDLOLELNSE
SEVGTTGGRGLPVRAPLSTLNGEI SALARARAACVPADDRI LCRVSLENLYFQASGGGGGAIAMVEFTLEDFVGDWRQTA
GYNLDOVLEQGGLSSLFONLGVSVTIPIQKIVLSGENGLKIDIHVIIPYEGLNGYQMGOIEKIFKVVYPVDDHHFKVIL
HYGTLVIDGVTPNMIDYFGRPYEGIAVIDGKKITVTGTLWNGNKI IDERLINPOGSLLFRVTINGYTGRRLCER]T LAG
YLEPTTEDLYFQSDNDGSEIGTGFPFDPHYVEVLGERMHYVDVGPRDGTPVLFLHGNPTSSYVWRNIIPAVAPTHRCI
APDLIGMGKSDKPDLGYFFDDHVREMDAFTEALGLEEVYLVIHDWGSALGFHWAKRNPERVKGIAFMEFIRPIPTWDE
WPEFARETFQAFRTTDVGRKLIIDONVEFTEGTLPMGVVRPLTEVEMDHYREPFLNPVDREPLWREFPNELPTAGRPANT
VALVEEYMDWLHOSPVPKLLFWGTPGVLIPPAEAARLAKSLENCKAVDIGPGLNLLQEDNFPDLIGSEIARWLSTLELS
G

SEQ ID NO:88 (SB8 oplt+K33N+L27V+T3IST+K43R+Y68D nuclsotida)
Rtggtgtttacactcgaagatttcgtaggggactggeggeagacagecggectacaacctggaccaagtecttgagoag
ggecggtgtgtecagtttgttiecagaatcteggggtgtecgtaacteogatccaaaggattgtect gagoggtgaaaac
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ggoctgaagatcgacatccatgtcatcatoecglatyaaggtctgageggcgatecagatgggecagatcgaaaaaatt
tttaaggtggtgtaccctgtggatgatcatcactttaaggtgattctgcactatggcacactggtaatcgacggggtt
acgccgaacatgatcgactattteggacggecgtatgaaggeategecegrgttcgacggcaaaaagatcactgtaace
gggaccctgtggaacggoaacaaaat tatcgacgagogectgatcaaceeegagggetecectgetgttecgegtaace
atcaacggagtgaccggetggcggergtgegagegeattttggeyg

SEQ ID NO:89 (5B8 opt+K33N+L27V+T39T+K43R+Y68D protein)
MVFTLEDFVGDWRQTAGYNLDOVLEQGCVSSLFQNLGVSVTPIQRIVLSGENGLKIDIRVIIPYEGLSGDOMGOIEKT
FKVVYPVDDHHFKVILHYSTLVI DGYTPNML DY FGRPYEGIAVFDGKKI TVTGTLWNGNKIIDERLINPDGSLLERVT
INGVTGWRLCERILA

SEQ ID NO:90 (9B8 opt+K33N+L27V+T39T+K43R+¥68D sandwich fusion nucleotide)
atgcitggtetgteggageasagegtgtecatetegegetgegetgggacgegectgeccgeecttgetggacgageag
caggtgaacgtcoctgectcoctacgacatgaacggcetgetectcacgectcaaggagetggtgeccaccectgocecagaac
cqgcaaagtgageaaggtggagatectgeagecatgtaategactacatcagggacctgcagetygagelgaacicggay
tctgaagtogggaccaccggaggecggggactgectgtcegegeccegetcagcaccetgaacggogagatcagtyed
tiggcggccgaggeggcatgtgttoccagecgacgatcgeatottgtgtegogtttetecttgagaatetttattttcag
gegtetgoaggtggtggegoagegatcgecatggtgtttacactecgaagatttcgtaggggactggeggcagacagse
ggctacaacctggaccaagtecttgaqacagggeggtgtgtecagtttgtitcagaatectcggggtgtecgtaactceg
alccaaaggettgtocigageggtgaaaacggocgaagatcgacatccatgtcatcatccegratgaaggtergage
ggcgatcagatgggccagatcgaaaaaatctittaaggtggtgtacceigtggatgatcatcactttaaggtgattotyg
cactatgocacactggiaategacggggttagcgecgaacatgatcgactatttcggacggecgtatgaaggcatogaee
gtgttogacggcaaaasgatcactgtaaccgggacectatggaacggeaacaaaatiatecgacgagegectgareaac
¢regecggetcocigergiicegegtaaccatcaacggagtgaccggctyggoggetgtgegagegeattttggeggga
tatctegagecaaccactgaggatetgtactttcagagegataacyatggatecgaaatcggtaciggetttecatte
gaceccccattatgtggaagtcctyggygcgagecgeatgcactacgtecgatgttggteccgegegatggcacecetgtgeng
ttcectgecacggtaaccegacctectectacgigtiggogcaacatcatcoccgeatgttgeaccgaccecatcgetgeatt
gctecagacctgatcggtatgggcaaatcogacaaaccagacelkggatlatitcticgacgaccacgiecgeltocaty
gatgectteataegaageectgggtetggaagaggtegtectggtecattcacgactggggctocgeteteggtrtceeac
tgagccaagocgcaatcoccagagegeogtcaaaggtattgeatttatggagitecatcocgoectatececgacectgegacgaa
lggercagaatttgoccogegagacet toccaggocttocogoaccaccgacgteggoagoaaqotgatcatcgatcagaac
gtttttaccgagggtacgctgccgatgggtgtcgtcecgececgetgactgaagtcgagatggaccattaccgegagecg
ttcctgaatocctgttgacegcgagecactgtggegoettcacasacgagetgecaatcgaecggrgageccagegaacatce
gtecgegetggtegaagaatacatggactggetgecaccagtecoetgicocgaaqetgetgttetagggecaceccagge
gttctgatococaccggecgaagecgaetogectggecaaaagoctgectaactgcaaggctgtggacatcggeccgggt
ctgaatctgctgraagaagacaacecggacetgateggeagegagategegegeiggetgtectactetggagattitee
ggt

SEQ ID NO:91 (9B8 opt+K33N+L27V+T39T+K43R+Y668D sandwich fusion protein)
MLGLEEQSVSISRCAGTRLPALLDEQQRVRVLLY DMNGCYSRLKELVPTLPONRKVSKVEILQBEVIDY IRDLOLELNSE
SEVGTTGGRGLPVRAPLSTLNGEISALAREARCVPADDRILCRVSLERLYFOASGGGGGAIAMVFTLEDEVGDWROTA
GYNLOQVLEQGGVSSLEFONLGVSVTPIQRIVLEGENGLKIDIRVIIPYEGLSGDOMGQIEKIFXVYYPVIDHHFKVIL
HYGTLVIDGYTPNMIDYFGRPYEGIAVEFDGKKI TVTGTLWNGNKI IDERLINPDGSLLFRVTINGVTGWRLCERILAG
YLEPTTEDLYFQSDNDGSEIGTGFPFDPHYVEVLGERMHYVDVGPRDGTPVLFLHGNPTSSYYWRNIIPHVAPTHRCT
APDLIGMGKSDKPDLGY FFDDHVRFMDAFIEALGLEEVVLYVIHDWGSALGFHWAKRNPERVKG IAFMEFI RPI PTWDE
W2EFARETFQAFRTTDVGRKLIIDQNVFIEGTLPMGYVVRFLTEVEMDHYRE PFLNFVDREPLWRFENELPIAGEPANT
VALVEEYMDWLHQSPVPKLLFWGT PGVLIPPAEAARLAKSLPNCKAYDIGPGLNLLQEDNPDLIGSEIARWLETLEIS
G

SEQ ID NC:92 (9B8 opt+K33N+T38T+K43R+YEBD nuclectide)
Atggtgtttacactcgaagatttcgraggggactggeggecagacagcecggctacaacectggaccaagtcecttgagcag
ggcggtectgtecagtttgtticagaateteggggtgteccgtaacteccgateccaaaggattgtcectgageggtgaaaac
ggcctgaagatcgacatecatgtcatcatccegtatgaaggtctgageggegatcagatgggecagatcgasaaaatt
tttaaggtggtgtaccectgtggatgatcatcacttitaaggtgattetgecactatggecacactaggtaatcogacgggat €
acgccgaacatgatcgactatttoggacggecgtatgaaggecatocgeocgtgttogacgyeagaaagakcactgtaace
gggaccctgtggaacggcaacaaaattategacgagegectgatcaacceocgacggoctodctgetgttocgegtaace
atcaacggagtgaccggctggeggetgbgegagegeattttggeg

SEQ ID NO:93 (SB8 opt+K33N+T3I8T+K43R+Y68D protein)
MVFTLEDFVGDWRQTAGYNLDOVLEQGCGLSSLFONLGVSVTPIQRIVLSGENGLKIDIHVIIPYEGLSGDOMGOIEKI
FKVVYPVDDHHFKVI LHYGTLVIDGVTPNMIDYFGRPYEGIAVFDGKKITVIGT LWNGNKI IDERLINPDGSLLFRVT
INGVTGWRLCERILA

SEQ ID NO:94 (9B8 opt+KIIN+TIST+K4A3R+YESD sandwich fusion nucleotide)
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atgcttggtetgteggagecaaagegt gtocatctegegetgegetgggacgegectgeccgecttgetggacgageag
caggtgaacqgtectgctotacgacatgaacggetgetactcacgectcaaggagetggtgeccaccotgtcctagaac
cgcaaagtgagcaaggtygagatcotgocageatgtaalcgactacatcagggacetgcagotggagetgaacteggag
tctgaagtcgggaccaccggaggccggggactgectgtecgegeccegetcageacortigaacggcgagateagtgoec
ttggcggecgaggeggeatgtgttecagocgacgategeatcttgtgtegegritetctugagaatetttatiticag
gcgtctggaggtggtggeggagegategecatggtgtttacactecgaagatttecgtaggggactggaggcagacaged
ggctacaacctggaccaagtecttgageagggcggtotgtecagtttgrttcagaateteggagtgtecegtaacteeg
atccaaaggattgtcctgageggtgaaaacggectgaagatcgacatecatgteatcatecegtatgyaaggtcocigage
ggcgatcagatgggccagatcgaaaaaatttttaaggtggtgtacectgtggatgatcatcactitaaggtgattetyg
cactatggecacactggtaategacgggattacgecgaacatgategactatttcggacygecgtatgaaggcategee
gtgttocgacggcaaaaagatcactgtaaccgggaceetgtggaacggeaacaaaattategacgagegeetgatcaac
cccgacggetcectgetgtteogegtaaceatcaacggagtgaccggetggoggetgtgegagogecattitggeggga
tatctegagecaaccactgaggatctgtactttcagagegataacgatggatccgaaatcggtactggettteecatte
gacccecattatgtggaagtectgygegagegcatgeactacgtcgatgrtggtececgegegatyggcaceectgtygetyg
ttoatgcacggtaacccgacetectectacgtgtggegeaacateatcocgeatgttgeaccgaccroategotgeatt
geiecagacctyatcggtatgggcaaatcecgacaaaccagacctgggttarttcttogacgaccacgtecgetteatg
gatgccttcatcgaageoctgggtetggaagaggtegteetggtcatteacgaciggggeteegetetgggtitocac
taggccaagegeaatccagagegcytcasaggtattgecatttatggagttcatecgecctatcccgacctgggacgaa
tggoccagaatttgeorecgegagaccitoecaggecl tecegocaccaccgacgteggeocgeaaqetgatcatcgatecagaac
gtttttatcgagggtacgetgecgatgggtygtogtacgecegetgactgaagtegagatggaccaltaccgegagecy
ttcctgaatectgttgaccgegagecactgtggegetteccaaacgagetgecaategecggtgagcecagegaacate
gtcgcgctygtegaagaatacatggactyggetgcaccagteccctgtecccgaagetgetgttotggggecaceeccagge
gttctgatceccaccggergaageegetegoctggecaaaagectgectaactgocaaggoctgtggacatoggeoocogggt
ctgaatctgorgcaagaagacaacceggacctgateggecagegagategegegetggetgictactoctggagatttee
ggt

SEQ ID NO:95 (9B8 opt+K33N+T39T+K43R+¥&8D sandwich fusion protein)
MLGLSEQSVSISRCAGTRLPALLDEQOVNVLLYDMNGCYSRLKELVET L PONRKVSKVETLQEVIDY TRDLOLELNSE
SEVGTTGGRGLPVRAFLSTLNGEI SALAAEAACVPADDRILCRVSLENLYFQASGGGGGATAMVETLEDFVGDHRQTA
GYNLDOVLECGGLSSLFONLGVEVTPIQORIVLSGENGLKIDIHVIIPYEGLSGDOMGRIEKIFKVVYPVDDHHFRVIL
HYG LY TDGYTPNMIDY PGRPYEGIAVFDGKKITVTGTLWNGNKI I DERLINPDGSLLFRVTINGVTGWRLCERILAG
YLEPTTEDLYFQSDNDGSEIGTCGFPFDPHYVEVLGERMHYVDVGPRPGTPVLFLEGNPTSSYVWRNITPHVAPTHRCT
APDLIGMGKSDKPDLGYFFDDHVRFMDAFIEALGLEEVVLVIHDNGSALGFHWAKRNPERVKGIAFMEFIRPIPTWDE
WPEFARETFOAFRTTDVGRKLITI DONVFIEGTLPMGVVRPLTEVEMDHYREEFLNPVEOREPLWRFPNELPIAGEPANT
VALVEEYMDWLHQS PVPHKLLFWGTPGVLI PPAEAARLAKSLPNCKAVDIGPGLNLLQEDNPDLIGSEIARWLSTLEIS
G

SEQ ID NO:%6 (CRE})
GCACCRGACAGTGACGTCAGCTGCCACGATCCCATGGCCCTCATRCTGTGACGTCTTTCAGACACCCCTTGACGTCAAT
GGGAGRACA

SEQ ID NO:987 (Nucleotide CP 84 no linker)
Atggatgatcatcactttaaggtgatlcltgeactatggcacactgalaategacggugiiacgecgaacatgategac
tatttcggacggecgtatgaaggcatcgecgtgitcgacggcaaaaagatcactgtaaceocgggacecctgtggaacygge
aacaaaattatcgacgagegectgatcaaccecgacggstococtgetgttcegegtaacecatcaacggagtgacocggo
tggcggectgtgogagogeattttgycgatggtgittacactegaagatttecgtaggygactgucgycagacageegyc
tacaacctggaccaagtoocttgageagggeggtgrgtccagrttgtttcagaatecteggggtgtecagtaactcocgate
caaaggattgtectgageggtgaaaacggectgaagategacateccatgtcateateccgratgaaggtetgagegge
gatcagatgggocagatcgaaaaaatttttaaggtggtgraccstgtg

SEQ ID KO:58 (Protein CP 84 no linker)

MDDHEHFKV ILHYGTLVIDGVTPNMIDYFGRPYEGIAVFDGKK I TVTGTLWNGNKI IDERLINPDGSLLFRVT LNGVTG
WRLCERILAMVETLEDEFVGDWRQTAGYNLDOVLEQGGVSSLEQNLGVSVTPIQRIVLSGENGLKIDIHVIIPYEGLSG
DOMGQIEKIFKVVYPV '

SEQ ID NO:88 (Nucleotide CP B4 SAA linker)
Atggatgatcatcactttaaggtgattctgeactatggocacactggtaategacggggttacgecgaacatgategac
tatttcggacggecgtatgaaggeatogecgtgttegacggcaaaaagatcactgtaaccgggaccctgtggaacgge
aaraaaattatcgacgagecgoctgatcaacccogacggctecctgetgttecegegt aaccatcaacggagtgacegge
tggcggetgtyucgagegeattttggeggggagetecggtggaatggtgtttacactocgaagatttcgtagaggactgg
cggcagacagccggctacaacctggaccaagtocttgageagggeggtgtgccagttigtttecagaatctecgggatg
teccgtaactocgateecaaaggattgtectgageggtgaaaacggectgaagategacatccatgteatsatoccgrat
gaaggtctgageggegatcagatgggecagatecgaaaaaatttrtaaggtggtgtaceectgryg
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$BQ ID NO:100 (Protein CP 84 S5AA linker)
MDDHHFKVILHYGTLVIDGVTFNMIDYFGRPYEGIAVFDGKKITVTGTLWNGNKIIDERLINPDGSLLERVTINGVTG
WRLCERILAGSSGGMVFTLEDFVGDNRQTAGYNLDOVLEQCGVSSLFONLGVSVTPIQRIVLSGENGLKIDIHVIIFY
EGLSGDOMGQIEKIFKVVIPV

SEQ ID NO:101 {Nucleotide CP 84 10AA linker}

Atggatgatcatcactttaaggtgattctgeactatggeacactggtaatcgacggggttacgeccgaacatgatcgac
tattteggacggocgtatgaaggoategeogtgttegacyggeaaaaagatcacrgtaaccgggacectgtggaacgge
aacaaaattatcgacqgagcgecigatcaacecegacggctcoctgetgttecgegtaaccatecaacggagtgacegge
Lggceyggetgtgegagegocatttiggcggyaagt tetggtggagagagotecggrggaatggtgtttacactcgaagat
ttcgtaggggactggeggcagacageoggetacaacctggaccaagteccttgagragggeygtglgtecagtttgttt
cegaatcteggggtgtoegtaacracgatccaaaggatrgrecrgagcggtgaaaacggoctgaagatcgacatecat
gtcatcatceccglatgeaggtetgagoggegatcagatgggocagatcgaaaaaatttitaaggtggtgtaccectgtyg

SEQ ID ND:102 {Protein CPF 84 10AA linker}
MDDHHFPKVILHYGTLYIDGYTPNMIDYFGREYEGIAVFDGKKITVTGTLWNGNKI IDERLINPDGSLLERVIINGYTG
WRLCERILAGSSGGGSSGCMVFTLEDEFVGDWROTAGYNLDOVLEQGGVSSLFONLGVSVTPIQRIVLSGENGLKIDIH
VITPYEGLSGDOMGQIEKIFKVVYFV

SEQ ID NO:103 (Nucleotide CP 84 20AA linker)
Atggatgatcatcactttaaggtgattctgcactatggcacactggtaategacggggrracgecgaacatgategac
tatttcocggacggecgtatgaaggrategecgtgticgacggraaaaagatcactgtaaccgggaccetgtggaacgge
aacasaattatcgacgagegcctgatcaacecegacggetccctgotgttecgcytaaccatcaacggagtgacegge
taggecggctgtgogagegeattttggegggaagtictggtggagggagetecggtggaggeagit.cigalggagggage
tecggtggaatggrgtttacactogaagatttocgtaggggactggeoggoagacagecggetacaacctggaccaagte
cttgageagggeggtgtgtecagtttgtttecagaateteggggtgtecgtaacteocgatccaaaggattgtcoctgage
ggtgaaaacggcctgaagatcgacatecatgteatcatecoccytatgaaggtectgagegygegatcagatgggecagale
gaaaaaatttttaaggtggtgtaccctgtg

SEQ ID NO:104 (Protein CP B4 20AA linker)
MCDHHEKVILHYGTLVIDGVTPRMIDYFGRPYEGIAVEDGKKITVTIGTLWNGNKIIDERLINPDGSLLFRVTINGVTG
WRLCERILAGSSGGGSSGGGESSCGGESSEOMYFTLEDFYGDHRGTAGYNLDQVLEQGGVSSLFONLGVSVTPTIQRIVLS
GENGLKIDIHVIIPYEGLSGDOMGQIEKIFKVVYPV

SEQ ID NQ:105 {(Nucleotida CP 95 na linker)
Atgggcacactyggtaatcgacggggttacgecgaacatgatcgactatttcogacggccgtatgaaggeategecogty
ttcgacggeaaaaagatcactgtaaccgggaccetgtgyaacggeaacaaaatiatcgacgagegectgatcaaceee
gacggcteccoctgetgtteccgegtaaccatoaacggagtgaccggetggeggetgtigecgagegeattttggeogatggtg
trtacactcgaagatttegtaggggactggeggeagacagocggetacaaceiggaccaagtcoccttgageagggeggt
gtgtccagtttgtttcayaatcteygggtgtecgtaacteegatecaaaggatigtectgageggtgaaaacgucctyg
aagatcgacatccatgtcatcatecocegtatgaaggtotgageggcgatcagatgggccagatcgaaaaaatttttaagy
gtggtgtaccctgtggatgatcatcactttaaggtgattctgeactat

SEQ ID NO:106 (Protein CP 55 no linker)
MGTLVIDGVTPNMIDYFGRPYEGIAVEDGKKITVTGTLWNGNKIIDERLINPDGSLLFRVTINGVTGWRLCER ILAMY
FTLEDFVGDWRQTAGYNLDQVLEQGGVSSLEFQNLGYSVTPIQRIVLSGENGLKT DIHVITPYEGLSGOOMGQIERIFK
VVYPVDDHHFKVILAY

SEQ ID W0:107 (Nuclestide CP 395 5Aa4 linker)
Atgggcacactggtaatcgacggggttacgecgaacatgatcgactatitcggacggoegtatgaaggecategeegty
ttcgacggecaaaaagatcacligtaaccgggaccectglggaacyygeaacaaaattategacgagegecigateaaceco
gacggctcectgctgttocogogtaaccatcaacggagtgaceggetggeggectgtgegagegeattitggeggggage
tccggtggaatggtgttiacactegaagatttecgtaggggactggeggecagacagecggctacaacctggaccaagte
cttgagcagggcggtgtgtecagtttgtttcagaatctoyggygtgtecegtaactcegatecaaaggal tgtectgage
ggtgaaaacggcctgaagatcgacatccatgtcatcateccgtatgaaggtictgageggegatcagatgggecagate
gaaaaaatttttaaggtggtgtacectgtggatgatcatcactttaaggtgattetgecactat

SEQ ID NQ:10B {Protein CP 95 5AA linker)
MGTLVIDGVTFNMIDYFGRPYEGTIAVEDGKKITVTIGTLWNGNKI I DERLINPDGSLLERVTINGVTGWRLCERILAGS
SGGMVFTLEDFVGDWROTAGYNLDOVLEQGGYSSLFONLGVSVTPIQRIVLSGENGLKIDIHVY 1] FYEGLSGUOMGOT
EKIFKVVYPVDDHHFEKVILHY

EX¥Q ID N0O:109 {(Nucleotide CP 85 10AA linker)
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Atgggcacaciggtaatocgacggggttacgcecgaacatgategactatttcggacggecgtatyaaggeatcgeegiyg
ttcgacggeaaaaagatecactgtaaccgggaccotgtyggaacgygcaacaaaattatcgacgagegectgatcaacsed
gaCQgctcccngctgt:ccgcgtaaccatCaacggagtgaccggctggcggctgtgcgagcgcattttggcgggaagt
tetggtggagggageteeggiggaatggtgtiracactogaagatttegtaggggactggeggcagacagecggetac
aacctgqaccaagtcc:tgagcagggcggtgtgtccagtttgtttcagaatctcggggtgtccgtaactccgatccaa
aggattgtccitgagcggtgaaaacggcctgaagarcgacatccatgtocatcateecgiatygaaggictgageggegat
cagatgggcecagatcgaaaaaatbtttaaggtggtgtacocectgtggatgatcatcacrttaaggtgatectgeactat

SEQ ID ND:110 (Protein CP 85 10AA linker)
MGTLVIDGVTPNMIDYFGRPYEGIAVFDGERITVIGTLWNGNKIIDERLINPDGSLL.FRVTINGYTGWRLCERILAGS
SGCGCSSCGMVETLEDEVGDWROTAGYNLDQVLEQGGVS SLFONLGVSVT PIQRIVLSGENGLKIDIRVIIPYRGLSGD
QMGQIEKI FKVVYPVDDHHFKVILAY

SEQ ID NO:111 (Nucleotide CP 95 20AA linker)
Atgggcacactggtaatcgacggggitacygccgaacatgatcgactatttcggacggecghatgaaggeategeogtyg
trtecgacqggcaaaaagatcactgtaaccgggacectgtyggaacggocaacaasattategacgagegecstgatcaacoce
gacggetecetgetgttiececgtaaccatcaacggagtgaccggetgygoggotgtgegagegeattttggegggaagt
totqgtggagggagetccggtggaggaagtictggtggagggagetecgyiggaatggtgtttacactegaagatttc
graggggactggeggoagacagecggotacaacatggaccaagtecctigageagggeggtgtgtocagtttgtttcag
aatcteggggtyglecgtaactocgatcocaaaggattgtcoctgageggrgaaaacggectgaagatcgacatecatgte
atcatecegtatgaaggtctgagoggecgatcagatgggecagatocgaaaaaatttttaaggtggigtaccctgtggat
gatcatcacittaaggtgattetgeactat

SEQ ID NO:112 (Protein CP 85 20AA linker)
MGTLVIDGVTPNMIDYFGRPYECGIAVEDGKKITVTGTLWNGNKIIDERLINPDGSLLFRVTINGVTGHRLCERILAGS
SGGGSBGEGSSEGGSSGGMVET LEDFVGDWRQTAGYNL DQVLEQGGVSSLEFQNLGYSVTPIQRIVLSGENGLKIDIHV
IIPYEGLSGDOMGQIEKIFKVVYPYVDDHHFKVILHY

SEQ ID NO:113 {Linker)
{GSGG)y

SEQ ID NO:114 (L27V CP 5 TEV)
atggattreogtaggggactggoggcagacagecggctacaacactggaccaagrecttgagcagggeggtgtgiccagt
trgtttcagaatctecggggtgtecgtaactoccgateccaaaggatigtcctgageggtgaaaacggectgaagategac
atccatgrcatcatcccgtatgaaggtoctgageggecgatcagatgggeccagatcgaaaaaatttttaaggtggtgtac
cctgtggatgatcateactttaaggtgattectgecactatggeacactggtactegacggggttacgeegaacatgate
gactattcggacggecgtatgaaggeatcgecgtgttcgacggcaaaaagatcactgtaaccgggaceetgtggaac
ggraacaaaattatcgacgagegeetgatcaacceegacggeteectgetgttecgegtaaccatecaacyggagtgace
ggctggcggotgtgegagegeattttggegggaagrtctggtggaggaagttectggrggagagectactactgagaac
ttgtacticeagagegataacggaagttectggtggaggaagttctggtggaatggtgtttacactcgaa

SEQ ID NO:115 (L27V CP 5 TEV)
MDEVGDWROTAGYNLDOVLEQGGYSSLFQNLGYSVIPIQRIVLSGENGLKI DINVI I PYEGLSGDOMGOIEKI FRVVY
PYDDHEFKVILYYGTLYIDGVTPNMI DYFGREYEGIAVFDGKKI TVTGTLWNGNKI IDERLINPDGSLLFRVT INGVT
GWRLCERILAGSSGCGS SCCEPTTENLY FOSDNGSSGCGSSCEMVETLE

SEQ ID NO:116 {L27V CP & TEV)
atgttogtaggggactygycyggeagacagecggetacaacctagaccaagtocecttgagecagggeggtgbtgtccagtectg
trtcagaatctoggggtgteccgtaactocgatecazaggattgtectgageggtgaaaacggectgaagategacate
catgtecatcatcccgtatgaaggtectgageggegatcagatgggecagatecgaaaaaattrttaaggbtggtgtacect
giggatgatcatcactttaaggtgattctycactatggecacactggtaatcgacggggttacgocgaacatgategac
tattteggacggecgtatgaaggecatcgecgtgttcgacggecaaaaagatcactgtaaccgggacectgbiggaacgge
aacaaaattatcgacgagcgectgatcaaccocecgacggotecotgotgttecgegtaaccatcaacggagtgaccgge
tggeggetgtgegagegeattttggeggoaagtterggtggaggaagttoctggtggagageetactactgagaacttg
tacttccagagrygataacggaagttetygtggaggeagttotggtggaatggtgtttacactcgaagat

SEQ ID NO:117 (L27V CP & TEV)

MFVGDWRQTAGYNLDOVLEQGGYVSSLEQNLGYSVT PIQRIVLSGENGLKIDIHVIIPYEGLSGDQMGRIEKI FKVVYF
VDDHHFKVILHYGTLVIDGVTPNMIDYFGRPYEGIAVFDGKKITVTGTLWNGNKI I DERLINPDGSLLFRVT INGVTG
WRLCERILNGSSGGGSSGEEPTTENLYFQSDNGSSCGGSSGEGMVETLED

8S8EQ ID NO:118 (L27V CP 7 TEV)
atggtagggaactggcggcagacagecggctacaacciggaccaagtccttgagcagggoggtgtgtccagttigttt
cagaateteggggtatcegtaacteegateocaaaggatigtectgageggtgaaaacggectgaagategacatecat
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gtcatcatcocegtatgaaggtetgagoggegatcagatgggecagatcgaaaaaatttttaaggtggtgtacoetgty
gatgatcatcactttaaggtgattctgeactatggeacactggtaatcgacggggttacgcogaacatgatcgactat
tteggacggocgtatgaaggcategecgtgticgacggeaaaaagatcactgtaacegggacectgtggaacggcaac
aaaattatcgacgagcgectgatcaaceccgacggctecetgotgttcegegtaaccatcaacggagtgaccggetgg
cggctgtgcgagegcattttggegggaagrtctggtggaggaagt tetggtgygagagectactactgagaacttgtac
ttccagagegataacggaagtictggtggaggaagttetggtggaatggtgtttacactegaagattte

SEQ ID NG:119% (L27V CP 7 TEV) .
MVGDWRQTAGYNLDOVLERGGVSSLFONLGYSVTPTORIVLSGENGLKIDIAVIIPYEGLSGDOMGQIEKIFKVVYEV
DOHHFKVILHYGTLVIDGYTRNMIDY PGRPYEGIAVFDGKRITVTGT LWNGNKIIDERL INPOGSLLERYT INGVTGW
RLCERILAGSSGGGSSGGEPTTENLY FQSDNGSSGGGSE SGEMVFTLEDY

SEQ ID RO:120 (LZ7V CP % TEV}
atggactggcggcagacagocggetacaacciggaccaagtecttgageagggeggtgtgteccagtttgttitcagaat
cteggggtgtccgtaacteegatecaaaggattgtoctgagcggtgaaaacggeectgaagategacatecatgteate
atccegtatgaaggtctgagoggegatecagatgggecagategaaaaaatttrtraaggtggtgtacestgtggatgat
vatcactttaaggtgatictgecactatggcacactggtaatcgacggggtracgecgaacatgategactatttegyga
cggecgtatgaaggeategecgtgttcgacggcaaaaagatecactglaaceyggacectgtggaacggcaacaaaatt
atcgacgagegectgateaaccocogacggcteccrgotgttcogegtaaceatcaacggagtgaccggetggoggety
tgcgagecgocattttggeggyaagttectggtggaggaagttctggtggagagectactactgagaacttgtacttecag
agcgataacggaagttctggtggaggaagttctggtggaatggrgttracactegaagatticgtaggy

SEQ ID NO:121 {L27V CP 9 TEV)
MDWROTAGYNLDOVLEQGGVSSLFONLGVSVTPIQRIVLSGENGLKI DIHVII PYEGLSGDOMGQIEKIFKVVYPVDD
HHFKVILHYGTLVIDGVTPNMIDY FGRPYECIAVEDCGKKITVTGTLWNGHNKIIDERLINPDGSLLFRVTINGYTGWRL
CERILAGSSGGGSSGGEPTTENLY FQSDNGS5GGE3SCGMVFTLEDEVG

SEQ ID NC:122 (L27V CP 11 TEV}
Atgcggragacageoggctacaacctggaccaagtectitgageagggeggtgtgtecagtttgtttecageateteggg
gtgtccgtaactccgatccasaggattgtcctgageggtgaaaacggectgaagatcgacatecatgtecatecateceg
tatgaaggtctgageggegatcagatgggecagaticgaaaaaattbitaaggtggtgtacecotgtggatgatcatcac
tttaaggtgarrotgocacratggeacactggtaatcgacggggttacgeegaacatgategactattteggacggecyg
tatgaaggcatcgeegtgttcgacggcaaaaagatcactgtaaccgggaccectgtggaacggcaacaaaattatcgac
gagcgcctgatcaaccecygacggetecctygetgiteccgegtaaccatcaacggagtgaceggetyggogactgtgegag
cgecattttggegggaagttctggtggaggaagttetggtggagagectactactgagaacttgtactteccagagegat
aacggaagttctggtggaggaagttctggtggaatggtgtttacactcgaagatitecgtaggggactgg

SEQ ID NO:123 (L27V CP 11 TEV)
MROTAGYNLDQVLEQGGVSSLEQNLGVSYTPIQRIVLSGENGLKIDIHVIIPYEGLSGEQMGQIEKIFKVVY PVDDHH
FKVILHYGTLVIDGVTENMIBYFGRPYEGIAVFDGKKITVEGTLWNGNKIIOERLINPBGSLLFRYTINGVTGWRLCE
RILAGSSGGGSSGGEPTTENLY FOSDNGSSCGGSSGGMVETLEDEVGIW

S5EQ ID NOD:124 {(L27V CP 12 TEV)
Cagacagccgqctacaacctgqaccaaqtccttqagcaqqqcqqtqtqtccaqtttgtttcégaatcthgqqtqtcc
gtaactccgatccaaaggattgtecotgagecggtgasaacyggectgaagatcgacatceatgteateatecegtatgaa
ggtctgagcggcgatcagatgggecagatcgaaaaaatttttaaggtggtgtaccctgtggatgatcatcacrttaag
gtgattctgcactatggecacactgataategacggggttacacecgaacatgategactatttecggacggeegtatgaa
ggcatcgccgtgttcgacggcaaaaagatcactgtaaccgggacectgtggaacygycaacaaaattatecgacygaycge
ctgatcaacceceogacggetecectgetgtteegegtaaceatcaacggagtgaceggetggcggetgtgogagegeatt
ttggcgggaagttctyggtyggaggaagttetggtggagagcctactactgagaacrtgtacitccagagegataacgga
agttctggtggaggaaqgttctygtggaatggtotttacactcgaagatitegtaggyg

SEQ ID NO:125 (L27v CP 12 TEV)
CTAGYNLDRVLEQGGVS3LFONLGVSVTPIQRIVLSGENGLKIDIHVI I PYEGLSGDOMGOIEKI FRKVVY PVDDHHEEFK
VILHYGTLVIDGVTPNMIDYFGRPYEGIAVFDGKKITVTIGTLWNGNKIIDERLINPDGSLLFRVT INGVTGWRLCERI
LAGSSGGGSSGGEPTTENLY FQSDNGSSGGGSSGGMVEFTLEDEVG

SEQ ID NO:126 (L27V CP 15 TEV)

atgggctacaacctggaccaagtecttyageagggeggigtgtocagitigiticagaatectecgggqgigtecgtaact
ccgatccaaaggatrgtcoctgageggtgaaaacggectgaagatcgacatecatgicatcatececogtatgaaggtctg
agcggcgatcagatgggccagatcgaaaaaatttttaaggtggtgtacocstgrggatgarcatcactitaaggtgatt
ctocactatggcacactggtaatcgacggggtiacgoecgaacatgatecgactatttcggacggecgiatgaaggeate
gccgtgticgacggcaaaaagatcactytaacocgggaccectgtggaacggecaacaaaatlatcgacgagegectgate
aaccocCgacggcLccctygcrgitcegegtaaccatcaacggagtgaceggetggeggct gt gcgagegeattttggeg
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ggaagttctggtggaggaagttctggtggagagcctactactgagaacttgtactttcagagcgataacggaaqttct
ggtggaggaagttctggtggaatggtgtttacactcgaagatrtegtaggggactggceggcagacagee

SEQ ID NO:127 (L27V CP 15 TEV)
MGYNLDOVLEQGGVSSLEQNLGVSYTPIQRIVLSGENGLKIDIHVIIPYEGLSGDOMGOIEKI FKVVYPYDDHHFKVE
LHYGTLVIDGYTPNMIDYFGRPYEGIAVFDGKKITVTGTLWNGNKT IDERLINPDGSLLFRVTINGVTGWRLCERILA
GSSGGGSSGEEPTTENLYFQSDNGSSGGGES SGEGMVETLEDFVGDWRQTA

SEQ ID NO:128 (L27V CP 18 TEV)
ctggaccaagtecitgagcagggoggtgtgtccagtttgtttcagaatetcggggrgtecgtaactecgatccaaagy
attgtecctgagecggtgaaaacggectgaagatcgacatecatygtecatcateocgtatgaagytectgageggecgatcag
atgggccagatcgaaaaaatttttaaggtggtgtacectgtggatgatcatcactrtaaggtgattetgecactatgge
acactggtaatcgacggdgttacgecgaacatgatcgactatttecggacggoegtatgaaggocatcgoccgtgttecgac
ggcaaaaagatcactgtaacegggacectgrggaacyggcaacaaaasttatcgacgagegectgatcaaccecgacgge
tcectgetgtteegegtaacecatcaacggagtgaccggetggeggetgtgogagegeattttggegggaagrtetggr
ggaggaagttctggtggagagectactactgagaacttgtacttecagagegataacggaagtictggtggaggaagt
tctggtgoaatggtgtitacactcgaagatttogtaggggactggeggoagacageeggctacaac

SEQ ID N0O:12% (L27V CP 1B TEV)

LDOVLEQGGVSSLEFONLGYSVTPIQRIVLSGENGLKI DIHVIIPYEGLSGDOMGRIEKIFKVVYYPVDDHAFKVILHYG
TLVIDGYTPNMIDY FGRPYEGIAVFDGKKI TVTGTLWNGNKI IBERLINPDGSLLEFRVIINGVTGWRLCERILAGSSG
GGSSGEEPTTENLYFOSDNGS SGGGESGGMVETLEDEVGDWROTAGYN

SEQ ID NO:13Q (L27V CP 21 TEV}
gtcettgagcagggecggtgtgteccagtttgtttcagaatetcggggtgtcecgtaactecgateccaaaggatigtectg
agcggtgaaaacggectgaagatcgacatccatgtcatcatccegtatgaaggtctgageggogatcagatgggecag
atcgaaaaaatttttaaggtggtgtacceoctgtggatgatcaticactttaaggtgattectgractatggeacactggta
atcgacggggttacgecgaacatgateqgactattteggacggcegtatgaaggcatcgecgtgttcgacggcaaaaag
atcactgtaaccgggaccctgtggaacggcaacaaaattategacgagegectgatceaccoegacggetecotgetg
ttcegrglaacecatcaacqggagtgaceggetggeggectgtgogagegeattttggcgggaagtrtctiggtagaggaagr
tctggtggagagectactactgagaacttgtacttccagagegataacggaagttectggtggaggaagtietggtgga
atggtgtttacactcegaagatttcocgtaggggactggeggeagacagccygyctacaacetgyaccas

SEQ ID NO:131 (L27v CP 21 TEV)
VLEQGGVSSLEQNLGYSVTFIQRIVLSCGENGLKTDIHVET PYEGLSGNOMGOTRKI FEVVYPVDEHHFKVILHYCTLY
IDGVTPNMIDYFGRPYEGIAVEDGKKITVTGTLWNGNKII DERLINPDGSLLEFRVYTINGYTGHWRLCERILAGSSGGGS
SGGEPTTENLYFQSDNGSSGCESSCGMVETLEDFVGDWROTAGYNLDO

SEQ ID NO:132 {L27V CF 24 TEV)
cagggcggtgtgtecagtttgtitcagaatcteggggltyglecataaclcecgatccaraggatigtectgageggtgaa
aacggcctgaagatcgacatocatgtcatcatcccgtatgaaggtetgageggcgatcagatrgggccagatcgaaaaa
atttttaaggrggtgtacccotgtggatgatcatecactttaaggtgattctgecactatggeacactggtaatecgacggg
gttacgccgaacatgatcgactatttcggacggccgtatgaaggcatcgccgtgttecgacygcaaaaagatcactygta
accgggaccctgtggaacggcaaraaaattatcgacgagegoctgatcaaccecgacggeicecrtgetgtleccgegta
accatraacqgagtgaccggetggecggectgtgcgagegecatttrtggegggaagttoetggtggaggaagrtetggtgga
gagectactactgagaacttgtacttccagagegataacggaagttctggtggaggaagrtoctggeggaatggtgttt
acactcgaagatttcgtaggguactageggeagacagoccggotacaacetggaccaagtecttgay

SEQ ID NO:133 {L27V CP 24 TEV)
QGGVSSLFQNLGVSVTPIQRIVLSGENGLKIDIHVI I PYEGLSGDQOMGRI EKIFKVVY PVDDHHFKVILHYGTLVIDG
VTPNMIDYFGRPYEGIAVFDGKKITVTGTLWNGNKI I DERLINPDGSLLFRVTINGVTGWRLCERI LAGSSGGGSSGG
EBTTENLY FQSDNGSSGGESSGEGMYFTLEDEVGDWRQTAGYNLDQYLE

SEQ ID NO:134 (L27V CP 27 TEV)
gtgtccagtttgtttcagaateteggggtgtccgraactecgatccaaaggattgtcctgageggtgaaaacggoctyg
aagatcgacatcecatqgtcatcateceogtatgaaggtetgagoggogatcacatgggecagatogaaaaaatttttaag
gtggtgtacecctgtggatgatcatcactttaaggrtgattctgcactatggecacactggtaatcgacggggttacgeey
aacatgatcgactatticggacggecegtatgaaggeategecgtgticgacggeaaaaagatcacltglaacegygace
ctgtggaacggaeaacasaattarcgacgagegoectgatcaaceccgacggetoecoctgetgttecgegtaacecatcaac
ggagrgaccggotyggeggetgtgegageqgeatttiggogggaagt tetggtggaggaagttoctggtggagagectact
actgagaacttgtacticcagagegataacygaagttctggtggaggaagitetggbggaatggtgittacactegaa
gatttecgtaggggactggeggeagacagceggctacaacetggaccaagtoccttgagcaggygcgygt

SEQ ID NO:135 (L27V CP 27 TEV)
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VSSLFQNLGVSVTPIQRIVLSGENGLKIDIHVIIPYEGLSGDOMGOIEKI FKVVYPYDDHHFKVI LHYGTLVIDGVTE
NMIDYFGRPYEGIAVFDGKKITVTGTLWNGNKI IDERLINPDGSLLFRVTINGVTGWRLCERILAGSSGGGSSGGRFT
TENLYFQSDNGSSCGGS SGEMVETLE DEVGIWRQTAGYNLDOQVLEQGG

SEQ ID NO:136 (L27V CP 34 TEV)
atgctcggggtgtccgtaactocgatccaaaggattgtectgageggtgaaaacggectgaagategacatoeatgte
atcatcccgrtatgaaggtctgaycggoygatcagatgggccagategaasaaaatttttaaggtggtgtacceigtggat
gatcatcactttaaggtgattctgeactatggcacactggtaatcgacggggttacgeegaacatgategactattte
ggacggccgtatgaaggeategecgtgt tegacggeaaaaagateactgtaaccgggaccctgtggaacggeaacaaa
attatcgacgagcgcctgatcaaccccgacggctccctgctgttccgcgtaaccatcaacggagtgaccggctgchg
ctgrgcgagogeattttggegggaagtictugtggaggaagtletgglggagagectactactgagaacttgtactte
cagagcgataacggaagetctggtggaggaagttetggtggaatggtgtttacactegaagatttegtaggggacigg
cggcagacagecygeltacaacctggaccaagtocttgageagggoggtgtgt ccagtttgtttecagaat

SEQ ID N0O:137 (L27V CP 34 TEV)
MLGVSVTFIQRIVLSGENGLKIDIHVIIPYEGLSGDOMGOIEKI FKVVY PVDDHHFKVILRYGTLVIDGVTPNMIDYF
GRPYEGIAVFODGKKITVTGTLWNGNKIIDERLINPDGSLLFRVT INGVTGWRLCERILAGSSGGGSSGGEPTTENLYF
QSDNGSSGGGSSGGMVETLERDFVGDWROTAGYNLDOVLEQGGVSSLFON

SEQ ID NO:138 ({(L27V CP 40 TEV)
ntgccgatccaaaggattgtcctgagcggtgaaaacggcctgaagatcgECALccatgtcatcatcccg;atgaaggt
ctgagcggegatcagatgggecagatcgaaaaaatetttaaggtggtgtaccctgtggatgatcatcactttaaggtyg
attctgcactatggcacactggtaatcgacggggttacgoegaacatgategactatiteggacggeegtatgaagge
atcgecgtgttecgacggeaaaaagatcacigtaaccgggaccctgtggaacgygcaacaaaattatcgacgagegectyg
atcaacaccgacggctaecctgotgttecgegtaaccatcaacggagtgaceggeiggeyggetgtgegagegealtityg
gcgggaagttetgataggaggaagttctggtggagagoctactactgagaactrtgiacttccagagegataacggaagt
tcrtggtggaggaagttctggrggaatggtgtttacactegaagattitegtaggggacrggeggeagacagecggetac
aacctggaccaagtccttgagcagggcggtgtgtecagrttgttteagaatetoggygytgtecgtaact

SEQ ID NO:139 (L27V CP 40 TEV)
MPIQRIVLSGENGLKIDIHVIIPYEGLSGDOMGQIEKIFKVVYPYDDHRFKVILHYGTLYIDGVTPRNMIDYFGRPYEG
IAVEPDGKKITVTGTLWNGNKI I DERLINPDGSLLEFRVTINGYTGWRLCERILAGSSCGGSSGGEPTTENLY FOSDNGS
SGGEGSSGGMVETLEDEVGDWROTAGYNLDQVLEQGGY SSLFQNLGYSVT

SEQ ID NQ:140 (L27V CP 43 TEV)
Atgaggattgtcctgagcggtgaaaacggcctoaagatcgacatccatgtcatcatfrcgfatguaggtctgagcggc
gatcagatgggccagatcgasaazatttttaaggtggtgtaccotgtggatgatcatcactttaaggtgattetgeac
tatggcacactggtaatcgacggggttacgeceracatgatecgactat ttecggacggecgtalgaaggeategecgty
tfcgacggcaaaaagatcactgtaaccgggaccctgtggaacggcaacaaaattatcgacgagegectgatcaaccec
gacggcetecctgetgttecegegtaaccatcaacggagtgacegaciggeggetgtgegagegeattttggegggaagt
tcrggtggaggaagttctggtggagagccractactgagaacttgtacttccagagegataacggaagttetggtygga
ggaagttectggtggaatggtgtttacactcgaagatttegtaggggactggeggeagacageeggetacaacetggac
caagtccttgagecagggeggtgtgtccagtttgttttagaateteggggatgtecegtaactecgatecaa

SEQ ID N0:141 (L27V CP 43 TEV)

MRIVLSGENGLKIDIHVIIPYEGLSGDOMGQIEKI FKVVYPVDDHHFKVILHYGTLVI DGVTPNMIDY FGRPYEGIAV
FDGERKITVTGTLWHNGNKIIDERLINPDGSLLFRVTINGVTGWRLCERILAGS SGEGSSGGEPTTENLYFPQSDNGE8G6
GSSGGMVFTLEDFVGDWROTAGYNLDQVLEQGGVSSLFONLGVSVTIPIQ

SEQ ID NO:142 (L27V CP 44 TEV)
AtqattgtcctqachqtgaaaacggcctgaaqathaCatCCatgtcatcatcccgtatcaaggtctgagcqgcgat
cagatgggecagatcgaaaaaatttttaaggtggtgtacecctgtggatgatcatcactctaaggtgattectgeactat
ggcacactggtaatcgacggggttacgccgaacatgatcgactatrtaggacggccgtatgaaggcatcgeecggtte
gacggcaaaaagatcactgtaaccgggaccotatggaacggeaacaaaattatocgacgagegectgatcaacecegac
ygctecoctgetgitocgeglaaccatcaacggagtyaceggetggeggetgtgogagegeattttyggegggaagitet
ggtdagaggaagrrcrggtygagagectactactgaqgaacttgtacttecagagegataacggaagttctggtggagga
agttctggrggaatggtgtttacacteogaagacticgtaggggactggeggecagacageeggetacaacctggaccaa
gtecttgageagggeggtgtgtocagtttgtttcagaatocteggggtgtecgtaactccygatecaaagy

SEQ ID NO:143 (L27V CP 44 TEV)
MIVLSGENGLKIDIHVIIPYEGLSGDOMGQIEKIFKVVYPVEDHHFKY [LHYGTLY [ DGYTPNMIDYFGREYEGIAVE
DGKKITVTGTLWNGNKI [IDERLINPDGSLLERYTINGVTGWRLCERILAGS SGGGSSGGEPTTENLY FQSDNGSSGGG
SSGGMVFTLEDFVGDWRQTAGYNLDOQVLEQGGVSSLEFONLGVSVTPIQR
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SEQ ID NO:144 (L27V CP 45 TEV}
Atggtcctgagoggtgaaaacggcctgaagatcgacatccatgtcatcateccegtatgaaggtetgageggegatcag
atgggccagatcgaaaaaattttiaaggtggtgtaccctgtggatgateatcactttaagytgattetgeactatgge
acactggtaatcgacggggttacgccgaacatgatcgactattteggacggeeogtatgaaggeatcgccgtgrtcgac
ggcaaaaagatcactgtaaccgggaccetgtggaacggeaacaaaattatcgacgagegectgatcaaccecgacgge
tecestgetgticcgcgtaaccatcaacggagrgaceggctggeggectgigegagegeattttggogggaagrictigge
ggaggaagttctggtggagagectactactgagaacttgtacttecagagegataacggaagttetggtggaggaage
tctggtggaatggtgtrtacactcgaagatttcgtaggggactggecggeagacagoeggoctacaaccrggaccaagre
cttgagecagggeggtgtgtocecagtttgtttcagaatctogggytgtoccgtaacteccgatecaaaggatt

SEQ ID NO:145 (L27V CP 45 TEV)
MVLSGENGLKIDIHVITPYEGLSGDOMGOIEKIFKVVYPVDDHHFKVILEYGTLVIDGVTPNMIDYFGRPYEGIAVED
GKKITVTGTLWNGNKIIDERLINPDGSLLFRVTINGVTGWRLCERILAGSSGGGSSGGEPTIENLY FOSDNGSSGEGS
SGGMVETLEDFVGDWRQTAGYNLDOVLEQGGYVSSLEQNLGVEVTPIQRT

SEQ ID NO:146 (L27V CP 46 TEV)
Atgctgagcggtgaaaacggcctgaagatocgacatcocatgtcatcatececgtatgaaggtetgageggegatcagatg
ggccagatcgaaaaaatttttaaggtggtgtacectgtggatgatcatcactitaaggtgattctgractatggraca
ctggtaatcgacggggrtacgoccgaacatgatcgactatttcggacggecgtatgaaggeategoegtgticgacgge
aaaaagatcactgtaaccgggaceetgtggaacggecaacaaaattatcgacgagegcecctgatcaaccocegacggectoe
ctgctgttcocgecgtaaccatcaacggagtgaccggetggeggetgtgegagegeatcttggegggaagttetggtgga
ggaagttetggtggagagectactactgagaacttgtacttccagagegataacggaagttetggtggaggaagtict
ggtggaatggtgtttacactegaagatttegtaggggactggeggeagacagecggetacaacctggaccaagtectt
gagcagggcggtgtgtccagtttgtttcagaatectegggytgtococgtaactcegatecaaaggatt

SEQ ID NO:147 (L27v CP 46 TEV}
MLSGENGLKIDIHVIIPYEGLSGDOMGQIEKIFKVVYPVDOHAFKYILHYGTLVTDGVTPNMT DYTGRPYEGIAVEDG
KKITVTGTLWNGNKIIDERLINPDGSLLEFRVTINGVTGWRLCERILAGSSGGGS SGGEPTTENLYFQSDNGSSGGGSS
GEMVEPTLEDFVGDWRQTAGYNLDQVLEQGGYSSLFQNLGYSVTPIQRE

SEQ ID NO:148 (L27V CP 47 TEV}
atgagcggtgaaaacggcctgaagatcgacatecatgtecatecatcceytatgaagytetgageggegatecagatggyge
cagatcgaaaaaatttitaaggtggtgracccetgtggatgatcatcactttaaggtgattectgeactatggeacactyg
gtaatcgacggggttacgocgaacatgatcgactattteggacggocecgtatgaaggcatcgecgtgttcgacggcaaa
aagatcactgtaaccgggaccctgtggaacggcaacaaaattatcgacgagegectgatcaacceegacggeteacty
ctgttecgegtaaccatcaacggagtgaccggetggeggetgtgegagogeattttggegggaagttctggtggagga
agttctggtggagagcctactactgagaacttgtactteccagagegataacggaagttetggtggaggaagtitoctiggt
ygaalggtgttracactcgaagatttcgtaggggactggcggcagacagecggctacaacctggaccaagtecttgag
caqggeggtgtgteccagtttgtttcagaatcteggggtgtocgtaactecrgatecraaaggattgtectyg

SEQ ID NO:149 (L27V CP 47 TEV}
MSGENGLKIDIRVIIPYEGLSGDOMGOIEKIEFKVVYPVDDEHFKVILHYGTLVIDGVTPNMIDYFGRPYEGIAVFDGK
KITVTGTLWNGNKI IDERLINPDGSLLFRVTINGVTGWRLCERILAGSSGGGSSGGEPTTENLYFQSDNGSSGGGSSEG
GMVEFTLEDEVGDWRQTAGYNLDOVLEQGGVSSLFQNLGVSVTPIQRIVL

SEQ ID NO:150 (L27V CP 4B TEV}
atgggtgaaaacggcectygaagatcgacatccatgtcatcatcccgtatgaaggtetgageggegatcagatgggecaq
atcygaaaaaalttttaaggtggtgtacectgtggatgatcatcactttaaggtgatictgecactatggcacactggta
atcgacggggttacgccgaacatgatcgactatttcggacggoccgtatgaaggecatecgecgtgttegacggecaaaaaqg
atcactgtaaccgggaccctgtggaacggcaacaaaattatcgacgagegectgatcaaccecgacggetoectgetg
ttecgegtaaccatcaacggagtgaceggetggeggetgtgegagegeattttggegggaagttectggtogaggaagt
tectggtggagagoctactactgagaacttgtacticcagagegataacyggaagttoctggtggaggaagttectggtgga
atggtgtttacactcgaagatttcgtaggggactggeggcagacagecggetacaacctggaccaagtectigageag
ggcaggtgtgtccagttigtttcagaatctoggggtgtccgtaacteccgatccaaaggattgtoctgageg

SEQ ID NO:151 {L27V CP 4B TEV)
MGENGLKIDIHVI1PYEGLSGDQMGQIEKIFKVVYPVDDHHFKVILEYGTLVIDGVTENMI DY FGRPYEGIAVFDGKK
ITVTGTLWNGNKI IPERLINPDGSLLEFRVTINGYTGWRLCERI LAGSSGGGSSGGEPTTENLY¥ FOSDNGSS5GGGS5GGE
MVEFTLEDFVGDWRQTAGYNLDQVLEQGGVSSLFONLGYSVTPIQRIVLS

SEQ ID NQ:152 (L27V CP 49 TEV)

atggaaaacggcctgaagategacatcecatgtcatcatcecogtatgaaggtetgagecggegatcagatgggeccagatce
gaaaaaattttraaggtggtotacectgtggatgatecarcactitaaggbtgattetgeactatggcacactggtaate
gacggggttacgocgaacatgatcgactattteggacggccgtatgaaggecategecgtgttcgacggcaaaaagate
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actgtaaccygggaccctgtggaacgygcaacaaaattatcgacgageygectgatcaaccecgacggoteccigetgito
cgcgtaaccatcaacggagtgaccggctggeggctgtgegagegeattttggegggaagttotggtggaggaagtict
ggtggagaacctactactgaqaacttgtacttccagagegataacyggaagttctggtagaggaagitetggtggaatg
gtgtttacactcgaagatttcecgtaggggactggeggeagacagecggetacaacctggaccsagtecttgageaggge
ggtgtgtccagtttgtttcagaatctogggytgtccgtaacteecgatccaaaggattgtectgageggt

SEQ ID NO:153 (L27V CP 439 TEV)
MENGLXIDIHVIIPYEGLSCDOMGQIEKIFKVVYPVDDHHFKVILHYGTLY IDGVTFNMIDYFGRPYEGIAVFDGKKI
TYTGTLWNGNKIIDERLINPDGSLLERVTINGVTGWRLCERILAGSSGGGSSGGEPTTENLYFQSDNGSSGGGSSGGM
VFTLEDFVGDWRQTAGYNLOGVLEQGGVSSLFONLGVSYTPIQRIVLSG

SEQ ID NC:154 {L27V CP 50 TEV)
atgaacggcctgaagatcgacatceatgtcatecateccgbatlgaaggtctgageggegatcagatgggccagatcgaa
aaaatttttaaggtggtgtaccctgtggatgatcatcacttraaggtgattelgcactatggcacactgostaategac
ggqgttacgecgaacatgatcgactatttoggacggeecgtatgaaggeatecgecgtgttcgacggocaaaaagatcact
gtaaccgggaccctqtggaacggcaacaaaattatcgacgagecgectgatcaaccocgacqgygetecoctgetgruicege
gtaaccatcaacggagtgaccygetygucggotgtgogagegeaktttggogggaagttctggtegaggaagtectggt
ggagagectactactgagaacttgtacttccagagegataacggaagttectggtggagyaagttetggtegaalgatag
tttacactcgaagatttcgtaggggactggeggcagacagecggectacaacctggaccaagtecttgagcagggcggte
gtgtccagtttgtttcagaatcteoggagtgteccgtaacteoccgabeccaaaggattgtectgageggtgaa

SEQ ID NO:155 (L27V CP 50 TEV)
MNGLKIDIHVIIPYEGLSGDQMGQIEKIFKVVYPVDDHRFKVILHYGTLVIDGVIPNMIDY FGRPYEGIAVEDGKKIT
VTGTLWNGNKIIDERLINPDGSLLFRVTINGVICWRLCERILAGSSGGGSSGGEPTTENLY FQSDNGSSGGGS3GGMV
FTLEDFVGDWRQTAGYNLDOVLEQGGVSSLEQNLGVSVTPIGRIVLSGE

SEQ ID NO:156 (L27V CP 51 TEV)

atgggcctgaagategacatecargtecateatecegtatgaaggtetgageggoegatcagatgggccagategaaaaa
atttttaaggtggtqtaccctgtggatgatcatcactttaaggtgattctgeactatgacacactggtaategacggg
gttacgecogaacatgatcgactatttcecggacggoocgtatgaagycategecgtgttcgacqycaaaaagatcactgta
accgggaccctgtggaacggcaacaaaattatcgacgagegectgatcaacceegacggetoectgelgl tecaegla
accatcaacggagtgaccggctgqgogactgtygcgagogsattttggegggaagttoetggtgqgaggaagttotggtgga
gagectactactgagaacttgtacticcagagecgataacygaagtictggtggaggaagttetggtggaatggtgttt
acacteogaagatttoegtaggegactggoggcagacagecggetacaacctggaccaagtecttgagecagggeoggtgtg
teccagtttgttteoagaatctoggggtgtocgtaactecgatocaaaggattgtectgagegygtgaaaac -

SEQ ID NG:157 {(L27V CP 51 TEV)
MGLKIDIHVIIPYEGLSGDQMGQIEKIFKVVYPVDDHHFKVILHYGTLVIDGVTPNMIDYFGRPYEGIAVFDGKKITV
TGTLWNGNKIIDERLINPDGSLLFRVTINGVTGWRLCERILAGS SGGGESGGEPTTENLY FQSDNGSSGGGSSGGMVE
TLEDFVGDWROTAGYNLDOVLECGGVSSLEFONLGVSYTPIQRIVLSGEN

SEQ ID NO:15B {(L27Vv CP 52 TEV)
atgctgaagatcgacatccatgtecatcateccocgtatgaaggtetgageggcgatcagatgggecagatcgaaaaaatt
tttaaggtggtgtaccectgiggatgatcatcactitzaggtgattetgecactatggeacactggtaatcgacgyggtt
acgecgaacatgatcgactatttcecggacggceegtatgaaggcategeogtgrtegacggcaaaaagatcactgtaace
gggaccctgtggaacggcaacaaaattatcgacgagegectgatcaaccecgacggcteectgetgttccgegtaace
atcaacggagtgaccggctggegactglygcgagegeattitggogggaagttotggtggaggaagttclggtggagay
cctactactgagaactigtacticcagagegataacggaagttetggtggaggaagttetggtggaatggtgtttaca
ctcgaagatttcgtaggggactggeggecagacageeggetacaacctggaccaagtecttgageagggeggtgtgtee
agtttgtttcagaatctcggggtgtcegtaactocgatecaaaggattgtocectgageggtgaaaasyye

SEQ ID NO:159 (L27v Ccp 52 TEV)
MLKIDIHVIIPYEGLSGDOMGQIEKIFKVVYPVDDHHFKVILHYGTLVIDGYVTPNMIDY FGRPYEGIAVFDGKKITVT
GTLWNGNKIIDERLINPDGSLLFRVTINGVTGWRLCERILAGS SGGGSSGGEPTTENLY FQSDNGSSGGGSSGEMVET
LEDFVGDWROTAGYNLEDOQVLEQGGVSSLFQNLGVSVTPIQRIVLSGENG

SEQ ID NQ:160 (L27V CP 53 TEV)

atgaagatcgacatccatgtrcatcatecegtatgaaggictgageggegatcagatgggecagatcgaaaeaatttt
aaggtggtgtacacigrggatgatrcatcactttaaggtgatictgecactatyggeacactggtaatcqgacggggttacyg
ccgaacatgatcgactatitcggacggeecgtatgaaggeategeeglgttegacggoaaaaagatcactgtaaccggg
accctgtggaacggcaacaaaattategacgagecgockgatcaaccocgacggetocectgetgttococgegtaaccate
aacggagtgaccggetggogygctgtgigagegecattttggegggaagttetggtggaggaagttetggtggagagect
actactgagaacttgtacttecagagogataacggaagttectggtggaggaagttctggtggaatggtgittacacte
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gaagatttcgtaggggactggecggcagacageeggetacaacctggaccaagtect tgageaggacggtgtgiceagt
ttgtttcagaatctcggggtgtecgtaactocgateccaaaggattgtoctgageoggtgaaaacggoctg

SEQ ID NO:1e6l {(L27V CP 53 TEV}
MKIDIHYIIPYEGLSGDOMGOIEKIFKVVYPVDDHHFXVILHYGTLVIDGYTPNMI DY FGRPYEGIAVFDGKRITVTG
TLWNGNKIIDERLINPDGSLLFRVTINGVYTGWRLCERI LAGSSGGGS SGGEPTTENLYFOSDNGS SGGGSSGGMVETL
EDRFVGDWERQTAGYNLDOVLEQGGVSSLFONLGVSVTPFIQRIVLSGENGL

SEQ ID NO:162 (L27V CP 54 TEV})
atgatcgacatccatgtcatcatececgtatgaaggtctgageggegatcagatgggecagatcgaaaaaatttttaag
gtggtytaceclgtggatgatecatcactitaaggtgatictgecactatggcacactggtaatcgacggggttacgceyg
aacatgatcgactattteggacggecgtatgaaggeatcgecgtgttcgacggcaaaaagatcactgtaaccgggacc
ctgtggaacggraacaaaattatcgacgagcgecctgatcaacoecocgacggotoacctgotgttecgcgtaaccatcaac
ggagtgaccggclegegagctgtgegagegeatttiggegggaagttetggtggaggaagitectggtggagageetact
actgagaacttgtacttecagagegataacggaagetetggtggaggaagtrtctggtyggaatgggtttacactcgaa
gatttcgtaggggactggeggeagacageecggectacaaccetggaccaagtecttgageagggegagtgtgiccaguttyg
{ttcagaatctoggagtgtccgtaactccocgatccaaaggattgtcctgageggtgaaaacggectgaag

SEQ ID NO:163 (L27V CP 54 TEV)

MIDIHVIIPYEGLSGDOMCGOQIERI FKVVYPVDDHHFKVILEYGTLVIDGVTEPNMI DY FGRPYEGTAVFDGKEKITVTGT
LWNGNKIIDERLINPODGSLLFRVTINGVTGWRLCERYLAGSSGGGSSGGEPTTENLY FQSDNGSSGGGSSGGMVETLE
DFVGEDWROTAGYNLDQVLEQCGVSSLFONLEVSYTPIQRIVLSGENGLK

SEQ ID NO:164 (L27v CP 55 TEV)
atggacatccatgtcatcatcecgtatgaagagtectgageggegatcagatgggecagatcgaaaaaatitttaaggtyg
gtgtaccctgtggatgatcatcasctttaaggtgattctgecactatggecacactggtaatcgacqggggttacgscgaac
atgatcgactatttecggacggecgtatgaagycatcgeegtgitegacggraaaaagatcactgiaacegggaccety
tggaacgygcaacaaaatrtatcgacgageogectgatcaaccccgacqggeotocctgotgttccgegtraaccatcaacgga
gtgaccggetggeggetgtgegagegeattttggegggaagttetggrggaggaagttetggtggagagectactact
gagaacttgtacttccagagocgataacggaagttctggtggaggaagtectggtggaatggtgtttacactcgaaqgat
tteglagyguactggeggeagacagecgget acaaccltggaccaagtect tgagecagggeggltgtetecaglitgli L
cagaatctcggggtgtecgtzactecgatoccaaaggattgtectgigeggtgaaaacggaectgaagatce

SEQ ID NO:165 (L27v CP 55 TEV)

MDIHVIIPYEGLSGDOMGRIEKI PKVVYPVDDHAFKVILAYGTLVIDGVTPNMIDYFGREFYEGIAVFDGKKITVTGTL
WNGNKIIDERLINPDGSLLFRVTINGVTGWRLCERILAGSSGGESSGGEPTTENLYFQSDNGSSGGGESSGEMVETLED
FVGDWRQTAGYNLDQVLEQGGVSSLFQNLGVSVTIPIQRIVLSGENGLKI

SEQ ID NO:166 {L27v CFP 56 TEV)
Atgatcecatgtcatecatcocgtatgaaggtectgageggegatcagatgygecagatcgaaaaaatttltaagglggly
tacccigtggatgatcatcactttaaggtgattetgcactatggcacactggtaategacggggttacgecgaacatg
atcgactatttceggacggecgtatgaaggeategeecgtgttegacyggcaaaaagatcactgtaacegggacectgtag
aacggcaacaaaattatcgacgagogoctgatcaaceecgacggeteectgetgttcegagtaaccatcaacggagtyg
accggcbggeggetgtgegagegcat Lt tgycgggaagttetgytgyaggaagt tetggtggagagectactdctgag
aacttgtacttccagagegataacggaagttoctggtggaggasgttectggtggaatggtgtttacactcgaagattre
gtaggggactggcggcagacagcecggoctacaacctggaccaagtecttgagecagggeggtgtgtecagtitgtiticag
aatctcggggigtcecgtaacreccgatcecaaagygal tglectgageygtgauaacygecctgaagatcga

SEQ ID NO:167 (L27V CP 56 TEV)
MIHVIIPYEGLSGDQMGQIEKIFKVVYPVDDRHFKVILHYGTLVIDGYTPNMIDYFGRPYEGIAVFDGKKITVTGTLYW
NGNKIIDERLINPDGSLLFRVTINGVTGWRLCERILAGSSGGGSSGGEPTTENLYFOSDRGESGGGSSGEMVETLEDE
VGOWRQTAGYNLDOVLEQGGVSSLFQNLGVSYTPIQRIVLSGENGLKID

SEQ ID ND:168 (L27V CP 5B TEV)
atggtcatcatcccocgtatgaaggtctgageggegatcagatgggocagatogaaaaaatttttaaggtggtgtacect
gtggatgatcatcactttaaggtgattctgroactatggecacactggtaategacggggttacgcegaacatgategac
tatttcggacggocgtatgaaggeategeocgtgttcgacggeaaaaagatcactgraaccgggacoctgtggaacgge
aacaaadttatcgacgagcgectgatcaacccegacggctecctgctgttoacgegtaaccatecaacggagtgaccgge
tggcggetgtgegagegcaltttggegygaagttctgglegaguzagiictgatggagagectactactgagaacttyg
tacttccagagegataacggaagttctggtggaggaagtrctggtggaatggrgtttacactcgaagatttcgtaggg
gactggcggragacagoscggsctacaacctggaccaagtocttgagcagggoggtgtgtccagtttgtttcagaatete
ggggtygtccgtaactecgatcraaaggattgtectgageggtgaaaacggeccrgaagatcgacateceat
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SEQ ID NO:16% (L27V CP 58 TEV) )

MVITPYEGCLSGDOMGOIEKI FKVVYPVDDHUFKVILHYGTLY IDGYTPNMIDYFGRPYEGIAVFDGKKITVTGTLWNG
NKIIDERLINPDGSLLFRVTINGVTGWRLCERILAGSSGGGSSGGEPTTENLYFQSDNGSSGGGSSGEMVEFTLEDFVG
DWRQTAGYNLDQVLEQGGVSSLFQNLGVSVTPIQRIVLSGENGLKIDIHN

SEQ ID NO:170 (L27v CP 64 TEV)
atqggtctgagcggcgatcagatgggccagatcgaaaaaatttttaaggtgqtgtaccctgtgqatqatcatcacttt
aaggtgattctgcactatggoacactggtaategacggggttacgecgaacatgatecgactatttoggacggecgtat
gaaggcatcgecglghtcgacggcaaaaagatcactgtaaccgggaccetgtggaacggcaacaaaattatcgacgayg
cgcctgatcaacccegacygetecctgotgttccgegtaaccat caacggagtgaceggctggeggetgtgegagege
attttggcgggaagttctggiggaggaagttctggtggagagectactactgagaacttgtacttcocagagcgataads
ggaagttctggtggaggaagktotggtggaatggtatttacactcgaagatttogtaggggactggeggeagacagee
ggctacaacctggaccaagtcecttgageagggoggtgtgtocecagtttgtitcagaatctoggggtgtecgraactocy
ateccaaaggattgtcctgageggtgaaaacggoctgaagategacatecatgrecatcateccgtatgaa

SEQ ID NQ:171 (1L.27V CP 64 TEV)

MGTL.SGDOMGQIEKI FKVVY PVDDHEFKVILHYGTLVIDGVTENMIDYFGRPYEGIAVEDGRKITVTGTLWNGRNKIIDE
RLINPDGSLLFRVT INGVTGWRLCERI LAGSSGGGSSGREPTTENLYFQSDNGSSGEESSCGMVETLEDFVGDWROTA
GYNLDQVLEQGGVSSLFONLGVSVTPIORIVLSGENGLKIDIHVIIPYE

SEQ ID WO:172 (L27V CP 67 TEV)
atgggcgatcagatgggeccagatcgaaaaaatttttaaggtggtgtaccectgtggatgatcatcactttaaggtgatt
ctgcactatggcacactggtaatcgacugagttacgeegaacatgatcgactatttcggacggecgtatgaaggeate
gooegtgttagacggeaaaaagatcactgtaacegggacectygrggaacggeaacaaaattategacgagegectgate
aacccegacggetcectgotgtteegegtaaccatcaacggagtgaceggetggeggetgtgegagegeatttitggey
ggaagtteorggtggaggaagttctygyiggagagectactactgagaacttgtacttccagagocgataacggaagtict
ggrggaggaagtrictggtggaatggtgtttacactcgaagatticgtaggggartygoggeagacageryggetacaac
ctggacraagtccttgagecagggeggrgtgtccagtttgtttcagaateteggggtgtecgtaactecgatccaaagy
attgtcctgagcggdtgaaaacggcctgaagategacatccatgtcatcatecegtatgaaggtctgage

SEQ ID NWO:173 (L27v CP 67 TEV)

MGDOMGQIEKI FKVVYPVDDHHFKVILHYGTLY IDGYVTPNMI DY FGRPYEGIAVFDGKXITVTGT LWNGNXIIDERLI
NPDGSLLFRVTINGYTGWRLCERILAGSSGGGSSGGEPTTENLYFOSDNGSSGGGSSGEMVFTLEDEVGEWRQTAGYN
LDQVLEQGGVSSLPQNLGVSVTPIQRIVLSGENGLKIDIHVIIPYEGLS

SEQ ID NO:174 (L27v CP 70 TBV) "
atgatgggccagatecgaaaaaatttttaaggtggtglacccigbggatgalcatcactitaaggtgattoctgecactat
ggcacactggtaatcgacggggttacgeccgaacatgatecgactattteggacggecgtatgaaggcatcgeegtgttc
gacggcaasaagatcactgtaaccgggaccctgtggaacggcaacaaaattatcgacgagogoctgatcaaccccgac
ggctecctgctgttccgegtaaccatraacygagtgaccggetggeggetgtgegagegeattttggegggaagttet
ggtggaggaagttetggtggagageoctactactgagaactrgracttccagagegataacggaagrtectggtggagga
agttctggtggaatggtgtttacactecgaagatttogtaggggactggeggragacageeggetacaacctggaceaa
gtccttgagcagggeggtgtgtocagttigtttcagqaatctogyggtgteogtaactecgateccaaaggattgtectyg
ageggtgaaaacggoctgaagatecgacatcecatgtecatecalecegtatyaaggtctgageggrgakesg

SEQ ID NO:175 (L27V CP 70 TEV)
MMGQIEKIFKVVYPVDDHHFKVILHYGTLVIDGVTPNMIDYFGRPYEGIAVFDGKKITVTGTIWNGNKI IDERLINPD
GSLLFRVTINGVTGWRLCERILAGSSGGGSSGGEPTTENLYFQSDNGSSGGGSSGGMVETLEDFVGDWRQTAC YNLDO
VLEQGGVSSLFQNLGVSVTPIORIVLSGENGLKIDIHV] I PYRGLSGDQ

SEQ ID NO:176 (L27V CP 73 TEV)
atgatcgaaaaaatrtttaaggtggtgtaccctgtggatgatcatcactttaaggtgattctgcactatggcacactg
gtaatcgacggagttacgecgaacatgategactatttcggacggeogtatgaaggeatecgeegtgt tegacggeaaa
aagatcactgtaaccgggaccctgtggaacggcaacaaaattatcgacgagegectgatcaaccoogacgyctecety
ctgttcegegtaaceatcaacggagtgaccyggetygeggetgtgegagoegeattttggegggaagtctggiggagda
agttctggtggagagectactactgagaacttgtacttececagagegataacggaagttetggtggaggaagetetggt
ggaatggligtttacactcgaagatttegtaggyggactggeggcagacagecggctacaacctggaccaagtecttgagy
cagggcggigtotlecagtitgtttcagaatectcggggtgtcegtaacteegatcecaaaggattgtcetgagegglgaa
aacggceigaagategacatccatrgteatcateccgtatgaaggtectgageggecgatcagatgggccag

SEQ TD NO:177 (L27V CP 73 TEV)
MIEKIFKVVYPVDDHHFKVILHYGTLVIDGVTEPNMIDYFGRPYEGIAVFDGKKITVIGTLWNGNKIIDERLINPDGSL
LERVT INGVTGWRLCERILAGS SCGGSSCGEPTTENLYFOSENGSSGGOSSGGMVETLEDFVGDWROTAGYNLDOVLE
QGGVSSLEONLGVSYVTPIQRIVLSGENGLKIDIHVIIPYEGLSGDOMGQ
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SEQ ID NO:178 (L27v CP 76 TEV}
atgatttttaaggtggtgtaccectgtggatgatcatcactttaaggtgattetgeactatggeacactggtaatcgac
ggggttacgecgaacatgatcgactatttecggacggecgtatgaaggecategeogtgttegacggraaaaagateact
gtaaccgggaccctgtggaacygraacaaaattatcgacgagegectgatcaacececgacggctcootgetgttecge
gtaaccatcaacggagtgaccggctageggetgtgegagegeattttggegggaagtererggtggaggaagitetggt
ggagagectactactgagaacttgtacttccagageogataacggaagttctggtggaggaagttctggtggaatggry
tttacactcgaagatttegtaggggactggegygeagacageoggeotacaacoctggaccaagtocttgagecagggeggt
gtgtceagtttgttteagaatctecggggtygtesygtaactecgatcecaaaggattgtectgageggtgaaaacggeetg
aagatcgacatccatgtcatcatecegtatgaaggtctgageggegatcagatgggecagatcgasaaa

SEQ ID RO:179 (L27V CP 76 TEV)

MIFXVVYPVDDHEFKVILHYGTLV1DGVTENMT DYFGRPYEGTAVFDGKKITVTGTLWNGNKIIDERLINPDGSLLFR
VTINGVTGWRLCERILAGSSGGGSSGGEPTTENLY ) SDNGSSGEGSSGEMVETLEDFVGDWRQTAGYNLDQVLEQGS
VSSLFQNLGVSVTPIQRIVLSGENGLKIDIHVIIPYEGLSGDOMGQIEK

SEQ ID NO:180 (L27v CP 79 TEV)
Atggtggtagtaccctgtggatgatcatcactitaaggtgatlictgcactatyggcacactggiaatcgacggggttacg
ccgaacargatcgactatttcggacggecgtatgaaggecategeecgtgttegacggecaaaaagatcactgtaaccgag
accectgtggaacggeaacaaaattatcgacgagegectgatcaaceccgacggetcectgetgttcocgegtaaccate
aacggagrgaccggcectggeggotgtgegagegeatettygegggaagttctagtggaggaagttctgataggagagect
actactgagaacttgtacticcagagcgataacggaagttetggtggaggaagrtotggtggaatggtgtttacactc
gaagatttegtaggggactggeggcagacagecggetacaacctggaccaagtecttgagragggeggtgtgtecagt
ttgtttcagaatctcocggggtgtccgtaactcogatccaaaggattgtcactgageggtgagaacggcctgaagatcgac
atccatgtcatcatceocgtatgaaggtectgageggegatcagatgggecagatcgaaaaaattittaag

SEQ ID NO:181 (L27V CP 79 TEV)
MVVYPVDDHHFKVILHYGTLVIDGVTPNMIDYFGREYEGIAVEDGKK I TVIGTLWNGNKI I DERLINPDGSLLFRVTI
NGVTGWRLCERI LAGSSGGGSSGGEPTTENLYFQS DNGSSGEGS SGEMVFTLEDFVGDWRQTAGYNLDQOVLEQGGVSS
LFONLGYSVTPIQRIVLSGENGLKIDTIHVIIPYEGLSGDRMGRIEKIFK

SEQ ID NO:182 (L27V CP 8D TEV)
atggtgtaccctgtggatgatcatcactttaaggtgattctgeactatggcacactggtaatcgacggggttacgecy
aacatgatcgactattteggacggecgtatgaaggeategecgtgttegacggecaaaaagatecactigtaaccgggace
ctgtggaacggcaacaaaattatcgacgagegaectgatcaaccccgacggctaecctgetgttocegoegtaaccatcaae
ggagtgaccggetggeggetgtgegagegeattttggegggaagttectggtggaggaagttctggtggagagectact
actgagaacttgtacttccagagegataacggaagitctggtggaggaagttctggtggaatggtgtttacactcgaa
gatltcgtaggggactggeyggecagacagecggctacaacetiggaccaagtecltgageagggeggtgtghiccagtotg
tttcagaatcteggagtgtccgtaactecgatccaaaggattgtectgageggtgaaaacggecctgaagatcgacate
catgtcatcatecccgtatgaaggtctgagocggegatcagatgggoccagatcgaaaaaatttttaaggtg

SEQ ID NO0O:183 (L27V CP B0 TEV)
MVYPVDDHHFKVILHYGCTLVIDGVTPNMI DY FGRPYEGIAVEDGKKITVTGTLANGNKI IDERLINPDGS LLERVTIN
GVIGHRLCERILAGSSGGGSSGGEPTTENLYFQSDNGSSGGGSSGEMVFTLEDFVGDWROTAGYNLDOVLEQGGYSSL
FONLGVSVTPIQRIVLSGENGLKIDIHVIIPYEGLSGDOMGQIEKIFKY

SEQ ID NO:184 (L27v CP Bl TEV)
atgtaccctgiggatgatcatcactttaaggltgatuctocactatggecacactggtaategacggggltacgeccgaac
atgatcgactatttcggacgdcogtatgaaggeategeegtgttecgacggcaaaaagatcactgtaaccgggaceetyg
tggaacggeaacaaaattategacgagegectgatcaaccocgacggerecetgetgttccgegtaaccatcaacgga
gtgaccggctggeggctgtgegagogeatrttggegggaagttctggtggaggaagttotggtggagagectactact
gagaacttgtacttccagagegataacggaagtictggtiggaggaagitetggtygaatgghgtttacactegaagat
ttogtaggggactgacggeagacagecggectacaacctggaccaagtecttgagecagggeggtgtgteccagtttgttt
cagaatctegaggtgtccgtaactccgatccaaaggatrgtectgagecggtgaaaacggectgaagategacatocat
gtcatcatccegtatgaaggictgageggegatcagatyggecagatogaaaaaattittaaggtgety

SEQ ID NO:185 (L27V CP 81 TEV)
MYPVDDHHFKVILHYGTLYIDGVTPNMI DY FGRPYEGIAVFDGKKI TYTGTLWNGNKI IDERLINPDGSLLFRVTING
VTGWRLCERILAGS SGGGSSGGEPTTENLY FOS DNGSSGGES SGEMVFTLEDFVGDWROTAGYNLDOVLEQGGVSSLE
ONLGVSVTPIORIVLSGENGLKIDIHVIIPYEGLSGDQMGQIEKI FEVV

SEQ ID NO:186 (L27V CP BZ TEV)

atgcctgtyggatgatcatcaclitaaggtgattctgcactatgygcacactggtaatcgacggyggttacgecgaacaty
atcgactatcticggacggccgtatgaaggeategeegtgttegacggeaaaaagatcactgtaacegggacectgtgg
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aacggcaacaaaattalcgacgagegectgatcaaccecgacggetecctgotgttacgegtaaccatcaacygagtg
accggetggeggcetygtycgagegeattttggegggaagttctggtggaggaagttetggtggagagectacractgag
aactrgtacttccagagegataacggaagttetggtggaggaagttetggtggaatggtgtttacactegaagattite
gtaggggactggcggcagacageeggctacaacctggaccaagtecttgageagggeggtgtgtecagtitgtttcag
aatecrteggggtgtecgtaactocgatecaaaggattgtoetgageggtgaaaacggectgaagatcgacatececatgre
atcateccgtatgaaggtetgageggegatcagatgggocagatcgaaaaaatt tt taaggtggtgtac

SEQ ID NO:1B7 (L27V CP BZ TEV}

MPYDDHHFKVILHYGTLYIDGYVTPNMIDYFGRPYEGIAVFDGKKI TVTGTLWNGNKIIDERLINEDGSLLFRVTINGY
TGWRLCERILAGSSGGGSSGGEPTIENLY PFOSDNGSSEGGSSGEMYFTLEDFVGDWRQTAGYNLDOVLEQGGVSSLEQ
NLGVSYTPIQRIVLSGENGLKIDIHVIIPYEGLSGDQMGQIEKIFKVYY

SEQ ID NO:1B8 (L27v CP B3 TEV)
atggtggatgatcatcactitaaggtgattetacackatggeacactggtaatcgacggggtracgaocgaacatgate
‘gactatttcggacggetgtatgaaggcatcgecgtgitcgacggeaaasagatcactgtaaccegggacecigtggaac
ggcaacaaaattatcogacgagegectgatecaaceeegacggeteccctgetgttecgogtaaccatcaacggagtgace
ggctggoggotgtgcgagegecattttggecgggaagttctggtggaggaagttetggtggagageetactactgagaac
ttgtacttccagagcgataacggaagttotyggigoaggaagttotggtggaatggtgtttacactegaagatttegta
ggggactggcggcagacagecggetacaacctygaccaagtecttigagragyggeggtgtgtecagtttgtitcacaat
cteggggtgtecgtaactecegatccaaaggattgtocctgaqeggtgaaaacgqoctgaagatcgacateccatgteatc
atcccgtatgaaggtctgaycggegatcagatygggeocagatecgadaasatttttaaggtggtgtacect

SEQ ID NO:1B8 {L27v TP B3 TEV)
MVDDEHFEVILHYGTLYIDGVTPNMIDY FSGRPYEGIAVEDGEKKI TVIGTLWNGNKIIDERLINPDGSLLERVTINGVT
GWRLCERILAGSSGGGSSGGEPTTENLY FOSDNGSSGGGSSGGMVFTLEDFVGDWROTAGYNLDQVLEQGGVSSLEQN
LGYSVTPIDRIVLSGENGLKIDIHVITIPYEGLSGDOMCQIEKIFKVVY P

SEQ ID NO:19D (L27v CP B4 TEV)
atggatgatcatcactttaaggtgattetgcactatggcacactggtaatcgacggggttacgeogaacatgategac
tatttcggacgygccgtatgaaggeatcgocgtgttogacggeaaaaagatcactgtaaccgggaccctgtggaacgge
aacaaaattatcgacgagegecrgatcaaccecgacggctecctgotgtteccgeogtaaccatcaacggagtgacegge
tggeggctgtgegagegeatttiggegggaagttctggtygaggaaghlecigytggagagectactactgagaactty
tactrccagagcdatascggaagttectggtggaggaagtictggrggaatggtgttracactcgaagatttegtagga
gactggeggeagacagceggetacaacctggaccaagtccttgagcagggeggtgtgtacagtttgtttcagaatete
ggggrgtccgtaactocgatccaaaggattgtcctgageoggigaaaacyggectgaagakcgacatecatgteateate
cegtatgaaggtetgageggegatcagatgggecagatcgaaaaaatttttaaggtggtgtaccetgtg

SEQ ID NO:191 (L27v CP B4 TEV)
MDODHHFRYILHYGTLVIDGVTENMIDYFGRPYEGIAVEDGKKITVTIGTLWNGNKI IDERLINPDGSLLFRVTINGVTG
WRLCERILAGSSGHEGSSGGEPTYENL Y FQSDNGSSGGGESSGGMVFTLEDFVGDWRRTAGYNLDQVLEDGGVSSLFQNL
GVSVIPIQRIVLSGENGLKIDIHVIIPYEGLSGDOMGQIEKIFRKVVY PV

SEQ ID NO:192 (L27v CP 85 TEV}
atggatcatcactttaaggtgattctgoactatggecacactggtaatcgacggggttacgeccgaacatgatecgactat
ttcggacggecgtatgaaggralcgecgtgttecgacggcaaaaagatcactgtaaccgggaccoctgiggaacggeaac
asdaattarcgacgagogectgatecaaceccgacggctecectgetgitecgegtaaccatcaacggagtgaceggetyayg
cggetgtgegageqeatittggegggaagttetggtggaggaagttctggtggagagecractactgagaactgrac
ttrcagagegataacyggaagtictggtggaggaagttetggtggaatggtgtttacactcgaagatticgtaggggac
tggcggcagacageceggetacaacctggaccaagteccttgagocagggeggtgtgtccagtrtgtttcagaatetcggg
gtgtcogtaactecgatccaaaggattgtectgageggtgaaaacggectgaagategacateeatgtecateateecg
tatgaaggtcigagcggcgatcagatgggecagatcgaaaaaatttttaaggtggtgtacectgtggat

SEQ 1D NO:193 (L27v CP B5 TEV)
MDHHFKVILHYGTLVIDGVTPNMI DY FGRPYEGIAVFDGRKKITVTGTLWNGNKI IDERLINPDGSLLERVTINGVTGHW
RLCERILAGSSGGGSSGEEPTTENLY FQSDNGSSGGGSSEGMY FT LENFVGDWROTAGYNLDOVLEQGGVSSLFQNLG
VSVTPIQRIVLSGENGLKIDIHVIIPYEGLSGDOMGOIEKIFRKVVYPVD

SEQ ID NO:1%4 (LZ7V CP 86 TEV)

atgecatcactitaaggtgattetgeactatggoacactggtaatcgacggggttacgecqgaacatgatcgactattte
ggacggccgtatgaaggeatcgeeygt gt tegacggraaaaagatcactgtaacegggaceet gtggaacggcaacaaa
attatcgacgagcegoctgatcaaccecgacggetecectgetgttecgegtaaccatecaacggagtgaceggetggegyg
ctgtgegagograttttggegggaagttectggtggaggaagttetggtggagagoctactactgagaacttgtactee
cagagcgataacggaagktoctggtggaggaagttetggtggaatggtgtttacactcgaagatttegtaggggactgg
cggcagacagccggotacaacctggaccaagtectigageagggeggtagtgtocagtttgittcagaatocteggggig
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tococgtaactecgatccaaaggattgtectgageggtgaasacggectgaagatecgacatecatgtcatcatecegtat
gaaggtctgageoggegatcagatgggeccagatogaaaaaatitttaaggtggtgtacectgiggatgat

SEQ ID NO:195 (L27V CP BE TEV)
MHHFKVILHYGTLVIDGVTPHMIDYFGRPYREGIAVFDGKKITVIGTLWNGNKII DERLINPDGSLLERVTINGVTGHR
‘LCERILAGSSGGGSSGGEPTTENLY FQSDNGSSGGCSSGGMVFTLEDFVGDWROTAGYNLDOVLEQGGV S SLEQNLGY
SYTPICQRIVLSGENGLKIDIHVIIPYEGLSGDOMGQIEK] FKVVYFPVDD

SEQ ID NO:196 (L27V CP B7 TEV)

atgcacittaaggtgattctgcactatggecacactggtaatcgacggggttacgecgaacatgatcegactatttegga
cggccgtatgaaggcatcgeegiattecgacggcaaaaagatcactgtaaccgygaccctgtggaacggeadcaaaatt
atcgacgagecgcctgatcaaccecgacgyctocectgetgttecgegtaaccatecaacggagtgacogygctggeggetyg
tgegagegeattttggegggaagttctggtggaggaagttetgytggagagoctactactyagaactigtacticcag
agcgataacggaagttectggtggaggaagtictggtggaatggtgtttacactcgaagatitegtaggggactggegy
cagacageceggetacaacctggaccaagtocttgagcagggeggtgtgtocagtttgittcagaatctegggstgtee
gtaactccgatccaaaggattgtcctgageggtgaaaacggectgaagatcgacatecatgbtcatcatccecgtatgaa

ggtctgageggegatcagatgggocagatcgaaaaaatttttaaggtggtgtacectgtggatgateat

SEQ ID NO:197 (L27V CP 87 TEV)
MHFKVILHYGTLVIDGVTENMIDY FGRPYEGIAVFDGKKI TVTGTLWNGNKI [ DERLINPDGSLLFRVTINGVTGWRL
CERILAGSSGGGSSGGEPTTENLY FQSDNGSSGGGSSGEMVETLEDEVGDWROTAGYNLDOVLEQGGVSSLFONLGYS
VTPIQORIVLSGENGLKIDIHVI I PYEGLSGDOMGQIEKT FKVVYPVDDH

SEQ ID N0O:198 (L27V CP B8 TEV)
atgrttaaggtgattctgcactatggcacactggtaatecgacggggttacgecgaacatgatcgactatttecggacygy
cocgtatgaagqgeateqgecgtgttcgacggcaaaaagatcactgtaaccgggacoctgtggaacggcaacaaaattate
gacgagcgcctgatcaaccecgacggetecectgetgttecgegtaaccatcaacggagtgaccggetggeggetgtge
gagcgeatttitggeogggaagttetggtggaggaagttoctggtggagagectactactgagaacttgtactteccagage
gataacggaagttctggtggaggaagttetggrggaatggigtttacactecgaagatttegtaggggactggcggcay
acagccggctacaacctggaccaagtecttgagecagggeggtgtgtccagtttgtttcagaatctecggggtgteegta
actccgatccaaaggattgtocctyageggtgaaaacygectgaagatcgacatocatgtcatcatcecgtatgaagge
ctgagcggegatcagatgggeccagatecgaaaaaatttitaaggrggtgtaccctgtggatgatecatcac

SEQ ID NO:195 (L27V CP BB TEV)
MFPRVTLHYGTLVIDGVTPNMIDYFGRPYEGIAVEDGKKITVTGTLWNGNKI I DERLINPDGSLLFRVTINGVTGHRLC
ERILAGSSGGGSSGGEPTTENLYFQSDNGSSGGGSSGEMVETTLEDFVGDWROTACYNLDOVLEQGGYSSLFQNLGVEV
TPIQRIVLSGENGLKIDIHVIIPYEGLSGDQMGQRIEKIFKVVYPVDDHH

SEQ ID NO:200 (L27v CP 91 TEV)
atgattctgcactatggcracactggtaatecgacggggttacgecgaacatgategactatrtcggacggeocgtatgaa
ggcatcgccgtgttcgacggcaaaaagatcaceglaaccgggacecctgtggaacggeaacaaaattatcgacgageae
ctgatcaaccecgacggcectececctgetgttecegegtaaccatcaacggagtgaccggetggeggotgtgecgagagoatt
ttggegggaagtictggtggaggaagrtetggtggagagectactactgagaactigtacttccagagegataacgga
agttctggtggaggaagtbctggtggaatggtgtttacactcgaagatttocgtaggggactggecggcagacageogyge
tacaacctggaccaagteccttgagcagggeggtgtgtecagttigittcagaatcteggggtgtecgraactecgate
caaaggattgtcctgageggtgaaaacggectgaagatcgacatccatgtecatecatcecgtatgaaggtectgagegge
gatcagatqggccagatcgaaaaaatttttaaggtggtqtaccctgtqqatgatcatcactttaaggtg

SEQ ID NO:201 (L27V CP §1 TEV)
MILHYGTLVIDGVTPNMIDYFGRPYEGIAVEDGKKITVIGTLWNGNKIIDERLINPDGSLLFRVTINGVIGHRLCERT
LAGSSGGGSSGGEPTTENLYFQSDNGS SGGGSSGGMVFTLEDFVGDWRQTAGYNLDOVLEQGGVSSLFONLGYSVTRT
QRIVLSGENGLKIDIHVIIPYEGLSGDOMGQIEKI FKVVYPVDDHHEFKY

SEQ ID NO:2Q2 ({LZ7V CP 54 TEV) .
atgtatggcacactggtaatcgacggggttracgeogaacatgatecgactaltitoogacggeegltatlgaaggeategee

gtgttcgacggeaaaaagatcactgtaaccgggaccctgtggaacggeaacaaaattategacgagegcctgatcaac

ccegacggetocctgetgitocgegtaaccatcaacggagtgaceggetggeyggetgt gegagegeattttgacggga

agttctggtggaggaagttctggtygagagectactactgagaacttgtacttecagagegataacggaagttctggt

ggaggaagitctggtggaatggtgiitacactegaagatttegtaggggactggcggeagacagecggoctacaaccg

gaccaagtcocttgageagggeggtgegtocagrrtgtttcagaatctegggygtgtecgtaacteccgatccaaaggatt

gtcctgagocggtgaaaacgacctgaagatecgacatccatgtcatecatcocegtatgaaggtctgageggcgatcagatg

ggccagatcgaaaaaatttttaagotgatgiaccetgtggatgatcatecactttaaggtgattectgcacg

SEQ ID NO:203 (L27v CP 94 TEV)
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MYGTLVIDGVTPNMIDYFGRPYEGIAVEDGKKITVTIGTLWNGNKIIDERLINPDGSLLFRVTINGVTGWRLCERILAG
S5GGGS5S5GGEPTTENLY FQSDNGSSGGGSSGOMYFTLEDFVGDWRQTAGYNLDOQVLEQGGVSSLFQNLGVSVTEIORT
VLSGENGLKIDIHVIIPYEGLSGDOMGQIEKIFKVVYPVDDHHFEKVILH

SEQ ID NO:204 (L27V CP 95 TEV)
atgggracactggtaatcgacggggttacgeogcgaacatgatcgactatttcggacggecgtatgaaggcategecgtyg
ttcgacggcaaaaagatcactgtaaccygggacecetgtggaacggeaacaaaattategacgagogectgatcaaccee
gacggctccotgetgttecgegtaaccatcaacggagtgacecggetggeggetgtgegagegecattttggegggaage
tctggtagaggaagttctggtggagagectactactgagaacttgtacttcragagegataacggaagttetggtgga
ggaagttctggtggaatqgtgtttacactcgaaqatttcgtaqgggactqgcqgcagacagccggctacaacctggac
caagtcocrtgagcagggcggtgtgtecagtitgtttcagaatectcggggtgtecgtaactecocgateraaaggattgte
ctgageggtgaaaacggoctgaagatcgacatccatgtcatcatecegtatgaaggrctgagcggcgatcagatggge
cagatcgaaaazatitttaagytggtgtacecctgtggatgatcatcactttaaggtgattetgeactat

SEQ ID NQ:205 (L27V CP 95 TEV)
MGTLVIDGVTEFNMIDYFGRPYEGIAVEDGKKITVIGTLWNGNKIIDERLINPDGSLLFRVTINGVTGWRLCERILAGS
5GGGSS5GGEPTTENLYFOSDNGSSGGGS 3GCMVETLEDEVGDHRQTAGYNLDOVLEQGGYS SLFOQNLGVSVTFIQRIV
LSGENGLKIDIAVIIPYEGLSGDOMGQIEKIFKVVYPVDDHHFKVILHEY

SEQ ID NO:206 (LZ7V CP 97 TEV)
atgctggtaategacggggttacgecgaacatgarcgactatttocggacggecgtatgaaggcatcgecgtgttcgac
ggcaaaaagatcactgtaaccgggaccetgtggaacggcaacaasattategacgagegectigatceacceocgacgge
tooctgotgttecgegtaaccatcaacggagtgacagyctggeggotgtgegaqogcattttggogggaagrtceggt
ggaggaagttctggtggagagectactactgagaactigtacticcagagegataacggeagttectggtggaggaagt
tetggtggaatggtgttracactecgaagatttogtaggggactggecggeagacagecggcetacaacctggaccaaqte
cttgagcagggcggtgtgtecagtttgtttcagaateteggggtgtecgtaactecgatecaaaggattgtectgage
- ggtgaaaacggcctgaagatcgacatccatgtcatcateccogtatgaaggtectgageocggecgatcagatgggecagatce
gaaaaaatttttaaggtggtgtacectgtggatgatcatcactttaaggtgattctgeactatggeaca

SEQ ID NO:207 (L27v CP 97 TEV}

MLVIDGVIPNMIDYFGRPYEGIAVEDGKKITVTGTLWNGNKI IDERLINPDGSLLERVTINGVTCWRLCERILAGSSG
GGSSGREPTTENLY FQSDNGSSGGGSSGEGMVFT LEDFYGDWRQTAGYNLEQVLEQGGVSSLFQNLGYVSVTPIQRIVLS
GENGLKIDIHVIIPYEGLSGDOMGOIEKIFKVVYPVDDHHFKVILHYGT

SEQ ID NO:2C8 (L27Vv CP 100 TEV)
Atggacyggggttacgcegaacatgatcgactatttcggacygcegtatgaaggcatcgocgtgitcgacegeaaaaag
atcacigtaaccygyacectgtggaacggeaacaaaattatcgacgagegectgatcaacceocgacggetecectgetg
tteccgecgtaaccatcaacggagtgaccggctggecggotgtgegagegeattttggogggaagtictggtggaggaagt
tctggtggagageoctactactgagaacttgtacttcoccagagegataacggaagttetggtggaggaagttctagtgga
atgutgtiracaclegaagatttcgtaggggactggegucagacageeggetacaacctggaccaagiccttgageag
ggcggtgtgtocagttigttrcagaatoteggggtgtoegtaactecgateccaaaggattgtectgageggtgaaaac
ggcctgaagatcgacatcratgtcatcatececgtactgaaggtetgagogycgatcagatgggccagatcgaaaaaatte
tttaaggtggtqtacectgtggatgatcatcactttaaggtgattetgcactatgycacactgogtaatc

SEQ ID NO:2Q9 ({L27V CP 100 TEV)
MDGVTPNMIDYFGRFYEGIAVEDGKKITVTGTLWNGNKIIDERLINPEGSLLEFRVTINGVTGWRLCERILAGSBGGGS
SGGEPTTENLYFOSDNGSSGGESSGEMVETLEDFVGDWROTAGYNLDQVLEQGGVSSLEFQNLGVSVTPIQRIVLSGEN
GLKIDIHVIIPYEGLSGDOMGOIEXIFKVVYPVDDHHFKVILHYGTLVI

SEQ ID NO:21Q {L27V CP 101 TEV)
atgggggttacgcegaacatgatecgactaitlicggacggecgtatgaaggealeqecglgltegacaggeaaaaagate
actgtaaccgggaccoctgtggaacggcaacaaaattatcgacgagogoctgatcaaccecogacggeotocctgetgtte
cgecgtaaccatcaacggagtgaceggoctggoggctgigegagegeattttggogggaagttetggtggaggaagttet
ggtggagagcctactactgagaacttgtactleccagagegataacggaagtictggtggaggaagttctggtggaatg
gtgtttacactcgaagatttcgtaggggactggcggcagacagocggctacaacctggaccaagtecttgagcagggce
ggigtgtccagtttgtttcagaateteggggigtocgtaactcegatecaaaggattgtectgageggtgaaaacgge
ctgaagatcgacatecatgtcatcatocoaogtatgaaggtctgageggcgatcagatgyggocagatcgaaaaaattttt
aaggtggtgtaccectgtggatgatcatcactitaaggtgattctgecactatggecacactggtaategac

SEQ ID ND:211 (L27V CP 101 TEV)

MGVTPNMIDYFGRPYEGIAVFDGKKI TVIGTLWNGNKIIDERLINPDGSLLFRVTINGVTGWRLCERILAGSSGGGSS
GGEPTTENLYFQSDNGSSGGGSSGGMVETLEDFVGDWROTAGYNLDOVLEQGGYSSLFQNLGYSVTFIQRIVLSGENG
LKIDIHVT TPYECLSGDQMGQIEKIFKVVYPVDDHHFKVILHYGTLYID
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SEQ ID NO:212 (L27V CP 102 TEV)
atggttacgccgaacatgatcgactattiteggacggocgtatgaaggeatcgecgtgttcgacggeaaaaagatcact
gtaacegggacectgtggaacyggeaacaaaattatecgacgagegectgatcaacecegacyggeteectyctgtteoge
gtaaccatcaacggagtgaccggctggeggetgtgogagogeattttggegggaagt tetggtggaggaagtictgyt
ggagageciactactgagaacttgtacttccagagegataacggaagtterggtggaggaagt tetggiggaatggtyg
tttacactcgaagatticgraggggactggeggcagacagecggctacaacctggaccaagtecttgageagggeggt
‘gtgtcecagttigtttcagaatetoggggtgtecgtaactcegatecaaaggattgtectgageggtgaaaacggoctyg
aagatcgacatccatgtecaccateccgtatgaaggrctgageggegatcagatgygecagategaaaaaatttttaag
gtggtgtacccrgTggatgatcatcactttaaggtgattetgeactatggeacactggtaatecgacyggy

SEQ ID NO:213 {L27V CF 102 TEV)

MVTPNMIDYEFGRPYEGIAVFDGKKITVIGTLWNGNKI IDERLINPDGSLLERVT INGVTGWRLCERILAGSSCGGGS8G

GEPTTENLYFQSDNGSSGBGSSGGMVETLEDFVGDWRQTAGY NLDQVLEQGGVSSLFONLGVSVTPIQRIVLIGENCL
- KIDTHVIIPYEGLSGDOMGQIEKT FRVVYPVDRHHFKVILHYGTLVIDG

SEQ ID NO:214 (L27V CP 103 TEV)
acgacgccgaacatgatcgactatttecggacggecatatgaaggcatecgeegtgttecgacggcaaaaagatcactgta
accgggaccetotggaacggeaacaaaaltatcgacgagegectgatcaaceorgacggctosctgetgttocgegta
accatcaacggagtgaccggectggoggctgtgegagogecattttggeogggaagetetggtggaggaagttotggigga
gagcctactactgagaacttgtacttecragagegataacggaagttoctggtggaggaagttctggtggaatggtgrtt
acactegaagakttegtagygygactgguggragacagecggetacaacctggaccaagtecttgageagggoggtgtg
tocagtttgttteocagaatecteggggtgtecgtaacteoegatecaaaggattgrecrgagoggtgaaaacggectgaag
atcgacatccatgteatcatcocegtatgaaggictgageggegatecagatgggecagategaaaaaatttttaaggtg
gtgtacectgtggatgatcatcactttaaggtgattctgeactatggecacactggtaatcgacggggtt

SEQ ID NO:215 (L27V CP 103 TEV)
MTPNMIDYFGRPYEGIAVFDGKKITVTGTLWNGNKIIDERLINPDGSLLFRVTINGVTGWRLCERT LAGSSGGGSSGG
EPTTENLYFOSDNGSSGGGSSGGMVEFTLEDFVGDWROTAGYNLEOQVLEQGGVSSLEPQNLGYSVTPIQRIVLSGENGLK
IDIHVIIPYEGLSGDOMGQIEKIFKVVYPVDDHHFKVILHYGTLVIDGV

SEQ ID NOC:216 (L27V CP 104 TEV)
atgeccgaacatgatcgactatttecggacggcecgtatgaaggeatecgeeglgt tegacgycaaaaagatcactgtaace
gggaccctgtggaacggcaacaaaattatcgacgagecgcecctgatcaacceccgacggetecetgetgttacqegtraace
atcaacggagtgaceggetggeggectgtgegagegeat tttggegggaagttetggtggaggaagttetggtagagag
cctactactgagaacttgtacttccagagecgataacggaagttctggtggaggaagttectggtggaatggtgtttaca
ctegaagatttegtaggggactggeoggeagacageeggetacaacctggaccaageecttgageagggeggtgtgtee
agtttgtttcagaatctecggggtgtecgtaactecgatecaaaggattgrectgagegetgaraacggectgaagats
gacatcecatgtrcatcatcocgtatgaaggtctgagoggcgatcagatgggecagategaaagaatttttaaygtggrg
taccctgtggatgatcatcactttaaggtgattectgecacratggeacacrtggtaatecgacggggttacg

SEQ ID NO:217 (L27V CP 104 TEV)
MPNMIDYFGREYEGIAVFDGKKITVTGTLWNGNKIIDERLINPDGSLLFRVTINGVTGWRLCERI LAGSSGGGSSGGE
PITENLYFQSDNGS SGGGSSGOMVFTLEDFVGDWROTAGYNLOQVLEQGGVSSLFQNLGVSVTIPIQRIVLSGENGLKT
DIHVIIPYEGLSGDOMGQIEKIFKVVYPVDDHHFKVILHYGTLVIDGVT

SEQ ID NO:218 (L27V CP-105 TEV)
atgaacatgatcgactatttcggacggccgtatgaaggcategecgtagtiegacggecaaaaagatcactgtaaceagy
accctglggaacggcaacaaaattatcgacgagegectgatcaacccecgacggeoteoctgongttocogogtaaccatc
aacggagtgaccggcetggeggetgtgegagegcattttggegggaagttetggtggaggaagttetgghggagageet
actacigagaacttgtacttcecagegegataacggaagttetggtggaggaagttetggiggaatggtgtttacacte
gaagatttcgtaggggactggeggcagacagecggetacaacctggaccaagtoccttgageaggocggtgtgtccagt
ttgtittcagaatcteygggtgtecgtaactcegatocaaaggatigtectgageggtgaaaascggecctgaagategac
atccatgtcatcatccegtatgaaggtetgageggegatcagatgggecagatcgaaasaatttttaaggtagtgtac
cctgtggatgatcatcactttaaggtgattctgcactatggcacactggtaatcgacggggetacg

SEQ ID NO:215% (L27V CP 105 TEV)
MNMIDYFGRPYEGIAVFDCKKITVTGTLWNCNKI IDERLINPDGST, LFRVTINGVTGWRLCERILAGSSGGGSSGHGER
TTENLYFQSDNGSSGGAGISGEMVETLEDFVGDWRQTAGYN L. OGVLEQGGVSSLECNLGY SVTPIORIVLSGENGLKI D
IHVIIPYEGLSGDOMGOIEKIFKVVYFPVDDHHFKVILHYGTLVIDGVT

SEQ ID NO:220 (L27V CP 106 TEV)

atgatgatecgactatttcggacggecogtatgaaggeatagocgtgtitcgacggeaaaaagatcactgtaacecgggace
ctgtggaacggcaacaaaattatcgacgagegectgatcaacoccgacggetecatgetgttecgegtraaccatcaac
ggegtgaceggctggeggetgtgogagegeatttiggegggaagttetggtggaggaagttetggtggagagectact
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actgagaacttgtacttccagagcgataacggaagttctgutggaggaagtictggtggaatggtgtttacactogaa
gatttegtaggggactggeggeagacagecggetacaacctggaccaagtect tygagoagygeggrgtglecagtttg
tttcagaatcteggggtgtcogtaactecgarcecaaaggattgtectgageggtgaaaacggectgaagatcgacate
catgteatcatceoccgtatyaaggtotgagoggogatcagatgggecagategaaaaaatttttaaggtggtgtacect
gtggatgatcatcactttaaggtgattcigecactatggecacactggtaatecgacggggttacgecgaac

SEQ ID NO:221 (L27V CP 106 TEV)

MMIDYFGRPYEGIAVFDGKKITVIGTLWNGNKI IDERLINFDGSLLFRVTINGYTGWRLCERT LAGSSGGGSSGGEPT
TENLYFQSDNGSSGGGSSGEMY FTLEDFVGDRRQTAGYNLDQVLEQGGVSSLFQNLGVSVTPIQRIVLEGENGLKIDT
BVIIPYEGLSGDOMGQIEKI FKVVYPVDDHHFKVILHYGTLVIDGVTPN

SEQ ID NO:222 (L27V CP 109 TEV)
algtatttcggacggecgtatgaaggrategecgtgttegacggcaaaragatcactgtaaccgggaccctgiggaac
ggcaacaaaattatcgacgagogectgatcaacecegacggectecoctgetgttecgogtaaccatcaacggagtgace
ggctggoggetgtgcgagegeatttiggegggaagttotgytygaggaagttctggtggagagectactactgagaac
ttgtacttcocagagogataacggaagttetggtggaggaagtietggtggaatggtgtttacactegaagatttegta
ggggactggcggeagacagecocggetacaacctggaccaagtoct tgagcagggeggtgtgteccagtttgtttcagaat
ctcggggtgtecgtaactecgatccaaaggattgtectgageggtgaaaacggectgaagatcgacatoccatgicate
atcccgtatgaaggtctgagcggcgatceqatgggccaqatcgaaﬂaaatttttaaggtggtgtaccctgtggatgut
catcactttaaggtgaltctgeoactatggracactggtaatecgacggggttacgecgaacatgategac

SEQ ID NC:223 (L27V CP 109 TEV}

MYFGRPYEGIAVFDGKKITVTIGTLWNGNKI IDERLINPDGSLLERVTINGVTGWRLCERILAGSSGGGSSGGEPTTEN
LYFQSDNGSSGGGSSGCMVEFTLE DFVGDWROTAGYNLDOVLEQGGVSSLIQNLGVSVTPIQRIVLSGENGLKIDIAVI
TPYRGLSGDQMGQIEKIFKVVYPVDDHHFKVILHYGTLVIDGVTPNMID

SEQ ID NO:224 (L27V CP 112 TEV})
atgeggeegtatgaaggeategeecgtgttcgacggeaaaaagatcactgtaacegggaccctgtygaacggcaacaaa
attatcgacgagcgectgatcaaccccgacggetecctgetgticcgegtaaccateaagggagtgaceggetggegg
ctgtgcgagogecattttggcgggaagtictygtggaggaagttctggtggagagectactactgagaacttgtactte
cagagcygataacggaagttctggtggaggaagttetggtggaatggtgtttacaclcgaagattteglbaggggactygg
cggcagacagecggctacaacetggaccaagtocttgagecagggeggtgtgtccagtttgtttecagaatetegyggty
tccgtaactecgatecaaaggattgtcctgageggtgaaaacggectgaagategacatecatgtcatcateccegtat
gaaggtctgagcggcgatcagatgggocagatcgaaaaaatttttaaggtgotgtacecigiggatgatcateacttt
aaggtgattctgeactatggeacactggtaategacggggttacgecgaacatgatcgactatttegga

SEQ ID NG:225 (L27V CP 112 TEV)

MRPYEGIAVFDGKKITVTGTLWNGNKIIDERLINPDGSLLERVT INGVTGWRLCERILAGSSGGGSSGGEPTTENLYE
DEDNGSSGGGEE3GEMYEFTLEDFVYGDWROTAGYNLEQVLEQGGYSSLFQNLGVSVTPIQRTVLSGENGLKI DIHVIIPY
EGLSGDOMGOIEKIFKVVYPVDDHHFEVILHYGTLVIDGVTPNMIDYFG

BEQ ID NOC:226 (L27V CP 115 TEV)
atggaaggcatcgecogtgttegacggcaaaaagatcactgtaaccgggaccetgtggaacggeaacaaaattatogac
gagegectgatcaaccecygacggetecetgelghlececgegtaaccatcaacggagtgaceggetggeygetgtgogag
cqecattttggecgggaagttctggtggaggaagttctggtggagagectactactgagaacttgractrccagagegat
aacggaagttctggtggaggaagttctggtggaatggtgtttacactcocgaagatttocgtaggggactggecggtagaca
gcecggctacaacctygaccaagtecttgageagggeggtgtgtecagtttgtttcagaateteggggtgtecgtaact
ccgatecaaaggattgtoatgageggtygaaaacggectgaagarcgacatecatgtcarcateccgtatgaaggrctg
" agcggcgatcagatgggeocagatcgaaaaaatttttaaggtggtgtaccetgtggatgatcateactttaaggtgatt
ctgcactatggcacactggtaategacygggyttacqgcegaacatgategactattteggacggecgtat

SEQ ID NO:227 (L27v CP 115 TEV)
MEGIAVFDGKKITVTGTLWNGNKIIDERLINPDGSLLFRVTINGVTGWRLCERILAGS 3GGGSSGGEPTTENLYFQSD
NGSSGGGSSGEMVFTLE DEVGDWRQTAGYNLDQVLEQGGVSSLEQNLGVSVT PIQRIVLSGENGLKIDIHVIIPYEGL
SCOOMGRIEKIFKVVYPVDDHHFKVILHYGTLVIDGVTPNMIDYFGRPY

SEQ ID NO:228 (L27v CP 120 TEV)

atgttcgacggeaaaaagatcactgtaaccygyacectgtggaacggecaacaaaat tatlegacgagegeetgatcaac
cecgacggetocectgetgttecgegtaaccatcaacggagtgaccggetggeggetgtgogagegecattttggeggga
agtterggtggaggaagttctggtggagagaectactactgagaacrtgtacttccagagagataacggaagrtctggt
ggaggaagttecrggtggaatggtgtttacactcgaagatttegtaggggactggeggcagacagecggctacaacctyg
gaccaagtcctrgagecagggeggtgtgteccagittgttteagaatcbegggglgtecgtaactecgatecaaaggatt
gteetgageggrgaaaacggectgaagatcgacatccatgreatcateccgtatgaaggtetgageggogatrcagatg
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ggccagatcgaaaaaatttttaaggtggtgracccrgtggatgatcatcactttaaggtgattictgractatggcaca
ctggtaatcgacggggttacgecgaacatgategactatiteggacggecgtatgaaggeategtggec

SEQ ID NOQ:229 (L27V CP 120 TEV)

MEDGKKITVTGTLWNGNKI I DERLINPDGSLLFRVTINGVTGWRLCERILAGSSGGGSSCGGEPTTENLY FOSDNGSSG
GGSSGGMVETLEDFVGDWRQTAGYNLDOVLEQGGVSSLFONLGVSVTPIQRIVLSGENGLKT DIHVITPYEGLSGDQM
GOIEXIFKVVYPVDDHHFKVILHYGTLVIDGYTPNMI DYFGRPYEGIVA

SEQ ID NO:230 (L27V CP 121 TEV)
atggacggcaaaaagalcactgtaaccgggaccriglgyaacggeaacaaaattatcgacgagcgectgatcaaccee
gacggctccctgetgttccgogtaaccatcaacggagtgaccggetggeggetgtgegagegeattitggegggaagt
tctggtggeggaagttetggtggagagectactactgagaacttgtacttccagagegataacggaagttctggtgga
ggaagttctggtggaatygtgittacactcgaagatttocgtaggggactggcggcagacagecggetacaacctggace
caagtceettgageagggcggtgtgtccagtetgtttcagaatecteggggtglocglaacticegalecaaaggattgte
ctgagcggtgaaasacggectgaagategacatcecatgtcatecateccgtatgaaggtctgageggegatcagatggge
cagatcgacaaaatttttaaggtggtgtacectgtgyatgatcatcactttaaggtgattetgcacratggearcactyg
gtaatcgacggggttacgecgaacatgategactatttoggacygeccgtatgaaggcatcgocgtgtto

SEQ ID NOD:231 (L27V CP 121 TEV)
MOGKKITVTGTLWNGNKIIDERLINPDGSLLFRVTINGVTGWRLCERILAGSSGGGSSGGEPTTENLYFQSDNGS5GGE
GSESGOMVETLEDEVGDWRQTAGYNLDQVLEQGGVSSLEONLGVSYTPTIQRIVLSGENGLKIDIHVIIPYEGLSGEOME
DIEKIFKVVYPVDDEHFKVILHYGTLVIDGVTENMIDYFGRPYEG1AVE

SEQ IP NQ:232 (L27V CP 123 TEV)
argaaaaagatcactgtaaccgggacectgtggaacggcaacaaaattatcgacgagegectgatcaaceccgacgge
tecectgetgttecegegtaacecatcaacqggagtgaceggetggeggetgtgegagegeattttggecgggaagttoctggt
ggaggaagttctggiggagaycctactactgagaacttgtacticcagagegataacggaagttclgatggaggaagt
tctggtggaatggtgtttacactcgaagatttcecgtaggggactyggeggcagacagecgygetacaacetggaccaagte
ctitgageagggcggtgtgtccagtttgtttcagaatcteggggtgtcogtaactecgatecaaaggattgtectgage
ggtgaaaacggcctgaagategacatcoccatgtcatcatceocgtatgaaggtetgagoggsgatcagatgggeocagato
gaaaaaatttttaaggtiggtgtaccecigtggatgatcatcactttaaggtgattctgecactatggecacactggtaate
gacggggttacgoecgaacatgatcgactattteggacggecgtatgaaggeatcgecgtgttcgacgge

SEQ ID NO:233 {L27v CP 123 TEV)
MEKLTVIGTLWNGNRIIDERT. INPOGSLLERVTINGV TGWRLCERILAGS SGGGE SGGEPTTENLY FOSENGS5GGES
SGEMVFTLEDFVGDWRQTAGYNLDQVLEQGGVSSLFPONLGVSVTPIQRIVLSGENGLKIDIHVIIPYEGLSGOQMGQI
EXKIFKVVYPVDDHHFKVILHYGTLVIDGVT PNMIDYFGRPYEGIAVFDG

SEQ ID NO:234 (L27V CP 124 TEV)
Atgaagatcactygtaaccgggaccctgtggaacggraacaaaattatcgacgagecgectgatcaacccecgacggeotcee
ctgctgrtccgegtaaccatcaacggagrgaccagactaggegygctgtgegagegecattttggegggaagtteiggtgga
ggaagttctggtggagagectactactgagaacttigtacticcagagegataacggaagttctggtggaggaagttet
ggtggaatggtgtttacactcgaagatttogtaggggactggcyggcagacagsccggoctacaacsctygaccaagtoctt
gagecagggeyggtgtgtecagbttgittcagaateteggggtgtcegtaactcegateccaaaggattgtectgagoggt
gaaaacggcctgaagatcgacateccatgtecatcatecogtatgaaggtetgagaggegatecagatgggccagatagaa
aaaatttttaaggtggtgtaccctgtggatgatcatcactttaaggtgattctgecactatggracactggtaatcgac
ggggttacgccgaacatgatcgactattteggacggecogtatgaaggcatecgecgtgttcgacggcada

SEQ ID NQ:235 (L27v CP 124 TEV)

MKITVTGTLWNGNKI IDERLINFDGSLLERVTINGVTGWRLCERILAGSSGGGSSGGEPTTENLY FQSDNGSSGGGSS
GCMVFTLEDEVGDWROTAGYNLDQVLEQGGVSSLFONLGYSVTPIQRIVLSGENGLKIDIRVI IPYEGLSGDOMGOIE
KIFKVVYPVODHHFKVILHYGTLVIDGVTENMIDYFCRPYEGIAVFDGK

SEQ ID NO:238 (L27v CP 125 TEV) ‘
atgatcactgtaaccgggaccctgtggaacggcaacaaaattategacgagegectgatcaaccecegacggetecetyg
ctgtteccgecgtaaccateceacggagtgaceggetggeggectgtgogagegeattttggegggaagttetgatggagga
agttetggtggagagectactactgagaacttgtactteccagagegataacgyaagitctggtggaggaagttetggt
ggaatggtgtrtacactecgaagatttecgtaggggactggeggecagacagecggcetacaacctggaccaagtectigay
cagggeggtgtgtecagittgtttcagaatcioggggigtecgraactecgatccaaaggatrgtecctgageggigaa
aacggeckgaagatcgacatccatgtcatcatecegtatgaaggtotgagoggegatcagatgggecagatcgaaaaa
atttttaaggiggtgtaccotgtggatgatcateactttaaggegatrctgecactatggcacactggtaatcgacggyg
gttacgecgaacatgatogactatticggacggecgtatgaaggeategeegtgttegacggecaaaaag

SEQ ID NO:237 (L27V CP 125 TEV)
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MITVTGTLWNGNKI I CERLINPDGSLLFRVT INGVTGWRLCERILAGSSGGGSSGGEPTTENLYFOSDNGE5GGGSSE
GMVFTLEDFVGDWROTAGYNLBOVLEQGGVSSLEQNT.GVEVTPIQRIVLSGENGLKIDI HVI IPYEGLSGDOMGOIEK
IFKVVYPVDDRHFKVILHYGTLVIDGVTPNMIDYFGRPYEGIAVEDGKK

SEQ ID NO:238 {(L27V CP 129 TEV}
atggggaccctgtggaacggeaacaaaattategacgagegectgatcaacocagacggetecetgetgticrgegta
accatrcaacggagtgaccggetggocggetgtgogagegeattttggegggaagt tectggtggaggaagttctggtgga
gagectactactgagaactigtacttecagagegataacggaagttetggtggaggaagetetgatggaatggtgtit
acactcgaagatttegtaggggactggeggecagacageeggetacaacctggaccaagtecttgagcagggeggtgtg
tccagtttgtttecagaatctcggggtgtcogtaactcegatccaaaggattgtcectgageggtgaaaacggectgaag
atcgacatccatgtceatcatceccgtatgaaggictgageggegatcagatgggecagalcgaaaaaatttitaaggtyg
gtgtaccctgtggatgatcatcactttaaggtgattctgcactatggcacactggtaategacggggitacgocgaac
akgatcgactatticggacggecgtatgaaggeatogocgtgtticgacggecaaaaagatecactgtaace

SEQ ID N0O:239 (L27V CP 12% TEV)
MGTLWNGNXIIDERLINPDGSLLPRVTINGVTGWRLCERILAGSSGGGSSGGEPTTENLY FQSDNGSSGGGSSGGMY I
TLEDFYGDWROTAGYNLDQVLEQGGVSSLEFQONLGVSVTPIQRIVLSGENGLKIDIHVIIPYEGLSGROMGOIEKI FKV
VYPVDDHIFKVILAYGTLVIDGVTPNMIDYFGRPYEGIAVEDGKKITVT

SEQ ID NO:240 (L27V CP 130 TEV)
atgaccctgtggaacggcaacaaaattategacgagegectgatcaacoccogacggetecectgotgitocgegtaace
atcaacggagtgaccggctggecggetgtgogagegeoattittggegggaagttetggtggaggaagttetggtggagag
cctactactgagaacttgtacticcagagegataacggaagttctggtggaggaagttetggrggaatggtgtttaca
ctcgaagatttocgtaggggactggrggeagacageoggetacaacctggaccaagtocttgagocagggeggtgtgtoo
agttitgtttcagaatctcggggtgtccgtaactecgatccasaggattgtectgageggtgaaaacggectgaagate
.gacatccatgtcatcatcecgtatgaaggtoctgageggegatcagatgggecagatagaaaaaatttttaaggtyggtyg
taccctgtggatgatcatcactitaaggtgaticltgractatggeacactggtaategacggggttacgeecgaacaty
atcgactattteggacggeogtatgaaggcatcgeogtgticgacqggcaaaaagatcactgtaaccggg

SEQ ID NO:241 {LZ7V CP 130 TEV}
MTLWNGNKIIDERLINPDGSLLFRVTINGVTCWRLCERI LAGSSGGGS SGGEPTTENLY FOSDNGS SGGGSSGGMVET
LEDFVGDWRQTAGYNLDQVLEQGGVSSLEQNLGVSYTPIQRIVLSGENGLKIDIHVIIPYEGLSGDOMGQIEKIFKVY
YPVDDHHFKVILHYGTLVIDGVTPNMIDYFGREYEGIAVFDGKKITVTG

SEQ ID NO:242 (L27v CP 131 TEV]
atgrtgtggaacggecaacaaaattatcgacgagegectgatcaaccccgacggeiccetgetgtteccgegtaaceate
aacggagtgaccgactagoggctagtgcgagegecattitggecgggaagttetggtggaggaagttctggtggagagoct
actactgagaacttgtacttcrcagagegataacggaagttetggtggaggaagttctggtggaatggtgtttacacte
gaagatrttcgtaggggactggoggeagacageeggctacaacetggaccaactccttgageaggyogygtygtygtecagt
ttgittcagaatetcgggotgtecgtaactccgateccaaaggattgicctgageggtgaaasacggectgaagategac
atccatgtcatcatcccocgtatgaaggtotgagecggecgatcagatgggecagatcgaaaaastttttaaggtggtgtac
ecrgtggatgatecatcactttaaggtgattctgeactarggeacaciggtaategacggggttacgecgaacatgatce
gactatttecggacggeecgtatgaaggeatcgocgtgttegacggeaaazagatcactgtaaccaggace

SEQ IR NO:243 (L27V CP 131 TEV) )
MLWNGNXIIDERLINPODGSELFRVTINGVTGWRLCERILAGS3GGGSSGGEPTTENLYFOSDNGSS3GGGS5GGMVETL
EDFVGDWROTAGYNLDQVLEQGGVSSLEFQNLGYSVTPIQRIVLSGENGLKIDIHVIIPYEGLSGDOMGQIEKIFKVVY
PYDDHHFKVILHYGTEVIDGVTPNMIDYFGRPYEGIAVEDGKKITVTGT

SEQ ID HO:244 (L27V CP 133 TEV)
atgaacggcaacaaaattatcgacgagegectgatcaaceecgacggoteaetgelygtiecgegtaaccatcaacgga
gtgaccggectggeggetgtgegagogeattttggegggaagitctggtggaggaagttoctggtggagagectactact
gagaacttgtacttccagiagcgataacqgaagrtctggtggaggaagttotggtggaatggtgtttacactcgaagat
ttegtaggggactggecggeagacageeggetacaacctggaccaagtecligagcaggyeggbygtgiccagtttgttt
cagaatcteggggtgtocgtaactocgatecazaggattgtectgageggtgaaaacggectgaagatcgacatecat
gtcatcatcccgtatgaaggtctgageggegatcagatgggecagategaaaaaattittaaggtggtgtaceetgtyg
gatgatcatcactttaaggtgattctgcactatggeacactggtaategacggggttacgcogaacatgatcgactat
ttcggacggocgtatgaaggcatcgoogtgttegacyggeiaaaagatcactgtaaccgggaccetgtgyy

SEQ ID NO:245 (L27V CP 133 TEV)
MNGNKIIDERLINPDGSLLFRVTINGVTGWRLCERILAGSSGGGESGGEPTTENLY FQSDNGSSGGGSSGGMV FTLED
FVCDOWRQTAGYNLDQVLEQGGVS SLFONLGVSYVTPIQRIVLSGENGLKIDIKVI IPYEGLSGDOMGQIERI FKVVYEV
DDHHFKVILHYGTLVIDGVTPNMIDYFGRPYEGIAVFDGKKITVTGTLW
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SEQ ID NO:246 (L27V CP 136 TEV)
atgaaaattatcgacgagcgoctgatcaacococgacggcotocctgotgticogegtaaccatecaacggagtgacegge
tggecggctgtgogagegeattttggegggaagt tetggtyggaggaagttetggtggagagoctactactgagaactty
tacttccagagecgataacggaagttctggtygaggaagttctggtggaatggtgtttacactegaagatttegtaggy
gactggeggeagacagecggeiacaacciggaccaagtecttgagcagggeggtgtgtccagtttgtttcagaatete
agqggtgtccgtaactccgatcecaaaggattgtcctgageggtgaaaacggectgaagategacateratgtcatoate
cegtatgaaggtectgageggegatcagatgggecagatcgaaaaaatttttaaggtggtgtaccctgtggatgateat
cactttaaggtgattctgcactatggcacactggtaatcgacggggttacgecgaacatgategactattteggacygg
cegtatgaaggeatcgeegtgitegacggeaaaaagatcactgtaaccgggaccetgtggaacggeaac

SEQ ID NO:247 (L27V CP 136 TEV)
MKIIDERLINPDGSLLFRVTINGVTGWRLCERILAGS SGGGSSGGEPTTENLY FRSDNGSSGGGSSGGMYFTLEDFVG
DWRQTAGYNLDQVLEQGGVSSLFONLGVSVTPIQRIVLSGENGLKIDIHVT I PYEGLSGDOMGOIEKIFKVVY PVDDH
HFKVILHYGTLVIDGVTPNMIDYFGRPYEGIAVFDGKKITVTGT LWNGN

SEQ ID NQO:248 (L27V CP 139 TEV)

atggacgagegoctgatcaacccegacggecteoctgetgtteegegtaaccatcaacggagtgaceggetggeggetg
tgcgagecgeatttiggegggaagttetggtggaggaaglictggtggagagcoctactactgagaacttgtacttocay
agcgataacggaagttctggtggaggaagteetggtggaatggtgtttacactegaagattitegtaggggactggcgg
cagacagccggetacaacctggaccaaqtecttgagecagggecggtgtgtecagtttgittcagaatcteggggtgtac
graactccgatoccaaaggattgtocigageyggtgaaaacggectgaagategacateccatgteatcatocegtatgaa
ggtetgagoggegatcagatgggecagatcgaaaaaatttttaaggtggtgtacecctgtggargatcatcactttaag
gtgattctgeactatggecacactggraatcgacggogttacgocgaacatgategactatiteggacggeegtatgaa
ggcalcgeccytgttcgacggoaaaaagatsactgtaascygggacactgtygaacyggcaacaaaattatcgacgagege

SEQ ID NO:249 (L27v CP 139 TEV)
MDERLINPDGSLLFRVTINGVTGWRLCERILAGESGGGSSGGEPTTENLY FOSDNGESGGGSSGGMYFTLEDFYGDWR
QTAGYNLDOVLEQGGVSSLAONLGVSVTPIQRIVLSGENGLKIDIAVIIPYECLSGDOMGOIEKIFKVVYPVDDHHFK
VILHYGTLVIDGVTPNMIDY FGRPYEGIAVEDGKKITVTGTLWNGNKI I DER

SEQ ID NO:250 {L27V CP 140 TEV)
atggagcgcectgatcaaccecgacggetcectgetgttecgegtaaccatcaacggagtgaccggetggeggetgtge
gagcgcattttggecgggaagttctggtggaggaagtectggtggagagoctactactgagaacttgtacttccagage
gataacggaagttctggtggaggaagtictggtggaatggtgtttacactegaagatttecgtaggggactggeggeag
acagecggcetacaacctggaccaagtecttgagecagggeggtgtgtccagttigtttcagaatcteggggtgtcegta
actcegatccaaaggattgtectgagegotgaaaacggectgaagategacatececatgtecatecatecegtatgaaggt
ctgagcgygcgatcagatgggecagatcgaaaaaatttttaaggtggtgtaccetgtggatgatcatcactttaaggtyg
attctgcactatgycacactggtaatecgacggggtiacgcegaacatgatogactatttcggacggcogtatgaaggo
atcgccgtgttcgacggcaaaaagatcactgtaaccgggaccotgtggaacygecaacaaaattategac

SEQ ID NO:251 (L27V CP 140 TEV}
MERLINPDGSLLFRVTINGVTGWRLCERILAGSSGGGSSGGEPTTENLYFQSDNGSSGGGSSGGMVFTLEDEVGDHRG
TAGYNLDOVLEQGGVSSLFQNLCVSVTPIQRIVLSGENGLKIDIHVI IPYEGLSGDOMGQIEKTI FKVVYPVDOHHFKY
TLRYGTLVIDGVTPNMIDYFGRPYEGIAVEDGKKITVTGTLWNGNKIID

SEQ ID NO:252 {L27V CP 141 TEV}
atgegectgatcaaceccgacggetocatgctgticaegeqtaaccatcaacggagtgacegygectggegactgtgegag
cgcattttggegggaagttelggtggaggaagttctggtggagagectactactgageacitgtacttccagagegat
aacggaagttciggtggaggaagttotyggtggaatggtgrrtacactegaagatttegtaggggactggcggcagaca
gccggetacaacctggaccaagtecttgagecagggeggtgtgtecagtt tgtttcagaateteggggtgtcegtaact
ccgatccaaaggattgtoctgagcggtgaaaacggectgaagatcgacatecatgtcatcatocccgtatgaaggtctqg
agcggcgatcagatgggecagateygaaaaaatttttaaggtggtglacectgtggatgatcatcactittaaggtgatt
ctgcactatggcacactggtazatcgacggggttacgccgaacatgatcgactatttcggacggecgtatgaaggcate
gcegtgticgacggeaaaaagatcactgtaaccgggacactgiggaacggeaacaaaattatcgacgag

SEQ ID NO:253 (L27V CP 141 TEV)
MRLINPDGSLLERVTINGVIGWRLCERILAGSSGGGSSGGEFTTENLYFQSDNGSSGGGS SGEMY A T, EDFVGDWROT
AGYNLDQVLEQGGVSSLFONLGVSVTPIQRIVLSGENGLKIDIHVIIPYEGLSGDOMGQIEKIFKVVYPVDDHRFKVI
LHYGTLVIDGVTPNMIDYFGRPYEGIAVFDGKKITVTIGTLWNGNKIIDE

SEQ ID NO:254 (L27v CP 142 TEV)

atgctgatcaacccogacggetccctgetgrtecgegtaaccatcaacggagtgaccggetggeggetgtgegagege
attttggcgggaagttctggtggaggaagttctggtggagagectactactgagaacttgracttecagagegataac
ggaagttctggtggaggaagttctggtggaatggtgttracactcgaagatttegtaggggactggcggcagacagee
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ggctacaacctggaccaagtecttgagcagggeggtgtgtecayttigtttcayaatcteggggtgtecgtaactcog
atccaaaggattgtcctgageggtgaaaacggectgaagategacatecatgteatecateccgtatgaaggictgage
ggcgatcagatgggccagatcgaaaaaatttttaaggtggtgtaccctgtggatgatcateactttaaggtgatictyg
cactatggecacactggtaatcgacggggttacgecgaacatgategactatttcggacggecegtatgaaggeategee
gtgttcgacggcaaaaagatecactgtaaccgggaccetgtggaacggcaacaaaattatcgacgagcgc

SEQ ID NO:255 (L27V CP 142 TEV)
MLINPDGSLLFRVTINGVTGWRLCERILAGS SGGGSSGGEPTTENLY FOSDNGS SGGGSSGGMVFTLEDEVGDWROTA
GYNEDQVLEQGGVSSLPQNLGVSVTPIQRIVLSGENGLKIDIRVIIPYEGLSGDOMGOTEKIFKVVY PVDDHRFEVIL
HYGTLVIDGVTENMIDY FGRPYEGIAVFDGKKITVTGTLWNGNKIIDER

SEQ ID KWO:256 (L27V CP 143 TEV)
atgatcaaccccgacggctocectgetgttoegegtaaccatcaacggagtgaceggctggeggctgrgegagegeatt
ttggegggaagttotgyrggaggaagtictggtggagagectactactgagaacttgtacttccagagegataacgga
agrtctggtggaggaagitetggtggaatggtgtttacactcgaagatttegtaggggactggeggcagacagocgge
tacaacctggaccaagtccttgagragggcggtgtgtccagtttgtttcagaatecteggggtgtcegtaacteogate
caaaggattytcctgageygtgaaaacggoctgaagategacatccatgicatcateccgtatgaaggtctgagegge
gatcagatgggccagatcgaaaaaattitiaaggtggtgtaccetgtggatgatcateactiiaaggbgattclgeac
tatggcacactggtaatcgacggagttacgeegaacatgatcgactattecggacggecgtatgaaggecatcgeegty
ttcqgacggcaaaaagatcacigtaacogggaccetgiggaacyggeaacaaaattategacgagegectg

SEG ID WO:257 (L27V CP 143 TEV)
MINPDGSLLFRVTINGVTGWRLCERILAGSSGGGSSGGEPTTENLYFQSDNGSSGGGSSGGMVETLEDFVGDWROTAG
YNLDOVLEQGGVSSLFONLGVSVTPIQRIVLSGENGLKIDIRVI I PYEGLSGDOMGQIEKIFKVVYPVDDHHFKVILH
YGTLVIDGVTPNMIDYFGRPYEGIAVFDGKKITVTGTLWNGNET IDERL

SEQ ID NO:25B {(L27V CP 144 TEV)
atgaaccccgacggetecctgetgiteccgegtaaceatcaacggagtyaceggetyggeggctgrgogagegeatttty
gcgggaagttctggtggaggaagttectggtggagagectactactgagaacttgtacttecagagegataacggaagr
tcrggtggaggaagttetggtggaatggtgttracasctcgaagattteqtaggggactggcggcagacagecggetac
aacctggaccaagiccttgagcagggeggtgtgteccagtttigtttecagaatctogggytygleeglaactecgatecan
aggattgtectgagecggtgadaacyggoctgaagategacataecatgreatcatreccgtatgaaggtectgageggagat
cagalgggcecragatcgaaaaaatttttaaggtggtgtaccctgtggatgatcatcactttaaggtgattetgecactat
ggcacactggtaatcgacggggttacgccgaacatgatcgactatttoggacggecogtatgaaggecatecgocgrgtte
gacggcaaaaagatcactgtasccgggacceigtggaacggeaacaaaattategacgagegectgate

SEQ ID NO:259 (L27v CP 144 TEV)
MNPDGSLLFRVIINGVTGWRLCERILAGSSGGGSSGGEPTTENLYEFQSDNGS SGCGSSGCEMVETLEDEVGDWROTAGY
NLDOVLEQGGVSSLFONLGVSVTPIDRIVLSGENGLKIDIAVIIPYEGLSGDQMGUIEKI FKVVY PVDDHAFKVTLEY
GTLVIDGVTPNMIDYFGRPYEGIAVEDGKKITVTGTLWNGNKIIDERLI

SEQ ID NO:260 (L27V CP 145 TEV) .
atgeacgacyggctccctgotgticogegtaaccatcaacggagtgacequetggcygctgtgecgagegeattttggeg
ggaagtictggiggaggaagttctggtggagagectactactgagaactighacticcagagegataacggaagitet
ggtggaggaagrtetggrggaatqgtgittacactegaagatttecgtaggggactggoggecagacagecggetacaac
ctggaccaagtecttgageagggeggtgtgtecagtitgtttcagaatetegggagtgicegtaactcegatccaaagg
attygtectgagecggtgaaaacggectgaagategacateccatgtcatcatcocgtatgaaggtectgagcgacygatecay
atggycocagatcgaaaasatttttaaggtggtgtacectgtggatgatecatcactttaaggtgattectgecactarggce
acactggtaatcgacggggttacgcoccgaacatgatcegactattteggacggecgtatgaaqgeatogecgtgtiogac
ggcaaaaagatcactgtaaccgggaccctgtggaacggcaacaaaattatcgacgageqgectgatcaac

SEQ ID NG:261 {L27v CP 145 TEV)
MPDGSLLFRVTINGVTGWRLCERILAGSSGGGSSGCEPTTENLYFQSDNGS SGGGSSGEMVEFTLEDFVGDWRQTAGYN
LDOVLEQOGGVSSLFQNLGVSVTPIQRIVLSGENGLKIDIHVIIPYEGLSGDONGQIEKIFKVVYPVDOHEFKVILHYG
TLVIDGVTPNMIDY FGRPYEGIAVFDGKKITVTGTLWNGNKI IDERLIN

SEQ ID NO:262 {L27V CP 146 TEV)

atgygacggctccctgetgtteccgegtaaccatcadcgyagtgaceggetggeggetgtgegagegeattiiggeggga
agrtotggtggaggaagttetgytggagagoctactactgagaacttgtacttoccagagogataacggaagttetggt
ggaggeaqgticrggtggaatggtgtitacactcgaagatrtegtaggggactggeggragacageoecggetacaacctyg
gaccaagtectrtgagecagggeggtgtgtocagt ltgittocagaatcrcggggtgtcocgtaacteccgaiccaaaggatt
grcotgageggtgaaaacggectgaagategacatccatgtcatcataecegtatgaaggtetgagcqggegatcagatg
ggccagatcgaaaaaatttttaaggtggtgtacectgtggatgateatcactttaaggtgattotgeactatggecaca
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ctgqtaatcgacggggttacgccgaacatgatcgactatttcqqacgqccgtatqaaggcatcgccgtgt:cgacggc
asaaagatcactgtaaccgggaceotgtggaacggcaacaaaattatogacgagegectgatcaacceee

SEQ ID WO:263 ({L27v CP 146 TEV)

MDGSLLERVTINGVTGWRLCERILAGSSGGGSSGGEPTTENLY FQSONGSSGGGSSGGMVFTLERFVGDWROTAGYNL
DQVLEQGGVSSLFQNLGVSYTPIQRIVLSGENGLKIDIRVIIPYEGLEGDOMGOIEXKIFKVVYPVDDERFKVILHYGT
LYIDGVTEPNMIDYFGRPYEGIAVFDGKKITYVTGTLHNGNKT IDERLINP

SEQ ID NO:284 (L27V CP 147 TEV)
atgggctcostgetgttoccgogtaaccatcaacqggagtgaceggetggeggetgtgogagegeattttggegggaagt
tetggtgoaggaagttctggtggagagectactactgagaacttytacttecagagegataacggaagttetggtgga
ggaagtictggtggaatrggtgtttacactcgaagatttegtaggggactggeggragacagecggetacaacctggac
caagtectigagoagggegatgtgtccagtttgtttcagaatctocggggtgtecgtaactecgatecaaaggatigte
crgagcggtgaaaacggcctgaagategacatecatgtcatecatecccgtatgaaggtectgagoggogatcagatggge
cagatcgeaaaaatttttaaggtggtgtaccotgtyggatgatcatcactttaaggtgattctgoactatygeacactyg
graatogacggggttacgecgaacatgatcgactatttcggacggecgtatgaaggeategeecgtgttegacgygcaaa
aagatcactgtaaccgggacoctgtggaacggoaacaaaattatcgacgagegectgatcaaccecgac

SEQ ID NO:265 (L27v CP 147 TEV)
MGSLLFRVTINGVIGWRLCERILAGSSCGESSGCEPTTENLY FOSDNGSSGGGS SGGMVFTLEDFVGDWRQTAGYNLD
QVLEQGGVSSLFQNLGVSVTPIQRIVLSGENGLKIDIHVI IPYEGLSGDOMGOIEKIFKVVYPYDDHHFKVILHYGTL
VIDGVTPNMIDY FGRPYRGIAVFDGKKITVTGTLWNGNKI IDERLINPD

SEQ ID NO:266 (L27V CP 148 TEV)}
argtcectgetgttcogogtaacratcaacggagtgacegygetggeggetgtgegagegeattttggogggaagttet
ggtggaggaagttctggtggagagectactactgagaacttgtacttececagagegataacggaagttetggtggagga
agttcbgygtggaatggtgtttacactogaagattiegtaggggactggoggragacageccggctacaacctggaccaa
gtocttgagcagggcggtgrgtccagttigtttcagaatctoggggtgtccglaactcecgatccaaaggatigtoctg
agcggtgaaaacggeetgaagategacatcecatgicatcatcoegtatgaaggrotgageggcgatcagatgggecag
avt¢cgaaaaaatttttaaggrggtgtaccctgtggatgatcatcactttaaggtgattctgeactatggecacactggta
atcgacggggttacgecgaacatgatogactatticggacggocgtatgaaggcatcgecgtgttcgacggcaaaaag
arcactgtaaccgggaccecigtggaacqggcaacaaaattatcgacgagegectgatcaaccccgacggo

SEQ ID NWO:267 (L27V CP 148 TEV)

MSLLFRVTINGVTGWRLCERILAGSSGGGSSGGEPTTENLY FQSDNGSSGGESSGEMVFTLEDFVGDWROTAGYNLEQ
VLEQGGVSSLTONLGVSVTPIQRIVLSGENGLKIDIRVIIPYEGLSGDOMGQIEKI FRVVY PYDDHHFKVTLHYGTLY
IDGVTPNMIDYFGRPYEGIAVFDGRKITVTGTLWNGNKIIDERLINEDS

SEQ ID NO:268 (L27V CP 149 TEV)

atgetgergttecocgegtaaccatcaacggagtgaccagetgacggetgbgegagegeatit tggegggaagttcoggt
ggaggaagttctggtggagagocractactgagaacttgtacticcagagegataacggaagttotyggbggaggaagt
tctggtggaatggtgtttacactegaagatttegtaggggactggeggeagacageeggetacaacctggacsaagte
cttgagcagggeggtgtgtecagittgtttcagaatctcggggtgtecgtaactocgatccaaaggattgtectgage
gotgaaaacggcctgaagateyacatocatgtcateatceccgtatgaaggtcoctgagoggocgatcagatgggocsagate
gaaaaaatttttaaggtggtgtaccetgtggatgatcatcactitaaggigattotgecactatggecacactggtaate
gacggggttacgccgaacatgatcgactatttcggacggecgtatgaaggeatcgeaegtgttcgacggecaaaaagate
actgtaaccgggaccectgtggaacggcaacaaaattatcgacgagegectgatcaaccocgacggetee ‘

SEQ ID NO:269 (L27V CP 149 TEV)
MLLEFRVTINGVTGWRLCERILAGSSGGGSSGGEPTTENLYFQSDNGSSGGGSSGEGMVFTLEDEVGDWROTAGYNLDQY
LEQGGVSSLEFONLGVSVTPIQRIVLSGENGLXKIDIRVIIPYEGLSGDQMGQIERI FKVVY PYDDHHFKVILHYGTLVI
DEVTPNMIDYFGRPYEGIAVEDGKKITVTGTLWNGNKIIDERLINPDGS

SEQ ID WQ:270 (L27V CP 150 TEV)
atgctgttcogogtaaccatcaacggagtgaccggotggeggokigigeuagegeattttggegyggaagtleciggtaga
ggaagttetggtggagageectactactgagaacttgtacttccagagegataacggaagtictggrggaggaagtect
ggtggaatggtgtttacactecgaagatttegtaggogactggegocagacagocggetacaacctggaccaagiectt
gagcagggoggtgtgtccagtttgtttcagaateteggggtgtococgtaactcogatecaaaggattgtectgageoggt
gaaaacggcctgaagategacateccatgteateatecegtatgaaggtetgageggogatcagatgggeccagatocgaa
aaaatttttaaggtggtgtaccctgtggatgatcatcactttaaggtgattctgecactatggcacactggtaatecgac
goagttacgecgaacatgategactatiteggacggecgtatgaaggcatocgoegtgttcgacggcaaaaagatcact
gtaaccgggaccctgiggaacggcaacaaaatiategacgagegectgatcaacececgacggetecoctg

SEQ ID N0:27]1 (L27v CP 150 TEV}
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MLFRVTINGVTGWRLCERI LAGSSGGGSSGGEPTTENLY FQSDNGSSGGESSGGHVFTLEDFVGDWRQTAGYNLIQVL
EQGGV5SLFQNL,GVSVTPIQRIVLSGENGLKIDIHVI I PYEGLSGDOQMGQIEKI FKVVYFVDDHHFKVILEYGTLVID
GYTPNMIDYFGRPYEGIAVEDGKXITVIGTLWNGNKIIDERLINPDGSL

SE¢ ID NO:272 (L27V CP 151 TEV)
atgttecgcgtaaccatcaacggagtgaceggctaggegactgtgegagegeattttggecgggaagtictagtygagga
acgttctggtggagagectactactgagaacttgtacttccagagcgataacggaagttctggtggaggaagitotggr
ggaatggtgtttacactegaagatttcgtaggggactyggcggeagacagecggetacaacctggaccaagtecttgag
cagggeagtgtgtecagtttgtttcagaatecteggggtgtcogtaacteogatecaaaggattgtectgageggtgaa
aacggcectgaagatcgacatccatgtcatcatecegtat’yaaggtctgageggegatcagatgggecagategaaaaa
atttttaaggtggtgtacceoctgtggaltgatratractttaaggtgattotgocactatggcacactyggtaatecgacggy
grtacgccgaacatgatcgactattteggacggoogtatgaaggcatcgecgtigttcgacggeaaaaagaleactgta
accgggaccetgiggaacqggeaacaaaattategacgagegectgatcaaccccgacggoroacergetg

SEQ ID NO:273 {(L27V CP 151 TEV)
MFPRVTINGVTGWRLCERILAGS SGGGSSGEEPTTENLY FQSDNGS SGGGSSGGMVETLEDFVGDWRQTAGYNLDDOVLE
QGGVESLEFQNLGVSVTPIQRIVLSGENGLKIDIHVIIPYEGLSGDOMGQIEKI FEKVYYPVDDHHEKVILHYGTLVIDG
VTPMNMIDYEGRPYEGINVFDGKKITYTGTLWNGNKIIDERLINPDGSLL

SEQ ID NQ:274 (L27V CP 154 TEV) .
artgaccatcaacggagtgaccggectggoggotgtgegagegeattttgyegggaagttetggtggaggaagttctggt
ggagagcoctactactgagaacttgtacttccagagegataacggaagttetggtggaggaagtictggtyggaatgyty
tttacactcgaagatttcgtaggggactggoggragacageoecggctacaacetggaccaagtecettgageagggeggt
ghgtccagtitgtilcagaatetegggatatecgltaacicegatccaaaggatigtéctgageggtgaaaacggecty
aagatcgacatccatgtcatcatceccgtatgaaggtctgageggcgatcagatgggecagatcgaaaaaatttttaag
gtggtgtacectgtggatgatcatcactttaaggtgattctgoactatggecacactggtaatocgacgggygttacgenyg
aacatgatcgactatttcggacggecgtatgaaggeategeegtgttegacggecaaaaagatcactgtaaccgggace
ctgtggaacggeaacaaaattatcgacgagogeetgatcaaccccgacqgctecectgetgrtocgegta

SEQ ID N0:275 {L27v CP 154 TEV)
MTINGVTGWRLCERILAGSSGGGSSGOERT TEULYFOSDNGSSGGGES SGEMVFT LEDFVGDWROTAGYNLDQVLEQGG
VSSLFQNLGVSVTPIQRIVLSGENGLKIDIHVIIPYEGLSGLOMGOIEKIFKVVYPVDDHHFKYILHYGTLYIDSVTE
NMIDYFGRPYEGIAVFEGKKITVTGTLWNGNKIIDERLINFPDGSLLERV

SEQ ID NC:276 (L27V CP 156 TEV)
atgaacggagtgaccggctggeggotgtgegagegeattitgacgggaagttetggiggaggaagttetggtggagag
coctactactgagaacttgtacttccagagegataacggaagttctggtggaggaagttcetggtggaatggtgtttaca
ctcgaagatttcogtaggggactggogycagacageeggetacaacctggagcaaqtect tgageagagegghgtgice
agtrrgtttcagaatctcggggtgtcegtaactecgatccaaaggattgtectgageggtgaaaacggectgaagate -
gacatccatgtcateatcecgtatgaaggtctgagoggegatcagatgggocagatcgaaaaaatttttaaggeggtyg
taccctgtggatgaccatcactttaagglgattcigecactatggecacactggtaategacggggltacgecygaacaty
atcgactatttcggacggoegtatgaaggcategoagigt tocgacgqcaaaaagatcactgtaasegggaceectygtgg
aacggcaacaaaattatcgacgagegectgatcaaccocgacggetecectgetgttocgegtaacecate

SEQ ID NO:277 (L27V CP 156 TEV)
MNGVTGWRLCERILAGSSGGGSSGGEPTTENLY FQSDNGS SGUGS SGOMVETLERFVGDWRQTAGYNLDQVLEQGGVS
SLEQNLCYSVTPIQRIVLSGENGLKIDIHVIIPYEGLSGDOQMGQ IEKIFKVVYPVDDHHEFKVILHYGTLVIDGVTPNM
IDYFGRPYEGIAVEDGKKITVIGTLWNGNKIIDERLINPDGSLLFRVTI

SEQ ID NC:278 (L27V CP 157 TEV}
atgggagtgaccggetggoggctgtacgagegecattttggcgggaagttectggbggaggaagitctggtggagagect
actactgagaacttgtacttccagagegataacggaagtictagliggaggaagitctggtggaatggtgtttacacte
gaagatttegtaggggactgygcygecagacagocggotacaacctggaccaagteottgagecagageggtgtgtecagt
ttgtttecagaatcteggggtgtececgtaacteecgateccaaaggattgtecectgageggtgaaaacggectgaagategac
atccatgtcatcatcccgtatgaaggtctgagoeggegatcagatgggecagatcgaaaaaatttttaaggtggtgtac
cctgtggatgatecatcactttaaggtgattctgcactatggcacactggtaatcgacgyggttacgecgaacatgate
gactatttcggacggeegtatgaaggeategecgtgttcgacggeaaaaagatecactgtaacegggaceectgtggaac
ggcaacaaaattatcgacgagcgcctgatcaacceceogacggectecectgetgttecgeogtaaccatcaac

SEQ ID NO:279 (L27v CP 157 TEV)
MGVTGWRLCERILAGSSGGGSSGGEPTTENLYFQSDNGSSGGGS SGGMY FTLEDFVGDWROTAGYNLDOVLEQGGYSS
LFONLGVSVTPIQRIVLSGENGLKIDIHVIIPYEGLSGDOMGQIEKIFKVVYPVDDHHFKV ILHYGTLVI DGVTPNMI
DYFGRPYEGIAVFDCKKITVIGTLWNGNKIIDERLINPDGSLLFRVTIN
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SEQ ID NO:280 (L27V CP 158 TEV)
atggtgaccggctggeggetgtgcgagegcattttggegggaagttectggtggaggaagttetggtggagageetact
actgagaacttgtacttccagagegataacggaagetectggtggaggaagttetggtggaatggtgtttacactcgaa
gatttegtaggggactggeggcagacagocggctacaacstggaccaagtecttgageagggcggtgtgtecagttty
trteagaatctcecggggtgtecgtaacteocgatccasaggattgtecctgageggtgaaaacggectgaagategacate
catgtcatcatcccgtatgaaggtctgagcggcgatcagatgggecagatcgaaaaaatttttaaggiggtgtacect
gtggatgatcatcacttiaaggtgattctgeactatggeacactggtaatcgacggggttacgecgaacatgatcgac
tatttecggacggecgtatgaaggeategecgtgttogacggeaaaaagatcactgtaacegggacectgtggaacgyge
aacaaaattatcgacgagegectgatcaaccccocgacggetocctgetgtiteccgegtaaccateaacgga

SEQ ID NC:281 {127V CP 158 TEV)
MVYTGWRLCERILAGSSGGGSSGGEPTTENLY FQSENGS SGGGSSGGMVEFTLEDFVGDWRQTAGYNLDOVLEQGGVSSL
FONLGYSVTPIQRIVLSGENGLKIDIHVIIPYEGLSGDOMGQIEKIFKYVY PVDDHAFKVYILAYGTLVIDGYTPNMID
YFGRPYEGIAVFDGKKITVTGTLWNGNKIIDERLINPDGSLLEFRVTING

SEQ ID N0:28B2 (L27V CP 160 TEV)
atgggctggeggetgigegagegeattttggogggaagttctggtggaggaagtictggtggagagoctactactgag
aacttgtacttccagagegataacggaagttcrggtggaggaagttectggtggaatggtgettacactcgaagattte
gtaggggactggoggcagacageccggctacaacctggaccaagtccttgagsagggeagtgtgtecagitgtttecag
aatctcgggutglecgtaaciecegatccaaagyattgtectgagoggtigaaaacggectgsagatecgacatecatgto
atcatcecgtatgaaggtctgagcggegatcagatgggecagatcgaaaaaatttrtaaggtgotgracectgtygat
gatcatcactttaaggtigattctgecactatggracactggtaategacggggttacgeegaacatgatcgactattte
ggacggoccgtatgaaggcatecgecgtgtticgacgycaasaagatcactgtaacegggacoctgtggaacggcaacaaa
attatcgacgagegectygatcaaceecgacggetecoctgetgitecguglaaccatcaacygagtoace

SEQ IPb NO:283 (L2Z7V CP 160 TEV) i
MGWRLCERILAGSSGGGSSGGEPTTENLYFOSDNGSSGGGSSCGMVETLEDFVGDWROTAGYNLDOVLEQGGVSSLEQ
NLGVSVTPIQRIVLSGENGLKIDIHVIIPYEGLSGDQMGQIEKIFKVVYPVDDHHFKYILHYGTLVIDGVTPNMIDYF
GRPYEGIAVFDGKKITVIGTLWNGNKI IDERLINPDGSLLERVTINGVT

SEQ ID NO:284 (L27V CP 163 TEV}

atgotgtacgagogeat tttggeggaaagrtectggtggaggaagttctggtggagagectactactgagaacttgtac
ttccagagegataacggaagttotggiggaggaagitotggiggaatggtgittacactegeagatttegtaggggac
tggcggcagacageccggctacaacctggaccaagtacttgagecagggeggtgtgtccagtttgtctcagaatctegay
gtgtecegtoacteoegateocaaaggatgtectgageggtgaaascggeoctgaagategacatoccatgtcatecateceg
tatgaaggtctgagcoggcgatcagatgggecagatogaaaaaartttraaggtggtgtacecegtggatgatcaccac
tLrtaaaglygattctgeactatyggeacactggtaat cqgacgyggattacygecgaacatgatcgactatttcggacggecy
tatgaaggcatcgeegtgttcgacggcaaaaagatcactgtaacegyggacectgtggaacggecaacaaaattategac
gagegectgatcaacceccgacggetecocctgetgttocgegtaacecat caacggagtgaccggetggegg

SEQ ID NO:285 (L27V CP 163 TEV)

MLCERILAGSSGEGS SGGE PTTENLY FQSDNGS SGGGSSGEMY T LEDFVG DWROTAG YNLDQVLEQGGVE SLFONLG
VSVTPIQRIVLSGENGLKIDIHVIIPYEGLSGDOMGOT EKIFKYVY PVDDHHFKVILHYGTLV I DGVT PNMI DY FGRP
YEGIAVFDGKRITVIGTLWNGHNKIIDERLINPDGSLLFRVTINCGVTGWR

SEQ ID NO:286 (L27V CP 166 TEV)
Atygcgcattitggegugaagttctygytggaggaaglteotggtggagagectactactgagaactigtacttccagage
gataacggaagttetggtggaggaagttetggtggaatggtgtttacactegaagatttegtaggggactggocggcag
acagccggcetacaacctggaccaagtecttgageagggeagtgtgtecagttrgtttcagaatcteggggtgtocegta
actecgatcecaaaggattgtectgageggtgaaaacggocctgaagatcgacarccatgtcatcatecagtatgaaggt
ctgagcggcgatcagatgggecagatcgaaczaaatitttaaggtggigtaccetgtggatgatcatcactttaaggtyg
attctgcactatggcacactggtaatcgacggggttacgocgaacatgatcgactatttaggacggecgtargaagge
atcgecgtgtitcgacggrazaaagateactgtaaceqgggacectatggaacggcaacaaaattatcgacgagegectg
atcaaccccgacggcetcoctgetgttccgeogtaaccatcaacggagtgaccggetggoggeotgtgegag

SEQ ID NO:287 (L27V CPF 166 TEV)
MRILAGSSGGGSSGGEPTTENLYFQSDNGSSGGEGSSGEMVEFTLEDFVEDHRTAGY NLDQVLEQGGVS SLEQNLGVSY
TPICRIVLEGENGLKIDIHVIIPYEGLSGDOMGOIEKIFKVVYPVDDHHFKVILHYGTLVIDGVTPNMIDYFGRPYEG
IAVFDGEKITVIGTLWNGNKIIDERLINPDGSLLFRVTINGVTGWRLCE

SEQ ID NO:28BB (PCA.B FKBP-L2Z7V02A 157-169)

gagtgcaggtggaaaccatctocccagueagacgggcygcacettcaeccaagegeggacagacctgegtggtgcactaca
ccgggatgettgaagatggaaagaaatitgattectecrcgggacagadacangecctttaagittatgetaggecaage
aggaggtgatccgaggctggogaagaaggggttgecccagatgagtgtgggtcagagageccaaactgactatatctecag
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attatgcctatggtgecactgggcacccaggeatcateccaccacatgecactctegtettegatrgtggagettetaa
aactggaaggaggagggagotccggtygagycagcggrggaglgaccaggetggcggetgtgecgaacgeattotygcy

SEQ ID NO:2B9 (pCA 9 FKBP-L27V02A 157-16%)
GVOVETI SPGDGRTFPKRGQTCVVHY PGMLEDGKKFDS SRORNKPFKFMLGKQEVI RGWEEGVAQMSVGORAKLTTSE
DYAYGATGHPGI IPPHATLVEFDVELLKLEGGGSSGGGSGGVTGWRLCERILA

SEQ ID NO:290 {pCA 10 L27V0ZA 1-156-FRH)
atggretteacactcogaagatticgttggggactggegacagacagoccggcotacaacctggaccaagtecttgaacag
ggaggtgtgtccagtttgtttcagaatecteggggtgtecgtaactecgatecaaaggattgtectgageggtgaaaat
gggcigaagatcgacatcocatgtcatcatcecgtatgaaggtctgageggcgaccaaatgggecagategaaaaaatt
tttaaggtggtgtaccctgtggatgatcatcacttitaaggtgatectgeactatggeacactgglaategacggggtt
acgecgaacatgatcgactattteggacggocgtatgaaggcategecgtgetcgacggcaaaaagatcactgtaaca
gggaccetgtggaacggraacaaaattategacgagegectgatecaacecegacggetocctgetgtteccgagtaacc
atcaacggagrgaccggaggaggtggctcaggrggagggagcteccgtggeocatcctofggecatgagatglggcatgaa
ggoctggaagaggeatetegtttgtactttggggaaaggaacgtgaaaggeatgtttgaggtgetggageccttgeat
gctatgatggaacggggoccccagactectgaaggaaacatectttaatcaggectatggtegagatttaatggaggce
caagagtggtycaggaaglacatgaaatcagggaatgtcaaggacectcacoccaagectgggaccteotattatcatgtg
trcegacgaatotea

SEQ ID NO:291 (pCA 10 L27V02A 1-156-FRB}
MVETLEDFVGDWROTAGYNLDQVLEQGGVSSLEUNLGYSVTPIQRIVLSGENGLKIDIHVIIPYRGLSGDOMGQIEKT
FEKVVYPVDDHHYKVILHYGTLYTDGVTPNMIDYFGRPYEGIAVFDGKKITVTGTLWNCNKIIDERLINFDGELLFRVT
INGVTGGGGSGGGESVAILWHEMWHEGLEEASRLY FGERNVKGMFEVLEPLHAMMERGPQTLKETSFNQAYGRDLMEA
QEWCRKYMKSGNVKDLTOAWDLYYHVFRRI S

SEQ ID NC:292 (pCA 26 FKBP-L27V02A 1-156)
ygagtgcagglygaaaccaictceccaggagacggygegeaccitereccaagegeggecagacctygegtiggigeactac
accgggatgctigaagatggaaagaaatttgattccrecccgggacagaaacaagcocctrtaagtrtatgcectaggcaag
caggaggtgatocgaggotgggaeageaggggttgeceagatgagrgigggicagagacoeeaactgactatateteca
gattatgectatggtgccactggycacocaggcatcateccaccacatgocactetegtettegatgtggagetteta
araactggaaggaggagggagetceggtggaggeageggtatggtettcacactecgaagatttegttggggactggega
cagacagccggctacaacctggaccaagtcocttgaacagggaggtgtgtocagtttgrttcagaatcteggggtgtee
gtaactccgatccaaaggattgtocctgageggtgaaaatgggetgaagatecgacateccatgtecatcatecegtatgaa
ggtctgagcggegaccaaatgggeoccagatcgaaaaaatttttaaggtggtgtaccctgtggatgatcatcactttaag
gtgatcctgcactatggcacactggtaatcgacggggttacgeegaacatgatcgactattteggacggeegtatgaa
ggcatcgecgtgttegacggecaaaaagatcactgtaacagggacectgtggaacggcaacaaaattatcgacgagcge
ctgatcaaccccgacggctoccctgotgttocecgagtaaccatcazac

SEQ ID NO:283 (pCA 26 FEBP-L27V02A 1-156)
GVQVETISPGDGRT FPKRGOTCVVHYTGMLEDGKKFDSSRDRNKPFKFMLGKQEVIRGWEEGVAQMSVGORAKLTISP
DYAYGATGHPGIIPPHATLVFDVELLKLEGGGS SGGGSGMVETLEDFVGDRROTAGYNLDOVLEQGGVSSLEQNLGYS
VTPIQRIVLSGENGCLKIDIHVIIPYEGLSCEOMGOIEKI FKVVYFPVDEBHFKVILHYGTLY LDGVIPNMIDYFGRPYE
GIAVFPDGKKITYVTGTLWNGNKIIDERLINPDGSLLFRVTIN

SEQ ID NC:2%4 (pCA 25 L27V02A 157-169-FRB)
atgggagtgaccggctggeggctgtgecgaacgcattectyggegggagagagqgtggctcaggtggagggagetecgtggec
atccteciggratgagatgtggcatgaaggectggaagaggeatctegittgtactitggggaaaggaacygtgaasgyc
atgtttgaggtgctggageoccttgeatgoetatgatggaacggggocccacagactcrgaaggaaacatcctttaatcag
gectatggtegagatttaatggaggeccaagagtggigeaggaagtacatgaaatcagggaatgtcaaggaceteace
caagectgggacctcetattatcatgtgttecegacgaatctea

SEQ ID NO:295 (pCA 25 L27V02A 157-165-FRB)
MGVTGWRLCERILAGGGGSGGGSSVHILWHEMWHEGLEEASRLYFGERNVKGMFEVLEPLHAMMERGPQPLKPTSFNQ
AYGRDLMEAQEWCRKYMKSGNVKDLTQAWDLYYHVEFRRIS

SEQ ID NO:286 (pCA 3 FKBP-L27vV023a 103-1689)

atgggagtgcaggtggasaccatctoceccaggagacgggegeaccttecceaagegeggecagacctgegtggtgeac
tacaccgggatgettgaagatggaaagaaatttgattoctoocgggacagaaacaagccctttaagtttatgctagye
aagcaggagytgatoecgaggetgggaagaaggggttgeccagabgaglgtgggtcagagagecaaactgactatatet
ccagattatgectatggtgccactgggeacccaggcatcateccaccacatgecactctegtottecgatgtggagett
ctaaaactggaaggaggagguagctecggtggaggcagoggtacgocgaacatgategactatttoggacggeocgtat
gaaggratcgecgigticgacggeaaaaagatcactgtaacagggaccectgtggaeacggraacaaaaltatecgacygag
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cgcctgatcaacocecgacggciececigetgticogagtaaccateaacggagtgaccggetggeggotgigegaacge
attctgge

SEQ ID NO:2907 (pCA 2 FKBP-L27V0O2A 103-169)

MGVQOVET I SPGDGRTEPKRGOTCVVHY TGMLE DGKKF DS SRDRNKPFKFMLGKQEVIRGREEGVAQMSVGQRAKLTIS
PDYAYGATGHPGI I PPHATLVFDYELLKLEGGGSSGGGSGTPNMI DY FGRPYEG IAVEDGKKI TVTGTLWNGNKI IDE
RLINPDGSLLFRVTINGVTGWRLCERIL

SEQ ID HO:298 (pCA 4 L27V0ZA 1-102-FRE)

atggtcttcacactcgaagatttegttggggactggegacagacegecggetacaacctggaccaagtecttgaacaq
ggaggtgtgtoccagtttgk Ltcagaatctecggggtgtcocgtaactecgatecaaaggattgtoctgageggtgaaaat
gggcrgaagatcgacatccatgteatcatcocegtatgaaggtoctgageggegaccaaatgggecagatcgaaaaaatt
tttaaggtggtgtaccetgtggatgatcatcacttraaggtgatectgcactatggecacactggtaategacggggtt
ggaggaggrgycteaggtggagggagetecgtggecatectetggeatgagatgtggcatgaaggectggaagaggca
tctegtttgtactttggggaaaggaacgtgaaaggcatgtttgaggtgctygageecttgeatgetatgatggaacgg
ggcceccagactectgaaggaaacatoctitaatcaggectatggtegagatttaatggaggeccaagagtggrgeaga
aagtacatqaaatcagqgaatgtcaaggacctcacccaaﬁcctgggacctctattatcatgtgttccgacgaattha

SEQ ID NO:299 (pCAa 4 L27v02A 1-102-FRB)
MGVOVETISPGDGRTFPKRGOTCVVHY TGMLEDGKKFDSSRURNK FFKFMLGKOEVIRGHEEGVAQMSVGORAKLTIS
PDYAYGATGHPGITIPPHATLVFDVELLKLEGGGSSGGGESGTPNMIDY FGRPYEGIAVEDGKKITVTGTLWNGNKTIDE
RLINPDGESLLFRVTINGVTGWRLCERIL

SEQ ID NO:300 (pCA 19 L27v02a 103-165-FRRB)
atgacgccgaacatgatcgactattEcggacggeegiatgaagycaticgreoctotlcgacgygcaaaaagateactgta
acagggaccctqgtggaacggcaacaaaattatcgacgagegectgatcaaccocgacggetecctgetgttecgagta
accatcaacggagtgaccggetggegactgtgegaacgeattetggegggaggaggtggetcaggtggagggagetec
gtggccatcctctggcatgagatgtggecatgaaggectggaagaggratetegttigract ttagyggaaaygaacauly
aaaggcatgtitgaggtgeotggagececttgeatgetatgatggaacggggecaccagactoctgaaggaaacatocttt
aatcaggcctatggtogagatttaatggaggceccaagagtggtgcaggaagracatgaaatcagggaatgtcaaggac
ctcageccaagectgggaccteotattatcatgtgttoccgacgaatctca

SEQ ID NO:301 (pCA 19 L27v02A 103-169-FRB)
MTPNMIDYFGRPYEGIAVFDGKRKITVTGTLWNGNKIIDERLINPDGSLLEFRVTINGVTGWRLCERILAGGGGSGGESS
VAILWHEMWHEGLEEASRLYFGERNVKGMFEVLEPLHAMMERGPQTLKETSFNOAYGRDLMEAQEWCRKYMKSGNVKD
LTQAWDLYYHVERRIS

SEQ ID NO:302 (pCA 20 FEKBP-LZ7V0Z2A 1-102)
atgggagtgcaggtggaaaccatctecccaggagacgggegeaccitocccaagegeggecagacctgegtggtgeac
tacaccgggatgcttgaagatggaaagaaatttgattcctcecgggacagaaacaagcoctitaagtttatgctagga
aagcaggaggltyatecgaggelygggaagaaggogtigeccagatgagtgigggtecagagagocaaactgactatatet
ccagattatgectatggtgecactgggeaccecaggeatecatcccactcacatgccactetegtertegatgtyggagett
ctaaaactggaaggaggagggagctceggtggaggcageggtatggtettecacactcgaagatttegitggggactgg
cgacagacagoecggctacaacctggaccaagtocttgaacagggaggtgtgtccagtttgtitecagaatcteggogty
tccgtaacteccgatccaaaggattgtectgageggtgaaaatgggetgaagatecgacatecatgtecateateecglal
gaaggtctgagcggcgaccaaatgggecagatcgaaaaaatttttaaggtggtgtaccctgtggatgatcatcacttt
aaggtgatcctaractatggcacactggtaatcgacggggtt

SEQ ID NO:303 (pCA 20 FKBP-L27V02A 1-102)
MGVQVETISPGDGRTEFPKRGQTCVVHYTGMLEDGKKEFDSSRDRNKPFKFMLGKQEVIRGWEEGVAQMSVGORAKLTIS
PDYAYGATGHPGIIPPHATLVFDVELLKLEGGGSSCGGGSGMVFTLEDFVGDWROTAGYNLDOVLEQGGVSSLFQNLGY
SVIPIQRIVLSGENCLKIDIHVIIPYEGLSGDOMGOIEKI FKVVYPVDDHHFKVILHYGTLVIDGY

SEQ ID NO:304 (pCA 11 FKBP-LZ27V02A 84-169}
atgggagtgcaggtggaaaccatctecccaggagacgggogoaccttoccoaagegeoggeocagacctgeghygLgeac
tacacecgggatgcttgaagatggaaagaaatttgattecctcecgggacagaaacaageectttaagtttatgetagac
aagcaggaggtgatccgaggctgggaagaaggggttgeccagatgagtgtggagtecagagagecaaactgactatatet
ccagattatgoctatggtgccactgggcaccocaggcatcataccaccacatgccactectoegtattegatgtggageet
ctaaaactggaaggaggagggagetceggtggaggeageegtgatgatcatcactitaaggtgatectgcactatgge
acactggtaatcgacggqggttacgccgaacatgategactattteggacggcegtatgaaggeategecgtgtiegac
ggcaaaaagatcactgtaacagggaccctgtggaacggsaacaaaattategacgagegectgatcaaccccqgacgge
tcecetgetgttecgagtaaccatcaacggagtgaccggetggeggetgtgegaacgrattetggeg

SEQ ID NO:305 {pCA 11 FKBP-L27V02A B4-169)
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MGVOVETISPGDGRTFPKRGDTCVVHYTGMLE DGKKFDSSRDRNKPFKFMLGKQEV IRGWEEGYAQMSVGQRAKLTIS
PDYAYGATGHPGIIPPHATLVFDVELLKLEGGGSSGGGSGDDHHEKVILHYGTLVIDGYTPNMIDYFGRPYEGIAVED
GKKITVTGTLWNGNKIIDERLINPDGSLLFRVTINGVTGWRLCERILA

SEQ ID NO:306 (pCA 12 L27v02A 1-83-FRB)
atggtcettcacactegaagattrtegttggggactyggegacagacagecgyctacaacctggacecaagtectigaacag
ggaggtgtgtccagtttgtttcagaatctocggggtgtecgtaacteccgatccaaaggattgtectgageggtgaaaat
gggctgaagatcgacatccatgtcatcatcccgtatgaaggtoctgagoggegaccaaatgggoccagatcgaaaaaatt
tttaaggtggtgtaccctgtgggaggaggtggctcaggtggagggagetecgtggccatococtotggeatgagatgtgy
catgaaggectggaagaggeatctegttigtactttggggaaaggaacgtgaaaggeatgtttgaggtgetggagece
ttgcatgotatgatggaacggggeccoccagactoctgaaggaaacatcotttaatcaggectatggtcgagatttaaty
gaggcccaagagtggtgecaggaagtacatgaaatcagggaatgrcaaggacctcacccaagectgggacctotattat
catgtgttccgacgaatctca

SEQ ID NO:307 {(pCA 12 L27v02A 1-83-FRB)
MVEFTLEDEVGDWRQTAGYNLDOVLEQGCGVSSLFQNLGVSVTETORIVLSGENGLKIDIHVIT PYEGLSGDOMGQIEXT
FKVVYPVGGGEGSGGGSSVAILWHEMWHEGLEEASRLY FGERNVKGMFEVLEPLHAMMERGPOQTLKETS FNOAY GRDLM
ERAQEWCRKYMKSGNVKDLTOAWDLYYHVFRRIS

SEQ ID ND:308 (pCA 14 L27VO2A 1-83 (no fusion})
atggtcttcacactcgaagatttcgttggggactggegacagacagecggrtacaacctggacecaagtectrtgaacag
ggaggtgtgtccagtttgttteagaatcteggggtgteegtaactecgatccaaaggattgtcctgageoggigaaaat
gggctgaagatecgacatecatgtcatcateccogtatgaaggtetgageggegacecaaatgggecagategaaaaaatt
tttaaggtggtgtaccctgtyg .

SEQ ID NO:308 (pCA 14 L27V02A 1-83 (no £usion))
MVETLEDEVCDWRGTAGYNLDOVLEQGGVSSLFONLGVSVTPIQRIVLSGENGLKIDIHVIIPYEGLSGDOMGQTEK [
FKVVYERV

SEQ ID NO:310 (pCA 132 L27V02A 84-169 (no fusion))
atggatgatcalcactttaaggrgatcctgcactatggcacactggtaategacggggttacgecgaacatgatcgac
tatttcggacggccgtatgaaggeategeegtgtiegacggcaaaaagatcactgtaacagggaccotgtggaacgge
aacaaaattatcgacgagegeezgatcaacceccgacggectceccctgotgttccgagtaaccatcaacggagtgacagge
tggcggetgtygrgaacgralicrggeg

SEQ ID NO:311 {pCA 13 L27V(2A 84-169 (no fusion))
MDDHHFKVILAYGTLVIDGVTPNMIDYFGRPYEGIAVFDGKKITVTGTLWNGNKI IDERLINPDGSLLERVTINGVTG
WRLCERILA

SEQ ID NO:312 {pCA 28 FKBP 1-83)
atgggagtgcaggtggaaaccatotoeccaggagacggyegeacettcoccaagogeggecagacctgegtggtgoac
tacaccgggatgcttgaagatggaaagaaatttgattecteccgggacagaaacaagecoctitaagtttatgotagge
aagcaggaggtgatccgaggctgggaagaaggggttgecccagatgagtgtgggtcagagagecaaactgactatatet
cqagattatgcctatggtgccactgggcacccaqqcatcatcccaccacatqccactctcgtcttcgatgtggagctc
ctaaaactggazggoaggagggagetecggtggaggeageggtatggtclicacacicgaagatticgtiggggaciygyg
cgacagacagccggcetacaacetggaccaagtococrtgaacagggaggtgtgtecagtttgrttcagaatcteggogeg
tccgtaactecgatccaaaggattgtectgageggtgaaaatgggectgaagatcgacatoccatgtcatcatcocgtat
gaaggtctgagcggcgaccaaatgggccagatcgasaaaalltttaaggiggigtacectgty

SEQ ID NO:313 (pCA 28 FKBP 1-83)

MGVQVETISPGDGRTFPKRGOTCYVHY TGMLEDGKKFDSSRDRNKPFKFMLGKQEV I RGWEEGVAQMSVGORAKLTIS
PDYAYGATGHPGI IPPHATLVE DVELLKLEGGGS SGGGSGMVFTLEDFVGDWRQTAGYNL DQVLEQGGVSSLEONLGY
SVTPIRRIVLSGENGLKIDIHVIIPYEGLSGDOQMGQIEKI FKVVYPV

SEQ ID NO:314 (pCA 27 L27VQ2A 84-169 FRB)
atggatgatcatcactttaaggtgatcectgecactatggecacactggtaatcgacggggttacgecgaacatgatcgac
tattteggacggecgtatgaaggecategecegtgttegacggeaaaaagatcactgtoacagggaccctgtggaacggc
aacagaattatcgacgagogocctgatcaaccococgasggotocctgotgttecgagtaaccatcaacggagtgacegyge
tggcggetgtgegaacgrattetggegggaggaggigectcagglggdagggageteecgtggecatecctelbgycatgag
atgtggcatgaaggocctggaagaggecatctogtttgractrtggggdgaaaggaacgrgaaaggecatgrttgaggtgetg
gagcecocttgeatgetatgatggaacggggecececagactetgaaggaaacatectitaatcaggoctatggtecgagat
ttaatggaggcccaagaglgatgcaggaagracatgaaatecaggygeatgtcaaggacctcacccaagectigggaccte
tattatcatgtgtrccgacgaatatca
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SEQ ID NO:315 {pCa 27 L27V02A 84-169% FRB)
MDDHHFKVILHYGTLVIDGYTPRMIDYFGRPYEGIAVEDGKKITVTGTLWNGNKI I DERLINPDGSLLFRVTINGVTG
WRLCERILAGGGGSGGGSSVAI LWHEMWHEGLEEASRLY FGERNVKGMIEVLE PLHAMMERG PQTLKETSFNQAYGRD
LMEAQEWCRKYMKSGNVKDLTOAWDLYYHVFRRIS

SEQ ID NO:316 (HT7-Keapl)
atggcagaaatcggtactggetttecattogacecccattargrggaagrcctgggegagegeatgeactacgiogat
gttggtccgogogatggeaccectgtgectgttectgeacggiaaccogacctectoctacgtghggegCaacatcatce
ccgeatgtbtgeacegacceategeotgeattgetocagacetgateggtatgggcaaatrccgacaaaccagacetgggt
tatttettecgacgaccacgtecgettecatggatgecttcatecgaagecoctgggtctggaagaggiegtoctggtcatt
cacgactggggotccgctoctgggtttecactygggctcaagegcaarccagagogegtcaaaggrattgeatttatggag
ttcatccgeecctateecgacetgggacgaatggecagaatitgecegegagaccticcaggeettccgcaccacogac
gtcggoccgcaagetgatcatcgatcagaacgtttttatcgagggtacgotgeocgatgggtgtogiecogoceactgact
gaagtcgagatggaccattaccgegageegttectgaateetgttgacegegagocactgtggogcttocccaaacgay
ctygccaatcygccgygtgagecagegaacatcgtegegetggtecgaagaatacatggactggetgecacecagtececetgte
cegaagetgotgttctggggeaccecagygegttctgateccacecggocgaagocgotcgectggecaaaagectgcet
aactgcaaggctgtggacatcggececgggtectgaatetgetgcaagaagacaaceceggacctgategucagegagate
gcgocgetggetgtogacgetegagatttococggegagocaaccactgaggatctgtactttcagagegataacgogate
gctttcgaaggagatagaaccalgecagecagateccaggectageggggetggggectgetgecgatteetgeeectyg
cagtcacagtgocctgaggygggcaggggacygeggtgatgtacgectocactgagtgecaaggoggaggbgacgecoctee
cagcatggcaaccgecaccttcagetacaccctggaggatcataceaageaggeectttggeatcatgaacgagetgegyg
ctcagccagoagoctgtgtgacgtecacactycaggtcaagt accaggatgecaceggocgeccagticatggeecacaag
gtggtgctggectcatccagecctgttticaaggecatgttecaccaacyggygetgegguageagggocatggaggtggtg
tccattgaggqtatccaccccaaggtcatggagecgectcattgaattegectacacggcetecatectecatgggegag
aagtgtgtccteracgteatgaacggegeigtecatgtaccagatcgacagegttgtcegtgectgeagtgacttectg
gtgcagcagctggacccoccagecaatgocatcggeatcgecaactticgetgageagattggetgtgtggagttgecaccag
cgtgcccgggagtacatctacatgeatttiggggaggtggocaageaagaggagtricttcaacctgroccacigecaa
ctggtgacectecatcagecgggacgacctgaacgtgeogetgegagtccgaggtettecacgectgeateaactgggte
aagtacgactgcgaacagegacggttoctacgtccaggegetgectycgggeogtgegetgecactogrtgacgecgaac
ttcctgragatgragetgecagaagigocgagatectgeagtecgacteecgelgeaagoactacetggt caagalctlic
gaggagctcaccectgcacaageccacgecaggtgatgoectgecgggecgeecaaggtgggecgectgatcracacegeg
ggcggctacttcegacagtegectcagetacetggaggettacaacececagtaacggecacctggetecggrbtggeggag
ctgcaggtgccgrggageggectggecggetgogtggtgggegggetgttgracgeocygtgygeggcaggaacaactcg
cccgacggcecaacaccgacteceagegeectggactgttacaaccecatgaccaatcagtggtegecectgegeeceeatg
agecgtgecccgtaaccgeateggagtgggggtcatcgatggecacatectatgecgtcggeggeteccacggectgeate
caccacaacagtgtggagaggtatgagccagagcgggatgagtggoacttggtggececcaatgetgacacgaaggate
ggagtgggecgtggetgtectcaategtetaetttatgecgtggoggggctttgacgggacaaacegecttaattcaget
gagtgtracracacagagaggaacgagtggagaargatcacageaatgaacaccatccgaagoggggeaggegtetge
glcctgracaactigtatctatgetgetaggggetatgatggicaggaccagetgaacageytggagegetacgatgtg
gaaacagagacgtggactttcgtageccacatgaagcaccggcgaagrgecctggyggatcactgtecaccaggggaga
atctacgtecttggaggetatgatggteacacgttectggecagtgtggagtgttacgacccagatacagacacctqg
agcgaggtgacccgaatgacatcgggoeoggagtggggtggycgtggctgtcaccatggageocetgoocggaagcagatt
gaccageagaactgtaccigltacgtagtt

SEQ ID NO:317 {(Nrf2}

TCAATATTGGCCATTAGCCATATTAT TCATTGGTTATATAGCATARATCAATATTGGCTATTGGCCATTGCATACGTT
GTATCTATATCATAATATGTACATTTATAT TGGCTCATGTCCARTATGACCGCCATGTTGGCATTGATTATTGACTAG
TTATTAATAGTAATCAAT TACGGGGTCATTAGTTCATACCCCATATATGGAGT TCCGCGTTACATARCTTACGGTARR
TGGLCCGCCTGECTGACCGCCCARCGACCCCCGCCCATTGACGTCARTAATGACGTATGTTCCCATAGTAACGCCAAT
AGGCGACTTTCCATTGACGTCAATGGETGGAGTAT TTACGGTAARCTGCCCACTTGGCAGTACATCAAGTGTATCATAT
GCCAAGTCCGCCCCCTATTGACGTCAATGACGGTAAATCCLCCGCCTGGCAT TATGCCCAGTACATGACCTTACGGGA
CTTTCCTACTTGGCAGTACATCTACGTATTAGTCATCGCTATTACCATGGTGATGCGETTTTGGCAGTACACCARTGS
GCGTGGATAGCGGTTTGACTCACGGGGATT TCCAAGTCTCCACCCCATTGACGTCRATGGGAGTTTGTTTTGGCACCA
AAATCRACGGGACTTTCCAARATGTCGTAATARCCCCGCCCCGTTGACGCARNTGGGCGGTRAGGCGTCTACGGTGGGA
GGTCTATATAACCAGAGCTGCT TTAGTGAACCCTCAGATCACTRGAAGCTTTATTGCGGTAGTTTATCACAGT TRAAT
TGCTAACGCAGTCAGTGCTTCTGACACAACAGTCICGAACTTAAGCTGCAGAAGT TGGTCETGAGGCACTGGGCAGGT
AARGTATCAAGGTTACRAGACAGGTTTAAGGAGACCAATAGARACTGGGCTTGTCCAGACAGACGAAGECTCTTGCGTTT
CTGATAGGCACCTATTGGTCTTACTGACATCCACTTTGCCTTICTCTCCACAGGTGTCCACTCCCAGTTCARTTACAG
CTCTTRARGGCTAGAGTATTAATACGACTCACTATAGGGCTAGCGATCGCCATGAT GGACTTGGAGCTGRCGCCGRCCGG
GACTCCCGTCCCAGCAGGACATGGATTTGATTGACATACTTTGGAGGCARGATRTAGATCTTGGAGTAAGTCGAGARG
TATTTGACTTCAGTCAGCGACGGAAAGAGTATGAGCTGGARRARCAGRARAAACT TGAARAGGRAAGACALAGARCARC
TCCAAARGGAGCAAGRGAAAGCCTT TTTCGCTCAGTTACARACTAGATGARGAGACAGGT GAATTTCTCCCAATTCACC
CAGCCCAGCACATCCAGTCAGARRCCAGTTCTCTCGGTGEGTTCAGGTGETGGCGGGAGCGGTGEAGGGAGCAGCGETS
GAGTGTITTACACTCGRAGATT TCGTAGGGCACTGGCGGCAGACAGCCGGCTACAACCTGGACCARGTCCTTGAGCAGS
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GCGGTGTGTCCAGTTTG T T TCAGARTCTCGGGGTGTCCSTAACTCCGATCCAAAGGATTGTCCTGAGCGGTGAARACG
GUCTGAAGATCGACATCCATETCATCATCCCGTATGAAGCTCTGAGCGGCGATCAGATGGGCCAGATCGAAARAATTT
TTAAGGTGGTGTACCCTGTGEATGAT CATCACTTTAAGGTGATTC TGCACTATGGCACACTGETAATCGACGGGGTTA
CGCCGAACATGATCGACTATT TCGGRACGGCCGTATGARGEGCATLGLCGTGTTCGACGGCARRAAGATCACTGTAACTG
GGACCCTGTGGAACGGCRACARARTTATCGACGAGCGCCTGATCARCCICGACGGCTCCCTGCTGTTCCECGTAACCA
TCAACGEAGTGACCGGCTGGLGGCTETGCEAGCGCATTTTGGLGTAAGGLCGCCACTCTAGAGTCOACCTGCAGGCAT
GCARGCTGATCCGGCTGCTARCARAGCCCGARAGGAAGC TGABTTGGCTGCTGCCACCGCTCAGCARTAACTAGCATA
ACCOCTTGGGCCGECCGCTTCGAGCAGACATGATAAGATACATTGATGAGTTTGGACARACCACARCTAGAATGCAGT
GABARRAATGCTTTATT TGTGAAAT TTGTGATGCTATTGCTTTATTTGTARCCATTATAAGCTGCAATAAACAAGTTA
ACAACRACBATTCGCATTCATT TTATGTTTCAGETTCAGGEGGAGATGTGGGAGGTTTTTT TARGCAAGTARAACCTCT
ACARATGTGGTAARATCGAATTT TAACARAATATTAACGCT TACAATTTCCTGATGCGGTATTTTCTCCTTACGCATL
TGTGCGGTATTTCACACCGCATACGCGGATCTGCGCAGCACCATGGCCTCARATAACC TCTGARRGAGGAACTTGGTT
AGGTACCTTCTGAGGCECARAGAACCAGC TGTGEARTGTGL GTCAGTTAGGGTGTGGAAAGTCCCCACGCTCTCCAGC
AGGCAGAAGTATGCARAGCATGCATCTCAATTAGT CAGCAARCCAGGTGTGGRAAAGTCCCCAGGUTCCCCAGCAGGLAG
BAGTATGCAARAGCATCCATCTCRATTAGTCAGCARCCATAGTCCCGCCECTAACTCCGCCCATCCCGCCCCTAACTCT
GCCCAGTTCCGCCCATTCTCCGLCCCATGGCTGACTAATTT T TTATTTATGCAGAGECCGNGECCGCCTCGRCCTC
TGAGCTATTCCAGRAGTAGTCGAGGAGGCTTT TTTGGAGCGCCTAGGLTTTTGCARRAAGCTTAATTARCTG TTGACAAT
TARTCATCGGCATAGTATATCGGCATAGTATAATACCACAAGGT GAGGAACTAAACCCAGGAGGCAGATCATGATTGA
ACAAGATOGATTGCACGCAGCTTCTCCGGECCGCTTGGETGGAGAGGCTATTCGGCTATCGACTCCGCACAACAGACAAT
CGGCTGCTCTGATGCCGCCGTGTTCCGGC TG TCAGCECAGGGGCGCCCGETTCTTTTTGTCAAGACCGRCCTGTCCGE
TGCCCTGAATGAACTGCAGGACGAGGCAGCGCEGCTATCGTGECTGGCCACGACGGGCGTTCCTTIGCGCAGCTGTGCT
CGACGTTGTCACTGAAGCGGGARGLCACTGCCTGC TATTGGGCGAAGTGCCGGEGECAGGATCTCCTGTCATCTCACCT
TGCTCCTGCCCAGRARGTATCCATCATGGLTGATGCAATGCGGCGGCTGCATACGCTTGATCCGGCTACCTGUCCATT
CGACCACCANGCGAARCATCGCATCGAGCGAGCACGTACTCGOATGCGARGCCGGTCTTGTCGATCAGGATGATCTGGR
CGAAGRGCAT CAGGGGCTCGCGCCAGCCCAACTCTTCGCCAGGCTCAAGGCGCGCATGCCCEACGGCGAGGATCTCGT
COTCACCCATGGCGATGCCTCOT TGCUGAATATCATEGTEGAAAATGGCCGCTTTTCTGGATTCATCGACTGTGGLCG
GCTGGGTETGGUGGACCGCTATCAGGACATAGCGTTGGCTACCCGTGATATTGCTGAAGAGCTTGGCGGCGAATGGG
TGACCGCTTCCTCGTGCTTTACGGTATCGCCGCTCCCGATTCGCAGCGCATCGCCTTCTATCGLCTTCTTGACGAGTT
CTTCTGAGCGGGACTCTGEGETTCGAAATGACCCACCARGCOACGCCCAACCTGCCATCACGNTGGCCGCAATARART
ATCTTTATTTTCATTACATCTGTGTGTTGGTTTTTIGIGTGAATCGATAGCGATAAGGATCCTCTTTGCGCT TGCGTT
TTCCCTTGTCCAGATAGCCCAGTAGC TEACATTCATCCGGEGTCAGCACCGTTTCTGCGGACTGGCTTTCTACCCGGT
ATCAGCTCACTCAAAGGCGGTARTACGETTATCCACAGAAT CAGGEGATARCGCACGAARCGAACATGTGAGCAMANGG
CCAGCRAARRGGCCAGGAACCETARARACGCCGCGTTGCTGGECGTTTETTUCATAGGCTCCGCCCCCCTGACGAGCATCR
CARARAATCEACGCTCARGTCAGRAGGT GECGARACCCGACAGGACTATARAGATACCAGGCGTTTCCCCCTGGRAGCTC
CCTCGTECGCTCTCCTOQTTCCGACCCTECCGCTTACCGGATACCTGTCCGCCTTTCTCCCTTCGGGAAGCGT GGCGCT
TTCTCATAGCTCACGCTGTAGGTATCTICAGT TCEGGTGTAGETCGTTCGCTCCAAGCTGGGCTGTGTGCACGRACCCCT
CGTTCAGCCCGACCGCTGCGCCT TATCCGGTARCTATCGTCTTGAGTCCARCCCGGTARGRCACGACTTATCGCCACT
GGCAGCAGCCACTGGTARCAGGATTAGCAGAGCGAGGTATGTAGGCGETCCTACAGAGTTCTTGARGTGETGGCCTAA
CTACGGCTACAC T AGAAGGACAGTAT TTGGTATCTGCGCTCTGCTGAAGCCAGT TACCTTCCCARAAAGAGT TGGTAG
CTCTTIGATCCGGCARACARRCCACCGCTGGTAGCGETGGTTTTTTTGTTTGCAAGCAGCAGATTACGCGCAGAARMAL
AGGATTTCAAGAAGATCCTTTGATCTTTTCTACGGGGTCTGACCGCTCAGTGCARCGRAAACTCACGTTAAGGGATTTT
GETCATGAGATTATCARARAGGATCT TCACCTACATCCTTTTATAGTCCGGAAARTACAGGAACGCACGCTGGATEGCC
CTTCGCTGGGATGETGARACCAT GARAAATGGCAGCT TCAGT GGATTARGTGGGGETAATGTGGCCTGTACCCTCTGG
TTGCATACGGTATTCATACGGT TARAAATTTAT CAGGCGCGATTGCGGCAGTTTTTCBGGTCGTTTGTTGCCATTTTTAC
CTGECTGCTGUCGTGATCGCGET GAACGCGT TTTAGCGCTCCOTACAATTARGGGATTATGGTAAATCCACTTACTGT
CTGCCCTCGTAGCCATCGAGATABACCECAGTALT CCGGUCACGATGCETCCGGCGTAGRGGATCGAGATCT

SEQ ID NO:318 (L27V02B)
ATGGTCTTCACACTCGAAGATTTCGTAGGTGACTGGCGACARGACAGCCGGCTACAACCTGGACCANGTCCTTGRACAG
GGETGGTGTGTCCAGTTTGTTTCAGAATCTCGGGGTGTCCGTAACTCCCATCCARAGGATTGTCCTGAGCGGTGARAAT
GGGCTGARGATCGACATCCATGT CATCATCCCGTATGAAGGTCTGAGCGGCCACCARATGGGCCAGATCGAARAAATT
TTTAAGGTGETGTACCCTGTGGATGATCATCACTTTRAGGTGATCCTGCACTATGGCACACTGGTAATCGACGGCGTT
ACGCCGAACATGATCGACTATTTCGCGACGGCCETATGARAGGCATCGCCGTGTTCGACGGCAARARGATCACTGTAACT
GGGACCCTGTGGAACGGCAACARAATTATCGACGAGCGCCTGATCARCCCCGACGGCTCCCTGCTGTTCCGAGTAACC
ATCARCGGAGTGACCGGCTGECGGLTGTGLGAACGCATTCTGGCH

SEQ ID NO:31% (L27V01)

ATGETGTTTACACTCGABGAT TTCGTAGGGGACTGGOGECAGACAGCCGECTACARCCTGGACCARGTCCTTGRACAG
GGCGETGTCTCCAGTTTGTTTCAGAATCTCGGGETGTCCGTARCTCCGATCCARAGGATTGTCCTGAGCGGTGARARC
GGCCTGAAGATCGACATCCATGTCATCATCCCOTATGRAGGTCTGAGCGGCGAT CARATGGGCCAGATCGARRAAATT
TTTAAGGTGGTGTACCCTGTGGATGATCATCACTT TAAGGTGATCCTGCACTATGBCACACTGGTRAATCGACGGGETT
ACGCCGAACATGATCGACTAT T TCGECACCCCCETATGAAGGCATCGCCGTGT TCGACGGCAARARGATCACTGTARCC
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GGGACCCTGTGGARCGGCARCAPAAT TATCGRCGAGCGCCTGAT CARCCCCGRACGECTCCCTGCTGTTCCCCGTARCT
ATCARCGGAGTGACCGGCTGGCEGUTGTGCEGAGCGCATTTTCGCG

SEQ ID NQ:320 (L27VQ1-PESTO0)

ATGGTGTTTACACTCGAAGAT TTCGTAGGGEACTEGGCGGCAGACAGCCGGCTACRACCTEGACCAAGTCCTTGAACAG
GGCGETGTGTCCAGTTTGT ' TCAGARTCTCRGGGETGTCCGTAACTCCGATCCARAGGATTCTCCTGAGCGETGAAANRC
GGCCTGAAGATCGRCATCCATGTCATCATCCCGTATGAAGGTCT GAGCGGCGATCARATGGGCCAGATCGARRAARTT
TITAAGGTGGIGTACCCTETGGATGATCATCACTTTAAGGTGATCCTGCACTATGGCACACTGGTARTCGACGGGGETT
ACGCCGARCATGATCGACTAT TTCEGACGGCCGTATGARGGCATCGCCGTGTTCGACGGCAARAAGATCACTGTARCC
GGGACCCTGTGGARCGGCARCAAAAT TATCGACGAGCGUCTGATCARCCCCGACGGCTCCCTGCTGTTCCECGTAACT
ATCRACGGAGTGACCGGCTGGCGGCIGTGCEAGCGCATTTTCGCGARTTCACACGECTTTCCGCCCGAGGTTGAAGAG
CAAGCCGCCGGTRCATTGCCTATGTCCTGCGCACAAGARAGCGEGTATCGACCGGCACCCAGCCGCTTGTGCTTCAGLT
CGCATCARACGTIC

SEQ ID NO:321 (ILBD1-L27V01)
ATGAACTCCTTCTCCACAAGCOCCTTCGETCCAGTTGCCTTCTCCCTGGGCCTGCTCCTEGTGTTGCCTGCTGCCTTE
CCTGCCCCAGTGTTITACACTCGAAGAT TTCCTAGGCGACTGECEGCAGACAGCCGGCTACAACCTGGACCAAGTCCTT
GRACAGGGCGGTGTGTCCAGTTTGTITCAGARTCTCGGGGTCTCCCTARCTCCGAT CCAARGGATTGTCCTGAGCEGT
GAARARCGGCCTGARGAT CGACATCCATGTCATCATCCCGTATGRAGGTCTGAGCGICGATCAAATGEGCCACATCGAA
ARAATTTTTAAGGTGGTGTACCCTGTGGATGATCATCACT TTAAGGTGATCCTGCACTATGGCACACTGGTAATCGAC
GGGGTTACGCCGARCATGATCGACTAT TTCGGACGGCCGTATGARGGCATCGCCGTGTICGACGGCARMAAGATCACT
GTAACCGGGACCCTGTGGARCGGCAACARRATTATCGACGAGCGCCTGATCARCCCCGACGGCTCCCTGCTGTTCOGC
GTRACCATCAACGEAGTGACCEGLTEGCEGLTGTGCGAGCGCATTTTGGCE

SEQ ID NO:322 (L27V02A)
ATGGTCTTCACACTCGARGAT TTCGT TGGCGACTGGCEACAGACAGCCGGC TACAACCTGGACCAAGTCCTTGAACAG
GGAGGTGTGTCCAGT PTG TTTCAGAATCTCGGGETGTCCGTARCTCCGATCCARAGGAT TG TCC TGAGCGETGRARAT
GGGCTGARGATCGACATCEATGTCATCATCOCGTATGARGETCTCAGCGECEACCARATGGGCCAGATCGRARRAATT
TTTAAGGTGGTGTACCCTGTGGATGATCATCACTTTARGG TGATCCTGCACTATGGCACACTGETART CGRACGGEETT
ACGCCGARCATGRTCGACTATTTCGGACGGCCGTATGARGGCATCGCCG TGTTCGACGGCAABAAGATCACTGTARCA
GGGACCCTGTGGARCGGCAACARAAT TATCGACGAGCGCCTGATCARCCCCGACGECTCCCTGCTGTTCCGAGTAACT
ATCARCGGAGTGACCGECTGECGGCTGTGCGARCGCATTCTGGCG

SEQ ID NO:323 {L27VD2A-PESTO1)
ATGETCTTCACACTCGAAGATTTCGTTGEGGACTGGCGACAGACAGCCGGCTACARCCTGGACCAAGTCCTTGRACAG
GGAGGTGTGTCCAGTTTGTTTCAGAATC TCGGGGTGTCCETRAACTCCGATCCARRAGGATTGTCCTGRAGCGGTGAARAT
GGGCTGRAGATCGACATCCATGTCATCATCCCGTATGAAGGTCTGAGCGGCGACCAART GGGCCAGATCGARRAAATT
TTTAAGGTGGTGTACCCTGTGGATGATCATCACT TTAAGGTGATCCTGCACTATGGCACACTGGTAATCGACGGGGTT
ACGCCCARCATCGATCGACTATTTCGGACGGCCGTATGAAGGCATCCCCGTGTTCCGACGGCARAANGATCACTGTAACA
GGGACCCTGTGGAPLCGGCAACARART TATCGACGAGCGCCTGATCAACCCCGACGGCTCCCTGCTGTTCCGAGTAACC
ATCAACGGAGTGACCGECTEGCGGLTRTGCGAACGCATTCTERCEGAATTCTCACGGUTTTCCGCCTGAGGTTGAAGAG
CRAGCCGCCGGTACATTGCCTATG TCCTCCGCACAMGARAGCGGTATGGACCGGCACCCAGCCGCTTGTGCTTCAGCT
CGCATCARCGTC

SEQ ID NO:324 (IL601-L27VO2A)
ATGAACTCCTTCTCCACAAGCGCCTTCGGTCCAGTTGCCTTCTCCCTGGGCCTGCTCCTCEGTETTGLCTGCTGCLTTC
CCTGCCCCAGTCTTCACACTCGAAGATT TCGTTEGGEACTCECGACAGACAGCCGGCTACARCCTGGACCARAGTCCTT
GAACAGCGAGETGTGTCCAGTTTGTTTCAGAATCTCGGGGTGTCCGTARCTCCGATCCARAGGAT TETCCTGAGCGET
GARAPTCGGCTGARGATCGACATCCATGTCATCATCCCGTATGRAAGG TC TGAGCGGCGACCAAATGGGCCAGATCGAR
ABRATTTTTAAGETGGTCTACCCTGTGGATGATCATCACTTTRAGGTGATCCTECACTATGECACACTGGTAATCGAC
GGGGTTACGCCGRACATGATCGACTATT TCGGACCGCCGTATGAAGGCATCGCCGTGTTCGACCCGCARARAGATCACT
GTAACAGGCACCCTGTGCAACCGCAMCAAMATTATCGACGAGCGLLCTGATCARCCCCGACGGCTCCCTGCTCTTOCGA
GTAACCATCAACGGAGTGACCGGCTGGCGGCTGTGCCAACGCATTCTGGLG

SEQ ID NO:325 {L27v03)

ATGGTCTTCACACT CGAAGATTTCGTAGGTGACTGGCGACAGNCAGCCGGCTACARCC TGGACCARGTTCTTGARCAG
GGTGGTGTGTCCAGTTTGTTTCAGAATCTCCGGGTGTCCGTARCTCCARTCCAGRGGATAGTCCTGAGTGGTGARAAT
GGGCTGARGATCGACATCCATGTCATCATCCCT TATGAAGGTC TGAGCCGLGATCAGATGGGGCAGATCCARAAAARTT
TTTAAGGTGGTGTACCCTGTGGATGATCATCACTTTARGGTGATCCTGCACTATGGCACACTGETAATCGACGGTGRTT
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BCGCCGRACATGATCGACTATTTCGGACGGCCGTATGAAGGCATCGLCGTGTTCGACGECAAARAGATTACTGTCACT
GGAACCCTGTGGRATGGGAACAARAT TATCGACGAGCECCTGATCAACCCCGACGGCTCACTGC TGTTCCGAGTAALC
ATCAATGGTGTTACCGGLTGGCGGCTCTGCGAACCCATTCTAGCA

SEQ ID NO:326 (L27V0Q3-PESTO2)
ATGGTCTTCACACTCGAAGATITCGTAGGTGACTCGCGACAGACAGCCGGCTACAACCTGGACCAAGT TCTTGARACAG
GGTGGTGTGTCCAGTTTGTTTCAGAARTCTCGSGGETGTCCGTAACTCCAATCCAGAGGATAGTCCTGAGTGGT GAARAT
GGGCTGAAGATCGARACATCCATGTCAT CATCCCTTATGAAGETCTGAGCGGCGAT CAGATGGGGCAGAT CGRARAAATT
TTTAAGGTGETGTACCCTGTGGATGATCATCACTT TAAGGTGATCCTCCACTATGCCACACTGGTAATCGACGGTGTT
BCGCCGAACATGATCBACTATTTCGGACGECCGTATGRAAGGCATCGLCGTGTTCGACCGGCAAARAGATTACTGTCACT
GGAACCCTGTGGAATGGGAACAARAT TATCCACGAGCGCCTGATCARCCCCGACGGCTCACTGCTGTTCCGAGTAACC
ATCARTGGTGTTACCEGCTGECGGC TCTGLGARCGCATTCTAGCARATAGTCACGBCTTTCCGCUTGAGGTTGRRGAG
CAAGCCGCCCGTACATTCCCTATGTCCTGCGCACANGANAGCGGTATGGRCCGGCACCCAGCCGCTTGTGCTTCAGCT
CGCATCAACGTC

SEQ ID NO:327 (IL&02-L27v03)

ATGARCTCCTTCTCCACRAGCGCCTTCEGTCCAGTCGCCTTCTCCCTGGGCCTGCTCCTGGTGTTGCCCGCTGCCTTT
CCTGCCCCAGTCTTCACACTCGAAGA T T CETAGG TGACTGGCGACAGACAGCCGGUTACRACCTGGACCAAGTTCTT
GRACAGGCTGGTGTGTCCAGTTTGTT TCACANTCTCGGGGTGTCCGTARCT CCAATCCAGAGGATAGTCCTGAGTGGT
GAAAATGGGCTGAAGATCGACATCCATGTCATCATCCCTTATGAAGGTCTGAGCGGCGAT CAGATGGGGCAGATCGAA
ARAATTTTTAAGGTGGTGTACCCTGTGGATGATCATCACTTTRAGGTGATCCTGCACTATGGCACACTGGTAARTCGAL
GGETGTTACGCCGAACATGATCGACTATTTCGGACGGLCCGTATGAAGGCRTCGCCGTGT TCGACGGCARARACGATTACT
GTCACTGGANCCCTGTCGAAT GECGARCARAATTAT CCACGAGCGCCTCGAT CARCCCCCRACGECTCACTGCTGTTCCGA
GTAACCATCAATGGIGTTACCGGCTGGE

SEQ ID NO:328. (Linker)
GSSGGGSSGOGEPTTENLYFQSDNGSSGGGSSGG

SEQ ID N0:329 (FABP Consensus Sequence}
[GSAIVK] - [FE} - [FYW] =%~ [LIVMF] -%-x~{K] == [NHG] - [F¥] - [DE] =X~ {LIVMFY) - [LIVM}~
{N}-[G} - [LTVMAXR]

SEQ ID NO: 330 (OGLUC Consensus Sequence)
[GSAIVK] - |FE}—-[FYW])-x- [LIVMFSYQ) —Xx—%x-{K}-%X-[NHCK) -x-[DE] —%x— [LIVMFY] - [LIVMWF) -
X={G}=-[LIVMAKRG)

SEQ ID NQ:331 (9B8 PCAl (pF5A/Met-[9BB opt (51-169)]-GGGEGSGGECSS~-FRB)
Atgggcctgaagatcgacatccatgteateatecegtatgaaggictgageggetatcagatgggecagatcgazaaaa
atttttaaggtggtgtaccetgtggatgatcarcactttaaggtgatictgcasctatyggoacactggtaatecgacggg
gttacgcecgaacatgatcgaclatttecggacggergtatgaaggeategecgtgttcgacggecaaaaagatecactgta
accgggaccctgtggaacggcaacaaaattatecgacgagegectgatcaaccecgacggectecoctgetgtteegegta
accateaacggagtgaceggetggeggetgigegagegeatittggegggaggaggtggetcaggtggagggagetec
gtggccatcctetggeatgagatgtggeatgaagycctgoaagaggecatctegtttgtactttggggaaaggaacygty
aaaggcatgtttgaggtgetggagacottgeatgetatgatggaacggggeoccccagactectgaaggaaacatecttt
aatcaggcectatggtcgagatttaatggaggeccaagagtggtgecaggaagtacatgaaatcagggaatgtcaaggac
ctcacccaagcoctgggacctetattatcatgtgttecgacgaatatca

SEQ ID NO:332 (9B8 PCAl (pFS5A/Met-[9BB opt (51-169))-GGEGSGGGSS-FRE)
MGLKIDIHRVIIPYEGLSGYQMGQIEKIFKVVYPVDDHHFKVILHYGTLYIDGVTENMIDYFGREFYEGIAVEDGKKITV
TGTLWNGNKIIDERLINPDGSLLFRVTINGVTIGWRLCERILAGGGGSGGGSSVAILHHEMWHEGLEEASRLY FGERNV
KGMFEVLE PLHAMMERGPQTLKET SFMOAY GRDLMEAQEWCRKYMKSGNVKDLTQAWRDLYYHVFRRIS

SEQ ID WO:333 {9B8 PCAZ (pFSA/[9BB opt (1-50)]1-GGEGESGGGSS-FRBE)

Atggigtttacactcgaagatttcgtaggggactggoggeagacageeggctacaacctyggaccaagiccligageag
ggcggtotgtecagtttgtitcagaaacteggggtgtcegtaacaccgatccaaaagattgrectgageggtgaaaac
ggaggaggtggctcagygtggagggagetocgtggecatecctaetggeatgagatgtggcatgaaggectggaagaggcea
tctegtbtogtactttggggaaaggaacgtgaaaggeatgttigaggtgetggageccttigeatgetatgatggaacgy
ggcceccagactctgaaggaaacakcctttaatcaggoctatggtecgagatttaatggaggeccaagageggigcagy
aagtacatgaaatcagggaatgtcaaggacctcacccaageetgggaccteotattatcatgtgttcegacgaatctoa

SEQ ID NO:334 (9BB PCA2 (pFSA/([9B8 opt (1-50)]-GGGGSGGGSS-FRB)
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MVFTLEDFVGODWRQTAGYNLDOVLEQGGLSSLEQKLGVSVTPIQKIVLEGENGGGGSGGGSSVAI LWHEMEHEGLEEA
SRLYFGERNVKGMFEYLEPLHAMMERGPQTLKETS FNCAYGRDLMEAQEWCRKYMKSGNVKDLTQAWDLY YHVERRIS

SEQ ID NO:335 (9B8 PCA 3 (& pF5A/FKBP-GGGSSGGEGESG-[9B8 opt (51-169)
atgggagtgcaggtggaaaccatctcoceccaggagacgggegeacct tccocaagegoggocagacstgegtggtgeac
tacaccgggatgottgaagatggaaagaaatttgattocctecccgggacagaaacaagecchttaagittatactagge
aagcaggaggtgatcagagygctgggaagaaggggttgoccagatgagtgtgggtcagagagecaaactgactatatot
ccagattatgectatggtgecactgggcacecaggcatcatcecaccacatgecacictegticttegatgtggagett
ctasaactggaaggaggagggagcetecggtggaggeageggrggectgaagatcgacatccargtcatcateccgtat
gaaggtctgagcggetatcagatgggocagatogaaaaaatrtttaaggtggtgtaccotigtggatgateatecacttt
daggrgattcrgeactatggecacactggtaategacygggliacgcogaacatgatcgactatttoygacggecgtat
gaaggratcgcegtgttegacggcaaaaagatcactgtaaccgggaccetgiggaacggeaacaaaaltatcgacygag
cgocotgatcaaccecgacggetecctgetgttecgegtaaccatcaacggagtgaccggetggeggetgtgegagege
attttggeqg

SEQ ID NG:336 (988 PCA 3 (& pFbA/FKBP-GGESSGGGSG-[9B8 opt (51~169)
MGVOVETISPGDGRTFPKRGOTCYVRYTGMLEDGKKF DS SRDRNKPFKIMLGKQEVIRGREIEGVAQMSVGORAKITIS
PDYAYGATGHPGI I PPHATLVFDVELLKLEGGCGSSGEGSGELKIDIHVIIPYEGLSGYQMGDIEKIFKVVYPVDDHEE
KVILHYGTLVIDGVTPNM1 DY FGRPYEGIAVFDGKKITVTGTLWNGNKI IDERLINPDGSLLFRVTINGVTGWRLCER
ILA

SEQ ID NG:337 (9B8 PCA 4 (pF5A/FEBP-GGGSSGGGSG-[9B8 opt (1-50}
atgggagtgecaggtggaaaccatetececaggagacgggecgeaccticoccaagegeggecagacctgegiggtgeac
tacaccgggatgcttgaagatggaaagaaatttgaticciccogggacagaaacaagoectttaagtttatgctagge
aagcaggaggtgatccgaggotgggaagaaggggttgeccagatgagtgtgggtcagagageccaaactgactatatet
cecagaltatgectatggtgccactgggeaceccaggeatecatcecaccacatjecactaetegtettegatgrggagetrt
ctaaaactggaaggaggagggagctecoggtggayucageggtatggigtitacactecgaagattiegtaggggactagg
cggcagacagecggetacaacctggaccaagtocttgagecagggeggrorgtacagtrtgittcagaaactegggatg
tccgtaacaccgatccazaagattgtectgageggtgaaaac

SEQ ID NG:338 (9B8 PCA 4 (pFS5SA/FEKBP-GGGSSGGGSG-{9BB opt (1-50}

MGYQVETISPGOGRY FPKRGQTCVVHY TGMLEDGKKFDS SRORNKPFKFMLGKOEVIRGREEGVAOMSVGORAKLTIS
PDYRYGATGHPGIIPPHATLVFDVELLKLEGGGSSGGGSGMVFTLEDFVGDARQTAGYNLDQV LEQGGL.ESLFQKLGY
SVTPIQKIVLSGEN

SEQ ID NO:339 (KI3ZN+L27V+K43R+Y68D)
Atggtgtttacaclcgaagatttecgtaggggactggsggcagacagscggctacaacotggaccaagtecttgageag
ggcggtgtgtccagtttgtticagaatcteggggtgtocegtaacacegatecaaaggattglectgageggtgaaaac
ggecctgaagatcgacatccatgtcatcateccqgtatgaaggratgageggegatcagatgggecagatcgaaaaaatt
tttaaggtggtgtacectglggatgatcatcactitaaggtgattoctgractatggcacactggtaatcgacggggtt
acgccgaacatgatcgactattteggacggecgtatgaaggcatcgecgtgttcgacggcaaaaagatcactgtaace
gggacectgtggaacgqeaacaaaattatcgacgagegectgatecaaceecgacggetcectgetgttcegegtaace
atcaacggagtgaccggetyggeqggoctgtgegagcgecattetggeg

SEQ ID NO:340 {K3I3N+L27V+K4{3R+Y68D)
MYETLEDFVGDWRQTAGYNLDOYLEQGGVSSLFONLGYSVIPIQRIVLSGENGLKIDIHVT [PYEGLSGDOMGOIEKT
FKVVYPVDOHRFKVILHYGTLVIDGVT PNMIDYFGRPYEGIAVEDGKKITVTIGT LWNGNKIIDERLINPDGSLLERVT
INGVTGWRLCERILA

SEQ ID NO:341 (KA3N+ L27v+T39T+KI3R+566N)
Atggtgtttacactcgaagatttecgtaggggactggeggragacagecggectacaacectyggaceaagicettgageag
ggcggtgtgtccagtttgtttcagaatcteggggtgtccgtaactoagatccaaaggattgtectgageggtgaaaac
gycctpaagatcgacatccatgtcatcatccegtatgaaggtetgaacgactatcagatgggccagatcgaaaaaatt
ttrtaaggrggtgraccctgtggatgatcatcactttaaggtgattctgecactatggcacactggtaatcgacggggtt
acgecgaacatgategactattteggacggeegtatgaaggeatcgecgtgttcgacggcaaaaagatcactgtaace
gggaccctgtggaacggcaacaaaattatecgacgagegectgatcaaceccgacggectoectgetgitecegegtaace
atcaacggagtgaccyggctggoggctgtgogagcgcattetggeg

SEQ ID NO:342 (KA3N+ L27TV+T39T+K43R+566N)
MVEFTLEDFVGDWROTAGYNLDOVLEQGGYSSLFONLGVSVTPIQRIVLSGENGLKIDIHVIIPYECGLNCYOMGQIEKI
FKVVYPVDDHHEFRKVILHYGTLVIDGVTPNMIDYFGRPYEGIAVFDGKKITVTGTLWNGNKI [ DERL INFDGSLLFRVT
INGVIGWRLCERILA

SEQ ID NO:343 (pCA 31 pCA L27V02A 45-169%9 FRE)
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atggtcctgagoggtoaaaatgggetgaagatcgacatecatgtcatcatecegtatgeaggtetgageggcgaccaa
atgggecagategaaaaaattttiaaggrggtgtacoctgtggatgarcatcactttaaggtgatcectgractatgge
acactggtaatcgacggggttacgecgaacatgategactattteggacggecgtatgaaggeatogeocgtgttegac
ggradaaagatcacigtaacagggacceiglggaacggcaacaaaatoategacgagegecctgatcaaccecgacgge
tcoctgotgttocgagtaaccatcaacggagtgaceggetggeggetgtgegaacgeattetggegggaggaggtgge
tcaggtggagggagetecgtggecatocerctggeatgagatgtggcatgaaggectggaagaggeatetegritgtac
tttggggaaaggaacgtgaaaggcatgtetgaggtgetggageecttgratgetatgatggaacqggggecceccagact
ctgaaggaaacatcctttaatecaggectatggtegagatttaatggaggeccaagagtgagtgecaggaagtacatgaaa
tecagggaatgtcaaggacctcacecaagectgggacctetattateargigttecgacgaatetea

SEQ ID NO:344 {pCA 31 pCA L27V0ZA 45-16% FRB)

MVLSGENGLKIDTHVT I PYEGLSGDOMGQIEKI FKVVYPYDDHEFKVILHYGTLV I DGYTPNMIDYFGRPYEGIAVED
GKEITVTGTLWNGNKIIDERLINPDGSLLFRVTINGVTGWRLCERILAGGGGSGGGSSVAILWHEMNHEGLEEASRLY
FGERNVEGMFEVLEPLHAMMERGPQTLKETS FNORYGR DLMEAQEWCRKYMKSGNVKDLTDAWDLY YRVEFRRIS

SEQ ID NO:345 (pCA 32 FEKBP L27V02A 1-44)
atgggagtgcaggtggaaaccatetocecaggagacgggegcacettcoccaagogecggoecagacetgegtgatycac
tacaccgggatgcecttgaagatggaaagazatttgattecteccgggacagaaacaagecctttaagtttatgetagge
aagcaggaggtgatecegaggetgggaagaaggggttgeoocagatgagtgtgggtcagagageaaaastgactatater
ccagattatgcctatggtgecactgggeacccagycateateccacracatgecactectegtettegatgtggagett
ctaaaactggaaggaggagygagotcoggtggaggcagegqgrarggrcttcacactcgaagatrtcgttggggactgg
cgacagacagecggetacaacctggaccaagrecttgaacagggaggtgtgtecagttitgttrcagaateteggggtg
tocgtaactocgatccaaaggatt

SEQ ID NO:346 (pChA 32 FEBP LZTVO2A 1-44)

MGVQVETISPGDGRTFPKRGQTCVVHY TGMLEDGKKFDSSRDRNKPFKEFMLGKCEVIRGWEEGVAQMBYGQRAKLTIS
PDYAYGATGHPGIIPPHATLVFDVELLKLEGGGSSGGGESGMVFTLEDFVGRWROTAGYNL DQVLEQGGVSSLFONLGY
SVTPIQRI

SEQ ID NO:347 {(pCA 33 plA L27V02A 46-169 FRB)
atgctgageggtgaaaatgggetgaagatecgacatcecatgiecatecateecogtatgaaggtetgageggegaccaaatyg
ggccagatcgaasasatttttaaggarggtgtaccctgtggatgatcatcactttaaggtgatcctgecactatggecaca
ctggtaatcgacggogttacgcogaacatgategactatticggacyggeogtatgaaggeategeegigttegacgge
aasaagatcacigtaacagggacccigtiggaacggcaacaaaattatcgacgagegoctgatcaaccoccgacqggetece
ctgetgttecgagraaccarcaacggagtgaceggetggeggetgtgegaacgeattetggegggaggaggtggetea
ggtggagggagctecgtggecatecctectggocatgagatgtggecatgaaggcctggaagaggcatctegtttgtacttt
ggggaaaggaacgtgaaaggcatgtitgaggtgotggageecttgeatgetatgalggaacgaggeccecagacicty
aaggaaacatcctttaatcaggectatyggrcgagatttaatgoaggeecaagagtggtgecaggaagtacatgaaatca
gggaatgtcaaggacctcacaecaagoctgggacctctattatcatgtgttccgacgaatctca

SEQ ID NO:348 (pCA 33 pCA L27VO2A 46-169 FRB}

MLSGENGLKIDIHVI TPYEGLSGDOMCQIEKIFRVVYPVDDHHERVILEYGTLVIDGYTPNMIDYFGRPYEGIAVFDG
KKITVTGTLWNGNKI IDERLINPDGSLLFRVTINGVTGWRLCERILAGGGGSGGGSSVAILWHEMWEEGLEEASRLYF
GERNVKGMFEVLEPLHAMMERGPQTLKETSFNQAYCGRDLMEAQEWCRKYMKSGNVKDLTQRAWDLYYEVFRRIS

SEQ ID NO:349 (pcA 34 pCA FEBP 1-45 L27VvQ02A)
atgggagtgceggtggaaaccalictoccecaggagacgggeogeaccttecccaagegoggecagacctgegtggtgeac
tacaccgggatgctrrgaagatggaaagaastttgattocctocccgggacagaaacaagecctttaagtttatgetages
aagcaggaggtgatcegaggetgggaagaaggggttgeccagatgagtgtgggteagagagecaaactgactatatet
ccagattatgoctatggtgeccactgggcacecaggcatecatcccaccacatgecactectegtettegatgtggagert
ctaaaaciggaaggaggagggagectoccggtggaggcagcggtatggbettecacactegaagatttegttyggggacigy
cgacagacagecggctacaacctggaccaagiccttgaacagggaggtgtgtecagtttgtttcagaateteggggtyg
tceogtaactcocegatoccaaaggattgro

SEQ ID NO:350 (pCA 34 pCA FEKBP 1-45 L27V02A}
MGVQVETI1SPGNGRTEFPKRGQTCVVHYTGMLEDGKKFDS SRDRNKPFKFMLGKQEV TRCWEEGVADMSVGQRAKLTIS
PDYAYGATGHPGIIPPHATLVEDVELLKLEGGGSSGGGSGMVFTLEDEVGDWRQTAGYNLDQVLEQGGVSSLFONLGY
SVTPIQRIV

SEQ ID NO:351 (pCaA 35 pCA L27V02A 100-169 FRB)

alggacggggttacgecegaacatgatcgactattteggacggecgtatgaaggeategecgtgticgacggcaaaaay
atcactgtaacagggaccctglggaacggcaacaaaattatcgacgagegectgatoaaceccocgacggotocectgotg
ttecgagtaaccatcaacggagtgaccggctggeggctgtgegaacgecattetggegggaggaggtggeticaggtgga
gggagcteceogtggecatectectggeatgagatgtggeatgaaggeetggaagaggeatectegttigtacttbtggggaa
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aggaacgtgaaaggcatgtttgaggtgctggagcccttgcatgctatgatggaacggqgcccccagactctgaaggaa
acatcctttaatcaggectatggtegagattraatggaggcccaagagtggtgeaggaagtacatgaaatcagggaac
gtcaaggacctcacceaagectgggacctotattatcatgtgttcecgacgaatcica

SEQ ID NO:352 (pCA 35 pCA L27V0Q2A 100-16% FRE)
MDGVTPKNMIDYFGRPYEGIAVFDGKKITVPGTLWNGNKI I DERLINPDGSLLFRVTINGVTGWRLCERILAGGGGSGE
GS5VAILWHEMWHEGLEEASRLYFGERNVKGMFEVLE PLHAMMERGPQTIKET SFNQAYGRDLMEAQEWCRKYMKSGN
VKDLTQAWDLYYHVFRRIS

SEQ ID N0:353 {pCA 36 FKBP LZ7V02A 1-99}
atgggagtgcaggtggaaaccatetecccaggagacygggegcaccttcocccaagegeggccagacctgogtggtgeac
tacaccgggatgcettgaagatggaaagaaatrtgattoccotocccgggacagaaacaaaccekttaaghtiatgetagge
aagcaggaggtqatccgaggctqggaagaaggggttgcccagatgagtgtqggtcagagagccaaactgactatatct
ccagattatgectatgytgecactgggeacceaggeaicatcecaccacatgecactctecgteticgatgtggagett
ctaaaactggaaggaggagggagatcoggtggagecageggtratggtcttcacactegaagatttcgtiggggactyag
cgacagacagccggctacaacctggaccaagicctigaacagggaggtigtgtecagtttgtttecagaatetcggyggry
teegtaacteccgatccazaggattgtoctgagegatgasaatgggetgaagategacatecatgtcatcatcecgtat
gaaggtctgagcggogaccaaatgggecagategaaaaaatttttaaggtggtgtaccotgtggatgatcatcacttt
aaggtgatcctgcactatggcacactggtaatc

SEQ ID NO:354 (pCA 36 FKBP L27V02AR 1-99)

MGVQVET T SPGDGRT FPKRGETCVVHYTGMLE DGKKFDSSRDRNKPFKFMLGKQEVIRGWEEGVAQMSVGORAKLTIS
PDYAYGATGHFGITPPHATLVFDVELLKLEGGGSSGGGESGMY L LEDFVGDWROTAGYNLDQVLEQGGV SSLEDNLGY
SVTPIQRIVLSGENGLKIDIHVIIPYEGLSGDQMGQIEKIFKVVYPVDDHRHFKVILHYGTLYI

SEQ ID NC:355 (pCA 37 L27v02A 101-169 FRB)
atgggggttacgcegaacatgategactattteggacggecgtatgaaggcatcgoogtgttcgacggecaaaaagatc
actgtaacagggaccctgtggaacggcaacaaaattatcgacgagrgectgateaaccecgacggelcoctgelglie
cgagtaaccatcaacggagtgacecggectggoggectgtgegaacgeattotyggeqggaggaggtgygctcagygtggagyyg
agctccgtggecatectetggcatgagatgtggecatgaaggectggaagaggecatctegtitgtactttggggeaagg
aacgtgaaaggcatgtttgaggtgctggagcccttgcatgetatgatqgaacggggeccccagactctgaaggaaaca
tectttadficagygcctatggtcgagattitaatggaggecccaagagtiggtgcaggaagtacatgaaatcagggaatgte
aaggacctcacccaagcstgggacctoctattatcatgtgttcagacgaatctca

SEQ ID NO:356 (pCA 37 L27v02a 101-169 FRB)
MGVTPNMIDYFGRPYEGIAVEDGKKITVTIGTLWNGNKLIDERLINPDGS LLERVTINGVTGHRLCERILAGGGGSGGG
SSVAILWHEMWHEGLEEASRLYFGERNVKGMFEVLE PFLHAMMERGPOTLKETSFNOAY GRDLMEAQEWCRKYMKSGNY
KDLTOAWDLYYHVFRRIS

SEQ ID NO:357 (pCA 38 FKBP 1-100 L27V02A)
Atgggagtgcaggtggaaaccatctoccoccaggagacgggcgecaccttoccccaagegeggecagarectgcgtggtgeac
tacaccgggatgettgaagatggaaagaaatttgarteciccegggacagaaacaagecectttaagtttatgetagge
aagcaggaqggtgatccgaggetggygaagaaggggtigeccagatgagtgtgggtcagagagecaaactgactatatet
ccagattatgectatggtgoccactgggcaccoaggcatcatcocaccacatgocactotegtettagatgtggagett
ctaaaactggaaggaggagggagetoccggiggaggeageggtatggtertcacactecgaagatttegttggggactgyg
cgacagacagecggctacaacctggaccaagtocttgaacagggagyrgtgtecagtttgtttcagaatctoggggtg
tcegtaactocegateccaaagoattigtcctgageggtgaaaatgggetgaagatecgacatecatgteatcatecegtat
gaaggtctgagcggcgaccaaatgggocagatcgaaaaaatttttaaggtggtgtaccetygtggatgateatecacttt
aaggtgatcctgcactatggecacactggtaategac

SEQ ID NO:358 (pCA 38 FKBP 1-100 L27V0ZA}
MGVQVETISPGDGRTEFPKRGOTCVVHY TGMLEDCKKE DS SRORNKPFKFMLGKOEVIRGWEEGVAQMSVGORAKLTIS
PDYAYGATGHPGIIPPHATLVEFDVELLKLEGGGSSGGESGMVETLEDKVGOIWRGTAGYNLDQVLEQGGVYSSLEFQNLGY
SVTPIQRIVLSGENGLKIDIHVIIPYEGLSGPQMGQIEKIFKVVYPVDDHHFKVILEYGTLVID

SEQ ID NO:359 (pCA 39 L27V02A 102-169 FRB)
Atggttacgccgaacatgatcgactattteggacggecatatgaaggecategeogigitegacggeaadaagatecact
gtaacagggaccctgiggaasggcaacaasattatcgacgagogoctgatcaascoogacggoteoctgotgticcga
gtaaccatcaacggagtgaccgactiggcggotgtgegaacgecatictggogggaggaggtggetcaggtggagggage
tcegtggecatcctoctggoatgagatgtggeatgaaggectggaagaggecatctegictgtacttiggggaaaggaac
gtgaaaggcatgtttgaggtgctggagececttgoatgetatgatggaacggggococcagactctgaaggaaacateco
tttaatcaggcctatggtogagatitaatggagygeccaagagtggtgeocaggaagtacatgaaatcagggaatgtcaag
gacetcacccaagocctgggaccrcrattatcatgtgttecgacgaatetea
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SEQ ID NO:360 (pCA 39 L27V02A 102-169 FRB)

MVTPNMI DY FGRPYEGIAVFDGKKITVTGTLWNGNKI TDERLINPDGSLLFRVT INGVTGWRLCERILAGGGGSCGGS
SVAILWYEMWHEGLEEASRLY FGERNVKGMFEVLE PLHAMME RGEQTLKET SFNQAYGRDLMERQEWCRKYMKSGNVK
DLTQAWDLYYHVFRRIS

SEQ ID NO:361 (pCA 40 FKBP L27V0ZA 1-101}
atgggagtgraggtggaaaccatetcececaggagacggasgcaccttcaccaagegeggecagacctgegtggigeac
tacaccgggatgcttgaagatggazagaaattigattectocegggacagaaacaageectttaagtttatgotagge
aagcaggaggtgatccgaggetgggaagaaggagttgcccagatgagtgtgggtcagagageocaaactgactatatet
ccagattatgectatggrgecactgggeacceoaggeatcateccaccacatgecactetegtettegatgtggagett
ctaaaactggaaggaggagggagctcoggtagaggcageggtatggtettcacactcgaagatttegttggggactgy
cgacagacagccggctacaacctggaccaagtecttgaacagygaggltatgtoccagtttgtttcagaatcteggggty
tccqgraactecgatccasaggattgroectgageggtgaaaatgggoctgangategacateccatgtecatcatecogiat
gaaggtctgagecggegaccaaatgggrcagatcgaaaaaatttttaaggtggtgraccctgtggatgatcatcacttt
aaggrgatcctgcacratggcacactggtaatcgacgygy

SEQ ID NO:3562 (pCA 40 FKBP L2Z7V0O2A 1-101)
MGVOVETISPGDGRTFPKRGOTCVVHYTGMLEDGKKFDSSRDRNKPFKFMLGKQEVIRGWEEGVACMSVGORAKITIS
FDYAYGATGHPGIIPPHATLVEDVELLKLEGGGSSGGGSGMVET LEDFVGDWROTAGYNLDOVLEQGGVSSLFONLGY
SVTPIQRIVLSGENGLKIDIHVIIPYEGLSGDOMGQIEKIFKVVY PVODHHFKVILHYGTLYIDG

SEQ ID NO:363 {pCA 41 L27V02A 143-16% FRB)
atgatcaaccccgacggeteectgetgttcogagtaaccatcaacggagtgaceggetggeggetgtgegaacgeatt
ctyggeygggaggaggtgactcagytggagggagectecgtggecatcctectggocatgagatgtggeatgaaggecetggaa
gaggecatcregtitetactttguggaaagyaacgtgaaaggeatgtitgaggtgetggageecttgeatgetatgatg
gaacggggcccocragactctgaaggaaacatectttaatcaggectatggtegagatrttaatggaggeccaagagtgy
tgcaggaagtacatgaaatcagggaatgtcaaggacctcacecaagecetgggacectctattatcatgtgttcocgacga
atctca

SEQ ID NO:364 (pCA 41 L27V0O2A 343-169 FRB}
MINPDGSLLFRVTINGVTGHRLCERILAGGGGSGGGSSVAILNHEMWHEGLEERASRLY FGERNVKGMFEVLE PLHAMM
ERGPOTLKETSENQAYGRDLMEAQENCRKYMKEGNVKDLTOANDLYYHVFRRIS

SEQ ID NO:36% (pCA 42 FKBP 1-142 L27V02A}
atgggagtgcaggtggaaaccatctocccaggagacgggeygcacettececccasgegrgygecagacctgegtggtgeac
tacaccgggatgcttgaagatggaaagaaatttgattoctcecogggacagaaacaagecotttaagtttatgetagge
aagcaggaggtgatccgaggetgggaagaaggggttgoccagatgagtgtgggtcagagageraaactgactatatet
ccagattatgcoctatggtgocactgggcaccaaqggaeatcatcccaccacatgocactctegtottcgatgtggagett
ctaaaactggaaggaggagygageteecggtggaggeageggtatggtettcacactcgaagat ttegt tggggactgg
cgacagacagccggctacaacctggaccaagiccttgaacagggaggtgtgtecagtttgtttecagaatecteggggtyg
iccgtaactecgatccaaaggattigtectgageggtgaaaatgggectygaagatcgacatcecatgtecatecatecegtat
gaaggtctgagcggegaccaaatgggccagatcgaaaaaatttttaaggtggtgtacectgtggatgatcatcacttt
aaggtgatcctgecactatggcacactggtaatcgacggggttacgeocgaacatgatogactatttecggacggeegtat
gaaggcatcqgecgtgttegacggcaaaaaqgatcactgtaacagggaccetgtggaacggcaacaaaattatcgacgag
cgectg

SEQ ID NO:366 (pCa 42 FKBP 1-142 L27V02A)

MGVOVETI SPGDGRTFPKRGQTCVVHYTGMLEDGKKF DSSRDRNKPFRKFMLGKOEVIRGWEEGVAOMSVGQORAKLTIS
PDYAYGATGHPGIIFPHATLYFDVELLKLEGGGSSGGGSCGMVFTLEDFVGDWRQTAGYNLDQVLEGGGVSSLFQNLGY
SVYTPIQRIVLSGENGLKIDIHVIIPYEGLSGEOMGQIEKI FKVVYPVDDHHFKVILBYGTLVIDGVTENMIDYFCRPY
EGIAVEDGKKITVTGTLWNGNKIIDERL

SEQ ID HO:367 (pCA 43 L27V02A 145-165 FRB)

atgeccococgacggectecocctgctgttccgagtaaccatecaacggagtgaccgactggoggotgtgcgaacgeattctggeg
ggaggagalggcicaggliggagggagetecgtggecatcetctggeatgagatgiggecatgaaggectggaagaggea
tctocgrttgtactttggggaaaggaacgtgaaaggeatgtttgagqgtgetggaaccettgcatgetatgatggaacgg
ggcccecagactctgaaggaaacatectitaatcaggoctatggtcgagatttaatggaggeccaagagtggtgeagy
aagtacatgaaatcagggaatotcaaggacctcacecaagectgggacctetattatcatgtgttecgacgaatctea

SEQ ID NO:368 (pCA 43 L27VDZA 145-169 FRB)

MPDGSLLFRVTINGYTGWRLCERILAGGGGSGGGISYA LLWHEMWHEGLEEASRLYFGERNVKGMFEVLEPLHAMMER
GPQTLKETSFNQAYGCRDLMEAQEWCRKYMKSGNVKDLTQARNDLYYHVFRRIS
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SEQ ID NO:369 (pCA 44 FKBP 1-144 L27v0Q2a)
atgggagtgcagqtgqaaaccatctccccaggagacgggcgcaccttcccCaagcgcggccaqaCCthgtggtgcac
tacaccgggatgettgaagatggaaagaaattigattecteccgggacagaaacaageectttaagtttatgetagge
aagcaggaggtgatccgaqgctgggaagaaggggttgcccagatgagtgtqggtcagagagccaaactgactatatct
ccagattatgectatggtoccactgggeacecaggcatcatcccaccacatgecactetegteticgatgtggagett
ctaaaactggaaggaggagggagetecugtggagycageggtatggtet tcacactcgaagat tEcgrrggggactgg
tgacagacagecggetacaacctggaccaagtccttgaacagggaggtgtglocagtltgtttcagaatetoggggty
tccgtaactecgatccaaaggattgtectgageggtgaaaatgggetgaagategacatecatgteatcatccograt
gaaggictgagcegacgaccaaatgggocagatcgaaaaaatttitaaggtggtgtacectgtggatgateatcacttt
aaggtgatectgeactatggcacactagtaategacggggttacacegaacatgatcgactatticggacggecgtat
gaaggcatcgecgtgttcgacggecaasaagatcactgraacagggaccectgtggaacggcaacaaaattategacgag
cgcctgatcaac

SEQ ID NO:370 (pCA 44 FKBP 1-144 L27V02A)

MGVQVETISPCDGRT FPEKRGQTCVVHYTGMLE DGKKFDSSRDRNKPFKEMLGKQEVI RGNEEGVAQMSVGQRAKLTIS
PDYAYGATGHPGIIPPHATLYEDVELLKLEGGGSSGEGSGMVFTLEDFVGDWROTAGYNLDQVLEQGGVSSLFQNLGY
SVTPIQRIVLSGENGLKIDIHVIIPYEGLSGDCMGQIEKIFKVVYPYDDHHFKVILHYGTLVIDGVTPNMIDY FGRPY
EGIAVFRGKKITVTGTLWNGNEKI IDERLIN '

SEQ ID N0:371 (pCA 45 L27v02A 147-169 FRB)
atgggckcectgetgttcogagtaaccatcaacggagtgaceggetyggeggetgtgegaacgeattctggcgggagga
ggtggctcaggtggagyggagcteegtggccatcctctggeratgagatgtggecatgaaggectggaagaggeatctegt
ttgtactttggggasaggaacgtgaaaggcatgtitgaggtgotggagoosttgcatgetatgatggaacggggacee
cagactctgaaggaaacatcctttaatcaggcctatggtecgagatttaatggaggeccaagagtggtgeaggaagtac
atgaaatcagggaatgtcaaggacctcacccaagecctgggacetctattatcatgtgttccgacgaatctcea

SEQ ID NO:372 (pCA 45 L27v02A 147-169 FRB)
MGSLLFRVTINGVTGWRLCERILAGGGGSGGGSSVALLWHEMWHEGLEEASRLY FGERNVKGMFEVLEPLHAMMERGE
RTLKETSFNQAYGRDLMEAQEWCRKYMKSGNVKDLTOARDLY YHYFRRIS

SEQ ID NO:373 (pCA 46 FKBP- L2Z7V02A 1-146)
atgggagtgcaggtggaaaccatctocecccaggagacgggeaeancttecocaagegeggecagacetgegtagtgeac
tacaccgggatgcttgaagatggaaagaaatttgattccteccgggacagaaacaageactttaagtitatgetagge
aagcaggaggtgatecgaggectgggaagaaggggttgeecagatgagtgtgggtcagagagecaaactgactatatot
ccagattatgectatggtgecactgggeacoccaggecatcatcccaccacatgecactctegtettegatgtggaactt
ctaaaactagaaggaggagggagectccggtggaggecagocggtatggtocttcacactcgaagatttocgittgggaactgyg
cgacagacagcecggctacaacctggaccaagtecttgaacagggaggtgigtccagtttgtttcagaatcteggagtg
tcogtaactecgatecaaaggatigtactgagecggtgaaaatgggatgaagatcgacatccatgtcatcateccgrat
gaaggtetgageggegaccaaatgggecagatcgaacaaattittaaggbggtgtacectgtggatgatecatcacttt
aagatgatcctgcactatggcacactggtaatcgacggggttacgecgaacatgatcgactatttoggacggoogiat
gaaggcategecgtgttegacggeaaaaagatecactgtaacagggacectgtggaacggcaacaaaattategacgag
cgoectgatcaaccoccogac

SEQ ID NQ:374 (pCA 46 L27VO2A-FKEP 1-146)

MGVQVETISPGDGRTFPKRGQTCVVHY TGMLEDGKKFDSSRORNKIIFKFMLGKOEVIRGWEEGVAQMSVGQRAKLTIS
PDYAYGATGHPGITPPRATLVFDVELLKLEGGGSSGOGSGMYV FTLEDFVYGDWRQTAGYNLDOVLEQGGVS SLEQNLGY
SVTPIQRIVLSGENGLKIDIAVIIPYEGLSGDOMGQIEKIFKVVY PVDDRHFKVILRYGTLVIDGVTPRMIDYEFGRPY
EGIAVFDGKKITVTGTLWNGNKIIDERLINPD

SEQ ID NO:375 (pCA 47 L27v02A 14B-169% FRB)
atgtceccoctgetgttocegagtaaccatcaacggagtgaccggetggeggetgtgegaacgeattctggegggaggaggt
ggcteaggrggagggagetocegtggocatactetyggcatgagatgtggeatgaaggectggaagaggeatetagtttyg
tactttggggaaaggaacgtgaaaggcatgiitgaggtgetggagecctigeatgetatgatggaacggggeccecay
actctgaaggaaacatccittaatcaggectatggtogagattiaatggaggecccaagagtggracaggaagtacaty
aaatcagggaatgtcaaggaccteacccaageectgggacctetattatcatgtgtteegacgaatetea

SEQ ID NO:376 (pCa 47 LZ7vO2A 148-169 FRBE}
MSLLERVTINGVTGWRLCERILAGGGGSGCGSSVAILWHEMWHEGLEEASRLY FGERNVKGMEEVLE PLHAMMERGPO
TLKETSFNQAYGRDLMEAQEWCRKYMKSGNVKOLTQAWDLYYHVFRRIS

SEQ ID NO:377 (pCA 48 FKBP- L27V02Aa 1-147)}

atgggagtgcaggiggaaaccatCtoccccaggagacgggegeagettecccaagegeggecagacetgegtggtgeac
tacaccgggatgcecttgaagatggaaagaaatttgattectecoccgggacagaaacaageectttaagtttatgetagge
aagcaggaggtgatcegaggctgggaagaaggggttgoccagatgagtgtgggtcagagagecaaactgactatatct
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ccagattatgcctatggtgccactgggcacccaggeatecateccaccacatgecactetegteticgatgtggageott
ctasaactggaaggaggagggagetoceggtggaggeageggtatggtettecacactcgaagatticgttgyggactag
cgacagacagccggctacaacectggaccaagtcctrgaacagggaggtgtgtocagtttgtttcagaatctcggggtg
tcegtaactocogatccaaaggattgiecctgagegyigaaaatgggoctgaagatcgacatccatgteatcatecegtat
gaaggtctgagoggogaccaaatgggccagatcgaaaaaatttttaaggtggtgtacectglggatgatcatcacrrt
aaggtgatcctgcactatqqcacactggtaatcgacgqggttacqccqaacatqatcgactatttcggacggccgcat
gaaggcatcgecogtgttogacgacaaaaagatcactgtaacagggaccctgiggaacygeaacaaaattatcgacgag
cgcctgatcaaccecgacgge b

SEQ ID NO:378 (pCA 48 FKBP- L27v02a 1-147)
MGVQVRTISPCDGRTFPKRGOTCYVHY TCMLEDGKKFDS SRDRNKEFKFMLCGKQEV IRGWEEGVAQMSVGORAKLTILS
PDYAYGATGHPGI I PPEHATLVFDVELLKLEGGGSSGGGSGMYFTLEDFVGDHRQTAGYNLOQVLEQCGVSSLEQNLGY
SVTPIQRIVLSGENGLRIDIHVIIPYEGLSGEOMGQIEKIFKVVYPVDDHHFKVILEYGTLVIDGVTPNMIDY FGREY
EGIAVFDGKKITVTGTLWNGNKIIDERLINEPDG

SEQ ID NOQ:379 (pCA 49 L27V02A 156-16% FRB) .
atgaacggagtgaccggctggcggetgtgegaacgcattetggegggaggaggtggetcaggtggagggagetocegtyg
geeateortetogeatgagatgtggoatgaaggectggaagaggcatctegtttgractttggggaaaggaacqtgaaa
ggcatgtttgaggtgctggageectigeaigetatgatggaacggygeccccagactetgaaggaaacatectttaat
caggcctatggtogagatttaatggaggeccaagaqgtggtgcaggaagtacargaaatcagggaatgtcaaggacctco
acccaagecctgggacctetattatcatgtghtocgacgaatetea

SEQ ID NC:380 (pCA 49 L27V02A 156-169 FRB)
MNGVTGWRLCERILAGGGGSGGGSSVAILWHEMWHEGLEEASRLY FCGERNVKCMEFEVLEPLAAMMERGPOTLKETSEN
PAYGRDLMEAQEWCRKYMKSGNVKDLTOAWDLYYHVFRRIS

SEQ ID NO: 381 (pCa 50 FKBP-L27VQ2ZA 1-155)
atgggagtgcaggtggaaaccatcteoccraggagacgggogeacctteceeaagegeggecagacctgegtggtgeac
tacaccgggatgcttgaagatggaaagaaatttgattectcocgggacagaaacaagecctttaagtttargetagge
aagcaggaggtgatccgaggctgogaagaaggggttgeccagatgagtgtgggtcayagagecaaactgactatatet
ccagattangectatgqrgecactrgggcacccaggcatcatcccaccacatgeccactetegteottegatgtggagett
ctasaactggaaggaggagggageteceggtggaggeageggtatggtctteacactecgaagatttecgtitggggactgg
cgacagacagccggotacaacctggaccaagtccitigaacaggygaggtgtgtccagtttgtttcagaatctcggggtg
teegtaeactecogatecaaaggattgtectgageggtgaaaatgggetgaagategacatceatgteatcatecegtat
gaaggtctgagcggegaccaaatgggecagatcgaaaaaatttittaaggtggrgtacectgtggatgatcatcacttt
aaggtgatcctgcactatggcacactggtaategacggggttacgcocgaacatgatcgactattteggacggeegtat
gaaqgcatcgecgtottcgacggcaaaaagatcactgtaacagggaccetgiggaacggcaacaaaattatcgacgag
cgoctgatcaacccegacggetacetgctygttecgagtaaccate

SEQ ID NO:382 (pCA 50 FKBP-L27V02A 1-155)
MGVQVETISPGDGRT?PKRGQTCVVHYTGMLEDGKKFDSSRDRNKPFKFMLGKQEVIRGWEEGVAQMSVGQRAKLTIS
PDYAYGATGHPGIIPPHATLYEFDVELLKLEGGGSSGCGSGMVETLEDEVGDWRQTAGYNLDQVLEQGGVSSLEQONLGY
SVTPIQRIVLSGENGLKIDIBRVIIPYEGLSGDOMGOIEKI FKVVYPVDDHHFKVILHYGTLVIDGVTPNMIDYFGRPY
EGIAVEDGKKITVTGTLWNGNKIIDERLINPDGSLLFRVTI

SEQ ID NO:383 (pCA 51 L27V02a 158-16% FRB)
atggtgaceggctggcgactygtgcgaacgcattctggegggaggaggtggotcaggtggagggagetecgtggecate
ctetggeatgagatgtggeatgaaggectggaagaggeatctegtttgtactttggggaaaggaacgtgaaaggeaty
tttgaqgtgctggageccttgcatgotatgatggaacggggoecccagactetgaaggaaacatcetttaatcaggee
tatggtcgagatilaatggagucecaagaygtggigcaggaagtacatgaaatcagggaatgtcaaggacetcacceas
gectgggacctetattatcatgtgitecgacgaatctea

SEQ ID NO:384 (pCA 51 L27V02A 158-169 FRB)
MYTGWRLCERI LAGGGGSGGGSSVAILWHEMWHEGLEEASRLY FGERNVKGMFEVLEPLHAMMERGPQTLRET'S FNQA
YGROLMEAQEWCRKYMKSGNYXDLTQAWDLYYHVFRRIS

SEQ ID NO:385 (pCA 52 FKBP 1-157 L27V02A}

atgggagtgcaggtggaaaccatetocccaggagacgggcgcaccttcoccaagogoggcragacetgegtggtgeac
tacaccgggatgottgaagatggaaagaaatttgaticcticoccgggacagaaacaagecctttaagrttatgectagge
aagcaggaggtgatcecgaggetgggaagaaggggttgcocagatgagtgtgggtcagagagccaaactgactatatet
ccagattatgeoctatggtgocactgggeoaccecaggeatecateecaccacatgecactetegtecttogatgiggagett
ctaaaactggaaggaggagggagctccggtggaggcagcqgtatggtcttcacactcgaagatttcgttqqggactgg
cgacagacagecggetacaacctggaccaagtecttgaacagggaggtgtgtecagtttgtttcagaatetoggggty
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tccgtaactecgatecaaaggattgtecctgageggtgaaaatgggotgaagatcgacatecatgtcatecateceegtat
gaaggtctgagcggcogaccaaaltygggcocagategaaaasatititaaggtggtgtacecctgtggatgatcatecacttt
aaggtgatecctgeactatggeacactggtaategacggyggtiacgcegaacatgatcgactatttcggacggoegtat
gaaggcatcgecgtgttcgacgqeaaasagatcactgtaacagggaccectgtggaacggeaacaaaattatecgacgag
cgecetgaltcaaccecgacggoctococtgotgttcogagtaaccatcaacgga

SEQ ID RO: 386 {pCA 52 FKBP 1-157 L27v02a)

MGVQVETISPGDGRTFPKRGOTCVVHY TGMLEDGKKFDSSRDRNKPFKFMLGKQEV I RGWEEGVAQMSVGQRARLTIS
PDYAYGATGHPGIT PPHATLVFDVELLKLEGGGSSGGGSGMVFTLEDFVGDWRQTAGY NLDOVLEQGGY SSLFONLGY
SVTPIQRIVLSGENGLKIDIHYIIPYRGLSGDOMGQTEXT FKVVYPVDDHHFKVILHYGTLVIDGVTPNMI DYFGRPY
EGIAVFDGKKITVTGTLWNGNKIIDERLINPDGSLLFRVTING

SEQ ID NC:387 (pCA 53 L27V02A 166-169 FRB)
atgegcatictggogggaggaggtggctcaggtggagggagetecgtggocatectetggecatgagatgtggcatgaa
ggcctggaagaggcatcteogtttgtacttiggygaaaggaacgtgaaaggeatgtttgaggtgetggageeettgeat
gctatgatggascggggeccecagacteigaaggaaacatecttraatcaggectatggtcgagatttaatggaggce
caagagtyggtgcaggaagtacatgaaatcagggaatgtecaaggacctecacceaagectgggacetetattateatgtg
ttceogacgaatclca .

SEQ ID NC:38B (pCA 53 L27v02A 166-169 FRB)

MRILAGGGGSGGGSSVAI LWHEMWHEGLEEASRLY FGERNVEGMFEVLE PLHAMMERGPOT LKE TS FNOAYGRDLMER
QEWCRKYMKSGNVEDLTQAWDLYYHVFRRIS

SEQ ID NO:389 (pCA 54 FKBP L27V02A 1-165)
atgggagtgcaggtggaaaccatctecccaggagacgggegecacettececaagegceggecagacctgogtggtgoac
tacaccgggartgecttgaagatggaaagaaatttgattcctecogggacagaaacaagecctitaagtttatgetagge
aagcaggaggtgatccgaggetgggaagaaggggttgcecagatgagtgtgggtcagagagecaaactgactatatct
ccagattatgcctatggtgccactgggcacccaggcalocateccaccacatgecadtotegtettcgatgtggagett
ctaaaactggaaggaggagggagctcecoggtggaggcagaeggtatdggterrcacactcgaagartrcgttegggactgg
cgacagacagccygetacaacctggaccaagtecttgaacagggaggtgtgteccagtttgtttecagaateteggggtg -
tecgtaactocgatecaaaggattgtoctgagcyggtgaaaatgggetgaagatecgacatccatgrcatcateeegtat
gaaggtctgagcyggcgaccaaatgggecagatcgaaaaaatttttaaggtggtgtacectgtggatgatcatcacitl
aaggtgatcctgcacratggcacagtggtaatcgacggggttacgecgaacatgatcgactattteggacggecgtat
gaaggcatcgecgtgttcgacggcaadaagatcacigtaacagggacectgtggaacggeaacaaaat tatcgacgag
cgcctgatcaactQeogacggetecoctgotgttoccgagtaaccatcaacggagtgaccyggetggeygetgtycyaa

SEQ ID N0:390 (pCA 54 FKBP L27V02A 1-165)
MGVOVETISPGDGRTFPKRGOTCVVHY TGMLE DGKKFDSSRDRNKPFKFMLGKQEVIRGWEEGVAQMSVGQRAKLTIS
PDYAYGATGHPGIIPPHATLVFDVELLKLEGGGSSGGGSGMVETLEDEVGDWROTAGY NLDOVLEQGGVSSLFQONLGY
SVTPIQRIVLSGENGLKIDIHVI1PYEGLSGDQMGQ TEKT FKVVYPVRDHHFKVILHYGTLVIDGVTPNMIDYFGRPY
EGIAVFDGKKITVIGTLWNGNKIIDERLINPDGSLLFRVTINGVTGWRLCE

SEQ ID NO:391 (pCA 55 FKBP L27V02A 1-47)
atgggagtgcaggtggaaaccatctcecccaggagacgggogeacctiocccaagegeggecagacctgegtggtgeac
tacaccyggatgcttgaagatggaaagaaatttgatbecloeccggeacagaaacaagecctitaagtttatgetagge
aagcaggaggtgatccgaggetgggaagaaggggttgeccagatgagtgtgggtcagagagecaaactgactatatee
ccagattatgectatggtgecacrgggeaceccaggeatcatocccaccacatgecactctogtcttocgatgtggagett
ctaaaactggaaggaggaggoagetoceggtygaggcagegglatggtettecacactegaagatttogt tggggactag
cgacagacagecggetacaacctggaccaagtecttgaacaggygaggtgtgtecagtttgtttcagaateteyggagty
tecgtaacteegatecaaaggattgtecotgage

SEQ ID NO:352 (pCA 55 FKBP L27VQ2A 1-47)

MGVQVETISPGDGRT FPKRGQTCVVAY TGMLEDGKKEFDS SRORNK PFKFMLGKQEVIRGWEEGVAQMSVGORARLTIS
PDYAYGATGHPGI I PPHATLVFDVELLKLEGGGSSGGGSGMVFTLEDFVGDWROTAGYNLDQVLEQGGVSSLFONLGY
SVTPIQRIVLS

SEQ ID NWNO:393 (pCA 56 L27V02A 4B8-169-FRB)

Atggqtgaaaatgggctgaagatcgacatccatgtcatcatccocgtatqgaaggtctgageggegaccaaatgggecayg
atcgasaaaattitraaggtygtgtacecigtggatgatcatcactttaaggtgatcctgocactatggcacactggta
atcgacggggttacgecgaacatgatcgactarticggacggeogtatgaaggecatecgecgtgttcgacggecaaaaag
atcactgtaacagggaccetgtggaacggcaacaaaattatcgacgagegactgatrcaaccccgacggeteocetgetg
tteocgagtaaccatcaacggagtgacecggetggcggetgtgegaacgecattetggcagggaggaggtggetecaggtgga
gggagctcecgtggoecatectectggeatgagutgtggecatgaaggectggaagaggeatctegtttgtactttggggaa
aggaacgtgaadaggcatqittgaggtgoetggageccttgecatgctatgatggaacggggoccocagactctgaaggaa
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acatcctttaatcaggectatggtogagatttaatggaggecoaagagtggtgecaggaagtacatgaaatcagggaat
gtcaaggacctcacccaagoctgggacctetattateatgtgttecgacgaatetca

SEQ ID NO:394 (pCA 56 L27VO2A 48-169-FRB)

MGENGLKIDIHY I f PYEGLSGDOMGQTEKIFKVVY PYDDHHFKVILHYGTLVIDGVTENMIDYFGRPYEGIAVFDGKK
ITVTGTLWNGNKIIDERLINPDGSLLFRVTINGVTGWRLCERTLAGGGGSGGGSSVAI LWHENWHEGLEEASRLY FGE
RNVKGMFEVLEPLHAMMERGPOTLKETSFNORYGRDLMEAQERCRKYMXSGNVKDLTQAWNLYYHVFRRI S

SEQ ID WO:395 {pCA 57 FKBP L27V02A° 1-49)

atgggagtgcaggtggaaaccatctccecaggagacgggogcacsttccccaagegeggecagacetgegtggtgeac
tacaccgggatgcttgaagatggaaagaaatttgattcctccogggacagaaacaagccctttaagtitatgotagyes
aagcaggaggtgatccgaggetgggaagaagaggt tgcccagatgagtgtgggtcagagagecaaactgactatatet
ccagattatgoctatggtgecactgggeacceaggeatecateccaccacatgecactctocgtocttcgatgtggagett
ctaaaactggaaggaggagggagcteccggtggaggcageggratggtcitcacactegaagatttegttggggactyg
cgacagacagccggctacaacctggaccaagtecttgaacagggaggtgtgtecagtttgtttcagaatcteggggtyg
tcoegtaactcogatccaaaggattgtactgagogatgaa

SEQ ID NO:396 (pCA 57 FKBP L27v02h 1-49)

MGUYQOVETISPGDGRTFPKRGOTCVVHY TGMLEDGKKFDSSRDRNKPFKFMLGKQEVIRGWEECVAQMSYGORAKLTIS
PDYAYGATGHPGIIPPHATLVEFDVELLKLEGGGSSGGGSGMVFTLEDFVGPWROTAGYNLDQVLEQGGY SSLEQNLGY
SVTPIQRIVLSGE

SEQ ID NO:397 (pCA 58 pCA L27V02A 50-16% FRB)
atgaatgggctgaagatcgacatccatglecatcaicecgtatgaaggtetgagaggegaccaaatyggccagategaa
aaaattrrraaggtggtgtaccetgtggatgatcatcactttaaggtgatectgeactatggeacactggtaategac
ggggttacgccgaacatgatcgactatttecggacggeegtatgaaggeatcgecegtgttcgacggcaaaaagatcact
gtaacagggaccctgtgygaacggcaacaasatialcgacgagegectgatcaaccecgacggeicectgetatieega
gtaaccatcaacggagtgacoggetggoeggetgtgegaacgeattciggogggaggagghiggercagutggagggagoe
tcegtggecatectetggratgagatgitggecatgaaggectggaagaggeatetegtt tgtactttggggaaaggaac
gtyaaaggcatgtttgagygtygctggagoccttgeatgctatgatggaacygygeccccagactctgaaggaaacatce
tttaatcaggcctatggtecgagatttaatggaggeccaagagtggtgcaggaagtacalgaaatcagggaatglecaay
gacctcacccaagcctgggacctctattatcatgrgttocgacgaatetca

SEQ ID NO:398 (pCa 58 pCh L27V02A 50-169 FRB)

MNGLKIDIHV ) [PYEGLSGROMGQIEKI FKVVYYPVDDHHFKVILHYGTLYVIDGVTPNMIDYFGRPYEGIAVFDGEKIT
VTGTLWNGNKIIDERLINPDGSLLERVTINGVTGWRLCERILAGGGGSGGGSSVAI LWHEMWHEGLEEASRLYPGERN
VKGMFEVLEPLHAMMERGPQTLKETS *FNQAYGROLMEAQEWCRKYMESGNVKDLTOAWDLY YHVFRRIS

SEQ ID NO:399 (pCA 59 FKBP L27v02A 1-82)
atgggagtgreggtggaaaccatcteccecaggagacgggegeaccttoecocaagegoggocagacetgegtggtgeac
tacaccgggatgcttgaagatggaaagaaatttgattocctoeocgggacayaaacaagecctttaagtttatgetagge
aagcaggaggtgatccgaggcetgggaagaaggggttgeccagatgagtgtgggtcagagagecaaactgactatatet
ccagattatgcctatggtgeccactgggroacceaggecatcateccaccacatgeocactetogtettegatgtggagett
ctaaaactogaaggaggagggageteeggtggaggcageggtatggtcticacactegaagattlegl lggggactgg
cgacagacagecggcetacaacctggaccaagtecttgaacagggaggtgtgtccagtttgtttcagaatctegggygty
tcocgtaactccocgatccaaaggattgtcoctgaacggtgaaaatgggetgaagatecgacatecatgtecatcateccgtat
gaaggtctgageggcgaccaaatgggeragatecgaaaaaatttttaagglggtgtacect

SEQ ID KO:400 (pCA 59 FKBP L27V02A 1-82)
MGYQVETISPGDGRTFPRRGQTCYVVHYTGMLEDGKKEDS SRDRNKPEKFMLGKQEVIRGWERGVADMSVGORAKLTIS
PDYARYGATGHPGIIFPHATLVFOVELLKLEGGGSSGGGSCGMVFTLE DEFVGDWROTAGYNLDOVLIQGGVSSLFONLGY
SVTPIQRIVLSGENGLKIDIHVITIPYEGLSGDOMGQIEKIFRKVVYP

SEQ ID NO:401 (pCA 60 LZ27V02A 83-169-FRB)
atggtggatgatcatcactttaaggtgatcctgcactatggecacactyggtaategacyggyggttacgecgaacatgate
gactattteggacggecgtatgaaggeatcgeogigticgacggcaaaaagatcactgtaacagggacectigtggaac
ggcaacaaaattatcgacgagogeootgatcaaccocgacggetcocctgotgttocgagtaacecatcaacggagtgace
ggctggcggetgigegaacgeattectggcaggaggaggtggetcaggiggagggagetecgtggecateciciggeat,
gagatgtggcatgaaggcctggaagaggecatctegtrtgtaciciggggaaaggaacgtgaaaggcat gttt gagytyg
ctggagccettgcatgctatgatggaacggggcococecagactctgaaggaaacateectttaatcaggecctatggtaga
gatttaatggaggecraagagtyggtgraggaagtacatgaaatcagggaatgtecaaggacctcaccraagectgggac
ctctattatcatgtgttccgacgaatctca

SEQ ID NQ:402 (pCA 60 L27V0O2A B83-16-FRE)
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MVDOHHFKVILHYGTLVIDGVTENMIDY FGRPYEGIAVEDGKKITVIGTLWNGNKIIDERLINPDGSLLFRVTINGVT
GWRLCERILAGGGGSGGGSSVATLWHEMWHEGLEEASRLYFGERNVKGMFEVLEPLHAMMERGPQTLKETSFNQAYGR
DLMEAQEWCRKYMKSGNVKDLTQAWDLY YHVFRRIS

SEQ ID NO:403 (pCA 61 FKBP L27V0ZA 1-84)
Atgggagtgcaggtggaaaccatctccccaggagacggqucaccttccccaagcgcggccagacctchtggtgcao
tacaccgggatgcttgaagatygazagaaatttgattcctececgggacagaaacaageoctttaagtitatgotagge
aagcaggaggtgatecgaggctgggaagaaggggttgeccagatgagtgtgggtcagagagecaaactgactatatet
ccagattatgectatggtgecactgagcacecaggecateateocaccacatgecactotegtettegatgtggagott
ctaaaaclggaaggaggagggagctcocggtggaggocageggratggtctteacactegaagatttegtiggggactgy
cgacagacagecggetacaacctggaccaagtcctigaacagggaggtgtgtecagttitgtittcagaateteggggty
tcegtaactceogatecaaaggattgtectgagecggtgaaaatgggetgaagategacatecatgtecateatecegtat
gaaggictgagcyggegaccaaatgggecagatcgaaaaaatettirtaaggtggtgtaccctgtggat

SEQ ID ND:404 (pCA 61 FKBP L27V02Aa 1-84)
MGVQVETISPGDGRTFPKRGOTCUVHYTGMLEDGKKF DSSRORNKPFKFMLGKOEYIRGWEEGVAOMSVGORAKLTIS
PDYAYCATGHPGII PPHATLVFDVELLKLEGGGSSGGGSGMVEFTLEDFYGDWROTAGYNLDQVLEQGGVS SLFONLGY
SVTPIQRIVLSGENGLKIDIHVIIPYEGLSGDOMGQIEXIFKVVYPVD

SEQ ID WO:405 (pCR 62 L27V02A B85-165-FRB)
atggatcatcactttaaggtgatcotgeactatggcacactggtaatecgacggggttacgccgaacatgatogactat
tteggacggecgtatgaaggeategeegtgttogacggeaaaaagatcactgtaacagggacectgtggaacggeaac
aaaattatcgacgagcgocctgatcaaccecgacggctcecctgectgtteccgagtaaccatcaacggagtgaceggctygg
cggctgtgegaacgecattotggogggaggaggiggctecaggtggagggagetecgtggecatectetgyecatgagatyg
tggcatgaaggcctggaagaggcatctegtttgtactttggggaaaggaacgtgaaaggcatgtetgaggtgectggag
cccttgoatgetatgatggaacggggececcagactetgaaggaaacatectttaatcaggoctatggtegagattia
atggaggcccaagagtggtgoaggaagtacatyaaatcagggaatglecaaggacctcacececaagecrgggacctetat
tarcatgtgttcocgacgaatetea

SEQ ID NO:406 (pCA 62 LZ7V02A 85-165-FRB)
MDHHFKVILHYGTLVIDGVTPNMIDYFGRPYEGIAVFDGEKITVTIGTLWNGNKI IDERLINPDGSLLFRVT INGVTGHW
RLCERILAGGGG3GGGSSVAILWHEMWHEGLEEASRLY FGERNVKGMFEVLE PLHAMMERGPQTLKET SFNQAYGRDL
MEAQEWCRKYMKSGNVKDLTQAWDLYYHVEFRRIS

SEQ ID RO:407 (pCA 63 FKBP L27VQ2A 1-122)
atgggagtgcaggtggaaaccatcteocccaggagacgggegeaccttecoccaagegeggecagacetgegtggtgcac
tacaccgggatgottJaagatggaaagaaatttgattocstocegguacagaaacaagecetttaagtttatgetagge
aagraggaggtgatccgaggectgggaagaaggggttgeccagatgagtgigggtcagagagecaaactgactatatet
ccagattatgoctatggtgecactgggcacecaggcatcatcocaccacatgaecactetegtettcgatgtggagett
ctaaaactggaaggaggagggagetococggtggaggecagoggtatggtcticacactegaagatttogt tgaggactgg
cgacagacagccggctacaacctggaccaagtecttgaacagggaggtgtgtccagtttgtttcagaatetocggggtyg
teccgtaacteegatecaaaggattgtectgageqggtgaaaatgggetgaagategacatecatgteatecateeegtat
gaaggtctgagcggecgaccaaatgggoccagatcgaaaaaatttttaagobggtgtaccctgtggatgatecatcacttt
aaggtoatcctgoactatggcacactggtaatcgacgaggttacgeogaacatgatcgactatttoggacggecgthat
gaaggcatcgecgtgticgacggc

SEQ ID NO:408 (pCA 63 FKBP L27VO2A 1-122)

MGVQVETTIS PGDGRT FPKRGOTCVVHYTGMLEDGKKEDSSRDRNKPEKEFMLGRQEV IRGWEEGVAQMSYGORAKLTIS
PDYRAYGATGHPGIIPPHATLVFDVELLKLEGGGSSGGGSGMV FTLEDFVGDWRQTAGYNLDQVLEQGGVESLFQONLGY
SVTPIQRIVLSGENGLKIDIHVIIPYEGLSGDOMGQIEKIFKVVYPVDDRHFKV ILHYGTLVIDGVTPRNMIDY FGRPY
EGIAVFDG

SEQ ID NO:40% (pCA 64 L27VO0O2A 123-169-FRB) ‘
atgaaaaagatcactgtaacagggaccctgtggaacggcaacaaaattatcgacgagegectgateaacececgacgge
tccctgetgbtecgagtaaccatcaeacggagtgaccggetyggeggetgt gcgaacgecattebggeygggaggaggtgge
tcaggtyggagggagctoccgrggccatcctetggcatgagatgtggeatgaaggectggaagaggeatctegtttgtac
tttggggasaggaacgtgaaaggeatgtitgaggtgectggageectitgecatgetatgatggaacggggecceccagact
ctgaaggaaacatcctttaatcaggoctatggtcgagatitaatggaggocccaagagtggtgcaggaagtacatgaaa
tcagggaatgtcaaggacctecacccaagectgggacctictatiatcatghigl tocgacgaatetea

SEQ ID NO:410 (pCA 64 L27V02A 123-159-FRE)

MEKITVYTGTLWNGNKIIDERLINPDGSLLFRVT INGVTGWRLCERILAGGGGSGGGSSVAILWHEMWHEGLEEASRLY
FGERNVKGMFEVLE PLHAMMERGPQTLKET SFNQAYGRDLMEAQEWCRKYMKSGNVKDLTQAWDLYYHVFRRIS
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SEQ ID NO:411 (pCA 65 FKBP L27V02A 1-123)
atgggagtgreaggtggaaaccatctececaggagacgggegoaccttcoccaagegeggecagacctgegtggtgcadc
tacaceqggatgcttgaagatggaaagaaatttgattocteccgggacagaaacaageectttaagtttatgetagac
aagcaggaggtgatccgaggctgggaagaaggggttgcccaqatgag:gtgggtcaqagagccaaactgactatatct
ccaqattatgcctatggtgccactgqgcacccaggcatcatcccaccacatqccactcthtctthatgtggaqctt
ctaaaactggaaggaqgagggagetccagtgaaqgeageggtatggtcttcacactegaagatttogllggggactyy
cgacagacagccggetacaacctggaccaagtecttgaacagggaggtgthgtccagtttgtttcagaatetegggatyg
tececgtaactecgatocaaagyattgrocrgageggtgaaaatgggctgaagatcgacatoccatgtcateatcoagtat
gaaggtctgagoggogaccaaatgggeeagatcgaaaaaatttttaaggtggtrgtacectgtggatgatecatecacttt
aaggtgatcctgcactatggcacactggraatcgacggggttacgoegaacatgatcgactatttoggacggocgtat
gaaggecatcgeegtgticgacggeaaa

SEQ ID NO:412 (pCA 65 FKBP L27V02A 1-123)

MGVOVETI SPGDGRTFPKRGOTCYVHYTGMLEDGKKFDSSRDRNKPFKFMLGKQEV IRGWEEGYAQMSVGQRAKLTIS
PDYAYGATGHPGI IPPHATLVFDVEL LKLEGGGS SGGGSGMVFTLEDFVGDWROTAGYNLDOVLEQGGVSSLFQNLGY
SVTPIQRIVLSGENGLKIDIHVIIPYEGLSGDOMGOIEKL FKVVYPVDDRHFKVILHYGTLVIDGVTPNMIDYFGREY
EGIAVFDGK )

SEQ ID NCO:413 (pCA 66 L27V02A 124-162 FRB}
atgaagatcactigtaacagggaccectqtggaacggeaacaaaattatcgacgagegectgatcaaccccgacggetoc
ctgctgiTccgagtaaccatcaacggagtgaccggotggoygetgtgegaacgecattoctggegggaggaggtggetea
gotggagggagetecgtggecatectetggecatgagatgtggcatgaaggectggaagaggecatcrocgtretgtactt
gaggaaaggaacgtgazaggecatgtttgaggtgetggageccttgeatgetetgatggaacggggeacecagactetg
aaggaaacalecihttastecaggectatggtegagatttaatggaggcccaayagtyggtgcaggaagtacatgaaatea
gggaatgtcaaggacctcacccaagectgggacctoctattatcatgtgitecyavgeatetea '

SEQ ID NQO:414 (pCA 66 L27V0OZA 124-169 FRE)
MKITVIGTLWNGNKI IDERLINPDGSLLFRVT INGVTGHRLCERILAGGGGSGGGSSVAILWHEMWHEGLEEASRLY &
GERNVKGMFEVLEPLHAMMERGPQTLKETSENQAYGRDLMEAQEWCRKYMKSGNVKDLTQAWDLYYHVFRRIS

SEQ ID NO:415 {pCA 67 L27vV02A 1-168}
artgggagtgecaggrggaaaccatcteccecaggagacgggegeacctitcoccaagogeggecagaccigegtggtgeac
tacaccgggatgcttgaagatggaaagaaatttgattccteccgggacagaaacaageacttraagtttatgotaggce
aagcaggaggtgatceogaggetgggaagaaggggtigeccagatgagtgtgggteagagagecaaactgactatatet
ccagattatgcctatggtgccactgggecaccecaggcatcatcocaccacatgeocactcotegtecticgatgtggagett
ctaaaactggaaggaggagggagctceggtggaggcagoggiatggtcttcacactegaagatttegttggggactgg
cgacagacagccggctacaacctggaccaagtccttgaacagggaggtgtgtecagetigtttcagaatectecggggta
tceglaaclecgatecaaaggattgtoetgageggtgaaaaigggctgaagategacateccatgtcatcatcococgtat
gaaggtctgagecggcgaccaaatgggccagatrcgaaaaaatttitaaggtggtgtaccctgtggatgatcatcactt
aaggtgatcctgcactatggcacactggtaatcgacggggttacgccgaacatgatcgactatticggacggocgtat
gaagycalcgeegtgtiicgacggcaaaaagatcactgtaacaggyaccetgtggaacggecaacaaaattatcgacgag
cgcctgatcaaceccgacqggetecctgetgttccgagtaaccatcaacggagigaccqggetggaeggetgtgegaacyge
attectg

SEQ ID RO:416 {pCA 67 L27V02A 1-1868)
atgggagtgcaggtggaaaccatctececcaggagacgggcgecaccttecceccaagegeggecagacectgegtggtgeac
tacaccgggatgcttgaagatggaaagaaatttgattcetecegggacagaaacaagececctttaagtttatgctagge
aagcaqggaggtgatccogaggctggygaagaaggggttageccagatgagtgtggotcagagagecaaactgactatatet
ccagattatgectatggtgeocactgggeaceccaggecatecatecocaceacatgoecactetogtottegatgtggagott
ctaaaactggaaggaggagggagctceggtggaggeageggtatggtettcacactegaagatttegttggggactgg
cgacagacagcecggctacaacctggacecaagteettgaacagygaggtgtgtecagtttgrttecdgaatctoggyggty
tecgtaactecgateccaaaggatigtectyageggigaaaatgggetyaagatcgacateccataleatecatecegtat
gaaggtctgagcggegaccaaatgggecagatcgaaaaaatrttteaggtggtgtaccoctgtggatgatcatcacttt
aaggtgatectgecactatggecacactggtaatcgacggggttacgecgaacatgatecgactattteggacggeogtat
gaaggcatcgeeytygttecgacggeaaaaagatcacigtaacagggaccctglygaacggeaacaaaattatcgacgag
cgcctgatcaaccecgacggetecctgetgttacgagtaaccatcaacggagtgaceggciggegactgtgcgaacyge
attctg

SEQ ID NO:417 (pCA 67 L27V02A 1-168)
MGVQVETISPGDGRTFPKRGOTCVVEYTGMLEDCKKEDSSRDRNKPFKEMLGKQEVIRGWEEGVACGMSVGORAKLTIS
PDYAYGATGHPGIT PPHATLVFDVELLKLEGGGSSGGGSGMVETLEDFVGDWRQTAGYNLDOVLEQGGYSSLEQNLGY
SYTPIQRIVLSGENGLKIDIHVIIPYEGLSGDOMGQIEKIFKVVYPVDDHEFKVILHYGTLVIDGVTPNMIDYFGREY
EGIAVEDGKKITVIGTLWNGNKIIDERLINPDGSLLFRVT INGVTGWRLCERIL
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SEQ ID NO:418B (*pCA 68 L27V0O2A 169 FRBE)
Atggegggaggaggtggetcaggtggagggagetecgtggecatectetggoatgagatgtgycatgaaggectggaa
gaggecakctegtitgtactttggggaaaggaacgtgaaaggecatgtttgaggtgatggagecctigeatgetatgatg
. gaacggggeccccagactetgaaggaaacatoctttaatcaggectatggtcgagati taatggaggcccaagagtygy
tgcaggaaqtacatgaaatcagggaatgtcaaggacctcacccaagectgggacoctetattatcatgtgticegacga
atctca

SEQ ID N0:419 (*pCA 68 L27V0O2A 189 FRB)
MAGGGGSGGGSSVAILWHEMWHEGLEEASRLY FGERNVKGMFEVLEPLHAMMERGPOTLKET S FNOAYGRILMEAQENW

CRKYMEKSGNVKDLTQAWDLYYHVFRRIS

SEQ ID NO:4ZD (pCA 69 FKBF L27V02A 1-166)

atgggagtgcaggrggaaaccatctccoccaggagacgggcgecacecttocccaagogoggecagacctgegtggtgeac
tacaccgggatgettgaagatggaaagaaatttgattectecegggacagaaacaageccttiaagltiakgotagge
aagcaggaggtgatccgaggctgggaagaaggggttgeccagatgagtgtgggteagagagecaaactgactatatet
ccagattatycctatggtgocactgggoacoccaggcatcatcocaccacatgecactctegtettcgatgtggagett
ctaaaactggaaggaggaggoagctecggtggaggcageggtatggtettcacactecgaagatttcgttggggactyy
tgacagacagccggctacaacctggaccaagtecttgaacagggaggtgtgtecagtttgtttcagaateteggggtyg
tcecgtaacteogatcecaaaggattgtectgagoggrgaaaatgggetgaagatcgacateccatgtcatcateccgtat
gaaggtctgagcgacgaccaaatgggccagatcgaaaaaatttttaayggtggtgtaccctgtggatgatcatecacttt
aaggtgatcctgeactatggeacactggtaategacggggttacgecgaacatgatcgactatttecggacggocgtat
gaaggcatcgecgtgttcgacggcaaaaagatcactgtaacagygacectgtggaacggeaacaaaattategacgag
cgectgatcaacccecgacggotecoctoctgttecgagtaaccatcaacggagtgaccggetggeggetgtgegaacge

SEQ ID NO:421 (pCA €9 FKBP L27Vv02A 1-166)
MGVOVETISPGDGRTFPKRGOTCYVHYTCMLEDGKKEDS SRDRNKPFKFMLGKQEYV IRGWEEGVAQMSVGORAKLTIS
PDYAYGATGHPGIIPPHATLV FDVELLKLEGGGSSGGGSGMVFTLEDFVGDWROTAGYNLDOVLEQGGVSSLEFQULGY
SVTPIQRTVESGENGLKTIDTHVI IPYEGLSGREQMGQIEKI FKVVYPVDDHHEFKV ILHYGTLVIDGVTPNMIDY FGRPY
EGIAVFDGKKITYVTGTLWNGNKIIDERLINPDGSLLFRVTINGVTGWRLCER

SEQ ID NO:422 (*pCA 70 L27V02A 167-169 FRB}
Atgattctggcecgggaggaggtggetcaggtggagggagecteccgiggeoccatocctectggecatgagatgtggecatgaagge
crggaagaggeakctegtitgtactitggggaaageaacyglygaaaggeatglttgaggtgckgyagccctlgealaget
atgatqgaacggggcccccagactcrgaaggaaacatcctrtaatcaggoctatggregagatrcaatggaggocceaa
gagtggtgcaggaagtacatgaaatcaggqaatgtcaaggacctcacccaagcctgggaébtctattatcatgtgttc
cgacgaatctea

SEQ ID NO:423 (*pCA 70 L27V02A 1§7-189 FRB)
MILAGGGGSGGGSSVAI LWHEMWHEGLEEASRLY FGERNVKGMFEVLEPLHAMMERGPOTLKETSFNQAYGRDLMEAD
EWCRKYMKSGNVKDLTOAWDLYYHVFRRIS

SEQ ID BO:424 (pCA 71 FKBP L27V02A 1-164)
atgggagtgcaggtggaaaccatctoccoccaggagacgggegeacocttecctaagocgoggccagacctgogtggtgeace
tacaccgggatygclitgaagatggagagaaalirgaticctececyggacagaaacaagecctttaagtttatgetagge
aagcaggaggtgatccgaggectgggaagaaggggttgeeccagatgagtgtgggtcagagagecaaactgactatatet
ccagattatgcctatggtgoccactgggracecaggecatcatoccaccacatgecactetogtettegatgtggagett
ctaaaactggaaggaggagggagctoceggtggaggeageggtatggtocttcacactcgaagatttogttggggactgg
cgacagacagccggctacaacctggaccaagtocttgaacagggaggtgtgtecagtttgtttecagaatecteggggtg
toceogteactocegatecaaaggatigtectgageggtgaaaatgggetgaagatcgacateccatgtcatcateceecgtat
gaaggtctgagcggcgaccaaatgggeccagategaaaaaatttttaaggtggtgtaceectgtggatgatcatcactt
gaggtgatcetgcactatggcacactiggtaategacyggosttacgeegaacatgatecgactatttcggacggecgtat
gaaggcatcgecgtgttegacggcaaaaagatcactgtaacagggaceetgtggaacggcaacaaaattatcgacgag
cgcctgatcaaccoccgacggetocectgetgitecgagtaaccatcaacggagtgaccggetggeggetgtoe

SEQ ID NO:425 (pCA 71 FKBP L27V02A 1-164)

MGVQVET I SPGDGRT FPKRGRTCVVHYTGMLEDGKKFDSSRDRNKPFKFMLGXQEVIRGWEEGVAQMSVGORAKLTIS
PDYAYGATGHPGIIPPHATLVEFDVELLKLEGGGSSGGGSGMVITLEDFVGDWROTAGYNLDQVLEQGGVSSLFQNLGY
SVTPIQRIVLSGENGLKIDIRVIIPYEGLSGDQMGQIEKIFKVVYPVDDHHFKVILRYGTLVIDGVTENMIDYFGREPY
EGIAVEDGKXITVTGTLWNGNKIY DERLINPDGSLLFRYTINGYTGWRLC

SEQ ID NO:426 (pCA 72 LZ7V02A 165-168% FRB)

atggaacgcattociggcgggaggaggtggctcaggtggagggagcteegtggecatectetggecatgagatgtggeat
gaaggectyggaagaggcatctegtttgtactttgyggaaaggaacgtgaaaggcatgtttgaggtgetggagecctty
catgctatgatggaacggggcccecagactctgaaggaaacatcctttaatcaggoctatggtcgagatttaatggay
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gecccaagaglogtgcaggaagtacatgaaatcagggaatgtcaaggacctecacceaagectgggacetetattateat
gtgttcecgacgaatctea

SEQ ID NO:427 {pattern sequence)
GSAIVK ’

SEQ ID NO:428 (pCA 72 L27V0O2A 165-169 FRE}
MERILAGGGGSGGGES SVAILWHEMWHEGT, ERASRLY FCERNVKGMFEVLEPLHAMMERGPQTLKET SFNOAYGRDLME

AQEWCRKYMKSGNVKDLTQAWDLYYHVFRRIS

SEQ ID NO:429 (pCa 73 FKBP L27V02A 1-162)
atgggagtgcaggtggaaaccatctceoccaggagacggycgcancttccoccaagegoggoecagacctgegtggtgeac
tacaccgggatgcttgaagatggaaagaaatitgaticctoccgggacagaaacaagecetttaagtttatgectagge
aagcaggaggtgatcegaggetgggaagaaggggttgeccagatgagtgtgggtcagagagocaaactgactatatet
ccagattatgcoctatggtgecactgggecacceaggeatcateceaccacatgeeactetegtettegatgtggagett
ctaaaactggaaggaggagggagctccggtggaggcageggtatggtecttcacactecgaagatttegttgyggactgg
cgacagacagccggectacaacctggaccaagtecttgaacagggaggtgigicecagtttgittcagaatctcggggtg
tccgtaactccgatecaaaggattgrecctgageggtgaaszatgggetgaagatcgacatecatgtcatcatececgtat
gaaggtctgageggegaccaaatgggecagategaaaaaatttttaaggtggtgtaccoctgtggatgatcatcactet
aaggtgatcctygcactatggcacactggtaategacggguttacgergaacatgatcgactatttecggacggeogtat
gagggcatcgecgtgttegacggeaaaaagateactgtaacagggacectgtggaacggcaacaaaattatcgacoag
cgocctgatcaaccecgacggetecctgetgttecgagtaaccatcaacggagigaccggetggegyg

SEQ ID NO:430 (pCA 73 FKBP L27V0D2A 1-162)

MGVQVETISPGDGRTFPKRGOTCYVHY TGMLEDGKKFDSSRDRNKPFKFMLGEQEVIRGWEEGVARMSVYGORAKLTIS
PDYAYGATGHPGIIPPHATLVFDVELLKLEGGGSSGGGSCGMVFTLEDFVGDWROTAGYNLDOVLEQGGVSSLEFQNLGY
SVTPIQRIVLSGENGLKIDIHVIIPYEGLSGDOMGQIEKI FKVVYPVDDHHEKVILEYGTLVIDGVTPNMIDYFGREY
EGTAVPDGKKITVTCTLWNGNKI IDERLINPDGSLLFRVTINGVTGWR

SEQ ID NO:431 (pCA 74 L27V02A 1632-165 FRB)
atgectgtgegaacgeattectggegggaggaggtggetcaggtggagggageteccgiggecatecctectggeatgagatg
tggcatgaaggectggaagaggcatotegrrtgtactrtggggaaaggaacgtgaaaggcatgtttgaggrgetrggag
cccttgratgectatgatggaacggggeccecagactecigaaggaaacatecctttaatcaggectatggtcgagattta
atggaggcccaagagrggtgcaggaagtacatgaaatcagggaatgtcaaggaccticacccaagectgggacczotat
tatcatgtgttecgacgaatetea

SEQ ID NO:432 (pCA 74 L27V0ZA 163-169 FRB)
MLCERILAGGGGSGOGSSVAI LWHEMWHEGLEEASRLYFGERNVKGMFEVLEPLHAMMERGPGTLEKET SENQAYGRDL
MERQEWCRKYMKSGNVKDLTQAWDRLYYHVFRRIS

SEQ ID NO:433 (pCA 75 FKBP L27V02A 1-160)
atgggagtgcaggtggaaaceatetececcaggagacgggegeaccitcoccasgogeggecagacetgogrggtgeac
tacaccgggatgcttgaagatggaaagaaatttgattcoctoccgggacagaaacaagecctttaagtttacgatagye
aagcaggaggtgatcecgaggetgggaagaagggatigceccagatgagtatggatcegagagecaaactgactatatet
ccagattatgectatggrgecactgggcaccoaggcatecatcecacecacatgecactctegtottcgatgugygagetrt
ctaaaactggaaggaggagqgaqactccggtggaggcageggtatggtcttcacactegaagatttcgttggggactgg
cgacagacagccggctacaacctggaccaagiceitgaacaygggaggtgtytecagittigiticagaasteicgyggyeyg
tccgtaactocgatccaaaggatrgtoctgageggtgaaaatgggctrgaagarcgacatccatgtcarcatcecgtat
gaaggtctgegcggegaccaaatgggecagatocgaaaaaatttttaaggtggtgtacecectgrggatgatcatcacteot
aaggtgatcctgecactatggcacactggtaatcgacggggttacgccgaacatgatcgactattteggacggacgiat
gaaggcatecgcegtgttegacggecaaaaagatkecactgtaacagggaccetgtggaacggraacaaaatiategacgag
cgectgatcaaccocegacqggereectgetgrecegagtaaccatcaacggagtgacegge

SEQ ID NO:434 (pCh 75 FKBP L27VD2A 1-160)
MGVQVETISPGDGRTFFKRGQTCVVHY TGMLEDGKKF DSSRDRNKPFKFMLCKQEVIRGWEEGVAQMSVGQRAKLTIS
PDYAYGATGHPGLI PPHATLVFOVELLKLEGGGSSGGGSGMVET LEDEVGDWRQTAGYNLDOVLEQGGVSSLEFONLGY
SVTPIQRIVLSGENGLKIDIHVIIPYEGLSGDOMGQIEKIFKVVY PVDDHHFKVILHYGTLVIDGVTPNMIDY FGRPY
EGIAVEDGKKITVTGTLWNGNKIIDERLINEDGSLLFRVTINGVTG

SEQ ID NO:435 (pCA 76 L27v02A 161-169 FRB)

atgtggeggetgtgrgaacgraticiggecgggaggaeggiggctcaggtggagggacclecgltggecatcctctggeat
gagatgtggcatgaaggocctggaagaggcatoctcgttrgtactttggggaaaggaacgtgaaaagcatgtttgaggtyg
ctggagcccttgeatgetatgatggaacggggecccecagactetgaaggaaacatecctttaatcaggectatggtega
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gattraatggaggcccaagagtggtacaggaagtacatgaaatcagggaatgtcaaggacctecacccaagoctgggac
ctetattatcatgrgttccgacgaatotca

SEQ ID NO:436 {pCA 76 L27V0ZA 161-165 FRB)
MWRLCERILAGGGGSGGGSSVAILWHEMWHEGLEEASRLY FGERNVKGMFEVLEPLHAMMERGPQTLKETSFHQAYGR
DIMEAQEWCRKYMKSGNVKDLTQAWDLYYHYFRRIS

SEQ ID NO:437 {(pCA 77 FKBP L27V02A 1-158)
atgggagtgcaggrggaaaccatctececaggagacgggogeaccttcccocaagegoggccagacctgegtggtgeac
tacaccgggatgctigaagatggaaagaaastttgattecteecgggacagaaacaagecetittaagtitatrgetagge
aagcaggagytgatcegaggetgggaagaaggugt tgcccagatgagigtgggtcagagagecaaactgactatatet
ccagattatgcctarggtgocactgggeacceaggeatcatccecaccacatgecactctecgteticgatgtggagott
claazactggaaggaggagggagetoccggtggaggeagoggtatggtcttcacactegaagatttegttggggactyg
cgacagacagccggctacaacctggaceaagteectigaacagggaggtgigtocagttigtttcagaatcteggagtyg
tcegtaactccgatceaaaggattgtectgagoggtgaaaatgggotgaagatcgacatccatgtcateatcocgtat
gaaggtctgagecggcgaccaaatgggeccagategaaaaaatttttaaggtggtgtaccorgtggatgatecatcacttt
aaggtgatcctgcactatggcacactggtaatcgacggggttacgccqaacatgatcgactatttcggacggccqtat
gaaggcatcgcogrgttogacggcaaaaagatecactgtaacagggaccectgtggaacggeaacasaattatcgacgag
cgcctgatraaccocgacggetcoctgotgttocgagtaaccatcaacggagtg

SEQ ID NO:438 (pCA 77 FKBP L27v02A 1-158)
MGVQVETISPGDGRTFPKRGOTCVVHY I'GMTEDGKKF DSSRDRNK PFKFMLGKQEV I RGWEEGVAQMSVGQRAKLTI S
PDYAYGATGHPGIIPPFHATLVFDVELLKLEGGGSSGGGSGMV FTLEDEFVGDWRQTAGYNL DQVLEQGGY SSLEONLGV
SVTPIQRIVLSGENGLKIDIHVIIPYEGLSGDOMGOIEKI FKVVYPVDDHHFKVILHYGTLVIDGVTPNMI DYFGRPY
EG1AVFDGKKITVTGTLWGNKI I DERL INPDGSLLERVTINGV

SEQ ID NO:43% (pCh 78 L27V02A 159-169 FREB)
Atgaccggeiggeggetgtgegaacgeattcectgyegggaggaggtggetcaggtggagggagetocgtggocatecte
tggcatgagatgtggcatgaaggeerggaagaggeatctegtttgtactttggggaaaggaaegtgaaaggecatgttt
gaggtgctggageccttgcatgetatgatggaacggggccccocagactoctgaaggaaacatcctitaatcaggectat
ggtcgagatitaarggaggeccaagagtggtgeaggaagtacalgaaatcagggaatgtcaaggacctcacccaagce
tgggacctctattatcatgtgttecgacgaatctea

SEQ ID NO:440 {pCA 78 L27V02A 159-169 FRE)
TGWHLCFRTLACGGGSGCGSSVAILWHEMWHPGLEEASRLYFGERNVKGMFEVLBPLHHMMERGPQTLKETSFNQAY
GRDLMEAQEWCRKYMKSGNVEDLTQAWDLYYHVFRRIS

SEQ ID NO:441 RIXIbE {(nt seq}
ATGTATGARAGCTTTATTGAGTCACTGCCATTCUTTARATCTTTGGAGTTTTCTGCACGCCTGARRGTAGTAGATGTG
ATAGGCACCARRGTATACARCGATGGAGAACARATCATTGCTCAGGGAGATTCGGCTGATTCTTTTTTCATTATTGAR
TCTGGAGAAGTGAAARATTACTAT GAAAAGARAGGGTARATCAGARGTGGARGAGAATGGTGCAGTAGAAARTCGCTCGR
TGECTCGECGGEEGACAGTACTFTGGAGAGUTTGCCCTGETAACTAACAAACCTCGAGCAGCTTCTGCCCACGUCATTGGGE
BCTGTCARATGTTTAGCAATGGATGTGCAAGCATTTGARACCCTTCTGGGACCTTGCATCGARATTATCARARGGARC
ATCGCTACCTATGAAGAACAGTTACTTGCCCTGTATGGAACGAACATGGATATTGTA

SEQ ID ND:442 RIIbB {aa seq}
MYESFIESLPFLKSLEFSARLKVVDVIGTKVYNDGEQI TAQGHSADSFFIIESCGEVKI TMKRKGKSEVEENGAVELAR
CSRCQYFGELALVINKPRANSAKATIGTVKCLAMDVQAFERLLGPCMEIMKRNIATYEEQLVALYGTNMDIV

SEQ ID N0:443 (L27Vv CP 13 TEV)
atgacagccggotacaacctggaccaagteccttgagocagggcggtgtgtecagtttgtttcagaatcteggggtgtec
gtaactccgatacaaaggattgtectgagoggtgaaaacggectgaagatcgacatccatgtcatecateccgtatgaa
ggtctgageggogatcagatgggeocagatcgaaaazatttttaaggtgotgtaccctgtggatgatcatecacttitaag
gtgattctgecactatggecacactggtaatcgacggggttacgecgaacatgategactattteggacggecgtatgaa
ggcategecgtgttogacggcaaaaagatcactgtaaccgggaccelglggaacggcaacaaaattatcgacgagege
ctgatcaacecccgacggcetecctgetgtteecgegtaaccattaacggagtgaceggectggeggetgtgecgagegeatt
ttggcgggaagttetyggtggaggaagtectggtggagagoctactactgagaacttgtacttccagagegataacgga
agttctggtggaggaagttoclggtggaatgytgtttacactcgaagatttegtagygggactggoggcay

SEQ ID N0O:444 {L27V CP 13 TEV)
MTRGYNLDOVLEDGGVSSLFQNLGVSVTPIQRIVLSGENGLKIDIHVIIPYEGLSGDQMGQIEKI FKVYYPVDODHHFK
VILHYGTLVIDGVTPNMIDYEFGRPYEGIAVEFDGKKITVTIGTLWNGNKIIDERLINPDGSLLFRVTINGVTGWRLCERT
LAGS5GGGSSGGEPTTENLYFQSPNGSSGGGSSGEGMVFTLEDEVGDWRO
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SEQ ID NO:d445 (L27v CP 57 TEV})
Atgcetgtcartcatcoccgtatgaaggtctgageggegatcagatgggoragatcgaaaaaatitttaaggtggtgtac
cctgtggatgatcateacttiaaggtgatictgecactatggecacactggtaategacggggtiacgccgaacatgate
gactatttcggacggccgtatgaaggcatocgocgtgttecgacggecaaaaagatcactgtaacegggacocetgtggaac
ggcaacaaaattatcgacgagegectgatcaaceccgacggekecctgotgttocgegtaaccatcaacggagtgace
ggctggcggecrgtycgagegcattttggcgggaagttoctggtggaggaagttetggtggagagectactactgagaac
ttgtacitcecagagegataacggaagttctggtggaggaagttctggtggaatggtgtttacactcgaagatttcgta
ggggactggcggcagacagecggotacaacctggaccaagtecttgageagggegytgtgtccagttigittcagaat
ctrcggggtgteogtaactecgarecaaaggattgteectgageggtgaaaacggectgaagategacate

SEQ ID NO:446 {(L27V CP 57 TEV)
MHVIIPYEGLSGBOMGQIEKIFKVVYPVDDHHFKVILEYGTLVIDGYTPNMIDY FGRPYEGIAVEDGKKITVTGTLWN
GNKTIDERLINPDGSLLFRVTINGVPGWRLCERILAGSSGGGSSGEEPTTENLY FQSDNGSSGGGS SGGMVETLEDEY
GDWROTAGYNLDQVLEQGGVSSLFQNLGVSVTPIQRIVLSGENGLKIDI

SEQ ID NO:447 (L27V CP 98 TEV)
atggtaatcgacygygggttacgeccgaacatgatcgactatttecggacggecgtatgaaggecategecytgt tegacgge
aaaaagatcactgtaaccgggaccct gtggaacgycaacaaaattatcgacgagcgocctgatcaacsccgacggetce
ctgetgttoogogtaaccatcaacggagtgaccggctggeggctgtgegagegeattittggegggaagttctggtgga
ggaagttctggtggagagectactactgagaacttgtacttecagagegataacggaagttetggtggaggaagtrtoe
ggtggaatggtgtttacactrgaagaticgteggygactggeggragacageecggectacaacctggaccaagieett
gagcagggcggtgtgtcecagtttgtttcagaatetecggggtgtccgrtaactcecgatccaaaggattgtcctgageggr
gaasaacggcctgaagategacatecatgtcatcatecocgtatgasggtetgageggegatecagargggecagategaa
aaaatbttrttaaggtggtgtacoctgtggatgatcatcactttaaggtgattctygcactatggcacactg

SEQ ID NO:448 (L27v CP 98 TEV)

MVIDGYTENMIDY FGRPYEGIAVEDGKKITVTGTLWNGNKIIDERLINPDGSELFRVT INGYTGWRLCERILAGSSGG
GSSGGERPTTENLYFQSDNGSSGGEGSSGGMVETLEDEVGDNROTAGYNLDOVLECGGEVSSLFONLGVSVTPIORIVLSG
ENGLKIDIRVITPYEGLSGDOMGOIEKI FKVVYPVDDHHFKVILHEYGTL

SEQ ID NQ:449% {Human Protein Kinase C alpha (PKCa} (nt sequence)
ATGGCTGACGTTTTCCCGGGCAACGACTCCACGECGTCTCAGGACGTGGCCARCCGCTTCGCCCGCARAGGCGLGLTG
AGGCAGAAGAACGTGCACGAGGTGAAGGACCACAAATTCATCGCGCGCTTCTTCARGCAGCCCACCTTCTGCAGCCAL
TGCACCGACTTCATCTGGEEEETTTGEGGARAACAAGGCTTCCAGTGCCAAGTTTGCTGTTTTGTGGTCCACAAGAGETGT
CATGAATTTGTTACTTTFTCTTGTCCGGETGCGGATAAGGGACCCGACACTGATGACCCCAGGAGCAAGCACARAGTTC
AARAATCCACACTTACGGARGCCCCACCTTCTGCGATCACTGTIGGGTCACTGCTCTATGGACTTATCCATCAAGGGATG
AAATGTGACACCTGCGATATCGARCGTTCACAAGCAATGCGTCATCAATETCCCCAGCCTCTGCECGAATEGATCACACT
GAGAAGNGGGGGCGEAT TTACCTAANGGCTGAGGTTGCTGATGAAAAGCTCCATCTCACAGTACCAGATGCAARAANRT
CTAATCCCTATGGATCCAAACGGGLTTTCAGATCCTTATGTGRAAGCTGRRACTTATTCCTGATCCCAAGRAATGARAGC
ARGCARAAPACCARARACCATCCCCTCCACACTARATCCGCAGTGGAATGAGTCCTTTACAT TCARATTGRARCCTTCA
GACARAGACCGACGACTGTCTGTAGARATC TCGGACTGGGATCGARCARCAAGGRATGACTTCATGGGATCCCTTTLC
TTTGCACTTTCGGAGCT GATGAAGATGCCGGCCAGT GGATGETACANAGT TgUTTARCCAAGAAGABGGTGAGTACTAC
ARCGTACCCATTCCGGRAGGGGACGRAGGARGGAARCATGGARCTCAGGCAGRAAT TCGAGARAGCCARACTTGGCCCT
GCTGGCAACARAGTCATCAGTCCCTCTGAAGACAGCGAARCAACCTTCCAACAACCTTGACCGAGTGARARCTCACGGAC
TECAATTTCCTCATCGTGT TCGCAARGCGEGAGTTTTGOARAGGTCGATGCTTGCCCRCAGGARGGECACAGANGAACTG
TATGCAATCARAATCCTGRAGRAGGATGTGETGATTCAGGATGATGACGTGGAGT GCACCATGGTAGRAMAGCGAGTC
TTCGCCCTCCT TCACAARCCCCCGTTCTTGACGCAGCTGCACTCCTGCT TCCAGACAGTGCATCCGCTETACTTCGTC
ATGGRATATGTCRAACGGTGGGGACTUTCATGTACCACATTCAGCAAGTAGGARART T TAAGGAACCACARGCAGTATTC
NTATGCGCCAGAGATTTCCATCCCATTGTTCTTTCTTCATAAARAGAGGAATCAT TTATAGCGATCTGAAGTTAGATABC
GTCATCTTGGATTCAGRAGGACATAT CAARATTGCTGACTTTGGGAT GTGCARGCAACACATEATGCEATGGAGTCACG
ACCAGGACCTTCTGTGGGACTCCAGATTATATCGCCCCAGAGATAATCCCTTATCAGCCGTATGGARARATCTGTGGAC
TGCTCGGCCTATGGCGTICCTGTTGTATGAAATGCTTGCCGGGCAGCCTCCAT TTCATGGTCARCATGARGACGAGCTA
TTTCAGTCTATCATEGAGCACAACGTTICCTATCCAABATCCTTETCCAAGGAGECTGTTTCTATCTGCARAGGACTEG
ATGACCARARCACCCAGCCARGCGOLTGGECTGTGGECCTGAGGGLEGAGAGGGACGTGAGAGAGCATGCCTTCTTCCGG
AGGATCGACTGGGARBMACT GGAGARCAGGGAGATCCAGCCACCATTCARAGCCCAANGTGTGTGGCAALGGAGCAGAG
AACTTTGACAAGTTCTTCACACCAGGACACCCCGTCTTAACACCACCTGATCAGCC GG TIAT TG TAACATAGACCAG
TCTGATTTTGRAGGETTCTCGTATGTCAACCCCCAGT TTETGCACCCCATCTTACAGAGTGCAGTAGTT

SEQ ID NO:450 (Human Protein Kinase C alpha (PKCa) (aa sequencs}

MADVEFPGENDSTASCDVANRFARKGALROQKNVHEVKDHKFIARFFRKQPTFCSHCTDFIWGFGKQGFQCOQVCCEVVHRRC
HEFVYTEFSCPGADKGPDTRDPRSKHKFKIHTYGSPTFCDHCGSLLYGLIHQGMRKCDTCEMNVHKQCVINVESLOGMDHT
EKRGRIYLKAEVADEKLHVTIVRDAKNLIPMDPNGLSDPYVKLKLIPDPKNESKQKTKT IRSTLNPOWNESFTFKLKPS
DKDRRLSVEIWDWDRTTRNDEMGSLSFGVEELMXMPASGWYKLLNQEEGEYYNVEI PEGDEEGNMELEQKFEKAKLGP
AGNKVISPSEDRKQPSNNLBPRYKL TOFNFLMVLGRKGSFGKVMLADRKGTEELYATKILKKDVVIQDDDVECTMVEKRV
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LALLDKPPFLTOLHSCFOTVDRLY FVMEYVNGGDLMYEIQOVGKFKE POAVEYARETSIGLFFLHKRGI I YRDLKLON
VMLDSEGHIKIADFGMCKEHMMDGVTTRTFCGTPDYIAPET IAYOPYGKSVDWRAY GVLLY EMLAGOPPFDGEDEDEL
FQSIMEHNVSYPKS LSKEAVSICKGLM I KHPAKRLGCGPEGERDVREHAFFRRIDWEKLENRE IQPPFKPKVCGKGRE
NFDKFFTRGQPVLTPPDQLVIANIDQSDFEGFSYVNPQFVHPILQSAVY

SEQ ID N0:451 (Human Glucocorticoid receptor (GR) (nt sequenca)
ATGCGACTCCAAAGAATCATTAACTCCTGCTAGAGAAGARARCCCCAGCAGTGTGCTTGCTCAGGAGAGGGEGAGATGT G
ATGGACTTQTRTAAHACCCTAAGAGGAGGAGCTACTGTGAAGGTTTCTGCGTCTTCACCCTCACTGGCTGTCGCTTCT
CRATCAGACTCCAAGCAGCGAAGACTTTTGCTTGATTTTCCAARAGGCTCAGTAAGCAATGCGCAGCAGCCAGATCTG
TCCARBGCAGTTTCACTCTCAATGGGACTGTATAT GGGAGAGRACAGRARCARARGTGATGGGAARTGACC TGGGATTC
CCRCAGCAGGGLCANATCAGCCTTTCCTCGEGECARPACAGRCTT ARAGCTTTTGGARGAAAGCATTCCAAACCTCAAT
AGGTCGACCAGTGETTCCAGAGAACCCCARGAGTTCAGCATCCACTGCTGTGTCTGCTGCCCCCACAGAGNAGGAGTTT
CCaBRRAACTCACTCTGATGTATCTTCAGAACAGCALCATTTGARGGGCCAGACTGGCACCAACGGTGGUAATGTGAAR
TTGTATACCACRGACCAARGCACCTTTGACATTTTGCAGGRATTIGGAGTTTTCTTCTGGGTCCCCAGGTARAGAGALCG
AATGAGAGTCC T GGAGATCAGACCTGTTGATAGATGANAACTGTTTGCTTTCTCCTCTGGCGGGAGAAGACGATTCA
TTCCTTTTGGAAGGRARCTCGAATGAGGACTGCAAGCCTCTCATTTTACCGGACACTAAACCCAAAATTAAGGATAAT
GGAGATCTGGTTTTGCTCAAGCCCCAGTAATGTAACACTGCCCCARGTGAAAACAGARAAAGARGATTTCATCGARLTE
TGCACCCCTGGGGTAAT TAAGCARGRGAARCTCGGCACAGTTTACTGTCAGGCAAGCTTTCCTCGAGCARATATAATT
GGTAATAAAATGTCTGCCATTTCTGTTCATGGIGTGAGTACCTCTGGAGGRACAGATGTACCACTATGACATGRATACA
GCATCCCTTTCTCARCAGCAGGATCAGAAGCCTATTTTTRATGTCATTCCACCAATTCCCGTTGGTTCCGARAATTGE
AATAGGTGCCAAGGATCTGGAGATGACAACTTGACTTCTCTGGGGACTCTGAACTTCCCTGGTCGAACAGTTTTTICT
AATGGCTATTCAAGCCCCAGCATGAGACCAGATGTARGCTCTCCTCCATCCAGCTCCTCARACAGCARCAACAGGACCA
CCTCCCRARACTCTGCCTGETETGCTCTGATGAAGC TTCAGGATCTCATTATGGAGTCTTARCTTGTGGAAGCTGTAAA
CTTTTCTTCANMAGAGCACTGGARGGACAGCACAATTACCTATGTGCTGGRAAGGAATGATTGCATCATCGATAARATT
CGARGAAABARCTGCCCAGCATGCCGCTATCGAAMATGTCTTCAGGCTGGAATCARCCTGGANAGCTCGANANNCAANG
ADLABRARAATAAARGGAAT TCAGCAGGCCACTACAGGAG TCTCACAAGAAACCTCTGAARATUCTGGTOACALAACAATA
GTTCCTGCRACGTTACCARCARCTCACCCCTACCCTGGTETCRACTGTTGGAGGTTATTGAACCTGAAGTGTTATATGCA
GGATATCGATAGCTCTGTTCCAGACTCARCTTGGAGGATCATGACTACGCTCAACATGTTAGGAGGGLGGCAAGTGATT
GCAGCAGTGAAATGGGCRAARGGCRATACCAGGTTT CAGGAACTTACACCTGGATGACCAAATGACCCTACTGCAGTAC
TCCTGGATGTTTCTTATGCCATTTGCTCTGGGGTGGAGATCATATAGACARATCAAGTGCARACCTGCTGTGT TTTGCT
CCTGATCTGATTATTANTCGAGCAGAGAATGACTCTACCCTCCATGTACGACCAATGTAARCACATGCTGTATGTTTCC
TCTGAGT TACACAGGUT TCAGGTATCT TATGALGAGTATCTC TGTATGRARARCC TTACTGC TTCTC TCTTCAGTTCET
ARAGGACGGTCTGRAGAGCCAAGAGCTATT TCATGARATTAGAATGACCTACATCARAGAGC TAGGARAAGCCATTGTC
AAGAGGGARGGARACTCCAGCCAGRACTGGCAGCGGTTTTATCAACTGACARRACTCTTGGATTCTATECATGAAGTG
CTTGARARTCTCCTTAACTAT TGCTTCCARACATT TTTGGATAAGACCATCAGTATTGAAT TCCCCCAGATGTTAGCT
GARATCATCACCAATCAGATACCARRATATT CARATGGARATATCARAAAACTTCTGTTTCATCAARAGGTT

SEQ ID NO:452 (Human Glucocorticoid receptor {(GR) {(aa sequence} .
MDSKESLTPGREENPSSVLAQERGDVMDFYKTLRGGATVKVSASS PSLAVASDSDSKQRRL LY DFPKGSVSNAQEPOL
SKAVSLSMGLYMGE TETEVMGNDLGFPOOGOISLSSGETDLKLLEESTANLNRSTSVPENPKSSASTAVSARPTEXEF
PKTHSDVSSEQQHLKGOQTGTNGGNVKLYTTDRSTFDILQDLEFSSGSPGKETNESFWRSDLLIDENCLLSPLAGEDDS
FLLEGNSNEDCKPLILPDTKPKIKDNGDLVLSSPSNVTLPOVKTEKEDFIELCTPGVIKQEKLGTVYCQASFPGANIT
GNEKMSATISVHGVSTSGCOMYHYDMNTASLSQOQDUKPIFNVIPPI PVGSENWNRCRGSGDDNLTSLGTLNFEGRTVFEFS
NGYSSPSMRPDVSSPPSSSSTATTGPPPKLCLVCSDEASGCHYGVLTCGSCKVE FKRAVEGOHNYLCAGRNDCI I DKI
RREKNCPACRYRKCLOAGMNLEARKTKKKIKGIQQATTGVSQETSENPGNKT IVPATLFQLTPTLVSLLEVIEPEVLYA
GYDSSVPDSTWRIMTTLNMLGGRQVIAAVEWAKAL PGFRNLHLDDOMTLLO Y SWMFLMAFALGWRS YROSSANLLCFA
PDLIINEQRMTLPCMYDQCKHMLYVSSELHRLQVSYEEYLEMKTLLLLSSVPKOGLKSQELFDETRMTY IKELGKRAIV
XRECRSSQNWQRFYQLTKLLDSMHEVVENLLNYCFQTFLDKTMSIEFPEMLAET ITNQI PKYSNGNIKKLLFHQKV

SEQ ID NO:453 (L27v02-GR/L27V02-PKCa linker (nt seguence} .
GGTGGTTCAGGTGGTGECEGEACCGETGGAGGGAGCAGCGGTGGAGCGATCGCC

SEQ ID NO:454 (L27V02-GR/L27V02-PKCa linker {aa segquence}
GGSGGGGSGGGESSGGATA

SEQ ID NO:45S {GR—L??VOZ/PKCH~L27V02 linker (nt saquence)
TCTCTCCGTGCTTCAGGTGGTGGLGGGAGCEGTGGAGGGAGCAGCGGTGGA

SEQ ID NO:456 (GR-L27V02/PKCa-L27v02 linker (aa seguenca)
SLGGSGGGGSGEGESSG6G

SEQ ID NO:457 (GS$SG linker {(nt sequence)
GCTCGAGCGGA
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SEQ ID NO:458 (GSSG linker {(aa sequence)
GS5G

SEQ ID RO:458 (ATIR {nt seguence)

ATGAT TCTCARCTCTTC TACTGARGATGGTAT TAAAAGAAT CCAACATGATTGTCCCARRGCTGGAAGECATARTTAC
ATATTTGTCATGATTCCTACTTTATACAGTATCATCTTTGTGETGGGARTATTTGCARACAGCTTGGTGGTGATAGTC
ATTTACTTTTATATGAAGCTGARGACTGTGGCCACTGTTTTTCT TTTGAATT TAGCACTGGCTGACTTATGCTTTITA
CTGACTTTGCCACTATGGCCTCTCTACACAGCTATGGAATACCGCTGGLCETTTGGCARTTACCTATG TAAGAT TGCT
TCAGCCAGCGTCAGTTTCAACCTGTACGCTAGTGTGTTTCTACTCACGTGTC TCAGCATTGATCGATACCTGGCTATT
GTTCACCCAATGRAGTCCCGCCTTCGACGCACAATGCTTGTAGCCAARAGTCACCTGCATCATCATTTGGCTGCTGGCA
GGCTTGGCCAGTTTGCCAGCTATAATCCATCGAAATGTATTTTT CATTGAGAACACCAATATTACAGTTTGTGCTTTC
CATTATGAGTCCCAAARTTCAACCCTTCCGATAGGGCTGGGCCTGACCAARAATATACTCGGTTTCCTGTTTCCTTTT
CTGATCATTCTTACAAGTTATACTCTTAT TTGGARGGCCCTARAGAAGGCTTATGAARTTCAGARGAACAAACCANGA
ARTGATGATATT T TAAGATAATTATGGCRATTGTGCTTTTCTTTTITCTTTITCCTGGATTCCCCACCARRTATTCACT
ITTCTGGATGTATTGATTCAACTAGGCATCATACGTGACTGTAGARTTGCAGATAT TGTGGACACGGCCATGCCTATC
ACCATTTGTATAGCTTATTTTARCAATTGCCTGAATCCTCTTITTTITATGGC T CT GGCGAAAARATT TAAARGATAT
TTTCTCCAGCTTCTAARAATATATTCCCCCAMAAGCCABATCCCACTCAAACCTTTCAACARRRATGAGCACGCTTTCC
TACCGCCCCTCRAGATRATGTAAGCTCATCCACCAAGAAGCCTGCACCATGTTTTGAGGTTGAGTGA

SEQ ID NO:460 (ATIR {aa sequence)

MILNSSTEDGIKRIQDDCPKAGRHNY IFVMIPTLYSITFVVGIFGNSLVVIVIYFYMKLKTVASVELLNLALADLCEFL
LTLPLWAVYTAMEY RWPFGNYLCKXIASASVSFNLYASYFLLUTCLSIDRYLAI VEPMKSRLRRTMLVAKVTCIITWLLA
GLASLPAIIHRMNVEFIENTNITVCAFHYESQNSTLPIGLGLTKNILGFLFPEFLIILTSYTLIWKALKKAYETQKNKPR
NODIFKIIMAIVLEFFFSWIPHQIFTFLOVLIOLGIIRDCRIADEVDTAMPITICIAYFRNCLNPLEYGFLGKKFKRY
FLOLLKYT PPKAKSHSNLSTKMSTLSYRPSDNVSSSTRKPAPCEEVE

SEQ ID NO:461 (IL6-00 signal peptide (nt seguence)
ATGARCTCCTTCTCCACRAGCGCCTTCGGTCCAGTTGCCTTCTCCCTGGGGCTGCTCCTGGIGTTGCCTGCTGCCTTC
CCTGCCCCA

SEQ ID NQ:462 (IL6-00 mignal peptide {(aa sequence)
MNSFSTSAFGPVAFSLGLLLVLPAAFPAP

SEQ ID NO:463 (IL6-00 L27V-00 (nt sequence)
ATGAACTCCTTCTCCACANGCGCCTTCGGTCCAGTTGCCTTCTCCCTGEGEGCTGCTCCTGEGTEGTTGCCTGCTGCCTTC
CCTGCCCCAGTGTTTACACTCGARGATTTCGTAGEGGAC T GGCGGCAGACAGCCCGCTACAARCCTCGACCAAGTCCTT
GAGCAGGGCGGTGTGTCCAGTTTGTTTCAGAATCTCGGGGTGTCCGTAACTCCEATCCARAGCGATTGTCCTCAZCGET
CRARNCGGCCTGMAGATCGACATCCATGTCATCATCCCGTATGARGGTCTGAGCGGCGATCAGATGGGCCACGATCGAR
AAAATTTTTAAGGT GGTGTACCCTGTGGATGATCATCACTTTAACGCTGATTCTGCACTATCGCACACTCGTAATCGAC
GGGGT TACCCCGARACATGATCGACTATTTCGGACGGLCGTATGARGGCATCGUCGTGTTCCACGGCAARARAGATCACT
GTRACCGGGACCCTGTGGARCGGCARCARBATTATCGACGAGLCGCCTGATCAACCCCGACGGCTCCCTGCTGTTCCGT
GTAACCATCAACGGAGTGACCGGCTGGCGGETGTGCGAGCGCATTTTGGLG

SEQ ID NO:464 (IL6-00 L27v-00 ([aa sequence)
MNSESTSAFGPVAFSLGLLLVLPARFPAPVETLEDEVGDWROTAGYNLDOVLEQGGVSSLFOULGVSVIPIQRIVLEG
ENGLKIDIHVIIPYEGLSGDOMGOIEKI FKVVYPVDDHHFKVILHYGTLYVIDGVTFNMIDYFGRPYEGIAVEDGKKIT
VIGTLWNGNKIIDERLINPDGSLLFRVTINGVTGWRLCERILA

SEQ ID NO:465 (Native secretion signal + L27V {nt sequence)
atggcttactccacactgttcatcattgetctecacagecegtcgtaacacaagectectecacacagaaaageaacctyg
acaGTGTTTACACTCGAAGAT TTCGTAGCGGACTGGCEGLAGACAGCCGGCTACAACCTGGACCAAGTCCTTGAGCAG
GOCGCTCTGTCCAGTTTGT I TCAGARTCTCGGGGTGTCCETAACTCCCATCCANACGATTGTCCTGAGCGGTGAARAT
GGCCTGAAGATCGACATCCATGTCATCATCCCGTATGRAGGT CTGAGCGGCGATCAGATGGGCUCAGATCGARARARTT
TTTAAGGTGGTGTACCC TG TGGATGATCATCACTTTAAGGTGAT TCTGCACTATGGCACACTGGTAATCGACGGGETT
ACGCCGAACATGATCGACTATTTCGGACGGCCGTATGAAGGCATCGCCGTGT TCGACGGCARRRAGATCACTGTARCC
GGGACCCTGTGGMAACGGCAACAAAATTATCGACGAGCGCCTGATCARCCLCCGACGECTCCCTGCTGTTCCGCGTAACT
ATCAACGGAGTGACCGGCTGGCGGCTGTGCGAGCCTATTTTGGCG

SEQ ID NO:466 (Native secretion signal + L27V {(aa seguenge}
MAYSTLEFILIALTAVVTOASSTOKSNLTYFTLEDFVGDWROTAGYNLDOVL.EQGGYSSLEQNLGVSVTPIQRIVLSGEN
GLKIDIHVYYIPYEGLSGDOMGOIEKI PKYVYPYDDHHFKVILHYGTLVIDGVTENMIDY FGRPYEGIAVEFDGKKITVT
GTLWNGNKIIDERLINPDGSLLFRVTINGVTGWRLCERILA

SEQ ID RO:467 (CP 6 L27V (RIIbB} (nt sequence) (nt sequenca)

226



Atgttegttggggactggogacagacageoggetacaacetggaccaagteocttgaacagggaggrgtgtecagtitg
tttcageatctcggggtgtcegtaactecgatecaaaggattgtectgageyggtgaaaatgggetgaagategacate
catgrcatcatcccgtatgaaggtotgageggegaccaaatgggecagategaaadaatrtttaaggtggtgtacect
gtggatgatcatcactttaaggtgatcectgcactatggcacactggtaategacggygttacgocgaacatgategac
‘tatttcggacggeoegtatgaaggocatcgecgrgttogacgygcaaaaagatecactgtaacagggacectgtggaacgge
aacaadattatcgacgagegectgatcaacceccgacggctococctgoctgttecgagtaaccatcaacggagtgacegge
£ggegget gt GCGAACGCAT TCTGGCLAGCTCARGCGCAGGTTCAGGCGETTCCGEAATGTATGAARGCTTTATTGAG
TCACTGCCATTCCT TARATC T TTGGAGTTTTCTGCACGCCTGARAGTAGTAGATCTGATAGGCACCAAAGTATACARC
GATGGAGAACAAATCATTGC TCAGGGAGATTCGGCTGATTCTTTTTTCATTATTGAATCTGGAGARGTGRARATTACT
ATGADAAGARAGGGTAAATCAGRAGTGGAAGAGAATGGTGCAGTAGARATCGLTUGA T CUTCGUGCGGGACAGTACTTT
GGABAGCTTGCCCTGGTAAC TARCARACCTCGAGCAGCTTCTGCCCACGCCATTGGGACTGTCAAATGTTTAGCAATG
GATGTGCAAGCATTTGARAGGCTTCTGGGACCTTGCATGGARATTATCARAAGGARCATCGCTACCTATGARGAACAG
TTAGTTGCCCTGTATGGAACCGAACATGGATATTGTAGGGTCAGGTGGATCTEGGAGETAGCTCTTCTatggtcttcaca
ctcgaagat

SEQ ID NO:468B (CP 6 L27¥ (RIIbB) (aa seg)
MEVGDWROTAGYNLDOVLEQGGYSSLFONLGVSVTPIQRIVLSGENGLKIDIHVI I PYEGLSGDOMGQIEKI FKVVY P
VDDHHFKY I LHYGTLVIDGYTPNMIDYFGRPYEGIAVEDGKKITVTGTLWNGNKI I DERLINPDGSLLFRYTINGVTG
WRLCERILASSSGGSGESGMYESFIESLPFLKS LEFSARLKVYDVIGTKVYNDGEQT IAQGDSADSFFIIESGEVKIT
MKRKGKSEVEENGAVETARCSRGOYFGELALVTNKPRAASAHALGTVKCLAMDVOAFERLLGPCME IMKRN AT YEEQ
LYALYGTNMDIVGSGGSGGSSSMVETLED

SEQ ID NO:469 (CP 12 L27V {RIIbB} {nt sequence) (nt sequence)

NhTGeagacagecggetacaacctggacecaagtoettgaacagggaggtgtgtecagtttgtticagaatcteggggtg
tccgtaactecgatccaaaggattgtectgageggtgaaaatgggeigaagategacatccatgteateatecoegtat
gaaggtctgageggogaccaaatgggeccagatcgaaaadatttttaagatggrgtaccetgtggatgatcatcacttte
aaggtgatcctgecactatggoacactggtaalegacgggygttacgeogaacatgategactatticggacageocgtat
gaaggcategeegtgttcgacggeaaaaagatcactgtaacagggaccetgtggaacggcaacaaaattatcgacgag
cgcctgatcaacccegacggectececctgetgitecocgagtaaccatcaacggagtgaceggetggegget gt GCGRACGC
ATTCTGGCLAGCTCARGCGGAGGTTCAGGLGGTTCCGGRAATGTATGAARGCTTTATTGAGTCACTGCCATTCCTTAAA
TCTTTGGAGTTTTCTGCACGCCTGARNGTAGTAGATCTGATAGCGCACCAAAGTATACAACGATGGAGARCARATCATT
GCTCAGGCAGATTCOGUTSAT ICTTITTTCATTAT TGRATCTGGAGARAARGTGARRATTACTATGARAAGARAGGGTARA
TCAGAAGTGGAAGAGARTGGTGCAGTAGARATCGCTCGAT CC TCGCGEGGACAGTACT TTGGAGAGCTTGCCCTGGTA
ACTAACAARCCTCGAGCAGCTTCTGCCCACGCCAT TGEGGACTGTCAARATGTTTAGCARTGGATGTCCARGCATTTGAA
AGGCTTCTGGGACC T TGCATGGARATTATGARRAGGARCATCGCTACCTATGANGANCAGTTAGTTGCCCTGTATGGA
ACGARCATGGATATTGTAGGGTCAGGTGGATCTGGAGGTAGCTCTTCTatggtcttcacactecgaagatttegttggy |
gactggygcga

SEQ ID NG:470 (CP 12 L27V (RIIbB} {aa seqj
MOTAGYNLDOVLEQGGYSSLFONLGVSVTPIQRIVLSGENGLKIDIHVI IFYEGLSGDOMGRI EKI FKVVYFVIODHHF
KVILHYGTLVIPDGVTPNMI DY FGRPYEGIAVFDGKKITVTGTLWNGNKI IDERLINPDGSLLEFRVT INGVTGWRLCER
ILASSSGGSGGSGMYRSFIESLPFLKSLEFSARLKVVDVIGTKVYNDGEQI IAQGDSADSFFI IESGEVKI TMKRKGK
SEVEENGAVEIARCSRGQYFGELALVTNKPRAASAHAIGTVKCLAMDVQAFERLLGPCME IMKRNIATYEEQLVALYG
TNMDIVGSGGSGGSSSMVFTLEDFVGDWR

SEQ ID NO:471 (CP 46 L27v (RIIbB} {nt sesquence}
ATGggtgaaaatgggctqaaqétcgacatccatgtcatcatcccgtatgaaggtctgagcggcgaccaaatgggccag
atCgaaaaaatrtttaaggtggtgtaccocrgtggatgatcalcacttlaaggtgatcctgeactatggeacactggta
aicgacggggttacgecgaacatgatecgactattteggacggecgtatgaaggcategecgtgttcgacggcaaaaag
atcactgtaacagggaccctgtggaacggecaacaaaattatcgacgagegectgatcaaceecgacggetecctgetyg
ticegagtaaccatcaacggagtgaccggstagegaetgtGCGAARCGCATTCTGGCEAGCTCARGCGGAGGT TCAGGC
GGTTCCGGAATGTATGRAAGCTTTATTGAGTCACTGCCATTCCTTARATCTTTGGAGTTTTCTGCACGCCTGARAGTA
GTAGATGTGATAGGCACCRRAAGTATACAACGATGGAGRACAAATCATTGCTCAGGGAGATTCGGCTGATTCTTTTTTC
ATTATTGRATCTGGAGAAGTGARRATTAC TATGAARAGARAGGGTARATCAGARGTGGARGAGAATGGTGCAGTAGAA
ATCGCTCGATGCTCGCGGEGRCAGTACTTTGGAGAGL TTGCCCTGGTAACTAACARACCTCGAGCAGCTTCTGCCCAC
GCCATTGGGACTETCAAATGTTTAGCAATGGATGTGCAAGCATT TGARAGGCTTCTGGCGACCTTGCATGGAAATTATG
AARAGGARACATCGCTACCTATGARAGARCAGTTAGT TGCCCTGTATGGAACGAACATGCATAT TG TAGGGTCAGGTGGA
TCTGGAGGTAGCTCTTCTatggtcttcacactegaagatttegrtggggactggagacagacageeggctacaaccty
gaccaagtcctitgaacagggagutgtgtccagtitgittcagzatctegggataleegtaactecgatccaaaggatt
gtectgage

SEQ ID NO:472 (CP 48 L27V (RITbB} {aa segq)

MGENGLKIDIHVIIPYEGLSGDQMGQIEKI FKVVYPVDDHHFKYILEYGTLVIDGVTPNMIDYFPGRPYEGIAVFDGKK
ITVTGTLWNGNKIIDERLINPDGSLLFRVTINGVTGHRLCERTILASSSGGSGGSGMYESFIESLPFLKSLEFSARLKY
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VDVIGTKVYNDGEQT IAQGDSADSFFIIESGEVKI TMKRKGKSEVEENGAVELARCSRGOY FGELALVTNKPRAASAH
AIGTVKCLAMDVQORFERLLGPCME IMKRNIATYEEQLVALYGTNMDIVGSGGSGGSSSMVETLEDFVGDWRQTAGYNL
DOVLEQGGVSSLFONLGVSVTPIQRIVLS

SEQ IP NO:473 (CP 52 L27v (RIIbB) {nt sequence}
ATGCTGAAGATCGACATCCATGTCATCATCCCGTATGAAGGTCT GAGCGGCGACCARATGGGCCACATCEARARRANTT
TPTAAGCTGGTGTACCCTGTGGATGATCATCACTTTAAGGT GATCCTGCACTATGGCACACTGGTAATCGACGGGGTT
ACGCCGAACATGATCGACTATTTCGGACGGCCGTATGAAGGCATCGCCGTGTTCGACGGCAARRRGATCACTGTAACA
GGGACCCTGETGGAACGGCAACAAAATTATCGACGAGCGCCTGATCAACCCCGACGGCTCCCTGCTGTTCCGAGTAACC
ATCARACGGAGTGACCGGCTGGCGECTGTGUCAACGCATTCTGGEC TAGCTCAAGCGGAGGTTCAGGCGGTTCCGGAATS
TATGAAAGCTTTAITGAGTCACTGCCATTCCTTARRTCTTTGGAGTTTTCTGCACGCCTGAAAGTAGTAGATGTGATA
GGCACCAAAGTATACAACGATGGAGRACAAATCAT TGCTCAGGGAGAT TCGCCTGATTCTTTTTTCATTATTGRATCT
GGAGAAGTGAAAATTACTATGAAAAGABAGGGTARATCAGRAGT GGARGAGRATGGTGCAGTAGAAATCECTCBATGC
TCGCGGGGACAGTACTT TEGAGAGCTTGCCCTGGTAACTAACAAACCTCGAGCAGCTTCTGCCCACGCCATTGGGATT
GTCAAATGTTTAGCAATGCATGTGCAAGCATTTGARAGGCTTCTGGGACCTTGCATCCAARTTATGARRAGGARCATC
GCTACCTATGAAGAACAGTTAGTTGCCCTGTATGCARCGAACATGGATATTGTAGGGTCAGGTGGATE TGGAGLTALC
TCTTCTATGGTCTTCACACTCGAACATTTCGTTGGGGACTGEGUCACAGRCAGCCGGCTACRACCTGGACCAAGTLCTT
GAACAGGGAGETGTGTCCAGT ITGTTTCAGAATCT CEBGEGTGTCCGTARCTCCCATCCARAGGATTGTCCTGAGCGET
GAARATGGG

SEQ ID NO:474 (CP 52 L27V {(RIIbB} (aa seag)

MLKIDIHVIIPYEGLSGDOMGQIEKI FKVVYFPVDDHHFKVILHYGTLV LI DGVTPNMT DY FGRPYEGIAVEFDGKKITVT
GTLWNGNKIIDERLINPDGSLLFRVTINGVTGWRLCERILASSSGGSGGIGMYESFIESLPFLEKSLEFSARLKVVIVI
GTKVYNDGEQIIAQGDSADSFFIIESGEVKI TMKRKGKSEVEENGAVEIARCSRGOYFGELALVTNKPRARSAHALIGT
VKCLAMDVQAFERLLGPCMEIMKRMN L ATYEEQLVALYGTRMDIVGSGGSGESSSMVETLEDEVGDWROTAGYNLEQVL
EQGGVSSLEFONLGVSYVTPIQRIVLSGENG

SEQ ID NG:475 (CP 55 L27v (RIILB) (nt soquence)
Atggacatccatgtcatcatcecgtatgaaggtectgageggecgaccaaatgggecagategaaaaaatttttaaggtyg
gtgtaccetgtggatgatcatcactttaagytgatcctgecactatggcacactggtaategacggggttacgecegaac
atgatcgactatticggacgqecgtatgaaggeatcgecgtgti tegacygygcaaaaageleacigtaacagggaceetyg
tggaacggcaacaaaattatecgacgagceqectgatcaacoacgacqggeroecctgetgtteccgagtaaccatocaacgga
gtgaccygetgaoggetgtGCGARCGCATTCTGGC LAGCTCARGGCGAGGTTCAGGCGETTCCGGAATGTATGARAGT
TTTATTGAGTCACTGCCATTCCTTAARTCTTTGGAGTTTTCTGCACGCCTGRARAGTAGTAGATSTGATAGGCACCARA
GTATACARCGATGGAGAACAAATCATTGCTCAGGGAGATTCCGLIGATTCTTTTTTCAT TATTGAATCTCCACAAGTG
ARAATTACTATGABAAGAAAGGGCTAAATCAGARGTGGALRGAGRAATGGTGCAGTAGAAATCGCTCGATGCTCGCGGGGA
CAGTACTTITGGAGAGCTTGCCCTGGTAACTARCAAACCTCGAGCAGCTTCTGCCCACGCCATTGGGAC TGTCARATGT
TTAGCAARTGGATGTGCARGCATTTGRARAGGCTTCTGGGACCT TGCATGGAARTTATGARAAGGARCATCGCTACCTAT
GAAGAACAGTTAGT TGCCUTGTATGGAACGAACATGEATATTGTAGGETCAGGTGGATC TGGAGGTAGCTCTTCTat g
gtcttcacactcgaagatttogtitggggactggcgacagacagecggeacaacctggaccaagtoct tgaacagyga
ggtgtgtccagtttgtttecagaatcteggggtgtecgtaactecgatecaaaggattgiectgageggtgaaaatggy
ctgaagate

SEQ ID NO:476 (CP 55 L27V (RIILB) ({aa seq)
MDIHVIIPYEGLSGDRQMGQIEKIFKVVYPVDDHHFKVILHYGTLYIDGVTPNMIDY FGRPYEGIAYFDGKKI TVIGTL
WNGNKIIDERLINPDGSLLFRVTINGVTGWRLCERILASSSGGSGESCGMYESFIESLPFLKSLEFSARLKVVDVIGTK
VYNDGEQITIAQGDSADSFFIIESGEVKITMKRKGKSEVEENGAVEIARCSRGYY FGELALVTNKPRAASAHAIGTVEKC
LAMDVQAFERLLGPCMEIMKRNIATYEEQLVALYGTNMDIVGSGGSGGSSSMVETLEDFVGDWRQTAGYNLDOQVLEQG
GVSSLEFCNLGVSVTPIQRIVLSGENGLKT

SEQ ID NO:477 (CP 83 L27V (RIIbB) (nt sequence)

ATGgtggatgatcatcactttaaggigatcargoactatggcacactqgtaatcgacggggttacgecgaacatgate
gactartteggacageegtatgaaggeategecgigl togacggcaaaaagakcactgtaacagggaccctgtggaac
ggceaacaaaatlalcgacgagrgeoctgatcaaccocgacggetocctgetgtiecgagtaaccatcaacggagtgace
ggctggeyggetgtGCGAACGCATTCTGGC EAGCTCAAGCGGAGGTTCAGGCGEGTTCCGGAATGTATGARRGCTTTATT
GAGTCACTGCCATTCCTTARATCT TTGGAGTTTTCTGCACGC CTGRAAAGTAGTAGATGTGATAGGCACCARACTATAC
ARCGATGGAGARCAAATCATTGCT CAGGGAGATTCGGCTGAT TCTTTTT TCATTAT TGARTCTGGAGAAGTGARARTT
ACTATGARAAGARAGGGTAAATCAGAAGTGGANGAGMTGET GCAGTACAAATCGCTCGATGCTCGCGGEGACAGTAC
TTTGGAGAGCTTGCCCTOGTAACTARCARACCTCGAGCAGCT TCTGCCCACGCCATTGGGACTGTCARATGTTTAGCA
ATGGATGTGCARGCATTTGAARAGGCTTCTGGGACCTTGCATGGARAT TATGAARAGGAACATCGCTACCTATGAAGAR
CAGTTAGT TGCCCTETATGGARCGARCATGGATATTGTAGGGTCAGGTGGATCTGGAGETAGCTCTECTat ggtette
acactcgaagatttcgttggggactggecgacagacageeggetacaacctggaccaagtecttgaacagggaggigtg
tccagtttgtttecagaateteggggtgtecgtaactecgatccaaaggattgtectgageggtgaaaatgggetgaag
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atcgacatccatgrcatcatcecgtatgaaggletgageggegaccaaatgggecagatcgaaaaaatttttaaggtg
gtgtaceet

SEQ ID NO:478 (CP 83 1L27v (RIIbB) (aa sedq})

MVDDHHFKVILYYGTLVIDGVTPNMIDY FGRPYEGIAVEDGKKITVTGTLWNGNKI IDERLINPDGSLLFRVTINGVT
GWRLCERILASS3GGSGGSGMYESFIESLEFLKSLEFSARLKVVDVIGTKVYNDGEQI IAQGDSADSFFITIESGEVKI
TMKRKGKSEVEENGAVEIARCSRGQYFGELALVTNKPRAASAHAIGTVKCLAMDVQAFERLLGPCMEIMKRNIATYEE
QLVALYGTNMDIVGSGGSGCGSSSMVFTLEDFVGDWRQTAGYNLDOVLEDGGVSSLFONLGVSVTPIQRIVLSGENGLK
TDIHVIIPYEGLSGDOMGQTEKIFKVVYP

SEQ ID W0:479 (CP B4 L27V (RIILB) (nt sequenca)
atqggatgatcatcactttaaggtgatcctgecactatggeacactggtaategacggggttacgecgaacatgategac
tatttcggacqgccqtatgaaggcatcgctgtgttcgacqgcaaaaagatcactgtaacaggqaccctgtggaacggc
aacaaaattatcgacgageycctgatcaaccecgacggetecctgetgttecgagtaaccateaacggagtgacegge
tggegget gt GCGAACGCATTCTGGC L AGCTCARGCGGAGGTTCAGGCGGTTCCGGARTGTATGRARAGCTTTATTGAG
TCACTGCCATTCCTTARATCTTTGGAGT I TTCTGCACGCCTCAAACTAGTAGATGTGATAGGCACCAAAGTATACAAC
GATGGAGAACAARARTCATTGCTCAGGGAGATTCGGCTGATTCTTTTTTCATTATTGAATC TGGAGARGTGAARATTACT
ATGAARACAAAGCCTARATCAGANGTCGAAGACARTCGTGCAGTAGAAATCGCTCGATGCTCGCGGGGACAGTACTTT
GGAGAGCTTGCCCT GGTAACTARCRRACCTCGAGCAGCTTCTGCCCACGCCATTGGGACTGTCAARATGTTTAGCAATG
GATGTGCAAGCATT TGRAAGGCTTCTCGCACCTTGCATGGAAATTATGAARAGGAACATCGCTACCTATGAAGARCAG
TTAGTTGCCCTGTATGGRACGARCATGGATATTGTAGGGTCAGCTGGATCTGCGAGGTAGCTCTTCTatggcltcaca
ctecgaagatttegttggggactggeogacagacagecggectacaacctggaccaagtecttgaacagggaggtgtgtec
agtttgtttcagaatctcggggtgtccgtaactecgateccaaaggattgtectgageggtgaaaatgggetgaagate
gacatcraltgtcatcateccecgtatgaaggtctgagoggogaccaaatgggocagatcgaaaaaatttttaagqgtyggtg
taccectgtyg

SEQ ID N0:480 (CP B4 L27V (RIILB} (aa seq)
MDDHHFKVILHYGTLVIDGVTFNMIDYFGRPYEGIAVFOGKKI TVTGTLWNGNKITIDERLINPDGSLLEFRVTINGVTG
WRLCERILASSSGGSGGSGMYESFTESLPFLKSLEFSARLKVVDVIGTKVYNDCEQI IAQGDSADSFFITIESGEVKIT
MKRKGKSEVEENGAVEIARCSRGQYFGELALYVTNKPRAASAHAIGTVKCLAMDVOAFERLLGPCMEIMKRNIATYZEQ
LVALYGTNMDIVGSGGSGGSSSMVFTLEDFVGDWROTAGYNLDOVLEQGGVISLFQNLGVSVIPIQRIVLSGENGLKI
DIHVIIPYEGLSGDOMGQRIEKIPKVVYPV

SEQ ID NO:4B1 (CP 103 L27V (RIIbB) (nt sequence)
ATGacgcegaacatgategactattteggacggecgtatgaaggoategecgtgttcgacggcaaaaagatcactgta
acagggacectgtggaacggraacaaaatiatcgacgagegectgatcaacccegacggetecetgetgttocgacta
accatcaacqggagtgaccyggotggeggctgtGCGAACGCATT CTGGCtAGCTCARGCGGAGBTTCAGGCGSTTCCGGA
ATGTATGARAGCTTTATTGAGTCACTGCCATTCCTTAAATCTTTGGAGTTTTCTGCACGCCTGAMNGTAGTAGATGTG
ATAGGCACCAAAGTATACAACGATGGAGAACARATCATTGCTCAGEGGAGATTCGGCTGATTCTTTTTTCATTATTGRA
TCTGGAGRAGTGAAAAT TACTATCAAAACARAGGETARAT CACAAGTGCAAGAGAARTGGTGTAGTAGARAATCGCTCGA
TGCTCGCGGGGACAGTACTTTGGAGAGCTTGCCCTGGTRAACTARCARACCTCGAGCAGCTTCTGCCCACGCCATTGGG
BCTGTCARAATGTTTACCRAATGGATGTGCAAGCATTTGAAAGGCTTCTGGGACCTTGCATGCRAATTATGARAAGGRAC
ATCGCTACCTATGARGAACAGTTAGT PTGCCCTGTATGGARCGAACATGGATAT TG TAGGGTCAGGTGGATCTGGRAGGT
AGCTCTTCTatggtettcacactegaagatttegt lgygggactygegacagacagecgygetacaacctggaccaagtoe
cttgaacagggaggargtgtccagtttgtttcagaatcteggggtgtcegtaacteocgatccaaaggattgtectgage
ggtgaaaatgggctgaagatcgacateccatgtcatcatcecgtatgaaggtectgageggegaccaaatgggecagate
gagaaaattittaaggtggtgtacectgtggalgatecatcacti taagatgateckgractatggeacactggtaate
gacggqggtt

SEQ ID NO:482 (CP 103 L27V (RIILB) {(aa seq)
MTENMIDYFGRPYEGIAVEDGKKITVTGTLWNGNKI IDERLINPDGSLLFRVTINGVTGWRLCERILASSSGGSCGGEG
MYESFIESLPFLKSLEFSARLKVVDVIGTKVYNDGEQI IAQGDSADSFFITIESGEVKITMKRKGKSEVEENGAVEIAR
CERGOYFGELALVTNKFRAASAHAIGTVKCLAMDVOAFERLLGPCME IMKRN IATYEEQLVALYGTRMDIVGSGGSGE
SSSMVFTLEDFVGDWROTAGYNLDOVLEQGGVSSLFONLGVSVTPIQRIVLSGENGLKIDIHVIIPYEGLSGDOMGOI
EKIFKVVYPVDDHHFKVILHYGTLVIDGY

SEQ ID NO:483 (CP 120 L27V (RIIbB) (nt seguenca)

ATGtEcgacggeaaaaagatcactgtaacagggacectgtggaacggeaacaaaat tatcoacgagegectygatecaac
cccgacggctecctgectgtteccgagtaaccatcaacggagigaceggetgygcggct gt GCCGRACGCATTCTGGCLAGC
TCAAGCGGAGGT TCAGGCGGETTCCGGRATGTATGARAGCTTTAT TGAGTCACTGCCATTCCTTARATC TT TGGAGTTT
TCTGCACGCCTCARAGTAGTAGATGTGATAGGCACCAAAGTATACAACGATGGACAACARATCAT TGC TCAGGGAGAT
TCGGCTGATTCTTTT T TCATTATTGRAT CTGGAGAAGTGARAAT TACTATGARAAGARAAGGCTARATCAGAAGTGGAA
GAGAMTGGTGCAGTAGRMATCGCTCGATGCTCCCGGGGACAGTACT TTGGAGNGCT TGCCCTGGTAACTAACAAACCT
CGAGCAGCTTCTGCCCACGCCATTGGGACTGTCARATGT T TAGCAATGGATGTGCAAGCAT TTGAAAGGC TTCTGGGA
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CCTTGCATGGARAT TAT GARARGGARCATCGCTACCTATGRAGAACAGTTAGTTGCLCCTGTATGGAACGAACATGGAT
ATTGTAGGGTCAGGTGGATCTGGAGGTAGCTCTTCTatggtet teacactegaagatttegttggggactagegacay
acagecggctacaacctggaccaagtccttgaacagggaggtgtgtecagtttgtitcagaateteggggtgtecgta
acteccgatcraaaggattgtectgageggtgaaaatgggetgaagatcgacatccatgtcatcatcccgtatgaaggt
ctgagcggcgaccaaatrgggccagatcgaaaaaatttttaaggtggtgtacectgiggatgatcatcactttaaggty
atcctgractatggeacactggtaategacgggattacgecgaacatgategactatrttcggacggeegtatgaagge
ategecgty

SEQ ID WO:484 (CP 120 127V (RIIbB) (aa seq)

MFDGKKITVTGT LWNGNKI IDERLINPDGSLLFRVTINGYTGWRLCERILASSSGGSGGSGMYESFIESLPFLESLEF
SARLKVVDVIGTKVYNDGEQI IAQGDSADSFFIIESGEVKITMKREGKSEVEENGAVEIARCERGQYFGELALVINKE
RAASAHAIGTVKCLAMDVQAFERLLGPCME IMKRNIAT YEEQLVALYGTNMDIVGSCCSGGSS SMVEFTLEDEVGDWRO
TAGYNLDQVLEQGGVSSLFONLGVSVTPIQRIVLSGENGLKIDIHVI I PYEGLEGDOMGQIEKI FKVVYPVDDHHFKV
ILHYGTLVIDGVTPNMIDYFGRPYEGIAV

SEQ ID NO:4B85 {CP 123 L27V {RIIbB) (nt sequencs)
ATGaaaaagatcactygtaacagggacccigtyggaacggcaacaaaattatcgacgagegectgatcaaccocgacgge
tcectgotgttcocgagtaaccatcaacggagtgaccyggetggeggetgLGCGARCGCATTCTCCCLAGCTCARAGCGGA
GGTTCAGGCGETTCCGGAATSTATGAARGC TTTATTGAGTCACTGCCATTCCTTAAATCTTTGGAGTT TTCTGCACGT
CTGBAAGTAGTAGATGTGATAGGCACCAAAGTATACAACGATGCAGAACARATCATTGCTCAGGGAGATTCGGLCTGAT
TCTTTTTTCATTATTCAATCTGGAGRAGTGAARAATTACTATGAARAGARAGGGTAAATCAGAAGTGGARGRAGARATGGT
GCAGTAGABRATCGCTCGATGCTCGCGGGGACAGTACTTTGGAGACCTTGCCCTGGTARCTANCARACCTCGAGCAGCT
TCTGCCCACGCCATTGGGACTGTCARRTGT TTAGCAATGGATGTGCAAGCATTTGARAGGCTTCTGGGACCTTGCATG
GARATTATGNAANNGGAACATCGCTACCTATGAAGAACAGTTAGTTGCCCTGTATGGARCGAACATGGATATT GTAGGS
TCA?GTGGATCTGGAGGTAGCTCTTCTatqgtcttcacactcgaagatttcgttggggactggcgacagacagccggc
tacaacctggaccaagtcotrgaacagggaggtgigieccagtttgtttcagaatectcggggtgtoegtaactecegate
caaaggattgtcctgageggtgaaaatgggetgaagatecgacatecalglecatecatececgiatgaaggleclgagegge
gacraaatgggeccagatcgaaaaaatttttaaggtggtgtaccetgtyggatgatcatecactttaaggtgatectgeac
tatggcacactggtaatcgacqggggttacgccgaacatgategactatticggacggeecgtatgaaggecatcgeegtg
t tcgacggc

SEQ ID NO:486 {CP 123 L27v (RIIbB) {aa seq)
MRKITVTGTLWNGNKIIDERLINPDGSLLFRVTINGVTGWRLCERILASSSGGSGESGMYESFIESLPFLKSLEFSAR
LKVVDVIGTKVYNDGEQI IAQGDSADSFFI IESGEVKI TMKRKGKSEVEENGAVEIARCSRGOYFGELALVTNKPRAR
SAHAIGTVKCLAMDVQAFERLLGPCMETMKRNTATYEEQLVALYGTNMDIVGSGGSGGSSSHMVETLEDFVGOWRQTAG
YNLDOVLEQGGVSSLFQNLGYSVTPIQRIVLSGENGLRIDIHVI I PYEGLSGDOMGQIEKY FKVVYPVDDHERFKVYILH
YGTLVIDGVTPNMIDYFGRPYEGIAVFDG

SEQ ID NQ:4B7 (CP 124 L27V {RIIbB) (nt sequence)
ATGaagatcactgtaacagyggaccectgtggaacggeaacaaaaktatcgacgagegectgalcaaccecegacggetee
ctgcotgttcogagtaaccatcaacggagtgaccggetggeggct gt GCGRACGCATTCTGGCLAGCTCAAGCGGAGGT
TCAGGCGGTTCCGEAATC TATGAAAGCT TTATTCGAGTCACTGCCATTCCTTAARTCTTTGGAGT I M CTGCACGCCTS
AAAGTAGTAGATGTGATAGGCACCALAGTATACARCGATGGAGARACARATCATTGCTCAGGGAGATTCGGCTGATTCT
TTTTTCATTATTGAATCTGGAGAAGTGARRATTACTATCARANGARAGGGTARATCAGAAGTGGAACAGARTGCGTGCA
GTAGRAATCGCTCGATGCTCGCCOCCACAGTACTTTCGAGAGC TTGCCCTGGTAACTAACARACCTCGAGCAGCTTCT
GCCCACGCCATTGGGACTGTCARATG T T IAGCAATGGATGTGLAAGCAT TTGRARAGGCTTCTGGGACCTTGCATGGAR
ATTATGAAAAGGAACATCGCTACCTATGRAGAACAGTTAGTTGCCCTGTATGGAACGAARCATGGATATTGTAGGGTCA
GGTGGATCTGGAGGTAGCTCTTCTatggtettcacactcgaagatttegt tggggactggegacagacageeggetac
aacctggaccaagtccttgaacagggaggtgtgtecagtttgtttcagaateteggaggtgtecgtaactecgatecaa
aggattgtcctgageggtgaaaatgggctgaagatcgacatecatgtecatcateccgtatgaaggtectgagoggegac
caaatgggccagatcgaaaaaatttltaaggtggtgtaccctgiggatgatcatcactttaaggtgatcctgeactat
ggcacactgqtaatcgacggggttacgecgaacatgatcgactattteggacggeeqgtatgaaggcategeegtgtte
gacggcaaa

SEQ ID NO:488 (CP 124 L27V (RIIbB)} (aa seq)

MKITYTGTLWNGNKI IDERLINPDGSLLFRV TINGYIGWRLCERT LASSSGGSGGSCMYESFIESLPFLKSLEFSARL
KVVDVIGTKVYNDGEQI IAQGDSADSFFIIESGEVKITMKRKGKSEVEENGAVEIARCSRGQY FGELALYTNKPRAAS
BHRIGTVKCLAMDVONFERLLGPCME IMEKRNIATYEEQLVALYGTNMEIVGSGGEGGSSSMVFTLEDFVGDWROQTAGY
MLDOVLEQGGVSSLFQNLGVSVIPIQRIVLSGENGLKIDIHYI I PYEGLSGDOMGQIEKI FKVYYPVDDHHFKVILHY
GTLVIDGVTPNMIDYFGRPYEGIAVEDGK

SEQ ID NO:488 (CP 125 L27V (RIIDB) (nt sequence)

ATGatcactgtaacagggaccetgtggaacggcaacaaaattategacgagegectgateaaceecgacggetcecty
ctgttccgagtaaccatcaacggagtgaccggetgacggetgtGCGARCGCATTCTGGCtAGCTCAAGCGGAGGTTCA

230



GGCGGTTCCGGAATGTATGRAAAGCTTTATTGAGTCACTGUCATTCCTTARRTCT TTGGAGTTITCTGCRACGCCTGAAR
CTAGTAGATGTGATAGGCACCAAAGTATACARACGATGGACARCARATCATTGCTCAGGGAGATTCGGCTGATTCTTIT
TTCATTATPGAATCTGGAGAAGTGARARTTACTAT GAAAAGARAGGGTAAAT CAGRAGTGCGARGAGAATGGTGCAGTA
GABATCGCTCGATGCTCGCGGGGACAGTACT TTGGAGAGCTTGCCC TGGTAACTARCAAACCTCGAGCAGCT TCTGCL
CACGCCATTGGGACTCTCARATGT TTAGCARTGGATGTGCARGCATTTGARAGCCTTCTGGGACCTTGCATGGAAATT
ATGARAARGGAACATCGOTACCTATGAAGRACAGTTAG I TGCCCTGTATGGAACCAACATGGATATTGTAGGETCAGGT
GGATCTGGAGGTAGCTCTTCTatggtettcacractcgaagatttegttguggactggegacagacagacggatacaac
ctggaccaagtecttgaacagggaggtygtgtccagrttgtitecagaatecteggggtgtecgtaactecgatecaaagyg
attgtectgageggtgaaaatgggetgaagategacatecatgtcatcateccegtatgaaggtetgagcggcgacecaa
atgggocagatcgaaaaaatitttaaggtggtgtacoctgtggatgatcatcactttaaggtgatectgeactatgge
acactggtaatcgacggggttacgocgaacatgatcgactatttcggacggecgtatgaaggecategocgtgttcgac
ggcaaaaaq

SEQ ID NO:490 {CP 125 L27V (RIILB) (aa sag)

MITVTGTLWNGNKI IDERLINPDGELLFRVTINGVTGWRLCERILASSSGGSGGESGMYESFIESLPFLKSLEFSARLK
VVDVIGTKVYNDGEQI TRQGDSADSFFITESGEVKI TMKRKGKSEVEENGAVEIARCSRGOY FGELALYVTNKPRARSA
HAIGTVKCLAMDVOAFERLLGPCMEIMKRNIATYEEQLVALYGTNMDIVGSGGSGGES SMVETLEDFVGDWRQTAGYN
LDOVLEQGGVSSLFQNLGVSVTPIQRIVLSGENGLKIDIHVIIFYEGLSGDOMGQIEKIFKVYYPVDDHEFKVILHYG
TLVIDGVTPNMIDYFGRPYEGIAVEFDGKK

SEQ ID NQ:4%1 (CP 130 L27v (RIIbB) (nt sequence)

ATGaccctgtggaacggcaacaadattatcgacgagecgecctgatcaaccocgacggetecctgetgticegagtaace
atcaacggagtgaccygqetyggcyggctgtGCGRACGCATTCTGGCEAGCTCAAGCGGAGGTTCAGGCGGTTCCGGARTG
TATGAAAGCTTTAT TGAGTCACTGCCATTCCTTAAATCTTTGGACT TTTCTGCACGCCTGARAGTAGTAGATGTGATA
GGCACCAAAGTATACRACGATGGAGARACARATCATTGCTCAGGGAGATTCGGCTGATTCTTTTTTCATTATTGAATCT
GGAGAAGTGAAAATTACTATGAARAGARAGGGTARATCAGARAGTGGARGAGAATGGTGCAGTAGAAATCGCTCGATGC
TCGCGGGGACAGTACTTTGCAGAGCTTGCCCTGGTARCTARCARACCTCGAGCAGCTTCTGCCCACGCCATTGGCACT
GTCAAATGTTTAGCAATGGATGTGCAAGCATTTCARAGGCTTCTGGGACCTTGCATGCAAATTATGARAAGGRACATC
GCTACCTATGAAGAARCAGTTAGTIGCCCTGTATGGARCGRACAT GGATAT TG TAGGS I CAGGTGGATCTGGAGGTAGC
TCTTCTatagtcttcacacteqaagatttegttggggactggegacagacagaecgyetacaacciggqaccaagtccte
gaacagggaggtgigtccagttigtttcagaatecteggggtgtecogtaacktcecgatccaaaggattgtiectgageggt
gasaatgggctgaagatcgacatccatgtcatcaracagratgaaggraetgagoqgagaccaaargggoccagatcgaa
aaaatttttaaggtggtgtaccectgtggatygatecatcacttitaaggrgatectgoactatggracactggtaacegac
ggggttacgccgaacatgatcgactatttcocggacggcocgtatgaaggcatogecgtgttcgacggcaaaaagarcact

gtaacaggg

SEQ ID NO:4%2 (CP 130 L27V (RIIbB) {aa seq}
MTLWNGNKIIDERLINPDGSLLFRVTINGVICWRLCERILASSSGGSGGSGMYESFIESLPFLKSLEF SRRLKVVDVI
GTKVYNDGEQIIADRGDSADSFFIIESGEVKITMKRKGKSEVEENGAVEIARCSRGQYFGELALVTNKPRAASAEATGT
VKCLAMDVQAFERLLGPCMEIMKRNIATYEEQLVALYGTNMDIVGSGGSGGSSSMVETLEDEVGDWRQTAGYNLOOVL
EQGGVSSLFQNLGYSVTPIQRIVLSGENGLKIDIHVIIPYEGLEGDQMGQIEKIFEVVY PVDDHHFKVILHYGTLVID
GVEPNMIDYEFGRPYEGIAVEDGKKITVTG

SEQ ID NO:483 (CP 145 L27V (RIIbB) (nt sequencs)
ATGeecgacggetecctgetgttecgagtaaccatecaacggagtgaceggetggogge gt GCGARCGCATTCTGECE
LGCTCARGCGGAGGTTCAGGCGGTTCCGGAATGTATGAAAGCTT TATTGAGTCACTGCCATTCCT TARATCTTTGGAG
TTTTCTGCACGCCTGAARGTAGTAGATGTGNATAGGCACCANGTATACAACCATCCAGRACARATCATTGCTCRAGGCA
GATTCGGCTGATTCTTTTT TCATTATTGAAT CTGGAGRAAGTCAARMTTACTATGARRAGARAGGGTAAATCAGRAGTG
GAAGAGAATGGTGCAGTAGAAATCGCTCCGATGCTCGCGGGEACAGTACTT TGGAGAGCTTGCCCTGGTAACTARCARA
CCTCGAGCNGCTTCTGCCCACGLCATTGGGACTGTCAMATGTTTACCAATGCATGTGCAAGCATT TGARAGGCTTCTG
GGACCTTGCATGGARATTATGRARRGGARCATCGCTACCTATGARGRACAGTTAGT 'BCCCTETATGGRACGARCATG
GATATTGTAGGGCTCAGGTGGATCTGGAGGTAGCTCTTCTatggtcttcacactcgaagatttegttggggactggega
cagacagccggctacaacctggaccaagtecttgaacagggaggtgtgtecagtrttgtttcagaatctcggggtgtee
gtaactocgatccaaaggattgtactgagcogtygaaaatgggctgaagatcgacatceceoatgtecatcatececegtatgaa
ggtctgageggegaccaaatgggocagategaaaaaatitttaaggtggtgtacectgtggatgatcatecactttaag
gtgatcctgecactatggcacactggqtaategacggggqttacgecgaacatgatcgactatttcggacggocatatgaa
ggcatcgoocgtgticgacggecaaaaagatcactgtaacagyggaccctgtggaacggecaacaadattategacgagego
ctgatcaac

SEQ ID NG:494 (CP 145 L27V (RITHB) (aa seq)

MPDGSLLFRVTINGVIGWRLCERILASSSGGSGGSGMYESFIESLPFLKSLEFSARLKVVDVIGTKVYNDGEQI IAQG
DSADSFFIIESGEVKI TMKRKCKSEVEENGAVEIARCSREQYFGELALVTNKPRAASAHAIGTVKCLAMDVOAFERLL
GPCMETIMKRNIATYEEQLVALYGTNMDIVGSGGSGGSSSMYFTLEDFVGDWRQTAGYNLDQVLEQGGVSSLFQNLGVS
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VTPIQRIVLSGENGLKIDIHVIIPYEGLSGDOMGOIEKIFKVVYPVDDHRFKVILEYGTLVIDGYTPNMIDYFGRPYE
GIAVFDGKKITVIGTLWNGNKIIDERLIN

SEQ ID N0O:495 (CP 148 L27v (RIILB) (nt segquence)
ATGtcectgetgttcecgagtaaccatcaacggagtgaceggetggeggetgtGCGARCGCATTCTGECLAGCTCAAGC
GGAGGTTCAGGCGET TCOGGAATGTATGARAGCT TTATTGAGTCACTGCCATTCCTTAAATCT TTGEGAGTTTTCTGCA
CGCCTCAAAGTAGTAGATGTGATAGGCACCAAAGTATACAACGATGCAGAACAAATCATTGCTCAGGGAGATTCGELT
GATTCTTTTTTCATTAT TGAATCTGGAGAAGTGNARATTACTATGAANGANAGEGGTNAATCAGAACTGGAAGAGAAT
GGTGCAGTAGAAATCGCTCGATGCTCGCGGGGACAGTACTT TGCAGAGCTTGCCCTGGTARCTAACAAACCTCGAGCA
GCTTCTGCCCACGCCATTGGGACTGTCAAATGTTTAGCAATGCATGCTGCARGCATTTCGARAGGLTTLTGEGACCTTGC
ATGCARATTATGAAARCGARCATCGCTACCTATGAACAACAGTTAGTTGCCCTCTATGGAACGAACATGCATATTGTA
GGG TCAGGTGGATCTGCAGCBTAGCTCTTCTatggrsttcacactcgaagatttecgttggggactggoegacagacagac
ggctacaacctggaccaagtcettgaacagggaggtgtgtccagttigtttcagaatetecggggtgtecocgtaacteeyg
arccaaaggattgtcctgagoggtgaaaatgggetgaagatecgacatccatgtcatcatcoccgtatgaaggtotgage
ggcgaccaaatgggecagatocgaaaaaatttttaaggtggtgtaceetgtggatgateatcactttaaggtgatectyg
cactatggcacactggtaatcgacggggttacgecgaacatgategactatttecggacggococgtatgaaggeategee
gtgttogacggcasaaagatcactgtaacagggacectgtggaacggcaacaaaattatcgacgagegectgatcaac
cccgacgge

SEQ ID NG:49%96 (CP 148 L27V (RIIbB) {aa seg)

MSLLFRVTINGVTGWRLCERI LASSSGGSGGSGMYESFIESLPFLESLEFSARLKVVDVIGTKVYNDGEQI TAQGDSA
DSFFITESGEVKITMKREKGKSEVEENGAVEIARCSRGQYFGELALVTNKPRAASAHAIGTVKCLAMDVQAFERLLGPC
MEIMKRNIATYEEQLYVALYGTNMDIVGSGGSGGSSSMVFTLEDFVGEDWROTAGYNLDOQVLEQGGVSSLFONLGVSVTP
IQRIVLSGENGLKIDIHVIIPYEGLEGDOMGOIEKIFKVVYPVDDHAFKVILHYGTLVIDGVTPNMIDYFGRPYEGIA
VFDGKKTTVTGT LWNGNKT TDERT, TNPDG

SEQ ID NO:457 (Cp 157 L27v (RIIbB) (nt sequence}
AECCCAGTGACCGOCTEGCCGCCTCTCEGAACGCATTCTGGCTAGCTCAAGUGGAGG T 'CAGGUGGTTCCGGAATGTAT
GARAGCTTTATTGAGTCACTECCATTCCTTAAATCTTTGGAGT T TCTGCACGCCTGAAAGTAGTAGATGTGATAGEC
ACCAAAGTATACAACGATGGAGARCARAATCATTGCTCAGGGAGATTCGGCTGATTCTITTTTCATTATTGAATCTGGA
GARGTGARNATTACTATGAARAGAAAGCCTAARTCACARGTGGAAGAGARTGGTGCAGTAGARATCGCTCGATGLTCG
CGGGGACAGTACTTIGGAGAGCTTGCCCTGGTAACTAACAAACCTCGAGCAGCTTCTGCCCACGCCATTGGCGACTGTC
AARATGITTAGCARTGGATGTGCAAGCATTTGARAGCCTTCTGGGACCTTGCATGGARATTAT GARARGGARCATCGCT
ACCTATGARGRACAGTTAGTTGCCCTGTATGGARCGAACATGGATAT TGTAGGGTCAGGTGGATCTGGAGGTAGCT T
TCTATGGTCT TCACACTICGAAGATT TCGTTGGEGACTGGCGACAGACAGCCGGCTACARCCTGGACCAAGTCCTTGAR
CAGGGAGGTGTGTCCAGTTTGT TTCAGAATCTCGGGGTGTCCETAACTCCGATCCARAGGAT TGTCCTGAGCGGTGAA
RATGGGCCTGAAGATCGACATCCATGTCATCATCCCGTATGARGGTCTGAGCGGCGNCCAARTGGGCCAGATCGRARAR
ATTTTTRAAGGTGGTGTACCCTGTGGATGATCATCACT TTAAGGTGRATCCTGLACTATGGCACACTGGTAATCGACEGE
GTTACGCCGAACATGATCGACTATTTCGGACGGCCGTATGAAGGCATCGCCGTGTT CGACGCCARARAGATCACTGTA
ACAGGCACCLTGTGGAACGGCAACARAATTATCGACGAGCGCCTGATCAACCCCGRACGGCTCCCTGCTGTTCCGAGTA
ACCATCAAC

SEQ ID NO:498 (C¢ 157 L27v {(RIIbB) ({(aa seq)

MGYTGWRLCERI LASSSGGSGGSGMYESFIESLPFLKSLEFSARLKVYDVIGTKVYNDGEQTI IAQGCDSADSEFT IESG
EVKITMEKRKGKSEVEENGAVEIRARCSRGQY FGELALVTNKPRAASAIAIGTVKCLAMDVQAFERLL.GPCMEIMKRNIA
TYEEQLVALYGTHNMDIVGEGGEGGSSSMVETLEDFVGDRRATAGYNLDQVLEQGGVSSLEFQNLGYSVTIPIQRIVLSGE
NGLKIDIHVIIPYEGLSGDOMGQIEKIFKVVYPVDDHHFKVILHYGTLYIDGYTPNMIDYFGRPYEGIAVFDGKRITV
TGTLWNGNKI IDERLINPDGSLLFRVTIN

SEQ ID NO:45%9 (s3 & L27v (RIIbB)} (nt seguance}
ATGgtcttcacactcgaagatAGCgetAGCGGAGGTTCAGGCGCTTCCGGAatglatgaaagetttattgagtcacty
ccattecttaaatctttggagtittetgecacygcctgasagtagtagatgtgaraggcaccaaagtatacaacgatgga
gaacaaatcattgctcagggagattcocggetgaticttttticattattgaatetggagaagtgaaaattactatgaaa
agaaagggtaaatcagaagtggaagagaatggtgecagtagaaatcgetecgatgetegeoggggacagtactttggagag
cttgcecctggtaactaacaaacctegagecagettetgcocacgecattgggactgtcaaatgtttageaatggatgtg
caagcatttgaaaggcttecigggaccttgcatggaaattatgaaaagoaacategetacectatgaagaacagttagtt
gccctgTATggaacgaacatggatattgtaggBTCAGGTGGATCTGCAGGEAGCTCL cTttcgttggggactgygcya
cagacagccggctaraacctggaccaagtecttgaacagggaggtgtgtecagt Ll tgtttcagaatctecggggtgtoe
gtaactccgatccaaaggattgtectgageoggtgaaaatgggetgaagatcgacatccatgtecatcatecccgtatgaa
ggtetgageggegaccaaatgggcocagatecgaaaaaatttttaaggtggtgtacactgtggatgatcatcactttaag
gtgatcciycactabggracaciggtaatcgacggggttacgecgaacatgategactattteggacggecgratgaa
ggcatcgccgtgttcgacggcaaaaagatcactgraacagggaccctgtggaacggcaacaaaattatcgacgagege
ctgatcaaccecgacggetcectgetgttececgagraaccatcaacggagtgaceyggetygegget gt GCCAACGCATT
CTGGCE
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SEQ ID NO:500 (55 & L27V {RIIbR) (aa seq)
MYFTLEDSASGGSGGSGMYESFIESLPFLKSLEFSARLKVYDVIGTKVYNDGEQI IAQGDSADSFFTIESGEVKITMK
RKGKSEVEENGAVE IARCSRGOYFGELALVTNKPRAASAHAIGTVKCLAMDVQAFERLLGPCMEIMKRNIATYEEQLY
ALYGTNMDIVGSGGSGGSSSFVGDWRQTAGYNLDQVLEQGGVSSLFQNLGVSVTPIQRIVLSGENGLKIDIHVIIPYE
GLSGDOMGOIEKIFKVVYPVDDHHFKVILHYGTLYIDGYTPNMIDYFGRPYEGIAVFDGKK T TVTGTLWNGNKIIDER
LINPDGSLLFRVTINGVTGWRLCERILA

SE@ ID NO:501 (SS 12 L27V (RIIbB} ([nt sequence}
ATGgtcttcacactegaagattlegttggggactggegahGCgcTAGCEEAGETTCAGGCGCTTCCGGRatgtatgaa
- agctttattgagrcactgeocattecttaaatetttggagtttteigeacgecigaaagtagtagatgtgataggcace
aaagtatacaacgatggagaacaaatcattgctcagggagatteggoctgattetettttcattattgaatetggagaa
gtgaaaattactatgaaaagazaagggtaaatcagaagtggaagagaatggtgecagtagaaatcgetcgatgetogegy
ggacagtactttggagagecttgecctggtaactaacaaacctogagcagettetgeecacgeecattgggactgtcaaa
tgtttagcaatggatgtgcaagecatttgaaaggcttectgggaccttgeatggaaattatgaaaaggaacategotace
tatgaagaacagttagttgeocotgTATggaacgaacatggatattgtaggGTCAGGTGGATCTGGAGEEAGCTCEECT
cagacagcecggctacaacctggaccaagteocttgaacagggaggtgtgtoccagtitgtttcagqaateteggagtgtes
gtaactccgatccaaaggattgtcectgageggtgaaaatgggetgaagategacatecatglicatcateccegtatgaa
ggtclygagcggcgaccaaatgggeoragatcgaaaaaatttitaaggtggtgtacoetgrggatgatcatcactttaag
gtgatcctgcactatggcacactggtaatcgacggggttacyecgaacatgategactattteggacggeegtatgaa
ggecatcgecegtgt tegacggoaaaaagatcactgtaacagggaccctgtggaacggcaacaaaattatcgacgagege
ctgatcaaccccgacggcteectgetgttecgagtaacecatcaacggagtgaceggetggegget gt GCGAACGCATT
CTGGCL

SEQ ID NO:502 (SS 12 L27v (RIIbB) {aa sag)
MYFTLEDEFVGDWRSASGGSGGSCHMYESFIESLPFLKSLEFSARLKVVDV IGTKVYNDGEQ I TAQGDSADSFE1 1 KSGE
VKITMKRKGKSEVEENGAVE IARCSRGOY FGELALVTNKPRARSAHAT GTVKCLAMDVOAFERLLGPCME IMKRNIAT
YEEQLVALYGTNMBDIVGSGGSE6SSSOTAGYNLDQVLEQGGVSSLFONLGYSYTPIQRIVLSGENGLKIDIHVIIPYE
GLSGDOMGOIEKI FKVVYPVDRDHHFKVILHYGTLY I DGVTPRMIDY FGRPYEGIAVFDGKKITVTGTLWNGNKLIDER
LINPOGSLLFRVTINGVTGWRLCERILA

SEQ ID NO:503 (S5 26 L27V {RIIbB} (nt seguence)
ATGgtcttcacactcgaagatttegttggyggactggegacagacageeggectacaacctyggaccaagteccttgaacayg
ggaAGCgctAGCGCGAGGTTCAGGCGGTTCCGGAAatgtatgaaagctrtattgagrcactgecattcottaaatotteg
gagttttctgeacgectgaaagtagtagactgtgataggecaccaaagtatacaacgatggagaacaaatcatigeteag
ggagattcggoctgattcttttttcattattigaatctggagaagtgaaaattactatgaaaazgaaagggtaaatcagaa
gtggaagagaatggtgecagtagaczatcgeicgatgctcgeggggacagtactitggagagettgeectggtaactaac
aaaccteogagcagcttetgoccacgeccattigggactgtcaaatgtttagecaatggatgtgecaageatttgaaaggett
ctgggaccttgcatggaaattatgaaaaggaacatcgotacctatgaagaacagttagttgecetgTATggaacgaac
atggatattgtaggGTCAGCTGGATCTGCAGCLAGCTCt LeTggtgtgtucagtibgtlicagaatctcggggigtec
gtaactccgatccaaaggattgtectgageggtgaaaatgggetgaagategacatecatgteatecatcecgtatgaa
ggtctgageggegaccaaatgggecagatcgaaaaaatttttaaggtggtgtacectgtggatgatcatcactttaag
gtgatcctgcactatggcacactggtaatcgacgyggttacgcecgaacatgategactatttcggacggoccgtatgaa
ggcatcgeccgtgitegacggeaaaaagatecactgtaacagggaccctgtggaacggeaeaceaaattatecgacgagege
¢tgatcaacccocgacggctecactgotgticogagtaaccatcaacqggagtgacagyetggeggetgtGCGRACGCATT
CTGGCL

SEQ ID NO:504 (SS 26 L27V (RIIbB} (aa seq)
MVETLEDFVGDWRQTAGYNLDQVLEQGSASGGSGGSGMYESFIESLPFLKSLEFSARLKVVDVIGTKVYNDGEQIIAQ
GDSADSFFIIESGEVKITMKRKGKSEVEENGAVEIARCSRGOYFPGELALVTNKPRAASAHAIGTVKCLAMDVQAFERL
LGPCMEIMKRNIATYEEQLVALYGTNMDIVGSGGSGGSSSGYSSLEONLGYSVTPIQRIVLSGENGLKIDIHVIIEPYE
GLSGDOMGRIEKIFKVVYEPVDDHIIFKVILHYGTLVIDGVTPNM] DYFGRPYRGIAVFDGKKITVTGTLWNGNKIIDER
LINPDGSLLFRVTINGVTGWRLCERILA

SEQ ID NO:505 (SS 45 L27V (RIIbB) (nt seguence)

ATGgtcttcacactecgaagatttecgttggggactggcgacagacagecggctacaacctggaccaagteccttgaacag
ggaggtgtgtccagtttgtticagaatcteggygatgtecgtaagteryatccaaaggattAGCgot AGCGGAGGTTCA
GGCGGTTCCGGNatgiatgaaagetttattgagtcactigecattecrtaaatcttiggagtittetgcacgectgaaa
gtagtagatgtgataggcaccaaagratacaacgatggagaacaaatcattgeteagggagatteggotgattetrtt
ttcattattgaatctggagaagigaaaattactatgaaaagaaagggtaaatcagaagtggaagagaatggtgeagta
gaaatcgetegatgetogoggggacagtactttggagagetrtgeccrggtaactaacaaacctegageagettetgeo
cacgecattgggactgtcaaatgtttagecaatyggatgtgcaageatttgaaaggettetgggacecttgeatggaaatt
atgaacaggaacatcgctacctatgaagaacagttagtitgeccctgTATggaacgaacatggatat tgtaggGTCAGET
GGATCTGGAGGEAGCTCtteTgtcctgageggtgaaaatgggectgaagategacatccatgtcatcatccogtatgaa
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ggtctgachchaccaaatgggccagatcgaaaaaatttttaaggtggtgtaccctgtggatgatcatcactttaag
gtgatcctgcactatggeacacrggtaatcgacggggttacgecgaacatgategactatttecggacggecgtatgaa
ggcategecgtgttcgacggcaaaaagatcactytaacagggaccctgtggaacggcaacaaaattatcgacgagege
ctgatcaaccceogacggeiccctgotgttoccgagtaaccatcaacggagtgacoggotggoggetgtGCGARCGCATT
CTGGCE .

SEQ ID NO:506 (Ss 45 127V (RIIbB) (aa seq)
MVETLEDFVGDWROTAGYNLDQVLEQGGVSSLFONLGVSVTPIQRISASGGSGGSGMYESFIESLPFLKSLEFSARLK
VVDVIGTKVYNDGEQIIAQGDSADSFFIIESGEVKI TMKRKGKSEVEENGAVEIARCSRGOY FCELALVTINKPRAASA
HAIGTVECLAMDVOAFERLLGPCMEIMKRNIATYEEQLVALYGTNMDIVGSGGSGGESSSVLSGENGLKIDIHVIIPYE
GLSGDQMGQTEKTFKVVYPVDDHHFKVILHYGTLVI DGVT PNMIDYFGRPYEGIAVEDGKKITVTIGTLWNGNKIIDER
LINPDGSLLFRVTINGVTGWRLCERILA

SEQ ID NO:507 (SS 48 L27V (RIILB) (nt sequencea) '
atggtcttcacactcgaagatttegttggggactgygcgacagacagecggetacaacetggaccaagtecttgaacag
ggaggtgtglccagtitgttteagaatectocggggtgtccgraactecgateccaaaggattgtectgageAGCget AGC
GGAGGTTCAGGCGGTTCCGCAargtatgaaagetitattgagtcactgucat tcct taaatctttggagttttctgea
cgcctgaaagtagtagatgtgataggcaccaaaqratacaacgatggagaacaaatcattgetcagggagaticgget
gattcttttttcattattgaatctggagaagtgaaaattactatgaasaagaaagggtaaatcagaagtggaagagaat
ggtgeagtagaaatcgctcgatgctcgeggggacagtactitggagagetigecctggtaactaaczaacctiegagea
gcttctgeccacgecattgggactgtcaaatgtttagecaatggatgtgeaageatttgasaggetictggygaccttge
atggaaattatgaaaaggaacatcgctacctatgaagaacagttagttgecoctgTATggaacgaacatggatattgta
ggGTCAGGTGGATCTGGAGGLAGCTC L teTggtgaaaatgggotgaagatcyacatccatgtcatcatcecgtatgaa
ggtctgagocggcgaccaaatgggecagatcgaaaaaatittiaaggtggtgtacocetgtggatgacrcatcactttaag
gtgatcctgcactatggoacactggtaatcgacggggtiacgeccgaacatgatcgactattteggacgecegtatgaa
ggcalcgecgigticgacggcaaaaagatcactgtaacagggacectgtggaacggcaacaaaattatcgacgagoge
ctgatcaaccccgacgactccctgetgttocgagtaaccatcaacygagtgaceggetgueggotgtGCGAACGCATT
CTGGCL

SEQ ID NC:508 {88 48 L27v {(RIILB) {(aa seq)
MYETLEDFVGDWROTAGYNLDOVLEQGGVSSLEQNLGYSVTPIORIVLSSASGGSGGSGMYESFIESLPFLKSLEFSA
RLKVVDVIGIKVYNDGEQT TAQGDSADSFFIIESGEVKITMKRKGKSEVEENGAVETARCSRGQY FGELALY TNKPRA
ASARAIGTVKCLAMDVOAFERLLGPCMEIMKRNIATYEEQLVALYGTNMDIVGEGGEGGEESGENGLKIDIHVITPYE
GLSGDQMGQIEKIFKVVYPVDDhHFKVILHYGTLVIDGVTPNMIDYFGRPYEGIBVaDGK(ITVTGTLWNGNKIIDER
LINPUDGSLLERVT INGYVTGWRLCERT LA

SEQ ID NO:SOQ {88 52 L27V (RIILB) {nt ssguence)
ATGgtcttcacactcgaagatttcgttggggactggecgacagacagecggectacaacctggaceaagtcertgaacag
ggaggtgtgtceagtttgtttcagaatctecggggtgtcogtaactececgatccaaaggattgtecctgageggtgaaaat
gggRGCgCctACGCCEAGETTCAGCGCEETTCCGGRatgtatgasagetitattgagtcactgecattccttaaacclitg
gagttitctgeacgectgaaagtagtagatgtgataggeaccaaagtatacaacgatggagaacaaateattgetcag
ggagattcggetgattetttitttcattattgaatctggagaagtgaaaattactatgaaaagaaagggtaaatcagaa
gtggaagagaatggtgcagtagaaatcgctegatgetegocggggacagtactttggagagocttgococctgotaactaac
aadcciogegecagcttectgeccacgeccattgggactgtcaaatgtttagecaatggatgtccaagecatttgaaaggett
ctgggaccttgcatggaaattatgaaaaggaacatcgctacctatqaagaacagttagttgecctqTATggaacg4aac
atggatattgtaggGTCAGGTGGATCTGGAGGLAGCTCE teTetgaagatcgacatecatgtcateatecocgeatgaa
ggtectgageggecgaccaaatgggecagalcgaaaaaatttttaaggtggtgtacoceocrgtggatgatcatcacittaag
gtgatcctgcactatggcacactggtaatogacggagttacgocgaacatgatecgactatttcggacggoegtatgaa
ggcatcgocgtgttegacggcaaaaagatcactgtaacagguacectgtggaacggecaacaaaattatcoacgagege
ctgatcaaccccgacggctcocctgotgttecgagtaaceat caacggagtgaccggetgacggct gt GCSAACGCATT
CTGGCE

SEQ ID NO:510 (SS 52 L27V (RIIEB) (aa seq)

MY EFTLEDFVGDWROTACGYNLDOVLEQGGVSSLFQONLGVSVTPIQRIVL SGENGSASGGSGGSGMYESFIESLPFLKSL
EFSARLKVVDVIGTKVYNDGEQIIAQGDSADSFFIIESGEVKI TMKRKGKSEVEENGAVEIARCSRGQYFGELALVTN
KPRAASAHNIGTVRKCLAMDVOAFERLLGPCMEIMKRNTATY LEQLVALYGTNMDIVGSGGSGGSSSLK I DIKVIIPYE
GLSGDOMGQIEKIFKVVYPYDDHHFKVILHYGTLVIDGVTPNMIDYFGRPYEGT AVPDGKKI VTG TLUNGNKI IDER
LINPDGSLLFRVTINGVTGWRLCERILA

SEQ ID NO:511 (S5 55 L27V (RIIDB} (nt sequence)

ATGgtcttcacactcgaagatttocgttggggactggegacagacagecggetacaacctggaccaagteccttgaacag
ggaggtgtgtocagttigtttcagaatecticggyugtgtecocgtaactecgatccaaaggattgiccrgageggtgaaaat
gggctgaagatcAGCgetAGCGGAGGTTCAGGCGGTTCCGGAAt gt atgasagetttattgagtcactgcocattect
daatectttggagrtitetgeacgeetgaaagtagtagatgtgataggcaccaaagtatacaacgatggagaacaaate
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attgctcaggdagattoggetgattettttttcattattgaatectggagaagtgaaaattactatgaaaagaaagygt
aaatcagaagtggaagagaatggtgecagtagaaatcgectogatgetegeggggacagtactttggagagettgecctg
gtaactaacaaacctegageagettetgeccacgeeattgggactgtcaaatgtitagecaatggatgtgcaageattt
gaaaggcttotgggaccttgoatggaaattatgaaaaggaacategetacctatgaagaacagttagttgeectgTaT
ggaacgaacatggatattgtaggGTCAGGTGGATCTGGAGGLAGCTCttcTgacatecatgteatcatcocogtatygad
ggtctgagcggegaccaaatgggecagatcgaaaaaattittaaggtgygtgtacectgtggatgatcatcactttaag
gtgatcclgcactatggoacactggtaatcgacggggttacgecgaacatgatcgactatitcggacggecegtatgaa
gycategeegtygttcgacggcadaaagatcactgtaacagggacectgtggaacggcaacaaaattatcgacgageqge
ctgatcaacecogacggetecetgetgttoecgagtaaccatcaacggagtaaccggotggogget gtGCGARCGCATT
CTGGECL

SEQ ID NG:512 (55 55 L27V (RIILB) (aa seq}
MVEFTLEDFVGDWRQTAGYNLDQVLEQGGVSSLFONLGVSYTPIQRIVLSGENGLKI SASGESGGSGMYESFIESLPFL
KSLEFSARLEKVVDVIGTKVYNDGEQI IAQGDSADSFFIIESGEVKITMKREKGKSEVEENGAVEIARCSRGOYFGELAL
VINKPRAASAHAIGTVKCLAMDVQAFERLLGPCME IMKRNIATYEEQLVALYGTNMDIVGSGGSGGESSDIHVIIPYE
GLSGDOMGRIEKIFKVVYPVDDHHFKVILHYGILVYIDGVTPNMIDYFGRPYEGIAVEDGKKI TVTGTLWNGNKIIDER
LINPDGSLLFRVTINGVTGWRLCERILA

SEQ ID NO:513 (Ss 83 L27v {RIIBB) (nt saguence}
ATGgtctrecacactcgaagatitegitggggactggegacagacagecyggctacaacctggaccaagtectigaacag
ggagytgtgtacagittgtitcagaatetcggggtgtecgtaactcegateccaaaggattgtectgageggtgaaaat
gggcetgaagatogacatecatygteatcatocegtatgaaggtoctgagcggcgaccaaatgggecagatogaaaaaatt
tttaaggtggtgtaccctAGCgct AGCLGAGGTTCAGGLGGTTCCGGRAAtgtatgasagctttattgagtcactgeca
ttecttazaiCLEtggagttttctgoacycctgazagtagtagatgtgataggeaccaaagtatacaacgatggagaa
caaatcattgctcagggagattcggctgattcttttttcattattgaatctgqagaagtgaaaat:actatgaaaaga
aagggtaaatcagaagtggaagagaatggtrgcagtagasatcgetegatgetegrggggacaytact Liggagagett
gocockggtaactaacaaacctocgageagettetgeeccacgocatrgggactgtcaaatgtttagecaatggatgtgcaa
gcattrgaaaqggettctgggacctigecatggaaattatgaaaaggaacategeracctatgaagaacagttagttgec
ctgTATggaacgaacatggatattgtaggGTCAGGTGGATCTGGAGGEAGCTCctcTgtggatygatcatcactitaag
gtgatectgcactatggeacactggtaatcgacggggttacgecgaacatgategactattteggacggocgtatgaa
ggcategctgtgttcgacggcaaaaagatcactgtaacagggaccctgbtgoaacggcaacaaaattatecgacgagege
ctgatcaaceaogacggetecctgetgiteccgagtaacecatecaacgaagloacecggetggogget gt GCGARCGCATT
CTGGCE

SEQ ID NO:514 (S§ 83 L27V (RIILB) (aa seq)
MVETLEDEVGIWROTAGYNLDQVLEQGGVSSLFGNLGVSVTPIQRIVLSGENCLKIDIHVIIPYEGLSGDOMGRTERI
FKVVYPSASGASGGSGMYESFIESLPFLKSLEFSARLKVVIVIGTKY YNDGEQI JAQGDSADSFFITESGEVKITMER
KGKSEVEENGAVEIARCSRGQYFGELALVTNKPRAARSANATGTVKCLAMDVOAFERLLGPOMEIMKRNIATYEEQLVA
LYGTNMUIVGESGGSGGSSSVDDRHEFKVYILHYGTLY I DGV TPNMIDYFGRPYECIAVFDGKKITVIGTLWNGRNKI I DER
LINPDGSLLFRVTINGVIGWRLCERILA

SEQ ID NO:515 (58 84 L27V (RIILB) (nt sequencs}
ATGgtcttcacactcgaagatttegrtggggactggecgacagacagecggetacaacctggaccaagiccttgaacay
ggaggtgtgtecagtttgittcagaateteggggtgtecgtaactcogatecaaaggattgtectgageggtgasaat
gggcigaagaiogacatecatgtcatocateococgtatgaaggtcigagecgycgaccaaatgggccagatcgaszaaaatt
ttrazggrggtgtaceetgtgAGCgCtAGCGGAGGTTCAGGCGCTTCCGCAatgtatgaaagetttattgagtcacty
ccatiecttasatetttggagttttctgeacqaacctgadagtagtagatgtgataggcaccaaagtatacaacgatgga
gaacaaatcatggeotcagggagattoggetgaticttetiteattattgaaterggagaagtgaaaattactatcaaa
agaaagggraaatcagasagtggaagagaatggtgcagtagaaategetegatygctcgcggggacagtactttggagag
cttgcocctggtaactaacaaaccetcgageagettctgeteacgecat tgggactgheaaatgtttagecaatggatgtg
caagcatttgaaaggcttcetgggaccttgratggaaattatgaaaaggaacatcgctacctatgaagaacagttagtt
gccctgTATggaacgaacatyggatat tgtaggGTCAGETGGATCTGGAGGLAGCTCtteTgatgatcatcact ttaag
gtgatcctgcactatggcacactggraatcgacggggttacgecgaacatgategactatttcggacggeegtatgaa
ggratcgecgtgticgacggecaadaagatcactgtaacagggacectgtggaacggcaacaaaattatcgacgagege
ctgatcaaccocgacggetcectgetgttecgagtaaccatcaacygagtgaceggetggegget gt GCGAACGTCATT
CTCCCE

SEQ ID NO:516 (S5 84 L27V ({RIIbB) (aa seaq)
MVFTLEDFVGDWRQTAGYNLDQVLEQGGVSSLFQNLGY SVTPTIQRIVLSGENGLKI DIHVITPYEGLSGDOMGOIEKT
FKVVY PVSASGESGESGMYESFIESLPFLKSLEFSARLKVVDYIGTKVYNDGEQL IAQGDSADSFFIITESGEVKI TMK
RKGKSEVEENGAVE IARCSRGQY PGELALVINKPRAASAKAT G VKCLAMDVQAFERLLGECMEIMKRNIAT YEEQLV
ALYGTNMDIVESGGSGGSSSDOHHFKYT LHYGTLVIDGVTPNMIDY PGREYEGIAY FDGKKITVTGTLWNGNKI 1 DER
LINPDGSLLFRVTINGVTGWRLCERILA



SEQ ID NO:517 (S5 85 L27V (RIIDB) {nt seguencs)
ATGgtcttcacactcgaagatttegttggygactggegacagacagecggetacaacetggaccaagtcocligaacag
ggaggtgtgtccagtttgtttcagaatcteggggtgtecgtaactccgatccaaaggatigtectgagegytgaaaat
gggctgaagatecgacatceatgtcatcatocogtatgaaggtetgageggcgaccaaatgggccagategaaaaaatt
tttaaggrggtgtacectgrggatAGCgetAGCGGAGGTTCAGGCGGTTCCGCRatgtatgaaagetttattgagtca
ctgecattootiaaatettrggagttttectgcacgectgaaagtagtagatgtgataggcaccaaagtatacaacgat
ggagaacaaatcatlygctecagggagatteggetgatictittttcattattgaatctyggagaagtgaaaattactatyg
asaagaasgggtaaatcagaagtygaagagaatggtgeagtagaaategotegatgetegoeggggacagtacitigga
gagcttgecctggtaactaacaaacetocgageagettetgeccacgecattgggactgtecaaaktgittagecaatggat
gtgcaagcatttgesaggcrtotgggaccttgcatggaaattatgasasaggaacatcgetacctatgaagaacagtta
gttgcoctgTATggaacgaacatyggatattgraggGTCAGGTGEATCTGGAGGLAGCTCLtcTgatcatcactttaay
gtgatcctgecactatggcacactggtaatcocgacggggttacgocgaacatgatcgactatttcggacggeogtatgaa
ggcatecgeegtgttcgacggcaaaaagatcactgtaacagggaccctigtggaacggcaacaaaattatcgacgageyge
ctgatcaaccccgacggetecctgetgttecgagtaaccatcaacggagtgaccggetgeeggctgtGCGAACGCATT
CTGGCE

SEQ ID NO:518 (S8 B5 L27v (RIIbB)} {aa seq)
MVETLEDFVGDWROTAGYNLDQVLEQGGVSSLFQNLGYSYTPIQRIVLSGENGLKIDIHVITPYEGLSGDOMGOIEKI
FKVVYPVDSASGESGGSGMYESFIESLPFLKSLEFSARLKVVDVIGTKVYNDGEQ I IAQGDSADSEFEIIESGEVKITM
KRKGKSEVEENGAVE IARCSRGRYFGELALVTNKPRARSAHATIGTVKCLAMDVOAFERLLGPCME IMKRNIATYEEQL
VALYGTNMDIVGSGGSGGSSSDHHFKVILHYGTLYIDGVTPNMIDYFGRPYEGIAVEFDGRKITVTGTLWNGRNXIIDER
LINPDGSLLFRVTTNGVTGWRLCERILA

SEQ ID WNO:519 (85 100 L27V (RIIbB) (nt segquence}
ATGgtcttcacactcgaagatttcgttggggactggocgacagacagecggctacaacctggaccaagtiecttgaacag
goaggtgtgtccagtttgtttcagaatctecggggtgtcogtaactcocgatecaaaggattgtaactgageggtgazaat
gggctgaagatcgacatcralgtecalcatcocegtatgaaggtetgagegygecgaccaaatgggecagatcgaaaaaatt
tttaaggtggtgtaccectgtggatgatcatcactttaaggigatcctgcactatggcacactggtaat cAGCYCtAGe
GGAGCGTTCAGGCGGTTCCGGAatgtatgaaagetttattgagtcactgecattccttaaatetttggagttoctgea
cgcctgaaagtagtagatgtgataggecaccecaaaqtatacaacgatggagaacaaatcattgoctcagggagattogget
gattcttttttcattatcgaatctggagaagtgaaaattactatgaaaagaaagggtasatcagaagtggaagagaat
ggtgcagtagaaatcgatcgatgetegcggggacagtactrtggagagettcoccctggtaactaacaaacctcgagea
gcttctgeccacgecattgggactgtcaaatgtttageaatggatgigeaacscatitgaaaggettetgggaccttge
atggazattatgaaaaggaacatcgctacctatgaagaacagttagetgocctgTATggaacgaacatggatattgea
ggGTCAGGTGGATCTGGAGGLACCTCE teTgacggggttacqgeegaacatgategactattteggacggecgtatgaa
ggcatcgecgtgttcgacggcaaaaagatcactgtaacagggacectgtggaacggcaacaaaattatcgacgagege
cltgatcaaccecgacggcleocbtgetgttecogagtaaccatcaacggagtgaceggetggeggetgt GCGAACGCATT
CTGGCt

SEQ ID NO:520 (55 100 L27V (RIIbB} (aa seq)
MVETLEDFVGDWRQTAGYNLDQVLEQGGVSSLFQNLGVSVTPIQRIVLSGENGLKIDIHVIIPYEGLSGDOMGQIEKT
FRKVVYPVDDHHFKVILHYGTLVISASGGSGGSGMYESFIESLPFLKSLEFSARLKVYDVIGTIKVYNDGEQI [AQGDSA
DSFFIIESGEVKITMEKRKGKSEVEENGAVEIARCSRGQY FGELALVTNKPRAASAHAIGTVKCLAMDVQAFERLLGPC
MEIMKRNIATYEEQLVALYGTNMDIVGSGGSCGSSSDOVTPNMIDYFCRPYECTIAVFDGKKITVTGTLWNGNKT X DER
LINPDGSLLFRVTINGVTGWRLCERILA

SEQ ID NO:521 (55 101 L27V (RIIbB) (nt sequence)}
ATGgtcttecacactogaagatttogttggggactggegacagacagecggcracaacctggaccaagtecttgaacag
ggaggtatgtecagtttgtttcagaatctecggggtgtecgtaactecgatccaaaggattgtectgageggtgaaaat
gggctgaagatcgacatccatgtocatcatecagtatgaaggtctgageggcgaccaaatgggccagatcgaaaaaatt
tttaaggtggtgtaccectgtggatgatcatcactitaaggtgatcectgecactatggecacactggtaatcgachGlget
AGCGHAGGTTCAGGCGGTFCCGGRAatgtatgaragectttattgagrcactgocattoccttaaatctttggagttitct
gecacgectgaaagtagtagatgtgataggcaccaaagtatacaacgatggagaacaaatcatitgetcagggagatteg
gergattcttttrtcattattgaatctggagaagtgaaaattactatgaaaagaaagggtaaatcagaagtggaagag
aatggtgcagtagaaatcgctegatgetegoggggacagtacittggagagettgocetggtaactaacaaacstcga
gcagcrtctgeccacgeccattgggactgtcaaatgtttagecaartggatotgecaagratttgaaaggetrtetgggacet
tgcatggaaattatgaaaaggaacatcocgcoctaccetatgaagaacagttagttgeectgTATggaacgaascatggatatt
gtaggGTCAGGTGGATCTGCGAGGLAGCTCtteTggggttacgecegaacatgatecgactatttecggacggecegtatgaa
ggcatcgeegtgttegacggcaaaaagatcactgtaacagygacectgtggaacgycaacaaaattatcgacgageyge
ctgatcaacccecgacggetococtgetgtteccgagtaaccatezacggagigaccggetagegget gt GCGAACGCATT
CTGGCE

SEQ ID NO:522 (88 101 L27V (RIIbB) (aa seq)
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MVETLEDFVGDWROTAG YNLDQVLEQGGVSSLFONLGVSVTPIQRIVLSGENGLKIDIHVI IPYEGLSGDOMGQIEKI
FKVVYPVDDHHFKY T LHYGTLVIDSASGGSGGSGMYESFIESLPFLKSLEFSARLKVVDVIGTKVYNDGEQITAQGDS
ADSFFIIESGEVKITMKRKGKSEVEENGAVEIARCSRGOY FGELALVTNKPRAASAHAT GTVKCL.AMDVQAFERLLGP
CMEIMKRNIATYEEQLVALYGTNMDIVGSGGSGGSSSGVTENMI DYFGRPYEGIAVFDGKKITVTGTLWNGNKIIDER
LINPDGSLLFRVTINGVTGWRLCERILA

SEQ ID NO:523 (55 102 127V (RIIDbB) (nt sequence)
ATGgtcttcacactcgaagatttogttggggactggegacagacagecygetacaacctggaccaagtectigaacag
ggaggtgtgtccagtttgtttecagaatecteggggtgteogtaacteegatecaaaggattgtectgageggtgaaaat
gggctgaagatcgacatccatgtcatcatccogtatgaaggtectgagecggeogaccaaatgggecagaticgaaaaaatt
tttaaggtggtgtaccetgtggatgatcatcactttaaggtgatectgoactatggeacactggtaatcgacggghGe
gCtAGCGEAGGTTCAGGCGEGTTCCGGRatgtatgaaagetttattgagtcactgocatteocttaaatetttggagttt
tctagecacgectgaaagtagtagatgtgataggraccaaagtatacaacgatggagaacaaatcattgctcagggagat
tocggetgattcrtttttcattattgaatctggagaagtgaaaattactatgaaaagaaagggiaaatecagaagtggaa
gagaatggtgcagtagaaatecgotecgatgetegeggggacagtactttggagagettgecetggtaactaacaaacct
cgagcadcttctycccacgecattgggactygtcaaatgtttageaatggatgtgeaagecatttgaaaggettetggga
cctigeatygaaattatgaaaaggaacategetacctatgaagaacagttagttgccctgTATggaacgaacatggat
attgtaggGTCAGGTGGATCTGGAGGLAGCTCtteTgttacgecgaacatgatcgactattteggacggeegtatgaa
ggcatcgcegtgttcgacggoaaaaagatcactgtaacagggacectqtggaacggcaacaaaartatcgacgagege
clyatcaaccccgacggetcectgetgttergagtaaccatcaacggagtgeceggetgacgget gt GCGAACGCATT
CTGGCE

SEQ ID NO:524 (58 102 L27V (RIIbB) {(aa seq)
MYFTLEDFVGDWROTAGYNLDOVLEQGGVSSLFONLGYSVTPIQRIVLSGENGLKIDIHVIIPYEGLSGDOMGQIEKT
FRVVYPVDDHHFKVILHYGTLVIDGSASGGSGGSCGMYESEFIESLPFLKSLEFSARLKVYDVIGTKVYNDGEQI TAQGD
SADSFFIIESGEVKITMKRKGKSEVEENGAVE IARCSRGQY FGELALVTNKPRAASAHATGTVKCLAMDVQRAFERLLG
PCMEIMKRNIATYEEQLVALYGTNMDIVGSGGESGGSSSVTPRMIDYFPGRPYEGIAVFDGKKITVTGTLWNGNKIIDER
LINPDGSLLFRVTINGVTGWRLCERILA

SEQ ID NO:525 {55 103 L27V (RIIbB} {nt sequence} .
ATGglcticacactcgaagatttegttggggactggegacagacagecggctacaacctggaccaagtectigaacag
ggaggtgtgtccagtttgtttcagaatctoggggtgtccgtaactecgatecaaaggattgtectgageggtgaaaat
gggctgaagatcgacatccatgtecatcateecgtatgaaggtectgageggegaccaaatgqgeocagatcgaaaaaatt
tttaaggtggtgtaccctgtggatgatcatcactttaaggtgateclgecactatggecacactgyltaakcgacygggtt
AGCgetAGCGGAGGTTCAGGCGGTTCCGGRatgtatgaaagetttattgagtcactgecattececttaaatectttggag
ttttctgracgectgaaagtagtagatgtgataggecaccaaagtatacaacgatggagaacaaatcattgetecaggga
gattcggotgattocttttttcattattgaatctggagaagtgaaaattactatgaaaagaaagggtaaatcagaagtg
gaagagaatggtgcagtagaaatcgetcgatgetcgeggggacagractttggagagettgeectggtaactaacasa
cctogageagettotgoeccacgacattgggactqtcasatgtttagecaatggatgtgcaagecatttgaaaggecttctg
ggacctigratggaaattatgaaaaggaacategetacctatgaagaacagtitagitgeecctgTATggaacgaacaltyg
gatattgtaggGTCAGGTGGATCTGGAGGEAGCTCtrcTacygccygaacatgatcgactattteggacggccgtatgaa
ggcatcgecgtgttcgacggeaaaaagatecactgtaacagggaccctgtggaacggeaacaaasttatcgacgagege
ctgatcaaccccgacqggetcectgetgttecgagtaaccatcaacggagtgaceqgotygegygct gt GCGAACGCATT
CTGGCL

SEQ ID NO:526 (SS 103 L27V (RIILB) (aa seq)
MVFTLEDFYGDWROTAGYNLPOVLEQGGVSSLFQNLGVSVTPIORIVLSGENGLKIDIHVI IPYEGLSGDOMGOIEKI
FKVVYPVDDHHFKVI LHYGTLVIDGVSASGGSGGSGMYESFIESLPFLKSLEFSARLKVVDVIGTKVYNDGEQI IAQG
DSADSEF] [ ESGEVEI TMKRKGKSEVEENGAVE IARCSRGOY FGELALVTNKPRAASAHAT GTVKCLAMDVOARFERLL
GPCMEIMKRNIATYEEQOLVALYGTNMDIVGSGGSGESSSTPNMIDYFGRPYEGIAVEDGKKITVTGTLWNGNKIIDER
LINPDGSLLFRVTINGVTGWRLCERILA

SEQ ID NO:527 (85 120 L27V (RIILBE) (nt sequence)

ATGgtcttcacactcgaagatttcgtitggggactggegacagacagecgygctacaacctggaccaagtecttgaacag
ggaggtgtgrteccagitigtttecagaateteggggigtococgtaactccgatccaaaggattgtcctgageggtgaaaac
gggctgaagategacatccatgtcatcatcccgtatgaaggictgageggegaccaaatgggeoecagategaaaaaatt
tttaaggtggtgtacectgtggatgateatcactitaaggtgatecectgocactatggeacactggtaatcgacggggtt
acgccgaacatgatcgactattteggacggeogtatgaaggcategeecgtgAGCyetAGCGGAGGTTCAGGCGGTTCC
GGRatgtatgaaagetittattgagtcactgocattoctiaaatectttggagttttctgecacgectgaaagtagtagat
gtgataggcaccaaagtatacaacgatggagaacaaatcattgetcagggagattcggctgattatttittcattatrt
gaatctggagaagtgaaaattactatgaaaagaaagggtaaatragaagtggaagagaatggtgeagtagaaatcget
cgatgetogeagggacagtactiitggagagettgeoctggtaactaacaaacctcgagcagcttetgoocacgecatt
gggactgtcaaatgtttagcaatggatgtgcaageatttgaaagygertetgggacctigecatggaaattatgaaaagg
aacatcgetacctatgaagaacagttagttgecctgTATggaacgaacatggatattgtaggGTCAGETGGATCTGGA
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GGtAGCTCttcTttcgacggeaaaaagatcactgtaacagggacecctgtggaacggeaacaaaattatcgacgagege
ctgatcaaccecgacggctcectgctyt tecgagtaaccatcaacggagtgaceggetggeggct gt GCGRACGCATT
CTGGCt .

SEQ ID N0O:52B (S8 120 L27V (RIIbB) {aa seq)
MVPTLEDFVGDWROTAGYNLDQVLEQGGYSSLEQNLGVSVTPIORIVLSGENGLKI DIHVI TPYEGLSGDOMGOIEKT
PRVVYPVDDHNFKVI LHYGTLVIDGVTENMI DY FGRPYEGIAVSASGGSGGSGMYESFIESLPFLKSLEFSARLKVYD
VIGTKVYNDGEQI IAQGDSADSFPITESGEVKITMEREGKSEVEENGAVETARCSRGDY FGELALVTNKPRAASAHAT
GTVECLAMDVONFERLLGPCMEIMKRNIAT YEEQLVALYGTNMDIVGESGGSGGSS5FDGKKITVIGTILWNGNKI I DER
LINPDGSLLFRVTINGVIGWRLCERILA

SEQ ID NO:529 (S5 123 L27V (RIILE) {nt seguence)
ATGytcttcacactcgaagatttegttgygggactggegacagacagocggctacaacctggaccaagteettgaacag
ggaggtgtgeccagtttgtttcagaatecteggggtgtecgtaactecgatecaaaggattgtectgagegygtgaaaal
gggctgaagatcgacatccatgtcatcatccegtatygaaggtetgageggegaccaaatgggecagategaazaaatt
tttaaggtggtgtacccrgtggatgatcatcactitaaggtgatectgeactatggeacactggtaatecgacggggtt
acgeccgazcatgatcgactarttcggacggecgtatgaaggeatcgcegtgrtoegacgyeAGCar CLAGCGGAGGTTCA
GGCGGTTCCGGRatgtatgaaagekttattgagtcactygeccattocttaaatctttggagttttctgeacgectgaaa
gtagtagatgtgataggcaccaaagtatacaacgatggagaacaaatcattgetcagggagattoggetgattotiee
ttcattattgaatctggagaagtgaaaattactatgaaaagaaagggtaaatcagaagtgygaagagaatgglgoagta
gaaatcgctegatgctocgogygggacagtactttggagagettgecetggtaacteacaaacectegagoaget tetgoe
cacgccattgggactygtcaaatgtttagcaatggatgtgcaageatttgaaaggettctgggacettgeatggaaatt
atgaaaaggaacatcgetacctatgaagaacagttagttgecctgThATggaacgaacatggatattgtaggGTCAGGT
GGATCTGGAGELAGCTCEtcTaaaaagatcactgtaacagggaccctgtggaacggeaacaaaattatcgacgageye
ctgatcaaccccgacggctoectgeotgitergagtaacrat caacggagtgaceggetggeggct gtGCGARCGECATT
CTGGCE

SEQ ID NO:530 (88 123 L27V (RIIbBB) {aa =seq)
MVETLEDFVGDWROTACYNLDOVLEDQGGVSSLFONLGVSVTPIQRIVLEGENGLKIDIHVIIPYEGLSGDRQMGOIEKT
FKVYYPYDDHHFKVI LHYGTLVIDGVTPIMI DY FGRPYEGIAVE DGSASGGSCGSGMYESFIESLPFLESLEFSARLK
VYDVICTKVYNDGEQITAQGDSADSFFI ) ESGEVKITMKRKGKSEVEENGAVE I ARCSRGQYFCELALVTNKPRAASA
HATGTVKCLAMDVOAFERLLGPCMEIMKRNIATYEEQLVALYGTNMDIVGSGGIGGSSSKKITVTGTLWNGNKL 1 CER
LINPDGSLLFRVTINGVTGWRLCERILA

SEQ ID NO:531 (sSS 124 L27V (RIILB) {nt sequence)
ATGgtcttcacactcgaagatttcgttggggactggrgacagacagcoygctacaacctggaccaagtecttgaacag
ggaggtgtgtecagttrgtticagaatcteggggtgtecgtaactcogatccaaaggatigicclgageggigaaaat
gggectgaagatcgacatccatgtecatcatcecocgtatgaaggtetgageqggcgaccaaatgggecagatcgaadaaate
tttaaggtggtgtaccctgtggatgatcatcaclttaaggtgatectgractatqgecacactggtaategacogggtte
acgecgaacatgatcgactatttecggacggecgtatyaaggcatcgecgtgttcgacggeaaarGlgoctAGCGGAGET
TCAGGCGGTTCCGGRatgtatgaaagetttattgagtcactgecattecttaaatettbggagrtttoctgeacgeetg
asaglagtagatgtgataggcaccaaagtatacaacgatggagaacaaatcattgoctcagggagatteggetgattct
trttteattattgactcrggagaagtgaaaattactatgeaaagaaagyglaaatcagaagtggaagagaatggtgea
gtagaaatcgctcgatgcteygcagggacagractttggagagettgeocctggtaactaacaaacctcgagecagetet
geicacgecatigggactgtcaaatgtttagecaatggatgtgecaagecatttgaaaggettctgggacettgcatggaa
attatgaaaaggaacatcgcracctatgaagaacagttagtigeectgTATggaacgaacatggatattgtaggGTCA
GGTGGATCTGGAGGLAGCTCt teTaagatcactgtaacagggaccotytygaacggcaacaaaattatcgacgagege
ctgatcaaccccgacggctococtgotgttecgagtaaccetecascggagtgacegget ggeggetgtGCCAACCCATT
CTGGCL

SEQ ID NO:532 (S5 124 L27v (RIIbB) {(aa seq) .
MVETLEDFVGDWROTAGYNLDOVLEQGGVSSLFONLGVSVTPIQRIVLSGENGLKI DIHVIIPYRGT.SGNOMGQTEKT
FKVVYPVODHHFKVILHYGTLVIDGVTPNMI DYFGRPYEGIAVFOGRSASGGSGGSGMYESFIESLPFLKSLEFSARL
KVVOVIGTKVYNDGEQI IAQGDSADSFFIIESGEVKI TMKRKGKSEVEENGAVEIARCSRGQY FGELALVTNKPRALS
AHATGTVKCLAMDVQAFERLLGPCMEIMERNIATY EEQLVALYG TNMDI VGEGGSGGS SSKITVTGTLWNGNKIIDER
LINPDGSLLFRVTINGVTIGWRLCERILA

8SEQ ID NC:533 (SS 125 L27v (RIIDB) (nt sequence) .

ATGytctlicacactocgaagatttegttggggactggcgacagacageaggctacaacctyggaccaagtacttgaacag
ggaggtgtgtccagtttgtticagaatcteggggtgtecgtaactergatecaaaggatigtectgageggtgaaaat
gggctgaagatcgacatccatgteatcatecogtalgaaggtectgageggecgaccaaatgygecagatcgaaaaaatt
trtaaggtggtgtaccectgtggatgatcatcactttaaggtgatcctygcactatggeacactggtaatcgacggggtte
acqgecgaacatgategactatttcggacggecgtatgaaggeategeogtgttegacggeaaaaaghClget AGCGGA
GGTTCAGGCGCTTCCGGRatytatgaaagetttattgagtcactgecattaeattaaatctttggagttttetgeacye
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ctgaazgtagtagatgtgataggcaccaaagtatacaacqgatggagaacaaatcattgetcagggagatteggotgat
tettttttcattattgaatctgygagaagtgaaaatractatgaaaagaaagggtaaatcagaagtggaagagaatggl
gcagtagaaatcgctcocgatgetegeggggacagtactttggagagettgecetggtaactaacaaacctcgageaget
tctgeecacgecattyggactgtcaaatgtttageaatggatgtgoaagcatttgaaaggettctgggaccttgeatyg
gaaattatgaaaaggaacatcgetacctatgaagaacagttagtigecctgTATggaacgaacatqgatattygtagql
TCAGGTGGATCTGGAGGEAGCTCLtLeTatcactgtaacagggaccectgtggaacggecaacaaaattatcgacgagege
cltgatcaaccececgacguctecctgetgttececgagtaaccatecaacqagagtgaceggetggoggct gt GCGAACGCATT
CTGGCE

SEQ ID NO:534 (88 125 L27V (RIILB) (aa seq}
MVEFTLEDFVGDWROTAGYNLDOVLEQGGYSSLFONLGVEVTPIQRIVLSGENGLKIDIHVI IPYEGLSGDOMGRTIEKT
PKYVYPVDDHNFKVILHYGTLYVI DGY T PNMI DYFGRPYEGIAVEDGKKSASGGSGGSCMYESFIESLPFLESLEFSAR
LKVVDVIGTKVYNDGEQIIAQGDSADSFFIIESGEVKITMKRKGKSEUEENGAVBIARCSRGQYEGELBLVTNKPRAA
SAHAIGTVKCLAMDVOAFERLLGPCMEIMKRNIATYEEQLVALYGTNMDIVGSGGSGGSSSITVTGTLWNGNKIIDER
LINPDGSLLFRVTINGVTGWRLCERILA

SEQ ID NO:535 (88 130 L27v ({(RIIbB} (nt sequence}
ATGgtettcacactcgaagatitegttggggactggogacagacaycegyctacaacctggacecaagtocttgaacag
ggaggtgtgtccagtttgtttcagaatcteggggtgtccgtaactecgatocaaaggattgtecetgageggtgaaaat
gggclgaagatcgacatcecatgtecatcatececgtatgaaggtctgagecagegaccaaatgggeccagatcgaaaaaatt
ttraaggtegtgtacocctgtggatgatcatcactttaaggtgatcetgeactatgyeacactygglaatecgacgggytt
acgcogaacatgategactatticggacqggecgtatgaaggeatecgecegtgttegacggeaaaaagatcactgtaaca
ggahGCyct AGCGGAGGTTCAGGCGETTCCGGRAatgtatgaaagetttattgagtcactgecattecttaaatettty
gagttttctygeacgecligaaagtagtagatgtgataggecaccaaagtatacaacgatggagaacaaatcattgctcag
ggagattcggetgattettttttcattattgaatetggagaagtgaaaattactatgaaaagaaagggtasatcagaa
gtggaagagaatggtgcagtegaaatcgctocgatgetcgoggggacagtactttggagagetigeactggtaactaac
aaacctecgagecagetictgeccacgecattgggactgticaaatgtitagraatggatgtgecaagecatttgaaaggett
ctgggaccttgcatggaaattatgaaaaggaacatcgetacoctatgaagaacagtragttgeccctgTATgGaacgaac
atggatatrgtaggGlrCAGCTGGATCTGCGAGGLAGCTICLtcTacectgtggaacggeaacaaaattatcgacgagege
ctgatcaaccacgacggcteactgotgttecgaqtaaccatcaacggagtgaccggetqgoegyctgtGCGARCGCATT
CTGGCL

SEQ ID MO:536 (SS 130 L27V {RIIbB)} (aa seq)
MVETLEDFVGDWRQTAGYNLDQYLEOGGVSSLFONLGVSYTPTIORIVLSGENGLKI DIHVI I PYEGLSGDOMGQIEKT
FKYVYPYDDHHFKVILHYCTLVI DGVTPNMIDYFGRPYEGIAVFDGKKITVTIGSASGGSGGSGMYESFIESLPFLESL
EFSARLKVYVDVIGTKVYNDGEQI IAQGDSADSFFI IESGEVKITMKRKGKSEVEENGAVETARCSRGOY FGELALVTN
KPRARSAHAIGTVKCLAMDVOAFERLLGPCMEIMKRN I ATYEEQLVALYGTNMDIVGSGGSGGSSSTLWNGNK I I DER
LINPDCSLLFRVTINGVTGWRLCERILA

SEQ ID NO:537 (SS 136 L27V (RIIbB} (nt sequence)
ATthcttcacactcgaagatttcgttggggactggcgacagacagccggctacaacctggaccaagtccttgaacag
ggaggtgtgtecagttigtitcagaatctecggggtgtecgtaacteegatecaaaggattgtectgageggtgaaaat
gggctgaagatcgacatccatgtcatcatceccgtatgaaggtctgageggegaccaaatgggeccagategaaaaaart
tttaagylggtgbacceigtggatgatcatcactttaaggtgatectgeactatggeacactggtaatcgacggagit
acgccgaacatgategactattteggacggeccgtatgaaggecategecgtgttcgacggecaaaaagatcactgtaaca
gggaccctgtggaacggeaacAGCgotAGCGGAGGTTCAGGCGGTTCLGGRat gtatgaaagetttattgagtcacty
ceattecttaaatcritggagtittetgecacgectgaaagtagtagatgtgataggecaccaaagtatacaacgatgga
gaacaaatcattgctcagggagattecggctgattottttttcattaitgaatctggagaagtgaaaattactatgaaa
agaaagggtaaatcagaagtggaagagaatggtgeagtagaaategetegatgoctegeggggacagtactttggagag
cttgecctyggtaactaacaaacctcogagcagottotgooccacgecattgggactgtcaaatgtttageaatggatgtyg
caagcatttgaaaggctteotgggacciigeatggaaattatgeaaaggaacatcgoctacctatgaagaacagttagtl
gocctgTATggaacgaacatggatattgtaggGTCACGTCCATCTGGAGGLAGCTCLtcTagaattatcgacgagege
ctgatcaacececgacggetecectgetgttecgagtaaccat caacggagtgaccgget ggecggctgtGCCAACGCATT
CTGGCt

SEQ ID NG:538 (85 136 L27V (RIIbB) {(aa sea}
MVFTLEDFVGDWROTAGYNLDQVLEQGGYSSLFQNLGVSVTPIQRIVLSGENGLKIDIHVI IPYEGLSGDQMGQIEKT
FKVVYPYDDHHFKVILHYGTLVIDGVTPNMIDY FGRPYEGIAVFDGKKITVTGTLWNGN SASGGSGGSGMYESFIESL
PFLKSLEFSARLKVVDVIGTKVYNDGECITAQGDSADSFFIIESGEVKITMKRKGKSEVEENGAVEIARCSRGQYFGE
LALVTNKPRAASAHA I GTVKCLAMDVOAFERLLGPCME IMKRNIATYEEQLVAL YGTNMDI VGSGGSGRSSSK L TDER
LINPDGSLLFRVTINGVTGWRLCERILA

SEQ ID NO:539 (SS 143 L27V (RIILB} (nt sequence)
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ATGgtcttcacactecgaagatticgt tggggactggegacagacagecggetacaacctggaccaagtectigaacag
ggaggtgtgtccagtttgtttcaqaatctcgggqtgtccg:aactccqatccaaaggattgtcctgagcggtgaaaat
gggctgaagatcgacatecatgicatcatcecegtatgaaggtctgagcggegaccaaatygggecagategaaaaaatt
tttaaggtggtgtaccctytggatgatcatcactttaaggrgatcetgractatggecacactggtaatogacggggtt
acgecgaacatgatcgactatticggacggecgtatgaaggcategecgtgttegacggcaaaaagatcacigtaaca
gggaccctgtggaacggcaacaaaattatcgacgagegectgAGCgetAGCEEAGCTTCAGGCGGTTCCGGRatgtat
gaasagclttattgagtcactgecattocttaaatetttggagttttetgcacgectgaaagtagtagatgtgatagge
accaaagtatacaacgatggagaacaaatcattgctcagggagattcggectgettcttttticattattgaatctgga
gaagtgaaaattactatgaaaagaasgggtaaatcagaagtggaagagaatggtgcagtagaaatcgetegatgeteyg
cggggacagtactttggagagettgecctggtaactaacaaacctegagecagettergeccacgecattgggactgte
aaatgtttagcaatggatgtgeaageatitygeaaggettetygggaccrtgeatggaaattatgaaaaggaacateget
acctatgaagaacagtragttgeccrgTATggaacgaacatggatat1glaggGTCAGGTGGATCTGGAGGLAGCTCL
tcTatcaaccoegacggotecoctgoigt teccgagtaaceatcaacggagtgaccggetggegg et gt GCGAACGCATT
CTGGCE

SEQ ID NO:540 (58 143 L27V (RITbB) {aa seq)
MVETLEDFVGDWROTAGYNLDOVLEQGGVSSLFQNLGYVSVTPIQRIVLSGENGLKIDIHVIIPYEGLSGDOQMGQIEKI
FKVVYPVDDHHFKVILHYGTLVIDGVTPNMIDY FGRPYEGIAVFDGKKITVTGTLWNGNKI IDERLSASGGSGGSGMY
ESFIESLPFLKSLEFSARLKVVDVIGTKVYYNDGEQIIAQGDSADSFFIIESGEVKITMKRKGKSEVEENGAVEIARCS
RGOYFGELALVTNKPRAASAHAIGTVKCLAMDVOAFERLLGPCMEIMKRNIATYEEQLVALYGTNMDIVGSGGSGGSS
SINPDGSLLFRVTINGVTIGWRLCERILA

SEQ ID NO:541 (S5 145 L27v (RIIbB} (nt sequenca)
ATGgtcttcacactcgaagatttcgttggygactggogacagacagecggetacaacctggaccaagtecttgaacag
agaggtgtgtccagtttgtttcagaatctegagglatecegtaactcogatccaaaggattgtectgageggtgaaaat
gggotygaagatcgacatccatgtcatcatecegtatgaaggzctgageggegaccaaatgggecagatecgaaaaaatt
tttaaggtggtgtacecigtggatgatcatcactttaaggtgatectgeactatgycacactggraatcgacggggtt
acgccgaacatgatcgactattteoygacggecgtatgeaggrategecgtgttcgacggecaaaaaqatcactgtaaca
gggaccctgtggaacggcaacaaaattatcgacgagegectyatcaacAGCgCtAGCGGAGGT TCAGGCGGT TCCGGR
atgtatgaaagctttattgagtcactgecattocttaaatetttggagtttietgeacgectgaaagtagtagatgty
ataggcaccaaagtatacaacgatggagaacaaatcattgetcagggagattcggeotgattocttttttcattattgaa
tctggagaagtgaaaattactatgaaaagaaagggtaaatcagaagtggaagagaatggtgeagtagaaategetega
tgectocgocggggacagtactttggagagettgecctggtaactaacaaacactcgageagetrotgoccacgecatiggyg
actgtcaaatgtttagecaatggatgtgcaagecatttgaaaggettetgggacetigeatggaaattatgaaaaggaac
atcgetacctatgaagaacagttagttgccoctgTATggaacgaacatggatattgtaggGTCAGGTGGATCTGGAGGT
AGCTCttcTecccgacggetecctgetgiicegagteaccateaacggagtgaceggerggeggerge GCCAACGCATT
CTGGCtL

SEQ ID NO:542 (S5 145 L27v (RIIkB) (aa seq}
MVETLEDFVGDWROTAGYNLDOVLEQGGVSSLEFONLGVSVTIPIQRIVLIGENGLKIDIHVIIPYEGLSGDOMGRIEKT
FKVVYPVDDHHFKVILHYGTLVIDGVTPNMIDYFGRPYEGIAVEDGRKKITVTGTLWNGNKIIDERLINSASGGSGGSG
MYESFIESLPFLKSLEFSARLKVVDVIGTKVYNDCGEQIIAQGDSADSFFIIESGEVKITMKRKGKSEVEENGAVEIAR
CSRGOYFGELALVTNKPRAASAHAIGTVKCLAMDVOAFERLLGPCMEIMKRNIATYEEQLVALYGCTNMDIVGE SGGSGE
SSSPDGSLLFRVTINGVTIGWRLCERILA

SEQ ID NO:543 (S5 147 L27v (RIIbB) (nt sequence)

ATGgtcttecacactegaagatticgt tggggactggegacagacageeggetacaacctggaccaagtcecttgaacag
ggaggtgtgtccagtligitbcagaatctcggggtgtccgtaactcocgatccaaaggattigbiectgageggtigaaaat
gggctgaagatcgacatceatgtcatcatecegtatgaaggtectgageggegaccaaatgggecagatcgaaaaaatt
tttaaggtggtgtaccetgiggatgatcatcactttaagatgatcctgecactatggeacactggtaatecgacgggatt
acgccgaacatgatcgactatttcggacggeccgtatgaaggocatcgocgtgticgacggcaaaaagatcactgtaaca
gggaccctgtggaacggcaacaaaattatcgacgagegectgatcaaccecgachAGCge tAGCGGAGGTTCAGGCGET
TCCGGRatgtatgaaagetttattgagteactoccattacttaaatecrttggagrttictgeacgectgaaagtagta
gatgtgataggcaccaaagtatacaacgatggagaacaaatcattgricagggaacatteggectgattocttttticatt
attgaatctggagaagtygaaaattactatgaaaagaaagggtazatcagaagtyggaagagaatggtgragtagaaate
gctegatgetegeggggacagtacttrggagagettgeectggtaactaacaaacetegagcagettetgeccacgee
zttgggactgtcaaatgrttagecaatggatgtgcaageatttgaaaggettetgggacecttgeatggaaattatgaaa
aggaacatcgctacctatgaagaacagttagtrgecetgTATggaacgaacatyggatattgtaggGTCAGGTGGATCT
GGNGGUAGCTCLtcTygetcoctgetgticogagtaaccatecaacggagtgacegygelggeggetgtGCGARCGCATT
CTGGCt

SEQ ID NO:544 (55 147 L27V {(RIIbE) {(aa seq)

MYFTLEDEVGDWRQTAGYNLDQVLEQGGVSSLFQNLGYSVTPIORIVLSGENGLKIDIHVIIPYEGLSGDOMGOIEKT
FKVVYPVDDHHFKVTELHYGTLVIDGVTPNMIDYFGRPYEGIAVEDGKKI TVIGTIWNGNKI I DERLINPDSASGGSGG
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SGMYESFIESLPFLKSLEFSARLKVVDVIGTKVYNDGEQIIAQGDSADSFFIIESGEVKITMKRKGKSEVEENGAVEI
ARCSREQYFGELALVTNKPRAASAHAIGTVKCLAMDVORFERLLGFCMEIMKRNIATYEEQLVALYGTNMDIVGSGGS
GGSSSGSLLFRVTINGYVTGWRLCERI LA .

3EQ ID NO:545 (88 148 L27V (RIIbB} {nt sequence)
ATGgtcrtcacactcgaagatitogttggggactggegacagacageoggetacaacectggaccaagtecttgaacag
ggaggtgtgtccagtittgttiecagaatcteggyggtgtccgraactocgatccaaaggattgiecclaageggtgaaaat
gggctgaagatcgacatccalgtcatcatecegtatgaaggteotgagoggegaccaaatgggccagatcgaaaaaatt
trtaaggtggtgtacectytygatgatcatecactttaaggrgatcctgeactatggeacaciggtaatcgacggggtt
acgcegaacatgategactattteggacyggeegtatgaaggrategeegtgttogacggeaaaaagatcactygtaaca
gggaccotgtggaacggcaacaaaattatcgacqagegectgatcaaccergacggecAGCgetAGCGGAGGTTCAGGC
GGTTCCGGAatgtatgaaagetttattgagtcactgecattecttaaatctttggagttttectgecacgectgaaagta
gtagatgtgataggcaccaaagtatacaacgatggagaacaaatcattgctcagggagattcggotgattctttttte
attattgaatctggagaagtoeaaattactatgaaaagaaagggtaaatcagaagrggaagagaatggtgeagtagaa
atcgetcoatgotcogoggggacagtactttggagagetigecchggtaactaacaaacctcgageagettctgeoccac
gecattgggactgtcaaatgittageaatggatgtygeaageatttyaaaggcttctgggaccttgcatggadattatyg
aaaaggaacatcgetacctatgaagaacagttagttgeecctgTATggaacgaacatggatattgtaggGTCAGCTEEA
TCTGGAGGLAGCTCLteTEccetgotgttecgagtaaccatcaacyggagtgaccggetggegoet gt GCGAARCGCATT
CTGGCE

SEQ ID NO:546 (S8 148 127V (RIIbLB) (aa seq)
MVETLEDFVGDWRQTAGYNLDQVLEQGGVSSLIQNLGVSVTPIQRIVLSGENGLRIDIHYIIPYEGLSGDRMGQIEKT
FKVYYPVDDHHFKVILHYGTLV) DCVTPNMIDYFORPYEGIAVFDGKKI TVTGTLWNGNKIIDERLINPDGSASGGSG
GSGMYESFIESLPFLKSLEFSARLEVVDVIGTKVYNDGEQIIAQGDSADSIFIIESGEVK TTMKREGESEVEENGAVE
IARCSRGOYFGELALVINKPRAASAHAT GTVKCLAMDVQAFERLLGPCMEIMKRNIATYEEQLVALYGTNMDIVG3GEG
SGGSSSSLLFRVTINGVTIGWRLCERILA

SEQ ID NO:547 (85 156 L27V (RITbB) (nt sequence)
ATGgtottcacactcgaagatttcgrtggggactggegacagacagecggetacaacctggaccaagtecttgaacay
ggaggtgtgtccagtttgtitcagaatecteggggtgtecegtaactcegatecaaaggatogtectgagcggtrgaaaac
gggctgaagatcgacatcecatgtcatcateccgtatgaaggtetgageggegaccaaatgggecagatcgaaaaaatt
tttaaggtggtgtaccctgtggatgaicatcacttlaaggtgatcotgeactatggecacactggtaatcgacggygytt
acgocgaacatgatcgactatttcecggacggecgtatgaaggcategecgtgticgacggeaaaaagatcactgtaaca
gggaccehtgtggaacgocaacaaaat tatcgacgagegestgarcaacaccgacggetccctgotgticcgagraace
AtCAGCGCtAGCGGAGGTTCAGGCGETTCCGGRat gt atgaaagetttattgagtcactgoecattecttaaatottg
gagttttctgecacgoctgaaagtagtagatgtgataggcaccaaagtatacaacgatggagaacaaatcattgetcag
ggagatteggetgattettttttecattartgaatctggagasgtgasaattactatgaaragaaagggtraaatcagaa
gtggaagagaatggtgcagtagaaatcgctegatgctogeggggacagtactttggagagottgecctggtaactaac
aaacctecgagcagecttctgeccacgecattggyactatlecaaclgit tagcaalgoatgbgecaageal ttgaaaggett
ctgggaccttgcatggaaatratgaaaaggaacatcgcectacctatgaagaacagttagettgecctgTATggaacgaac
atggatattgtaggGTCAGGTGGATCTGGAGGLAGCTCt tcTaacggagtgaccggetggeqget gt GCGAACGCATT
CTGGCL

SEQ ID NO:548 (B85 1S6 L27V (RIIbB} (aa seq)
MVFTLEDFVGDWRQTAGYNLDQVLEQGGVSSLFQNLGVSVTPIQRIVLSGENGLKIDIHVI IPYEGLSGDOMGQIEKT
FRKVVYPVDODHHFKVILHYGTLVIDGVT PNMIDYFGRPYEGIAVEDGRKKITVTGTLWNGNKIZIDERLINPDGSLLFRVT
I8ASGGSGESGMYESFIESLPFLKSLEFSARLEKVVDVIGTRKVYNDGEQT IAQGDSADIFFITESGEVKITMKRKGKSE
VEENGAVEIARCSRGQYFGELALVTNKPRAASAHAIGTVKCLAMDVQAFERLLGPCMEIMXRNIATYEEQLVALYGTN
MDIVGSGGSGGSSSNGVTGWRLCERILA

SEQ ID NC:549 (S5 157 L27¥ {(RIILB) (nt sequence)

ATGgtcttcacactcgaagatttegltggggactggogacagacagocggetacaacctygaccaagteecttgaacag
ggaggtgtgtccagtttgtttcagaatctcagggtgteccgtaactcegatccaaaggattgtectgageggtgaaaat
gggctgaagatcgacatccatgtcatcatcecgtatgaaggtetgagecggcgaccaaatgggeccagatcgaaaaaatt
tttaaggtggtgtaccctgtggatgatcatecactttaaggtgatectgoactatggeacactggtaatecgacaggggtt
acgccgaacatgatcgactatticggacggecgtatgaaggeategecgtgttcgacggcaaaaagatcactgtaaca
gggaccctgtggaacggeoaacaaaattategacgagegectgatcdaccecegacggetecctgetgtteocgagtaace
atcaacAGCYct AGCGCGAGGTTCAGGCGETTCCGGRatgtatgaaagect ttattgagtcactgecattecttaaatet
ttggagttttcigcacqoctgaaagtagtagatgtgataggraccaaagtatacaacgatggagaacaaatcattgot
cagggagattecggectgattctttittecattattgaatctgaagaagtgaaaattactatgaaaagaaagggtaaatca
gaagtggaagagaatggtgcagtagaaatcgectcgatgetogrggggacagtacttrggagagettgeccctggtaact
aacaaacctcgagcagecttcoctgeccacgecattgggactgteaaatgtttagecaatggatgtgocaageatttgaaagy
cttcocigggaccrigeatggaaattatgaaaaggaacatecgetacctatgaagaacagbtagttgeectgTATggaacg
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aacatggatattgtaggGTCAGGTGGATCTGGAGGLAGCTC teTggagtqaccggctggeggetgtGCGRACGCATT
CTGGCE

SEQ ID NO:550 (88 157 L27V (RIIbLB) (aa seq)
MYFTLEDFVGDWROTAGYNLDOVLEQGGVSSLEONLGYSVTPIQRIVLSGENGLKIDIHVIIPYEGLSGDOMGOIEKI
FKVVYPVDDHHFKVILHYGTLYIDGYTPNMI DY FGRPYEGIAVFDGKKITVTGTLWNGNKIIDERLINPDGSLLEFRVT
INSASGGSGGSGMYESFIESLPFLKSLEFSARLKVVDVIGTKVYNDGEQIIAQGDSADS FFII ESGEVKITMKRXGKS
EVEENGAVEIARCSRGQYFGELALVTNKPRAASAHAI GTVKCLAMDVOAFERLLGPCMEIMKRNIATY EEQLVALYGET
NMDIVGSGGSGGSSSGVTGWRLCERILA

SEQ ID NO:551 (S8 158 L27V (RIIbB} (nt segquence)
ATGgtcttcacactegaagatttcgttggggactggegacagacagecggetacaacctggaccaagtecttgaacay
ggaggtgtgtccagtitgtttcagaatctecggggtgtcegtaacrecgatecaaaggatrgicctgageggtgaaaat
gggetgaagatcgacatccatrgtcatcatococegtatgaaggtectgageggegaccaaatgggeccagarcgaaaaaatt
tttaaggtggtgtacectgtggatgateatcactttaaggtgatcctgeactatggeacactggtaatogacggggit
acgocgaagatgatcgactatttocggacggecgtatgaaggeategecgtaticgacggcaaaaagatcacrgtaaca
gggaccctgtggaacggcaacaaaattategacgagogectgatcaaccecgacggetecctgctgticecgagtaace
arcaacggaRGCgotAGCGGAGGTTCACGCGGTTCCGGAatgtalgaaagettiattgagtcactyccattcottaaa
tectttggagttttctgeacgectgaaagtagtagatgtgataggcaccadagtatacaacgatggagaacaaateatt
gctcagggagaktoggetgaltettttttocattattgaatctggagaagtgaaaattactatigaaaagaaagggtaaa
tcagaagtggaagagaatggtgcagtagaaatcgetecgatgeloegeggggacagtactitggagagettgeectggta
actaacaaacctegageagettetgoeccacgecattgggactgtcaaatgiitageaatggargtgcaageakttgaa
aggettotgggacettgcatggaaattatgaaaaggaacatecgetacctatgaagaacagttagttgecctgTATgga
acgaacatggatattgtaggGTCAGGTGGATCTGGAGGLAGCTCt teTytgaccggetggoggctgtGCGAACGLATT
CTGGCE

SEQ ID N{:552 (S5 158 L27v (RIIbB} (aa seq)
MVFTTLEDFVGDWRQTAGYNLDQVLEQGGVSSLEQNLGVSVTPIQRIVLSGENGLKIDIHVI IPYEGLSGDOMGRIEKT
FKYVYPVDDHHFEVILEYGTLVIDGYTPNMIDY FGRPYEQIAVFDGKKITVTGTLWNGNKI IDERLINPRGSLLFRYT
INGSASGGSGGSGMYESFIESLPFLKSLEFSARLEKVVDVIGTKVYNDGEQI IAQGDSADSFFI IESGEVKI TMKRKGK
SEVEENCAVEIARCSRGOYFEELALVINKPRAASAHAIGTVKCLAMDVOAFERLLGPCMEIMKRNIATY EEQLYALYG
TNMDIVGEGGEGGSSSVTGWRLCERILA

SEQ ID NQ:553 (S5 166 L27vV (RIIbB} (nt sequence)

ATGgrctteacactogaagatttogt tggggactggegacagacageecggotacaacctggaccaagiectigaagag
ggaqgatgtgtecagtttgtttcagaatcreggggtgtecgtaactiecgatecaaaggattgtoctgageggtgaaaat
gggcigaagatcgacatoccatgtcatcatcecgtatgaaggtoctgageoggegaccaaatgggecagatcgaaaaaatt
Tttaaggtygtgtacectgtggatgatcatcactttaagglgatectgcactatggocacactggtaatcgacggyggrte
acqccgaacatgatcgaétatttcgqacgqccgtacgaaggcatcgccgtgttcgacggcaaaaagatcactgLaaca
gggacectytggaacggraacaaaattatcgacgagegectgatcaacceecgacggetecctgotgtitocgagtaace
atcaacggagtgaccyggctggeggct ghGCCARAGCgct AGCGGAGETTCAGGCGGTTCCGGRat gtatgaaagettt
attgagtcactgoeatteettaaatectttggagttttetycacgectgaaagtagtagatgtgataggcaccasagta
tacaacgatggagaacaaatcattgetcagggagattegyctgattettttitcattattgaatetggagaagtgaaa
attactatgaaaayasagggtaaatcagaagtggaagagaatggtycagtagaaatcgetegatgetegeggggacag
tacttrtggaqgagecttgecctggtaactaacaaacctogageagettectgecracgecatigggactgtcaaatgtta
graatggatgrgcaagcatttgaaaggcrtctygggaccttgecatggaaattatgaaaaggaacatcgetacctatgaa
gaacagttagttyccctgTATggaacgaacatggatat tgtaggGTCAGETEGATCTGEGAGGTAGCTCE tcTCGCATT
CTGGCt

SEQ ID NO:554 ({55 168 L27V (RIIbB) (aa seq)
MVETLEDFVCDWROTAGYNLDOVLEQGGVSSLFONLGVSVTPIQRIVLSGENGLKIDIHVIIPYEGLSGDOMGOIEKT
FKVVYPVDDHAFKVILHYGTLVIDGVTPNMIDYFGRPYEGIAVFDGKKITVTGTLWNGNKI IDERLINPDGSLLFRVT
INGYTGWRLCESASGGSGGSGMYESFIESLPFLKSLEFSARLEVVDVIGTKVYNDCEQTIIAQGDSADSFFIIESGEVK
ITMKRKGKSEVEENGAVEIARCSRGOYFGELALVTNKPRAASAHATIGTVKCLAMDYQAFFRLLFPFCMEIMKRNIATYE
EQLVALYGTNMDIVGSGGSGGSSS5RILA

SEQ ID NO:555 (CP 26 L27V (RIIbB) (nt secuencea}

ATGggtgtgteccagtttgttteagaatctoeggygtygtccgtaactccgatccaaaggattgtcctgageggtgaaaat
gggctgaagatrcgacatccatgicatcatoecgtatgaaggiectgageggegaccaaatgggecagatcgaaaaaatt
tttaaggtggtgtacectgtggatgatcatcactttaaggtoatcetgecactatggecacactggtaatcgacggggt
acgccgaescatgatcgactattteggacggecgtatgaaggecatcgecgtgttcgacggcaaaaagatrcacrgtaaca
gggaccetgrggaacggeaacaaaattatcgacgagegectgatcaaceccegacggeiecctactgttcegagtaace
atcaacggagtgaccyggetggeggct gt GCGARCGUATTCTGGC tAGCTCARGCGGAGGTTCAGGCGGTTCCGGAATG
TATGAAAGCTTTATTIGAGTCACTGCCAT TCCTTAAATCTY I GGAGTT TTCTGCACGCCTGAAAGTAGTAGATGTGATA
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GGCACCABRAGTATACAACGATGGAGAACARATCATTGCTCAGGGAGATTCGEGCTGATTCTTTTTTCATTATTGARTCY
GGAGARGTGABAATTACTATGARAAGARAGGGTAAATCAGAAGTGCRAGAGRATGC TG CAGTAGAARTCGCTCGATGC
TCGCGGGGACAGTACTTTGGAGAGCTTGCCCTGGTAACTAACABACCTCGAGCAGCTTCTGCCCACGCCATTGGGACT
GTCARATGTTTAGCAATGGATGTGCARGCAT TTGAAAGGCTTCTGGEACCTTGCAT GGAAATTATGRRAAGGAATATC
GCTRCCTATGAAGBACAGT TAGTTGCCO TG TATGEAACGARCATGGATATTGTAGGGTCAGGT GGATCTGGAGGTAGC
TCIPCTarggtettcacactegaagattiegttggggactggcgacagacageeggotacaacectggaccaagrectt
daacaggga

SEQ TDh NO:556 (CP 26 L27V (RIILB! (aa seq!)
MEVESLFONLGVSVTPIQRIVLSGENGLKIDIHVIIPYEGLSGDOMGOI EKI FRKVVYPVDDHHFKVILHYGTLVIDGY
TPNMILYFGRPYEGIAVEDSGKKITVPGTLWNGNKI IDERLINPDGSLLFRVTINGVTGWRLCERILASSSGGSGGSGY
YESFIESLPFLKSLEFSARLKVVDVIGTKVYNDGEQT IAQGRSADSFFIIESGEVKITMKRKGKSEVEENGAVETARC
SRGOYFGELALVTNKPRAASAHATGTVKCLAMDVOAFERLLGPCMEIMKRNIATYEEQLVALYGTNMDIVGSGGSGGS
SSMYFTPLEDFVGDWROTAGYNLDQVLEQG

SEQ ID NO:557 (CP 45 L27v (RIIbB} (nt sequence)
ATGgtcocctgagoggtgaaaatgggctgaagatcogacatocatgtcatcatcoegtatgaaggtctgagecggegaccaa
atgggecagategaaaaaatttttaagatgytytaccectgtggatgatcatcactitaaggtgatectgcactatgge
acactggtaatcgacggggttacgcegaacatgategactattteggacgycedtatgaagycategeegtgttegas
ggcaaaaagatcactgtaacagggaccctgtggaacggcaacaaaattategacyageyectgalcaaccocgacgge
totctgetgttocgagtaaccatecaacqggagtygaceggot gacggct gt GCGAACGCATTCTGGCLAGCTCARGCGGA
GOTTCACGCGGTTCCOGAATGTATGAARGCT TTATTGAGTCACTGCCAT TCCTTAAATCETTGGAGT "I TCTGCACGC
CTGAAAGTAGTAGA T GTGATAGGCACCNAAGTATACAACGATGGAGARACRAATCATTGCTCAGGGAGATTCGGCTGAT
TCTTTTTTCATTATTGAATCTGGAGARGTGAAAR T TAC TATCARAAGANNGGGTARRTCAGARAGTGEARGAGAATGGT
GCAGTAGAARTCGCTCGATGCTCECHGGGRACAGTACTTTGCAGAGCTTGCCCTGG TAACTAACAAACCTCGAGCACCT
TCTGCCCACGCCATTGEGACTGICARATGT T TAGCAATGGATGTGCAAGCATT TGARAGGCTTCTGGGACCTTGTATG
GAAATTATGARAAGGAACATCGCTACCTATGAAGAACACT TAGTTIGCCCTGTATGGAACGRACATGGATATTGTAGGG
TCAGGTGGATCTGGAGGTAGCTCTT  Tatggtct tcacacregaagatttegttggggactggecgacagacageoggac
tacaacctygaccaagtecttgaacagggaygylgigtaecagitigtttcagaateteggggtgteccgtaactccgatc
caaaggatt

SEQ ID NO:558 (CP 45 L27V (RIILB) (aa seq}
MVLSCENGTL.XIDINYIIPYEGLSGDOMGOIEKI FKVVY PVDDHHFRVILHYGTLVIDGVTPNMIDYFGRPYEGIAVED
GKRITVTSTLWNGNKIIDERLINPDGSLLFRVYTINGY TGWRLCERI LASSSGGSGESGMYESFIESLPFLEKSLEFSAR
LKWVDVIGTXVYNDGEQT T AQGDSADSFFI IESGEVKITMKRKGKSEVEENGAVEI ARCSRGOYFGELALVTNKPRAA
SAHA1GTVRCLAMDVOAFERLLGPCMEIMKRNIATY EEQLVALYGTNMDIVGSGGSGGSSSMYETLEDFVGDWROTAG
YNLDOVLEQGGYSSLFPQNLGVSVTPIQRI

SEQ ID NQ:553 (CP 100(+1l) L27V (RIILB) {(nt seguence)
ATGgacggggttacgoccgaacatgatagactatticggacggcogtatgaaggeatcgecgtgtitcgacggecaaaaay
atcactgtascagggaccctgtggaacggeaacaaaattategacgagegoctgatcaaceacgacggetccoctgoety
ttecgagtaaccatcaacqggagtgaccggetggogget gt GCGARCGCATTCTGGCLAGCT CARGCGGAGGTTCAGGC
GGTTCCGGARTGTATGAAAGCT TTAT TGAGTCACTCCCATTCCTTARATCTTTGGAGT TTTCTGCACGCCTGARAGTA
GTAGATGTGATAGGCACCAARGTATACAACGATGGAGARCARATCATTGCTCAGGGAGATTCCGCTGATTCTTTTTTC
ATTATTGAATCTGGAGRAGTGABAAT TACTATGAAARGARAGGETAAAT CAGRAGTGGAAGAGAATGGTGCAGTAGAR
ATCGCTCGATGCTCGCGGGCACAGTACTTTGGAGAGCTTGCCCTGGTAACTAACARACCTCGAGCAGCTICTGCCCAL
GCCATTGGGACTGTCARATGL T I'AGCAATGGATGTGCARGCATTTGRARGGCT TCTGGCACCTTGCATGGAAATTATG
BABALGGRACATCGCTACCTATGAAGARCAGTTAGT TCCCCTGTATGGARCGRACATEGA 'ATTGTAGGETCAGGTGGA
TCTGCAGCTAGCTCTTCTatggtcttcacactcgaagatttcgttggggactggegacagacageceggectacaacctg
gaccaagtecttgaacagggaggtgtgtecagtitgtttcagaateteggggtgtocgtaactocgatccaaaggatt
gtcatgagcgqtqaaaatggqctqaagatcgacatccatgtcatcatcccgtatgaaggtctgégcggcgaccaaatg
ggecaqatecgaaaaaatittiaaggtggtotaccctgtggatgatcatcactttaaggtgatectgeactatggraca
ctyggtaatcGAC

SEQ ID NO:560 (CP 100{+1) L27V {(RIILB) {(aa seq)
MDGVTPNMIDYFGRPYEGIAVFDGKKITVTGTLWNGNKITDERLINPDGSLLFRVTINGVTGWRLCERTILASSEGGSG
GSGMYESFIESLPFLKSLEFSARLKVVDVIGTKVYNDGEQIIAQGDSADSFFIIESGEVKI TMKRKGKSEVEENGAVE
IARCSRGRYFGELALVTNKPRARSANAIGTVKCLAMDVQAFERLLGPCMEIMKRNIATYEEQLVALYGTNMDIVGSGG
SGGSSSMVITLE DFVGDWRQTAGY NLDQVLEQGGVS SLFQNLGVSVTPIQR T VLSGENGLKIDIHVIIPYEGLSGDOM
GRIEKIFKVVYPVDDHHFXKVILHYGTLVID

SEQ ID NO:S561 (CP 1G1(+1} L27v {RIIbB) [(nt sequenca}

ATGggggttasgecgaacatgatcgactattteggacggeegtatoaagygecategecgtgttcgacggeaaaaagate
actgtaacaggoacectgtggaacggeaacaaaattatcgacgageygectgatcaacccogacggetcoctgetgte
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cgagtaaccatcaacggagigaccggriggeggotgt GCGARCGCATTCTGGC L AGCTCAAGCGBAGGTTCAGECEET
TCCGGAATGTATGAAAGC TTTATTGAGTCACTGCCAT TCCTTARATCTTTGGAGTTTTCTGCACGCCTGARAGTAGTA
GATGTGATAGGCACCARAGTATACAACGATGGAGAACAAATCATTGCTCAGGGAGATTCGGCTGATTCTTITTTICATT
ATTGAATCTGCAGAAGT GARLATTACTATGARAAGAAAGGGTARATCAGAAGTGGAAGAGAATGGTGCAGTACAAATC
GUTCGATGCTCGLGGGGACAGTACTTTGGAGAGCT TCCCCTGGTARCTARCARACC TCCAGCAGCTTCTGCCCACGLC
ATTGGGACTGTCAAATGTTTAGCAATGGATGTGCARGCATTTGARRGGCTTCTGGGACCTTGCATGGARRTTATGRAA
AGGBACATCGCTACCTATGAAGAACAGTTAGTTGCCCTGTATGGARCGAACATGEATATTGTAGGGTCAGCTGGATCT
GCAGGTAGCTCTTCTatggtcttcacactcgaagatttogttgggyactggegacagacagecggetacaacetggac
caagtccttgaacagggaggtgtgtocagtttgtttecagaatectegggytgtecgtaacteogatecaaaggattagte
Ctgagcggtgaaaatggyctgaagatcgacatccatgtcatcatcecgtatgaaggtctgageggegaccaaatggygce
cagatcgagaaaatttitaaggtggtgtaccetgtggatgatcatcactttaaggtgatocrgeactatggracactyg
gtaatcgacGGG

SEQ ID NO:562 (CP 101(+1) L27V (RIIbB) (aa seq)

MGYTPNMIDY FGRPYEGIAVEDGKKITVTIGTLWNGNKI IDERLINPDGSLLFRYTINGVTGWRLCERILASS8GGEGE
SGMYESFIESLPFLKSLEFSARLKVVDVIGTKVYNDGEQI IAQGDSADSFFITESGEVKITMXRKGKSEVEENGAVEL
ARCSRGRYFGELALVTNKPRAASARAIGTVKCLAMDVQAFERLLGPCMEIMKRNIATYEEQLVALYGTNMDIVGSGGS
GG5SSMVFTLEDFVGDWRQTAGYNLDOVLEQGGVSSLFQNLGVSVTPIQRIVLSGENGLKI DI HY I TPYEGL SGDOMG
QIEKIFKVVYPVDDHHFKYILHYGTLVIDG

SEQ ID NO:563 {CP 102{+1) L27V (RIIbB) {nt sequence)
ATGgttacgccgascatgatogactattteggacggeecgtatgaaggcategecgtgttcgacggcaaaaagateact
Jtaacagggaccctgtggaacggraacaaaattategacgagegectgatcaacececgacggetecotgetgttecga
gtaaccatcaacggagtgaccgyciggeggetgtGCGAACGCATTCTEGCTAGCTCAAGLGGAGGTTCAGGLGGTTCC
GGEAATGTATGARARGCTTTATTGAGTCACTGCCATT CCTTANMTCT TTGGAGTTTTCTGCACGCCTGAAAGTAGTAGAT
GTGATAGGCACCAAAGTATACAACGATGGAGAACARATCATTGCTCAGGGAGAT TCGGCTGATTCTTTTTTCATTATT
GRATCTGGAGARGTGAARATTACTATGARRAGARN GGG TARATCAGAAGTGGAAGAGRATGETGCAGTAGAAATCGCT
CEATGCTCGCGGGGACASTACTTTGGAGAGCTTGCCCTGGTRACTAACAAACCT CGAGCAGCTTCTGCCCACGCCATT
GGEGACTGTCARATGTTTAGCAATGCGATGTGCARGCATTTGAARGGCTTCTGGGACCTTGCATGGARATTATGARRAGG
AACATCGCTACCTATGARGARACAGTTAGTTGCCCTGTATGCAACGAACATGGATATTGTACGETCAGGTGGATCTGGN
GETAGCTCTTCTatggteticacac{cgaagatttegttggggactggcgacagacagecggetacaacctggaceaa
gtcettgaacagggaggtgtgtecagttrgtttcagaateteggggtgiecogtaactecyatecaaagygatigtectg
agcggtgaaaatgggetgaagatcgacatocatgtcatcatoccgtargaaggtotgageggegaccaaatygggeeag
atcgaaaaaatbtttaaggiggtgtaccctgtggatgatcatcactttaaggtgatcctgoactatggcacaatogta
atcgacgggGTT

SEQ ID KO:564 {CP 102{+1) L27V (RIIbB} (aa seqg) ’

MV TPNMIDYFGRPYEGIAVFDGKKITVIGTLWNGNKIIDERLINPDGSLLFRVTINGVTGWRLCERTITLASSSGGSGGE
GMYESFIESLPFLKSLEFSARLEVVDVIGTKVYNDGEQIIAQGDSADSFFIIESGEVRITMEKREGKSEVEENGAVETA
RCSRGRYFGELALVTNKPRAASABAIGTVKCLAMDVQAFERLLGPCMEIMKRNIATYEEQLVALYGTNMDI VGSGGSG
GSSSMVFTLEDFVGDWRCTAGYNLDQVLEDGGVSSLEQNLGVSVTPIQRIVLSGENGLKIDIHVI IPYEGLSGDOMGO
TEKIFKVVYPVDDHHFKVILHYGTLVIDGY

SEQ ID NO:565 (CP 143{+1) L27V (RIILB} (nt secuence)
ATGatcaacccogacggeotoccigeigiiecoagtaaccatcaacggagtgaceggetggegget gt GCGAACGCATT
CrGGCEAGCTCRAGCGGAGGTTCAGGLGGTTCCGGAATCTATGAAAGCTTTATTGAGTCACTGCCATTCCTTAARTCT
TTGGAGTTTTCTGCACGCCTGARAGTAGTAGATGTGATAGGCACCAAAGTATACAACGATGCAGARUAAA TCATTGCT
CAGGGAGATTCGGCTGAT TCTTTTTTCATTATTGAATCTGGAGARGTCAAPATTACTAT GAARACARAGSGTARATCA
GAAGTGGAAGAGARATGGTGCAGTAGAAATCGCTCGATGCTCGLGGGGACAGTACTTTGEAGAGCTTGCCCTGCTAACT
AACAARCCTCGAGCAGCTTCTGCCCACGCCATTGGGACTGTCARATGTTTACGCAAT GEATGTGCARGCAT ITGARAGG
CTTCTGGGACCTTGCATGGAALATTATGAARAGGARCATCGCTACCTATGAAGARCAGT TAGTTGCCCTGTATYGGARCH
ARCATGGATATTGTAGGGTCAGGTGGATCTGGAGGTAGCTCTTCTatggtcttcacactcgaagat ttegt tggggac
tggagacagacagecggctacaacctggaccaagtecttgaacagggaggtgtgtccagtttgtttcagaatetcgag
gtgtcocgtaactcegateccaaaggattgtocctgagoggtgaaaatgggctgaagatocgacatocatgtecatcatecey
tatgaaggtctgagcggegacraaatgggocagatocgaaaaaattititaaggiggtgltaceetglggatgatcatcac
tttaaggtgatcctgeactatggcacactggraatcgacggggttacgecgaacatgategactattteggacggecyg
tatgaaggcatcgecgtgticgacggeaaaaagatcactgtaacagggaccetgtggaacggecaacaaaattategac
gagcgcctgATC

SEQ ID W0:566 {CP 143({+1) L2Z7V (RIIbB} {aa seq}

MINPDGSLLFRVTINGVTGWRLCERILASSSGGSGGSGMYESFIESLPFLKSLEFSARLYYY DV IGTKVYNDGEQITA
OGDSADSFFI IESGEVKITMKRKGKSEVEENGAVE IARCSAGQY FGELALVTNKPRARSAHAL GTVKCLAMDVOAFER
LLGPCMEIMKRNIATYEEQLVALYGTNMDIVGSGGSGGESSSMVEFTLEDFVGDWROTAGYNLDOVLEQGGVSSLEQNLG
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VSVTPIQRIVLSGENGLKIDIHVIIPYEGLSGDOMGOTEKIFKVVY PYDDHHFKVILHYGTLY IDGVTPNMIDYFGRP -
YEGIAVEDGKKITYTGTLWNGNKI IDERLI

‘SEQ ID NO:5687 (CP 147{+1) L27v (RIIbB) {(nt sequence)
ATGggctccctgetgticogagtaaccatcaacggagtgaccggctggegget gt GCGARCCCATTCTGECLAGCTCA
AGCGGAGGTTCAGGCGGTTCCGGAATGTATGARRGCTT TATTGAGTCACTGCCATTCCTTAAATCT TTGGAGTTTTCT
GCACGCCTGARAGTAGTAGATGTGATAGGCACCAARGT ATACAACGATGGAGAACARATCATTECT CRAGGGAGATTCG
GCTGATTCTTT T CATTATTGAATC TGGAGRAGT GARARTTACTATGAAAAGAARGGGTAAATCAGAAGTGGRAGAG
ARTGCTCCAGTAGAAATCOGCTCGATGCTCGCGGGGACAGTACTTTGGAGAGCTTGCCCTGGTARCTAACAAACCTCGA
GCAGCTTCTGCCCACGCCATTGGGACTGTCARATCTTTAGCAATGGATGTGCAAGCATTTGARAGGCTTCTGGGACCT
TGCATGGAARTTAT GAAAAGGAACATCGCTACCTATGRAGRACAGT TAGTTGCCCTIGTATGGANCGAACATGGATATT
GTAGGGTCAGCTGGATCTGGAGGTAGCTCTTCTatggtct tcacactcgaagatitegttgaggactggocgacagaca
gccggctacaacetggacecaagteocttgaacagggaggtotgtecagtitgtttcagaatctoggggtgtecgtaact
ccgatccaaaggattgtcotgageggtgaaaatgggetgaagatcgacatccatgtcatcatccegtatgaaggtoeg
agcggcgaccaaatgggeccagatcgaaaasatttitaaggtggtgtacectgtggatgatcatcactttaaggtgate
ctgcactatggcecactggraatcgacggggttacgecgaacatgategactattteggacggcogtatgaaggeate
gcocgtgttcgacggtadaaagarcactytaacagggaccectgtggaacggeaacaaaattatecgacyagegeetgate
aacceccgacGGC

SEQ ID NO:568 (CB 147(+1) L27V (RIIbB) (aa seq)
MGSLLFRVTINGVTGHWELCERILASSSGGSGGSGMYES FTESLPFLKSLEFSARLKVVDVIGTKVYNDGEQI IAQGDS
ADSFFITESGEVKI TMERKGKSEVEENGAVE IARCSRGQYFGELALVTNKPRAASAHATGTVKCLAMDVOAFERLLGP
CHMEIMKRNIATYEEQLVALYGTMMDIVGSGGSGSESSSMVFTLEDFVGDWROTAGYNLDOVLEQGGY SSLEFQNLGVSVT
PIQRIVLSGENGLKIDIHYV1IPYEGLSGDOMGQIEKI FKVVYEPVDDHHFKVILHYGTLVIDGVTPNMIDY FGRPYEGI
AVFDGKKITVIGTLWNGNKIIDERLINPDG

SEQ ID NG:569 (CP 156(+1} L27V (RIIbB} (nt sequence}
ATGaacggagtgaccggetgooggot gt GCGAACGCATTCTGGC L AGC I CAAGCGGAGGTTCAGGCGETTCCGUAATG
TATGARAGCTTTATTGAGTCACTGCCATTCCTTARATCTTTGGAGTTTTCTGCACGCCTGAARGTAGTAGATGTGATA
GGCACCARAGTATACAACGATGGAGAACARATCATTGCTCAGGCAGATTCGGCTGATTCTTTTTTCATTATTGRATCT
GGAGAAGT GARRATTACTATGARARGARAGGGTAAATCAGAAGTGGAAGAGALTGGTGCAGTAGAARTCGCTCGATGC
TCGCGGGGACAGTACT ITGGAGAGCTTGCCCTGGTAACTAACRARCC TCGAGCAGCTTCTGCCCACGCCATTGGEACT
GTCAANRTGTTTAGCAATGGATGTGCAAGCATTTGRARAGGCTTCTGGGACCT TGCATGGARARTTATGAARAGGAACATC
GCTACCTATGAAGARACAGTTAGTTGCCCTGTATGGARCGAACATGGATATTGTACGCTCACCTGGATCTGGAGETAGC
TCTTCTatggtcitcacactegaagatttegttggggactggocgacagacagocggctacaacctggaccaagtectt
gaacagggaggtgtgtccagttitgittcagaatcicggggtetrcgtzactecgatccaaaggattgtectgagoggt
gaaaatgggctgaagatcgacatccatgtcatcatcocgtatgaaggtetgageggegaccaaatgggecagatecgaa
aaaatttttaaggtggtqtacectgtggatgatcatcactttaaggtgatcectgecactatggeocacactggtaategac
ggggttacgccgaacatgatcgactatttecggacggeocgtatgaagycategecgtgt Llegacggecaaaaagatecact
gtaacagggaccctgtggaacggcaacaaaattatcgacgagogectgatcaaceeccgacggetcecctgetgttocga
gtaaccatcAAC

SEQ ID NO:570 (CP 156(+1) L27V (RIIbB) (aa seq)
MNGVTGWRLCERILASESGGSGGSGMYESFIESLPFLEKSLEFSARLEVVDVIGTRVYNDGECIIAQCDSADSEFIIES
GEVKITMKRKGKSEVEENGAVEIARCSRGOY FGELALVTNKPRAASAHATIGTVKCLAMDVOAFERLLGPCME TMKRNT
ATYEEQLVALYGTNMDIVGSGGSGGSSSMVETLEDFVGDWRQTAGYNLDQVLEQGGYSSLFONLGVSVTPIQRIVLSG
ENGLKTDIHVIIPYEGLSGDQMGQIEKIFKVVYPVDDHHFKVILBYGTLVIDGVTPNMIDY FGRPYEGIAVEDGKKIT
VIGTLWNGNKIIDERLINPDGSLLFRVTIN

SEQ ID NO:571 (CP 158(+1) L27V (RIIbB) (nt seguence)

ATGgtgaccggetggeggetgt GCGAACGLATTCTGGECE AGCT CARGUGGAGGTTCAGGUGGTTCCGGARTGTATGAR
AGCTTTATTGAGTCACTGCCATTCCTTAAATCTITGGAGT TTTCTGCACGCCTGARAGTAGTAGATGTGATAGGCALT
AAAGTATACAACGATGGAGRACAAATCATTGCTCAGGGAGATTCGECTGATTCT T TTT TCATTATTGAATCTGGAGAA
GTGAAAAT TACTATGARARGARAGGETARA TCAGARGTGGAAGAGAATCCTGCAGTAGRAATCGCTCGATGCTCGCGG
GGACAGTACTTTGGAGAGCTTGUCCTGGTAACTARCARACCTCGAGCAGCTTCTGCCCACGCCATTGGGACT GTCARA
TCTTFTAGCAATGGATGTGCAAGCATTTGARAGGCTTCTGGGACCTTGCATGGAAAT TATGARAAGGARCATCGCTACC
TATGAAGARCACTTAGTTGCCCTGTATCGARCGARACATCCATATTGTAGGGTCAGGTGCATCTGGAGGTAGCTCTTCT
atggtcttcacactcgaagatttegttggggactggcgacagacagecggeracaacctggaccaagrectrgaacag
gaaggtgtgtocagtttgtttcagaatctegaggtgtcogtaactecgatccaaaggattgtcctgageggtgaaaat
gggctgaagatcgacatccatygicatecatecccgtatgaaggtetgageoggegaccaaatgggecagatcgaaaaaatt
tttaaggtggtgtaccatgtggatgatcatcactttaaggtgatecectgocacratggcacactggtaatcgacggggtt
acgccgaacatgatcgactatttecggacggeegtatgaaggecakegeegtgitegacggeaaaaagatcactgtaaca
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gggaccctgtygaacygcaacadaattatcgacgagogectgatcaacocecgacggetecetgetgtrccgagraace
atcaacggaGTG

SEQ ID NO:572 (Ck 158{+1l) L27Vv {RIIbB) (aa seq}
MVTGWRT,CERILASSS5GGSCGSGMYESFIESLPFLKSLEFSARLKVV DVIGTKYYNDGEQI IAQGDSADSFFITESGE
VKITMKRKGKSEVEENGAVE I ARCSRGQYFGELALVTRKPRAASAHA I GTVKCT.AMDVQAFERLLGPCMEIMKRNIAT
YEEQLVALYGTNMDIVGSGGSGGSSSMVETLEDFVGDWROTAGYNLDOVLEQGGYSSLFONLGVSVTPIQRIVLSGEN
GLEKIDIHVIIPYEGLSCDOMGQIEKI FRVVYPVDORHFKVILHYGTLYVIOGVTPNMIDY FGRPYEGIAVEDGKKITVT
GTLWNGNKIIDERLINPDGSLLFRVTINGV

SEQ ID NO:573 (CP 166(+1) L27V (RIIbB) {nt sequenca)
ATGCGCATTCTGGCtAGCTCARGCGGAGGTTCAGGCEGTTCCGGAATGTATGAAAGCTTTATTGAGTCACTGCCATTC
CTTAAATCTTTGGAGTTTTCTGCACGCCTGARAGTAGTAGAT GTGATAGGCACCAARGTATACARCGATGGAGARCAA
ATCATTGCTCAGGGAGATTCCLC TGATTCTTTTTTCATTATTGAATCTGGAGAAGTGARAATTACTAT GRARAGARAG
GGTAAATCAGARGTGGARGAGARTGEGTGCAGTAGAARTCCCT CGATGCTCGCGGGGACAGTACT I'TGGAGAGCTTGCC
CTGGTAACTAACANACCTCGAGCAGCTTCTGCCCACGCCATTGGGACTGTCARATGT TTAGCAATGGATGTGCARGCR
TTTCAAAGGCTTCTGEGACCTTGCAT GGARAT TATGRRARGGRACATCGCTACCTATGRAGAACACTTAGTTGCCCTG
TRATGGARACGARCATGGATATTGTAGGGTCAGGTGGATCTGGAGGTAGCTCTTCTatggtcttcacactcgaagattte
gttggggactggegacagacagecggetacaacctggaccaagtecttgaacagggaggtgtgtecagtttgtticag
aatctocagagtgtecgtaactecgateccaaaggattgtecctgageggtgaaaatygggctgaagaticgacatecatgte
atcatcccgtatgaaggtetgagecggegaccaaatgggecagatcgaaaaaatttttaaggtggtgtacestgtygat
galcatcactttaaggtgatecctygcactatggcacactggtaatcgacygggygttacgecgaacatgatecgactattte
ggacggecgtatgaaggcatecgecgtgitcgacggecaaasagatcactgtaacagggacectgtggaasggcaacaaa
attatcgacgagcgectgatcaaccccgacggetecctgetgttocgagtaaccatcaacggagigacecggeiggegg
CLgtGCGARCGC

SEQ ID NO:574 {(CP 168(+1} L27V (RIIbB} {aa seq}
MRILASSSGGSGGESGMYESFIESLPFLKSLEFSARLEVVDVIGTKVYNDGEQ T TAQGDSADSFFITIESGEVKITMKRK
GKSEVEENGRVEIARCSRGQYFSELALVINKPRAASAHAI GTVKCLAMDVQAFERLLGPCMEIMKRNIATYEEQLVAL
YGTNMDIVCSGGSGGS S SMVFTLEDEVGDWROTAGYNLDQVLEQGGVSSLEFQNLGVSVTPIQRIVLSGENGLKIDIHV
IIPYEGLSGDQMGQIBKLFKUVYFVDDHHFKVILHYGTLVIDGVTPNMIDYFGRPYEGIAVFDGKKITVTGTLWNGNK
IIDERLINPDGSLLFRVTINGVTGWRLCER ‘

SEQ ID NO:575 (linker)
GGGTCAGCGTGGATCTGGAGGTAGCTCTTCT

SEQ ID NC:576 {linker)

AGCTCAAGCGOAGG T TCAGGCGGTTCCGGA

SEQ ID NO:577 (LG3 (nt segquence))
ATGCCGTCCGAGAAGACCTTCAARCAGCGCCEGAGC T TCGAACAARGAGTGGAAGATGTCCGGCTCATCCGGGAGCAG
CACCCCACCARCATCCCAGTGATTATAGAGCGATACAAGGGTCGAGAAGCACCTGCCCEGTCCTGGNCANGACCAGTTCC
TTGTACCTGATCACG IGAATATGAGCGAACTCATCAAGATAAT TAGAAGGCGCCTGCAGCTCAATGCTARCCARGCCT

TCTTCCTCCTGGTGRATGGGCACAGCATGGTGAGTGTGTCCACACCCATCTCTGRAGT GTACGAGAGCGAGAGRGATG
AAGACGGCTTCCTGTACATGGTCTATGCCT CCCAGEGAGRCGTTICGGGACAGCACTGGCTGTGTAA

SEQ ID NO:578 (LL3 (aa sequence))

MPSEKTFKCRRSFEORVEDVRLIREQHPTKIPVIIERYKGEKQLPVLDKTKFLVPDHVNMSELIKIIRRRLOLNANOA
FELLYNGHSMYSVSTPI SEVYESERDEDGFLYMVYASQETEGTALAY

SEQ ID NO:579 (pattarn sequence)
GSAIVK

SEQ ID NO:580 (pattern sequence)
NHGK

SEQ ID NO:581 (pattern sequence)
SILM

SEQ ID NO:582 (pattern sequence)
AVTE
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SEQ ID NO:583 {pattern sequence)
LIVMEFY

SEQ ID NO:584 (pattern sequence)
LIVMEY

SEQ ID NO:585 (pattern sequence)
LIVM

SEQ ID NO:586 (pattern sequence)
LIVMWE '

SEQ ID NO:587 (pattern seguence)
EKTQ

SEQ ID NO:588 {pattern sequence)
LIVMAKR

SEQ ID NO:589 {pattern sequence)
LIVMBKRG

SEQ ID NO:590 (pattern sequence}
LIVMEF i

SEQ ID NO:591 (pattern segquence)
LIVMESYQ

SEQ ID NO: 592 OgLuc L27v-LC3 fusions proteins (Nt seq)

ATGGTETTTACACTCGAAGATTTCGTAGGGGACTLECCGUCAGACAGCCGGC TACARCCTCGACCAAGTCCTTCAGTAG
GGCGETGTGTCCAGTTTGTTTCAGAATCTCGGGETGTCCGTARLTCLCGATCCAAAGGATTGTCCTGAGCGGTGAAARC
GGCCTGARGAT CGACATCCATGTCATCATCCCGTNTGAAGGTCTGAGCGGCGATCAGATCGGCCACGAT CGARARAAATT
TTTAAGGTGGTGTACCCTRTGGATGATCATCACT TTAAGGTGATTCTGCACTATGGCACACTGGTAATCGACGGGETT
ACGCCGARCATGAT CGACTAT TTCGGACGGLCOTATGAAGGCATCGCCGTGTTCGACGGCAAAMAGATCACTGTAACC
GGGACCCTGTGEAACGGCARCARAATTATCGACGAGCGCCTGATCRACCCCGACGECTCCCTGCTGTTCCGCGTARCC
ATCRACGCGAGTGACCGECTGGCGGUTGTGCGAGACAATTT TCCCCOGCTCGACCGGAGGTGGAGCTTCAGGTGGTGGC
GGGAGCGGTGCAATGCLGTCCGAGAAGACCTTCARACAGCGCCGGAGCT TCGAACAAAGAGTGGAAGATETCCGECTC
ATCCGGCGAGCAGCACCCCACCARGATCCCAGTGATTATAGAGCGATACRAGGGTGAGAAGCAGCTGCCCGTCCTGGAL
AAGACCAAGTTCCTTGTACCTGATCACGTGAATATGAGCGAACTCATCAACATAATTACAAGGCCCCTCCAGCTCART
GCTRACCARAGCCTTCTTCCTCCEGGTGAATGEGCACAGCATECTGAGTETCTCCACACCCATCTCTGARGTGTALGAG
AGCGAGAGAGAT GAAGACGGCTTCCTGTACATGGTCTATGCCTCCCAGGAGACGTTCGEGACAGCACTGGCIGTGTAA

SEQ ID NO: 593 OgLuc LZ7V-LC3 fuzions proteins (aa seq)
MVFTLEDFVGDWRQTACGYNLDQVLEQGGVSSLEFQNLGVSVTFIQRIVLSGENGLKIDIAVI IPYEGLSGDOMGOIEKI
FKVVYPVDDHHFKVILHYCTLYIDGVTPNMIDYFGRPYEGIAVEDGKKITVTGTLWNCGNKI IDERLINPDGSLLEFRVT
TNGVTGWRLCERILAGSSGGGGSGGGGESGGMPSEKTFKQRRSFEQRVEDVRLIREQHPTKIPVI IERYKGEKQLPVLD
KTKFLVPDHVNMSELIKIIRRRLOLNANQAFFLEVNGHSMVSVSTPISEVYESERDEDGFLYMVYASQETFGTALAY
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What is claimed:

1. An isolated polynuclcotide encoding an Qgluc variant polypeptide having at Tcast 60%
amino acid sequence identity to SEQ TD WO 1 comprising at least one amino acid substitution at
a position corrcsponding to an amino acid in SEQ [D NO: 1 whercin the Ogluc variant
pelypeptide has enhanced luminescence relalive W a non-Oplophorus lucilcrasc.

2. The polynucleatide of claim 1, whercin the non-Oplophorus luciferase is a Rerille
lucifcrasc.

3. The polynucleotide of claim |, wherein the non-Oplophorus Tuciferase 1s a firefly
luciferase.

4. A polynucleotide encoding an Ogluc vanant polypeptide having at least 60% amino acid
scouence identity to SEQ ID NO: 1 comprising at lcast onc 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 OgLluc 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 polynuclcotide encoding an Ogluc variant polypeptide having at lcast 60% amino acid
scquence identily 1o SEQ 1D NO: | comprising al Tcast onc amino acid substitution al a posilion
corresponding to an amino acid in SEQ TD NO: 1 wherein the OgLuc variant polypeptide hag
enhanced luminescence relative to u polypeptide of SEQ 1D NO: 31 with the provise that the
palypeptide encoded by the polynucleotide is not SEQ TD NO: 3 or 15.

6. A polynucleotide encoding an Ogluc variant polypeptide having at Icast 60% amine acid
scquence identity to SEQ Y NO: T comprising al [cast onc amino acid substitution al a posilion
corresponding to an amino acid in SEQ ID NO: 1 wherein the OgLuc variant polypeptide has
cnhanced lumincscence relative to a polypeptide of SEQ TD NO: 29 with the provise that the
polypeptide encoded by the pelynucleonde is not SEQ ID NO: 3 or 5.

7. The polynucleotide of any one of claims 1-6, wherein the polypeptide has at least 80%
amino acid sequence identity o SEQ 1D NO: 1.

8. The polynucleotide of any one of claims 1-7, whercin the polypeptide has at least 90%
amino acid sequence identity to SEQ ITD NO: 1.

9. The polynucleotide of uny one of claims 1-8, wherein the OgLuc variant polypeptide has
at lcast onc of cnhanced protein stability or enhanced biocompatibility relative to the polypeptide
of SEQ ID NOQ: 3.

10.  The polynueleotide of any one of claims 1-9, wherein the Ogl.uc variant polypeplide hag
at lgast one of enhanced enzyme stability or enhanced biocompatibility relative to a Renilla

luciferase.



11.  The polynucleotide of any one of claims 1-10, wherein the OglLuc variant polypeptide has
at lcast onc of cnhanced cnzyme stability or cnhanced biocompatibility rclative 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

coclenterazine.

13.  The polynucleotide of any onc of claims 1-12, wherein the OglLuc variant polypeptide has
cnhanced luminescence relative to the polypeptide of SEQ 1D NO: 3 in the presence of a

compound of formula {la} or {(1b):

(Ia)

wherein R” is sclecred from the group consisting of

X X

straight chain alkyl;
R" is selected from the group consisting of -H, -OH, -NH;, -OC(O)R or -OCH,QC(O)R;

R is scleeted from the group consisting of
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R3
<
. R*, H or lower eyeloallyl;
whercin R and R” arc both H or both €2 alkyl;
W is -NHa, halo, -OH, -NHC(O)R, -CO;R;
X is —8-, —0- or -NR™*-;
Y is —H, -OH, or -OR'';
Z is —CH- or —N-;
cach R' ig independently —~C{OYR ™ or —CH,OC(O)R™™;
R* is H, CH: or CH,CHz;
each R 18 independently C,_; straight-chain alkyl or C,_; branched alkyl;
R is 'y straight-chain alkyl or €5 branched alkyl;

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

0
OH YR
/—< >—O
with the proviso that when R? is . , or

Q
R

Q
/—C: :}—0/_ .
, R7 s not

with the proviso that when R? s , R¥ s or lower

cycloalkyl; and
X
L)

|
s
with the proviso that when R"is NHa, R? is, z , ot Co-s alkyl;

or R® is not

b2
L
<



14, The polynucleotide of any onc of claims 1-13, wherein the OgLuc variant polypeptide has
a change in relative substrate specificity rclative to the polypeptide of SEQ 1D NO: 3 in the

presence of a coelenterazine compared to a different coelenterazine.

15.  The polynucleotide of any ong of claimg 1-14, whergin the OgLuc variant polypeptide hag

4 change in relative substrarc gpeeificity relative to the polypeptide of SEQ TD NO: 3 in the

g

presence of a compound of formula (Ta) or (Th):

N
N
H

R® (Ta)

or

=z

RH/OH
| :/’[

N
N

\

RZ

RS
RE
RB

(Ib)

wherein R is sclected from the group consisting of

m , /_L"Z , . or Cps

straight chain alkyl;
R" is scleeted from the group consisting of -H, -OH, -NH;, -OC(O)R or -OCH,OC(O)R;

R is sclected from the group consisting of

]
h



R3
s

5 R*, H or lower cycloalkyl;

wherein RY and R are both H or both €y alkyl;

W is -NHa, halo, -OH, -NHC{O)R, -CO:R,

X is —8-, —0- or -NR*;

Y is —=H, -CH. or —OR'";

7 is <C'H- or —N-;

each R" is independently —-C(OYR" or -CH-OC(O)R"’;

R*is H, CH: or CH,CH;;

cach R is independently C, - straight-chain alkyl or C,_; branched alkyl;

R™ is Cy 7 straight-chain alkyl or C'y 5 branched alkyl;

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

Q
OH %R
,'—(: >*O
with the pmvieo that when R® is . , or

R

/—O
/ S R is not

with the proviso that when R’ is / : /]< or lower

cycloalkyl; and

/>

with the proviso that when R®is NHa, R is, Z o1 Cy-s alleyl;

or R is not

comparcd to a native or known coclenterazine.

b2
L
(o]



16.  The polynucleotide of any one of claims 1-15, wherein the OglLuc variant polypeptide has
cnhanced biocompatibility relative to the polypeptide of SEQ 1D NO: 3.
I17.  The polynucleotide of any one of claims 1-16, wherein the OgLuc vanant polypeptide has

cnhanced luminescence relative to a Renilla luciferase in the presence of a coclenterazine.

18, The polynucleotide of any onc of claims 1-17, wherein the OgLuc variant polypeptide hag
enhanced luminescence relative to a Renilla luciferase in the presence of a compound of formula
(1a) or (Ib):

R

b

N
N
H

(1s)
or
R

R”/OH
) NI/N
N

¥4

L}

vy
8

R
R

\

(1b)

wherein R? is selected from the group consisting of

X X
m , /_u‘z/>, N or Cz-s

straight chain alkyl;
R is selecled from the group consisting of -H, -OH, -NH;, -OC(O)R or -OCHOC(O)R;

R* is selected from the group consisting of

b2
L
LS}



RS
<

s R*, H or lower cycloalleyl;

wherein R® and R” arg both H or both Cr.z alkyl;

W is -NHa, halo, -OH, -NHC(O)R, -CO:R;

X is —8-, —0- or -NR**-;

Y is —H, -OH, or -OR'":

7. is —C'H- or -N-;

each R is independently ~-C{OWR™” or —-CH-QC(O)R"7;

R*is H, CH: or CH,CHy;

cach R is independently C - straight-chain alkyl or C,; branched alkyl;

R* is Cy 7 straight-chain alkyl or C'y = branched alkyl,

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

Q
OH YR
,-—(: >~O
with the proviso that when R? is . , or

R

0>_
: ;0
O %
. R¥ isnot

with the proviso that when R’ is or lower

cycloalkyl; and

X
T

with the proviso that when R® is NHa, R?is . Z  orCys alkyl;

or R is not



19.  The polynucleotide of any one of claims 1-18, wherein the OglLuc variant polypeptide has
a change in rclative substrate specificity rclative to a Renifla lucifcrase in the presence of a

coelenterazine compared to a different coelenterazine.

o~

20.  The polynucleotide of any oneg of ¢laims 1-19, wherein the OgLuc variant polypeptide hag

4 change in rclative substrate specificity rclative to a Renilla lucifcrase in the presence of a

)y

RZ
|
RS
RE
RY

compound of formula (Ta) or (Tb):

N
N
H

(Ta)

or

X
A

N
N

\

(1b)

whercin R is sclected from the group consisting of

ﬁ'x*z II/X/> ,—< >—Y —< >—w
/_LI\// , /tz , , or Cps

straight chain alkyl;
R" is scleeted from the group consisting of -H, -OH, -NH; -OC(O)R or -QCH-QC(O)R,

R is selected from the group consisting of

b2
L
i



R3
s

s R*, H or lower cycloalkyl;

wherein R? and R” arc both H or both Cy; alkyl;

W is -NHa, halo, -OH, -NHC(O)R, -CO:R,

X is —8-, —0- or -NR*%;

Y is —H, -OH. or -OR'";

7. i -C'H- or —N-;

each R is independently ~C(O)R™" or -CH-OC(O)R7;

R* is H, CH: or CH.CHy;

cach R is independently C - straight-chain alkyl or C, ; branched alkyl,

R** i3 Cy 7 straight-chain alkyl or Cy 5 branched alkyl,

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

Q
OH YR
(—C: >~0
with the pmvim that when R? is . , or

R

/—O
/ C R is not

with the proviso that when R’ is / : /j< or lower

cycloalkyl; and

,>

with the proviso that when R®is NHa, R is ~z , or Ca-5 allyl;

or R is not

compared to a native or known coglenterazing,

b2
L
[



21.  The polynucleotide of any one of claims 1-20, wherein the OglLuc variant polypeptide has
cnhanced biocompatibility relative to a Renilla lucifcrase.

22, The polynucleotide of any one of claims 1-21, wherein the OgLuc varant polypeptide has
cnhanced luminescence in the presence of a coclenterazine relative to a firefly luciferase in the

presence of luciferin.

23, The polynucleotide of any one of claims 1-22, wherein the OgLuc variant polypeptide has
cnhanced lumineseence in the presenece of a compound of formula (la) or (Ib):

R

b

N
N
H

(1s)
or
R

R”/OH
) NI/N
N

\

2
Rﬂ
RE

(1b)

wherein R? is selected from the group consisting of

X X
m , /_u‘z/>, N or Cz-s

straight chain alkyl;
R is selecled from the group consisting of -H, -OH, -NH;, -OC(O)R or -OCHOC(O)R;

R* is selected from the group consisting of

b2
L
~J



R3
s

s R*, H or lower cycloalkyl;

wherein R? and R” arc both H or both Cy; alkyl;

W is -NHa, halo, -OH, -NHC(O)R, -CO:R,

X is —8-, —0- or -NR*%;

Y is —H, -OH. or -OR'";

7. i -C'H- or —N-;

each R is independently ~C(O)R™" or -CH-OC(O)R7;

R* is H, CH: or CH.CHy;

cach R is independently C - straight-chain alkyl or C, ; branched alkyl,

R** i3 Cy 7 straight-chain alkyl or Cy 5 branched alkyl,

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

Q
OH YR
(—C: >~0
with the pmvim that when R? is . , or

R

/—O
/ C R is not

with the proviso that when R’ is / : /j< or lower

cycloalkyl; and

,>

with the proviso that when R®is NHa, R is ~z , or Ca-5 allyl;

or R is not

relative to a firefly luciferase in the presence of luciferin,

b2
L
QG



24.  The polynucleotide of any one of claims 1-23, wherein the OglLuc variant polypeptide has
cnhanced biocompatibility relative to a firetly luciferase,

25, The polynucleotide of any one of claims 1-24, wherein the OgLuc vanant polypeptide is
from Oplophorus gracifivostris, Oplophorus grimaldii, Oplophorus spinicauda, Oplophorus
Sfoliaceus, Oplophorus novaezeelandive, Oplophorus tvpus, ot Oplophorus spinosus.

26.  The polynucleotide of any onc of claims 1-25, wherein the at least onc 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, 3%, 39, 40, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 54, 55,
56, 38, 59, 60, 66, 67, 68, 69, 70, 71, 72, 74, 73, 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 ID NO: 1,

27.  The polynucleotide of any onc of claims 1-26, wherein the cncoded Ogluc variant
polypeptide further comprises a substitution corresponding to at least one of FII, E4K, F6Y,
WI10Y, R11Q, A14V/S, GI5R, Y16E, Q18D/F/G/H/I/K/L/M/N/P/R/S/V/W/Y, DION, Q20P/R,
VZ11L/M, L221F, E23K, Q24A, G251, L27M/VAA/DAG/, S2RY, K311, Q32H/L/P, A33IN/M,
L34M, V36E/M, V3IRF/L, T391, P40T//L/Q, Q42H. K43N/R, 144F, V43E, L46Q, S47P, G4&R,
E49D/G/K, NSOKSS, GSTER/V, AS4L/S, DSSE/G, 136V, VISI/L, 159T, 160V, S66T/N, G67D/S,
FORL/S/W/Y/D, QO69H, M70V, G71D, L72A/CF/GHITMN/PQR/S/ T/ VWY, ET4TK,
M75T7K, 176NV, TT7A/CDIG/M/NIS/TIVIW/Y,  LIRGL/R,  LIBTN/T,  K&SL,
190DACPQRATIVIY . LOZA/G/H/M/Q/R/STY, HY3R, Y94F, G93SD/S, '196A, LI7E, VISE,
199T/V, D100I, VIOZE/M/T, MI106L/K, YI109F, FL101, GI11IN. R112C, PI1I3H/T/K, 1L17F,
V1IOM, K124M, TI25L, T126R, V127A, T128A/S, G129Q, TI130K, N135D/Y, L136M, TI138S,
D139G, LI42V/E/K/W, P1451L/Q, D146G, GL47N, S148T, L149M, L1500V, RIS2ZH/S/E/T,
T1548, 1155T, V1581, T1591/S, L1631, CL64S, N166LT/C, L168I, or A169V, or a combination
thereof, corrcsponding to SEQ ID NO: 1.

28 The polynucicolide of any onc of ¢laims 1-27, wherein the polypeplide encoded by the
polynucleotide includes at least ong of the following amino acids: isoleucine at position [, lysine
at position 4, tyrosine at position 6, tyrosine at position 10, glutamine at position 11, valine or
serine at position 14, arginine at position 15, glutamate at position 16, aspartate, phenylalanine,
glycing, histidine, isolcucing, lysinc, lcucine, methionine, asparagine, proline, arginine, scrinc,
valing, tryplophan, or tyrosine al position 18, asparagine al position 19, argininc or proline at
position 20, leucine or methioning at position 21, isoleucine or phenylalanine at position 22,
lysinc af position 23, alaninc at position 24, lcucine at position 235, valine, methioning, alanine,

aspartate, glycine or isoleucine at position 27, tyrosine at position 28, isoleucine at position 31,
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proline, histidine, or leucine at position 32, asparagine or methioning at position 33, methionine
at position 34, mcthionine or glutamate at position 36, isolcucine or phenylalanine at position 38,
isoleucine at position 39, threonine, 1soleucine, leucine or glutamine at position 44, histidine at
position 42, asparaginc or argininc at position 43, phenylalanine at position 44, glutamate at
position 45, glutamine at position 46, proline at position 47, arginine at position 48, aspartate,
glycing, or lysinc at position 49, lysine or serine at position 50, glutamate, argining, or valine at
position 51, serine or isoleucine at position 54, glycine or glutamate at position 55, valine at
position 56, soleucine or leucine at position 5%, threonine ut position 59, valine at position 60,
threonine or asparagine at position 66, serine or aspartate at position 67, leucine, aspartate,
scrine, tyrosine or tryptophan at position 68, valine at pesition 69, valine at position 70, aspartatc
at position 71, glylaming, alanine, cysicing, phenylalaning, glycing, histiding, isoleucing,
methioning, asparaging, proling, argining, serine, threonine, valine, tryptophan, or tyrogine at
position 72, lysinc or isoleucing at position 74, lysing or phenylalaning at position 73, asparaging,
phenylalanine, or wvaline at position 76, alanine, cysteine, aspartate, glycine, asparagine,
mcthionine, scrine, threonine, valine, tryptophan, or tyrosine at position 77, arginine or lcucinge at
position 86, asparagine or threonine at position 87, glutamalte al position 89, asparlalc, lysinc,
proline, glutaminc, arginine, threonine, valine, or tyrosine at position 90, alaninc., glycine,
histidine, mecthioning, glutamine, argining, scring, or tyrosine at position 92, argininc 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, threconine or wvaline at position 99,
isoleucine at position 100, methionine, glutamate, or thrconine at position 102, isolcucine or
lysinc at position 106, phenylalanine at position 109, isolcucine at position 110, asparagine at
position 111, cysteine at position 112, histidine, threonine, or lysine at position 113,
phenylalanine at position 117, methionine at position |19, methionine at position 124, leucine at
position 125, arginine at position 126, alaninc at position 127, alaninc or scrinc at position 128,
glutaminc at position 129, lysinc at position 130, aspartatc or tyrosinc at position 135, methionine
al position 136, serinc al position 13&, glycing at position 139, valing, glulamalg, lysing or
tryptophan at position 142, leucine or glutaming at position 145, glycine at position 1486,
asparagine at position 147, threonine at position 148, iseleucine 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, isolcucine at position 158, scrine or isolcucine at position 159,
isolcucine al position 163, scrinc 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 onc of claims 1-28, wherein the OgLuc variant polypeptide

comprises the amino acid substitutions A4E, Q11R, A33K, V44I, AS4F, P115E, QI124K, Y1381

260



and N166R corresponding to SEQ 1D NO: 1, and at lcast onc additional amine acid substitution
at a position corrcsponding to positions 1,4, 6, 11, 14, 15, 18, 19, 20, 21, 22, 23, 27, 28, 31, 32,
33, 34, 36, 38, 30, 40, 42, 43, 44, 45, 46, 47, 4%, 49, 50, 51, 54, 55, 56, 58, 59, 60, 66, 67, 68, 69,
70, 71, 72, 74, 75, 76, 77. 86, &9, 90, 92, 93, 94, 95, 96, 9%, 99, 102, 106, 109, 110, 112, 113,
117, 119, 124, 126, 127, 12¥, 135, 136, 13¥, 139, 142, 145, 14¥, 149, 152, 154, 155, 15§, 159,
163, 164, 168, or 169, or a combination thereof, of SEQ 1D NO: 1.

30.  The polynucleotide of any one of claims 1-29, wherein the amino acid at position 4 is
glutamate, at position 11 15 arginine, at position 33 1y lysine, at position 44 1y iseleucine, at
position 54 is phenylalanine, at position 115 is glutamate, at position 124 is lysine, at position
138 is iselcucine, and at position 166 is arginine corresponding to SEQ 1D NO: 1, and at lcast
onc additional amino acid substilution al a pasilion corresponding 1o positions 1,4, 6, 11, 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, 35, 56, 58, 39, 60, 66, 67, 68,69, 70, 71, 72, 74, 75, 76, 77, 86, §9, 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 thercof, of SEQ 1D
NO: 1.

31.  The polynucleotide of claim 29 or 30, wherein the at lcast onc amino acid substitution
corrcsponds to at lcast onc  of FI1I, E4K, Fe6Y, RI11Q, Al4V, GI3R,
QISD/F/G/HIK/L/MNPR/S/VAWY, DION, Q20PR, V2ILM, L22IF, E23K, L27TM/V,
S28Y, 311, Q32IVL/P, AS3N/M, L34M, V3I6LE/M, V38IVL, T39I, P40T, Q4211, K43N/R, 144[,
VA5E, L46Q), S47P, G48R, E49D/G/K, NIOK/S, GATE/R/Y, A34L/S, D35E/G, 156V, Va8I/L,
I59T, 160V,  S66T/N,  GO67D/S,  FO8L/S/W/Y/D,  Q69H, M70V.  G71D,
L72A/C/F/G/HTIM/N/P/QRIS/ TIV/WIY E74T'K. M75F/K, 176F/N/V,
F77A/C/D/G/M/N/STIV/W/Y, HROL/R, K&8SE, IS0D/K/P/Q/RT/V/Y, LO2A/GH/M/Q/R/SY,
[I93R, Y94L, G95D/S, T96A, VO8I, 199T/V, VI102L/M, MI06VK, YL109T, 1101, R112C,
P113H/T, [117F, VI19M, KI124M. TI126R, VI27A, TI28A/S, NI135D/Y, L136M, 113885,
D139G, LI42V, P1451,/Q, ST48T, 11491, R1S2H/S, TI1548, 1155T, VIS8l T1591/8, L1631,
C164S5, L168F, 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, tyrosinc at position 6, glutamine at position 11, valine at position 14, arginine at
position 13, aspartate, phenylalaning, glycine, histiding, isolcucine, Iysine, lcucine, methioning,
asparagine, proline, arginine, serine, valine, tryptophan, or tyrosine at position 18, asparagine at
position 19, argininc or prolinc at pesition 20, lcucinc 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, isolcucine at position 31, proline, histidine, or lcucine at position 32, asparagine or
mcthionine at poesition 33, mcthioninc at position 34, mcthioninc or ghitamate at position 36,
isoleucine or phenylalanine at position 38, isoleucine at position 39, threonine at position 40,
histidine at position 42, asparaginc or argininc at position 43, phenylalanine at position 44,
glutamate at position 45, glutamine at position 46, proline at position 47, arginine at position 4¥,
aspartate, glycine, or lysine at position 49, lysine or serine at position 50, glutamate. argining, or
valine at position 51, serine or isoleucine at position 54, glycine 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 agparagine at position 66, serine or aspartate at position 67, aspartate,
scrine, tyrosine or tryptophan at position 68, histidine at position 69, valinc at position 70,
aspartalc at position 71, glulaming, alaning, cysicing, phenylalaning, glycing, histiding,
isoleucine, methionine, agparaging, proline, arginine, sering, threoning, valing, tryptophan, or
tyrosing at position 72, lvsine orisolcucing at position 74, lysine or phenylalaning at position 735,
asparagine, phenylalanine, or wvaline at position 76, alanine, cysteine, aspartate, plycine,
asparagine, methionine, scrine, threonine, valine, tryptophan, or tyrosine at position 77, arginine
of lcucing al position 86, glutamale al position 89, asparlaic, lysine, proline, glutaming, arginine,
threonine, valine, or tyrosine at position 90, alanine, glycine, histidine, methionine, glutamine,
argining, scring, or tyrosing 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, isoleucine or lysine at position
106, phenylalanine at position 109, isoleucine at position 110, cysteine at position 112, histidine
or threconine 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, aspurtate or tyrosine at position 135, methionine at position 136, serine at position
138, glycinc at position 139, valinc at position 142, lcucinc or glutaminc at position 145,
thrconinc at position 148, isolcucine at position 149, histidine or scrine at position 152, scrine at
position 154, threoning al pogition 155, isolcucing al position 158, scring or isolcucing al posilion
159, isoleucing at position 163, serine at position 164, phenylalaning at position 168, or valine at
position 169, or a combination thereof, corresponding to SEQ 1D NO: 1.

33.  The polynucleotide of any one of claims 1-26, wherein the OgLuc variant polypeptide
compriscs the amine acid substitutions A4E, QLIR, A33K, V44l, A54F, P115E, Q124K, Y138l
and N166R corresponding to SEQ 11D NQO: 1, and al lcast onc amino acid al a posilion
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 TD NO: 1.
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34.  The polynucleotide of any onc of claims 1-26, wherein the amino acid at position 4 is
glutamate, at position 11 is argining, at position 33 is lysing, at position 44 is isolcucing, at
position 54 18 phenylalanine, at position |15 is glutamate, at position 124 is lysineg, at position
138 is isoleucine, and at position 166 is arginine corresponding to SCQ 1D NO: 1, and at lecast
one additional amino acid substitution at a position corresponding to positions 1, 4, 14, 15, 1¥,
20,22, 23, 27, 33, 38, 39, 43, 49, 54, 55, 56, 58, 39, 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 compriscs a substitution corrcsponding to at least onc of F1l, E4K, Al4V, GI3R,
Q1RD/F/G/H//KALMIN/PIR/S/WIY, Q20R, 1221, E23K, L2TM/Y, A33N, V3R, T39I, K43R,
E49K, AS4T/S, D35G, 156V, V3IEI/L, T59T, S66T/N, G678, Fo8S/W/Y/D, M70V, G71D,
L72 A/C/F/GHITMMN/P/QRAS/TAN/WY, M75F/K, 176N, FT7A/CD/GMISITIVIWIY, K8IE,
IO0DVK/P/Q/R/TAVIY, TOZA/GHM/QS/Y, HI3R, VIO2ZE, MI106K, Y109F, P113T, T117F,
TI26R, V127A, L136M, D139G, P1451, SI48T, L1631, Cl164S, or AL69V, or a combination
thereof, corresponding to SEQ 11D NG 1.

36.  The polynucleotide of claim 33 or 34, wherein the polypeptide encoded by the
polynucleotide includes at least onc of the following amino acids: isolcucine at position 1, lysine
at position 4, valine at position |4, arginine at position 15, aspartate, phenylalanine, glycine,
histidine, lysine. leucine, mcthionine, asparagine, proline, arginine, scrine, tryptophan, or
tyrosinc at pogition 18, arginine ar position 20, isolcucine at posirion 22, lysine at position 23,
valine or methionine at position 27, asparagine at position 33, isoleucine at position 38,
isoleucine at position 39, arginine at position 43, Iysine at position 49, serine ot isoleucineg at
position 34, glycine at position 55, valine at position 56, isoleucine or leucine at position 5%,
threonine at pesition 39, thrconine or asparagine at position 66, scrinc at position 67, aspartatc,
scrine, tyrosinc or tryptophan at position 68, valinc at position 70, aspartatc at position 71,
glulaming, alaning, cysicing, phenylalaning, glveing, histiding, isolcucing, methianing,
asparagine, proling, arginine, sering, threonine, valing, tryptophan, or tyrosine at position 72,
lysine or phenylalanine at position 75, usparagine at position 76, tryptophan, tyrosine, serine,
threonine, valine, alanine, plycine, cysteine, aspartate or methionine at position 77, glutamate at
position 89, aspartatc, lysinc, proline, glutamine, arginine, thrconine, valine, or tyrosine at
position 90, alanine, glycine, histidine, methioning, glulamine, scrine, or tyrosine al position 92,
argining at position 93, glitamate 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
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145, threonine at position 148, iseleucine at position 163, scrine at position 164, or valinc at
position 169, or a combination thercof, corresponding to SEQ TD NO: 1.

37.  The polynucleotide of any one of claims 1-20, wherein the OgLuc vanant polypeptide
compriscs the amino acid substitutions A4, QILR, A33K, V441, A54l, P115E. Q124K, Y1381
and N166R corresponding to SEQ 1D NO: 1, and at least one additional amine 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, 125, 135, 138, 142, 145,
149, 152, 154, 155, 138, 139, or 168, or a combination thereof, corresponding to SEQ ID NO: 1.
38.  The polvnucleotide of any onc of claims 1-26, whercin the amino acid at position 4 is
glulamaic, al position 11 is argining, al position 33 is lysing, al position 44 is iselcucinge, at
position 34 is phenylalanine, at position 1135 iy glutamate, at position 124 is lysing, at position
138 is isoleucing, and at position 166 i arginine corrcsponding to SEQ TD NO: 1, and at lcast
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, €0,
66, 67, 68, 69,70, 72, 74, 73, 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
thercof, corresponding to SEQ 1D NO:; 1.

39. The polynucleotide of claim 37 or 38, wherein the encoded OgLuc variant polypeptide
further compriscs a substitution corresponding to at least one of 11, L4K, I6Y, RI11Q,
QI8H/I/LY, DI9N, Q20P, V21L/M, L22F, L27V, S28Y, F311, Q32 H/L/P, A33N/M, L34M,
V36E/M, V3RF/L, P40T, Q42H, K43N/R, [44F, V45E. L46Q, S47P, G48R, E49D/G, N3OK/S,
G31E/R/V, AS4T, D5SE, V58I, 160V, S66N, G67D/S, FoBL/Y/D. Q69H. M70V, L72Q, E74T/K,
M75K, I76F/N/V, F77N/Y, H8L/R, I90T/V, L92Q/R, Y94F, G93D/S, T96A, VORF, 199T/V,
V102L/M, M106L, Y10SF, [1101, R112C, P11311, VI19M, K124M, T128A/S, N135D/Y, 11385,
L142v, P1450Q, L1491, R152H/S, T1548, 1155T, V1581, T159L/S, or L168F, or a combination
thereof, corresponding o SEQ IDNO: 1,

40,  The polynucleotide of claim 37 or 38, wherein the polypeptide encoded by the
polynueleotide includes at least one of the following amino acids: iseleucine at position 1, lysine
at position 4, tyrosine at position 6, glutamine at position 11, histidine, isoleucine, leucine, or
valine at position 18, asparagine at position 19, proline at position 20, lcucine or mcthionine at
position 21, phenylalanine at position 22, valinc at position 27, tyrosing al position 28, isolcucine
at position 31, proline, histidine, or leucine at position 32, asparagine or methionine at position
33, mcthionine at position 34, methionine or glutamatc 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 435, glutamine at
position 46, prolinc at position 47, argininc at position 48, aspartatc 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. isolcucine at position 38. valine at position 60, asparagine at
position 66, serine or aspartate at position 67, aspartate, leucine, or tyrosine at position 6%,
histidine at position 69. valine at position 70, glutamine at position 72, lysinc or isolcucine at
position 74. lysine at position 73, asparagine, phenylalanine, or valine at position 76, asparagine
or tyrosine at position 77, arginine or leucine at position 86, threonine or valine at position 90,
argining or glutamine at position 92, phenylalanine at position 94, serine or aspartate at position
95, alaninc at position 96, phcnylalaninc at position 9%, thrconinc or valine at position 99,
mgcihioning or glulamale al posilion 102, isolcucine al position 106, phenylalanine al posilion
109, isoleucine at position 110, cysteing at position 112, histidine at position 113, methioning at
position 119, methioning at position 124, alaning or serine at position 128, agpartatc or ryrosing at
pasition 133, serine at position 138, valine at position 142, glutamine at position 1435, isoleucine
at position 149, histidine or scrinc at position 152, serinc at position 154, thrconine at position
155, isolcucing al position 158, scrine or iseleucing al position 159, or phenylalaning al position
168, or a combination thereof, corresponding to SEQ 1D NO: 1.

41.  The polynucleotide of any onc of claims 1-26, wherein the OgLuc variant polypeptide
comprises the amino acid substitutions A4E, QI IR, A33K, V441, F541, 190V, P115E, Q124K,
Y1381 and N166R corresponding to SCQ [D NO: 1, and at lcast onc additional amino acid
substimution at a position corrcsponding 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, 150, 142, 146, 147, 149, 150, 132, or
166, or a combination thereof, of SEQ TD NO: 1,

42.  The polvnucleotide of any one of cluims 1-26, wherein the OgLuc variant polypeptide
compriscs the amino acid substitutions whercin the amino acid at position 4 is glutamate, at
position 11 is argininc, at position 33 is lysinc, at position 44 is iselcucine, at position 54 is
isolcucing, al position 90 is valing, al position 115 is glulamaic, al position 124 is Tysing, al
position 13& is isoleucing, and at position 166 iy arginine cortesponding to SEQ ID NO: 1, and at
least one additional amine acid substitution at 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, 132, or 166, or a combination thereof, of SEQ 1D NO: 1.

43, 'T'he polynuclcotide of claim 41 or 42, wherein the at [cast onc amino acid substitulion
corresponds to at  least one of  FII, E4K, WI0Y, Al4S, YIGE,
QI8D/F/GH/K/L/MNPRS/WY, Q24A, G231, L27W/A/DIG/T, A33N, V381, P40I/L/Q,
FOSWSY, M7OV, L72A/C/F/G/HAMNNPR/S/ T/NV/WY, MTSEF/K, HRTN/T, T90D/K/P/Q/R/Y,
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L97E, D100, VI02E/T, G111IN, P113K, 11251, G129, T130K, L142E/K/W, D146G, G147N,
L149M, L1530V, R132E/T, or N166I/F/E, or a combination thercof, corrcsponding to SEQ 1D
NO: 1.

44.  The polynuclecotide of claim 41 or 42, wherein the polypeptide encoeded by the
polynucleotide includes at least one of the following amino acids: isoleucine at position 1, lysine
at position 4, tyrosine at position 10, scrine at position 14, glutamate at position 16, aspartate,
phenylalanine, glycine, histidine, lvsine, leucine, methionine, asparagine, proline, arginine,
serine, tryptophan, or tyrosine at position 1¥, alanine ut position 24, leucine at position 25,
methionine, alanine, aspartate, glycine or isoleucine at position 27, asparagine at position 33,
isolcucine at position 38, isolcucine, leucine or glutaminc at position 40, tyrosinc or tryptophan at
position 88, valing at position 70, alaning, ¢ysicing, phenylalaning, glycing, histiding, isolcucing,
methioning, asparaging, proling, argining, serine, threonine, valine, tryptophan, or tyrogine at
position 72, lysinc or phenylalanine at position 73, asparaginc or thrconing at position &7,
aspartate, lysine, proline, glutamine, arginine, or tyrosine at position 90, glutamate at position 97,
isolcucine at position 100, glutamate or threenine at position 102, asparagine at position 111,
lysinc at pasition 113, lcucine al position 125, glutamine al position 129, lysinc al position 130,
glutamate, lysine or tryptophan at position 142, glycine at position 146, asparaginc at position
147, mcthionine at position 149, valine at position 130, gluramate or threonine at position 152, or
isoleucine, phenvlalanine, or glutamate at position 166, or a combination thereof, corresponding
to SEQ D NO: 1.

45.  'T'h¢ polynucleotide of any onc of claims 1-26, wherein the Ogluc variant polypeptide
compriscs the amino acid substitutions A4E, QlIR, A33K, V441, P115E, Ql24K. Y 13%I,
N166R, 190V, F541, Q18L, Fo8Y, L72Q, and M75K corresponding to SEQ TD NO: 1.

46.  The polvnucleotide of any one of cluims 1-26, wherein the amino acid at position 4 iy
glutamatc, at position 11 is argining, at position 18 is lcucing, at position 33 is lysing, at position
44 is isolcucing, at position 54 is isolcucine, at position 68 is tvrosing, at position 72 is glutaminc,
al pogition 75 is lysing, al position 90 is valing, al position 115 ig glulamalg, at position 124 ig
lysine, at position 138 s isoleucing, and at position 166 is arginine corresponding to SEQ TD NO:
L.

47.  The polynucleotide of claim 45 or 46 wherein the amino acid substitution at a position
corresponding to 33 of SEQ [D NO: 1 is asparagine.

48. The polynucleotide of claim 47, wherein position 39 is cncoded 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 NQO: 1, the OgLuc variant polypeptide having luciferase activity.



49.  The polynucleotide of claim 48, wherein the amine acid at position 27 is valinc
corresponding to SEQ TD NQO: 1, the OgLuc variant polypeptide having luciferase 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 1D NO: 25, SEQ 1D NO: 42, SEQ 1D NO: 88, 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, F541, LO92H, and YI109F
corrcsponding to SEQ 1D NO: 1.

53, The polynucicotide of 52, whercin the cncoded Ogluc variant polypeptide further
comprises amino acid substitutions V211, Fo8Y, 1.72Q, M75K, HO2R and V13581 corresponding
to SEQIDNO: 1,

54.  The polynucleotide of any one of claims 37-40, wherein the encoded OglLuc variant
polypeptide comprises amino acid substitutions F341, 190V and F77Y corrcsponding to SEQ 1D
NO: 1.

55.  The polynucleotide of any onc of claims 37-40, wherein the amino acid at position 18 is
lcucine, at position 54 is isolcucine, at position 92 i3 histidinc, and at position 109 is
phenylalanine corresponding to SEQ TD NO: I.

56.  The polynucleotide of 55, wherein the amine acid at position 21 is leucine, at position 68
13 tyrosine, at position 72 i glutaminc, at position 73 is lysine, at position 92 ig arginine, and at
position 158 is isolcucine corresponding to SEQ 1D NO: 1.

57.  The polynucleoride of any one of claims 37-40, wherein the amino acid at position 54 iy
isoleucine, at position 90 1s valine, und at position 77 is tyrosine corresponding to SEQ ID NO: 1.
58.  The pelynucleotide of any onc of claims 52-57, whercin the encoded Ogluc variant
polypeptide further compriscs a substitution corresponding te at lcast onc of FlI, E4K, F6Y,
R11Q, QISH//V, DION, Q20P, V2ZIM, L22F, 127V, S28Y, F311, Q32 HA/P, A33N/M, [.34M,
V3IOE/M, V3BF/T, P40T, Q42H, K43N/R, T44F, V43E, L46Q, S47F, G48R, E49D/G, N3OK!S,
GS1E/R/V, DSSE, V581, 160V, S66N, GOTDVS, FORL/D, Q60H, MT0V, E74VK, 176E/N/V,
E77N, H8GL/R, T90T, YO4F, G93D/S, T96A, VISE, T90T/V, VI02ZEM, M1061, F110T, R112C,
P113H, V119M, K124M., T128A/S, N135D/Y, [138S, L142V, P145Q, L1491, R152H/S, T1548,
[T35T, 1159148, or 1.168F, or a combination thercof, corresponding o SEQ 11D NO: 1.

59.  The polynucleotide of any one of claims 52-37, wherein the polypeptide encoded by the
polynucleotide includes at Icast onc of the following amino acids: isolcucing amino acid at

position 1, lysine at position 4, tyrosine at position 6, glutamine at position 11, histidine,
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isolcucine, or valinc at position L8, asparagine at position 19, proline at position 20, mcthionine
at position 21, phenylalaning at position 22, valinc ar position 27, tyrosing at position 2§,
isoleucine at position 31, proline, histidine, or leucine at position 32, asparagine or methionine at
position 33, mcthionine at position 34, mcthionine or glutamate at position 36, iseleucine 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 30, glutamate, arginine, or vuline at position 51, glutamate at position
53, isoleucine at position 58, valine at position 60, asparagine at position 66, serine or aspartate at
position 67, lcucinc or aspartatc at position 68, histidinc at position 69, valine at position 70,
lysinc or isolcucing al position 74, agparaging, phenylalaning, or valing al position 76, asparaging
at position 77, arginine or leucine at position 86, threonine at position 90, glutaming at position
92, phenylalaning at position 94, scrine or aspartaic at position 95, alaninc at position 96,
phenylalanine at position 98, threonine or valine at position 99, methionine or glutamate at
position 102, isolcucine at position 106, isolcucine at position 110, cysteine at position 112,
histidine at position 113, methionine at position 119, mcthionine al position 124, alanine or
scrinc at position 128, aspartatc or tyrosinc, at position 135 is scrinc at position 138, valinc at
position 142, glutaming at position 145, isolcucine at position 149, histidinc or scrinc 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 thercof, corresponding to SCQ 1D NO: 1.

60. A polynucleotide encoding an Ogluc variant polypeptide having at Icast 80% amino acid
scquence 1dentity to an OglLuc polypeptide of SEQ ID NO: 1 comprising amino acid
substimtions A4E, Q11R, A33K, V441, P115E, Q124K, Y1381, N166R, 190V, F541, Q18L,
FORY, L72Q, and M73K comresponding to SEQ ID NO: 1 and the OgLuc variant polypeptide
having luciferasc activity.

61. A polynucleotide cncoding an Ogluc variant polypeptide having at least 80% amino acid
sciquence identity 1o an Ogl.uc polypeptide of SEQ 1D NO: 1, wherein the amino acid al pogilion
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 iy isoleucine, at position 68 is tyrosine, at position 72 is
glutamine, at position 735 is lysine, at position 90 is valine, at position 115 is glutamate, at
position 124 is lysine, at position 138 is isolcucine, and at position 166 is arginine corrcsponding
o SEQ 1D NO: 1 and the Ggl.uc variant polypeptide having lucilcrase aclivily.

62.  The polynucleotide of claim 60 or 61 wherein the amino acid substitution at a position

corrcsponding to 33 of SEQ ID NO: 1 is asparagine.



63. The polynucleotide of claim 62, wherein position 39 is encoded by coden ACT, the
amino acid at position 39 is thrconing, at position 43 is argininc, and at position 6¥ is aspartatc
corresponding to SEQ TD NO: 1, the OgLuc vaniant polypeptide having luciferase activity.

64.  The polynucleotide of claim 63, wherein the amine acid at position 27 is wvaline
corresponding to SEQ 1D NO: 1, the OgLuc variant polypeptide having luciferase activity.

65, A polynucleotide encoding an OgLuc vanant polypeptide having at lcast 80% amino acid
sequence identity to an OgLuc polypepride of SEQ TD NO: 1 comprising amino acid
substitutions A4E, QLIR, A33K, V441, PLISE, Q124K Y 138I, N166R, QL8L, F541, L92H, and
Y 109F corrssponding to SEQ TD NO: 1 and the Ogluc variant polypeptide having luciferase
activity.

66.  The polvnucleotide of claim 65 further compriging the amino acid substitutiong V21T,
F68Y, L720Q, M75K, HO2R, and V138F corresponding to SEQ TD NO: 1,

67. A polynucleotide cncoding an OgLuc variant polypeptide having at lcast 80% amino acid
sequence identity to an OglLuc polypeptide of SEQ TD NO: 1 comprising amino acid
substitutions A4E, Q1IR, A33K, V441, A54], F77Y, 190V, PL15E, Q124K, Y13&[ and N166R
corresponding 1o SEQ 1Y NG 1 and the Ogl.uc variant polypeptide having lucilcrase activity.
68&. A polynucleotide encoding an Ogluc variant polypeptide having at Icast 80% amine acid
scquence identity to an OgLuc polypeptide ot SEQ TD NO; 1, whercin the amino acid at position
4 15 glutamate, at position 11 is arginine, at position 18 is lencine, at position 33 1s lysine, at
position 44 is 1solcucine, at position 54 is isoleucine, at position 92 i3 histidine, at position 109 is
phenylalaning, at position 115 is glurumate, ar position 124 is lysine, at position 138 is isoleucine,
and at position 166 15 arginine corrcsponding to SEQ 1D NO: 1 and the Ogluc varant
polypeptide having luciferase activity.

69.  The polynucleotide of claim 68, wherein the amino acid at position 21 is leucine, at
position 68 is tyrosinc, at position 72 is glutamine, at position 75 is lysinc, at position 92 is
argining, and at position 158 is isolcucine corrcsponding to SEQ 1D NO: 1.

70. A polynuclcotide encoding an QOgluc variant poalypeplide having al least 80% amino acid
sequence identity to an QgLuc polypeptide of SEQ TD NO: 1, whergin the amino acid at position
4 is glutamate, at position 11 is arginine, at position 33 is lysine, at position 44 is isoleucine, at
pasition 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 isolcucine, and at position 166 is argininc
corresponding 1o SEQ 1Y NG 1 and the Ogl.uc variant polypeptide having lucilcrase activity.
71. A polynucleotide comprising the polynucleotide encoding the polypeptide of SEQ TD
NO: 19,



72. A polynucleotide comprising the polynucleotide of SEQ ID NO: 18, SEQ 1D NO: 24,
SEQ ID NO: 25, SEQ TD NO: 42, SEQ ID NO: 88, or SEQ ID NO: 92.

73, An isolated polynucleotide encoding a decapod luciferase polvpeptide having at least
30% amino acid sequence identity to SEQ 1D NO: 1, the polypeptide comprising a scquence
pattern corresponding to the sequence pattern of Formula (VL) 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 1¥ relative to Formula (VIT) according to the OgLuc pattern listed in Table 4 ag
well us gaps or insertions between any of the puttern positions of Formula (VII) according to the
OgLuc pattern listed in Table 4, wherein the decapod luciferase produces luminescence in the
presence of a coclenterazine.

74.  The polynuclcotide of ¢laim 73, wherein the decapod luciferase includes no more than 4
differences from the sequence pattern of Formula (VTI) according to the Qglug Pattern listed in
Tablc 4.

75, The polynucleotide of claim 73, wherein the decapod luciferase includes no more than 3
differences from the sequence pattern of Formula (V1) according to the Ogluc pattern listed in
Tablc 4.

76.  The polynucleotide of claim 73, whercein the decapod luciferasc includes no more than 2
diffcrences from the sequence pattern of Formula (VIT) according to the OgLuc pattern listed in
Table 4.

77.  The polynucleotide of claim 73, wherein the decapoed luciferase includes no more than 1
diffcrence from the sequence pattern of Formula (V1) according ro 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 polynuclcotide of claim 73, wherein the decapod luciferase is from a Aristeidac,
Pandalidca, Solcnoccridac, Luciferidac,  Scgestidac,  Pasiphacidac,  Oplophoridac, or
Thalagsocaridag Mfamily,

80.  The polynucleotide of ¢laim 79, wherein the decapod lugiferase is from the Oplophoridae

family.
81.  The polynucleotide of claim 80, wherein the decapod luciferase is from an Oplophorus
spcceics.
82.  ‘The polynucleotide of claim 79, whercin the decapod lucilerasce is a lucifcrase rom

Plesiupenaeus coruscans, a fleterocarpus species, a Parapandalus species, Tlvmenopenaeus
debilis, Mesopenaeus tropicalis, Lucifer tvpus, Sergestes atlanticus, Sergestes arcticus, Sergestes

ariatus, Sergestes pediformis, Sergestes cornutus, Sergestes edwardsi, Sergestes hensent,
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Seruestes pectinatus, Sergestes sargassi, Sergestes similis, Sergestes vigifax, Sergia challengert,
Sergia grandis, Sergiu lucens, Sergia prehensilis. Sergia potens, Sergia robusta. Sergia
scintillans, Sergia splendens, Glephus marsupialis, Leptochela hermudensis, Parapasiphae
sulcatifrons,  Pusiphea tarda, Acanthephyra  acanthitelsonis,  Acanthephyra  aoutifrons,
Acanthephyra brevirostris, Acanthephvra cuculiata, Acanthephyra curtirostris, Acanthephvra
eximia, Avanthephyra gracilipes, Acanthephyra kingslevi, Acanthephyra media, Acanthephyra
microphthaima, Acanthephyra pelagica, Acanthephyra prionotq, Acanthephyra  purpurea,
Acanthephyra sanguinea, Acanthephyvra sibogae, Acanthephvra stvlorostratis, Ephyrina bifida,
Ephyring figueirai, Cphvrina koskvnil, Ephyrina ombango, Iymenodora glacialis, Ivienodora
gracilis, Meningodora micevia, Meningodora mollis, Meningodora vesca, Notostomus gibbosus,
Notostomuy  auriculams,  Oplophorus  gracilivostris,  Oplophorus  grimaldii,  Oplophorus
novaezealandiae, Oplophorus  spinicauda,  Oplophorus  foliuceus,  Oplophorus  spinosus,
Oplophorus tvpus, Svsiellaspis brawveri, Svstellaspis cristata, Systellaspis debilis, Svstellaspis
pellucida, Chloroiocoides spinicauda, Thalassocaris crinita, or Thalassocaris lucida.

83.  The polynuclcotide of claim 73, wherein the scquence pattern of Formula (V1) is aligned
with SEQ 11X NO: 1 slarting at residuc 8 of SEQ 113 NG 1

84.  The polynucleotide of any onc of claims 1-83, wherein the scquence has been codon-
optimized.

85.  The polynucleotide of claim 84, wherein the polynucleotide comprises SEQ 1D NO: 22,
SEQ ID NO: 23, SEQ 1D NO: 24, or SEQ 1D NO: 25.

86.  The polynuclcotide of any one of claims 1-85, wherein the polvnucleotide further encodes
a polypeptide of interest linked to the Ogluc variant polypeptide, the polypeptide of interest and
the OgLuc variant polypeptide capable of being expressed ay a fusion protein.

87. A vector comprising the polynucleotide of any of cluims 1-86.

8%,  The vector of claim 96, whercin the polynucleotide is operably linked to a promoter.

89. A ccll comprising the polynuclcotide of any onc of claims 1-86 or the vector of claim §7
or 88,

90. A non-human tranggenic animal comprising the cell of ¢laim 89,

91. A non-human transgenic animal comprising the polynucleotide of any one of claims 1-86
or the vector of claim 87 or 88.

92.  An OglLuc variant polypeptide encoded by the polynucleotide of any onc claims 1-86.

93. A polypeplide encoded by the polynucleotide ol any onc of claims 1-86.

94. A fusion protein comprising an OgLuc variant polypeptide encoded by the polynucleotide

of any onc of claims 1-86.



95. A mcthod of preducing an Ogl.uc variant polypeptide comprising prowing the cell of
claim 89 under conditions that permit cxpression ot the OgLuc variant polypeptide.

96. A method of producing an OgLuc varant 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 onc of claims 1-86 or the vector of claim 87
or 88,

9%. A kit comprising the OgLuc variant polypeptide of claim 92.

99.  The kit of any one of claim 97 or 98, further comprising at least one of:

(&) thc compound of formula {Ta) or (Tb);

Rb

RB

wherein R? is selected from the gronp consisting of

o,
VeV < > < > Y

straight chain alkyl;
R is selected from the group consisting of -H, -OH, -NH;. -OC(O)R or -GCH.QC(O)R;
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R* is selected from the group consisting of
R3
<
s R*, H or lower cycloalleyl;

wherein R and R? arc both H or both C,_; alkyl;

W is -NHa, halo, -OH, -NHC{O)R, -CO:R,

X is —8-, ~0-or -NR"’-;

Y is —H, -OH, or ~OR"";

Z i =CH- or —-N-;

each R" is independently —~C(O)R"” or -CH;OC(O)R"7;

R™ is H. CH: or CH,CH3;

cach R is independently C - straight-chain alkyl or C,_; branched alkyl;

R™ iy €7 srraight-chain alkyl or C_; branched alkyl;

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

0
OH YR
with the proviso that when R s \ , or

O
R

/—O
/ S R8 1% not

with the proviso that when R’ is / : )< or lower

cycloalkyl; and
X
L
o 7

with the proviso that when R® is NHa, R? is , £ orCys alkyl;

or R* is not s and

(b) a buffer reagent.

b2
=1
L)



100. A kit comprising the compound
Q
1
RS
~7

>LI|’CK‘OF(_<]
YL o NN
=
or and the polynucleotide of any onc of

claims 60-64 or 71-72 or the polypeptide encoded by the polynucleoride of any one of claims 60-
64 or 71-72.

101. A mcthod for measuring biolumincscenee using at least onc of the polynucleotide of any
onc of claims 1-86; the vector of any onc of claims 87 or &8; the ccll of claim 8§9; the animal of
any ol ¢laims 90-91; the Ogluc variant polypeplide of claim 92; the polypeptide of claim 93; and
the fusion protein of claim 94,

102. A synthetic nuclectide sequence encoding an Oglue variant pelypeptide comprising a
fragment of at lcast 100 nuclcotides having 80% or less nucleic acid scquence identity to a parent
nucleic acid scquence having SEQ ID NO: 2 and having 20% or more nucleic acid scquence
identity 1o SEQ 1D NG 22, SEQ 11D NO: 23, SEQ 11D NO: 24, or SEQ 11D 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
scquence identity to the corresponding luciferase encoded by the parent nucleic acid sequence,
and wherein the synthetic nucleotide sequence has a reduced number of regulatory scquences
relative to the parent nucleic acid sequence.

103. A syntheric nucleotide sequence encoding an OgLuc variant polypeptide comprising a
frugment of at least 300 nucleotides having 80% or less nucleic acid sequence identity to a4 parent
nuclcic acid scquence having SCQ 1D NO: 14 and having 90% or morc nucleic acid sequence
identity to SEQ TD NO: 22 or SEQ ID NO: 23 or the complement thereof, wherein the deercased
scquence identity is a result of different codons in the synthetic nucleolide sequence relative 1o
the codons in the parent nucleic acid sequence, whergin 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 whercin the synthetic
nucleotide scquence has a reduced number of regulatory sequences relative to the parent nucleic
acid sequence.

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 [D NO: 24 or SEQ ID NO: 25 or the complement thercof, wherein the decreased
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scquence identity is a result of different codons in the synthetic nucleotide sequence relative to
the codons in the parcnt nucleic acid sequence, whercin the synthetic nucleotide sequence
encodes a Ogluc varnant which has at least 83% 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.

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 of claim 106, whercin the lugion protein is scereted from a cell,

108, A fusion peptide comprising a signal peptide from Oplopharus gracilirostris fused to a
heterologous protein, whercin said signal peptide is SEQ TD NO: 54, whercin the fusion peptide
is expressed in a cell and secreted from the cell.

109. A biclumincscence resonance encrgy transfer (BRET) system comprising: a first fusion
protcin including a first targel prolein and a biclumincseence donor molccule, whercin the
bioluminescence donor molecule is an Ogluc variant encaded by the polynucleotide of any onc
of claims 10-88; a sccond fusion protcin including a sccond target protein and a fluorcscent
acceptor molecule; and an OgLuc substrate.

110.  The BRLT system of claim 109, wherein the Ogluc substrate is a native or known
coclenterazinge,

111.  The BRET system of claim 109, wherein the OglLuc substrate is a compound of formula
{(Ta) or (Ib}:

Rﬁ

(Ta)

or



R® (1)

wherein R? is selected from the group consisting of

m , /_'\-Z , . or Cos

straight chain alkyl;
R" is selected from the group consisting of -H, -OH, -NH;, -OC(O)R or -OCH,QC(O)R;

R is scleeted from the group consisting of

R3
/ i j /j<H
. R*. H or lower cyvcloalkyl;

wherein R* and R* arc both H or both C,.» alkyl;

W is -NT,, halo, -OH, -NHC(OR, -CO:R;

X is 8-, —0-or -NR""-;

Y is —H, -OH, or —-OR'":

Z is —CH- or —N-;

each R'" is independently ~C(O)R”* or -CH.OC{O)R"’;

R’ is H, CH: or CH,CHa:

cach R 13 independently Cy_; straight-chain alkyl or C,_; branched alkyl;
R is €y straight-chain alkyl or C;; branched alkyl;

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



0O
OH YR
. /—< >—O
with the proviso that when R is ) . ar

Q

hami
/—0
;—(: >—O 5.
R" 15 not

»

with the provise that when R? is L RY s R* or lower

cycloalkyl; and
X
)
~z

with the proviso that when R®is NHa, R®is, , ot Co-5 alkyl;

or R%is not

112, The BRET system of claim 109, wherein the Ogluc substratc is the compound

Ly

113, A method of measuring the enzymatic activity of «¢ luminogenic protein comprising:
contacting a luminogenic protein, a deprotecting enzyme, and a protected luminaphore; and
detecting light produced from the composition, whercin the luminogenic protein is an Ogluc
variant cncoded by the pelynucleotide of any onc ol claims 1-86 and the luminophore is a
compound of formula (Ta) or (Tb):

RZ

RS

(Ta)



wherein R is selected from the group consisting of

X X
A vava ¥4 , e

straight chain alkyl; ;
R® is selected from the group consisting of -H, -OH. -NH;, -OC{O)R or -OCHOC(O)R:

R* is sclected from the group consisting of

R3
. R*. Il or lower cycloalkyl:

wherein R and R arc both H or both Cy.; alkyl;

W is -NHa, halo, -OH, -NHC(O)R, -CO.R;

X is =8-, —0- or -NR**-;

Y is -11, -OLL or -OR"";

Zig CH-or N-;

each R is independently —C(O)R”" or -CHOC(O)R™;

R* iy H, CH: or CH,CHz;

cach R i3 independently € straight-chain alkyl or C,.7 branched alkyl;
R™ 1s Cyz straight-chain alkyl or C; branched alkyl;

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



0O
OH YR
. /—< >—O
with the proviso that when R is ) . ar

Q

hami
/—0
;—(: >—O 5.
R" 15 not :

»

H

with the provise that when R? is L RY s R* or lower

cycloalkyl; and
X
)
~z

with the proviso that when R®is NHa, R®is, , ot Co-5 alkyl;

or R% is not

114,  The method of claim 113 wherein the enzymatic activity is measured. in a live, intact non-
human ammal.

115. A mcthod 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 enzvme of interest und o 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
onc non-luminescent cnzyme of intercst and at least onc OgLluc variant to producc a rcaction
mixture; and (¢) delermining activity of the non-luminescent ¢nyyme of inigrest 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 (1b):

Rﬂ

(1a)



or

(1b)

wherein R is sclected from the group consisting of

g “/X/) / < > ) < > W
m . /T\Z R . or Cp_-_-'.

straight chain alkyl;

R’ is seleeted from the group consisting of -L1, -OLL, -N1I, -OC(O)R or -OCILOC(OIR;

R® is selected from the group consisting of

R3
/ \/\ > )<H
s R*, H or lower cycloalkyl;

wherein R and R are both H or both C; » alkyl;

W is -NH;, halo, -OH, -NHC(O)R, -CO:R.;

Xis-8-,0-or —NR”—;

Yis-H, -OH. or -OR"Y;

Z is —=CH- or =N-;

cach R'"' is independently —C(O)R." or —-CH;OC(O)R

R™ is H. CH; or CH,CHs;

cach R is independently C - straight-chain alkyl or C,_; branched alkyl;

R’ is Cy 7 straight-chain alkyl or C; 5 branched alkyl;

the dashed bonds indicate the prescnce of an optional ring, which may be saturated or

unsaturated;
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0
OH R
, o
with the proviso that when R” is , . or

Q
R

/—0
/—< >*O ‘.
, R” 18 not
R3

H

with the proviso that when R* is , RY s R* or lower
cycloalkyl; and

X
™)

with the proviso that when Rfis NH-, R?is . Z vor C)-s alleyls

or RY is not

117.  The mcthod of any onc of claims 115 and 116 wherein the non-lumincseent cnzyme of
inlerest 18 a protcase enxyme, a ¢ylochrome P450 cnzyme, a monoaming oxidase enzyme, or a
glutathione S-transferase enzyme,

118, The method of any onc of claims 113 to 117 wherein the activity of the non-lumincscent
enzyme is measured in a live, intact animal.

119. A mecthod to detect the presence of at least two molecules in a sample, comprising:
conlacting the sample with a Mrst reporier malecule camprising an Oglouc variant cneaded by the
polynucleotide of any onc 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 second reporter molecule is operatively linked to & second component of the sample;,
detecting the presence of the first and sceond reporter molecules to determine the presence and/or
amounts ot the first and second components in the sample.

120. A mcthod to detect the presence of at least two molecules in a cell. comprising:
contacting the cell with a first reporter molecule comprising an OgLuc variant encoded by the
polynucleotide of any one of claimy 1-86, wherein the first reporter molecule 15 operatively
linked to a first component of the sample; contacting the sample with a second reporter molecule,
wherein the sccond reporter molecule is operatively linked to a sccond component of the sample;
deiceting the presence ol the first and sceond reporicr molecules o deicrming the presence and/or

amounts of the first and second components in the sample,
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121. A method of generating a polynucleotide encoding a OgLuc variant polypeptide
comprising:

(a) using a parcntal lusion protein construct comprising a parcntal Ogl.uc polypeptide and
at least one heterologous polypeptide to generate a library of variant fusion proteins; and

(b) screening the library for at lcast one of cnhanced lumincscence, cnhanced chzyme
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 13 N-termuinal to the
OgLuc polypeptide,
124, The method of any one of cluims 121-123, wherein the heterologous polypeptide is
[IALOTAG®.
125. The method of claim 121, whercin the fusion protcin comstructs compriscs two
heicrologous polypeplides.
126, The method of claim 125, wherein the one of the heterologous polypeptide is N-terminal
ta the Ogluc polypeptide and the other heterologous polypeptide is C-terminal to the Ogluc
palypeptide.
127. The mcthod of claim 125 or 126, wherecin the heterologous polypeptides arc
HALLOTAGR 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 gencerating codon-optimized polynucleotides encoding a luciferase for usc in
an organism, comprising: for cach amino acid in the luciferase, randomly sclecting 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.
131. The method of optimizing codons of claim 130, further comprising selecting the other of
the two most commonly uscd codons uscd in the organism to cncode for the amino acid to

producc a sceond codon-optimized polynuclcotide,
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