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

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to United Slates Provisional Application No.
61/409,422, filed November 2, 2010, which is incorporated herein by reference in its entirety.

BACKGROUND

[0002] The luciferase secreled from the deep-sea shrimp Oplophorus gracilirostris has been
shown to possess many interesting characteristics, sﬁch as high activity, high quantum yield, and
broad substrate specificity (including, e.g., coelenterazine as well as various coelenterazine
anaiogs). The bioluminescent reaction of Oplophorus takes place when the oxidation of
coelenterazine (substrate) with molecular oxygen is catalyzed by Oplophorus hiciferase, resulting
in light of maximum intensity at 462 nm and the products CO; and coelenteramide (Shimomura
et al., Biochemistry, 17:994 (1978)). Optimum luminescence occurs at pH 9 in the presence of
0.05-0.1 M NaCl at 40°C, and. due to the unusual resistance of this enzyme to heat, visible
luminescence occurs at temperatures above 50°C when the highly purified enzyme is used or at
“over 70°C when partially purified enzyme is used. At pH 8.7, the native luciferase was reported
by Shimomura et of (1978) to have a molecular weight of approximately 130 kDa, apparently
comprising four monomers of 31 kDa each; at lower pH, the native luciferase tends to

polymerize.

[0003] Later work has shown that the Oplophorus gracilirosiris luciferase is a complex of
native 35 kDa and 19 kDa proteins, i.e., a heterotetramer consisting of two 19 kDa components
and two 35 kDa components. Inouye et al. (2000) reported the molecular cloning of the cDNAs
enceding the 35 kDa and 19 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 et af.,

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
imidazopyrazinene luciferases (Lorenz ef af., PNAS US4, 88:4438 (1991); Thompson et al.,
PNAS USA, 86:6567 (1989)). Expression of the 19 kDa protein in £ coli resulted in the



formation of inclusion bodies (Inouye and Sasaki, Protein Expression and Purification, 56:261-

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

[0005] The substrate specificity of Oplophorus luciferase is unexpeetedly broad (Inouye and
Shimomura. BBRC, 223:349 (1997)). For instance, bisdeoxycoelenterazine (i.e., coelenterazine-
hh), an analog of coclenterazine, is an excellent substrate for Oplophorus luciferase comparable
to coclenterazine {Nakamura ef al., Tetrahedron Lett., 38:6405 (1997)). Moreover, Oplophorus
luciferase is a secreted enzyme, like the luciferase of the marine ostraced Cypridinag (Vargula)
hilgendorfii (Johnson and Shimomura, Meth. Enzyme, 57:331 (1978)), which also uses an
imidazopyrazinone-type luciferin to emit light.
' SUMMARY

[0006] [n an aspect, the disclosure relates to a compound of formula (la) or (1b):

wherein R is selected from the group consisting of

X X
/Q ’ /T\z s s or Cxs

straight chain alkyl;



RS is selecled from the group consisting of -H, -OH, -NHz, -OC(O)R or -OCH0C(O)R;
R? is selected from the group consisting of
R?
K
s R*, H or lower cycloalkyl;
wherein R and R are both H or both Cy.2 alkyl;
W 15. -NHa, hale, -OH, -NHC{O)R, -CO2R,;
X is =§-, ~O- or -NR%-;
Y is —H, -OH, or —OR'";
Z is =CH- or —N-;
gach R is independently —C(O)R”> or -CH,OC(O)R™’;
R* is H, CH; or CH;CHj;
each R is independently Cj.7 straight-chain alkyl or Ci.7 branched alkyl;
. R is C\_7straight-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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OH YR
with the proviso that when R” is . , or
Q
. }—R
: 79
O
. R® is not

R3
H

with the proviso that when R? is , R is R* or lower
cycloalkyl; and

X
)
. . L.
with the proviso that when RS is NH,, R’ is, Z | or Cys alkyl;

or R® is not



[0007] In another aspect, the disclosure relates to a compound selected from
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[0008] In an aspect, the disclosure relates to a compound of formula

° My O

N
o

oty o

[0009] In an aspect, the disclosure relates to an isolated polynucleotide encoding an OgLuc
variant polypeptide having at least 60% amino acid sequence identity to SEQ ID NO: 1
comprising at least one amino acid substitution at a position corresponding to an amino acid in

SEQ ID NO: 1 wherein the OgLluc variant potypeptide has enhanced luminescence,

[0010] In an aspect, the disclosure relates to an isolated polynucleotide encoding an OgLuc
variant polypeptide having at least 60% amino acid sequence identity to SEQ ID NO: 1
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 fo an
OgLuc polypeptide of SEQ ID NO: 3 with the proviso that the polypeptide encoded by the

polynucleotide is not one of those listed in Table 47.

[0011] In an aspect, the disclosure relates to an isolated polynucleotide encading an OgLuc
-variant polypeptide having at least 60% .amino acid sequence identity to SEQ ID NO: 1
comprising at least one amino acid substitution at a position corresponding to an amine acid in
SEQ 1D NO: 1 wherein the OgLuc variant polypeptide has enhanced luminescence relative to a
polypeptide of SEQ ID NO: 31 with the proviso that the polypeptide encoded by the
petynucleotide is not SEQ 1D 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 1D NO: 1
comprising aft least one amino acid substitution at a position corresponding to an amino acid in
SEQ ID NO: 1 wherein the OgLuc variant polypeptide has enhanced luminescence relative to a
polypeptide of SEQ 1D NO: 29 with the proviso that the pelypeptide encoded by the
polynucleotide is not SEQ ID NO: 3 or 15.

[0013] In an aspect, the disclosure relates to an isolated polynucleotide encoding an OgLuc
varianl polypeptide having at least 80% amino acid sequence identity to an OgLuc polypeptide of
SEQ ID NO: | comprising amine acid substitutions A4E, Q11R, A33K, V44l P115E, Q124K,
Y1381, N166R, 190V, F541, Q18L, F68Y, L?ZQ,.and M735K corresponding to SEQ ID NO: 1 and
the OgLuc variant polypeptide having luciferase activity.

[0014] 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 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 iscleucine, at position 54 is
isoleucine, at position 68 is tyrosine, at position 72 is glutamine, at position 75 is lysine, at
position 90 is valine, at position 115 is glutamate, at position 124 is lysine, at position 138 is
isoleucine, and at position 166 is arginine corresponding to SEQ 1D NO: 1 and the OgLuc variant

polypeptide having luciferase activity.

[0015] In an aspect, the disclosure relates to an isolated pelynucleotide encoding an Ogluc
variant polypeptide having at least 80% amino acid sequence identity tc an OgLuc polypeptide of
SEQ ID NO: 1 comprising amino acid substitutions A4E, Q11R, A33K, V44], PI15E, QI24K,



Y138L, N166R, Q18L, F541, L92H, and Y109F corresponding to SEQ ID NO: 1 and the OgL.uc

variant pelypeptide having fuciferase activity.

[0016]  In an aspect, the disclosure relates to an isclated polynucleotide encoding an OgLuc
variant polypeptide having at least 80% amino acid sequence identity to an OgLuc polypeptide of
SEQ ID NO: 1 comprising aming acid substitutions A4E, Q11R, A33K, V441, A54l, F77Y,
190V, P115E, Q124K, Y1381 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 encoeding 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 i3 glutamate, at position 11 is arginine, at
position 18 is leucine, at position 33 is lysine, at position 44 is isoleucine, at position 54 is
isoleucine, at position 92 is histidine, at positien 109 is phenylalanine, at position 115 is
glutamate, at position 124 is lysine, al position 13§ is isoleucine, and at position 166 is arginine

corresponding 10 SEQ [D NO: | and the OgLuc variant polypeptide having luciferase activity.

[0018] In an aspect, the disclosure relates to an isolated pelynucleotide encoding an Ogl.uc
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 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 te SEQ [D NO: 1 and the OgLuc

variant polypeptide having luciferase activity.

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

'polynuclleotide encoding the polypeptide of SEQ IDNO: 19,

[0020] In an aspect, the “disclosure relates te an isclated pelynucleotide comprising the
“polynucleotide of SEQ ID NO: 18, SEQ ID NO: 24, SEQ ID NO: 25, SEQ ID NO: 42, SEQ ID
NO: 88, or SEQ 1D NG: 92.

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

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

luciferase produces luminescence in the presence of a coelenterazine.

[0022) In an aspect, the disclosure relates to a synthetic nucleotide sequence encoding an
OgLuc variant polypeptide comprising a fragment of at least 100 nucleotides having 80% or less
nucleic acid sequence identity to a parent nucleic acid sequence having SEQ 1D NO: 2 and
having 90% or more nucleic acid sequence identity to SEQ 1D NO: 22, SEQ 1D NO: 23, SEQ ID
NQ: 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 5% 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 nueleic acid sequence.

[0023} In an aspect, the disclosure relates to a synthetic nucleotide sequence encoding an
OgLuc variant polypeptide comprising a fragment of at least 300 nucleotides having 80% or less
nucleic acid sequence identity to a parent nucleic acid sequence having SEQ 1D NO: 14 and
having 30% or more nucleic acid sequence identity to SEQ ID NO: 22 or SEQ ID NO: 23 or the
gomplement 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 scquence.

[0024] In an aspect, the disclosure relates to a synthetic nucleotide sequence encoding an
OgLuc variant polypeptide comprising a fragment of at least 100 nucleotides having 80% or less
nucleic acid sequence identity to a parent nucleic acid sequence having SEQ ID NO: 18 and
having 90% or more nucleic acid sequence identity to SEQ ID NO: 24 or SEQ ID NO: 25 or the
complement thereof, wherein the decreased sequence identity is a result of different codons in the
synthetic nucleotide sequence relative te the codons in the parent nucleic acid sequence, wherein
the synthetic nucleotide sequence encodes a Ogluc variant which has at least 85% amino acid
sequence identity to the corresponding luciferase encoded by the parent nucleic acid sequence,
and wherein the synthetic nucleotide sequence has a reduced number of regulatory sequences

relative to the parent nucleic acid sequence.



[o025] In an aspect, the disclosure relates to a fusion peptide comprising a signal peptide
from Oplophorus gracilirostris fused to a heterologous protein, wherein said signal peptide is

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

[0026] In an aspect, the disclosure relates to a method of generating a polynucleotide
encoding a Ogluc variant polypeptide comprising: (a) using a parental fusion protein construct
comprising a parental Ogluc polypeptide and at least one heterologous polypeptide to generate a
library of variant fusien proteins; and (b) screening the library for at least one of enhanced
luminescence, enhanced enzyme stability or enhanced biocompatibility relative to the parental

fusion protein construct.

[0027] In an aspect, the disclosure relates to a mecthod of generating coden-optimized
polynucleotides encoding a luciferase for use in an organism, comprising: for each amino acid in
the luciferase, randomly selecting a codon from the two most commenly used cedons used in the

organism to encade 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 R8 represent

the regions of the molzcule where modifications were made.

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

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

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

invention.

[0033] FIGS. 5A-G show the luminescence (RLUs) generated from lysed bacterial cells
expressing C1+A4E using native, known, and novel coelenterazine as substrates. FIGS. 5A, 5C-
5G show independent experiments measuring the luminescence in RLUs generated by C1+A4E

with known and novel coclenterazines using native coelenterazine as a comparisen. FIG. 5B



shows the fold-decrease in luminescence generated by C1+4AE using the substrates shown in

FIG. 5A compared to native coelenterazine.

[0034] FIGS. 6A-D show the luminescence generated from lysed bacterial cells expressing
various Ogluc variants using native coelenterazine (“Coelente”), known coelenterazine-h (“h7™),
known coelenterazine-hh  (¥h,h”), known 2-methyl coclenterazine (“2-me”), known
coelenterazine-v (“v*’), and novel coelenterazines PBI-3840, PBI-3897, PBI-3889, PBI-3899,
PBI-3900, PBI-3912, PBI-3913, PBI-3925, PB1-38%7, PBI-3899, PRI-3889, PBI-3939, PBI-
3933, PBI-3932, PBI-3946, PBI-3897, PBI-3841, PBI-3896, PBI-3925, and PBI-3945 as

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

[0036] FIGS. 8A-B show the luminescence generated from lysed bacterial cclls expressing
Ogluc variants listed in FIG. 7 using native coelenterazine (“Coclenterazine™), known
coelenterazine-h (“H™), known coelenterazine-hh (*h,h™), and novel coelenterazings PBI-3840,
PBI-3925, PBI-3912, PBI-3889, PB1-3939, PBI-3933, PBI-3932, PBI-3946, PBI-3941, and PBI-
3896 as substrates.

[0037] FIG. 9 shows the luminescence generated from lysed bacterial cells expressing
various OgLuc variants using native coelenterazine (“Coelenterazine™), known coelenterazine-hh
(“h,b*), and nove! coelenterazines PBI-3939, PB1-3945, PBI-3840, PBI-3632, PB]-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 coeglenterazines PB1-3939, PBI-3945, PBI-3840, PBI-3932,
PBI-3925, PBI-3894, and PBI-3896, as substrates.

[0040] F1G. 12 shows the luminescence generated from lysed bacterial cells expressing
QgLuc variants using native coelenterazine (“Coelenterazine™), known coelenterazine-hh (“h,h™}),
and novel coelenterazines PBI-3939, PBI-3945, PBI-3839, PBI-3840, PBI-3932, PBI-3925, PBI-
3894, PBI-3896, and PBI-3897 as substrates.

[0041] FIG. 13 shows the luminescence gencrated from lysed bacterial cells expressing
OgLuc variants using native coelenterazine (“Coelenterazine™), known coelenterazine-hh
(“H,H™), and novel coelenterazines PBI-3897, PBI-3896, and PBI-38Y4 as substrates.
9



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

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

3894 as substrates.

[0044) FIG. 16 shows the luminescence generated from lysed bacteriat cells expressing
OgLuc variants using native coelenterazine (“Coelenterazine™), known coelenterazine-h (“I7),
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 OglLuc variants and humanized Rewilla luciferase (hRL) using native coelenterazine
(“Coel™), known ceelenterazine-hh (*h,h™), and novel coelenterazines PBI1-3897 and PBI-3841 as

* substrates.

[0046] FIG. 18 shows the luminescence generated from lysed bacterial cells expressing
various OgLuc variants using native coelenterazine (““Coelenterazing”), known coelenterazine-hh

(*h,h™), and novel coelenterazines PB1-3939, PBI-3945, PBI-3889, and PBI-4002 as substrates.

[0047] FIG. 19 shows the luminescence generated from lysed bacterial cells expressing
various OgLuc variants using native coelenterazine (“Coelenterazine™), known coelenterazine-h
(“H™), knewn 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 varicus OgLuc variants.

{0049] FIG. 21 shows the luminescence generated from lysed bacterial cells expressing
QgLuc variants listed in FIG. 20 uwsing native coclenterazine (“Coelenterazine™), known
coclenterazing-h (“H™), known coelenterazing-hh (“h,h™), and novel coelenterazines PBI-3939,

PBI-3943, PBI-4002, PBI-3932, and PB1-3840 as subsirates.
[0050} FIG. 22 shows the amino acid substitutions in various OgLuc variants.

[0051] FIG. 23 shows the luminescence generated from lysed bacterial cells expressing
OgLuc variants listed in FIG. 22 using native coelenterazine (“Coelenterazine™), known
coelenterazine-h (“H™), known coelenterazine-hh (“h,h™), and novel coelenterazines PBI-3939,

PBI-3945, PBI-3889, PB1-4002, PB1-3932, and PBI-3840 as substrates.

10



[0052] FIG, 24 shows the luminescence generated from lysed bacterial cells expressing
various OgLuc variants and hRL {(“Renilla”) using native coelenterazine (“Ceelenterazine™),
known coelenterazing-h (“H™), known coelenterazine-hh (“H,H™), and novel coelenterazines

PRI-3939 and PBI-3945 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 PBI-3939, PBI-3945, PRI-3889, and
PBI-4002 as substrates.

[0054] FIG. 26 shows the aminc acid substitutions in various OglLuc 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,

PB1-3945, PRI-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
coelenterazing-h (M), 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 PBI-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 coelenierazine
(FIG. 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 HEK253 cells
expressing hRL (“Renilla”) using native coelenterazine as a substrate, firefly luciferase (Luc2)
using luciferin (BRIGHT-GLO™ Assay Reagent) as a substrate, and various OgLuc variants

using nevel 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
coelenterazine 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 (uM) valuves 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 novel coelenterazing PBI-3939 as a substrate.

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

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

[D066] 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 =0 and half-life in min

[0067] FIGS. 39A-B show the structural integrity (determined by expression, stability, and
solubility as shown by SDS-PAGE analysis) in bacterial lysates of various OgLuc variants at
25°C (FIG. 39A) and 37°C (FIG. 39B) compared to Renilla (hRL) and firefly luciferase (Luc2).

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

OB8 opt+K33N using the novel coelenterazine PBI-3939 as a substrate as the natural log (In) of

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

[0059] 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 {iltration 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) fusion proteins in undiluted and 1:1 diluted bacterial lysate samples
analyzed by SDS-PAGE (FIG.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”} using native coclenterazinc and the novel

coelenterazine PBI-3939 as substrates,

[cO76] F1G. 48 shows the normalized luminescence in RLUs generated from lysed HEK293
cells expressing pF4Ag-Ogluc-9B8-HT7, pFd4Ag-Luc2-HT7 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-E show the luminescence of the Oglue variant L27V compared to firefly
luciferase (Luc2) in HEK 293 (FIG. 50A) and Hela cells (non-fusion) (F1G. 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®-OglLue 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 9B8 and L27V against a
LOPAC library to determine their susceptibility te off-target interactions,

[0080] FIGS. 52A-E show the inhibiticn analysis of the OgLuc variants 9B8 and L27V by
Suramin and Tyr ag 835 (FIGS. 52A-C) and the chemical structures of Suramin (FIG. 52D) and
Tyr ag 835 (FIG. 52E).

[0081] FIG. 53 shows the activity of the OgLuc variants 9B3 and L27V was analyzed in the

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

[0082] FIG. 54 shows the percent activity of the Ogl.uc variants 9B8 and L27V to determine

reactivity to plastic.
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[0083] FIG. 55 shows the luminescence generated from lysed HEK293 cells expressing the
IV cAMP transcriptional reporter compared to hRL (“Renilla”} using known coelenterazine-h as
a substrate with (“induced™) or without (“basal”) forskolin treatment and the fold induction

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

»

[00384] FIG. 56 shows the normalized luminescence generated from lysed HEK293 cells
expressing the 9B8, 9BS§ opt, hRL (*Renilla™) or ﬁréﬂy lugiferase (“Luc2”) ¢ AMP transcripticonal
reporter using PBI-3939 (for 9B% and 9B8 opt), native coelenterazine (for hRL) 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 (“FOLID™).

[0085] FIG. 57 shows the luminescence generated from lysed HEK293 cells expressing 9B8
opt and 9B§ opt+K33N (“K33N™) cAMP transcriptional reporters using the novel coelenterazine
PBI-393% as a substrate with (*Induced™) or without (*Basal™) forskolin treatment and the fold

induction due to forskolin treatment {*Fold Induction™).

[0086] FIGS. 38A-C show the luminescence of the OglLuc variants 9B8 and L27V lytic

reporter constructs for multiple pathways in multiple cell types.’

[0087] FIGS. 532A-C show the luminescence of the OgLuc variant L27V reporter constructs

in various cell lines and with various response elements.

[0088] FIGS. 60A-B show the luminescence of the OgLuc variant L27V secretable reporter
compared to Metridia longa luciferase with a CMV promoter (FIG. 60A) or a NFkB response
element (FIG. 60B). '

[0089] FIGS. 61 A-F show the absolute luminescence (FIGS. 61 A and ¢1B), the normalized
luminescence (FIGS. 61C and 61D) and the fold response (FIGS. 61E and 61F} of optimized
versions of L27V (L27V01, L27V02 and L27V(3) compared to L27V {(L27V00} expressed in
HeLa cells.

[0030] FIGS. 62A-B show the luminescence of secreted OgLuc variant L27V02 (containing
the 1L-6 secretion signal) reporter (FIG. 62A) and L27V02 (“L27V(02)"), L27V02P
(“L27V(02)P(01)") and luc2 (“Fluc™) reporters (FIG. 62A) expressed in HepG2 cclls treated with
various doscs of rhTNFa (“TNFa™).

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

HEK293 cells expressing the codon optimized variant 1V opt with or without the secretion signal

14



sequence using the novel PBI-3939 as a substrate compared to hRL (“Renilla”) with or without

the secretion signal sequence using native ceelenterazine as a substrate,
L]

[0052) FIGS. 64A-D show the lumingscence of the secreted OglLuc variants 9B8, V2 and
L27V reporters expressed in CHO celis (FIGS. 64A and 64B) and HeLa (FIGS. 64C and 64D).

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

[0094] FIGS. 66A-B show the fold-increase in luminescence over backgr(;und generated
from HEK293 cells expressing hRL (“Ren”) and 9B8 opt using the coelenlerazine derivatives
ENDURENT™ (FIG. 66A) and VIVIREN™ (FIG. 66B) and the novel coelenterazine PBI-3939
(F1G. 66B) as substrates.

[0095] FIGS. 67A-D show confocal images of U205 cells transiently expressing [L27V-
HaloTag® fusion {(FIG. 67A) or IL6-L27V fusion (FIGS. 67B-D). Scale bars = 20um.

[0096] FIG. 68 shows the luminescence generated from lysed bacterial ceils expressing
various OgLuc variants and hRL (*Renilla”) in the presence (“Sand™) or absence 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,

[00399] FIG. 71 shows the spectral profile of the Ogluc variant L27V.

[00100] FIG. 72 shows the luminescence of two circulated permuted (CP) versions of the
OgLuc variant L27V, CP84 and CP93, either with no linker or with a 5, 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. cofi (FIG. 73F-G) and HEK 293
cells (FI1G. 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 lumincscenee 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 contrels was also monitored (FIG. 75C).

[00104] FIGS. 76A-H show the luminescence of various protein complementation (PCA)
L27V pairs: one L27V fragment of each pair was fused to either FKBP or FRB using a 2/3
configuration (FIGS. 76A and 76C) or a 1/4 configuration {FIGS. 76B and 76D}, and the
interacticn of FKBP and FRB menitored in wheat germ extract (FIGS. 76A and 76B) and rabbit
reticulocyte lysate (RRL) (FIGS. 76C and 76D). The luminescence of various protein
comp]crﬁcmation (PCA) negative controls was also measured (FIG. 76E) in cell free system.
The 1/4 configuration was used in a cell free system (FIG. 76F), HEK293 cells (FIG. 76G) and in
a lytic system (FIG. 76H). ‘

[00105] 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] FIG. 78 shows the activity of the OgLuc variant 9B ¢cAMP biosensor with forskolin

treatment.

[00107] FIGS. 79A-D show the luminescence of circularly permuted (FIGS. 79A and 79C)
and straight split (FIG. 79B and 79D} L27V variants in rabbit reticulocyte lysate (FIGS. 79A-B)
and HEK293 cells (FIGS. 79C-D).

[00108] FIGS. BOA-B show the subcellular distribution of the OgLuc variant L27V (FIG.
80A) and control vector pGEM3ZF (FI1G. 80B) in U208 cells for various exposure times,

[00109]) FIGS. 81 A-C show the subcellular location of the Ogluc variant L27V fused o either
the transcription factor Nrf2 (FIG. 8IB} or GPCR (F1G. 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 infracellular
signaling pathways using PBI-4377 (FIG. 82A). - The 9BS8 opt luciferase was fused to either IkB
(F1G. 82B) or ODD (oxygen-dependent degradation domain of Hif-la) (FIG. SZC), and fold
response t¢ a stimulus (TNFa for IkB and phenanthroline for ODD) was monitored via

luminescence.

[00111] FIGS. 83A-C show the monitoring of oxidative stress signal pathways using the
OgLuc variant (FIG. 83A), L27V02 (FIG. §3B), or Renilla luciferase (Rluc) (FIG. 83C).

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

[00113] FIGS. 85A-B show the emission spectra of IV-HT7 with and without ligand, using 1
uM TMR (FIG. 85A) or 10 pM Rhodamine 110 (F1G. 85B) as a ligand for HT7 and

coelenterazine-h as a subsirate for [V.

[00114]) FIG. 86 shows the luminescence generated from lysed bacterial cells expressing 9B8
opt mixed with (“+ caspase”) or without (“no caspase”) caspase-3 using a pro-coelenterazine

substrate.

[00115] FIGS. 87A-C show the luminescence gencrated from circularly permuted, straight
split L27V variants CP84 and CP1{3 using PBI-3939 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. 87A.

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

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

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

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

[00119] FIGS. 91A-B show 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 biciuminescence imaging of autophagosomal protein
translocation of OgLuc fusions using PB1-3939 substrate.



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 applicaticn to the details of structure, synthesis,
and arrangement of components set forth in the following description or illustrated in the
following drawings. The invention is described with respect to specific embodiments and
techniques, however, the invention is capable of other embodiments and of being practiced or of

being carried out in various ways.

[00122] In the following 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, Iif 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 <10(%, it is intended that intermediale values such as 65%, 75%,
83%, 90%, 95%, elc. are expressly enumerated in this specification., These are only examples of
what is specifically intended, and all possible numerical values from the lowest value to the

highest value are considered expressly stated in the application.

[00123] Unless expressly specified otherwise, the term "comprising” is used in the context of
the present application to indicate that further members may optionally be present in addition to
the members of the list introduced by "comprising”. It is, however, contemplated as 2 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 "consisting of".

[00124] The following detailed description discleses specific and/or preferred variants of the
individual features of the invention.. The present invention also contemplates, as particularly
preferred embodiments, those embodiments which are generated by combining two or more of
the specific and/or prelerred variants described for two or more of the features of the present

invention.

[00125) Unless expressly specified otherwise, all indications of relative amounts in the present
application are made on a weight/weight basis. Indications of relative amounts of a component
characterized by a generic term are meant to refer to the total amount of all specific variants or

members covered by said generic term. If a certain component defined by a 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 tenm, it is meant that no other variants
or members covered by the generic term are additionaltly present such that the total relative
amount of components covered by the generic term exceeds the specified relative amount. Mare

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

[00126] In various aspects, the invention is drawn to novel compounds, novel luciferases, and
combinations thereof. The invention encompasses methods, compositions, and kits including the
novel compounds, novel luciferases, and/or combinations thereof.

[00127] The novel compounds are novel coelenterazines, which can be used as substrates by
proteins that wtilize coelenterazines to produce luminescence, including, but not limited to,
luciferases and photoproteins found in various marine erganisms such as cnidarians (e.g., Renilla
luciferase), jellyfish (e.g., aequerin from the Aequorea jellyfish) and decapods luciferases (e.g.,
luciferase complex of Oplophorus gracilirostris). In various embediments, the novel
coelenterazines of the present invention have at least one of enhanced physical stability (e.g.,
enhanced coelenterazine stability), reduced autoluminescence, and increased biocompatibility
with cells (e.g., less toxic to cefls, including heterologous cell types) relative to native
coelenterazine.

[00128] The novel luciferases disclosed herein include variants of the active subunit of a
decapod luciferase. The novel luciferases can utilize various coelenterazines as substrates,
including, but not limited to, native and known coeclenterazines as well as the novel
coelenterazines of the present invention. The novel luciferases display at least one of: enhanced
luminescence (including increased brightness, enhanced signal stability and/or signal duration),
enhanced enzyme stability (i.e., enhanced enzymatic activity including enhanced resistance to
elevated temperature, changes in pH, inhibitors, denaturants, and/or detergents); altered substrate
specificity (i.e., change in relative substrate specificity); and erhanced biocompatibility
(including at least one of improved expression in cells, reduced toxicity, and/or cell stress), In
various embodiments, the present invention encompasses novel luciferases that are present in
solution as soluble, active monomers, chemically linked to other molecules (e.g., fusion

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

[00129] Certain combinaticns of the novel coelenterazines and the novel luciferases provide
significant technical advantages for bioluminescent assays including enhanced lumingscence,
wherein enhanced himinescence may be due to one or more factors including enhanced signal

stability 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

coelenterazines over the commercially-available and/or known 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 {e.g., luciferases or photoproteins) that

uses coelenterazine as a substrate.

[00131] The term “coelenterazine™ refers to naturally-occurring {(“native”) coelenterazine as
well as analogs thereof, including coelenterazine-n, coclenterazine-f, coclenterazine-h,
coelenterazine-hcp, coelenterazine-cp, coelenterazine-c, coelenterazine-g, coelenterazine-fop, bis-
deoxycoelenterazine (“coclenterazine-hh”), coclentcrazine-i, coelenterazine-icp, coelenterazine-
v, and 2-methy] coelenterazine, in addition to those disclosed in WO 2003/0401(H) and U.S.
Application Serial No. 12/056,073 (paragraph [0086]), the disclosures of which are incorporated
by reference herein. The term “coelenterazine™ also refers to the novel coelenterazines disclosed
herein (see below). The term “known coelenterazine” refers to a coelenterazine analog known

prior to the present invention,

[00132] The term “OglLuc” refers to a decapod hciferase protein, or a variant of such a
protein, which generates light in the presence of a ceelenterazine. The OgLuc protein may, n its
naturally-occurring form, be a monomer or may be a subunit of a protein complex. The OgLuc
used in the exemplary embodiments disclosed herein is the 19 kDa subunit from the luciferase
complex of Oplophorus gracilirostris, although comparable polypeptides from other decapod
species (including other Oplophorus species) could also be employed and are encompassed
within the invention (see R.D. Dennell, Observations on the luminescence of bathypelagic
Crustacea decapoda of the Bermuda area, Zool. J. Linn. Soc., Lond. 42 (1955}, pp. 393-400; sce
also Poupin et al. Sept 1999. Inventaire documenté des especies et bilan des formes les plus
communes de la mer d'Iroise. Rapport Scientifique du Laboratoire d'Océanographie de I'Ecole
Navale (LOEN), Brest (83pgs), each of which is incorporated by reference hercin); examples
include, without limitation, luciferases of the Aristeidac family, including Plesiopenaeus
coruscans, the Pandalidea family, including Heferocarpus and Parapandalus richardi, the
Solenoceridae family, including Hymenopenaeus debilis and Mesopenaeus tropicalis; the
Luciferidae family, including Lucifer rypus; the Sergestidae family, including Sergestes
atlanticus, Sergestes 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 scintillans, and Sergia splendens; the Pasiphaeidae family,
including Glyphus marsupialis, Leptochela bermudensis, Parapasiphae sulcatifrons, and
Pasiphea tarda;, the Oplophoridac family, including Acanthephyra acanthitelsonis, Acanthephyra
acutifrons, Acanthephyra brevirastris, Acanthephyra cucullata, Acanthephyra curlirosiris,
Acanthephyra eximia, Acanthephyra gracilipes, Acanthephyra kingsley, Acanthephyra media,
Acanthephyra microphthalma, Acanthephyra pelagica, Acanthephyra prionota, Acanthephyra
purpurea, Acanthephyra sanguinea, Acaonthephyra sibogae, Acanthephyra stylorostratis,
Ephyrina bifida, Ephyrina figueirai, Ephyrina koskynii, Ephyrina ombango, Hymenodora
glacialis, Hymenodora gracilis, Meningodora miccyla, Meningodora mollis, Meningodora vesca,
Notostomus gibbosus, Notostomus auriculatus, Oplophorus gracilivostris, Oplophorus grimaldii,
Oplophorus novaezealandiae, Oplophorus spinicanda, Oplophorus jfoliaceus, Oplophorus
spinosus, Oplophorus typus, Systeilaspis braueri, Systellaspis cristata, Systellaspis debilis, and
Systellaspis pellucida; and the Thalassocaridae family, including Chlorotocoides spinicauda,

Thalassocaris crinita, and Thalassocaris lucida.

[00133] The polypeptide sequence of the mature (i.e., with no signal sequence) 19 kIDa subunit
of the naturally-occurring form of the Oplophorus gracilirostris luciferase (i.e., 169 amino acids,
residues 28 to 196 of BAB 13776) is given in S8EQ 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 CI1+A4E polypeptide sequence, SEQ ID NO: 3) to facilitate
cloning and expression in heterologous systems. Nevertheless, for consistency, the position
numbers of the various aming acid substitutions referred to herein are specified “relative to” SEQ
ID NO: 1, i.e., the polypeptide sequence of the mature (with no signal sequence), native 19 kDa

subunit of the Oplophorus gracilirosiris luciferase protein complex.

[00134]) Specifically, a protein is a decapod luciferase if, upon alignment of its amino acid
sequence with SEQ ID NO: 1, 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:

[00135] [GSAIVK]—{FE}-[FYW]-x-[LIVMFSYQ]-x-x-{K}-x-[NHGK]-:x-[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 posilions

correspending 1o pattern position 1, 2, 3, 5, 8, 10, 12, 14, 15, 17, or 18 of Formula (VI1)
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according to Table 4. Differences may alse 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 uscd as a reference for the protein
encoded by the resulting modified sequence, c.g., to compare the activity levels or other
properties of the proteins encoded by the parental and the modified sequences. The starting
scquence can be a paturally-ocemrring (i.e., ﬁative or wild-type) sequence. The starling sequence
can also be a variant sequence which is then further modified. A polypeptide sequence is
“modified™ when one or more amino acids {(which may be naturally-occurring or synthetic) are
substituted, deleted, and/er added at the beginning, middle, and/or end of the sequence, A
polynucleotide sequence is “modified” when one or more nucleotides are substituted, deleted,
and/or added at the beginning, middle, and/or end of the 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 OgLue or Ogluc variant. A {unctional
fragment is a fragment which is less than a full-length parental sequence which has the same
functional activity as the full-length parental sequence. Functional activity is the ability to
exhibit luminescence. In some embodiments, the 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.

[00138] Several of the OgLuc variants disclosed herein have been assigned shorthand names
to facilitate discussion. The term “C1+A4E” (also referred to as “C1A4E”) refers to a particular
Ogluc variant with the amino acid substitutions A4E, QI1R, A33K, V441, A54F, P115E,
Q124K, Y1381, and N166R relative to SEQ ID NO: 1 (SEQ 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 ‘p*).
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 aminoe 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 NQOs: 14 and 15}. The term “QC27" refers (o yet another variant of
the C1+A4E OgLuc variant having additicnal amino acid substitutions Q18L, F54I, L.92H, and
Y 109F relative to SEQ [D NO: 1 (SEQ ID NOs: 4 and 5). The term “QC27-9a” refers to a
variant of the QC27 OgLuc variant with additional 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 “9B§”
refers to a variant of the IV OgLuc variant with additional amine acid substitutions Q18L, F68Y,
L72Q, and M75K relative to SEQ ID NO: | (SEQ ID NQOs: 18 and 19). The term “9B3 opt”
refers to the codon optimized version of the 9B8 variant (SEQ ID NO: 24). The term “9B8
opt+K33N” refers to a variant of the 9B8 opt variant with additional amino acid substitution
K33N relative to SEQ 1D NO: 1 (SEQ ID NOs: 42 and 43). The term “9B8 opt+K33N-+170G™
refers to a variant of the “9B8 opt+K33N" variant with an additional glycine appended to the C-
terminus of the variant, i.e., 170G relative to SEQ ID NO: 1 (SEQ ID NO: 68 and 69). T‘Pe terms
“L27V+T39T+K43R+Y68D™ and “L27V" refers to a variant of the 9B8 opt+K33N” variant with
additional mniﬁo acid substitutions L27V, T39T, K43R, and Y68D re]al_ive to SEQ ID NO: 1
(SEQ ID NOs: 88 and 89). The terms “T39T+K43R+Y 681> and “V2” refers to a variant of the
“9B8 opt+K33N” variant with additional aminc acid substitutions T39T, K43R, and YG8D
relative to SEQ ID NO: 1 (SEQ 1D NOs: 92 and 93).

[00139] In general, “cnhanced” means that the particular property (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 least 30%, 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 output of the OgLuc variant under
appropriate conditiens, e.g., in the presence of a suitable substrate such as a coelenterazine. The
light cutput 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 carried out in a sclution. In other
embodiments, the luminescence reaction is carried out on a solid support. The solution may
contain a lysate, for example from the cells in a prokaryotic or eukaryotic expression system. In
other emboediments, expression occurs in a cell-free system, or the luciferase protein is secreted
into an extracellufar medium, such that, in the latter casc, it is not neccssary 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 2 multiwell plate such as a 96-
well plate) containing the luminescent protein. In still other embodiments, the OgLuc variant

and/or novel coelenterazine are introducced 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 organism or cells, tissues,
explants, or extracts thereof. The reaction chamber may be situated in a reading device which
can measure the light output, e.g., using a luminometer or photomultiplier. The light output or
luminescence may also be measured over time, for example in the same reaction chamber for a
period of seconds, minutes, hours, etc. The light output or luminescence may be reported as the
average over time, the half-life of decay of signal, the sum of the signal over a period of time, or

the peak output. l.uminescence may be measured in Relative Light Units (RLUSs).

[¢0144] 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 ihe signal in a time-course. Enhanced luminescence may
be determined relative to the comparable property of a luciferase such as wild-type OglLuc, an
OgLuc variant protein, Reniila luciferase (e.g., hRluc), or firefly luciferase (c.g., Luc2 luciferase
from Photinus pyralis) combined with a native, known, or novel substrate, as shown in the
Examples below. For example, the luminescence of a given Ogluc variant in combination with
" a particular coelenterazine (including native, known, or nove! coelenterazines) may be compared
to the properties of one of OgLuc variants C1+A4E, IV, 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
variants in question with the substrate, PBI-3939. Measurements are taken in a reagent which
may contain TERGITOL™ to provide Glo-like kinetics, e.g., in which enzyme inactivation is
slowed and the luminescence signal is stabilized, which is described elsewhere in the application.
In some embodiments, some luciferase variants, e.g., L27V, with certain compounds, e.g., PBI-
3939, provide extended duration of the luminescent emission, or glow-like kinetics, in the
absence of TERGITOL™. The luminescence signal may be compared to that of a reference
point such as the 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 enzyme stability refers to enhanced
stability of enzyme activity (i.e., enhanced tolerance to reaction conditions). Enhanced enzyme .
stability includes enhanced thermal stability (e.g., stability at elevated temperatures) and

chemical stability (e.g., stabilify in the presence of inhibiters or denaturants such as detergents,
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including, e.g., TRITON™ X-100). Enzyme stability can be used as a measure of profein
stability, particularly under conditions known to be disruptive of protein structure, such as high
temperatures or the presence of chemical denaturants. In particular, enhanced protein stability
may be determined using thermal analysis as described elsewhere in the application (e.g., in
Example 28). The luminescence sigﬂal may be compared to the reference point of C1+A4E

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

[00143] “Biocompatibility™ refers to the tolerance of a cell {e.g., prokaryotic or eukaryolic) Lo
a luciferase and/or coelenterazine compeound.  Biccompatibility of a luciferase and/or
coelenterazine compound is related to the stress it causes on the host cell. For example, a
luciferase that is not tolerated by the cel! (i.e., one that stresses a cell) may not be expressed
efficiently within the cell, for example, the luciferase may be expressed within the cell, but
exhibit reduced activity due to the formation of inclusion bodies by the expressed protein.
Biocompatibility of a luciferase is related to the ability of the cells to tolerate the insertion of the
foreign gene, i.e., 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 polynuclectide encoding an Ogl.uc variant may be determined relative to
luminescence expression levels for a polynucleotide encoding wild-type Ogl.uc or an OglLuc
" variant protein, including codon-optimized polynucleotides, where luminescence activity can be

used as a means to monitor protein expression levels.

[00144] In particular, enhanced biocompatibility of the OgLluc variant, novel coelenterazine
compound and/or a combination thereof, may be determined by measuring cell viabitity and/or
growth rate of cells. For example, enhanced biocompatibility of the OgLuc variants may be
determined by measuring cell viability and/or growth rate of cells containing the OgLuc variants
compared to cells containing firefly or 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 biocompatibility of the novel coelenterazine compounds may be determined by
measuring cell viability in the absence of luciferase expression of cells exposed to the novel
coclenterazine compound compared to native or known coelenterazines to determine how

compatible and/or 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
10 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 instructions) or onc 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 ClI+A4E variant, a firefly luciferase or Renilla luciferase. The effect of the novel
coelenterazine compound on cell viability or apoplosis may be compared to the effect of native

or known ceelenterazine compounds en cell viability or apoptosis.

[00146] Enhanced biccompatibility 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 biocompatibility 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 to cells exposed to native or known coelenterazines or no coefenterazines.
The effect of the OgLuc variant on cell growth or gene expression may be compared to a
reference luciferase, such as Cl+A4E variant, a firefly luciferase or Renilia luciferase. The
effect of the novel coelenterazine on cell growth or gene expression may be compared to native

or known coelenterazines.

[00147] The identification of robust, stable cell lines expressing an OgLuc variant of the
present invention, either in the cytoplasm or as a secreted form, can be facilitated by the bright
signal of the luciferase and the small size of the OgLuc gene. The relatively small gene sequence
is expected to reduce the likelihood of genetic instability resulting from the integration of the
foreign DNA into a cell’s genome. As a result of the increased brightneés 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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bioccompatibility 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
Renilla luciferase, to generate transfected cells with the same level of luminescence obta{ncd
with the other luciferase. Enhanced biocempatibility 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

angcther luciferase, e.g., native QgLue, 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 lumincscence of a luciferase with a novel coelenterazine ol the
present invention by the luminescence of the lucife-ras_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 constdered a comparison substrate pair for determining relative

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 substratc pair. For example, a
change in relative specificity may be determined 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 substrale 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 embediments, the luminescence with one novel coelenterazine is compared 1o
the Iuminescence with a different novel coelenterazine. In some embodiments, the luminescence
with one native or known coelenterazine is compared to the luminescence with another native or
known coelenterazine. In still other embodiments, the luminescence with one native or known

coelenterazing is compared to the luminescence 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
coelenterazine is in certain conditions such that it maintains the ability to luminesce when used as
a substrate by a luciferase. Luminescence that is not dependent on the activity of a luciferase or
photoprotein is termed autoluminescence. Autoluminescence is the luminescence of a substance
produced by energy released in the form of light during decay or decomposition. For example,
autoluminescence can be caused by spontaneous oxidation of the lJuminogenic substrate

coelenlerazine.

[00152] As used herein, "pure" or "purified” means an cbject 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 macromolccular species
present. Generally, a "substantially pure” composition will comprisc more than about 80% of all
macromolecular species present in the composition, in some embediments more than about 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 datected in
the composﬁition by conventional detection methods) wherein the composition consists essentially

of a single macromolecular species.
Coelenterazine Derivativex

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

RZ

RB

(Ia)

or

28



R? {1b)

wherein R? is selected from the group consisting of

X X ( :
T N Y —{: :}—w
/_I:\//Z, /%\£>, R or C2-5

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

R? is selected from the group consisting of

R3
, R*, H or lower cycloalkyl;

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

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

X is —§-, -O- or -NR*-;

Y is -H, -CH, or —OR'};

Z.1s —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 alky! or C;.7 branched alkyl;

R™ is Ci.7straight-chain alkyl or Cj.7 branched alkyl;

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

29



8]
OH SR
r—< >—0
with the proviso that when R’ is , , ar

G

YR

0
/ < > o §
, R” is not :

with the proviso that when R? is , RY s or lower

cycloalkyl; and
X
M X~Z s
Ny /L
with the proviso that when R®is NH,, R? is s \ Z » of Cz-5 alkyl;

or R¥is not

[00154] The term “alkyl”, as used herein, pertains to a monovalent moiety obtained by
removing a hydrogen atom from a hydrocarben compeund, 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 are not limited to, ethyl, n-propyl. n-butyl, and n-proﬁyl, n-hexyl and n-
heptyl. Examples of unsaturated alkyl groups which have one or more carbon-carbon double
bonds include, but are not limited to, ethenyl (vinyl,-CH=CH,), 2-propenyl (allyl, -CH-
CH=CHa)}, and but-enyl‘ Examples of unsaturated alkyl which have one or more carbon-carbon
triple bonds include, but are not limited to, ethynyl and 2-prepynyl {(propargyl). Examples of
branched alky] groups included isopropyl, iso-butyl, sec-butyl, t-butyl and iso-pentyl.

[00155] The (erm “lower cycloalkyl”, as wsed herein, pertains to a monovalent moiety
obtained by removing a hydrogen atom from a hydrocarbon compound having from 3 to 5 carbon
atoms. Examples of saturated lower cycloalkyl groups include, but are not limited to, groups
such as cyclopropyl, cyclobutyl and cyelopentyl. 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.

[00156] The term “halo™, as used herein, pertains to a halogen, such as Cl, F; Brorl
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X

9

[060157] In scme embodiments, R? is cand X is O or 8. [n other
R3
P
R*, tower

embodiments, R?is C,.s straight chain alkyl. In certain embodiments, REis
cycloalkyl or H. In other embodiments, R® is benzyl. In some embodiments, R”’ is —C(CHs)s, -
CH(CH3;)3, -CH2C(CH3)s, or -CH2CH{CHj3)z. .

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

Formula (I1a) ar (1Ib):

(Ila)

or
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(IIb)

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

presence of an opticnal ring.

{00159] In some embodiments, the invenlion provides compounds according to Formula ([11a)

or (I[Ib):

R12

{[11a)

or
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Q
R1I-/

R1 2
N _J N
N
(111b)

wherein R is Ca.s 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}):

o

\

\x |
X

N
H

(Iva)

or
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N /N
I
N

R3

wherein X is O or 8, R%is Hor OH, R'® is H, /k

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

Ry
(IVB)
H

Ror lower cycloalkyl, R’ R*and R!! are

[00161] In some embodiments, the inventicn 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 (Vla) or (VIb):
OH
N

R2
NI
N R®
H
(Vla)
or
R2
o
R”/ H
o~ N N
/I 8
"N R
(VIb)
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wherein R is selected from the group consisting of

X X < > < >
| * |/ Y W
/_{//z, /%\Z/> , . ar Cz—s

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

R® is selected from the group consisting of

/ : /kﬂ‘ . Hoor lower cycloalkyl;

wherein R® and R? are both H or both Cy., alkyl;

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

X is —8-,~0- or -NH-;

Y is —H, -OH, or—OR'};

Z is CH- or —=N-;

each R''is independently —C(O)R"™" or —-CH,OC(OYR.™*;

each R is independently C,_7 straight-chain alkyl or C,.; branched alkyl;
R* is Cy_;straight-chain alkyl or C,.7 branched alkyl,

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

Q
OH hami
/—< >-0
with the proviso that when R? is . or
}—R

: /—O
|s not

’ . R3
/—< > /k"
with the proviso that when R® is , R% s R* or lower

cycloalkyl; and

36



X
e >
with the proviso that when R%is NH,, R? is w , or Ca-s alkyl;

or R® is not

[00163] Suitable compounds according 1o the present invention include

A S SN S A o
2 s N N
N Sl Sl

v o oy Wy

", ot o ysol 7O LS
@’% @’[ﬂjéj OIHE o', Qi% 3”[%

3832 3925 3533 3946 i 3939
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Isomers, Salts and Protected Forms

[00164] Certain compounds may exist in one or more particular scometric, optical,
enantiomeric, diasteriomeric, epimeric, stereoisomeric, tautomeric, conformational, or anomeric
forms, including but not limited to, ¢is- and trans-forms; E- and Z-forms; ¢-, 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; «- and 8-

37



forms; axial and equatorial forms; boat-, chair-, twist-, envelope-, and half-chair forms; and

combinations thereof, hercinafter collectively referred 1o as “isomers” (or *isomeric forms”).

[00165] Note that, except as discussed below for tautomeric forms, specifically excluded from
the term “isomers”, as used herein, are structural {or constitutional) isomers (i.e., isomers which
differ in the connections between atoms rather than merely by the position of atoms in space).
For example, a reference to a methoxy group, -OCHj, is not to be construed as a reference fto its
structural isomer, a hydroxymethyl group, -CH;OH. Similarly, a reference to ortho-chlorophenyl
is not to be construed as a reference to it§ structural isomer, meta-chlorophenyl. However, a
reference to a class of structures may well include structurally isomeric forms falling within that
class (e.g., Cy.7 alkyl includes n-propyl-and iso-propyl; butyl includes n-, iso-, sec-, and tert-

butyl; methoxypheny! includes ortho-, mela-, and paramethoxyphenyl}.

[00166] Note that specifically included in the term “isomer” are compounds with one or more
isotopic substitutions. For example, H may be in any isotopic form, including 'H, *H (D), and *H
(T); C may be in any isotopic form, including "2C, 1°C, and '*C; O may be in any isotopic 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 thereof, Methods for
the preparation (e.g., asymmetric synthesis) and separation (e.g., fractional crystallization and
chromatographic means) of such isomeric forms are either known in the art or are readily

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

[00168] Unless otherwise specified, a reference to a particular compound also includes ionic,
salt, solvate, and prolected forms of thereof, for example, as discussed below. Il 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 group which may be
anionic (e.g., -COOH may be -COO-), then a salt may be formed with a suitable cation.
Examples of suitable inorganic catiens 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 A’
Examples of suitable organic cations include, but are not limited to, ammonium ion (i.e, NH*")
and substituted ammonium ions (e.g., NH3R', NH:R;', NHR3", NR4*). Examples of some

suitable substituted ammonium ions are those derived from: ethylamine, dicthylamine,
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dicyclohexylamine, triethylamine, butylamine, cthylénediamine, 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 ammonium ion is

N(CH3)s".

[00170] If the compound is catiente, or has a functional group which may be cationic {(c.g., -
NH: may be -NH3"), 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, hydreiodic, sulfuric, sulfurous, nitric, nitrous, phosphoric, and
phosphorous. Examples of suitable organic anions include, but are not limited to, those derived
from the fellowing 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 disulfenic, oxalic,
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, carboxymethy! cellulose.

[00171] It may be convenient or desirable to prepare, purify, and/or handle a corresponding
solvate of the active c0mp0un'd. The term “selvate™ is used herein in the conventional sense to
refer to a complex of solute (c.g., active compound, salt of active compound) and solvent. If the
solvent is water, the salvate may be conveniently referred to as a hydrate, for example, a mono-

hydrate, a di-hydrate, a tri-hydrate, elc.

[00172] It may be convenient or desirable to prepare, purify, and/or handle the active
compound in a chemically protected form. The term “chemically preotected form™, as used
herein, pertains te a compound in which one or moere reactive functional groups are protected
from undesirable chemical reactions, that is, are in the form of a protected or protecting group
(also known as a masked or masking group or a blocked or blocking group). By protecting a
reactive functional group, reactions involving other unprotected reactive functional groups can be
performed, without affecting the protected group; the protecting group may be removed, usually
in a subsequent step, without substantially affecting the remainder of the molecule. See, for

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

f00173] For example, a hydroxy group may be protected as an ether (-OR) or an ester (-
OC(=0)R), for example, as: a t-butyl ether; a benzyl, benzhydryl (diphenylmethyl), or trityl
(triphenylmethy!) ether, a trimethylsilyl or t-butyldimethylsilyl ether; or an acetyl ester (-
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OC(=0)CHs, -OAc). For example, an aldehyde or ketone group may be protected as an acetal or
ketal, respectively, in which the carbonyl group (>C=0) is converted to a diether (=C(OR)z), by
reaction with, for example, a primary alcohol, The aldehyde or ketone group is readily
regenerated by hydrolysis using a large excess of water in the presence of acid. For example, an
amine group may be protected, for example, as an amide or a urethane, for example, as: a methyl
amide (-NHCO-CHa); a benzyloxy amide (- NHCO-OCH,CgHs, -NHCbz); as a t-butoxy amide (-
NHCO-OC(CHa), -NH-Boc); a 2-biphenyl-2-propexy amide (—NHCO—OC(CH;):CGI-LCGHs, -
NH-Bpoc), as a 9-flucrenylmethoxy amide (-NH-Fmoc), as a 6-nitroveratrylexy amide (-NI-
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(-phenylsulphonylDethyloxy amide (-NH-

Psec); or, in suitable cases, as an N-oxide.

[00174} For example, a carboxylic acid group may be protected as an ester for example, as: an .
Ci.y alkyl ester (e.g., a methyl ester; a t-butyl ester); a Ci7 haloalkyl ester {e.g., a Cis
trihaloaikylester); a triCy.7 alkylsilyl-Cy.7 alkyl ester; or a Cs.pg aryl-Cy.7 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 thicether (-SR), for example, as: a
benzyl thioether; an acetamidomethyt ether (-8-CHNHC(=0)CH3).

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, varicus techniques as described herein were
used to ideniify sites for amino acid substitution to produce an improved synthetic OgLuc
polypeptide.  Additional techniques were used to optimize codons of the pelynucleotides
encoding the various polypeptides in order to enhance expression -of the polypeptides. It was
found that making one or more amino acid substituticns, either alone or in various combinations,
produced synthetic OgLuc-type polypeptides having enhanced luminescence (e.g., enhanced
brightness, enhanced signal stability, enhanced enzyme stability, andfor change in relative
substrate specificity). Furthermore, including one or more codon-optimizing substitutions in the
polynucleotides which encode for the various synthetic OgLuc variant polypeptides produced

enhanced 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 scluble and active in the monomeric form when expressed in

prokaryatic and/or eukaryotic cells.

[00178] The OgLuc variants of the present invention may be coupled to any protein of interest
or molecute 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., ‘TVY-HT7". In some embodiments, a signal sequence (¢.g., the naturally-
occurring Oplophorus gracilirostris signal sequence) is attached to the N-terminus of the fusion
protein to facilitate the sccretion of the fusion protein from the cell. Signal sequences, other than
the naturally-occuring signal sequence of OgLuc luciferase, are known in the art to facilitate
protein secretion in mammalian cells or other cell types. Signal sequences, in combination with
membrane anchoring sequences, may be used to position or display Ogluc variants on the outer
surface of the cellular membrane. Other methods, known in the art may also be used to position

OgLuc variants to the membrane or other locations within the cell.

[60179] 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 CI1+A4L, IVY, IV, QC27, QC27-9a, 9B8, 9B8
opt+K33N, 9B8 opt+K33N+170G, V2 or “L27V”. In another embodiment, the invention
provides a meodified decapod luciferase which utilizes a novel coelenterazine. In one
embodiment, the modified decapod luciferase has a change in relative specificily for native,
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 corresponding parental, variant decapod luciferase is a
decapod species, including various species from families within the decapod order including,
witheut limitation, luciferases of the Aristeidae family, including Plesiopenaeus coruscans; the
Pandalidea family, including Heferocarpus and Parapandalus richardi, the Solenoceridae
family, including Hymenopenaeus debilis and Mesopenaeus tropicalis; the Luciferidae family,
including  Lucifer typus; the Sergestidae family, including Sergestes atlanticus, Sergestes
arcticus, Sergestes armatus, Sergestes pediformis, Sergestes cornutus, Sergestes edwardsi,
Sergestes henseni, Sergestes pectinaius, Sergestes sargassi, Sergestes similis, Sergestes vigilax,
Sergia challengeri, Sergia grandis, Sergia lucens, Sergia prehensilis, Sergia potens, Sergia
robusta, Sergia scimtillans, and Sergia splendens; the Pasiphacidae family, including Glyphus

marsupialis, Leptochela bermudensis, Parapasiphae sulcatifroms, and Pasiphea rarda; the
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Oplophoridae family, including Acanthephyra acanthitelsonis, Acanthephyra acutifrons,
Acanthephyra brevirostris, Acanthephyra cucullata, Acanthephyra curtirostris, Acanthephyra
eximia, Acanthephyra gracilipes, Acanthephyra kingsleyi, Acanthephyra media, Acanthephyra
microphthalma, Acanthephyra pelagica, Acanthephyra prionota, Acanthephyra purpureaq,
Acanthephyra sanguinea, Acanthephyra sibogae, Acamhe;;vhyra stylorostratis, Ephyrina bifida,
Ephyrina figueirai, Ephyrina koskynii, Ephyrina ombango, Hymenodora glacialis, Hymenodora
gracilis, Meningodora miccyla, Meningodora mollis, Meningodora vesca, Notostomus gibbosus,
Notostomus  auriculatus, Oplophorus  gracilirostris, Oplophorus grimaldii, Oplophorus
novaezealandioe, Oplophorus spinicauda, Oplophorus ﬁh‘a}:eus, Oplophorus  spinosus,
Oplophorus typus, Systellaspis braueri, Systellaspis cristata, Systellaspis debilis, and Systellaspis
pellucida, and the Thalassocaridae (amily, including Chiorotocoides spinicauda, Thalassocaris
crinita, and Thalassocaris iucida. 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 relative 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 another species, ¢.g., a firefly lu.cit'erase or a Renilia

luciferase.

[00181] [n some embodiments, the OgLuc variant has at least 60%, c.g., at feast 65%, 70%,
75%, 80%, B5%, 90%, 95%, 96%, 97%, 98%, or 99%, or 100%, amino acid sequence identity to
SEQID NOs: 3,5,7,9, 11, 13, 15,17, 19, 21, 27, 35, 37, 39, 41, 43, 45, 47, 49, 51, 33, 56, 58,
60, 62, 64, 69, 71, 73, 75, 77, 79, 81, &3, 85, 87, 89, 91, 93, or 95. In some embodiments, the
OgLuc variant, or a functional fragment thereof, has no more than 5 differences, or more
preferably, no more than 4, 3, 2, or 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 alsc include gaps or insertions

between the pattern positions of Table 4,

[00182] In some embodiments, the OgLuc variant of the invention has one or more
heterologous amino acid sequences at the N-terminus, C-terminus, or both (a fusion polypeptide
such as onc with an epitope or fusion tag), which optionally directly or indirectly interact with a
molecute of interest. In some embodiménts, the presence of the heterolegous sequence(s) does
not substantially alter the luminescence of the OgLuc variant either before or after the interaction
with the molecule of interest. In some embodiments, the heterologous amine acid sequence is an
epitope tag. In some embodiments, the heterologous amino acid s.equence is one which, during

or after interaction with a molecule of interest, undergoes a conformational change, which in turn
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alters the activity of the OgLuc variant e.g., an OgLuc variant with such an amino acid sequence
is useful to detect allosteric interactions. The OgLuc variant or a fusion with the OgLuc variant

or a fragment thereof may be employed as a reporter.

[00183]) In some embodiments, a fragment of an OgLuc variant of the invention is fused to a
heterclogous amino acid sequence, the fusion thercby forming a beta-ba‘rrel, which fosion protein
is capable of generating luminescence from a naturally-occurring ceelenterazine or an analog
" thereof including the various known coelenterazines discussed herein, or a novel coelenterazine

of the present invention.

[00184]) Also provided is a polynucleotide encoding an Ogluc variant of the invention or a
fusion thereof, an isclated host cell having the polynucleotide or the Ogluc variant or a fusion
thereof, and metheds of using the polynueleotide, Ogluc variant or a fusion thereofl or host cell

of the invention.

[00485) 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 or nuclectides that are the same when compared and aligned
for maximum correspondence over a comparison window or designated region as measured using
any number of sequence comparison algorithms or by manual alignment and visual inspection.
Methods of alignment of sequence for comparison are well-known in the art. Optimal alignment
of sequences for comparison can be conducted by the algorithm of Smith es al., (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.
Natl Acad Sci. USA, 85:2444-2448 (1988)), by computerized implementations of algorithms
¢.g., FASTA, SSEARCH, GGSEARCH (available at the University of Virginia FASTA server
by William R. Pearson http://fasta.bioch.virginia.edu/fasta_www2/fasta_intro.shtmi), the Clustal
series of programs (Chenna et af., Nucl. Acids Res. 31(13):3497-3500 (2003); available examples
at http://www.ebi.ac.uk or http://www.ch.embnet.org), or other sequence analysis software. It is
known in the art that generating alignments with maximum correspondence between pelypeptide
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
wsed herein, refers to nucleic acid, including DNA or RNA, that comprises coding sequences
necessary for the production of a polypeptide or protein precursor. The encoded polypeptide
may be a full-length polypeptide, a fragment thereof (less than full-length), or a fusion of either
the full-length polypeptide or fragment thereof with another polypeptide, yielding a fusion

polypeptide.

[00187] A polynucleotide encoding a protein or polypeptide means a nucleic acid sequence
comprising the coding region of a gene, or in other words, the nucleic acid sequence encoding a
gene product. The coding region may be present in a cDNA, genomic DNA or RNA form,
When present in a DNA form, the oligonucleotide may be single stranded (e.g., the sense strand)
or double stranded. Suitable control elements such as enhancers/promoters, splice junctions,
polvadenylation 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
transeript. Other control or regulatory elements include, but are not limited to, transcription
factor binding sites, splicing signals, polyadenylation signals, termination signals and enhancer

elements.

[00188] By "peptide.” "protein" and "polypeptide” is meant amino acid chains of varying
lengths, regardless of post-translational modification (e.g., glycosylation or phosphorylation).
The nucleic acid molecules of the invention encode a variant of a man made (i.e., synthetic)
variant protein or polypeptide fragment thereof, which has an amino acid sequence that is at least
60%, e.g., at least 65%, 70%, 75%, 80%, 83%, 90%, 95%, 96%, 97%, 98%, 99%, or 100%,
amino acid sequence identity to the amine 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 to a chimeric prolein containing a reference protein (e.g., OgLuc variant)
Joined at the N- andfor C-lerminus to one or more heterclogous 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)),
chloramphenicol acetyltransferase (CAT), B-galactosidase (B-Gal), lactamase (P-gai), neomycin
resistance (Neo), GUS, galactopyranoside, green fluorescent protein (GFP), luciferase (e.g., a
Renilla  reniformis luciferase, a firefly luciferase (e.g., Photinus pyralis or Photuris
pennsylvanica), or a click beetle luciferase (e.g., Pyrophorus plagiophthalamus or Pyrearinus

termitilfuminans) or a glowworm luciferase (e.g., Phrixothrix hirtus), xylosidase, thymidine
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kinase, arabinosidase and SNAP-tag, CLIP-tag, ACP-tag and MCP-tag (New England Biolabs).
In one embodiment, a chimeric protein contains an OglLuc variant joined at the N-terminps 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] WNucleic 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 witd-type
sequence, Mutations may also refer to insertion or deletion of one or more bases so that the
nucleic acid sequence differs from a reference, e.g., a wild-type sequence, or replacement with a
stop codon. A "substitution” refers to a change in an amino acid at a particular position in a

sequence, e.g., a change from A to E at position 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 segmeni(s) into a cell and capable of
replicaticn in a cell. Vectors may be derived from plasmids, bacteriophages, viruses, cosmids,

and the like,

[00181] The term "wild-type” or “native™ as used herein, refers to a gene or gene product that
has the characteristics of that gene or gene product isolated from a naturally occurring source, A
wild-type gene is that which is most frequently cbserved in a population and is thus arbitrarily
designated the "wild-type" form of the gene. In contrast, the term "mutant” refers to a gene or
gene product that displays modifications in sequence and/or functional properties (i.e., altered
characteristics) when compared to the wild-type gene or gene product. It is noted that naturally
occurring mutants can be isolated; thesc arc identified by the fact that they have altered

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

[00182] The invention includes an Opluc variant or protein fragments thereof, e.g., those with
deletions, [or instance a deletion of | to ‘about 5 residues, and chimeras (fusions) thercof (see
U.S. Patent Publication No. 2009/0253131 and WIPO Publication No. WO 2007/120522, the
disclosures of which are incorporated by reference hercin) having at lcast onc amino acid
substitution relative to a wild-type OgLuc, which substitution results in the OgLuc variant having
enhanced stability, enhanced luminescence, e.g., increased luminescence emission, greater
stability of the luminescence Kinetics, and/or altered tuminescence color. The sequences of an
OgLuc variant are substantially the same as the amino acid sequence of a corresponding wild-

type Ogluc. A polypeptide or peptide having substantially the same sequence means that an ‘
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amino acid sequence is largely, but is not entirely, the same and retains the functional activity of
the sequence to which it is related. In general, two amino acid sequences are substantiaily the
same if they are at least 60%, e.g, at least 63%, 70%, 75%, 80%, 85%, 30%, 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 embediments, 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
oc¢ur in positions correspom.:ling to pattern position 1, 2, 3, 5, 8, 10, 12, 14, 15, 17, or 18 of
Formuia (VII} according to Table 4. Differcnees may alse include gaps, insertions, or

permutations between the pattern positions of Table 4,

{00193] The OgLuc variant proteins or fusion proteins of the invention may be prepared by
recombinant methods or by solid phase chemical peptide synthesis methods. Such methods are

known in the art.
Methods of Use and Kits

[001984] 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 cofactor for an enzymatic reaction, an enzyme
substrate, an enzyme inhibitor, an enzyme activator, or OH radicals, or one or more conditions,
e.g., redox conditions. The sample may include an animal (e.g., a vertebrate), a plant, a fungus,
physiclogica! fluid (e.g., blood, plasma, urine, mucous secreticns and the like), a cell, a cell
lysate, a ceil supernatant, or a purified fraction of a cell (e.g., a subcellular [raction). The
presence, amount, spectral distribution, emission kinetics, or specific activity of such a molecule
may be detected eor quantified. The molecule may be detected or quantified in solution, including
multiphasic solutions (e.g., emulsions or suspensions), or on solid supperts (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, MAOQO A or B
enzyme, a caspase, etc. The novel coelenterazines could be used with photoproteins such as
aequorin, obelin, or iPhotina. [n some embodiment, the Ogluc variant can be used as an energy

denor to another molecule (e.g., to a flucrophore, a chromophore, or a nanoparticle).

[00185] The invention also provides a potynuclectide encoding a transcriptional reporter. In
some embodiments, the OgLuc variant or frapment thereof could be operably linksd to

transcription regulatory sequences, e.g., one or mere enhancer, a promeoter, a transcription
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termination sequence or a combination thereof, to form an expression cassette. For example, the
OglLuc 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 biosensors, e.g., an Ogluc variant,
which, in the presence of anothcr molecule (e.g, one or more molecules of interest), 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, e.g.,
specific activity, spectral distribution, or emission kinetics. For example, the OgLuc variant of
the present invention, for example a circularly permuted variant, can comprise an interaction
domain for a molecule of interest. Alternatively, for example, the OgLuc variant may be coupled
to an energy acceptor, for example a fluorescent protein, and comprise an interaction demain 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
antibedy, eyelic nucleotides such as cAMP or ¢cGMP, or a metal such as calcium, by insertion of
a suitable sensor region into the Ogluc variant sequence. One or more sensor region can be
inserted at the C-terminus, the MN-terminus, and/or at one or more suitable location in the
polypeptide sequence, where the sensor region comprises one or more amino acids. In the case
of a circularly-permuted Ogluc variant, the sensor region may be inserted between the N- and C-
termini of the parent Ogluc variant. In addition, one or all of the inserted sensor regions may
include linker amino acids to couple the semsor to the remainder of the Ogluc variant
polvpeptide. Examples of luciferase biosensors are disclosed in U.S. Pat. Appl. Publ. Nos.
2005/0153310 and 2009/0305280 and PCT Publ. No. WO 2007/120522 AZ, each of which is

incorporated by reference herein.

[00197]  [n various emboediments, the Ogluc variants disclosed herein may be used te transfer
energy to an energy acceptor, for example in Bioluminescence Resonance Energy Transfer
(BRET) analysis. For example, the OgLuc variants used in BRET analysis can be used to
determine if two molecules are capable of binding each other or co-localize in a cell. For
example, an OgLuc variant can be used as a bioluminescence donor malecule 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 interaction in systems including but not limited to cell lysates, intact cells, and

living animals. In various embodiments, HALOTAG® can be used as a fluorescent acceptor
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molecule. In some embodiments, HALOTAG® can be fused to a second protein of interest of to
an OgLuc variant. For example, an OgLuc variant can be fused to HALOTAG®, expressed in
cells or animals, and Jabeled with a fluorescent HALOTAG® ligand such as HALOTAG® TMR
ligand, The fusion can subsequently be excited to fluoresce in the presence of a cell-permeant
OgLuc substrate. In some embodiments, BRET may be performed using OgLuc variants in
combination with fluorescent proteins, including but not limited to Green Fluorescent Protein
(GFP) or Red Fluorescent Protein (RFP) or fluorescent labels including fluorescein, rhodamine

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

[00198] 1In various embodiments, the OgLuc variants and/or the novel ¢eelenterazines of the
present invention may be used in protein complementation assays (PCA}) to detect the interaction
of 1wo biomolecules, e.g., polypeptides. For example, an OgLuc variant of the present invention
can be separated into two fragments at a site{s) tolerant to separation and each fragment of the
separated OgLuc variant can be fused to one of a pair of polypeptides of interest believed to
interact, e.g., FKBP and FRB. [fthe two polypeptides of interest do in fact interact, the Ogluc
fragments then come into close proximity with each other to reconstitute the functional, active
OgLuc varianl. In seme embodiments, the activity of the reconstituted OgLuc variant can then
be detected and measured using a native or known coclenterazine or a novel coelenterazine of the
present invention. In some embodiments, the split OgLuc variant can be used in a more general
complementation system similar to lac-Z (Langley er af, PNAS 72:1254-1257 (1973)) or
ribonuclease S {(Levit and Berger, J. Biol Chem. 251:1333 1339 (1976)). In some
embodiments, an OgLuc variant fragment (designated “A™) known to complement with another
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 fragment B is
integrated into the genome of the cell or is contained on another plasmid within the cell) or it
could be a lysate or purified protein derived from another cell. In some embodiments, this same
f’usion protein (fragment A) could be captured or immobilized using a fusion between fragment B
and a polypeptide such as HALOTAG® capable of attachment to a solid support. In some
embodiments, luminescence can be used to demonstrate successful capture or to guantify the

amount of material captured.

[00199] In various embodiments, the OgLuc variants and/or the novel coelenterazines of the
present invention may be used to quantify 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 spec ific
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 coelenterazine, or a novel
coelenterazine of the present invention) can be modified to contain a cleavable group, such as 6°-
Q-methyl. In some embodiments, when incubated with a specific cytochrome P450 enzyme, the
6°0-methyl is cleaved, and the pro-coelenterazine converled to coelenterazine which can be
detected with an Ogluc variant of the present invention. In some embodiments, the pro-
coelenterazine can be combined with other components necessary to support luminescence, e.g.,
luminescent protein such as an QgLuc variant of the present invention, to provide a single
reagent and a homogeneous assay. [For example, when the reagent is added to a sample,
Juminescence 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 to the generation of coelenterazines from pro-

coelenterazines,

[00200) In various embodiments, the OgLuc variants and/or the novel coelenterazines of the
present invention may be-used as genetic transcriptional reporter sysiems. In some embodiments,
the OgLuc variants can be multiplexed with a luciferase that emits light at a different wavelength,
e.g., red click beetle luciferase (CHROMA-LUC™; 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™ (appreximately 610 nm) can be
easily resclved using a luminometer with wavelength-discriminating filters, enabling the
measuremert of both signals from the Sa[he sample. In another example, an OgLuc variant of the
present invention could be used as a transcriptional reporter and paired with a luciferase that
emits light at a different wavelength contained in an ‘assay reagent. For example, an OgLuc
variant of the present invention could be used as transcriptional reporter and paired with either
aequorin or a cAMP circularly-permuted firefly luciferase biosensor, or both simultaneously, to
detect multiple pathways in a single sample. In such a system, for example, agquorin 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
ancther example, an OgLuc variant may be used with one or more additional luciferases, where
the {fuminescence of each luciferase may be separately measured through the use of selective
enzyme inhibitors. For example, the luminescence of a first luciferase may be measured upon
addition of appropriate substrates and buffers, followed by measurement of a second luciferase
upon a subsequent addition of appropriate substrates and buffers and one or more inhibitors
selective for the first luciferase. In another example, the luciferase contained in an assay reagent
may be used for measuring a specific aspect of cellular physiology, for example ATP to estimate

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 OgL.uc variants can be used as reporters in cells that are especially sensitive to
conditions associated with transfection, ¢.g., which are sensitive to glevated DNA concentrations
or the addition of transfection reagent. Thus, in various embodiments, due te 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 aSsay so that there is a reduced toxicity burden cn
sensitive cells. In various embodiments, the enhanced luminescence of the OgLuc variants will
also allow for a signal to be detected at much later time points. In still other embodiments, the

OgLuc variants could be used as reporters for single-copy native promoters,

[00202] In various embodiments, the OgLuc variants of the present invention may be used as
fusion tags for a target protein of interest as a way to monitor intracellular levels of the target
protein. In some embodiments, the OgLuc variants can be used to monitor specific proteins
involved in stress response pathways (e.g., DNA damage, oxidative stress, inflammation) in cells
as a way to probe the role various types of slimuli may play in these pathways. [n some
embodiments, the OgLuc variants can also be used as a means to monitor cellular trafficking of a
target protein. For example, the OgLuc variants can also be fused to viral genomes (e.g., HIV,
HCV) so that titer levels, ie., infectivity, can be monitored in cells following treatment with
petential antiviral agents. In some embediments, the variants can also be fused to green
fluorescent protein (GFP) or HALOTAG® (in addition to a target protein) fer fluorescence
activated cell sorting (FACS) to idéntify high expression clones.
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[00203] In various 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 shoutd 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 immuncassay concepls. For example, an OgLuc variant can
be fused to a primary or secondary antibody 1o provide a method of detection for a particular
analyte. As another example, an OgLuc variant can be fused to protein A or protein G, and the
fusion could then be used to detect a specific antibody bound to a particular analyte. As another
example, an OgLuc variant can be fused to streptavidin and used to detect a specific biotinylated
antibody bound to a particular analyte. As yet another example, complementary fragments of an
OgLuc variant can be fused to primary and secondary antibodies, where the primary antibody
recognizes a particular analyte, and the secondary antibody recngﬁizes the primary antibody. In
some cmbodiments, the Ogl.uc variant aclivity would be reconstituted in the presence of analyte.
As still another example, an OgLuc variant can be conjugated to an analyte (e.g., prostaglandins)
and used in a competitive sandwich ELISA format. The OgLuc variant conjugated to an analyte
may also be used to detect antibodies capable of binding the analyte, where the binding activity
allows the OgLuc variant to be selectively linked to the antibody. An example using Renilla
luciferase for quantitatively measuring patient antibody titers to an antigenic target is the
Luciferase Immunoprecipitation System (Burbelo et al., Expert Review of Vaccines 9(6):567-

578 (2010))

[00205] In various embodiments, the OgLuc variants and novel substrates of the present
invention can be used for detecting lumincscence in live cells. In some emlbodiments, an OgLuc
variant can be expressed in cells (as a reporter or otherwise), and the cells treated with a
coelenterazine, e.g., a novel coelenterazine such as PBI-3939, which will permeate cells in
culture, react with the OgLuc varianl 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 increase the stability of native coelenterazine in media can be synthesized and used for-
more robust, live cell Ogl.uc variant-based reporter assays. In still other embediments, 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 sceretable OgLuc variant is expressed in cells as part of a live~cell

reporter system,

[00206] In various embodiments, the OgLuc variants and/or novel coclemerazines 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 nove] 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 resulf 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
complementatien, or a fusion thercof with luminescence activity, may be prepared. For cxample,
a nucleic acid molecule comprising a nucleic acid sequence encoding an OgLuc variant is
optionally operably linked to transcription regulatory sequences, ¢.g., ane or more enhancers, a
promoter, a transcriplion termination sequence or a combination thereof, fo form an expression
cassette. The nucleic acid melecule or expression cassette may be introduced to a vector, e.g., a
plasmid or viral vector, which optionally includes a selectable marker gene, and the vector
introduced to a cell of interest, for example, a prokaryotic cell such as E. coli, Streptomyces spp.,
Buacillus spp., Staphylocoecus spp. and the like, as well as eukaryotic cells including a plant
(dicot or monocot), fungus (including vyeast, ey, Pichia, Saccharomyces or
Schizosaccharomyces), or a mammalian cell, lysates thereof, or to an in vitre
transcription/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, HelLa, CV-1, SH-SY3Y, and NIH 3T3

cells, although numerous other cell linegs can also be used as well.

[00208] ‘The expression of an encoded Ogluc variant may be controlled by any promoter
capable of expression in prokaryotic cells or eukaryetic cells including synthetic promoters,
Prokaryotic promoters include, but are not limited to, SP6, T7, T3, tac, bla, trp, gal, lac or
maltose promoters, including any fragment that has promoter activity. Eukaryotic promeoters
include, but are not limited to, censtitutive promoters, e.g., viral promoters such as CMV, 5v40

and RSV promoters, as well as regulatable promoters, e.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 bc controlled by post-transcriptional processes, such as by regulation of RNA
processing or regulation of translation, for example by RNAI, miRNA, shRNA, siRNA, or by
RNA or protein degradation. The nucleic acid molecule, expression cassette and/or vector of the
invention may be introduced lo a cell by any method including, but not limited to, calcium-

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

[00209] Also provided is an isolated nucleic acid molecule {polynucleotide) comprising a
nucleic acid sequence encoding an OgLuc variant of the invention, a functional fragment thereof
or a fusion protein thereof. In some embodiments, the isolated nucleic acid molecule comprises a
nucleic acid sequence which is optimized for expression in at least one selected host. Optimized
sequences inchide sequences which are codon optimized, i.e., codons which are employed more
frequenily in one organism relative to another organism, e.g., a distantly related organism, as
well as modifications to add or modify Kozak sequences and/or introns, and/or to remove
undesirable sequences, for instance, potential transcription factor binding sites. Such optimized
sequences can provide enhanced expression, e.g., increased levels of protein expression, when
introduced into a host cell. Examples of optimized sequences are disclosed in U.S. Pat. No.
7,728,118 and U.S. Pat. Appl. Publ. Nos. 2008/0070299, 2008/0090291, and 2006/0068395, each

of which is incorporated by reference herein.

{00210] In some embodiments, the polynucleotide includes a nucleic acid sequence encoding
an OgLuc variant of the invention, which nucleic acid sequence is optimized for expression in a
mammalian hest cell. In some embodiments, an optimized pelynucleatide no longer hybridizes
to the corresponding non-optimized sequence, e.g., does not hybridize to the non-optimized
sequence under medium or high stringency conditions. The term "sfringency” 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, conditions of "medium" or "low" stringency
are oflen used when it is desired that nucleic acids that are not completely complementary te one
ancther be hybridized or annealed together. The art knows well that numerous equivalent

conditions can be employed te comprise medium or low stringency conditions.
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[00211] In some embodiments, the polynuclectide has less than 90%, e.g., less than 80%,
nucleic acid sequence identity to the corresponding non-optimized sequence and optionally
" encedes a polypeptide having at least 60%, c.g., at least 65%, 70%, 75%, 80%, 85%, 90%, 93%,
96%, 97%, 98%, 99%, or 100%, amino acid sequence identity with the polypeptide encoded by
the non-optimized sequence. Constructs, e.g., expression cassettes, and vectors comprising the
isclated nucleic acid molecule, e.g,, with optimized nucleic acid 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 alsa opticnally operably linked 1o transcription regulatory
sequences, €.g., one or more enhancers, a promoter, a transcription tertination sequence or a

combination thereof, to form an expression cassette.

[00213] In some embodiments, a nucleic acid sequence encoding an Ogluc variant of the
invention, a fragment thereof or a fusion thereof is optimized by replacing codons, e.g., at least
25% of the codons in a parental OgLuc sequence with codons which are preferentially employed
in a particular (selected) cell. Preferred codons have a relatively high codon usage frequency in a
selected cell, and preferably their introduction results in the introduction of relatively few
transcription factor binding sites for transcription factors present in the selected host cell, and
relatively few other undesirable structural attributes. 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, E. coli
sequence elements, 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 sequences.

[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%, c.g., '50%, 55%, 60% or more of the codons. Exemplary codons for use
in the invention are those which are employed more frequently than at least one other codon for
the same amino acid in a particular organism and, in some embodiments, are also not low-usage
codons in that organism and are not fow-usage codons in the organism used to clone or screen for
the expression of the nucleic acid melecule. Moreover, codons for certain amino acids (ie.,
those amino acids that have three or more codons), may include two or more codons that are

employed mere 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 ancther
organism results in a nucleic acid molecule which, when introduced inte 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.

[00215] In some embodiments of the invention, the codons that are different are those
employed more frequently in a mammal, while in still other embodiments, the codons that are
different are those employed more frequently in a plant.  Preferred codons for different
organisms are known to the art, e.g., see http://www.kazusa.cr.jp./codon/. A particular type of
mammal, e.g., a human, may have a different set of preferred codons‘than ancther type of
mammal. Likewise, a particular type of plant may have a different set of preferred codons than
another type of plant. In one embodiment of the invention, the majority of the codons that differ
are ones that are preferred codons in a desired host cell. Preferred codons for orgamisms
including mammals (e.g., humans) and plants are knewn to the art (e.g., Wada ef af., Nucl Acids

Res., 18:2367 (1990); Murray et al., Nucl. Acids Res., 17:477 {1989)).
EXAMPLES

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

HoN.__CHN
CHO Y s HOl
R, R,

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 mmol) 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 ammoniuvm 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 | hr
and then left at ambient temperature overnight. The solution was ccoled 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 siirred at
approximately 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 pertions of diethyl ether, and the combined
‘extracts dried over anhydrous sodium sulfate. The mixture was filtered, and the solution cooled
in an ice bath for 20 min. To the stirred solution, hydrogen chloride gas was added until

precipitation ceased, and the suspension stirred for 1 hr. The solid was isolated by filtration and
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rinsed with three 50 mL portions of diethyl ether. The material was dried under vacuum, and 6.4
g (47.5 mmol) of a white solid was obtained (69%). Procedure was adapted from: Freifelder and.
Hasbrouck, "Synthesis of Primary 1,2-Diamines by Hydrogenation of alpha-Aminonitriles,”

Jowrnal of the American Chemical Society, 82(3):696-698 (1960).
Reference Example 2 — Synthesis of 2-0xo0-2-phenylacetaldehyde oxime (Compound 2):

O O

R R

2 2
2

[00217] A flask was charged with potassium tert-butoxide (58 mmol) and 63 mL of tert-butyl
alcohol. The mixture was stirred until a solution was formed, and a sclution of the appropriate
benzophenone (50 mmol) in 35 mL of tert-buty] alcohol added dropwise over 15 min. The
reaction mixture was stirred for 1 hr, and the neat iscamyl nitrite (75 mmol) added over five min.
The reaction mixture was monitored for completion and then diluted with 100 mL of hepténes.
The resulting solid (38 mmol) was collected via suction filtration and dried to a constant weight

under vacuum. Procedure was adapted from: Hagedormn et al, Chem. Ber., 98:193 (1965).

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

o)

o ' HN._N

HN.__.CHN R _N Ny -NH2 I |
T v Hal 0K —= L, — RN
R iy N R,
2

Ry Rz

1 2 3

[00218] A 3-neck flask was ﬁtted with a thermqmeter, septum, and argon line. Te this,
aminonitrile (47.5 mmel), dry pyridine (190 mL), and oxime (61.75 mmol) was added. The
mixture was well stirred for 15 min, and tetra-chloro(bis-pyridy}titanium complex (94.9 mmol)
added in five portions over 35 min making surc 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 water) in small portions. The resulting mixture was well stirred for 15 min and 80 g
of celite was added. The suspension was stirred for 30 min and filtered through a Buchner
funnel. The filtrate was removed to a separatory funnel, and the filter cake was suspended in 400
mL of methanol. The mixture was stirred for 3¢ 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 to the separatory
funnel 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 solution. The organic solvent was
evaporated, and the crude pyazine-oxide obtained as a brown oil. The material was dissolved in
3 mL of methanol, and 89 mL of dichloromethane (DCM) was added. To this solution, zinc dust
(80.7 mmol) was added, and the mixiure cooled in an ice bath until an intemal temperature of
15°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 heptanc/EtOAc gradient. This
gave 2.9 g (29%) of the pyrazine as a brown solid. Procedure was adapted from: Kishi et a/.,
"The structure confirmation of the light-emitting moiety of bicluminescent jellyfish.”

Tetrahedron Leti., 13(27%:2747 (1972).
Reference Example 4 — Synthesis of Coelenterazines

[00219] Method A: (the following compounds can be synthesized by Method A: compounds
PBI-3840, PB1-3886, PBI-3857, PBI-3887, PBI-3913, PB1-3894, PBI-3896, PBI-3897, PBI-3841
and PBI-3842)

HOZC\]/\ .

R.
. | NINHZ )cj)\/ N‘\ NH
+ R I S
/©/EN/ R4 HC.C : /@/EN/ Ry
R 3 Ry 5 K

4

N_.N _— |
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NZ R,
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[00220] A flask was charged with pyrazine (8.25 mmol), pyruvic acid (14.0 mmol), camphor

Rz

R,
R Q 3
N Y~
NIN
|
N" R
H 1
7

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 18 hrs. The sieves were replaced with fresh ones, and
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reflux c_ontinued for 24 hrs. The reaction mixture was filtered and concentrated, and the residue
dissolved in EtOAc (200 mL). This selution was washed with three 25 mL portions of saturated
sodium bicarbonate selution, 100 mL of 0.1 M sodium acetate buffer, pH 5, and 100 mL of brine
solution. The solution was dried over magnesium sulfate, filtered, and concentrated to give 2.3 g
(6.2 mmol, 75%) of the crude enaminefacid. This material was dissolved in anhydrous THF (30
mL), and the solution cocled in an ice/water bath for 10 min. To this, the carbodiimide (9.0
mmol) and neat diisopropylethyl amine (14.9 mmol) was added. The cold bath was removed
after 10 min, and the reaction mixture stirred at ambient temperature for 3 hrs. Te 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 mixlure 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 w_jse until 2 pH of 5
was reached. The solution was concentrated, and the residue triturated with 15 mL of water. The
solid was isolated via suction filtration and dried under vacuum for several hours to give 318 mg
{94%) of the crude coelenterazine as a yellow solid. Procedure was adapted from: Kakoi and

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

[00221] Method B: (the following compounds can be synthesized by method B: compounds
PBI1-3882, PBI-3932, PBI-3881)

Q Rs
N NH o !
» N
[ ) G
N" R, OHC™ "Ry | ]
N R4
Ry A
3 8 Ry 9

[00222] A flask was charged with the glyoxal (2.2 mmol), aminopyrazine (1.1 mmol), ethano!
(20 mL), 12N HC! (0.6 mL), and water {1 mL). The reaction mixture was heated at reflux for 24
hrs and concentrated. The residue was purified by column chromatography over silica gel using
a DCM/methanol gradient. This gave 100 mg (0.25 mmol, 23%) of the coelenterazine product as
a dark solid. Procedure was adapted from: Inove et af. "Squid bioluminescence, I1. Isolation
from Watasenia scintillans and synthesis of 2-(p-hydroxybenzyl)-6-(p-hydroxyphenyl)-3,7-
dihydroimidazof1,2-a)pyrazin-3-one.” Chem. Lett., 4(2):141-4 (1973).
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Method C: Synthesis of novel coelenterazines (the following compounds can be synthesized by
methed 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 Leit, 13:2747 (1972); Mosrin et al,,
Organic Letters, 11:3406 (2009); Kakoi, Chem. Pharm. Bull,, 50:301 (2002})).

[0022d4) Synthesis of 2-amino-3-benzyl-5-phenylpyrazine. A round bottomed flask was
charged with 5 g (33.5 mmal) of 2-isonitrosoacetophenone, 6.7 g (36.8 mmol) of 2-amino-3-
phenylpropanenitrile hydrochloride and 100 mL of dry pyridine. The mixture was cooled to
-20°C and 4.6 mL (40.0 mmel) of TiCly 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 3 days under 1 atm 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-5-phenylpyrazine.

[00225] Synthesis of 2-amino-3-phenylpropanenitrile hydrachioride. A round bottomed flask
was charged with 65 g (0.624 mol) of sodium hydrogensulfite and 150 mL of water. A solution
of 75 g (0.624 mel) 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-yl}-2-oxopropanoic acid. To a 100 mL flask, 3-(furan-2-y1)-2-
oxopropancate (940 mg) along with 23 mL cotd 6N NaOH was added. The inscluble mixlure
was stirred in a 90°C bath for 5 min until disselved. 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 reversed-phase high-performance liquid
chromatography (HPLC) ramping from 97% aqueous trifluoroacetic acid (TFA) to acetonitrile
(ACN).
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[00227]  Synthesis of ethyl 3-(furan-2-yl)-2-oxopropanoate. To a 500 mL flask containing the
mixture of isomers (E/Z)-ethyl 2-formamido-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 EtGAc 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;S804. 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

evaperated to yield 2.1 g.

[00228] Synthesis of (E/Z}-ethyl 2-formamido-3-(furan-2-yljacrylate. To a 500 mL flask, 50
mL diethy] ether, CuyQ (320 mg), and furyl aldehyde (5.2’ mL} was added. The flasked was
cooled in an ice bath, and ethyl 2-isocyanoacetate (3.3 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 LEtQAc was added and stirred for 10 min. Aqﬁcous layer was
extracted with 50 mL EtQAc. Combined organic layers were dried over anhydrous sodium
sulfate. EtQAc layers were co-evaporated with 24 g celite and eluted over 80 g silica gold

ramping from heptane to EtCAc. Yellow syrup was used without further pﬁriﬁcaticn.

[00229] Synthesis of 2-oxo-3-(thiophen-2-yl)propanaic acid. To a 250 mL flask, (F/Z)-5-
(thiophen-2-yImethylenc)imidazolidine-2,4-dione (5.0 g) and 100 mL of cold 6N NaOH were
added. The mixwre was healed (o 100°C for 1 hr. Concentrated HCIl was added to the cooled
solution until acidic (pH=1). The mixture was extracted 8 x 50 mL diethylether. The combined
ether layers were washed with 30 mL brine, dried cver Na:SO4 and evaporated to yield 3.36 ¢

solid, Sample was further purified by recrystalization with a,a,a-trifluorotoluene to vield 1.63 g.

[00230)  Synthesis of (E/Z)—5—(thr'ophen—?—y!rﬁe!hyiene)imidazofidine—2,4—d1'one‘ To a 250 mL
flask, hydantoin (9.8 g) and thiophene-2-carbaldehyde (10 g) were added. To the mixture was
dripped piperidine (9.6 mL). The mixture was heated to 100°C for | hr and then poured into 300
mL of IN HCI. The solid was filtered, washed with watcr and dried in vacuo to yield 4.9 g solid.

9 o]
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[00231] Steps I- To a microwave vial (10 mL), the appropriate phenylpyrazin-2-amine (100

mg), the appropriate pyruvic acid (2 Equivalents), DCM (1 mL), and 1,1,}-trifluorcethanol (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 celite 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 plL)
were added. After 2 hrs, the majority of THF was removed in vacuo. The product was
precipitateﬂ with an aqueocus solution of 30% citric acid (2 mL). The solid was washed with
water (2 mL) and then dissolved in 3 mL DCM. The DCM was washed | x 2 mL water followed
by 1 x 2 mL brine. The DCM layer was co-adsorbed on 2 grams of celite, and solvent removed
in vacuo. The celite was loaded on 12 g of spherical silica gel and eluied with a ramp of

heptanes to DCM, Appropriate fractions were combined and evaporated.

[00233] Siep 3 - The material from step 2 disselved in DCM (1 mL) was chilled in an ice bath.
To the solution, methanol (0.5 mL) and sodium borohydride solution in diglyme (325 uL of 0.5
M) were added. After 2 hrs, acetic acid (10 uL) 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 | gram of celite, and solvent removed in vacue. The celite was loaded on 4 g of
spherical silica pel and eluted with a ramp of DCM to EtOAc. Appropriate fractions were

combined and cvaporated.

[00234] Siep 4 (only if R” = OAc) — The material in step 3 was dissotved 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. Aficr 30 min, the reaction was partitioned between DCM (1 mL) and 30% citric acid (i
mL.). The DCM layer was co-adsorbed on 0.5 g celite, and solvent removed in vacuo. The celite
was loaded on 4 g of spherical silica gel and eluted with a ramp of DCM to EtOAc. Appropriate

fractions were combined and evaporated.

[00238] Aethad D (the following compounds can be synthesized by method D: compounds
PBI-3899, PBI-3900, 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
palladivm catalyst. The_ alpha-amino acid produced was purified and subsequently activated for

intramolecular condensation giving rise to the corresponding imidazopyrazincne.
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Example 5 — Synthesis of 8-benzyl-6-(4-hydroxyphenyl)-2-propylimidazo[1,2-a]pyrazin-
3(7H)-one

[00236]  2-((3-benzyl-3-(4-hydroxyphenyl)pyrazin-2-yl)aminojpentancic 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 63°C. Air was bubbled out by Nz gas, and a hydrogen balloen applied
to the reaction flask. The rcaction was continuously stirred {or 4 hrs. Afier coaling down, il was
filtered, and the resulting solution purified by flash chromatography (eluting solvent: 50% EtOAc
in heptanes) to give the product as a yellow powder (70 mg, 52%). TH NMR (300 MHz, CDzCla,
5):8.31 (s, 1H), 7.82 (4, 2H, J = 9.0Hz), 7.31 (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, 3HY; MS (ESI) m/z 378.3 (M+1).

[00237]  8-benzyl-6-(4-hydroxyphenyl)-2-propylimidazof 1, 2-ajpyrazin-3(7H)-one. 2-((3-
benzyl-5-(4-hydroxyphenyl)pyrazin-2-ybDamino)pentanoic acid (49 mg, 0.13 mmol) was
dissolved in DCM (10 mL). Pyridine (0.5 mL) was added followed by N,N'-
Dicyclohexylcarbodiimide (54 mg, (.26 mmol). The reaction mixture was slowly stirred at room
temperature for 1 hr. The solvent was evaporated, and the residue purified by flash

chromatography (eluting solvent: EtOAc to DCM to 10% methanol in DCM) to give the product
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as a yellow powder (40 mg, 86%), TH NMR (300 MHz, CD;0D, 8): 7.35 (m, 8H), 6.88 (d, ) =
9.0Hz, 2H), 4.40 (s, 2H), 2.81 (1, J = 7.5Hz, 2H), 1.81 (m, 2H), 1.02 (t, ] = 7.5Hz, 3H); MS (ESI)
m/z 359.0.

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

[00238]  2-((3-benzyl-5-(4-hvdroxyphenyl)pyrazin-2-yl)amino)hexanoic acid.  4-(5-amino-6-
benzylpyrazin-2-yl)phencl (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 reacticn mixture heated to 63°C. Air was
bubbled out by N gas, and a hydrogen balloon applied to the reaction flask. The reaction was
continuously stirred for 4 hrs. After cooling down, it was filtered and the resulting solution was
purificd by flash chromatography (eluting solvent: 50% EtQAc in heptanes) 1o give the product
as a yellow pbwder (130 mg, 46%). MS (ESI}: m/z 392.2 (M+1).

[00238])  8-benzyl-2-butyl-6-(4-hydroxyphenylimidazof 1, 2-afpyrazin-3(7H)-one. 2-((3-
benzyl-5-(4-hydroxyphenylipyrazin-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-
Dicyclohexylcarbodiimide (137 mg, 0.67 mmol). The reaction mixture was slowly stirred at
room temperature for 1 hr. The solvent was evaporated, and the residue purified by flash
chromatography (eluting solvent; EtOAc to DCM to 10% methanol in DCM) to give the product
as a yellow powder (110 mg, 89%). 'H NMR (300 MHz, CD;0D, 8): 7.30 (m, 8H), 6.88 (d, 2H),
4,40 (s, 2I0), 2.84 (t, 2H), 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-benzyi-3-phenyipyrazin-2-yl)amino)butanoic acid. 3-benzyl-5-phenylpyrazin-2-
amine (200 mg, 0.77 mmol) was mixed with 2-Oxobutyric acid (157 mg, 1.54 mmol} in 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 tor 4 hrs.  After cooling down, it was filtered, and
the resulting solution purified by flash chromatography (eluting solvent: 30% EtOAc in heptanes)
to give the preduct as a yellew powder (90 mg, 34%). 'H NMR {300 MHz, CD.Cls, 8): 7.72 (s,
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VH), 7.32-7.48 (m, 10H), 4.46 (s, 2H), 4.20 (m, 2H), 2.25 (q, 2H), 0.99 (1, 3H); MS (ESI): m/z
348.3 (M+1).

[00241)  2-((3-benzyl-5-phenylpyrazin-2-yl)amino)butancic 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;0OD, 8): 7.26 (m, 3H), 6.84-7.07 (m, 8H), 4.03 (s, 2H), 2.47 (q, J = 9.0Hz, 2H), 0.96 (t,
J=9.0Hz, 3H); MS (ESI)}: m/z 330.2 (M+1).

Example 8 — Synthesis of 8-benzyl-6-phenyl-2-(3,3,3-trifleoropropyl)imidazo[1,2-a|pyrazin-
3{7H)-one

\

N, ANH2
~
L |
i )
MOH
F

Py/OCC/DCM N NH :
D o

[00242] 3,5 5-trifluoro-2-oxopentanvic 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 solutien, and the reaction mixture stirred for 0.5 hrs. Sclvent
was distilled, and the residue extracted with EtOAc/water. The organic layers were co]lecléd and
dried over sodium sulfate. After NHtration, selvent was removed to give a clear liquid. M5 (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 EitQAc. The
organic layers were collected and dried over sodium sulfate. After filtration, solvent was

removed, and the residue used directly in the next step. MS (ESI): m/z 169.7 (M-1}.

[00243] 5.5, 5-rrifluoro-2-((3-benzyl-5-phenvipyrazin-2-y)aminofbutanoic acid.  3-benzyl-5-
phenylpyrazin-2-amine (240 mg, 0.92 mmol) was mixed with 5,5,5-trifluoro-2-oxopentanoic acid
(150 mg, 0.88 mmol) in ethanol (2¢ 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% EtQAc in heptanes) to give the product as a yellow powder (200 mg, 54%).
TH NMR (300 MHz, CD;Cly, 8): 11.45 (s, 1H), 10.20 (s, 1H), 7.94 (s, H), 7.34 (m, 10H), 5.34
(5, 2H), 3.96-4.23 (m, 2H), 3.02-3.28 (m, 2H); FNMR: -76.3; MS (ESI): m/z 416.1 (M+1).

[00244) Coelenierazine (R = H, Ry = -CH,CH,CF3). | 5,5,5-trifluoro-2-((3-benzyl-5-
phenylpyrazin-2-yl}Jamino}butanoic acid (100 mg, 0.24 mmol) was dissolved in DCM (10 mL).
Pyridineg (0.5 mL} was added lollowed 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: EtQAc 1o DCM 10
10% methanol in DCM) to give the product as a yellow powder (80 mg, 87%). TH NMR (300
MHz, CD,Cl, 8): 7.36 (m, 11H), 3.43 (s, 2H), 1.60-1.92 (m, 4H); FNMR: 67.4 (1, 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 (PBI-3939) '

o

OW
N \N
i
H
PBRI-3939

[00245]  S-benzyl-2-(furan-2-yimethyl)-6-phenylimidazof I, 2-a]pyrazin-3(7 H)-one;

Synthesized from method C using 3-(furan-2-yl)-2-oxopropancic acid and 3-benzyl-5-
phenylpyrazin-2-aminc as starting materials. 'H NMR (300 MHz, dmso) 3 B.88 (s, 1H), 8.02 (4,
J=17.9,2H)}, 7.6]1 —7.38 (m, 6H), 7.37 — 7.14 (m, 3H), 6.38 (s, IH), 6.26 (d, /= 3.2, 1H), 4.64 (5,
3H), 4.40 (s, 3H); exact mass calculated for C2HzoN30," m/z+ 382,16, found m/z+ 382,
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Example 10 - Synthesis of 8-benzyl-6-phenyl-2-(thiophen-2-ylmcthyl)imidaze[l,2-
ajpyrazin-3(7H)-one (PBI-3889)

PB1-3889

[00246) 8-benzyc’-6-pheny(-2—(rhfophen—?—y!methjz!‘) imidazof1, 2-ajpyrazin-3(7H)-one:

Synthesized (rom methed C using 2-oxo-3-(thiophen-2-yl)propancic acid and 3-benzyl-3-
phenylpyrazin-Z-amine as starting materials. 'H NMR (300 MHz, dmso) & 8.85 (s, 1), 7.99 (d,
J=6.8, 2H), 7.63 — 7.02 (m, 10H), 6.94 (dd, J = 3.3, 3.1, 1H), 4.62 (s, 2H), 4.58 (5, 2H), 2.69

{contaminate); exact mass calculated for CaqHzoN3OS" m/z+ 398.13, found m/z+ 398.

Example 11 - Synthesis of 8-cyclopropyl-2-(4-hydroxybenzyl)-6-phenylimidazo[1,2-
ajpyrazin-3(7H)-one (PBI-3897)

PBI-3897

[00247]  &-cyclopropyl-2-(4-hydroxybenzyl)-6-phenylimidazol 1, 2-ajpyrazin-3(7H)-one:
Synthesized using method A with 3-cyclopropyl-5-phenylpyrazin-2-amine and 3-{4-
hydroxyphenyl)-2-oxopropaneic acid as starting materials.  Exact mass calculated for

C2:H1gN3O02 miz- 356.14, found m/z- 356.

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

(PBI-3932)
2,
i
PRI-3932

[00248]  8-benzyl-2-methyl-6-phenylimidazof !, 2-a]pyrazin-3(7H}-one: Synthesized using
method B with i,l—dimethoxypropan-Z-one and 3-benzyl-5-phenylpyrazin-2-amine as starting

materials. Exact mass calculated for CogH gN3O" m/z+ 316.14, found m/z+ 316.
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Example 13 - Synthesis of 2-(4-hydroxybenzyl)-8-methyl-6-phenylimidazo|1,2-a]pyrazin-
3(7H)-one (PBI-3896)

rn
+ PBI-38%6

[00248)  2-(4-hydroxybenzyl)-8-methyl-6-phenylimidazof1,2-a]pyrazin-3(7H)-one:

Synthesized using method A with 3-methyl-5-phenylpyrazin-2-amine and 3-(4-hydroxyphenyl)-
2-oxopropancic 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, 3ID), 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, LH).

Example 14 — Synthesis of 8-benzyl-2-(4-hydroxybenzyl)-6-phenylimidazo[1,2-a]pyrazin-
3(7H)-one (PBI-3840)

D\},_(_Q_OH
. M \"
| |
H
PBI-3840

[00250]  &-benzyi-2-(4-hydroxybenzyl)-6-phenylimidazefl, 2-alpyrazin-3(7H)-one: Synthesized
using method A with 3-(4-hydroxyphenyl)-2-cxopropanoic acid and 3-benzyl-5-phenylpyrazin-
2-amine as starting materials. Exact mass calculated for CasH2N3O:" miz+ 408,17, found mfz+

4408,
Example 15 - Synthesis 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 atmosphere, was added one equivalent of
chioromethyl 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., EtQAc), 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(7TH)-ene (PB1-4525), 8-benzyl-6-(4-hydroxyphenyl)-2-({1-
methyl-1H-imidazol-2-ylymethyl)-6-phenylimidazo|1,2-a]pyrazin-3(7H)-one (PBI-4540) and
2-((1H-imidazol-2-yl)methyl)-8-benzyl-6-phenylimidazo|1,2-u|pyrazin-3(7H)-one (PBI-
4541)

PBI-4525 PBI-4540 PBI-4541
R L L
NN o Bu—Li R 0
I T e
XY
O THF N ©
1 R= Me 3 4 R= Me
2 R=Ph3C 5 R=Ph3C
R
L N
N__NH; Y O OM )
7 2N \ﬂ/\n)\o,\ 100C/ 1.5h NN
i i & EICH - |
Ph HCt N
R; o R oy
2
6 R2=H 8§ R= Me 10 R= Me.R2=H
¥ Rz2=0H 9 R=Ph3C 11 R= Me, R2=0OH
12 R=H,R2=H

[00252] To a flask containing 10 mmol of 2-methy] imidazole derivative 1 or 2 under an argon
atmosphere, 20 mL of dry THF was added, and the solution was cooled in a dry ice/acetone bath
to approximately -78°C. Te the cold mixture, 9.3 mmol of a solution of n-butyllithivm (2.46 M
in Hexanes) was added dropwise over scveral minutes. The resukting solution was stirred at
approximately -78°C for 30 min, and 6.7 mmo] of compound 3 was added via syringe. The
reaction mixiure was stirred for 3 hrs and quenched with the addition of 20 mL saturated
ammonium chloride selution and 20 mL of saturated sodium bicarbanate selution. The cold bath
was removed, and after warming to room temperature, the mixture was extracted with 3 x 100
mL of EtOAc. The combined extracts were dried (MgSQy), concentrated in vacuo, and the erude

compounds 4 or 5 were purified by column chromatography using silica gel (EtOAc/Heptane).

[00253] A microwave vial was charged with 100 mg {1 eq) of compound 6 or 7 and 2
equivalents of compound 8 or 9. To the mixture, 4.5 mL of ethanol and 0.25 mL of concentrated
HCI was added. The reaction mixture was heated in a microwave at 100°C for 1.5 hr. The
resulting mixiure was added to 50 mL of EtQAc 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 wusing silica gel

{methanol/dichloromethane) to give compounds 10-12.

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

[00254] The stability and auto-luminescence characterization of the novel coelenterazines
PBI-3939, PBI-3889, PRI-3943, PBI-4002, or PBI-3896 were determined. Higher stability and

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

[00255)] To determing stability, 20 uM of novel coelenterazines PBI-3939, PBI-3889, PRI-
3945, PB1-4002, or PBI-3896, 30 pM native coclenterazine, or 22 pM of known coelenterazine-h
or known coelenterazine-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 uL of bacterial cell lysate containing the OglLuc variant 1V
in 40 pL of DMEM without phenol red + 0.1% PRIONEX®. The luminescence of the sample

was read at 5 min after [V addition.

[00258] “Ty” indicates the amount of time for the luminescent signal to deca;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 (“Top™) was determined from the slope of the linear fit of the data plotted as In RLL vs.
time, which was calculated from the following equation: t = In (A/Ap) + (-k), where A =
intensity al time t, Ap = intensity at time 0, and k = the rate of decay. As shown in Table L, the
Teo values for known coelenterazines-h and -hh, novel coelenterazines PB1-3939, PBI-3889, PBI-
3945, PBI-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
avernight 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, PBRI-4002, PBI-3841, PBI-3897, PBI-3896, PBI-3925, PBI1-3894, PBI-3932, and
PB1-3840, 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 1 shows the auto-lumins,;scence characterization

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

less auto-luminescence.

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

Coelenterazines.
Substrate ID Stabilit‘y (pH 8) |Autolum (norm to
(T, in hrs) coel)

Coel 1.7 1

Coel h 2.1 1.2

Coel hh 2.0 0.3
3939 4.1 0.2
3889 29 ' 0.2
3945 33 0.5
4002 35 0.6
3841 a1
3897 _ 0.1
3896 2.8 ¢.1
3894 02
3932 0.1
3840 0.2
3925 0.2

Example 18 — Toxicity of Novel Coelenterazines

[00258] The toxicity of the novel coelenterazines were investigated in HEK293 cells.
HEK293 cells were grown overnight at 15,000/ well in DMEM + 10% FBS + pyruvate. The
media was removed and replaced with the novel 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 coclenterazine-h and
coelenterazine-hh, and the novel coelenterazines PB1-3939, 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-bh. Some of the novel

coelenterazines had the same toxicity as native coclenterazine and coelenterazine-h,

Table 2: Toxicity of Various Coelenterazines in HEK293 Cells Based on CELLTITER-
GLO®

Substrate Viability (normalized to vehicle (DMSO)
control) (%)

Native coelenterazine 100
Coelenterazine h 100
Coelenterazine hh 87
PB1-393% 39
PBI-3889 90
PBI-3841 100
PBI-3897 100
PB1-3943 100
PBI-4002 100
PBI-3840 60

Example 19 - Km of PBI-393%

[00259] To determine the Km of PBI-3939, the OglLuc variant L27V (described in Example
26) was purified via HALOTAG® fusion using the HALOTAG® Protein Purificalion System
according to the manufacturer’s instructions and diluted in DMEM without Phenol Red and 0.1%
PRIONEX®. 50 pL assay buffer (100 mM MES pH 6, 35 mM Thiocurea, 0.5% 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 pM.
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 with 36 pM purified L27V02 enzyme (described in
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Example 25B), in DMEM without Phenol Red and 0.1% 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 PBI-4525, PBI-4540 and PBI-4541 can be used to detect juminescence from a

coelenterazine-utilizing luciferase.

Table 3

cmpd REU +-
4525 20,655 1,006
4528 202,080 5,688
3939 |5,808,880| 307,565
4340 9069 7
asa1 | 5,676 80

Example 21 — OgLuc Pattern Sequcnce

[00261] FEnzyme families, including different classes of luciferases, can be recognized by
having common three-dimensional structures 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
functional analysis, the invenlors have determined that Oglue, as a representative of decapod
luciferases, has a strikingly similar three-dimensional structure to Fatty Acid Binding Proteins
(FABPs), indicating commonality of evoluticnary history. Thus, decapod luciferase may be
defined as having a characteristic three-dimensional structure similar to FABPs and utilizing
coclenterazine as a substrate to catalyze the emission of luminescence. Other luciferases, e.g.,
firefly luciferase, Renilla luciferase, bacterial luciferase, and so forth, have clearly distinet three-
dimensional struclures, indicaling that they belong 1o din"erent enzyme families and do not share
evolutionary histories. Dinoflagellate luciferase has a three-dimensional structure exhibiting
some similaritiecs to FABPs, suggesting a shared evolutionary 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 comumnonality 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 most preferably > 50%, and the protein can utilize coelenterazine as

a substrate to catalyze the emission of luminescence.

[00263] Because of structural constraints necessary to sustain the characteristic three-
dimensional structure of an enzyme family, some portions of the amino acid sequences in an
enzyme family exhibit greater amounts of conservation (i.e., a greater level of sequence identity).
Thus, these conserved regions can serve as further evidence of a common threc-dimensional
structure shared between two proteins. A conserved sequence paftern, also called a signature,
motif, or fingerprint, can be generated by manual or computational methods that are known in the
art. Patterns can be found in public databases such as PROSITE (http://expasy.org/prosite;
Sigrist et al., Nucleic Acids Res. 38(suppl 1:D161-D166 (2010)).

[00264] For example, a pattern of conserved aminc acids can be found upon examination of a
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}-[FY W]-x-[LIVMF}-x-x-{K}-x-[NHG]-[FY]-[DE]-x-{LIVMFY]-
[LIVM]-{N}-{G}-[LIVMAKR] (SEQ ID NO: 329) (VI),

[00266] where:

. the standard IUPAC 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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. each sequence position is referred to as a “pattern position”, for example the
[GSAIVK] would be considered pattern position 1 of Formula (VI), {FE} is considered pattern

position 2 of Fermula (VI), ete.

[00267] Although a conserved sequence pattern results from a common underlying three-
dimensional structure, some changes to the sequence pattern may be allowed without disruption
to the three-dimensional structure. For example, for some members of the FABP family,
differences are found at four sites in the PROSITE pattern.  These additional members of the
FABP family include five proteins listed in PROSITE as false negative hits, i.e., FABP protein
family members not picked up by the FABP pattern (UniProt dalabase accession numbers
FBP12 HUMAN, FABP1_FASGI, FABP2 FASHE, FABPL_SCHB], RETS_BOVIN) and one
protein known to have an FABP fold (Protein Data Bank accession number 2A02). Although
OgL-ué shares a closely similar three-dimensional structure with FABPs, the sequence patterns of
the native and variant amino acid sequences also differ slightly, having differences at 5 positions
from the PROSITE pattern. In various embodiments, the pattern in OgLuc begins at a position
corresponding to position 8 of SEQ ID NQO: 1. An amino acid subsiitution, 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:

[00269] [GSA[VK]-{FE}-[FYW]-x-[L]VMFSYQ]-x-x-{i(}-x»[NHGK]-x-[DE]-x—
[LIVMFYJ-[LIVMWF]-x-{G}-[LIVMAKRG] (SEQ ID NO: 330) (VII).

[00270] The sequence information used to derive this pattern is shown in Table 4.I 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 NQ: 1). Column 2 shows the PROSITE FABP pattern (Formula (VI)) element for each
pattern position. Column 3 lists amino acids present in six FABP family members that are not
represented by the PROSITE FABP pattern. Column 4 lists amino acids present in Ogluc (SEQ
ID NO: 1) or OgLuc variants that are not represented by the PROSITE pattern. Column 5 lists
the improved pattern (“OgLuc pattern”} (Formula (V11)} created by merging pattern information
from columns 2, 3, and 4. Column 7 lists the amino acids in OgLuc (SEQ 1D 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, AAAG8491, AAC36472,
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AAV3S5379, AAV35380, AAL40676, AAL4D677, AAV35378, AAV35377, AAV3538], and

Protein Data Bank accession number 1VPR),

[00271] The improved pattern (Formula (VII}) 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 commenality of the three-dimensional
structure. From the examples given here, a common three-dimensional structure may exist even
with as many as 5 changes in the pattemn. Also, for examplf;, 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 coelenterazine for luminescence, it can be furiher
recognized by also having the improved sequence pattern. Specifically, a protein is a decaped
luciferase if, upen alignment of its amino acid sequence with SEQ ID NO: 1 or variants thercof,
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}-[LIVMAKRG] (SEQ ID NO: 330) (VII},

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

]:;ositions of Table 4.

Table 4: Protein sequence patterns

PROSITE i
Pattern Other + Ogluc wt OgLuc | OglLucwt | Dinofl.
. FABP patiern . OgLuc pattermn
position FABPs | & variants position | sequence | Luc
PS00214
[GSAIVK] [GSAIVK]
i (SEQ [D NO: 427) (SEQIDNO.579) | 8 G G
2 {FE} {FE} 9 D R
3 [FYW] T TFYw) 10 w W
4 X X i1 Q I
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[LIVMF] [LIVMFSYQ]
5 SEQID N s9gy | SY Q SEQIING:seny | 12 Q T
6 |x X 13 T V]
- 7 ) X B X 14 A S
8 {K} {K} 15 G G
9 X X 16 Y G
[NHGK]
10 [NHG] K GEQID NG 58y | 17 N g
Sk Rt I AVIK]
(SEQ 1D (SEQ 1D
11 [FY] no:ssy | {FY} X’ 18 Q NO: 582)
12 | {DE) [DE] 19 D 14E)
N x - 20 Q F
[LIVMFY] [LIVMFY]
14 (SEQ ID NO: 583) (SEQ DNO: 584y | 21 v I
[LIVM] [LIVMWE]
15 (SEQID N 585y | W F SEQ I NO: sgey | 22 L K
[EKTQ]
(SEQ D
16 {K} K X 23 E NO; 587)
17 {G} {G} 24 Q (AV]
[LIVMAKR]} [LIVMAKRG]
18 (SEQ ID NO: 588) G (SEQIDNO: 589y | 25 G [v1}

Example 22 - Generation of OgLuc Variants
[00275] Experimenial Details

[00276] Unless otherwise stated, further variants of a starting OgLue variant sequence with
random substitutions were generated using the error-prone, mutagenic PCR-based system
GeneMorph 11 Random Mutagenesis Kit (Stratagene; Daughiery, PNAS USA, 913):2029
(2000)), according to manufacturer’s instructions, and NNK site saturation (Zheng ef al., Nucleic
Acids Research, 32:el15 (2004)):

[00277] Further varianis ol a starting OgLuc varianl having specific mutations were generated
using the oligo-based site-directed mutagenesis kit QuikChange Site-Directed Mutagenesis Kit
(Stratagene; Kunkel, PNAS US4, 82(2):488 (1985)), according to the manufacturer’s instructions,

[00278} The resulting variants were constructed in the context of pF1K FLEXI® vector for T7

promoter-based expression (Promega Corp.). Alfernatively, 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
herein as “HT7”) (Ohana ot 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 pF1K vecier background. The CI+A4E library was generated
in a pF4Ag vector background with no HT?. 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 used to

transform KRX E. coli using techniques known in the art.

[00279] Generated OgLuc variants are named for the amino acid substitutions identified in the
variant and/or for the E. coli clone that contained the variant, e.g., FIG. 6A shows, among other

results, that E. cofi clone 16C35 has the substitution Q20R.
[00280] Screening Details

[00231]' Resulting libraries were expressed in E cofi and primarily screened with a robotic
system for OglLuc variants having increased light output (i.e., increased luminescence, increased
brightness, or increased light emission} or a change in relative specificity compared to the
corresponding starting OgLuc variant. The robotic primary screen was conducted as follows:
individual colonies from the generated library were used to inoculate minimal media in 96-well
plates and grown at 37°C for 17 to 20 hrs ("M1 culture™). The M1 culture was diluted 1:20 with
fresh minimal media and grown at 37°C for 17 — 20 hrs (“M2 culture”). The M2 culture was
diluted 1:20 into induction media and grown 17-20 hrs at 25°C with walk-away induction, i.c.,
autoinduction (Schagat et al., “KRX Autcinduction Protocol: A Convenient Method for Protein
Expression.” Promega Notes, 98:16-18 (2008)). The induction media contained rhamnosc and
glucose when novel 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 rhamnose or glucose wilen native coelenterazine,
known coelenterazine-h, or nevel coelenterazines PBI-3840, PBI-3889, PB1-3899, or PBI-3900
were used as substrates in the primary screen. The use of the different induction media was
determined based on the Juminescence gencrated between CI+A4E and the novel
coelenterazines, i.e., the induction media containing rhamnose and glucose were used with novel
coelenterazines that generated less luminescence with Cl1+A4E compared to the other novel

coelenterazines with C1+AA4E.
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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 ¢.003 U/uL RQ1 DNase and measured for luminescence with
50 pL assay bufTer containing 150 mM KC}, 1 mM CDTA, 10 mM DTT, 0.5% TERGITOL®
NP-9 (v/v), and 20 pM of a native, known, or novel coelenterazine as a substrate. Luminescence
measurements for each variant were taken 3 min after reagent addition and relative luminescence
unit (RLU} values were normalized to an average of § control wells of the cotresponding starting

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

- [00283] OQgLuc variants of interest were sequenced using standard sequencing techniques
known in the art to identify any additional amino acid substitutions in each such variant. A
secondary screen using a non-robotic (manual} system was performed on the variant clones of
interest, The manual screen was conducted as follows: Variant clones were grown, in triplicate,
in 96-well plates and expressed and assayed as described for the automated assay except the
assay buffer was added manually with a multichannel pipette. For each variant, luminescence
was measured, averaged, and normalized to the comresponding starting OgLuc variant.

Luminescence measurements were made using a TECAN® INFINITE® F500 luminometer.

[00284) Determining C hange in Relative Specificity

[00285] Relative substrate specificity was determined by dividing the lumingscence 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, 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
iest coelenterazine substrate and the reference coelenterazine substrate that were compared were

considered a comparisen substrate pair for determining relative substrate specificity,

[00286] A change in relative subsirate specificity was determined by dividing the relative
substrale 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., native 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 Lo 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
coclenterazine was compared to the luminescence with another native or known coelenterazine.
The luminescence with one native or known coelenterazine was compared to the luminescence

with a novel coelenterazine.

[60288] An inecrcase in luminescence (RLUs) for the OgLuc variant compared io the
corresponding starting OgLuc template for novel coelenterazine and a decrease or ne change in
luminescence for a reference coelenterazine was indicative of a change in relative specificity. A
decrease in luminescence of an Ogluc variant for both the novel and reference coelenterazines
compared to the corresponding starting OgLuc, but the luminescence of the OgLuc variant with
the novel 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 Ogluc
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

activity/stability/expression of the OgLuc variant.
[00289] 4. 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+AA4E has the following amino acid substitutions: A4E, Q11R, A33K, V44], A54F, P115E,
Q124K, Y1381, and N166R, relative to SEQ ID NO: 1. Luminescence of C!+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 ccelenterazines as substrates (FIGS. 5A-G). FIG. 5A
shows the luminescence of CI+A4E using native coelenterazine (“coelenterazine™), known PBI-
3880, and novel coeclenterazines PBI-3842, PB1-3857, PBI-3881, PBI-3832, PB1-3886, and PBI-
3887 as substrates. The luminescence measurements using known and novel coelenterazines
were normalized to the luminescence of C1+A4LE using native coelenterazine and the fold-

decrease compared to native coelenterazine (FIG. 5B). FIGS. 5C-E show the luminescence of
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C1+A4E using native coelenterazine and novel coelenterazines PBI-3945, PBI-3894, and PBI-
4002, respectively, FIG. 5F shows the luminescence of Ci+AA4E using native coelenterazine and
novel coelenterazines PBI-3840, PBI-3897, PBI1-3889, PBI-3899, and PB1-3900. FIG. 5G shows
the luminescence of CI+A4E using native coelenterazine, known coelenterazine PB1-3912 and
novel coelenterazines PBI-3913, PBI-3925, PB-3939, PBI-3933, PBI-3932, PBI-3946, PBI-
3841, and PBI-3396. The data indicates the Cl+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+AdE, unless otherwise indicated. A library (Library 1) of 4400 variant clones of
CI+A4E was generated by random mulagenesis as described previously and screened as
described previously for improvement in relative specificity change and/or activity change, ¢.g,,
brightness.  The variants were primarily screened with native coelenterazine, known
coelenterazine-h, known PBI-3880, and novel coelenterazines PBI-3840, PBI-3841, PBI-3842,
PBI-3857, PBI-3881, PBI-3886, PB1-3887, PBI-3889, PB1-3897, and PBI-3%00 as substrates. In
addition, half of the variants were screened with novel coelenterazines PB1-3896 and PBI-38%4
as substrates. Plates containing varianls having known mutations of interest identified trom
screening previous novel compounds were selected. Variaﬁts that shewed improvement (either
relative specificity change or activity change) for one or more of the novel coelenterazines tested

in the primary screen were isolated, sequenced, and screened in a secondary screen.

[00292] In the secondary manual screen, the variants were tesled with known coelenterazines
PBI-3912, coelenterazing-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, PB1-3945, PBL1-3913, and PBI-38%6 as substrates. FIGS. 6A-D summarize the
average luminescence normalized to CI+A4E for the wvariants (“Clone”). FIGS, 6A-D
summarize the substitutions in these variants (“AA sequence”), which had at least one of the
following additional amino acid substitutions: A]4V; G15R, QI8L, Q20R, L22]1, E23K, L27V,
L27M, K33N, T391, E49K, F548, F341, D35G, 156V, V581, V38L, ISQ’I‘, S66T, G67S, F68S,
L72Q, M75K, I76N, F77T, F77C, K89E, 190V, 90T, L92H, H93R, M106K, Y109F, P1{3T,
IT17F, 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 pravided 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 amino acid substitution
80



QI3L in clone 40H11, the amino acid substitution L92H in clone 04A12, and the amino acid

substitution Y L 09F in clone 43F9 provided improved relative specificity.

[00294] Table 5 lists C1+A4E variants with an additional amino acid substitution at position
77, 92, or 109 (*AA change”), generated as described previously. These variants were analyzed
for increased light output as described previously, i.e., screencd for variants that were at least
1.3x brighter than C1+A4E, using native coelenterazine, known coelenterazine-hh, and novel
coelenterazines PB1-3939, PBI-3894, PBI-3896, PBI-3897, PBI-3932, or PBI-3925 as a
substrate. The following additional substitutions yielded a variant that was at least 1.3x brighter
than C1+A4E: L92G, 1.92Q, 1928, L92A, L92M, L92H, LO2Y, F77W, F77Y, F7IS, F77T,
F77V,, F77A, F77G, F77C, F77D, F77M, and Y109F. As shown in Table 5, L92H, F77W and
F77A substitutions had the most dramatic imprevements with PBI-38%7, PBI-3896, and PBI -
3932,

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

AA native | hh PBI- |PBI- |PBl- |PBI- |PBL |PBI
Change 3939|3894 |3896 [3807 |3932 | 3925
L92G |22

L92Q |2 I8 16 1.3 1.4 2.8 14 3.4
L92S |29 1.5 2.9 2.7 6
L92ZA |25 1.3

L92M 1.3

L92H 22 21 9.1 34 5.9
Lo2Y 2.5
F77TW |14 1.4 14 8.3 32 1.7 23
F77Y 16 1.3 49 6.5
F77S 26

F77T 23

F77V ‘ 23

F77A 7.9 2.5
F77G 3.1

F77C 2.3

F77D 1.5

F77TM , 15 i.6
Y 109F 134 |14
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[00295] Additional C1+A4E variants (Group A} were generated by site-directed mutagenesis
as described previously 1o have an additional substitution in at least one of the following amino
acid positions relative to SEQ ID NO: 1: 18, 20, 54, 59, 72, 77, 8%, 92, 109, 113, 127, 136, or
164. These amino acid positions were chosen because, based on the primary and secondary
screens of Library |, substitutions at these positions had increased total light cutput compared to
C1+AA4E using at least one of the following as a substrate: novel coelenterazines PBI-3841, FBI-
3896, PBI-3897, PBI-3894, PBI-3923, or PBI-3932, or known coelenterazines 2-methyl
coelenterazine or PBI-3912. FIG. 7 lists the variants (“Clone™} and the additional amine 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 various
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 coclenterazine compared to Cl+A4E. Clone QC27, which has
additional amino acid substitutions Q18L, F541, L92H, and Y109F, had a 561.32-fold-increase in
luminescence with PBI-3896, a 392.98-fold-increase with PBI-3894, and a 283.85-fold-increase
with PBI-3896 compared to C1+A4E. This data shows that Q18L, L92H, and Y109F can be
combined with each other and with additional substitutions to result in variants with improved

relative specificity.

[00296] Other substitutions of interest identified from Library 1 were combined to generate
additional variants {(Group B) (FIG. 10). Additional amino acid substitutions were made in at
least one of the following amino 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, PEI-3897, PB1-3894, PBI-3925, or
PBI-3932. These variants were assayed as described for Group A variants using native
coelenterazine, known coelenterazine-hh, and novel coelenterazines PBI-3939, PBI-3945, PBI-
3840, PB1-3932, PBI-3925, PBI-3894, and PBI-3896. Variant clones were assayed in triplicate
as described for the secondary manua! screen as described previously and normalized to
C1+A4E. FIG. i1 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 IS0V
and/or Y109F (Group C) and compared to variants generated from Group A or B (see FIG. 12).
Clones containing variants with an 190V substitation (“I90V™), a Y 109F substitution (Y 109F”),
or both substitutions (“LE2”) were compared to clones QC #27, QC#2 E7, QC#2 F4, and QC#1
All using assays as described for Group A recombinanis with native coelenterazine, known
coclenterazine-hh, and novel coelenterazines PBI-3939, PBI-3945, PBI-3889, PB1-3340, PBI-
3925, PBI-3932, PRI-3894, PBRI-3896, and PBI-3897 as substrates (FIG. 12). Variant ciones
were assayed in triplicate as described for the secondary manual screen as previously described
and normalized to 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 coelenterazine compared to C1+A4E. FIG. 12
shows that [90V provided greater light output for native coelenterazine and several of the novel

substrates.
[00298] 8. QC27 Variants

[00299] The variant QC27 (SEQ ID NOs: 4 and 5) from A, which has additional amino acid
substituiions Q18L, F541, L92H, and Y109F, was cloned into a pF4A medified vector as
described previously to create a C-terminal HT7 (Promega Corp.) fusion protein (“QC27-HT7")
(SEQ ID NOs: 44 and 45). 4400 variants of QC27-HT7 (Library 2) were generated by random
mutagenesis as describéd previously, and primarily screened for increased relative specificity
change as described previously using native coclenterazine and novel coclenterazines PBI-3896
and PBI-3897 as substrates. Variant clones were selected, sequenced, and assayed in a secondary
manual screen as described previously using native coelenlerazine, known coelenterazine-hh, and

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

[00300] FIG. 13 lists the additional amino acid substitutions (“Sequence™) identified in these
variants (“Sample™), and the luminescence of the variants using native coelenterazine, known
coelenterazine-hh, and novel coelenterazines PB1-3897, PBI-3896, and PBI-3894 as substrates in
the secondary screen normalized to the corresponding starting QC27-HT7. The variants in FIG.
14, had at least one of the following additional amino acid substitutions: F1I, Rt1Q, L181, L18(Q,
V21L, V21M, L22F, F311, Q32H, V45E. L46Q, 847P, G48R, E49D, G51E, D35E, G678, F68Y,
F68L, Q69H, L72Q, E74K, E741, M75K, I76F, 176V, H86R, 190T, H92Q, H92R, T26A, VI8F,
199V, 199T, V102M, M106], F109Y, L142V, V1581, T159S, L168F, or GI170R (the G170R is

located in the linker region between HT7 and the OgLuc variant).
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[00301] The aminoc acid substitutions F68Y in variant 24B12, L72Q in variant 29C4, and
M75K in variant 3111 each provided greater light output for native coelenterazine and several of
the novel substrates. The amino acid substitutions V21L in variant 25A11 and H92R in variant
1B6é provided improved relative specificity. Both of these substitutions were cases where
luminescence signals were down using the novel coelenterazines as substrates, but were down

more using native and known coelenterazines as substrates.

[00302] Additional QC27-HT7 variants were generated to have specific amino acid
substitutions (FIG. '14) using site-directed mutagenesis as described previously. Additional
substitutions were made in at least one of the following amino acid positions relative to SEQ ID
NO: 1: 21, 68, 72, 75, 76, 90, 92, and 158, as these positions showed improvement in relative
specificity change as shown in FIG, 14, FIG. 15 shows the luminescence 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 stasting
QC27-HT7. As seen in FIG. 15, combining the three amino acid substitutions FG8Y, L72Q, and
M75K with V1581, as for example in variant QC27#1, provided greater light output for each

coelenterazine tested.
[00303] C. QC27-%a Variants

[00304]) The variant QC27-9a (SEQ ID NOs: 6 and 7) from B, a QC27-HT7 fusion protein
" with additional amino acid subslitutions VZ1L, H29R, F68Y, L72Q, M735K, and V138I, was used
as a starting sequence to generate a library. 4400 variants of QC27-9a (Library 3) were
generated by random mutagenesis as described previously and screened for increased relative
specificity change using native ccelenterazine and novel coelenterazines PB1-384]1 and PBI-
3897. Variant clones were selected, sequenced, and assayed in a secondary manual screen as
described previously using native coelenterazine, known coelenterazine-hh, known
coelenterazine-h, and novel coelenterazines PBI-3841 and PBI-3897 as substrates. FIG. 16 lists
the additional substituticns (“AA change™} identified in the variants (“Sample™), and the average
luminescence of the variants using native coelenterazine, known coelenterazine-hh, known
coelenterazine-h, and mnovel coelenterazines PB1-3841 and PBI-3897 as subslrates in the
secbndaxy 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 30012 with
the amino acid substitution L.22F had an approximately three-fold loss in activity with the novel

coelenterazines PBI-3841 and PBI-3897. However, with native coelenterazine, known
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coelenterazine-h, and known coelenterazine-hh, the luminescence of the variant 30D12 was

down by ten-fold or more.

[00305] FIG. 17 shows a comparison of the luminescence of CI+A4E, QC27-HT7 and QC27-
9a compared to humanized Renilla luciferase (referred herein as “hRL") (SEQ ID NOs: 30 and
31) using native coelenterazine, known coelenterazine-hh, and novel coelenterazines PRI-3841
and PBI-3897 as substrates. Although the reactien of QC27-9a with PB1-3897 was brighter than
QC27-% with PBI-3841 (sec FIG. 17), the evolution trend, i.e., magnitude of improvement in
luminescence, was preatest 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

native coelenterazine,

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

3841 Compared to Native Coelenterazine and coelenterazine-hh.

Compound Evolution trend: Change in relative specificity (novel
C1A4E to QC27 #9a coelenterazine/native coelenterazine)
coelenterazine DOWN 800X
coelenterazine-hh DOWN 300X
PBI-3897 UP 100X $0,000X
PBI-384I UP 440X 350,000X

[00306] D. [VY¥ Variants

[00307] IVY (SEQ ID NOs: & and 9), a CI1+A4E variant with additional amino acid
substitutions F341, 190V, and F77Y, was cloned into a pF4A modified vector as described
previously to create a C-terminal HT7 fusion pretein (“IVY-HT7”). 4400 variants of [VY-HT7
(Library 4) were generated by random mutagenesis and screened for increased light cutput (i.e.,
increased brighiness) and increased relative specificity using native coelenterazine, known
coelenterazine-hh, and novel coelenterazines PRI-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 deseribed previously using native coelenterazine, known coelenterazine-hh,
and novel coelenterazines PBI-3889, PBI-3939, PB1-3945, 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-39435, and PBI-
4002 as substrates in the sccondary screen. FIG. 18 lists those variants chosen based on
performénce with PBI-3945 (Group A), which had at least one of the following amino acid
substitutions: Q18H, D19N, Q20P, Q32P, K33N, V381, V38F, K43N, I144F, E49G, 160V, Q69H,
176N, Y77N, Y94F, G938, GI5D, F1101, V119M, K124M, L1491, or R1528. FIG. 19 lists those |
variants chosen based en performance with PBI-3889 (Group B), which had at least one of the
following amino acid substitutions: F6Y, Q18L, L27V, S28Y, Q32L, K33N, V36E, P40T, Q42H,
NSOK, GSIR, H86L, N133D, or [155T.

[00308] Additional IVY-H'I'7 variants were generated to have additional specific amino acid
substitutions using site-directed mutagenesis as described previously, FIG. 20 lists varianis 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-3943 and PBI-4002. FIG. 21 shows the
luminescence of the variants listed in FIG. 20 normalized to [VY-HT7 using native
coelenterazine, known coelenterazine-h, known coelenterazine-hh, and novel coelenterazines
PBI-3939, PRI-3945, PBI-4002, PBI-3932 and PBI-3840 as substrates. None of the variants
showed an improvement over IVY-HT7, but there were instances, such as variant C5.19 (SEQ ID
MNOs; 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 [.149], '

[00309) FIG. 22 lists variants with at least one of the following additional amino acid
positions relative to SEQ ID NO: 1: 6, 18, 27, 28, 33, 84, 36, 40, 50, 51, 135, and 155, as these
substitutions were identified in the vatiants of FIG, 12, 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, PBI-3945, PBI-3889, PBI-4002, PBI-3932, and PBI1-3840 as
substrates normalized to IVY-HT7. Luminescence decreased for cach of the variants compared
to IVY-HT7. Variant C1.3 (SEQ ID NQs: 10 and 11) had about 2000-fold more luminescence
with PBI-3939 than with native or known coelenterazine. Variant C1.3 has additional aminoc acid

substitutions F6Y, K33N, N135D, and I155T.

[00310] The best IVY-IIT7 variants for relative specificity change compared to hRL and IVY-

HT7 were C5.19, which had the best luminescence with PBI-39435, 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 HT? fusion) with native coelentcrazine, known

coelenterazine-h, known coclenterazine-hh, and novel coelenterazines PBI-3939 and PBI-3945.
[00311] E [V Varianis

[00312] IV (SEQ ID NOs: 14 and 15), a CI+A4E variant with additional amino acid
substitutions F541 and 190V, was generated as previously described. To determine the brightest
variant for use as a transcriptional reporter, luminescence was measured as described previously
provided for C1+A4E (SEQ 1D NOs: 2 and 3), IVY (SEQ ID NOs: 8 and 9), and 1V (SEQ ID
NOs: 14 and 15) using nat{ve coelenterazine, known coelenterazine-hh, and novel
coelenterazines PBI-3939, PBI-3945, PBI-3889, and PBI-4002 as substrates. hRL was used as a
control. As seen in FIG. 25, IV was brighter than both C1+A4E and IVY. The amino acid
substitution 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.e., screenings of the libraries generated from C1+A4E,
IVY, and QC27 as the starting sequences) were reviewed to determine those additional amino
acid substitutions with incrcased light output (i.e., increased brightness) with a variety of
coelenterazines, 1V variants were generated as described previously to have additional
sobstitutions 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 thé following amino acid substitutions: F11, E4K, Q18L, L27V,
K33N, V381, F68Y, M70V, L72Q, M75K, or V102E.

[00314]  Sixteen plates of variant clones for all combinations of amino acid substitutions were
primarily screened and assayed using the automated robet method described previously with
native coelenterazine, known coelenterazine-h, known coelenterazine-hh, and novel
coelenterazines PBI-3889 and PBI-3945 as substrates, Variants with improved luminescence
were selected, sequenced, and assayed in triplicate using the manual screen as described
previously. Luminescence was measured using native coclenterazine, known coelenterazine-h,
known coelenterazine-hh, and novel coelenlerazines PBI-3889, PBI-3939, PBI-3945, and PBI-

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

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

substitutions F1I, L27V, and V381, had improved relative specificity with novel coelenterazines,
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but was not brighter than IV. Variant 8F2 (SEQ ID NOs: 46 and 47), which has additional amino
acid substitution L27V, offered improved relative specificity and brightness with 3 of the 4 novel
coelenterazines used. Variant 9B8 (SEQ ID NOs: 18 and 19), which has additional amine 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 ID NOs; 20
and 21}, which has additional amino acid substitutions Q18L, L27V, V38I, F68Y, L72Q, and
M75K, showed similar improvements as was seen with 8F2. Variant 15C1 (SEQ ID NGs: 16
and 17), which has additional amino acid substitutions E4K, K33N, F68Y, L72Q, and M73K,
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 ceontext of IV, In
general, the amino acid substitution L27V provided improved relative specificity in the context

of IV,

[00316] FIG. 28 shows the luminescence of the 8A3, 9B&, 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-400Q2 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 1o 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 amine acid substitutions at
position 72 would provide similar increases in brightness, additionat variants of 9B8 were
generaled as described previously by saturating position 72 with alternative residues. Four
replicates of E. coli lysates were prepared and analyzed for brightness as described previously
using PBI-3939 as a substrate except the assay buffer contained 10 mM CDTA, 150 mM KCJ, 10
mM DTT, 100 mM HEPES, pH 7.0, 35 mM thiourea, and 0.5% TERGITOL® NP-9 (v/v). Table
7 lists 9B& variants (*Variant™) with similar or improved luminescence compared to 9B8 as

indicated by luminescence normalized to 9BE (“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 Variant 9BS.

Variant RLU (normalized to 9B8)
9BS + Q72A 1.1
9B8 + Q72G 1
9B8 + Q72N 1
9B8 + Q72R 1
9B8 + Q72M 1

[00319] Additional wvariants with improved relative specificity to novel PBI-3939 were
gencrated 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 PBL-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 comresponding 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 coelenterazine. 9BR
variants with amino acid substitutions K, D, F, G, Y, W, and H al position 1§ had the highest fold

improvement in relative specificity.

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

Relative specificity
Variant :
(PB1-3%39 RLU/native coelenterazine RLU; normalized to 9B8)
9B8 + L18K 40.7
9B8 +L18D 25.8
9B8 + L18F 25.6
9B8 +L18G 8.2
9B8 +L18Y 17.8
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9B + L18W 11.2
9B8 + L18H 9.1
988 + L18R 3.5
9B8 + L18M 3.4
9B8 + L18N 2.9
9B8 + L18P 2.6
9B8 + L18S 2.3
OBS + Y68W 1.1
9B8 + Q72W 6.1
9B8 + Q72Y 2.5
9B8 + Q72F 2.2
"9BS + Q72V 2.2
9B8 + Q721 2.1
9B8 + Q72T 1.9
9B8 + Q72N 1.8
988 + Q72R 1.7
9B8 + Q72P 1.6
9B8 + Q72G 1.5
9BS + Q72A 1.4
9B8 + Q72M 1.3
9B8 + Q72C 1.3
9B8 + Q72H 1.2
9B3 + Q728 1.2
9B8 + M75F 1.2
OB + VOOR 2.4
988 + VO0Y 1.6
9B8 + V0D 1.4
9B8 + VOOP 1.4
9B8 + V90K 1.3
9B8 + VO0Q 1.2
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[00320] G. 988 + K33N Variants

[00321]  An additional variant, 9B8 opt+K33N (SEQ ID NOs: 42 and 43) was generated to
investigate the benefits of amino acid substitution K33N for brightness, relative specificity, and
thermal stability, 9B8 opt+K33N was examined and compared to 9B8 opt (described in Example

25A) in various applications.

[00322) E. coli lysates 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 mcasured 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 9B8 opt (FIG. 29), indicating that the K33N substitution provided

greater Jight output and improved relative specificity.

[00323] A new Ogluc library was created using SBRopt+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 clonres. This PCR library was cloned into the pFdAg-
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 17¢ in the -
OgLuc variant (*170G™). The 170G is present in the sandwich construct, but in this case is
considered part of the linker between OgLuc and HT7. For each library, 4,400 E. coli clones
were assayed as described previously with the following exceptions. The lysis buffer contained
300 mM MES pH 6.0 instead of HEPES, and 0.5% TERGITOL® NP-9 (v/v}, but did not contain
thiourea. The assay buffer contained 100 mM MES pH 6.0 instead of HEPES, and 35 mM
thiourea. The assay volumes were as follows: 10 pl, cells, 40 pL lysis buffer, and 50 puL assay

buffer.

[00324] The PCR library in the pF4Ag-based non-fusion background was screened for
additional variants with increased luminescence compared to YB8 opt+K33N+170G (SEQ ID
NQOs: 68 and 69). Selected variants were then assayed in HEK293 and NIH3T3 cells. For each
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cell type, 15,000 cells were plated and grown overnight at 37°C. The next day, the cells were
ransfected as described in Example 25 with 10 ng pGL4.13 (Promega Corp.) as a transfection
control and 100 ng of the OgLuc test DNA. The media was removed, and the cells were lysed
with 100 pL of lysis buffer as described in Example 25 except the lysis buffer contained 100 mM
MES pH 6.0 instead of HEPES, and Iumineséence measured using a GLOMAX® Luminometer.
For each sample, 10 uL of lysate was assayed with 50 pL of lysis buffer containing 20 nM 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 £. coli, HEK293, and
NIH3T3 cells and the amino acid substitutions found in the variants, The variants 27A5 (NF)
(SEQ ID NQs: 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 9B8

optH+K3IIN+170G in E. coli, HEK293 and NIH3T3 Cells

Fold over 988 opt+K33N + 170G
Sample Sequence
E. coli HLEK293 NIH3T3
27A5 (NF) T39T, 170G 1.3 1.5 1.3
23D4 (NF) | G26G, M106L, R112R, 170G 1.5 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 pF4Ag-based non-fusien 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 E. coli,
HEK293, and NTH3T3 cells, and the amino actd substitutions found in the variants (“Sample™).
The varianis were named by adding the additional amine acid substitutions in the variant to the
prefix “9B8 opt+K33MN.” Table 11 shows the relative specificity of the different variants for PBI-
3939 cempared to native coelenterazineg in E. coli, NIH3T3, and HEK293 cells. As shown in
Table 10, the variant 9B8 opt+K33N+TI9T+K43R+Y68D (“V2»; SEQ 1D NOs: 92 and 93) had
improved luminescence in £ coli and a slight improvement in luminescence in NIH3T3 cells.
The variant 9B8 opt+K33N+L27V+K43R+Y68D (“L27V, K43R, Y68D”) had a neutral
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improvement in luminescence (Table 10) and 5X fold-increase in relative specificity over YB8

opt+K33N (Table 11) in the three cell types examined.

Table 10: Increase in Luminescence Generated by OgLuc Combination Variants

Compared to 9B8 opt+K33N in E. coli, NIH3T3 and HEK293 Cells

Sample Fold over 9B8 opt +K33N
E. coli NITIE3T3 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, Y68D (*V2”) 1.8 1.1 1.3
L27V 09 0.7 0.8
L27V, K43R 0.7 0.6 0.6
L27V, K43R, Y68D 1.2 0.8 0.9
L27V, Y6ED 1.2 0.8 0.7
S66N, K43R 0.9 1.1 1.1
L27V, 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
Compared to Native Coelenterazine in E. cofi, NIH3T3 and HEK293 Cells

Sample Fold over Native Coelenterazine
E. coli NIH3T3 HEK293
T39T 18.2 18 20
K43R 29.5 31 32
T39T, K43R 29.4 30 32
Y68D 11.4 10 12
K43R, Y68D 18.6 19 21
T39T, K43R, Y6RD (“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
.27V, Y68D 59.9 61 64
S66N, K43R 229 23 . 25
L27Vv, K43R, 566N 100.4 97 106
9B8 opt + K33N 19.0 19 19

[00327] Additional OgLuc variants were generated from 9B8 opt+K33N to contain at least
one of the following additional amino acid substitutions relative to SEQ 1D NO: -1 L27V, T39T,
K43R, Y68D, or S66N (see “Sample” in Table 12 for the amino acid substitutions in the
variants}. The variants were named by adding the additional amino acid substitutions in the
variant after the prefix “9B8 opt+K33N.” These additional variants and the variants 9B8
opt+K33IN+L27V+Y68D (“L27V, Y68D™), 9BS opt+K33IN4L27V+K43R+Y68D (“L27V,
K43R, Y68D"), 9B& opt+K33N+L27V+K43R+866N (“L27V, K43R, S66N™), and 9B8
opt+K33N+T39T+K43R+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 to the variants 9B8 opt (“9B8”") and 9B8 opt+K33N (“K33N").

[00328] FE. coli lysates containing the vartants were prepared and analyzed as described
previously. Luminescence gencrated from the lysates was measured using the novel PBI-3939
and native coelenterazine as substrates. The luminescence of the variants was normalized to the
luminescence generated by 9B38 opt (Table 12). The relative specificity of the variants tor 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 amine acid substitution L27V lowers specificity

for native coclenterazine.

Table 12: Increase in Luminescence Generated by OgLue 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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" Sample Fold over 9B8 | Fold over coelenterazine |
9B8 1.¢ 7
K33N : 1.1 21
T39T, Ye3D 0.9 12
T39T, L27V, K43R 1.2 148
L27V, T39T, KA3R, Y680 18 10
T39T, KAIR, Y680 16 21
L27V, T39T, K43R, S66N 1.3 114
L27V,K43R, Y68D 1.3 110
L27V, Y68D 1.0 63
L27V, K43R, S66N . 1.1 114

[00328] H. V2 Varignis

[00330] A set of additional variants were designed using V2 (9BBopt with the additional
amino acid substitutions K33N+T39T+K43R+Y68D) as a template. The substitutions shown in
Table 13 were designed based on either 1) the known diversity according to the structure-based
alignment of 28 fatty acid binding proteins (1VYF, IFDQ, 2A0A, LO8V, IBWY, 2ANS, 1VIV,
[PMP, IFTP, 2ZHNX, 1J1J, 1CBR, 2CBS, 1LPJ, IKQW, 2RCQ, 1EIl, 1CRB, 11FC, 2PYI, 2JU3,
IMVG, 2004, 1P6P, 2FT9, IMDC, 101U, 1EIQ; 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 fatty acid binding proteins. Changes
listed under “Predominant Minority™ relate to residues identified in many of the fatty acid
binding proteins mentioned above, but found in fewer than 50% of the aligned sequences.
Changes listed under “Other” relate to residues were identified less frequently than the
predominant minority residue at a given position in the aligned sequences. Finally, changes
listed under “Specificity” relate to positions suspected to be involved in determining a variant’s
specificity for coelenterazine or a coelenterazine analog. For example, the designed specilicity
changes at positicn 27 (leucine residue in the parental sequence, i.e., V2} were changed to other
hydrophobic residues or amino acids representing alternative chemistries (e.g., other hydrephobic
residues containing rings, residues containing uncharged polar side chains, or residues containing
charged side chains); an.d the designed specificity changes at position 40 {proline in the parental
sequence), were to a sampling of different chemistries {chemistries (e.g., other hydrophebic
residues containing rings, residues containing uncharged polar side chains, or residues cﬁntaining
charged side chains); nete that glycine, glutamine, isoleucine, and leucine are identified at this

position the aligned fatty acid binding proteins).
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[00331] The variants were constructed using standard site-directed mutagenesis protocols (see
previous examples), and the resulting plasmids transformed inte 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 uL of lysis buffer (100 mM MES pH 6.0, 0.3X
PLB, 0.3 mg/mL Lysozyme, 0.003 U/puL RQ1 DNasel 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 PRI-3939 or nalive coelenterazine, 100 mM MES pH 6.0, 35
mM thiourea, and 0.5% TERGITOL® NP-9 (v/v)). Luminescence was measured on a
GLOMAX® 96 Microplate Luminometer (Promega Corp.).

[00332] Table 14 summarizes the different amino acid substitutions identified in the analysis.
The data is presented as normalized to the parental clone (V2) with regards to the luminescence
measured for both PBI1-3939 and native coelenterazine. The relative change in specificity to PBI-

3939 with respect to native coelenterazine is also shown,

Table 14
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PBI-3539 COELENTERAZIKE RELATIVE CHANGE IN

substitution HORMALIZED HORMALIZED SPECIFICITY FOR PBI-3939
10 Y 0.7 0.2 3.5
i1 s 1.3 1.2 1.1
15 B 0.5 0.2 2.5
23 K 1.2 4 0.3
24 a 0.4 0.2 2.0
25 L 0.0001 0.000023 4.3
27T B 0.8 0.1 B.0
21 D 0.006 0.001 6.0
27 & 0.08A 0.005 17.6
211 0.2 0.024 8.3
2T H 2.2 0.9 2.4
40 1 0.0017 0.0002 A5
0L 0.0007 0.e001 1.0
40 ¢ 0.0001 0.000026 3.8
81 B 1.2 1.5 0.8
81T T 1.3 1.% 0.8
ST E 0.014 9.01 1.4
100 1 0. 002 0,002 1.9
102 T 1.1 1.1 1.0
111 6 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 0.0001 3.0
130 K 1.1 0.9 1.2
142 E 0.9 0.3 3.0
192 K 0.9 0.3 3.0
142 w 0.8 0.4 2.0
146 & 0.9 0.8 1.1
147w 0.4 0.9 1.0
149 H 0.7 0.4 1.9
150 v 0.9 0.4 2.3
152 B 0.9 0.5 1.8
152 T 0.% 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 variants were made in which some of the amino acids (Table 15) in
the L27V variant were reverted to the amino acids found in the native OgLuc luciferase of SEQ
ID NO: 1. The variants were constructed by site-directed mutagenesis as previously described.
The variants were then screened as previously described for relative activity with cither native
coclenterazine or PBI-3939. Luminescence was measured on a TECAN® INFINITE® F300 5
min after substrate/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 shown).

{00335] Table 15 shows the relative activities of the L27V varianis with native coelenterazine

or PBI-3939. Relative activities <1 indicate the reversion is detrimental compared to the residue
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at that ;site in the L27V variant. Relative activities >1 indicate the reversion is favorable for
activity compared to the residue at that site in the L27V variant. Some additional data on these
mutants indicated the following: 166K, 54F, 54A and L27V were tested for thermal stability, The
Tz 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 PBI-3939, L27V was 18 pM, 54A was 62 nM, 54F was 163 pM,
and 166K was 23 pM. This indicates higher substrate affinity for L27V, particularly for the

position 54 substitutions.

Table 15
Native coelenterazine (50 mM) PRI-3939 (50 mM)
AA Relative activity AA Relative activity
substitution (5 min) substitlution (5 min)
72L 0.2 72L 0.6
4A 1.0 4A 1.0
124Q 1.6 1244 1.0
43K 1.9 43K 1.1
A15P 0.6 115P 0.9
166N 2 166N 2.0
75M 1.1 75M 1.2
54F 0.1 54F 0.4
68F 0.5 , 68F ' 0.9
33A 1.7 33A 1.0
138Y 1.0 138Y 1.0
54A 0.6 54A 1.6
901 0.8 901 0.6
33K 4.2 33K 0.8
44V 0.7 44V
166K 2.1 166K 2
11Q 1.6 11Q 1.3
166F 0.3 166F 0.4
183G 4.1 18Q 0.6

Example 23 - Mutaticnal Analysis of Position 166
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[00336] A. To assess the effect of different amino acids at position 166 on the luciferase
activity, the arginine (R) residue at position 166 was substituted to each of the other 19 amino
acids using site-directed mutagenesis as previously described in the context of a pF4Ap 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 uL 0.5X FASTBREAK™ Cell Lysis Reagent (Promega Corp.)
was added to 950 p! 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
coelenterazine-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}.

[00328] B. The specific single amino acid substitutions, L27V, A33N, K43R, M73K, 1397,
L72Q and F68D were assessed in the wild-type Ogluc or N166R background. The single amino
acid substitutions were generated via site-directed mutagenesis as previously described,
expressed in E. colf 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 to the L27V varianl were made as follows:

Table 16
Deletion # Deletion Made
27 Residues 1-27 and Val -1
52 Residues 1-52 and Val -1
64 Residues 1-64 and Val -1
84 . Residues 1-84 and Val -1
19 Residues 65-83
23 Residues 65-87
23A1 Residues 65-87 + G640
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[00340]) The N-terminus of the OgLuc 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 £ celi KRX cells as previously described. [nductions 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 generatc luminescence.
Example 25 — Codon Optimization of OgL.uc Variants
[00341] A. IV and 988

[00342] The IV and 9B8 CgLuc 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., promoter modules, splice donor/acceptor
sites, splice silencers, Kozak sequences, and poly-A signals, that could potentially interfere with
the regulation or expression of the OgLuc variants, and 2} to alter the DNA sequence (via silent
mutations that do not alter protein sequence) to eliminate rarely used codons, and favor the most
commonly used codons in cells of E. ¢ofi, human, other mammalian, or other eukaryotic

organisms {Wada et al., Nucleic Acids Res., 18:2367 (1990)).

[00343] Two ditferent optimized sequences for 1V and 9Bg, 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 9B§ 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
common codons for leucine, CTC (opt/optA) or CTG (optB). This same process was repeated
for all leucines in the sequence, and due to the random nature of the approach, a CTC codon
could end up in optB and the CTG could end up in optA. Because of this two codon-usage

approach to optimization, sequences opt/optA and opt B were maximally codon-distinct.

Table 17: Codons used in Codon Optimization
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Amino acid Choicc#l | Choicefi2
Gly GGC GGG
Glu GAG GAA
Asp GAC GAT
Val GTGO GTC
Ala GCC GCT
Ser _ AGC T¥C
Lys AAG AAA
Asn AAC AAT
Met ATG

Tle ‘ATC 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] Each of the 4 sequences (IV opt, IV optB; 9B8 opt, 9B8 optB) were then analyzed
(Genomatix Software, Germany) for the presence of transcription factor binding sites or other
regulatory sequences as described above, and these undesirable sequences were disrupted via
silent nucleotide changes. In some cases, where there were other non-rare codons for both
human and E 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 1B). 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 usually not changed.

Table 18: Additional Codons used to Remove Transcription Factor Binding Sites and

Other Regulatory Elements
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Amino Acid Choice #3 Choice #4
Gly GGA GGT

Val GTA GTT

Ala GCG GCA

Ser AGT TCA

Thr ACG ACT

Leu TTG crr

Pro CCG cca

[00345] Codon optimized versions of 1V (“[V opt” (SEQ 1D NO: 22) and “IV optB” (SEQ [D
NQO: 23)) and 9B (“9B& opt” (SEQ ID NO: 24) and “9B& 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 fransfected with either pGL4.13 (Luc2/5V40)
(Paguio ef af., “pGL4 Vectors: A New Generation of Luciferase Reporter Veclors™ Promega
Notes, 89:7-10 (2005)) or pGL4.73 (hRL/SV40) (Jd.) to normalize for differences in fransfection
efficiency. Ten ngftransfection or 10% of the total DNA transfected was used. Media was
removed, and cells were lysed with 100 pL iysis 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) to 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, 10 pL of the lysate
- sample was assayed for luminescence 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 1D 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 codon optimized versions of the OgLuc variants compared to hRL and Luc2, hRL and the
Ogluc variants were normalized to pGL4.13 and Luc2 was normalized to pGL4.73 using
methods known in the art. As shown in FIG. 32, Luc2 had approximately 14 fold higher
luminescence than hRL. The OgLuc variants had higher luminescence compared 1o Luc? and
hRL. The codon optimized versions of IV (“IV opt” and “IV optB”) and 9B8 (“9B8 opt™)

shewed increased luminescence compared to the non-optimized versions,
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[00347] As a result of this optimization, the “opt/optA” versions expressed befter in human
HEK?293 cells than their parental sequence, while the “optB” versions did not express as well in

HEK293 cells compared to the parental sequence.
[00348] B L27V

[00349] The L27V variant (SEQ 1D NO: 88) was optimized to minimize the occurrence of
common vertebrate response elements (any transcription factor binding site (TFBS) in the

Genomatix database). Three different optimized versions of the L27V variant were created:

[00350] 1. L27VQ - 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 match criteria (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
versien to remove undesired sequence elements.  Both versions were analyzed by scarching for

TFBSs with lower stringency,

[00352] 3.127V03- version 3 (SEQ ID NOG: 325) - L27V02B (SCQ 1D 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
amine acids} was aveided (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 i Codons | Codons
A 'GCT N PAAT
A lGee | N P AAC
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C ' TGT P i CCT |
c ETGc P iccc
D {GAT Q  CAG
D | GAC Q CcAA
. : =
E  GAG | R cog i EO
. : : -A,G,dq,
2]
coa
E 'GAA R cac 9
; : : L CGT
- 1HS]
F LTI S EAGC ETCG
| : i | 5]
F TTC S iTCC |
G .GoG | T ACA
G EGGC | T EACC .
H TCAT : v GTG |
H  icac | ‘ v ierc |
i TATA i
I ATT : W i TGG
P HEe i
I ATC Y TAT
K ARG %  TAC
AAA
L crg A
e (5]
: | CTA
L CTC | [HS,EC
! 1
M | ATG |

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

[00356] A. Restriction Enzyme (RE) Sites: RE sites were removed that would be useful for

cloning and should otherwise not be present in open reading frame (ORF).
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{00357] B. Eukaryotic Sequence Elements: Splice donor and acceptor 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

te 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

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

Table 20
L27V01 L27V02ZA L27V02B L27V03
L27V00 99% (3) 7% 7% 94%
L27v01 98% (12) 98% 94% (32)
L27V02ZA 99% (4) 95% (26)
L27V02B 96%

Example 26 - Signal Stability of OgLuc Vuriants

[00363]) A. I5C) 9Band IV

[00384] The signal stability of [5C1 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/pl. RQ1 DNase. Lysates were diluted 1:1000 in
lysis buffer and measured for luminescence using a TECAN® INFINITE® F500 luminometer.
Measurements were laken immediately after the addition to 10 uL of diluted lysate sample of 50
ul of “Glo” 0.3% TERGITOL assay buffer (*0.5% TERGITOL”), which contained 150 mM
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KCL, 1 mM CDTA, 10 mM DTT, 100 mM thigurca, 0.5% TERGITOL® NP-9 (v/v), and 20 pM
of either novel coelenterazines PBI-3945 or PBI 3889,

[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 metﬁods known in the art. The average
signal half-life was comparcd between the variants and IV. Both 15C1 and 9B2 had a signal
half-life of at least 30 min (FIG. 33). Although [5C1, assayed with PBI-3945 had a higher
luminescence at t=0, the signal decayed more rapidly than variant 9B8 assayed with PBI-388%,
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 9B8 opt + K33N variants was examined. E£. cofi lysates
containing the variants were prepared and analyzed as described previously except the assay
buffer contained 0.25% TERGITOL® NP-2 (v/v), 100 mM MES pH 6.0, 1 mM CDTA, 150 mM
KCl, 35 mM thiourea, 2 mM DTT, and 20 uM PBI-3939, 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 i signal half life (min)
9B8 . 74
K33N 55
T39T, Ye8D 87
T39T, L27V, K43R 139
L27V, T39T, K43R, Y68D [114
T39T, K43R, Y68D 61
L27V, T39T, K43R, S66N [124
L27V,K43R, Y68D 122
L27V, YG8D 139
L27V, K43R, S66N 124

- [00368] The signal activity and stability of the L27v variant
(OBE+KIIN+L2IVHTI9T+HKAIRAYE8D; SEQ ID NQO: 88 and 89) was measured and compared
to that of firefly (Luc2) and Renifla luciferases. The L27V variant, Luc2 and Renilia luciferases
were fused to HALOTAG® and expressed in E. coli. The luciferases were purified using
HALOTAG® as a purification tag according to the manufacturer’s protocol (pFN18A;
HALOTAG® Protein Purification System). 10 pM of each purified luciferase (diluted in DMEM
without phenol red containing 0.01% PRIONEX®) was then mixed with an equal volume of an
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assay reagent {100 mM MES pH 6, 35 mM thiourea, 0.5% TERGITOL® NP-9 (v/v), | mM
CDTA, 2 mM DTT, 150 mM KC, and 100 uM PBL-3939 for the L27V variant; ONE-GLO™
Luciferase Assay System (Proinega Corp.) for firefly luciferase; 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 (F1G. 34B) of the L27V variant when compared to firefly

and Renifla luciferase.
Example 27 — Enzyme Kinetics of OgLuc Variants
[00369] A. [V, I5C!, 9B8, 9F6 and 943

[00370] Using methods known in the art, enzyme kinetic assays measuring luminescence were
performed with the lysates of E. coli containing 1V and the I'V variants 15C1, 9B8§, 9F6, and 9A3.
Cells were induced, lysed, and diluted as described in Example 26 except the lysis buffer had a
pH of 7.5. Two.fold serial dilutions of PBI-3939 in 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, 9B&, 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, 9B&, and 9F6 all had higher Vmax values, while 8A3 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 9B 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 amino 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, 9BE+K33N+V381, 9F6, 9F6+K33N, and 1D6. While the actual
Km values were different between FIGS. 35 and 36 for 9B and 9F6, the general trend belween

the variants was consistent.

[00372] The enzyme kinetics, i.e., Vmax and Km values, were determined and compared for
the variants 9B§ opt and 9B8 opt+K33N as described above except the E. coli lysates were
assayed with a buffer containing | mM CTDA, 150 mM KCl, 2 mM DTT, 100 mM MES pH 6.0,
35 mM thiourea, 0.25% TERGITOL® NP-9 {v/v), 10 mg/mL 2-hydroxypropyl-B-cyclodextrin,

107



and 20 pM PBI-3939. Luminescence was measured on a TECAN® INFINITE® F300
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 OPT+K33N 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

sample Km . Km(+) Vmax . Vmax (+-) |
9B8 7.7 2.0 85,000,000 14,000,000
K33N 125 3.0 110,000,000 17,000,000
T3gT, Y6RD 7.9 1.8 74,000,000 10,000,000
T3gT, L27V, KR 214 54 150,000,000 28,000,000
27V, T39T, K43R, Y68D 139 2.9 790,000,000 28,000,000
Ta9T, KA3R, Y68D 105 28 740,000,000 25,000,000
127V, T3gT, K43R, S66N 6.3 48 730,000,000 28,000,000
L27V,Ka3R, Y680 13.7 43 130,000,000 28,000,000
L27V, YB8D : 10.2 3.0 97,000,000 18,000,000
L27V K43R, S66N 20.0 6.2 130,000,000 30,000,000

Example 28 - Protein Stability of OgLuc variants

[00375]  As stability of the luciferase protein is another factor affecting luminescence, protein

stability, i,e., thermal stability, of the variants was determined.
[00376] A. 135C!, 98BS, 9F6, 843 and IV

[00377] . Lysates of E coli containing 15C1, 9B8, 9F6, 8A3 or IV and E. coli expressing hRL
{SEQ ID NO: 30 and 31) were prepared from induced cultures as described previously. Lysate
samples were diluted 1:1000 with a buffer containing 10 mM HEPES pH 7.5 with 0.1% gelatin.
Diluted lysate (100 pL) samples, in replicate 36-well plates, were incubated at 50°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. [.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 point 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, white IV had a hatf-life of 27.2 min. Table 24 also
shows that at 4 hrs, 79%, 61%, and 80% of 15C1, 9B, and 9F6, respectively, remained active.

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

Sample Y% life (min) % life (hrs) % remaining at t = 4 hrs
Renilla 9.6
v 27.2
15C1 630.1 10.5 _ 79%
9B8% 346.6 5.8 61%
9F6 770.2 ] 12.8 80%
8A3 65.4 1.1

[00379] B 1D, 988, 9BS+K33IN+V38I 9F6, 9F6+K33N, and IV

[00380] Lysates of £ cofi containing IIDG, 9B8, 9B8+K33N+V38l, 9F6, 9F6+K33N, or IV
were prepared from induced cultures and assayed for luminescence as described previously.
Protein stability, i_e., thermal stability of the lysates, was assayed as described above in this
Example. FIG. 38 shows the half-life in minutes (min) of the variants at 50°C, and the
luminescence of the sample measured at the start of the incubation period, i.e., t=0, using native
coelenterazine as a substrate. The difference between variant 9B8+33+38 and 9F6 was one
amino acid substitution, L27V, indicating that this amino acid substitution increased stability,
The addition of “activity/expression” substitutions in positions 68, 72, and 75 increased stability.
FIG. 38 shows K33N provided greater thermal stability to variant 9F6 and that variant 9B8 had
greater light output and stability than variant 106. The difference between these two variants,
i.e., 9B8 contains additional amine acid substitutions F68Y, 1720, 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 to 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
ODgg=0.6 and then induced for 6verexpression 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 siain the gels (FIGS. 39A-B). hRL and LucZ were

used as controls.

[00382) The OgLuc variants, hRL and Luc2 expressed well and were soluble when the
induction occurred at 25°C (FIG. 39A; note the approximately 19 kDa dark band in the “soluble™
fraction for the OgLuc variants, exciuding the N166R variant, and the approximately 36 and 64
kDa bands in the “scluble™ fraction for hRL and Luc2, respectively). In contrast, although
CI+AA4E, 1V, 9B8, and 9F6 expressed well at 37°C (significantly better _than hRL or Luc2, as
shown in the *total” fraction), only the 9B8 and 9F6 variants were soluble when the elevated
induction temperature was employed (see FIG. 39B; note the approximately 19 kDa dark band in
the “soluble” fraction for 9BR 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 thermal stability of the variants 9B8 opt and 9YB8 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 frecze 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 thicurea,
and 0.1% TERGITQL® NP-9 (v/v). Luminescence was measured on a GLOMAX®
luminometer (Promega Corp.). FIG, 40A shows the light output time course of the natural
logarithm (In) value of luminescence measured in RLU over time in min. As shown in FIG, 40B,
9B8 opt+K33N had a half-life at 60°C of 6.8 hrs, which was lenger than the 5.7 hrs half-life of
9B3 opt.

[00385] Table 25 shows the thermal stability at 60°C (“T)» (60°C)”) of 9B8 opt and 9B3
opt+K33N, and the luminescence (KLU} data at the start of the incubation period (ie., t=0).
9B8 opt+K33N was more stable and approximately 1.8-fold brighter than 9B8 opt, indicating
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that the aminc acid substitution K33N provided both greater light output and higher thermal
stability.

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

. Variant T2 (60°C) RLU
9B8 opt 5.7 hrs 23,283,252,000
9B8 opi+K33N 6.8 hrs 42.278,732,000

{00386] L. $BE + K33N Variants

[00387] The thermal stability of the variants al 60°C was examined as described above, except
the assay huffer contained 100 mM MES pH 6.0 instead of HEPLS. 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 "gample ""412life hours |
9B8 5.1
K33N 6.7
T39T, Y68D 16.3
T39T, L27V, K43R 11.8
L27V, T39T, K43R, Y68D 21.7
T39T, K43R, Y68D 15.2
27V, T39T, K43R, S66N 1.8
L27V,K43R, Y68D 23.2
L27V, Y68D 285
L27V, K43R, S66N 10.7

[00388] The variants 9B8 and V2 (9BB+K3I3N+T3I9T+K43R+Y68D) were also scr;:ened in
HLEK293 cells to determine their stability. The variants were cloned into pF4Ag and transfected
into HEK293 cells {15,000 cells/well) as previously described. After transfection, the cells were
lysed in .assay reagent (as previously described; no PBI-3939), and luminescence measured using
the assay reagent with 20 uM PBI1-3939. 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 £ coli (Table 26).

[00389] E. L27V variant
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[00390] The activity of the L27V variant (9B8+K33N+L27V+T39T+K43R+Y68D) was
assessed at various pHs and different salt conditions. 9B8 and 9B8+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 uL of assay buffer with 20 uM PBI-393% and varying amounts of KCI
or NaCl was mixed with 50 pL of HEK293 cells transiently transfected with L27V (pF4Ag).
Luminescence was measured, and the percent activity (the ratio of luminescence to no salt)
determined (FIG. 42B). For assessing activity in various pHs, a reagent was made containing
100 mM citrate, 100 mM MES, 100 mM PIPES, 100 mM HEPES, 100 mM TAPS, 0.5%
TERGITOL® NP-9 (v/v), 0.05 % MAZU® DF 204, 1 mM CDTA, and 1 mM DTT titrated to
various pH values, 362 pM L27V in assay reagent was mixed with substrate 100 pM PBI-3939

and luminescence was measured. (FIG. 42A).
Example 29 - Gel filtration Chromatographic Analysis of OgLuc Variants
[00391] A Ci+A4E and 9B8 '

[00392] Gel filtration analysis was used to verify ‘r.hc expected molecular weight of the
purified OgLuc proteins based on the theoretical values and consequently to determine their
oligomeric state. A comparison between the relative hydrodynamic volume of the OgLuc
variants C1+A4E and 9B8 was made by gel filtration chromatography. For this analysis, the
nucleotide sequence for the OgLuc variants, C1+A4E and 9B8, were cloned into a HQ-Tagged
FLEXI® Vector (Promega Corp.) te create a HQHQHQ N-terminally tagped protein that was
overexpressed in £ celi KRX cells. The overexpressed proteins were purified using the
HISLINK™ Protein Purification System (Promega Corp.) according to manufacturer’s
instructions. Samples of each individual standard and sample protein were analyzed by gei
filtration chromatography, which was performed at 24°C on an Agilent 1200 HPLC, using a
Superdex 200 5/150 GL. column (GE Healthcare) with a flow rate of 0.25 mL/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 Healthcare}, 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 Myoglobin at 9.06 min (FIGS. 43A-
B). As shown in FIG. 43B, 9B8 eluted as a 21 kDa protein (predicted MW is approximately 19

kDa) indicating that the 9B8 wvariant existed as a monomer, whereas C1+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,
[0D394] B L27V var:'ar_:r

[00395] To demonstrate that the OgLue variant L27V exists in a monomeric state, gel
filtration analysis was used 10 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 nuclectide sequence for the L27V variant was cloned into a HaloTag® vector
pFNI18A (Promega Corp.} to create a HaloTag®-terminally tagged p‘rotein that was
overexpressed in £ coli KRX cells (Promepa Corp.). The overexpressed 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 flew rate of 0.25 ml./min (FIG. 56). The mobile phase
(i.e., running buffer) consisted of 50 mM Tris and 150 mM NaCl, pH 7.5. Protein elution was
monitored at 214 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
kDDa (Bovine pancreas, GE Healthcare). As shown in FI1G. 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. [V, 843, 8F2, 9B8, 9F6 and 15CI

[00397] Normalizing for protein expression provides information about potentiai 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 gencrate OgLuc variant-HT7 fusion
proteins as described previousty. The following fusion proteins were generated: IV-HT7 (SEQ
ID NOs: 48 and 49), 8A3-HT7 (SEQ 1D NOs: 34 and 35), §F2-HT7 (SEQ ID NOs: 50 and 51),
9B8-HT7 (SEQ ID NOs: 36 and 37), 9F6-HT7 (SEQ ID NOs: 38 and 39), and 15C1-HT7 {SEQ
ID NOs: 52 and 53}. E. cofi containing the OgLuc variant-HT7 fusions were grown and induced
as described previously. 900 pL of cell culture was lysed with 100 uL. of 10X FASTBREAK™
Cell Lysis Reagent {(Promega Corp.). HALOTAG® TMR-ligand (Promega Corp.} was added Lo
each bacterial lysate sample to obtain a ﬁna_l concentration of 0.5 pM. Bacterial lysates were

incubated with the HALOTAG® TMR-ligand for 30 min at room temperature according to
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manuflucture’s instructions. 10 pL of each sample was diluted 1:1 with IX FASTBREAK™, i.e,,
10 pL sample to 10 uL. 1X FASTBREAK™. 15 uL of the lysate and 15 uL 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 FI1G. 45A for IV-HT7 (‘;IV”), 15C1-HT7
(“15C1™), 9B&-HT7 (“9B8™), 9F6-HT7 (“9F6™), and 8F2-HT7 (“8F2), nermalized o IV-HT7,

The data shows that the 1V variants expressed well compared to I'V.
[00398] B. 9B8opt, V2 and L27V

[00399] The expression levels and solubility of 9BB opt, V2 and L27VY were compared, These
three variants, in the context (-Jf 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 ;100 in LB, grown to an ODggq approximately 0.5, and then induced
with 0.2% rhamnose for 18 hrs at 25°C. Cells were then incubated for 30 min al room
temperature in the presence of 0.5X FASTBREAKT™ Lysis Reagent (Promega Corp.), and the
resulting lysates stored at -20°C. Following a slow-thaw on ice, soluble fractions were prepared
by high-speed centrifugation for 10 min at 4°C. Crude total (T) and soluble (8) fractions were
then analyzed for expression levels using SDS-PAGE + Simply blue staining (F1G. 46A) as well
as by measuring luminescence (FIG. 46B). For luminescence measurement, 50 pL of soluble
tysates in 96-well microtiter plates were mixed with 50 pL. assay reagent (previously described,;
40 uM PBI1-3939), 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 > 9BBopt.
Example 31 - Brighiness of OgLuc Vuriants Expressed in Mammalian Cells

[00400] A. [V and 9B8

[00401] The IV and 9B8 variant in pF4Ag vector (i.e., no HT7} were evaluated for brightness
in HEK293 cells. hRL was used as a control. Briefly, HEK293 cells, plated at 15,000 cells/well
in a 96-well plate, were transiently transfected using TRANSIT®-LT1 with plasmid DNAs
encoding the various variants and/or control sequences. Cells were grown, lysed, and treated as
described in Example 25. Cells were co-transfecled with pGL4.13 (Promega Corp.) as a
transfection control (10 ngftransfection 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 efficiency using Luc2 luminescence (i.e., measuring luminescence after
the addition of luciferin substrate). The OpLuc variants IV and 9B8 had greater luminescence

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

[00402] For comparison 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-terminal HT7-hRL fusion protein (“pF4Ag-Renilla-HT7”) and C-
terminal [TT7- Luc2 fusion protein (“pF4Ag-Luc2-HT77). HEK293 cells (15,000} were plated
and grown overnight at 37°C. These cells were transfected with 100 ng of DNA from pF4Ag-
Renilla-HT7, pF4Ag-Luc2-HT7, or pF4Ag-OgLuc-9B8-HT7 and grown overnight at 37°C.
Media was removed and cells were lysed as described previously. 10 pL of each sample was
assayed for luminescence (RLU) with 50 pL BRIGHT-GLO™ for Luc2, 30 puL of 20 pM native
coelenterazine for hRL, and 50 uL of 20 uM PBI-3939 for variant $B8.

[00403] The lysates from 6 wells were pooled and labeled with HALOTAG® TMR-ligand as
described in Example 30. The labeled fusion proteins were resolved by SDS-PAGE and
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 each sample
was normalized by the calculated band density to normalize expression levels of each protein,
i.e., RLUs normalized using TMR label quantitation (FIG. 48). On a mole-to-mole basis, the
9B8 variant was approximately 15-fold brighter than Luc2 and >100-fold brighter than hRL.

This data represented differences in specific activity,
[00404] B. 988 opt and 9B8 opr+K33N

The brightness of the variants 9B8 opt and 9B8 opt+K33N expressed in HEK293 cells was
measured and compared as described for the variants without the HT7 in Example 31. 30 and
100 ng of plasmid DNA containing the variant DNA was used to transfect HEK293 cells. Cells
were grown and induced as described in Example 31 except the cells were lysed with a lysis
buffer containing 1 mM CTDA, 150 mM 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-hydroxypropyl-B-cyclodextrin. The
lysates were assayed with lysis buffer containing 20 uM PBI-3939 and luminescence was
measurcd on a TECAN® GENIOS™ Pro luminometer. As shown in FIG. 49, 9B8 opt+K33N
had greater luminescence compared to 9B8 opt in HEK293 cells, which tracks with the bacterial
expression data in Table 25 and FIG. 29,
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[00405) C. 9B8+K33N Varianis

[00406] The brightness 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 NTH3TJ
and HEK293 cells

‘Sample TUHEK293 L NI3TR !
9B8 10 | 1.0
K33N 1.8 1.5
T39T, Y68D 19 1.5
T39T, L27V, K43R 13 0.9
L27V, T39T, K43R, Y68D 1.6 1.6
T39T, K43R, Y68D 1.9 1.9
L27V, T39T, K43R, S66N 1.3 1.2
L27V, K43R, Y68D 16 1S
L27V, Y68D ' 1.7 1.4
L27V, K43R, S66N ' 1.2 1.6

[00407) D. L27V

[00408] A comparison of the luminescence 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 cellsfwell,
respectively, into wells of |2-wel! 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 L.27V, 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% CO,,

[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™ Luciterase Assay System (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., 50C-D show the
luminescence measured with the different fusions in HEK293 (FIG. 50C) and HelLa 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 1 was
added, and the cells incubated with slow shaking for 43 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 to 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.
S0E).

Example 32 — Brightness of Purified OgLuc Variant Compared to Firefly Luciferase

[00412]) The 9B8 OgLuc variant was overexpressed and purified as described in Example 33.
Reactions between diluted enzymc and substrate were performed using the following 2X
buffer/assay reagent: 100 mM MES pH 6.0, | mM CDTA, 150 mM KCI, 35 IﬁM thiourea, 2 mM
DTT, 0.25% TERGITOL® NP-9 (v/v), 0.025% MAZUR DF 204, 10 mg/ml. 2-hydroxy-f-
cyclodextrin, and 20 pM PBiI-3939. The final assay concenirations of purified enzyme and
substrate 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 500 pM luciferin.  As the
buffers/reagents for 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 PBI-3939 (19,200 RLU) was approximately 8-fold brighter than QUANTILUM®
Recombinant Luciferase with BRIGHT-GLO™ (2,300 RLU).

Example 33 - Inhibition Analysis

[00413] To determine the susceptibility of the OgLuc variants to off-target interactions, the
activity of the 9B& 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 puM in 1X PBS, and 10 pL transferred to a 96-well, white plate. To each well, 10
HL of purified 9B8, L27V or firefly 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 KCl, 2 mM DTT, 100 mM MES pH 6.0, 35 mM Thiourea,
.5% TERGITOL® NP-9 (v/v) and 60 pM PBI-3939) was aﬂded, 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, § wells of each plate contained 1X 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% DMSO (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 pM) to be an inhibitor of OgLuc.

[00414) The results in FIG. 51 indicatc a general low frequency of eff-target interaclions
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 (e_g., high-throughput screening).

[00415] To further examine inhibition resistance, purified 9B8 and L27V were screened
against various concentrations of’ Suramin (Sigma S-2671) and Tyrphostin A_G 835 ("Tyr ag
8357) (Sigma T-5368) (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 uM, 20 uM, 60 uM, 200 uM and 2 mM) of the inhibitors were prepared in
1X PBS with 2% DMSO. To wells of a 96-well, white assay plate, 10 pL of diluted enzyme and
10 pL of diluted inhibitor were added and incubated at room temperature for 2 min. 20 pL assay
reagent (described above) was added, and luminescence measured on a GLOMAX®-96
luminometer (FIGS. 52A-C). FIGS, 52A-B show the dose respon'se curves of 9B8 and L27V to
Suramin (FIGS. 52A) and Tyr ag 835 (FIGS. 52B). FIG. 52C shows the half maximal inhibitory
concentration (1Csp) of Suramin and Tyr ag 835 for 9B8 and L27V. The data indicates that L27V
is a robust reporter that could be used as a screening tool for large libraries of diverse chemicals

and/or therapeutic candidates.

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

and 6 hrs one sct of dilutions for each variant was transferred to -70°C.

[00417] 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. 53).

[00418) 2. To demonstrate the reactivity of the OgLuc variants to plastic, purified 9B8 and

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

[00419] 50 uLl purified 9B8 {45.3 pM) and LZ?V (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 puL assay reagent (described above) containing 20 pM PBI-
3939 was added and incubated for 5 min at room temperature. Luminescence was measured as

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

[00420] To determine if the Ogl.uc variants underge any post translation modifications when
expressed in mammalian cells, the 9B8 and L27V variants were expressed in both mammalian

cells and . cofi and analyzed via mass spectrometry (MS).

[00421] 9B8 and L27V variants were expressed as N-terminal HALOTAG® fusions (pFN18K
for E. coliy pFN2ZIK for HEK293 cells) in HEK293 and E colf KRX (Promega Corp‘).cells and
purified using the HALOTAG® Protein Purification System (Promega Corp.) according to the
manufacture’s instructions. Approximately 5 pmols of purified enzyme was analyzed via LLC/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 medifications, of 19,663 Da.
Example 36 — Evaluation of OgLuc Variants as a Transcriptional Reporter

[00422] A. IV
19



[00423) The use of the Ogluc varianis as a transcriptional reporter was examined. To
generate a transcriptional reporter of cAMP, hRL and [V 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 medified pGL4
contained a minimal promoter and a cAMP-tesponse element (CRE; SEQ 1D NO: 96), so that
upon stimulation with a cAMP agenist such as forskolin (FSK), cells accumulating cAMP
activated the reporter and generated luminescence. In this experiment, 2 ng DNA of either the
hRL or JV transcriptional reporter construct was used to transfect HEK293 cells as described in
Example 25. At 24 hrs post transfection, the cells were treated with 100 uM FSK, CCHS 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
Corp.). For IV, the reporter reagent contained 1 mM CDTA pH 5.5, 150 mM KCI, 10 mM DTT,
0.5% TERGITOL® NP-9 (w’v); 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 hR1L.
(“Renilla”) or 1V transcriptional reporter treated (“+FSK>) or not treated (“-FSK”) with FSK.
The response, i.e., fold-induction or fold-increase (“FOLD”} in luminescence was determined by
dividing the luminescence from the treated cells (+FSK) with the luminescence from the control
celis (-FSK). As shown in FIG. 53, the response for hRL was <50, while for IV it was >300,

demonstrating the use of I'V as a transeriptional reporter,
[00425] B. 9B8 and 988 opt

[00426] The use of variants 9B8 and 9B8 apt 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 transfeeted cells treated with or without
FSK were assayed for luminescence as described in Example 25. 10 pL of the Luc2 lysate was
assayed 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. 10 pL of the variants

9B8 and 9B8 opt lysates were assayed with 50 pL of lysis buffer containing 20 yM PBI-3939,

[00427] FIG. 56 shows the normalized luminescence of HEK293 cells containing the 9B8S,

9B8 opt, hRL, or Luc2 transcriptional reporter 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 luminescence by the basal luminescence (FIG. 56).
Altheugh the fold induction values are similar for each of the reporters except Luc2, the
luminescence generated by the induced 9BE opt transcriptional reporter was approximately 2.3
logs higher than the induced Renilla transcriptional reporter and approximately t.5 logs higher
than the Luc2 transcriptional reporter. FIG. 56 demonstrated the use of 9B8 and 9B8 opt as

transcriptional reporters.
[00428] C. 9B8 opt and 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 0pt+K33N transcriptional reporter was tested and compared to the 9B8 opt transcriptional
reporier as described above in HEK293 cells. 30 and 100 ng of plasmid DNA containing the.
transcriptional reporter versions of the variants were used to transfect HEK293 cells. The cells
were induced with FSK for 5 hrs prior to measurement for luminescence. Cells were lysed with a
lysis buffer containing 1 mM CTDA, 150 mM KCl, 2 mM-DTT, 100 mM MES pH 6.0, 35 mM
thiourea, 0.25% TERGITOL® NP-2 (v/v), and 10 mg/mL 2-hydroxypropyi-B-cyclodextrin.
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 FIG. 57, the fold-induction for 9B8 opt was 360 when 30 ng of DNA was used for
transfection and 109 when 100 ng was used for transfection, while the fold-induction for 9B8
opt+K33N was 275 and 147, respectively. When higher amounts of DNA were used for

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

[00431] 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 element. Reporter constructs
were then transfected into HEK293 cells or HeLa cells as previously described. The cells were
then induced using FSK for CRE, TNFa for NFkB or 17-AAG for HSE. Lumincscence was
measured as previously described using the assay reagent with 20 pM PBI-3939 (FIGS. 53A-C).
The reporter constructs were all validated in HEX293, HeLa, NIH3T3, U208 and Jurkat cell

lines (data not shown).
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[00432] 2. 127V02 and L27VO02P (containing a PEST sequence; SEQ 1D NQO: 323) were
cloned into a reporter vector (pGL4.32 based) as described in C of this Example. Other OgLuc
variants containing a PEST sequence include L27V01-PESTO0 and L27V03-PESTO2 (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-3339 (TIGS. 59A-B).
Various other reporter constructs were also created and tested in varicus cell lines (FIGS. 39C).
FIG. 59A shows the full dose response for the CRE system in HEK293 cells. FIG. 59B
summarizes F1G. 59B. FIG. 59C summarizes the data in FIGS. 59A-B and shows the same type
of data for the NFkB response element. Both CRE and NFKB report constructs were examined in
HEK293, HeLa, HepG2, Jurkat, ME180, HCT116, and U20S cell lines.

[00433) 3. HEK293 c;:li_s. (0.9x10° cells in a T25 flask) were transfected with pNFkB-1.27V
secretion construct {SEQ ID NOS: 463 & 464; wherein the IL-6 secretion sequence (SEQ 1D
NQs: 461 and 462) replaced the native OgLuc secretion sequence SEQ ID NO: 54), Metridia
longa (Clontech), pNFkB-L27V (native secretion sequence; SEQ 1D NOs: 465 and 466) or firefly
luciferase (Luc2; pGLA4.32-based) plasmid DNA 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 uL of the resuspended sample
was then added to wells of a 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
uL fresh media with cur without TNFa (serially diluted). To assay for secretion, at 3 and 6 hrs, 5
L of media (in triplicate) was removed from the cells, brought to 50 pL with PBS and mixed
with 50 pL. assay reagent (as previously described with 100 pM PBI-3939). Luminescence was
measured at 0 and 10 min as previously described (FIG. 60).

{00435] TFor measuring Mewridia longa luciferase activity, the Ready-To-Glow™ Secreted
Luciferase System (Clontech) was used according to the manufacturer’s protocol. Briefly, 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. €0},
[00438) E. L27V optimized variants.

[00437] Plasmid DNAs (pGL4.32-L27V00, pGL4.32-L27V0I1, pGL4.32-L27V02, pGL4.32-
L27V03, and pGL4.13) 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 pL of DNA transfection mixture was then mixed with 6 mL of HeLa cell
suspension {2x10° ceits/mL), homogenized, and 100 pL plated into wells of a 96-well plate. The
cells were then incubated overnight at 37°C, 5% CO,. Following incubation, 10 pL of 10X
.rhTNFa in DPBS with BSA was added to the wells and incubated for 4.5 hrs at 37°C, 3% COa,.
Six wells were given vehicle only. The cells were then allowed to equilibrate at room
temperature for 20 min, and then 100 pl. assay reagent (as previously described with 100 pM
PBI-3939) was added. To cells expressing Luc2 or receiving vehicle only treatment, 100 uL of
the ONE-GLO™ Luciferase Assay Reagent was added. Luminescence was measured [2 min
post-assay reagent addition as previously described. FIGS. 61A-B shows the abselute
luminescence, FIGS. 61C-D shows normalized luminescence and FIGS. 61E-F shows fold

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

[00438] To demonsirate the ability of the OgLuc variants of the present invention to be used
as transcription reporters, the OgLuc variant 9B8 opt was used as a transcriptional reporter in a
forward, reverse, and bulk transfection, These methods of transfection were chosen because they
are representative of the approaches commonly used for the transient expression of genetic

transcriptional reporters.

[00440] Forward Transfection

[00441]  Transcriptional reporters centaining the cAMP response element (CRE) and 9B8 opt
or 9B8 opt further comprising the PEST protein degradation sequence (9B8 opl-P) were prepared
in the pGL4.29 (Promega Corp.) backbone, i.e,, the luc2P gene of the pGL4.29 vector was
replaced with 9B9 opt (SEQ ID NO: 24) or 988 opt-P (SEQ ID NO: 65). pGL4.29 was used as

a control/benchmark.

[00442] HEK293 cells were plated at 15,000 cells/well in six 96-well tissue culture plates.
Cells 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 9B8 opt, pGL4.29 9B8 opt-P, or pGL4.29. Plasmid DNA was
mixed with 8§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 puL of the
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transfection/reporter DNA mixture was added to the appropriate wells (2 constructs/plate). Cells
were incubated for 4 hrs at 37°C. The medium was replaced with OPTI-MEM® + 0.5% dialyzed
FBS + 1X NEAA + 1X sodium pyruvate + 1X Penn-Strep and incubated overnight at 37°C.

[00443] Following incubation, 10 nM or 10 uM FSK (from a 10X stock) in OPTI-MEM® was
added to the cells and incubated for 3 hrs at 37°C. A lytic reagent containing 100 mM M{ES pH
6.1, 1 mM CDTA, 150 mM KCI, 35 mM thiourea, 2 mM DTT, 0.25% TERGITOL® NP-2 (v/v),
0.025% MAZU® DF 204, and 20 uM PBI-3939 was added to the cells containing pG1.4.29 9BR
opt or pGL4.29 9B8 opt-P and allowed to incubated for 10 min at recom temperature (100 pl.
Iytic reagent added to 100 pL cells). ONE-GLO™ assay reagent (Promega Corp.) was added to
cells containing pGL4.29 and used according to the manufacturer’s protocel (100 pL reagent
added 10 100 uL 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 10 mM FSK, and the response to FSK (i.e., the
luminescence gencrated 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 uvsed 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)

[00446]

100 ng DNA for transfection 10 ng DNA for transfection
Reporter
' RLU RLU
construct | paseline _ Response | baseline Response
(10 mM FSK) (10 mM FSK)
IBg opt 3,078,418 | 104,687,723 34 192810 | 12,926,465 67
9BEg opt-P | 122,071 20,544,753 168 11179 1,353,459 121
lucZP 356 5,293 15 0 0 -
[0b445] Reverse Transfection

Transcriptional reporters containing the antioxidant response element (ARLE) and 9B§

opt or 9BS 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-FP, 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 1x10°
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 uL 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/rcporter 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 cells were incubated at 37°C for 22 hrs. Tert-butylhydroquinone (a
Nrf2 stabilizer; tBHQ; | pM (“baseline™) or 20 pM) or sulphoraphane, (an organosulfer
antioxidant known to activate Nrf2; 1 uM (“baseline™) or 2¢ uM) 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 1 pM (“baseline™) or 20 pM sulphoraphane and the
response to sulphoraphane (i.e., the luminescence generaled by the I pM sulphoraphane treated
cells divided by 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 1 uM (“baseline™ or 20 pM tBHQ, and the response to tBHQ (i.e, the
luminescence generated by the 1 pM (BHQ treated cells divided by the luminescence generated
of the 20 uM tBHQ treated cells). Tables 29 and 30 show that 9B8 opt and 9B8 opt-P could

report the presences of two different known stimuli for ARE.

Table 29: Transcriptional Reporters Containing ARE in HEK293 Cells (24 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
9838 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

9B8 opt 15,100,000 120,000,000 8
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ms opt-P 317,238 8,460,000 27

[00449]  Buik Transfection

[00450] The transcriptiona) reperters containing CRE and 9B8 opt or 9B8 opt-P described in
the forward transfection were used in the bulk transfection of HEK293 and NIH3T3 cells.
Transcriptional reporters containing the heat shock response clement (HRE; SEQ ID NO: 67) and
9B$ opt or 9B opt-P were prepared in the pGL4.29 (Promega Corp.) backbone, ie., the luc2P
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 transfection at a density of 4.5x10° celis/well in 3 mL complete
medivm (DMEM + 10% FBS + 1X NFAA + 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,

[60452] 3,300 ng of reporter plasmid DNA in 155 pL. OPTI-MEM® was mixed with 9.9 pL.
FUGENE® HD transfection reagent, vortexed briefly, and incubated at room temperature for 10
min. The CRE transcriptional reporters were used to transfect HEK293 and NIH3T3 cells. The
HRE transcriptional reporters were used to transfect HeLa cells. 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 resuspended in medium (DMEM +
10% FBS + 1X NEAA + 1X sedium 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 te 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

ovemnight.

[00453] FSK (CRE stimulator) or 17-AAG (HRE stimulator; 17-Allylamino-demethoxy
geldanamycin) in OPTI-MEM® was added to the cells (10 nM or 10 uM final cencentration for
FSK; 1 nM or 1 uM 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 fysed 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 FSK and the response to
FSK. Table 32 shows the luminescence of the NIH3T3 cells expressing the transcriptional
reporters containing CRE treated with 10 nM (“baseline™) or 10 mM 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] Tables 26-31 show that 1) both versions of the 9B8opt OgLuc variant can report the
presence and stimulatory effects of FSK on CRE in the context of two different cell lines,
HEK293 and NIH3T3, and 2) 9B8 optP can report the presence and stimulatory effects of 17-

AAG on HRE in the context of HeLa cells.

Table 31: Transcriptional Reporters Containing CRE in HEK293 Celis (4 h time point)

100 ng DNA for transfection
Reporier construct

baseline RLU (10 mM FSK) Response
9B8 opt 39,700,000 654,000,000 16
9B8 opt-P 3,960,000 460,000,000 116

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

100 ng DNA for transfection
Reporter construct

baseline RLU (10 mM FSK) Response
OBR 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 poin()

Reporter construct

100 ng DNA for transfection

baseline

RLU (1 mM 17-AAG)

Response

98 opt-P

278,118

3,204,000

12

Example 38 - Lytic and Secretable Reporter in Difficuit fo Express Cells
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[00456] HepG2 cells, 1x10° cells/mL in a cell suspension, were teverse transfected with
plasmid DNA (pGL4.32 backbone; Promega Corp.) containing L27V02, luc2P (Promega Corp.),
luc2 (Promega Corp.} or L27V02-1L6 (L27V02 with the native secretion sequence replaced with
the IL-6 secretion sequence; (FIL601-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-weli plate and incubated for 22 hrs at 37°C, 5%
CQ; Other OgLuc constructs which have the native secretion sequence replaced by the 1L-6
secretion sequence include IL601-L27V01 and IL602-L27\¢;03 (SEQ ID} NOs: 321 and 327,

respectively).

[0D457] For secretion analysis, the media was removed from the cells,-and the cells washed in
100 uL DPBS. 100 pL complete media (DMEM + 10% FBS+ 1X NEAA) was added along with

. varying doses (1 pg/mL — 100 ng/mL) of thTNFu (“TNFa”) for 4.5 h. 10 L of the media was
then removed, added to 90 pl. complete media, and 100 pl. assay reagent (as previously
described; 100 pM PBI-3939) added. Luminescence was measured as previously described
(FIG. 62A).

[00458] For lytic analysis, following plating, the cells were incubated for 4.5 hrs at 37°C, 5%
CQa. The cells were then allowed to equilibrate to room temperature for 20 min. Assay reagent
(as previcusly described; 100 uM PBI-3939) was added to the cells, and luminescence measured

as previously described (FIG. 62B).
Example 39 - Additional lytic reporter features

[00459] " The OgLuc variants of the present invention in the context of a cell-based, lytic
transcriptional reporter should offer a luminescent signal of a magnitude such that the signal
appears sooner than it might with other luciferases. The bright luminescence should also allow

for weak promoters to be examined.
Example 40 - Mammalian cell 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 QgLuc variants can alse be used as
reporters in cells that are especially sensitive to conditions associated with transfection, i.e., DNA
concentration, translection reagent addition. Due to the brightness of the OgLuc variants, an

adequate leve! of luminescence can be achieved using fower DNA concentrations, less
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transfection reagent, and perhaps shorter post-transfection times prior te 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 rebust, stable cell lines expressing an OgLuc variant of the
present invention, either in the cytoplasm or as a secreted form, can be facilitated by the bright
signal of the luciferase and the small size of the OgLuc gene. The relatively small gene sequence
should reduce the likelihood of genetic instability resulting from the integration of the foreign
DNA.

[00462] o generate stable cell lines using an OgLuc variant of the present invention, plasmid
DNA comprising a nuclectide sequence for an OgLuc variant and a selectable marker gene, e.g.,
neomycin, hygromycin, or puromycin, is used to transfeet a ceil line of interest, e.g., HEK293
cells, Cells of an carly passage number, e.g., less than 10 passages, are plated into T235 (1x10%
or T75 (3x10°%) tissue culture flasks and allowed to grow ovemight 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 ceils.
Selection of cells containing the plasmid DNA oceurs over 2-4 wecks. During this time, the cells
are re-plated in sclection media at various concentrations into either T25 or T735 lissue 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 colenies and few dead cells.

[00463] From the poo! of stable colonies in the flasks, single colonies are isolated and
expanded inte a single 24-well tissue culture plate. Briefly, cells are harvested using the
trypsin/EDTA methed, i.e., cells are harvested by removing media, rinsing with Ca** and Mg**
free PBS and detached by treatment with Trypsin/EDTA. The tells are counted using a
hemocytometer and diluted 1x10° in complete media. The cells are then diluted to 100 cells/mL,
33 cells/mL, 10 cells/mL, and 3.3 cells/ml. in complete 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 4-5
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days aﬁer which 50 pL of selection media is added to the cclls. Approximately a week after
plating, cells are visually screened for colony growth and another 50 pL of selection media is
added. The cells continue to be monitored until a single colony covers 40-60% of the well area.
When a colony is ready for expansion and screening, colonies are harvested using the
trypsi/EDTA method. Each colony is transferred to selection media as follows: 1) Dilute 1:10
into 6 wells of a 96-well assay plate for functional assay, e.g., luminescence detection; 2) Dilute
1:10 into 3 wells of a clear bottom 96-well assay plate for cell viability assay, e.g., 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. Pesitive 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 at 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 Vo

[00465] The wild-type Ogluc is processed afier synthesis into a mature prolein with the
sceretion signal sequence cleaved off. To determine if the secretion signal -sequence would
facilitate secretion of the OglLuc variant, the 1V opt variant of Example 25 and hRL were cloned
into pF4Ag containing an N-terminal OgLuc secretion signal (SEQ ID NO: 54). TIEK293 cells
(15,000) in 100 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, ie.,
hRL or IV opt with or without the sceretion signal and grown overnight at 37°C. 50 puL 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 (“IV opt sig”} or without (“1V
opt”} the OgLuc secretion signal sequence were measured using 50 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 lytic reagent. The open bars represent the total light {secreted + non-

secreted) that was detected upon addition of a lytic reagent. FIG. 63 shows that TV opt was
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secreted from HEK293 cells into the growth media and that the 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.
[00467] B. 9B8 V2 and L27V

[00468] To determine if the sccretion signal sequence of OgLuc facilitates its secretion, the
Ogluc variants 9B8, V2 and L27V were cloned into pF4Ag containing an N-terminal OgLuc
secretion signal sequence, The variants were also clened into vectors without the secretion signal
sequence. CHO or Hela cells were then plates at 100,000 cells/well in 1 mL F12 media with
10%¢ FBS and 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% CQ,.

[004689] After the overnight incubation, the cells were transfected with lpug plasmid DNA
containing 9B8, V2, or L27V with or without the secretion signal sequence using the
TRANSIT®-LT! transfection reagent (Mirus Bio} and OPTI-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, | mL of assay buffer (1 mM CDTA, 150 mM KC], 2 mM DTT, 100 mM MES pH
6.0, 35 mM Thiourea and 0.5% TERGITOL® NP-9 (v/v)) was added to create a cell lysate. To
10 pL of cell lysate or saved media from cach sample, 50 pL assay buffer with 40 pM PBI-3939
was added, and luminescence measured as described above. FIGS. 64A-D demonstrates that

O0B8, V2 and L27V variants can be used in a secretable system.

[06471] To determine the stability of the sccrctéd 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 12 Iife 37C (days)
988 8
2 10|
L27v 17
7 sample @ A2 I 50C {hours)
988

V2

27y T

[00472] . 9BS 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 cclls were plated ar 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% COz. The cells
were thén transfected with either 10 or 100 ng of each variant or Metridia luciferase (Clentech) -
plasmid DNA using TRANSIT®-LTI according te the manufacturer’s instructions and incubated
for 20 hrs at 37°C, 5% CO,. After transfection, the media was removed from the cells and
assayed. For the OgLuc variants, 50 pL of media was assayed with 50 pL of assay reagent
(previously described; 40 uM PBI-3939). For Meiridia luciferase, the media was assayed using
the Rf':ady-to-GloTM Secrcted Luciferase Reporter Systerm (Clentech) according to the
manufacture’s protocol, Briefly, 5 uL of the 1X substrate/reaction buffer was added to 50 plL 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 »;\fas 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®-LT1 in 3 replicates with
100 ng of hRL or 9B8 opt 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.), or 60 pM PBI-
3939 for both hRL and 9B8 opt transfected cells. Non-transfected cells were used as background
contrel. The plate was incubated at 37°C during the course of one day and periodically measured
on a TECAN® GENIOS™ Pro luminometer, i.e., 11 times over the course of 24 hrs. FIGS.
66A-B shows the luminescence of the transfected cells divided by the luminescence of the nen-
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 monitored in live cefls. U208 cells were plated at 40,000
cells/mL into imaging chamber wells and incubated overnight at 37°C, 5% CQ,. Cells were than
transfected using FUGENE® HD according to the manufacturer’s protocol with the plasmids
pFC14K, pFN21K or pF4Ag (all Promega Corp.) containing L27V or pF4Ag containing Li?V
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. Immunocytochemistry (ICC) was then performed accerding 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 fluorescent channel and FIG. 67B shows the differential
interference contrast {DIC). Images were acquired using an Olym‘pus Fluoview FV500 conlocal
microscope (Olympus, USA) outfitted with a 37°C + CO2 environmental chamber (Solent
Scientific Ltd., UK).

[00477} FIGS. 67B-D shows the ICC images with native or IL-6 secretion sequence. Both
signal sequences dramatically decrease the amount of enzyme in the nucleus. The punctuate
nature of the labeling in the cytoplasm is indicative of vesicle formation expected to occur during
the secretion process. The data demonstrates that the presence of a signal peptide reduces the

amount of luciferase in the nucleus.

[00478] C. As shown above, the OgLuc varianis and novel substrates of the present invention
are biccompatible. A reporter system is envisioned where the OgLuc variant is cloned into an
expression vector with a promoter of interest and expressed in cells as a reporter protein. The
cells are then treated with PBI-3939 which will permeate cells in culture, react with the OgLuc

variant, and generate luminescence.

[00479] o addition to being cell permeant, PBI-3939 shows comparable biocompatibility to
native coelenterazine in terms of cell viability. A version of compound 3939 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 reporter. 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 damage, oxidative stress, inflammation, can be
monitored in cells as a way to probe the role various types of stimuli may play in these pathways.
The variants can also be used as a means to monitor cellular trafficking of a'target protein. The
variants can also be fused te viral genomes (e.g., HIV, HCV) so that titer levels, i.e., infectivity,
can be monitored in cells following treatment with potential antiviral agents; The variants can
also be fused to green fluorescent protein (GFP) or HALOTAG® (in additien to a target protein)
so that FACS could be used to identify high expression clones and to provide localization

information.
Example 45 - Evaluation of OgLue Variant in 3-Component Fusion Protein (“*Sandwich”)

[00481] 3-componecnt fusion proteins, or “sandwich” fusions, can be used to place
bioluminescent and fluorescent proteins close to one another for optimizatien of a biosensor

based on BRET.
[00482] A. CI+4AE, [V, 9B8 and 9F6

[00483] The OgLluc variants CI1+4AE {SEQ ID NOs: 55 and 56), IV (SEQ ID NOs: 57 and
58), 9B8 (SEQ ID NOs: 61 and 62), and 9F6 (SEQ 1D NOs: 63 and 64), and hRL {SEQ ID NOs:
32 and 33) were cloned into a pF4Ag ;Cusion vector with an N-terminal 1d {Bencezra et al., Cell,
61{1):49-59 {1990)), known to be a poor fusion partner, and a C-terminal HT7, which was vsed
for normalization. The gene of interest was “sandwiched” between Id and HT7, ie., Id-
Luciferase-HT7. E. coli lysates, containing the variant constructs in pF4Ag or pF4Ag sandwich
background, were prepared as described in Example 26 and then assayed with 20 uM native

coelenterazine in the buffer described in Example 25.
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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-decrease 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 fusion partner Id. The variant 9B8 was the brightest in the sandwich

context.
[00485] B. 9B8 OPT AND 9B8 OPT+K33N

[004868] The variants 9B8 opt and 988 opt+K33N were analyzed in a sandwich background as
described above. Sandwich constructs for 9B8 opt (SEQ ID NOs: 40 and 41) and .9B8
opt+K33N (SEQ ID NOs: 59 and 60) were generated as described above. E. coli lysates were
assayed and measured using the same assay buffcr and luminometer as used for generating FIG.
40. FIG. 70 shows the fold-decreétse in the presence of a sandwich background indicating that

9B8 opt+K33N is less sensitive to the poor fusion pariner 1d than 9B8 opt.
[00487) C 23D2and 24C2

[00488] Variants 23D4 (NF) and 24C2 (NF) were subcloned into the 1d-OgLuc-HT7 sandwich
background and assayed in £. coli. The sandwich variants, 23D4 (F) (S8EQ 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 NC: 39 and 60). Table 35 shows the variants had at least the same

luminescence as 9B8 opt+K33N in the sandwich background context.

Table 35; Increase in Luminescence Generated by OgLuc Variants Compared to 9B8
opt+K33N+170G in Sandwich Background

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

23D4 (F} | G26G, M106L, R112R, 170G | 1.0
24C2 (F) | RI1Q, T39T, 170G 1.0

[00489] D. 1F7and 15H!

[00490] The PCR library in the [d-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 luminescence of the sandwich variants in E. coli, 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-increase in luminescence in £. cofi. 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 9B8
opt+K33N in Sandwich Background

Fold over 9B8 opt+K33N sandwich
Sample Scquence

E coli HEK293 NIH3T3
IF7 (F) K43R, Y68D 1.9 2.4 1.4
15H1 (F) | D19D, 866N 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 13H1 (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 £ cofi, 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 9B8 opt+K33N + 170G
Sample | Sequence

E coli HEK293 NIH3T3
1F7 (NF) | K43R, Y68D 1.5 1.5 1.1
15H] (NF) | D19D, S66N 1.7 1.7 1.2

[00492] E. V2, 9B8 opt+K33N+L27V+K43R+Y68D, 988
opt+K3INHL27V+TIOTHK4IR+S66N and L27V

[00493] The variants 9B8 opt+K33IN+T39T+K43R+Y68D (“V2”; SEQ ID NOs: 92 and 93),
9B8  opt+K33N+L27V+K43R+Y68D (SEQ 1D NOs:  33%  and  340), 9BS§
opt+K33N+L27V+T39T+K43R+S66N (SEQ ID NOs: 341 and 342), and 9B8
opt+K33NHL27VHT3I9T+K43R+Y 68D (“L27V™;, SEQ ID NOs: 88 and 89} were subcloned into
the 1d-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 opt+K33N sandwich (SEQ 11X NOs: 59 and
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60) (Table 38). The L27V sandwich (SEQ ID NOs: 90 and 91) and V2 sandwich (SEQ 1D NOs:
94 and 95) had at least 1.3X fold-increase in luminescence in HEK293 and NIH3T3 cells.

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

background compared to 9B8 opt+K33N in sandwich background

_— . — . — -—

‘Sample [NIH3T3cells |HEK 293~ |
K33N Sand 1.0 1.0
T39T, K43R, Y68D Sand 1.6 2.3
27V, K43R, Y68D Sand 1.4 1.7
27V, T39T, K43R, S66N Sand 0.7 0.7
27V, T39T, K43R, Y68D Sand 1.4 1.7

[00494] The sandwich and non-sandwich versions of the variants V2, 9B3
opt+K33N+L27V+K43R+Y 68D, 9B8 opt+K3IIN+L27V+T39T+K43R+S66N, and L27V were
assayed in HEK293 and NIH3T3 cells as described in Example 37. The ]uming:scence generated
by the non-sandwiched variants was compared te the luminescence generated by the sandwiched
variants (Table 39). The data shown in Table 39 indicates that the fold-decrease in luminescence
for the 9B opt+K33N sandwich was less in mammalian cells than in £. coli cells as shown in

FIG. 70.

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

Sandwick Background

Sample ) " INH3T3cells |HEK 293

K33N 29 15
T39T, K43R, Y68D 20 6
27V, K43R, YE8D 72 8
L27V, T39T, K43R, S66N 25 12
27V, T39T, K43R, Y68D 18 6

Example 46 - Multiplexing

[00495] A. Lysates of E. colf expressing the variant 9B8 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 pg/mL of purified red click beetle
luciferase and E coli lysate expressing the variant 9BE 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 uM PBI 3939 were used, according to the manufacturer’s protocol, to detect the
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red click beetle luciferase and OgLuc variant 9B8 luciferase from a single sample. Three

replicates were performed.

[00496] Luminescence was detected on a Turmer MODULUS™ luminometer. Table 40
shows the average luminescence generated by the red click beetle luciferase (“click beetle™), and
the luminescence generated by 9B8 opt (“Ogluc™) with coelenterazine-h (“coel h™) or PBI-3939
(“3939”). The standard deviation (*+/-*) and coefficient of variance (*CV™) are also shown. A
“na coelenterazine® control was performed to illustrate the amount of quenching of the red click
beetle signal by the DUAL-GLO® STOP&GLO® Reagent of the DUAL-GLO® Luciferase
Assay System in the absence of coelenterazine. The “no coelenterazine™ control yielded a 349-
fold quench, Table 40 shows that large luminescent signals from both the red click beetle and
Ogl.uc varianl 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 Beefle and 9B8 opt
Luciferases Using a Modified DUAL-LUCIFERASE™ Reporter Assay

I click beetle - o | Ogic -y CV | fold-quench | +- coel |

| nocoel |__5061,163 | 147,145 | 2.9% | _ 14,504 214 1 5% 349 :

["coelh | 5,082,100 | 152,254 3.0% | 921,440 | 47,623 | 5.2% o4
‘3030 | 5078647 | 41,763 | 0.8% | 2,996,940 | 187,300 [6.2% | | =207

[00497] B. To demanstrate that the multiplex reporter assay described above could be done in
reverse, i.c., Oglue luminescence detected first, quenched and a second luminescence detected,
e.g., red click beetle or firefly luciferase, various Renilla luciferase inhibitors (see U.S. Published
Application No. 2008/0248511) were screened for their ability te also inhibit Ogluc. Two
different, previously identified, Renilla inhibitors, PBI-3077 and 1424, were added at various
concentrations (see Table 41) to E. coli lysate samples expressing the variant 9B8 (diluted as
above) and a buffer containing 100 - mM MES pH 6.6, 1 mM CDTA, 150 mM KCI, 35 mM
Thiourea, 2 mM DTT, 0.25% TERGITOL® NP-9 (v/v), 0.025% MAZU® DF 204, and 20 pM
PBI-393%. Luminescence was measured as described previcusly except luminescence was
measured using the GLOMAX®-Multi Microplate luminometer (Fromega Corp.; also known as
Turner MODULUS™), As shown in Table 41, both compounds were able to inhibit OgLuc
luminescence. This demonstrates that an OgLuc variant can be multiplexed in a reporter assay
with another luciferase wherein luminescence from an QglLuc variant is detected first in the

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

(mMor %) | RLU +- %

. contol | 27,794,600 | 626862 | 100%

L AlB7TT) T3 15,473,100 | 200567 | 56% |
| Tmm |03 | 22210433 [ 102888 | 80%
_: 003 | 22484933 | 927459 | 81%

AC(1424) 0.4 176,868 | 9579 | 0.64%

% - 004 | 24267533 | 363861 | 87% .

. _Doos | 25126800 | 1,559,453 | 90%

[o0488] 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% PRIONEX® was mixed with assay reagent (previously described) containing 20 uM PBI-
3939, Puwrified 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, 5 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 10.5 uM native
coelenterazine in Renilla Luciferase Assay Buffer. Luminescence was measured after 3 min for

L27V and Fluc and after 10 min for Renilla 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 agquerin or a cAMP circularly permuted firefly
tuciferase biosensor (or both simuitaneously) to detect multiple pathways in a single sample, e.g.,
aequorin for the deteetion and/or measurement of calcium, the biosenser 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 OgLuc variants of the present invention

include:

[00501] i) Transfecting cells with constructs containing an Ogl..uc\ variant of the present
invention and Firefly luciferase. After transfection, a first reagent could be added to lyse the
cells as well as provide the substrate to penerate luminescence for the first luciferase.
Luminescence from the first luciferase would then be measured. A second reagent wouid 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 luminescence from the first luciferase with the second reagent. For this
example, luminescence from the Ogl.uc variant could be measured first as high concentrations of

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

[00502] ii) Transfecting cells with constructs containing an OgLuc variant of the present
invention and Firefly luciferase. After transfection, a first reagent could be added which
contained a live ccll substrate to generate luminescence for the first luciferase. Luminescence
from the first luciferase would then be measured. A second reagent would then be added to lyse
the cells, quench luminescence from the first luciferase and provide the substrate to generate
luminescence from the second luciferase. Luminescence from the second luciferase would then
be measured. This is similar to &) except cell lysis will further limit usage of the live cell

substrate and contribute to the quenching of luminescence from the first luciferase.

[00503] iii) Transfecting cells with constructs containing an OgLuc variant of the present
invention and Firefly luciferase. After transfection, one reagent could be added which contained
substrates to generate luminescence from both luciferases, but the luminescence from ecach
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. AfRer transfection, one reagent could be added which contained
live cell substrates to generate luminescence from both tuciferases. 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 cells with constructs containing an OgLuc variant of the present
invention and Renifla luciferase. After transfection, a first reagent could be added to lyse the
cells as well as provide the substrate to generate luminescence for the first luciferase
Luminescence from the first luciferase would then be measured. A second reagent would then be

added to quench luminescence from the first luciferase as well as provide the substrate to
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generate luminescence from the second luciferase. Luminesc\iﬂ.'ncu: from the second luciferase
would then be measured. The choice of which luciferase to measure first would only depend on
the ability to quench the luminescence from the first luciferase with the second reagent. For this
example, inhibitors to quench either the OgLuc variant or Renilla luciferase luminescence would

need to be used.

[00506] vi) Transfecting cells with constructs containing an OgLuc variant of the present
invention ‘and click beetle luciferase. After transfection, one reagent could be added which
contained substrates to generate luminescence from both 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 made: CP84 and
CP95. The number designation refers fo the N-terminal residue (c.g., “84” indicates the new N-

terminus of the CP version).

[60508] 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: 1035
and 106)) or a 5 (“CP84 SAA linker” (SEQ ID NOs: 99 and 100) and “CP95 5AA linker” (SEQ
ID NOs: 107 and 108), 10 (“CP84 10AA linker” (SEQ ID NOCs: 101 and 102) and *“CP95 10AA
linker” (SEQ 1D NQOs: 109 and 110}, or 20 (“CP84 20AA linker” (SEQ 112 NOs: 103 and 104}
and “CP95 20AA linker” (SEQ 1D NOs: 111 and 112} amino acid linker, (GSS8GG)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
“Yinker” constructs). Once circularly permuted, the CP L27V variants were cloned into the pF1K
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 § 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 I, 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 previopusly described (FI1G. 72).

Example 48 - Identifying Additional Sites for Circular Permutation
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[00509] To identify additional CP sites, determine the impact of the CP sites on luciferase
activity and investigate the use of a “tether” between 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 17 and 2™ site,
could also be tested and used in circular permuted OgLuc variants described herein using the

methods described here. For example, the L27V variant _has been found to be particularly

tolerant to circular permutatjon, particularly situations in which a relatively large binding domain

is placed in between the permuted fragments (¢.g. cAMP/RITbB-based sensors), At each site, the
linker GSSGG-GSSGG-EPTT-ENLYFQS-DN-GSSGG-GSSGG (SEQ 1D NO: 328) was added.

The underscored sequence refers to a TEV prolease recognition site. The purpese 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).

[00510] The activity that is seen prior to TEV cleavage represents how the two halves of the
variant enzyme behaves in a tethered state. TEV binding to the recognition site causes cleavage,
thereby separating the two halves of the variant cnzyme. Samples that have been cleaved with
TEVY would represent the un-induced state and provide an indication of how much background
could be expected. Lower activity after TEV cleavage indicates that the two halves cannot come
together without induction. Samples thal 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 hall of L27V to FRB and the other half to FKBP. The two halves would be brought
into proximity with exposure to rapamycin (Banaszynski ef al., J Am. Chem. Soc, 127(13):4715—
4721(2003)). One example of a biosensor application would be to insert a Cyclic AMP binding
domain (e.g., RITbB) between the CP sites and induce a conformational change by binding of
Cyclic AMP 1o the binding domain.

[00511] Once each CP L27V construct was made, the CP enzymée was expressed in wheat
germ, E. cofi 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'I® 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 te a final volume of 50 puL and assayed in 50 pL assay reagent (as previously
described; 100 uM PB1-3939). 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 pretocol. Briefly, 1 ng CPP L27V plasmid DNA was
mixed with 1 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% CQ3.  Cell lysates were then prepared by removing the media
from the cells, washing them in 1 X PBS, and adding | mL 1X PLB. Lysales 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 uL assay reagent (previously described; 100 uM PBI-3939) added.

Luminescence was measured as previously described (FIG. 73H).

[00514] 3. For analysis in £ 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 (ODggy 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] o create lysates, 50 uL 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, 50 l.iL
of the lysed culture was then digested with TEV protease as described above and incubated at

room temperature for 2 hrs.

[00516] For analysis, lysates were diluted 1:10,000 in HaloTag® Mammalian Purification
Buffer (Promega Corp.), and 50 pL assayed in 50 uL of assay reagent (as previously described;
100 pM PBI-3939). Basal and TEV induced luminescence was measured at 5 min time points

(FIG. 73F) and the response (FIG. 73G) was determined as previously described.
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[00517] FIGS. 73A-D show the basal luminescence of various CP-TEV protease L27V
constructs expressed in wheat germ extract. FIG. 73E summarizes the derived CP variants that
responded to TEV protease (response is fold decreased), indicating that the CP variants can be
used as TEV sensors, i.e., they are indicative of “tether dependence.” ‘Variants showing at least a
1.2-fold change were further validated as signification using Student’s Test (unpaired p values;
confidence level of 0.03). These results indicate thar 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 1
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 PLB. Samples were diluted
1:10 in 1X PBS+0.1% gelatin. 40 uL of the dilution sample was set up for TEV digestion. 10
uL of the digestion rzaction was added to 40 pL of DMEM without phenol red and 50 pL of
PBI-3939 as previously described. FIG. 73H shows the luminescence of the various CP-TEVY
protease L27V constructs expressed in HEK293 cells.

[00519] The data in FIGS. 73A-H demonstrates that the L27V variant can be circularly
permuted at various sites, and different sites have different dependencies regarding tether length.
The mammatian cell data and Wheat Germ data show similar fold reduction with TEV cleavage,
The CP L27V variants that are more dependent on the tether, i.e., afe more sensitive to TEV
protease cleavage, are potential candidates for PCA. CP L27V variants that are less dependent

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

[00520] Prolein complementation assays (PCA} provide a means to detect the interaction of
two biomolecules, ¢.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) tolerant to separation. Then, each fragment of the separated OgLluc 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 to reconstitute the functional, active OgLuc variant. The activity of
the reconstituted Ogluc variant can then be detected and measured using a native or known
coelenterazine or a novel coelenterazine of the present invention. In another example, the split

Ogl.uc variant can be used in a more general complementation system similar to lac-Z (Langley
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et al, PNAS, 72;1254-1257 (1975)) or ribonuclease S (Levit and Berger, J Biol Chem,
251:1333 -1339 (1976)). Specifically, an OgLuc variant fragment (designated “A”) known to
complement with another OgLuc variant fragment (“B”') can be fused to a target protein, and the
resulting fusion can be manitored via luminescence in a cell or a cell lysate containing fragment
B. The source of fragment B could be the same cell (either in the chromosome or on another
plasmid), or it could be a lysate or purified protein derived from another cell. This same fusion
protein (fragment A) could be captured or immobilized using a fusion between fragment B and a
polypeptide such as HALOTAG® capable of attachment to a solid support. Luminescence can
then be used to demonstrate successful capture or to quantitate the amount of material captured.
Methods for protein complementation can be carried out according to U.5. Published Application

No. 2005/0153310, incorporated herein by reference.
[00521] 1. 9BS§ opt PCA constructs were made as follows:

[00522) -p9BSPCA 1/4 = pF5A/Met-[9B3 opt (51-169)-GGGGSGGGSS-FRB (SEQ ID NOs:
331 and 332) & pFSA/FKBP-GGGSSGGGSG-[9B8 opt (1-50)] (SEQ 1D NOs: 337 and 338)

[00523] -p9BSPCA 1/2 = pFSA/Met-[9B8 opt (51-169)}-GGGGSGGGSS-FRB (SEQ ID NOs:
331 and 332) & pFSA/[9BS opt (1-50)]-GGGGSGGGSS-FRB (SEQ ID NOs: 333 and 334)

[00524] -pYBSPCA 2/3 = pF5A/[9B8 opt (1-50)]-GGGGSGGGSS-FRB (SEQ ID NOs: 333
and 334) & pFSA/FKBP-GGGSSGGGSG-[9B8 opt (51-169)] (SEQ ID NOs: 335 and 336)

[00525] -pOBRPCA 3/4 = pFSA/FKBP-GGGSSGGGSG-[9B8 opt (51-169)] (SEQ ID NOs:
335 and 336) & pFSA/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, 3% CO2: After transfection, the media on the cells was
replaced with COg-independent media with 10% FBS. Assay reagent with 20 uM 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 luminescence 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 usc 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]
“2/3” designates the variant complementation pairs where 1) the “old” C-terminus of L27V02A
(“old”=original C-terminus of L27V02A) is the C-terminal partner of FKBP; and 2} the “old™ N-
terminus of L27V02A is the N-terminal partner of FRB. “1/4” designates the variant pairs where
1) the “old” N-terminus of L27V02A is the C-terminal partner of FKBP; and 2) the “old” C-
terminus of L27V02A is the N-terminal partner of FRB. For all constructs, FKBP was located at

Table 42 lists the various protein complementation (PCA) constructs made and tested.

the N-terminus of the L27V02A fragment, and FRB was located at the C-terminus of the
L27V02A fragment. For example, PCA constructs were made with split sites at position 157
(see Table 42, “2/3™ and “1/4™ #s 11 and 12 (SEQ ID NOQs: 288-295}), 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 ID NOs: 343-426 and 428-
440) (See Table 21) '

Table 42
“2/3" “p "
1. FEAP~—L27V &-169 1. KKBP—LZ7V i-5
2. LZ7v 1-5—FRB 2, LZ?V &6-159—FRB
3, PKOP—L27V 12-169 2, [KDP—L27V 1-11
4. L27V1-11—FRB 4. L27V 12-169—FRB
5. FKBP—L27V 55-169 5. FKBP—L27V 1-54 .
6. L2Z7V 1-54—FRB 5. LTV 55-169—FRRB
7. FKAP==[27V B4-169 7. FKBP—L.27V¥V 1-83
B. LZ7V 1-82—FRB g L27V B4-169—FRB
9. FKHP—L2Z27V 103-16% 4. FKBP—LZ27V 1-102
10, L27V 1-107—FRB 10, L27V 103-169——HRB
11. FEBP—LZ7V 157-169 11. FKBF—L2Z7V 1-156
12, L27V i-156—FREB 12. L27V 1537-169—FRR
“2/3" “1/4
1. FKHP—LZ7V 6-169 1. FKBP—L27V 1-5
2. L27V1-5—FRB 2. L27Y 5-1589—FRB
3. FEBP—LZ7V 12-169 3. FKBP-—L27V 1-11
4. L27V1-11—FRE 4, L27V12-169—FREB
% FHEEP—L27V 55-169 5. FEBP—LI7?V 1-541
6. L27V 1-54—FRB 6. LZ7V 55-169—NRB
7. FKEP—LZ7V B4-1G69 7. FKBP——L27V 1-83
8. L27v1-83—FRR 8. L27V 84-1G69—FRB
9. FRKBP—L27V 103-169 9. FHKBP—L27V 1-102

14, LZ7vV 1-102—FRD
11. FKBP—L2Z27V 157-169
12, L27V 1-156—HREB

10 L2?Y 103-169—FRO
11. FKBP—L27V 1-156
12, L27V 157-169—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 1D NO:345 (pCA 32 FKBP L27V02A 1-44}

SEQ ID NQ:344 (pCA 32 FKBP L27V02A 1-44)

SEQ 1D NO:347 (pCA 33 pCA L27V02A 46-169 FRB)

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

SEQ ID NQ:349 (pCA 34 pCA FKBP 1-45 L27V02A)

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

SEQ ID NO:351 (pCA 35 pCA L27V02A 100-16% FRB}

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

SEQ ID NO:3533 {pCA 36 FKBP L27V0ZA 1-99)

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

SEQ D NO:355 (pCA 37 L27V02A 101-16% FRB)

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

SEQ ID NO:357 (pCA 38 FKBP 1-100 L27V(2A)

SEQ 1D NO:;358 (pCA 38 FKBP 1-100 L27V02A)

SEQ ID NO:33% (pCA 39 L27V02A 102-169 FRB)

SEQ IDNO:360 (pCA 39 L27V02A 102-169 FRB)

SEQ ID NO:361 {pCA 40 FKBP L27V02A 1-101)

SEQ ID NO:362 (pCA 40 FKBP L27V02ZA 1-101)

SEQ ID NO:363 (pCA 41 L27VO2A 143-16% FRB)

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

SEQ 1D NO:365 (pCA 42 FKBP 1-142 L27V02A)

SEQ ID NO:366 (pCA 42 FKBP 1-142 L27V02A)

SEQ IDNO:367 (pCA 43 L27VO2A 145-169 FRB)

SEQ ID NO:368 (pCA 43 L27V02A 145-169 FRB)

SEQ ID NO:369 (pCA 44 FKBF 1-144 L2ZTV02A)

SEQ ID NO:370 (pCA 44 FKBP 1-144 L27V02A)

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

SEQ ID NO:372 (pCA 45 L27V02A 147-169 FRB)

SEQ ID NO:373 (pCA 46 FKBP- L27V02A 1-146)

SEQID NO:374 (pCA 46 L27V02ZA-FKBP 1-146)

SEQIDNO:375 (pCA 47 L27VO2ZA 143-169 FRB)

SEQ ID N(:376 {pCA 47 L27V(2A 148-169 FRB)

SEQ ID NO:377 (pCA 48 FKBP- L27V02A 1-147)

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

SEQ ID NQ:380 (pCA 49 L27V02A 156-169 FRB)

SEQ ID NO:381 (pCA 50 FKBP-L27V02A 1-155)

SEQ ID NO:382 (pCA 50 FKBP-L27V02ZA 1-155)

SEQID NO:383 (pCA 51 L27V02A 158-169 FRB)

SEQ ID NO:384 (pCA 51 L27VD2A 158-169 FRB)

SEQ ID NO:385 (pCA 52 FKBP 1-157 L27V02A)

SEQ ID NO:386 (pCA 52 FKBP 1-157 L27V(2A)

SEQ ID NO:387 (pCA 533 L27V02A 166-169 FRB)

SEQ ID NOQ:388 (pCA 53 L27V02A 166-169 FRB)

SEQ ID NO:189 (pCA 54 FKBP L27V02A 1-165)

SEQ ID NO:390 (pCA 54 FKBP L27V(02A 1-163)

SEQID NO:391 (pCA 55 FKBP L27V(2A 1-47})

SEQ ID NO:392 (pCA 55 FKBP L27V02ZA 1-47)

SEQ ID NO:393 (pCA 56 L27V02ZA 48-169-FRE)

SEQ 1D NO:394 (pCA 56 L27V02A 48-169-FRB)

SEQID NO:395 (pCA 57 FKBP L27V02A 1-49)

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

SEQ 1D NQO:397 (pCA 58 pCA L27V02A 50-16% FRB)

SEQ ID NO:398 (pCA 58 pCA L27V02A 50-169 FRB)

SEQ 1D NO:399 (pCA 59 FKBP L27V02A 1-82)

SEQ 1D NO:400 (pCA 59 FKBP L27V02A 1-82)

SEQ 1D NO:401 (pCA 60 L27V02A 83-169-FRB)

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

SEQ 1D N(O:403 (pCA 61 FKEP L27V02A 1-84)

SEQ ID NO:404 (pCA 61 FKBP L27V024 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 ID NO:408 (pCA 63 FKBP L27V024A 1-122}

SEQ 1D NO:409 (pCA 64 L27V(2A 123-169-FRB)

SEQ ID NC:410 (pCA 64 L27V02A 123-169-FRB)

SEQIDNO:411 (pCA 65 FKBP L27V02A 1-123)

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

SEQ 1D NQ:413 (pCA 66 L27V02A 124-169 FRB)

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

SEQ ID NO:415 (pCA 67 L27V02A 1-168)

SEQ 1D NO:416 (pCA 67 L27VG2A 1-168)
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SEQID NO:417 (pCA 67 L27V02A 1-168)
SEQ 1D NO:418 (*pCA 68 L27V0ZA 169 FRB)
SCQ 1D NO:419 (*pCA 68 L27V02A 169 FRB)
SEQ 1D NO:420 (pCA 69 FKBP L27V02A 1-166)
SEQ 1D NO:421 (pCA 69 FKBP L27VO02A 1-166)
SEQ ID NO:422 (*pCA 76 L27V02A 167-169 FRB)
SEQ 1D NO:423 (*pCA 7¢ L27V02A 167-169 FRB)
SEQ ID NO:424 (pCA 71 FKBP L27V02A 1-164)
SEQ 1D NO:425 (pCA 71 FKBP L27V02A 1-164)
SEQ ID NO:426 (pCA 72 L27V02A 165-169 FRB)
SEQ 1D NO:428 (pCA 72 L27V02A 165-169 FRB)
SEQ ID NO:429 (pCA 73 FKBP L27V02A 1-162)
SEQ ID NO:430 (pCA 73 FKBP L27V02A 1-162)
SLQ ID NO:431 (pCA 74 L27V02A 163-169 FRB)
SEQ ID NO:432 (pCA 74 L27V02A 163-169 FRB)
SEQ ID NO:433 (pCA 75 FKBP L27V02A 1-160)
SEQ ID NO:434 (pCA 75 FKBP L27V02A 1-160)
SEQ ID NO:435 (pCA 76 L27V02A 161-169 FRB)
SEQ ID NO:436 (pCA 76 L27V02A 161-169 FRB)
SEQ 1D NO:437 (pCA 77 FKBP L27V02A 1-158)
SEQ ID NOQ:438 (pCA 77 FKBP L.27V02A 1-158)
SEQ ID NO'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; Promega Corp.) or wheat germ extract (Promega Corp.) following the
manufacture’s instructions. 1.25 pL of the expression reactions for each PCA pair were mixed
with 10 pL of 2X Binding Buffer (100 mM HEPES, 200 mM NaCl, 0.2% CHAPS, 2 mM EDTA,
20% glycerol, 20 mM DTT, pH 7.5) and 7.5 pL. water, and 18 pL transferred to wells of a 96-
well plate. 2 pL of 5 pM Rapamycin (final concentration 0.5 uM) was added and incubated for

10 min at room temperature.

[00530] Follewing 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: wheal germ; FIG. 76C-D: rabbit reticulocyte; FIG. 76E-F: cell free
system [which system? WG or RRL?]; F1G. 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 systern (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 td 100 pL HEK293 cells (1.5x10° cells/mL) in DMEM with 10% FBS (no antibiotics),

transferred to wells of a 96-well plate, and incubated overnight 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, 1¢ 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
pLl) were then expressed in rabbit reticulocyte lysate (RRL; Promega Corp.} following the
manufacture’s instructions, 1.25 pL of the expressibn 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 plétc. Rapamycin was examined with varicus amounts of FK506. To the reactions, the
FRB-FKBP binding inhibitor, FK506 {10X) was added, and the reactions incubated at room
temperature for 10 min. 15 nM rapamycin (10X stock sclution) was added to get a final
concentration of 1.5 nM rapamycin and incubated for 2 hrs at room temperature. Following

incubation, 100 uL 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 measured on a GLOMAX® luminometer. FIG. 77
demonstrates that the PCA constructs disclosed herein can be used to identify inhibitors of

protein-protein interactions.

[00536]) 5; To demonstrate the use of the PCA constructs in a lytic format, the
complementation pairs, 103 “2/3”, 157 “2/3”, and 103 “1/4” were transfected into HEK293 cells
and assayed with PB1-3939. 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. 0.15 pL FUGENE® HD was then added to the sample mixture and
incubated at room temperature for 15 min. 100 pL of HEK293 cells in DMEM with 10% FBS
(no antibiotics) at a concentration of 1.5x10° 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.

[00537] The next day, 11.1 pL of 10 pM Rapamycin (Final concentraticn 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 uL 50X PBI-3939 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 - OgL.uc cAMP Biosensor

[00538] The OgLuc variants of the present inventicn can be linked to light output not only
through concentration, but also through modulation of enzymalic activity. For example, a cAMP
bigsensor can be developed by incorporating a cAMP-binding domain from Protein Kinase A
into a circularly permuted OgLuc variant. An Ogluc variant of the present invention can be
circularly permuted at a site(s) tolerable to such permutation by methods 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 biosensor for cAMP when expressed in
mammaklian 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 biosensers for targets including but not limited to
calcium (Ca+2), cGMP, and proteases such as caspases and tobacco etch virus (TEV) can be
developed by incorporating the appropriate binding domain or cleavage sile for each into a

circularly permuted OgLuc variant.
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[00539] The utility of OgLuc as a biosensor was demonstrated by analysis of variant 9B8 opt
in the context of a cAMP sensor. Circularly permuted constructs containing the R1IBB subunit of
Protein Kinase-A flanked by OgLuc variant sequenceé were made and expressed in & cell free
system as described in described in PCT application PCT/US2007/008176, except the sites for
circular permutation were chosen as described below. The nascent protein was assayed in the
presence and absence of cAMP. Response to cAMP is defined as the ratio of activity (+) cAMP/
(-) cAMP.

[00540] A structural model for Ogluc has been created, based on similarities to certain fatty
acid binding proteins of known structure, previously described in PCT/US2010/33449. The
model prédicts an ordered sequence of the standard protein structural motifs; a-helix and B-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-RIIBB sequence-N-terminal OgLuc sequence in plasmid pF3 (Promega Corp.).
The TNT® T7 Coupled Wheat Germ Extract System (Promega Part #L4140) was used to
translate the construct. The TNT® Wheat Germ Extract Reaction included 25 pLL TNT® Wheat
Germ Extract (L41TA), 2 uL. TNT® Reaction Buffer (L462A), 1 pL. Amino Acid Mixture,
Complete (L446A), 1 ul. RNasin® (40 U/pL) (N2615), 1 pul. TNT® T7 RNA Polymerase
(L516A), 1.0 pg DNA template and Nuclease-Free Water to bring the total valume 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 uL. OgLue translation
mixture, 50 pl. Ogluc Glo Reagent (100 mM MES (pH 6.0}, | mM CDTA, 150 mM KCI, 35
mM thiourea, 2 mM DTT, 0.25% TERGITOL® NP-9 (v/v), 0.025% MAZU® DF 204, and 20
pi PBI-3939) with or without 100 pM cAMP, and performing a kinetic read for 30 min
(TECAN® INFINITE® F500 Plate Reader). Response is determined by dividing the
luminéscence 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 22X
84 L5X
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122 43X
147 1.9X
157 5.6X

{00543] 2. A cAMP biosensor of 9B8opt circularly permuted at the CP-site 51 was created as
described in ]I. 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 incubaied for 3 hrs
at 37°C, 5% CO; 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”; e.g., 886 refers to a sensor orientated as follows: OgLuc (1-
6)-RIIBb binding site (SEQ ID NOs: 441 and 442) -OgLuc (7-169)) versions of L27V were used
as cAMP biosensors (SEQ 1D NOs: 467-574), CP (SEQ 1D NOs: 467-498 and 355-574} 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; Proméga Corp.) following the
manufacture’s instructions. The linker sequence between the C-terminus of the RIIBb binding
site and OgLuc luciferase sequence was GOGTCAGGTGGATCTGGAGGTAGCTCTTCT (SEQ
ID NO: 575). The linker sequence between the N-terminus of the RIIRb binding site and OgLuc
luciferase sequence was AGCTCAAGCGGAGGTTCAGGCGGTTCCGGA (SEQ 1D NO: 576)
3.73 pL 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-3939 (50X stock diluted to 1X in assay buffer) and incubated for 3 min at room temperature.,
Luminescence was measured on a GLOMAX® luminometer (FIGS. 72A-B). L.uminescence was
also measured for CP and 8S 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 straight split versions of the OgLuc variants disclosed herein can be used

as biosensors.
Example 51 - Subcellular Distribution and Localization

[00545] To analysis subcellular distribution, U208 cells were plated at 2x10* cells/em? into

glass-bottom culture dishes in McCoy’s 5A media (Invitrogen) containing 10% FBS. The cells

153



were then incubated for 24 hrs at 37°C, 5% CO,. Cells were then transfected with 1/20 velume
transfection mixture (FUGENE® HD and pF5A-CMV-L27V (the L27V variant (S8EQ 1D 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% CO;. Following incubaticn, the
cell media was replaced with COz-independent media with 0.5% FBS and 100 uM PBI-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 GPFCR ATIR
(Angiotensin type 1 receptor (SEQ [D NOs: 459 and 460)) with IL-6 secretion sequence (SEQ 1D
NOs: 461 and 462) or the transcription factor, Nrf2 (SEQ 1D NO: 31 ?)., were made using a G8SG
linker (SEQ ID NOs: 457 and 458) and transfected into U203 cells as described above (FIGS.
81A-C). FIG. 81C (“GPRC”) shows expression of a construct where the 1L.6 signal sequence is
upstream of the L27V variant sequence and the ATIR is downstream of the L27V variant
sequence. The L27V variant alene was also transfected (“Unfused™). After a 24 hr incubation at
37°C, 5% CO,, cell media was replaced with COz-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 LV200 bi_oluminescence micrescope using a 60X or 150X objective (FIGS. 81A-C).
For cells expressing L27V alone, PBI-3939 was washed é)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 monitor
intracellular signal pathways at the protein level (as opposed to the response element examples
which represent transcriptional activation). The variant 9B8opt (SEQ ID NO: 24) was fused to
either IkB (Gross et al., Nature Methods 2(8):607-614 (2005)) (at the C-terminus, i.e., N-IkB-
{(9B8opt)}-C)} or ODD{oxygen-dependent degradation domain of Hif-1-a (Moroz et al,, PLoS
One 4(4):25077 (2009)) (at the N-terminus, i.c., N-(9B8opt)-ODD-C)). IKB is known to be
degraded in cells upon stimulation with TNFu; therefore, the IKB-(9B8cpt) construet could be
used as a live cell TNFu sensor. ODD (Hif-1-o) is known te 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 (1kB) 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.
After transfection, the media was replaced with fresh COs-independent media containing 0.5%
FBS and 20 pM PBI-4377 and allowed to equilibrate for 4 hrs at 37°C, aimospheric COz2. 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 approximately 15 min prior to adding the
stimulus to prevent synthesis of new protein. At the indicated time points following treatment,
cells were assayed for luminescence, For data normalization, the RLU of each sample at a given
time point were divided by the RLU from the same sample immediately after stimulation. Fold

response for each sensor was then determined (FIGS. 82A-C).

[00549] B. L27V was used to menitor the oxidative stress signal pathways at the protcin
level. L27V or Renilla luciferase (Rluc) was fused to Nrf2/NFE2L2 in a pF3K expression vector
(at the C-terminus; i.e., N-Nrﬂ—(LZ?V)—C or N-Nri2-(Rluc)-C). Keap! 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 Nrf2-Rluc (5 ng, pF5K) and a HALOTAG®- Keapl fusion proicin
(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 tus at 37°C, 5% COs: After transfection, the media was replaced with fresh CO;-
independent media with 0.5% FBS and 20 pM PBI-4377 for L27V or 20 uM ENDURENT™
(Promega Corp.) for Renilla luciferase, and the cells equilibrated for 4 hrs at 37°C under
atmospheric CO,. For kinetic analysis, 20 pM D,L sulforaphane or vehicle (DMSQ) were used.
In FIG. 83A, luminescence was measured as previously described at the indicated time points
following treatment. Fer data normalization, the luminescence of each sample at a given time
point was divided by the luminescence from the same sample immediately after stimulation

(FIGS. 83B-C).

[00551] C. A comparison of the respense of the Nrf2 sensor described in B and Nrf2(ARE)-
Luc2P reporter {(Promega Corp.) was performed. Both the Nrf2 sensor and reporter were
screened as described in section B above. For the firefly (Luc2P) reporter gene assay, the ONE-
GLO™ assay reagent was used. FIGS. 84A-B provides the normalized respense of Nef2-L27V
at 2 hrs and Nrf2(ARE)-Luc2P at 16 hrs

155



Example 53 — Evaluation of OgLuc Variant as Bicluminescent Reporter with BRET

{00552] Bicluminescence resonance energy transfer (BRET) allows monitoring of protein-
protein interactions. The intramolecular energy tfransfer was examined between IV and a HT?
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 | hr at room
temperature.  After the incubation, 50 pL of RENILLA-GLO™, which contains 22 pM
coclenterazine-h, was added to 50 nL of the enzyme-ligand mixture, and the emission spectrum
was recorded at 5 min. Example spectra of IV-HT7 with TMR (FIG. 83A) or Rhodamine 110
{“Rhod110”) (FIG. 85B) are shown indicating BRET was greater when the ex/em of the ligand
was closer 1o the 460 nm luminescent peak of OgLuc, i.e., gteater with Rhodamine 110. This
data shows that intramolecular energy transfer can occur between OgLuc variants and a
fluorophore on a fusion protein. Three different contrels were used for comparisori (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
contrals suggesting that HT was involved to achieve BRET. BRET was greater for C1+A4E and
1V with a C-terminal HT7 compared to N-terminal 1T7.

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

[00553] In one example, circularly permuted (CP) or straight split (85) OgLuc fusion proteins
is applied to measurements of protein proximity. OgLuc is permuted or split via insertion of a
protease subsirale amino acid sequence (e.g., TEV) to generate low bioluminescence. The
inactive luciferase is tethered (e.p., via genetic fusion) to.a monitor pretein. A potential
interacting protein is tethered (e.g., via genetic fusion) to a protease {e.g., TEV). When the two
monitor proteins interact or are in sufficient preximity (e.g., via a constitutive interaction, a drug
stimulus or a pathway response), the luciferase is cleaved to generate increased bioluminescence
activity. The example may be applied to measurements of protein proximity in cells or in
biochemical assays. Furthermore, the high thermal stability of an OgLuc variant luciferase could

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

Example 55 - Bioluminescent Assays
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[00554] 1. To demonstrate the use of an OgLuc variant in a bioluminescent assay to detect
caspasc-3 enzyme, the 9B8 opt variant was used in a bioluminescent assay using a pro-
coelenterazine substrate comprising the DEVD caspase-3 cleavage sequence. Purified caspase-3
enzyme was mixed with an E coli lysate sample expressing the variant 9B8 opt, which was
prepared as described in Exampte 27, and diluted 10-fold in a buffer containing 100 mM MES
pH 6.0, 1 mM CDTA, 150 mM KCl, 35 mM thiourea, 2 mM DTT, ¢.25% TERGITOL® NP-9
(viv), 0.025% MAZU(_E DF 204, with or without 23.5 pM z-DEVD-coelenterazine-h in 100 mM
HEPES pl1 7.5. The caspase-3 enzyme was incubated with the lysate sample for 3 hrs at room
temperature, and luminescence detected on a Turner MODULUS™ luminometer at various time
points. A sample containing only bacterial lysale and a sample centaining only caspase-3 were
used as controls. Three replicates were used. FIG. 86 and Table 44 demonstrate that B8 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 RLUJ generated from bacterial lysates expressing the
9B8 opt vuriant incubated with or without purified caspase-3 using z-DEVD-

coelenterazine-h as a substrate.

time (min}) no caspase (RLU) + caspase (RLU)
5 26,023 25,411
153 7,707 36,906
299 4,013 41,854
60.9 2,303 43,370
190.3 1,155 42,448

[00555] 2. The L27V variant was used in a bicluminescent 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 é (50 uL) was mixed with 227 nM L27V02 variant and 47 pM
PB1-3741 (z-DEVD-coelenterazine-h} in assay buffer (50 pL). 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® 13/7-
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
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(1) caspase - (-} caspase +/-

L27V 11,532 93 803 25

Caspase-Glo 15,156,567 793,981 302 5

Example 56 - Inmunoassays

[00556] The Ogluc variants of the present inventidn are inlegrated into a variety of different
immuncassay concepts. For example, an OgLuc variant is genctically-fused or chemically
conjugated to a primary or secondary antibody to provide a method of detection for a particular
analyte. As another example, an QgLuc variant is genetically-fused or chemically conjugated to
protein A, protein G, protein L, or any other peptide or protein known to bind to Ig fragments,
and this could then be used to detect a specific antibody bound lo a particular analyte. As
another exampie, an QgLuc variant is genetically-fused or chemically conjugated to streptavidin
and used to detect a specific biotinylated antibody beound 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 tecognizes a
particular immobilized analyte, and the secondary antibody recognizes the primary antibody, all
in an ELISA-like format. The OgLuc variant activity, i.., 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 antibody recognizes a particular analyte at one epitope, and the second
antibody recognizes the analyte at a separate epitope. The OgLuc variant activity would be
reconstimited in the presence of analyte. The method would be amenable te measurements of
analyte quantification in a complex milieu such as a cell lysate or cell medium. As another
example, complementary fragments of an OgLuc variant can be fused to two antibodies, where
one antibody recognizes a particular analyte regardless of modification, and the second antibody
recognizes only the modified analyte (for example, following post-translational modification).
The OgLuc variant activity would be reconstituted in the presence of analyte only when it is-
maodified. The method would be amenable to measurements of modiﬁed analyte in a complex
miliev such as a cell lysate. As another example, an OgLuc variant can be conjugated to an

analyte (e.g., prostaglandins) and used in a competitive sandwich EL1SA format.

Example 57 — Dimerization Assay
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[00558] This example demonstrates that full-length circularly permuted OgLuc variants can be
fused to respective binding partners, e.g., FRB and FKBP, and used in a protein
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., circularly permuted OgLuc variants.

[00559] Briefly, the circularly permuted reporter preteins 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 structured, permuted reporters. Interaction of the fusion
partners brought the permuted reporters into close proximity, thereby allowing reconstitution of a
.hybrid reporter having higher activity, The new hybrid reporter included portions of each of the

circularly permuted reporters in a manner to reduce the structural constraint,

[00560] Circularly permuted, straight split .27V variants CP84 and CP103 (N-(88-169)-(1-
857)-FRB-C and C~(1-58)-(88-169)-FKBP) were cloned as previously described and expressed
(25 pL) in rabbit reticulocyte lysate (RRL; Promega Corp.) following the manufacture’s
instructions. 1.25 uL of the expression reactions for each dimerization pair were mixed with 19
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 rootn 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 roém temperature.
Luminescence was measured on a GLOMAX® luminometer (FIG. 87B} and the response was
determined (FIG. 87C). FIGS. 87B-C demonstrates that the OgLuc variants of the present

invention can be used to detect protein-protein interactions via a PCA-type dimerization assay.

Example 58 - Intercellular Hall-Life

- [00561] The intracellular half-tife of the OglLuc variants 9B8, 9B&+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 pL 100 ng/pL plasmid DNA containing
9B8, 9BE+K33N, V2, L27V (“V2+L27V™) or V2+L27M (all in pF4A vector background) using
TRANSIT®-LTL (Mirus) according to the manufacture’s instructions. The cells were then

incubated for 6 hra.

[00562]) After 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 plate (6 wells/variant) and incubated
overnight at 37°C. Samples were distributed over 3 plates. Each plate had 6 replicates for

different time point measurements.

[00563] After overnight incubation, the media was removed from the cells for t=0 samples,
and 100 pL assay buffer (previously described; no substrate) was added. The sample was frozen
on dry ice and stored at -20°C. Cycloheximide (100 mg/mL) was diluted 1:100 to a final
concentration of 1 mg/mL in OPTI-MEM®. DMSO (100%) was also diluted 1:100 (final
concentration 1%) in QOPTI-MEM®. The diluted cycloheximide (I 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, 2.5, 4.3, and 6.2 hrs) and processed as the =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 gach time-
point, tuminescence 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 ratic 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 calculated (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 degradation signal combined with the full strength CMV promoter reduces half-life

significantly.

Table 46
Sample CMV no deg. | CMYV d2 nodeg. | CMV Pest
9B§ 632 3.87 1.43
K33N 9.24 3.70 1.18
V2 9.63 4.28 1.61
V2+L27V 6.66 4.78 1.63
V2+L27M 8.89 6.98 1.63

[00566] Anciher experiment was completed using the reverse transfection protocol described
in Example 52 with HEK293 cells (data not shown). The results from this experiment indicate
that the intracellular half-life for the L27V variant with PEST is 10 min. The L27V variant with
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no degradation signal used in this experiment did not show a decay over the course of this

experiment. In this case the decay was normalized to untreated cells at =0.

Example 59 — Exposure of OgLuc Variants to Urea

[00567] Since Firefly lucifcrase is known to be relatively unstable, it is much more sensitive to
urea exposure. To determine whether this was also the case with the OglLuc variants, the
sensitivity of the OgLuc to urea was determined. 5 pl of 45.3 uM L27V enzyme was mixed with
100 pL of a urea solution (100 mM MOPS, pli 7.2, 100 mM NaCl, 1 mM CDTA, 5% glycerol
and various concentrations of urea) and incubated for 30 min at room temperature. 5 pL of the
urea+L.27V enzyme solution was diluted 10,000-fold intc DMEM without phenal red + 0.1%
PRIONEX®, 50 pL was mixed with 50 pL of assay reagent containing 100 pM PBI-3939
(previously described) and the luminescence was read at 10 min. (F1G. 88). FIG. 88 indicates
that L27V is either resistant to urea or refolds to 4 functional enzyme very quickly upon removal
of urea. This suggests that L27V could be used as a reporter enzyme when chemical denaturing
conditions are involved, e.g., multiplexing in conditions where a denaturant is used to stop an

enzymatic reaction prior to the Ogluc variant-based reaction.

[00568] A 0.31 mg/mL stock of purified L27V variant was diluted 100,000-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 pL + 50 puL) 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 [inal concentration) the activity increases, presumably due to refolding,.

Example 60 — Imaging of OgLuc Fusion Proteins

[00569] This example demonstrates the use of OgLuc and OgLuc variants to moﬁitor protein
translocation in living cells without the nced for fluorescence excitation. Ogl.uc variants were
fused to human glucocorticoid receptor (GR; SEQ ID NQOs: 451 and 452), human protein kinase
C alpha (PKCa; SEQ 1D NOs: 449 and 450} or LC3 (SEQ 1D NOs: 577 and 578)._ To analyze
subcellular protein translocation using bioluminescence imaging, HeLa cells were plated at 2x10*
cells/om® into glass-bottom culture dishes (MatTek) in DMEM medium (Invitrogen) containing
10% FBS. The cells were then incubated for 24 hrs at 37°C, 5% CO2. Cells were then
transfected with 1/20 volume transfection mixture (FUGENE® HD and DNA encoding L27V02-
GR (SEQ ID NOs: 453 and 434) or L27V02-PKC alpha (SEQ ID NOs: 455 and 456) cloned into
the pF5A vector (Promega Corp.)). The plasmid DNA for L27V02-GR was diluted 1:20 into
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pGEM-32F (Promega Corp.) to achieve appropriate expression levels of L27V02-GR. The
plasmid DNA for L27V02-LC3 and L.27V02-PKC alpha was used undifuted, Cells were then
incubated for 24 hrs at 37°C, 5% CO,. 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 COz-independent media
containing 100 uM PBI1-3939 immediately before imaging. Unfiltered images were immediately

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

[00570] Cytasol-to-nucleus translocation of L27V02-GR fusion protein was achieved via
stimulation with 0.5 mM dexamethasone for 15 min. Cytosol-to-plasma membrane translocation
of 1.27V02-PKC alpha fusion protein was achieved via stimulation with 100 nM PMA for 20
min. L27V02-LC3 fusion protein transfected cells were left untreated or trcated with 50 mM

Chloroquine in DMEM medium (Invitrogen) containing 10% FBS.
[00571] L2Z7VO2-Glucocorticoid receplor

[00572] In the absence of glucocorticoids, glucocorticoid receplor (GR} is complexed to
Hsp90 proteins and resides in the cytosol. Upon interaction of GR with glucocorticoids, such as
dexamethasone, GR proteins dissociate from these protein complexes and translocate to the
nucleus to regulate gene transcription. FIGS. 90A-B show the bioluminescence imaging of
dexamethasone-induced cytosol to nuclear receptor (NR) translocation of L27V02-glucocorticoid

receptor (GR) fusion proteins using PBI1-3939 substrate in HelLa cells,
[00573] L27V02-PKCa

[00574] Upon treatment with phorbol esters, PKC alpha proteins are recruited to the plasma
membrane and regulate cellular responses including membrange dynamics and  signal
transduction. FIGS. 91A-B show the bioluminescence imaging of phorbol ester-induced Protein
Kinase C alpha (PKC alpha) cytosol to plasma membrane'translocalion of OglLuc L27V(02-PKC
alpha fusions using PBI3939 substrate in U-2 OS cells.

[00575] L27V-LC3

[00576]  Association of processed LC-3 proteins twith autophagosomes represents a hallmark
step in autophagy. Chloroquine treatment arrests autophagic flux at this stage, resulting in
accumulation of L.C-3 proteins on autophagosomes (producing a punctate subcellular

distribution).  FIGS. 92A-B show the bicluminescence imaging of chloroquine-induced
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autophagosomal protein translocation of OgLuc L27V-LC3 fusions proteins (SEQ ID NOs: 592

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

Table 47 ~ Proviso List

C1+A4E | Additional Substitutions

Cl4+A4E | L92G

Cl+A4E | L920Q

CI+A4E | 1928

Cl+A4E | L92A

C1+A4E | L72Q

CI1+A4E | I90T

C1+A4E | Q20R

Cl1+A4E | C1645

CI1+A4E | M75K

CI1+A4E | V79I

C1+A4E | F541

C1+A4E | K89E

CI1+A4E | 190V

C1+A4E | F77W 1 F688 190V

C1+A4E | F541 M75K

CI1+A4E | F541 M75K 190Y

CI1+A4E | F341 F6aS M735K

CI+A4E | F541 190V

C1+A4E | F541

CI+A4E | F54T Ni35K [1167V | P104L [ DI39E

Cl+A4E | V45E L34M G531V | [99V 11431

CI1+A4E | S28P L34M G351V | 199V 11431 F54T

CI+A4E | S28P L34M G351V | 195V 1143L F34T

C1+A4E | 828P
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SEQUENCE LISTING

SEQ ID NO:1 (Native mature OgLuc protein) Oplophorus gracilirostris
FlLADFVGDWOOTAGYNODRVLEQGGLS SLEQALGYSVTIPIOKVVLSGENGLKADIRVIIPYEGLSGFQMELIEMIFK
VVYPVDDHHFKI ILHYGTLVIDGVTPNMIDY FGRPYPGIAVFDGKOI TVTGTLWNGNKI YDERL1NPDGSLLEFRVTIN
GVTCWRLCENILA

SEQ ID NO:2 (ClA4E nucleotide)

ATGGTGTTTACATTGGRAGGATTTCST TGGAGACTGGCGGCAGACAGCTGGATACARCCARAGATCAAGTGTTAGARCAR
GGAGGATTSTCTAGTCTGTTCCARAAGC TGGCACTGTCAGTCACCCCART CCAGRARATTGTCCTGTCTGGCGAGAAT
GEGTTARAATTTGATATTCATGTCATCATCCUTTACGAGEGACTCAGTGGT I TT CAARI'GGGTCTGATTGAAATEATC
TTCAAAGTTGTTTACCCACTGGATGATCATCATTTCARGATTATTCTCCATTATGGTACACTUGTTATTGACGGTGTG
ACACCARRCATGATTGACTACTTTGGACGCCCTTACGAGGGAATTGCTSTGTTTGACGGCAACAAGATCACAGTTACT
GERACTCTGTGGARCGGCARCARGAT CAT TGATGAGCHOCTGATCARCCCAGRTGET TCACTCCTCTICCGUGTTALT
ATCARTGGAGTCACCGCGATGGCGCCTTTGCCGAGCGTATTCTTECC

SEQ ID HO:3 {C1A4E protein)
MVFTLEDFVGOWRCTAGYNODOVLESGGLSSLEQKLGY SV TPIQRIVLSGENGLEKFDIRVIIPYEGLIGPCMGLIEMI
FEVVYFPVDDHHFKI ILHYGTLVIDGVTPNM] DYFGREYEGIAVFDGKKITVIGTLWNGNKI IDERLINFDGSLLFRVT
INGYVTGWRLCERILA

SEQ ID HO:4 (QC27 nucleotida)
ATGGTGTTTACATTGGAGGATTTCGT TGGAGACT GCCGGCACACAGC TEGATACARCCTAGATCARGTGTTAGAACAR
GGAGGATTGTCTAGTCTGTTCCAAAARGCTGGEAGTGTCAGTCACCCCAATCCACGAAAAT TGTCCI'GTCTGGGEAGART
GGEGTTAARAARTTGATATTCATGTCATCATCCCTTACGAGGGACTCAGTGGTTTTCARATGGGTCTGAT TGARATGATC
TTCAANGTTGT T TACCCAGTGGATGATCATCATTTCARGATTATT CACCATTATGETRCACTCGTTATTGACGETGTG
ACACCAAARCATGATTGACTTCTTTGGACGUCCT TACGAGGGAATTGLTG TG T T GACGGCAAGARAGATCACAGTTALT
GEAACTCTGTGGAACGGCARCAAGATCATTGATGAGCECCTGATCARCCCAGATGGTTCACTCCTCTTCCGCGTTACT
ATCARATGGAGTCACCGGATGGUGCCTTTGCGACGCGTATTCTTGCC

SEQ ID NG:5 {QC27 protein)
MYVFTLEDFVGDWROTAGYNLDOVLEQGGLS SLFOKLGYSVT PIQKIVLSGENGLRKIDIHVIIPYEGLSGFOMGLIEMI
FKVVY PYDDHHFKI ITHRYGTLVIDGVTRFNMIDFFGRPYEGTIAVEFEGKEITVT GTLWHNGNKI IDERLINFDGSLLFRVT
INGVTGWRLCERILA

SEQ ID HO:6 (QC27 %a nucleotide}

ATGGTGTTTACATTGGAGGAT TTCGTTGEAGACTGGLGLCAGACAGC TGGATACARCCTAGAT CAACTHGT TAGAACAA
GGAGGATTGTCTAGTCTGTTCCAAARGCTGGGAGTGTCAGTCACCCCARTCCAGARRATTGTGCTGTCTGGGEGAGAAT
GEGTTAARAATTGATATTCATGTCATCATCCCT TACGAGGGACTCAGTGGETTATCARATGGGETCAGAT TGARARAGATC
TTCARAGTTGTI TACCCAGTCCATCATCATCATTTCAAGATTATTCGCCATTATGETACACTCGTTATTGALGGETGTG
ACACCABRACATGATTGACTTCTTTGGACGCCC T TACGAGGGAATTGLTGTGTTTGACCGCAAGRAGAT CACAGTTALT
GGARCTCTGT GGAACGECARCRAGATCATTGATGAGCGCCTGATCAACCCAGATGGTTCACTCCTCTTCCGCGTTACT
ATCARATGGAATCACCGGATCCCCCCTTTGCCACCGTATTCTTGCC

SEQ ID NO:7 (QCZ7 9a protein)

MVFTLEDFVGOWROTAGYNLDOLLEDGGLS SLFOKLGVSVTEPIOKIVLSGENGLKIDIHVI IPYEGLSGYOMGQIEKT
FEVVYPVDDHHFKI IRHYGTLVIDCVTPNMIDFPGRPYEGIAVFDGKK I TYTGT LWNGHNKTI IRERLTN PDGSLLEFRVT
JHGITGWRLCERILA

SEQ ID NQ:8 (IVY nucleoctide}
ATGGTGTTTACATTIGGAGGAT TTCGTTGGAGAC TGGLGECAGACAGCTGEATACRACCAAGATCAAGTGT TAGAMNTAA
GGAGGATTGTCTAGTCTCTTCCARRAGCTGEGAGTGTCAGTCACCCCAATCCAGAARATTGTGCTGTCTCGGGAGAAT
GEGTTAARRATTGATATTCATGTCATCATCCCTTACGAGCGGACTCAGTGGTTTTCARATGGGTCTGAT TGAAATGATC
TACAAAGTTGTTTACCCAGTGGATGATCATCAT TTCAAGGTTATTCPCCATTATGGTACACTCGTTATTGACGGTGTG
ACACCARACATGATTGACTACTTTGGACGCCCTTACGAGGGAAT TGO TGTGTTTCACGGCARGAAGAT CACAGTTACT
GGAACTCTGTGGAACGGCAACRAGATCATTGATGAGCGCCTGATCARCCCAGATGGTTCACTCCTCTTCCGUGTTACT
ATCAATGGAGTCACCGGATGECGCCTTTGCEGAGCGTATTCTTGCC

S5EQ ID MO:9 (IVY protein}
MYFTLEDFVGIWROTAGYNQLOVLEQGGLS SLFQKLGY SVTPIQKIVLSGENGLKIDIHVIIPYEGLSGFOMGLIEMT
YKV PYDDHHFEVILHYGTLVI DGV TPHNMIDY FGREYEGIAVEDGEK I TVTIGTLWHGNEI IDERLINEDGSLLERVT
INGWVTGWRLCERILA

SEQ ID NO:10 {(IVY+Cl.3 nuclaotida)
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ATGGTGTTTACAT TGGAGCATTACGTTGCAGACTGSCEGGCAGACAGCTGGATACAACCAAGATCARGYGT TAGARCAR
CEAGGATTGTCTAGTCTGTTCCAARATCTEGGAGTETCTGTCACCCCARTCCAGARANT TEGTGCTGTCTGGGGAGRAT
GGGTTAABBATTGATATTCATGTCATCATCCCTTACGAGGGACTCAGTGETTTTCARATGGGTCTGAT TGARATGATC
TACAAAGTTGTTTACCCAGTGGATGATCATCATTTCAAGGTTATTCTCCATTATGGTACACTCGT TATTGACGGTGTG
ACACCAAACATGATTGACTACT TTGGACGCCCTTACGAGGCAATTGCTGTGTTTGACGGCARGARGATCACAGTTACT
GGAACTCTGETGGAACGGUGACARGATCATTGATGAGCGUCTGATCAACCCAGATGGTTCACTCCTCTTCCGCGTTACT
ACCAATGGAGTCACCGGATGGCEGCCTTTGCGAGCGTATTCTTGCT

SEQ ID NO:11 (IVY+Cl.3 protein)
MVFTLEDYVGDWRQTAGYNQDQVLEQGGLSSLFQNLGVSVTPIQKIVLSGENGLKIDIHVIIPYEGLSGFQMGleMI
YKVVYPVDDHHFKVILHYGTLVIDGVTPNMIDYFGRPYEGIAVFDGKKITVTGTLNNGDKTIDERLINPDGSLLFRVT
THEVTGWRLCERILA

SEQ ID NO:12 {(IVY C5.189 nucleptide)
ATGCTCTTTACATTGGAGGATTTCGTTGGAGACTGGCOGCAGACAGC TGGATACALRCCARGAT CARGTGTTAGARCAL
GGAGGAGTGTCTAGTCTGT TCCARAAGCTEGGAGTGTCAATCACCCCARTCCAGARRATTGTGCTGTCTGGGEAGAAT
GGGTTALARATTGATATTCATGTCATCATCCCTTACGAGGGACTCAGT GGTTTTCARATGGGTCTGATTGARATGATC
TACAARRGTTGTTTACCCACTGGATGATCATCATTITCAAGSTTATTCTCCATTATGGTACACTCGTTATTGACGGTGTIG
AUCACCARACATGATTGACTACT T TGGACGCCCTTACGAGGGARATI'GCTGTGT TTGACGGCAAGARGATCACRGTTACT
GGARCTCTGT GEALCGECALCERAGATCATTGATGAGCGCCTGATCAARCCCAGATGGTTCAATCCTCTTCCECETTACT
ATCAATGGAGTCACCGGATGGCGLCTTTGCGAGCGTATTCTTGCC

SEQ ID NDO:13 (IVY C5.19 protein)
MVFTLEDFVGDWROTAGYNODOVLEQGGVSSLEQRKLGVSITPIQKIVLSGENGLEIDIHVIIPYEGLSGFOMGLIEMT
YEVVYPVDDHHFKVILHYGTLYIDGVTPNMI DY FGRPYEGIAVFDGEKITVTIGTLWNGNKITDERLINPDGSILERVT
INGVTGWRLCERILA

SEQ ID N2:14 (IV nucleotide)

ATGETGITTACATTGGAGGATTTCGT TGGAGACTGELGGUAGACAGCTCGATACAACCAACATCAAGTGTTAGAACAN
GEAGGATTGTCTAGTCTGT TCCARAA U TGGGAGT GTCAGTCACCCCARTCCAGAARAT TCTEC TG TCTGGGGAGEAT
GEGTTARRRATTGATATTCATGTCATCATCCCT TACGAGGGACTCAGTGETITTCARATGGETCTGATTGAARTGATC
TTCARAGTTGTTTACCCAGTGGEATGATCATCATTTCAAGGTTATTCTCCATTATGGTACACTCGTTATTGACGGTGTG
ACACCARRCATGAT TGACTACTTTGGACGCCCTTACGAGGGAATTGCTGTGTTTGACGGCAAGRAGATCACAGTTACT
GEARCTCTCTGGARCGECARCARGATCATTGATGAGCGCCTGAT CAACCCAGATGGTTCACTCCTCTTCCGCGTTACT
ATCANATGGAGTCACCGGATGSCGCCTTTGCGAGCGTATTCTTGEC

SEQ ID WO:15 {IV protein])
MVFTLEDFVGDWRQTAGYNQDQVLEQGGLSSLFQKLGVSVTPIQKIVLSGENGLKIDIHVIIPYEGLSGFQMGLIEMI
FRYYYPYDDHHFRKVILHYGTLVIDGVTPNMI DY FGRPYEGTAVEDGKKI TV G LWNGNKI IDERLINFDGSLLFRVT
INGVTGWRLCERILA

SEQ ID NO:16 {15C1 nucleotide)

ATGGTGTTTACATTGAAGGATTTCGT TGEAGACTGGCGEGCAGACAGUTEGATACAARCCAAGATCAAGTGTTAGAACAA
GGAGGATTGICTAGTCTGTTCCARAATCTGGGAGTGTCASTCACCCCARTCCAGARAATTGTGCTGTCTGGEGAGAAT
CGCTTAARARTTGATATTCATGTCATCATCCCTTACGAGGCACTCAGTSGTTATCARATGGGTCAGATTGARRRGATC
TTCAAAGT TETT TACCCAGT GGAT GATCATCAT TT CARGE T TATTCTCCAT TATGGTACACTCGTTATTGACGGTETGE
ACACCAARCATGATTGACTACTTTGGACGCCCTTACGAGGGARTTGCTGTGT TTGACGGCAAGALGATCACAGTTALT
GGAACTCTGTGGARACGGCAACAAGART CATTGATGAGCGCCTEATCAMCCCAGATGETTCACTCCTCTTCCGCGTTALT
ATCAATGGAGTCACCGGATEGCGCCT TTGLGAGCGTATTCTTSOC

SEQ ID KNO:17 {15C1 protein)

MVETLKDFVGDWROTACYNQDOVLEQGGLSSLEONLGYSVT PIQKIVLSGENGLXIDIHVI IPYEGLSGYOMGQIEKT
FEKVVYPVDDHHEKVILHYGTLY I DGVTPHNMI DY FGRPYEGIAVEDGKEI TVTGTLNGHNEI IDERL INFDGSLLERVT
INGVTGWRLCERILA

5EQ ID NO:18 (9B8 nucleotide)

ATGGETGTTTACATTGGAGGATTTCGTTGRAGACTGEULGECAGACAGC TGGATACAACCTAGATCARGTGTTAGARCAA
GGAGGATTGTCTAGTCTGTTCCARAACGCTGGGAGTGTCAGTCACCCCAATCCAGARARATTGTGC TGTCTGGEGAGALT
GGGTTARARAT TGATATTCATGTCATCATCCCT TACGAGGGACTCAS TGS T TATCARATGGGTCAGAT TGAMAGATC
TTCAAAGTTGTTTACCCAGTGGATGRTCATCATTTCAAGGTTATTCTCCATTATGGTRCACTCGTTATTGACGGTGTG
ACACCAARACATGATTGRACTACTT TGEACGCCUT TRACGAGGEAAT TGO TG TG TTTGACGGCRAAGRLGATCACAGTTACT
GGRACTCTGTGGRACGGCARCEAGATCAT TGATGAGCGCC TGAT CARCCCAGATEETTCACTCCTCTTCCGCGTTACT
ATCARATGGAGTCACCGGCATGGCGCCTTTGCGAGCGTATTCTTGCC
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SEQ ID NO:19 (9B8 protein}

MVFTLEDFVGDWRQTAGYNLDOVLEQGGLS SLEQKLGVSVTPIQKIVLSGENGLKIDIHVIIPYEGLSGYQMGOTEKT
FKVVYPVDDHHFKVILHYGTLVIDGVTENMIDY FGRPYEGIAVEDGKKITVIGTLWNGNKI IDERLINPDGSLLERVT
INGVTGWRLCERILA -

SEQ ID NO:20 {9F6 nucleotide)

ATGGTGETTTACATTGGAGGATTTCET TGGAGACTCGCGGCAGACAGCTGCATACARCCTAGATCAAGTGT ITAGARTAR
GGAGGAGTGTCTAGTCTGTTCCAARRAGC TEEEAGTGTCAATCACCCCARTCCAGRRRATTGTGCTGTCTGGGGAGAAT
GGETTARARBATTGATAT ICATGTCATCATCCCTTACGAGGGACTCAGTGGT PAT CANAT GGG TCAGAT TGAARMCATC
TTCARAGTTGTTTACCCAGTGGAT GATCATCATTTCAAGETTATTCTCCAT TATGGTACACTCGT TATTGACGETGTG
ACACCARMCATGATTGACTACTTTGGACGCCCTTACGAGGGART TGCTETGTT TGACCGCAAGAAGAT CACAGTTACT
GGARACTCTGTGGARCGGCARCAAGAT CATTGATGAGCCCCTGATCARCCCAGATGGTTCACTCCTCTTCCGCGTTACT
ATCARATGGAGT CACCGGATGECGCCTTTGCGAGCGTATTC T TG

SEQ ID NO:21 (9F8 protein)

MYFTLEDFVGDWROTAGYNLDOVLEQGGVSSLFQKLGVS [TPIQKIVLSGENGLKIDIHVIIPYEGLEGYQMGQIEKE
TEVVYPYDDHHFKVILHYGTLVIDGYTPNMIDYFGREYEGIAVE DGRKITVTGTLWNGNKI IDERLINPDGSLLERVT
INGVTCWRLCERILA

SEQ ID NO:22 (IV opt nucleotide)
atggtgtttacactcgéagatttcgtaggggactggcggcagacagccggctacaaccaagaccaagtccttgagcag
ggeggtoctgtecagtitgtttcagaaacteggggtgtcoegtaacaccgatecaaaagattgtectgageggtgaaaac
ggccotgaagatogacatcocatgtecatecatoecgtatgaaggtotgageggettecagatgggoctcatigagatgato
tttaaggtggtglacecctgtggatgatcatcactttaaggtgattctgeactatggcacactggtaategqacggggtt
acgocgaacatgatcgactatticggacggocgtatgaaggeatogoogigttogacggcaadaagatcactgtaace
gggaccctgtggaacggeaacaaaattatcgacgagegectgatcaacececgacggetocctgotgtteocgegtaaco
atcaacggagtgaccggetggoggoctgtgocgagogeattitggeg

SEQ TID NO:23 (IV optB nucleotide)
atggtaticacactggaggattttgreggtgattgyeoggecaaaccgectgggtacaaccaggaccaggttictegaacaa
gggggcoctcagotoocotghittcaaaaactggotgttageattacacctalicaaaaaategtgotoetocggyggaaaac
gggeiraaaatcgatatieatgtgartartcecttacgaagggetectecogggtttecagatggggetgategaaatgate
tttaaggtogictatococogtagatgatcaccacticaaggtgartecctecactacgggaccctogtaattgatgqgeatyg
acccccaacatgatcgactattttgggogoeocttacyagggyatigelgtictiegatgygraaaaaaattacagtgaca
ggeacacteotggaacgggaataagatcattgatgagegeoctgattaatecegatgggageetgotetttogggtgaca
attaacaogegtaacaggetggegectetgtgaacggattotggeg

SEQ ID NO:?4 {9B8 opt nuclectide)
atggrgtttacactcgaagatitegtaggggactggoggeagacagecggetacaacctggaccaagiecttgageag
ggcggtchgtcocagtttgtttcagasacteggggtgtccgtaacaccegatccaaaagattgtcctgageggtgaaaac
ggcctgaagatcgacatccatgtcatocatcecegtatgaaggictgageggetatcagatgggecagategaaaaaatt
tttaaggtggtgtacectrgtggatgatcatcactttaaggtgattictgeactatggcacactggtaatogacygggatt
acgoocgaacatgatcgactatttoggacggeoogtatgaaggeatogoogigitoganggcanasagateactgtaaco
gggaccctgtggaacggoaacaaaattatogacqgagegoctgatcaacoccgacggotooctigotgtioocgagtaace
atcascggagtgaceggectggoggetgtgeogagegeatti tggeg

SEDQ ID WO:25 (Y9B8 optB nucleotids)
atggrattcacactggaggattttgtocggtgatiggoggraaaccgeigggtacaaccicgaccagglictcgaacaa
gggggoctcagetcoatgtttcaaaaactgggtgttagegttacacctattcaaaaaategtgotetoccggggaaaac
gggctoasaatcgataticatgtgattateocttacgaagggetetcegyggtatcagatggggcagategaaaaaate
ttiaaggtcgtctateccogtagatgatcaccacttocaaggtgatccteccactacgyggacectoegtaattgatggogtg
acccoccaacatgatecgactattttgggegoecttacgaggggattgotgtottogatlaycaaagaaattacagtgaca
ggcacactctggaacgggaataagatcatigatgagogectgattaateccgatgggagectgetectttogggigaca
altaacggcgtaacaggctgagcgcctetgtgaacggattetageg

SEQ ID NO:26 (BA3 nucleotide)
Atggtgattacattggaggatttegttggagactggeggeagacagetggaracaaccaagatcaagtgttagaacaa
gyaggagtgtctagtectgttocaaaagectgggagtgtcaatcacococraatccagaaaattgtgetgretggggagast
gggttaaazattgatattcatgtcatcatcocttacgagyggactecagtggttitcaaatgggletgatigaaatoatc
ttcaaagttgtttacecagtggatgatecatcatrticaaggttattctocattatggtacactegttattgacggtgtyg
acaccaaacatgattgactactttggacgoecttacgagggaattgotgigtttgacggeaagaagatcacagttact
ggaactctgtggaacggcaacaagatcattgabtgagegeotgatcaacccagatggttocactoctettecgogttact
atcaatggagtcaccggatggogoctttgogagegrattottgee
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SEQ ID NO:27 (BA3 protein)
MVITLEDFYGDWROTAGYNQDQVLEQGGYSSLIQKLGVSITPIQKIVLSGENCLKI DIRVI IPYEGLSGFQMGLIEMT
FKVVYPVDDHHFKVILHYGTLVIDGVTPNMIDYFGRPYEGI AVEFDGKKITVTGTLWNGNKI IDERL1NPDGSLLERVT
INGVTGWRLCERILA

5EQ ID NGQ:28 {Luc2 nucleotidea)
atggaagatgccaaaaacattaagaagggoccagegecattetacccactogaagacgggacogocggcgagcagetg
cacaaagccatgaagcgctacgcoctggtgeceggcaccategeootttaccgacgoacatatcgaggtggacattace
tacgocogayglacticgagatgagogtteggoctygcagaagetatgaagegetatgggetgaatacaaacecateggate
gtggtgtgcagcgagaatagcttgcagttcttcatgcccgtgttgggtgccctgttcatcggtqtggctgtggcccca
gctaacgacatctacaacgagcgcqagctgctgaacagcatgggCatcagccagcccaccgtcgtattcgtgagcaag
aaagggctgcaaaagateclicaacgrgcaaaagaagetaccgatcatacaaaagatcatcatcatggaragecaagace
gactaccagggcttecaaageatgtacaccitogtgacttcccatttgoccacceggeottcaacgagtacgacttogtyg
cccgagagcttcgachggaCaaaaccatcgccctgatcatgaacaqtagtggcagtaccggattgcccaagggcgta
gccoctaccgeaccgraccgecttgtgtecogattcagtcatgecocecgogaceccateticggcaaccagatcateccocgac
accgctatcctecagogtggtgecattticaccacgycticggeatgttcaccacgetgggetacttgatctgeggettt
cgggtegtgetcatgtacegettogaggaggagetattettgeogoagetigraagactataagattcaatetgecotyg
ctggtgecccacactatttagottottegectaagagractetcatcgacaagtacgacctaagcaacttgecacgagate
goccagoggoggggogocgctcagocaaggaggiaggblygaggeegtggecaaacgettcocacctaccaggecatcogecag
ggotacggretgacagaaacaaccagegecattotgatcacooccgaaggggacgacaagceliggegeagtagygcaag
gtgotgcccttcttegaggetaaggtggtggacttggacaccggtaagacactgggtgtgaaccagegeggegagotyg
tgcglececgtgoccceatgatcatgageggetacgttaacaaccecgaggetacaaacgotetcatcgacaaggacgge
tggetgeacageggogacatcgectactgggacgaggacgageacttottcategtggaceggetgaagagectgate
aaatacaagggetaccaggragecccagecgaactggagageatectgotgeaacacocecaacatecttcgacgeooggy
gtcogeoggoctgocogacgacgatgeoggogagetgecocgecgeagregtegtgotggaacacggtaaaaccatgace
gagaaggagatcgtggactatgtggccageeaggttacaacegocaagaagetgegeggtggtgttgtgbtegtggac
gaggtgectaaaggactgaceggeaagttggacgeccgcaagatcogegagattoctoattaaggocaagaaygggeygyge
aagatcgeogtt

SEQ ID ND:29 (Luc2 protein)
medaknikkgpapfypledgtageglhkamkryalvpgtiaftdahicvdityvaeyfemsvrlasamkryglntnhri
vvcsenslqifmpvlgalfigvavapandiynerellnsmgisgptvvivskkglgkilnvgkklpiigkiiimdskt
dyggfgsmytivtshlppgfneydfivpesfdrdktialimnssgstyglpkavalphrtacvrishardpifgngiipd
tailsvvpfhhgfgmftrlgylicgfrvvimyrfeeelflrslgdykiqsallvptlisfiakstlidkydlsnlhel
asggaplskevgeavakrfhlpgirggygltettsailitpegddkpgavgkvvpffeakvvdldtgktlgvngrgel
cvrgpmimsgyvnnpeatnalidkdgwlhsgdiaywdedehffivdrlkslikykgygvapaelesillghpnifdag
vaglpdddagelpaavvvlengktmtekeivdyvasgvttakklrggvvivdevpkgltgkldarkireilikakkgg
kiav

SEQ ID NO:30 {(HRL {Humanized Ranilla) nucleotide)
Atggcttcocoaaggtgtacgaccocgageaacgeaaacgeatgatcactgggectecaghtggigggetegetgecaageaa
atgaacgtgctggactcottcatcaactactatgattccgagaagracgocgagaacgecgtgattittctgecatggt
aacgctgectocagetacectgtyggaggracgteogtgoctcacategagecegtggetagatgoatcatccotgatety
atcggaatgggtaagicoggcaagagegggaatggetcataicgecteotyggatecactacaagtacctcaccgettgy
ttcgagetgoctgaaccttocaaagaaaatcatoetttgtgggecacgactggggggottgtctggoctttcactactce
tacgagcaccaagacaagatcaaggecrateogtocatgetgagagtgtcatlggacgtgategagtecotgggacgagtgg
cetgacatcgaggaggatatcgecctgatcaagagogaagagggegagaaaatggtgettgagaataacttettogte
gagaccatgetcccaageaagateatgeggaaactggagectgaggagttogotgectacetyggagecattcaaggag
aaggucgaggttagacggcctaccctetoctggectegegagateocitctagttaagygaggecaageccgacgtegte
cagatigtccgcaactacaacgectacocttcgggccagegacgatctgoctaagatgtlecategagtoccgaccoctggy
ttcttttecaacgctatigtecgagyggagetaagaagitocciaacaccgagttegtgaaggtgaagggecteecacttce
agccaggaggacgctccagatgasatgggtaagtacatcaagagottecgtggagecgogtgetgaagaacgageay

SEQ ID NO:31 (HRL {Humanized Renilla) protein)

MASKYYDRPEQRERMI TG POWWARCKCMNVLDSFINYYDSEKHAENAVI FLHGNAASSYLWRHVVPHIEPVARCIIPDL
IGMGKSGKSGNGSYRLLDHY KY LTAWFELLNLPKKI IFVGHDWGACLATHY SYEHQDKI KAIVHAESVVDVIESWDERW
PDIEEDIALIKSEEGEKMVLENNFFVETMLPSKIMRELEPEEFAAYLEPFKEKGEVRREPTLSWPREI FLVKGGKPDVY
OIVRENYRAYLRASDDLPKMEFIESDPGFE SHNAIVEGARKFFNTEFVKVKGLHFSOEDAPDEMGRY IKEFVERVLENED

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

atgecttggtctotcggageaaagegtgtoccatectegogclygegotgggacgegocctgerecgecttgotggacgageay
caggtgaacgtcoctgetotacgacatgaacggetgetacteacgectcaaggagetggigececacecoctgececagaac
cgraaagtgagcaaggtggagatectgcageatgtaategactacatcagggacctgeagetggagectgaactcggag
Lctgaagtegggaccaccggaggccggggactgoetgteocgegecocgotcagracoctgaacggegagatecagtgeo
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ttggcggccgaggcggcatgtgttccagccqacgatcgcatcttqtgtcgcgtttctcttgagaatctttatt;tcag
gcgtctggagqtggtggcggagcgatcgccatggcttccaaggtgtacgaccccgagcaacgcaaacgcatgatcact
qggcctcagtggtggqctcgctgcaagcaaatgaacqtgctggactccttcatcaactactatgattccgagaagcac
goccyagaacgeoogtgatitticugeatggtaacgetgectecagetacoctgtggaggecacgtogtgecteacategag
cecgtggetagatgoatcateccctgatectgaleggaat gggtaagtecggecaagagogggaatggetcatategecte
Ctggatcactacaaqtacctcaccgcttggttcgagctgctgaaccttccaaagaaaatcatctttgtgggccacgac
tggggggcttgtctggcctttcactactcctacgagcaccaagacaagatcaaggceatcgtccatgctgagagtgtc
grggacgtgatcgagtcctggygacgagtggoctgacatogaggaggatateygcocctgalcaagagegaagagggcegaqg
aasatggtgcttgagaataacttettcogtegagaccatgotoccaageaagatecatgeggaaactggagootiyaguayg
ttegetgoctacctggagecattoaaggagaagggegaggttagacggoctaceototeotggocticgegagatecet
ctegttaagggaggoaagoccgacgicygtecagattgticegeaactacaacgectaccttogggccagegacgatety
cctaagatgttcatcgagtocgaccotgggttctittecaacgetatigtcgagggagctaagaagttocclaacace
gagttcgtgaaggtgaagggeoctocacttcagocaggaggacgetccagatgaaatgggtaagtacatcaagagette
gtggagegegtgergaagaacgageaggtbtcictecgagecaaccactigaggatoctgtactitcagagegataacgat
ggatccgaaatcggtactggoetttocattegacecocattatgtggaagtectgggegagegcatgecactacgicgat
gttggtocgegegatggcaccoctgtgetgttectgeacggtaaccecgacctoctectacgtgtggegeaacateate
ccgcatgttgcaccgacccatcgctgcattgctccagacctgatcggtatggg;aaatccqacaaaccagacctgggt
tatttecttegacgaccacgtecgcttcatggatgecttocatocgaageectgggtctggaagaggtegtectggteati
cacgactggggctcogeterggotttecactgggecaagegcaatcocagagegegtcaaaggtattgeatttatyggag
ttcatcogoectatococgacectgggacgaatggecagaatttgecegcgagacettecaggoctktecgraccaccgac
gtcggccgeaagetgatcategatcagaacgttitttategagggtacgotgoogatgggtgtogteocgeceyetgact
gaagtcgagatggaccattacegegageeghtoctgaatectgttgacocgeogagocactgtggegoticecaaacgay
ctgccaatcgoccggtgagecagegaacatogtegegetggtegaagaatacatggactggetgeaccagtococtgte
ccgaagctgotgttociggyggcaccocaggogttotgatocecacecggocgaagocgetogectggecaaaagectgect
aactgcaaggctgtggacatceggoeccaggteigaatctgoetgraagaagacaacoceggacetgatogycagegagate
gogegekggetgtetactoctggagatttecggt

SEQ ID NO:33 (Id-HRL-HT7 sandwich fusion protein)
MLGLSEQSVSISRCAGTRLPALLDEQOVNVLL Y DMNGCYSRLKELVETLEONRKVSKVEILOBEVIDY IRDLOLELNSE
SEVGETTGGRGLPVRAPLSTLNGEI SALAARARCVPADDRILCRVSLENLYFQASGCGGCAI AMASKVYDFEQRKEMIT
GPOWWARCKOMHNYLDSFINY YDSERKHAENAVIFLHGNARS SY LWRHVVPHIEPVARCIT PDLIGMGKSGKSGHNGSYRL
LONYKYLTAWEFELLNLPKKIIFVGHDWGACLAFHY SYEHQDRIKAIVHAESVVDVIESWDEWPDIEEDIALIKSEEGE
KMVLENNFFVETMLEPSKIMRXLEPEEFARY LEPFKEKGEVRRFTLSWFREIPLVKGGKPOVVQIVRNYNAY LEASDDL
PKMFIESCPGFFSHNAIVEGAKKFPNTEFVEVKGLHFSQEDAPDEMGRY IKSFVERVLENEQVSLEPTTELLYFOQSOND
GREIGTGFPFDPHYVEVLGERMHYVDVGPRDGTPVLEFLHGNPTSSYVWRNIIPHVAPTHRCIAPDLIGMCGKSDKPDLG
YFFDDHYRFMDAFPIEALGLEEVVLVIHDWGSALGFHWAKRENPERVKGIAFMEFIRPIPTWDEWPEFARETFQAFRTTD
VGRELIIDONVEIEGTLEMGVVRPLTEVEMDHYREPFLNPVDREFLARFPHNELFIAGEPANIVALVEEYMDWLHDS PV
PRLLFWGTPGVLIPPAEARRLAKSLPNCKAVDIGPGLNLLOEDNPDPLIGSEIARWLSTLEISG

3EQ ID KO:34 (BA3I-HT7 fusicon nuclectide)
atggtgattacattggaggattitcgtiggagactggeggcagacagoetggatacaaccaagatcaagtgttagaacaa
ggaggagtgtctagtetgttecaaaageotgggagtgicaateaceccaatecagaaaattgtgetgtectggggagaat
gggttaaasattgataticatgtcatcatcecttacgagggactcagtggttttecasatgggtetgattgaaatgate
ttcaaagttgtttacccagtggatgatcatcattitcaaggttattoctccattatggtacactocgttattgacggtgtyg
acaccaaacatgattgactactttggacgcocortacgagggaattgotgtgttitgacggeaagaagatcacagttact
ggaactcotgtggaacggeaacaagatcattgatgagogectgatcaacecagatggttecactectettcegogutact
atraatggagtcaccggatggogectttgeogagogtattcttgocggatatctcgagoraaccactgaggatectgtac
tttcagagecgataacgatggatccgaaateggractggetttorattcgaccococattatgtggaagtecergggegag
cgeatgeactacgtegatgtrggteegogegatrggeacecetgtgoetgttcetgeacggtaacecgacetectectas
gtgtggegeaacatecateccgratgttgcacegacecategetgeatrgetecagacctgateggtatgggeaaatee
gacmaaccagacctgggitatttetitegacgaccacgtoogottcatggatgootteatcgaageoocctgggticiggaa
gaggtcgtcctggtcattcacgactggggectecocgetetgggtttccactgggocaagegecaatccagagegegticaaa
ggtattgeatttatggagttecatcegeocctateccgacctgggacqgaatggecagaatttgecegegagaccticeag
gocettcograccaccgacgtoggeorcgoaagotgateatogatcagaacgittttatcgagggtacgotgocgatgagt
gtegteogecegetgactgaagtcgagatggacecattaccgogaygocgttcotgaatectgttgaccgogageeacty
tggocgetteccaaacgageotgecaategeaggtgagecagegaacategtegegetggtegaagaatacatggactgy
ctgecacragtecoctgtecegaagetgotgtictggggecaccecaggogttetgateccacegygocgaageoget ogoe
ctggocaaaagoctigoctaactgoaaggoctgtggacatocggooogggtctgaataetgotgeaagaagacaacoocggaa
ctgatoggcagogagatogegogotggotgtctactectggagat tvoegat

SEQ ID WO:35 (BA3-HT7? fusion protein)

MYVITLEDEVGDWROTAGYNQDOVLEQGGVESLEFORLGVSITPIQRIVLSGENGLRKIDIHVIIPYEGLSGFOQMGLIEMI
FEKVVYPVDDHHFKVILHYGTLVIDGVTPNMIDYFGRPYEGIAVFDGKKITVTGTLWNGNKI IDERLINPDGSLLFRVT
INGVTGWRLCERILAGYLEPTTEDLY FQSDNDGSEIGTGFPFDPHYVEVLGERMHYVDVGPRDGT PYLFLHGNPTSSY
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VWRNIIPHVAPTHRCIAPDLIGMGKSDKPDLGY FEFDOHYRFMOAFIEALGLEEVVLYIHDWGSALGFHWAKRNPERVE
GIAFMEFTREI PTWDEWPEFARETFOAFRTTDVGRKLI IDONVEFIEGTL PMGVVRPLTEVEMDHYREPFLNPVOREPL
WRFPNELPIAGEFANIVALVEEYMDWLHOSPVPKLLEWGTPGVLIFPPAEAARLAKSLPNCKAVDI GPGLNLLOQEDNPD
LIGSEIARWLSTLEISG

SEQ ID NO:36 {(9BR8-HT7 fusion nuclectids}
atggtgtttacattggaggatttcgttggagactggcggcagacagctggatacaacctagatcaagtgttagaacaa
ggaggattgtctagtoctgttccaaaageigggagtgtcagtcaccccaatecagaaaattgrgetgtctggggagaat
gggttaaaaattgatattcatgtcatcatcccttacgagggactcagtggttatcaaatgggtcagattqaaaagatc
ttcaaagttgtitacccagtggatgatcatecatttcaaggttattctecattatggtacactegttattgacggtaty
acaccaaacatgattgactactttggacgcccttacgagggaattgctgtgtttgacggcaagaagatcacagttact
ggaactctgtggaacggcaacaagatcattgatgagcgcctgatcaacccagatggttcactcctcttccgcgttact
atraatggagtcaccggatggegocttigegagegtattctigocggatatetogagecaaccactygaggatetgtac
tttcagagcgataacgatggatcogaaatcggtactggetttecattcgacecoccattatgryggaagtoctgggcgag
cgeatgcactacgtegatgttggtcegogogatggcaccectgtgotgitoctgeacggtaaceegacctcotoctac
gtgtggcgcaacatcatcccgcatgttgcaccgacctatcgctgcattgctccagacctgatcggtatgggcaaatcc
gacaaaccagacctgggttatttcottegacgaccacgtcogetteatggatgectrcategaageocctyggtetggaa
gagqtcgtcctggtcattcacgactggggctccqctctgggtttccactqggccaagcgcaatccagagcgcgtcaaa
ggtattgcatttatggagttcatecgecctatcoccgacoctgggacgaatggecagaatttgeccgegagaccticcag
gccttccgcaccaccgacqtcggccgcaagctgatcatcgatcagaacgtttttatcgagggtacgctgccgatgggt'
gtegtecogooogoctgactgaagtcyagatggaccattacegegagecygttoctgaatectgttgaccgegagecactg
tggcgcttcccaaacgagctgccaatcgccggtgagccagcgaacatcgtcgcgctggtcgaagaatacatggactgg
ctgeoaccagtcococctgtoceccgaagetgotgttetggggecaceccaggegttetgatococaccggocgaagoocgetcge
ctggccaaaagectygcctaactgcaaggetgtggacatecggoccgggtetgaatetgotgoaagaagacaacoceoggac
ctgatcggeagegagatcgegegotggetgtetactelggagatticeggt

SEQ ID NO:37 (9BB-HT7 fusion protein}
MYEFTLEOFVGOWROTAGYRLDOVLEOGGLSSLFOKLGVSVTPIQKIVLSGENGLEKIDIHVIIPYEGLSGYQMGOIEKT
FEKVVYPVDDHHEFKVTLHYGTLYIDGVTPNMIDYFGRPYEGIAVFDCKKITVTGTLWNGNKI IDERLINPDGSLLFRVT
THGYTGWRLCERILAGYLEPTTEDLYFQSDNDGEE IGTGFPFDPHYVEV LGERMHYVDVGPRDGTEVLELHCNPTSSY
VWRNIIPHVAPTRRCILZPDLIGMGESDKPDLGY FFDDHVREFMDAF IEALGLEEVVLVIHDWESALGFHWAKRNEERVE
GIGFMEFIRFI FITWDEWPEFARETFOAFRTTDOVGREKL I I DOWVFIEGTLEFMGVVRPLTEVEMDHYREFFLNPVLREEPL
WRFPNELPIHGEPANIVALVEEYMDWLHQSPVPKLLFWGTPGVLIPPREAARLRKSLPNCKAVDIGPGLNLLQEDNPD
LIGSEIARWLSTLEISSG

SEQ ID NQ:38 (9F5-HT7 fusien nuclectide)
atggtgtttacattggaggatttegttggagactggoggecagacagetggatacaacctagatcaagtgttagaacaa
ggaggagigtctagtctgttocaaaayctygggagtgtcaatecacceccaateccagaaaattgtgetgtetggggagaar
gggttaaaaattgatattcatgtcatcatececttacgagyggactcagtggttatecazatgggtcagattgaaaagate
ttcaaaghitgtttacceagtggatgatcatcatttecaaggttattectecattatggtacactegttatrtgacggtgtyg
acaccaaacatgattgactactttggacguectliacgagygaattgetgtgtttgacggecaagaagatcacagttace
ggaactctgtggaacggecasraagatcattgatgagegectgatcaacecagatggttcactoctottoegegttact
atcaatggagtcaceggatggegectttgegagegtattettgeocggatatetagagecaaccactgaggatetgtac
tttcagagegataacgatggatecgaaateggtactggetttccattogacceccattatgtggaagteetgyggegag
cgcatgcactacgtecgatgttggtecgegogatggoacceotatygelgllicatgecacyggtaaccegacctectectac
gtgtggcgecaacatcarcoegeatgtigeacegaccocategetgeattigetecagacctgatecggtatgggeaaatee
gacaaaccagacctgggttatttettegacgacracqgtecgottocatggatgeocttcatecgaagoococtggguctggaa
gaggtegtecctggtecattcacgactggggotecgetoctgggtttocactygggecaagegeaatecagagogegteaaa
ggtattgeoatttatggagtteatecgeecctatecogacctgggacgaatggecagaatttycecegegagacctroecag
gocttecgoacracegacgtoggecgecaagetgatecategatcagaacgttttratcgagggtacgetgoegatggat
gteotccgeoocgetgactgaagtegagatggaccattaccgegageegttoctgaatectgttgacegegagecactg
tggegetteccaaacgagctygeccaategoccggtgagecagegaacategtogegetggtcgaagaatacatggactygyg
ctgraccagtcococtgtooogaageotgotgttotggggoaccacagaegtictgatococaccggocgaagoogeroge
ctggoeraaagectygectaactgeaaggelgtggacateggecegggtoctgaatectactgcaagaagacaacoeggac
ctgatcggcagegagaicgeogegetgactgtoctactictggagatttecoggt

SEQ ID HD:3% (9F6-HT7 fuaion protein}
MVFTLEDFVGDWROTAGYNLDQVLEQGGVSSLFQKLGVSITPIQKIVLSGENGLKIDIHVIIPYEGLSGYQMGQIERT
FKVVYPVDDHBFKVILHYGTLVIDGVTPNMIDY FGRPYEGIAVFDGKKI TVTGTLWNGNKIIDERLINPDGSLLFRVT
INGVTGWRLCERILAGYLEPTTEDLYFQSDNDGSEIGTGFPFLPHYVEVLGERMHYVDVGPRDGT PYLFLHGNPTSSY
VWRNIIPHVAPTHRCIAPDLIGMGKSDKPDLGYFFDDHVR FMBAFIEALGLEEVYLVIHDWGSALGFHWAKRNFERVE
GIAFMEFIRPIPTWDENPEFARETFQOAFRTTDVGRKLIIDQNYFIEGTLPMGVVRPLTEVEMDHYREPFLNPVOREPL
WRFPNELPIAGEPANIVALVEEYMDWLHQSPVPKLLFWGT PGVLIPPAEARRLAKSLPNCKAVDIGPGLNLLOEDNPD
LIGSEIARWLSTLBISG
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SEQ ID N0o:40 (Id-9BB opt-HT7 sandwich fusion nuclectide)
atgcttggtctgtecggageaaagegtgtecatrctegeogetgegetgggacgogectgocecgectigetggacgageay
caggtgaacgtcoctgetotacgacatgaacgygetgotactecacgeeteaaggagetggtgeecacactgocecagaac
cgcaaagtgagcaaggtggagatcctgcagcatgtaatcgactacatcagggacctgcagctgqagctgaactcggag
tctgaagt cgggaccaccggaggecggggactgectgtecgegecccogetcageaccoigaacggegagatcagtygeo
t tggecggeogagycygcatgtgttoccagecgacgategeatottgtgtogegtttotottgagaatotttattttcag
gogtotggaggtggtggeggagegategecatggtgtttacactcgaagarttegtaggggactgaecggeagacagec
ggctacaacctggaccaagtocttgageagggeggtetgtecagtiitgbttcagaaactoggggtoicegiaacacey
atccaaaagattgtcctgagecggtgaaaacggoctgaagategacatccatgtecateatecegtatgaaggtetgage
ggctatcagatgggocagatocgaaaaaattitiaaggtgglgtaccctgtggatgatcatcactttaaggtgattetg
cactatggoacactggtaatcgacggggttacgocecgaacatgatogactattleggacgygcegtatgaaggeategoeo
gtgttcgacggecaaaaagatcactgtaacegggacectgtggaacggeaacaaaattategacgagegectgatcaac
coccgacggectoccctgeotgttocogeogtaaccatcaacggagtgacoggetggeggotgtgegageogtattettgoegga
tatctcgagoccaaccactgaggatotgtactttecagagegataacgatggatcocgaaateggtactggelkticealtc
gaccceccattatgtggaagtoctgggegagegeatgecactacgtecgatgttggtcocgogegatggocaccootgtigetyg
tLcctgoacggiaacccgacctoctoctacygtgtyggogecaacatcatecegeatgttgcaccgaccecatecgetgeatt
getcecagacctgateggtatgggoaaatcegacaaaccagacctyggttatticticgacgaccacgtececgettcaty
gatgccttecatecgaageceotgggtotggaagaggtegtectggtecattecacgactggggetecgetetgggtiiceac
tgggccaagrgeaatccagagegcgtcaaaggtattgoatttatggagtteatccgecctatcecgacctgggacgaa
tggoccagaatttgeccygegagacctteccaggeccticogecaccaccgacgtoggecgeaagotgatcatecgatcagaac
gtttttatcgagggtacgotgocgatoggtgtegtengoecgetgactgaagtcgagatggaccattaccgegagoeyg
ttcctgaatcetgttgacogegagecactgtggogettcccaaacgagoetgecaategecggtgagoecagegaacate
aglcgcgotggicgaagaatacatggactggetgoaccagtecoctgteccgaagotgotgtictiggggecaccocagge
gttetygatoccaccgygecyaagecgetocgectggecaaaageclygectaactgoaagyetygtggacateggeeogygt
ctgaatctgotgcaagaagacaacecggacetgateggeagegagategegegetggetgtetactetggagatttce
ggtt

SEQ ID NO:41 (Id-9B8 opt-HT7 =andwich fusion protein)
MLGLSEQSVSISRCAGTRLPALLDEQOVNVLLY DMNGCY SRLKELVPTLPONRKVSKVEILOHVIDY IRBLOQLELNSE
SEVGTTGGRGLPVRAPLSTLNGEI SALARRAACVPADDRILCRVSLENLY FQASGGCCGAIAMVETLEDFVGDWRQTA
GYNLDOVLEQGGLSSLEQKLGYSVIPIQKIVLSGENGLKIDIHVIIPYEGLEGYQMGOIEKIFKVVY PYDDHHEKVIL
BYGTLYIDGVTPHMIDY FGRPYEGIAVEDGRKITVTGTLWHGHK LIDERLINPOGSLLERVI INGYTGWRLCER T LAG
YLEPTTEDLYFQSDWDGSEIGTGFPFDPHYVEVLGERMHY VDVGPRDGT FVLFLHGNEPTSSYVWRNI I PHVAPTHRCT
APDLIGMGKSDKPDLSYFFODHVRFMDAFIEALGLEEVVLVIHDWGSALGFHWAKRNPERVKGIAFMEFIRFI PTWDE
WPEFARETFOAFRTTDVGRKLIIDONVEFIEGTLPMGVVRPLTEVEMDHYREPFLNEVDREPLWREFPNELPIAGEPANT
VALVEEYMDWLHOS PYPKLLFWCGTPGVLI PPAEAARLAKSLPNCKAVDIGPGLN LLQEDNPDLIGSEIARWLSTLEIS
G

SEQ ID HO:42 [9B8 opt+K33N nuclectide}
atggtgtttacactcgaagatitcgtaggggactggecggecagacagoccggectacaacctggaccoaagicocttgageag
ggcggtetgtecagtitgtttecagaateteoggggtgtcegtaacaccgatecaaaagattgtectgageggtgaaaac
ggcctgaagatcgacatccatgtcatcatecegtatgaaggtctgagecggectatcagatgggecagatcgaaaaaatt
tttaaggtggtgtaccoctgtggatgatcatcactttaaggtgattectgecactatggecacactggtaategacggggtt
acgoccgaacatgatcgactatttcggacggocgtatgaaggeatocgecgtgttcgacggeaaaaagatcactgtaace
gagacccigtggaacggeaacaaaattatcgacgagogectgatcaaccecgacggetacctgetgttcogegtaace
atcaacquagtgaccggcectgaoggetgtgcgagaegeoattttggeq

SEQ ID NHO:43 {9B8 opt+K3I3N protein)
MVETLEDEVGDWROTAGYNLDOVLEDGGLESLFONLGYSYTRPIQKIVLSGENGLKIDINVIIPYEGLSGYQMGOIEKT
FEVVYPVDDHHFKVILHYGTLVIDGVTPNMIDY FGRPYEGIAVEDGKKITVTGTLWNGHNKIIDERLINPDGSLLFRVT
INGVTGWRLCERILA

SEQ ID HO:44 {QC27-HT7 nucleotide)

atggtglbttacattggaggatttcocgttggagactggeggragacagotggatacaacctagatcaagtigttagaacaa
ggaggattgtctagtetgttoccaaaagetgggagtgteagicaceacaatecagaaaattgigetgtetggggagaat
gggttaaaaattgatatteatgtcatcateccttacgagggactcagtggttttcaaatgggtctgattgaaatgate
ttcasagttgtttacccagtggatgatcatcatttcaagattaticaccattatggtacactcgttattgacggtgtyg
acaccasacatgakbtgacticttiggacgoocttacgagggaattgetgtgittgacggecaagaagatcacagttact
ggaactctgtggaacggcaacaagatecattgatgagegectgatcaacccagatggtrcactectocttcegegttact
atcaatggagtcaccggatggocgectttgegagegtattettgerggatatctcgagecaaccactgaggatctgtac
tticagagcgataacgatggatcegaaateggtactggetticcattcgaccoceatcatgtyggaagliecectgggegag
cgcatgractacgtcgatgttggteoogegeogatggeacecetgtgetgttectgeacggtaacecgacetcoctectar
gtgtggcgcaacatcateccegeatgttgecacegaceratocgetgrattgetecagacctgateggtatgggeaaater
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gacaaaccagacctgggttatttottegacgaccacgtcogoticatggatgecttoategaageectgggtetggaa
gaggtcgtcctggtcattcacgactggggctccgctctgggtttccactgggccaagcgcaatccagagCgCgtcaaa
ggtattgeatttatggagttcatoecgooctateccgacct gggacgaatyggecagaatttgoececgegagaccttocag
gocttoogoaccaccgacgtoggueygcaagetgatcatogatecagaacgtttttatcgagggtacgetgecgataggt
gtegtocgeocgectgactgaagtogagatggaccattaccgegagecgttectgaatectgtitgaceycgagecactyg
tggegottoccaaacgagetgocaatcygcoygt gagecagogaacatcgtogegetgqgtcgaagaatacatggactag
crgcaccagtcoccctgtocogaagetgetgttetgyageaceccagycgtietgatocecaccggecgaageogetege
ciggccaaaagoctgectaactgoaaggetgtggacatcggoocogggtotgaatergetgeaagaagacaaccoqggac
ctgatcggcagogagatocgogegetggctgtctactetggagartteoggt

SEQ ID NO:45 (QC27-HT?7 protein)
MVEFTLEDFVGDWROTAGYNLDQVLEQGGLSSLFQKLGVSVTPIQKTVLSGENGLKI DTHVI IPYEGLSGFQMGLIEMT
FKVVYPVDDHHFKIIHHYGTLVIDGVTPNMIDFFGRPYEGIAVEF DGKKITVTGTLWNGNKI IDERLINFDGSLLERVT
INGVTGWRLCERILAGYLEPTTEDLYFOSDNDGSEIGTGFPFDPRYVEVLGERMHYVDVGPRDGT PVLEFLHGNPTSSY
VWRNIIPHVAPTHRCIAPDLIGMGKSDKPDLGYFFDDHVRFMDAFIEALGLEEVVLVYIHDWGSALGFRWAKRNPERVK
GIAFMEFIRPIPTWDEWPEFARETFQAFRTTDVGRKLI IDQNVEIEGTLPMGVVRPLTEVEMDIYREPFLNEVEREFT,
WREPNELPIAGEEPANIVALVEEYMDWLHOQS PVPKLLFWGT PGVLI PPAEAARLAKSLPNCKAVDIGPGLNLLOEDNPD
LIGSETARWLSTLEISG

SEQ ID NOD:46 (BF2)
atggtgtttacattggaggatttcgtiggagactggoggeagacagetggatacaaccaagatcaagtgttagaacaa
ggaggagtgtctagtergttceccaaaagetgggagtgtecagtcaccecsatcecagaaaattgtgetgtetggggagaat
gugttaaaaattgatattcatgicatcatcccttacgagggactcagtagtttcecaaatgggtetgattgazatgate
ttcaaagTttgttracccagtyggatgatecatcatttcaaggttattcteccattatggtacactogttattgacggtgtg
acaccaaacatgattgactactttggacgeccitacgagggaatrtgetgtgtttgacggcaagaagatcacagitact
ggaactotgtggaacggeaaraagatcattgatgagogoctgatcaacccagatggrtcactoctettcogegt tact
atcaatggagtcaccggatggecgectttgogagegtattettgec

SEQ ID NO:47 (BF2 protein)
MVFTLEDFVGDWROTAGYNQDQVLEQGGVSSLEQKLGVSVTPIQKIVLSGENGLKIDIHVIIPYEGLESGFQMGLIEMI
FEVVYPVODHHFKVILHYGTLVIDGVTPNMIDYFGRPYEGIAVFDGKKITVTGTLRWNGNKI IDERLINPDGSLLERVT
INGYTGWRLCERTILA

SEQ ID NO:48 (IV=-HT?7 nucleotida)
atggtgtttacattggaggatttegttggagactggoggeagacagetggatacaaccaagatcaagtgttagaacaa
ggaggattgtectagtctgttecaaaagetgggagtgteagtcaceeccaatecagaaaattgtactgtetggggagaat
gggttaaaaattgatattcatgtcatcatcccttacgagggactcagtggttticaaatgggtctgattgaaatgate
ttcaaagttgtttacccagiggatgatcatcatttcaaggttattcteccattatgytacactecgttattgacggtgryg
acaccaaacatgattgactactttggacgeccttacgagggaattigetgrgtttigacggeaagaagatcacagttact
ggaactcigtiggaacggraacaadatrcattigatgagogeoctgatcaaccragatggttoactectettecacgt tact
atcaatggagtcaccggatggegectitgogagegtattettgecggatatctegagccaacecactgaggatectgtac
tttcagagegataacgatggatcogaaatoggtactggetttacattcgaccoccattatgtggaagtectgggegag
cgratgractacgtocgatgtitggtcogogogatggoacooctgtgetgttoctgcacgataacoogacstoctostac
gtutggegcaacatcateccgeatgtligraccgaccrategetgeattgetecayacctgatecggtatgggecaaatee
gacaaaccagacctggottatticttcgacgaccacgtocgeticatggatgecttcategaageecetgggtetggaa
gaggtcgtcoctggtcattcacgactggggectcogetoctgggtttecactgggocaagogecaatccagagoegegtcaaa
ggtattgeatttatggagtticatocogooctatococgaccigggyacdaatggcragaatttgoccgogagaccttocag
gocttocgocaccacogacgtoggengoaagctgatcatcgatcagaacgtttttategagggtacgetgocogatgggt
gtcgtoogeocegetgactgaagtcgagatggaccattacogegageegitectgaatectgttgacegegagecactg
tggegettoccaaacgagetgecaatogocggtgagocagegaacategtegogetggtcgaagaatacatggactyg
ctgcaccagtccocctgtooccgaagetgetgttctggggecaccccaggegttoctgatcccaccggeocgaageogotoge
ctggecaaaagectgectaactgeaaggectgtggacatcggocogggtctgaatetgotgocaagaagacaaceoggas
ctgatcggcagcgagatcgegegectggotgtctacteoctggagatttecocggt

SEQ ID NQ:49 (IV-HT7 protein)
MYEFTLEDEVGDWRGTAGYNODOVLEQGCLSSLFQKLGYVEYTPIQRIVLSGENGLEIDIHVIIPYEGLSGFOQMGLIRMT
FKVYYPVODHHERVILHYGTLY I DGV TEPNM I DY FGRPYEGIAVEFDGKK I TVTGTLWNGNKI I DERLINPDGSLLERVT
INGVTGWRLCERILAGYLEFTTEDLY FQSDNDGSEIGTGFPFDPHYVEVLGERMHY VDVGPRDGTFVLFLHGNPTSSY
VWRNIIPHVAPTHRCIAPDLIGMGKS DKPDLGY FFDDHVEFMDAFIEALGLEEYVLVIHDWGSALGFHWNKRNPERVE
GIAFMEFIRPIPTWDEWPEFRRETFQAFRTTDVGRELI IDQNVFIEGTLPMGYYRPLTEVEMDHYRE PFLNPVDREPL
WRFPNELPIAGEPANIVALVEEYMDWLHOS PYVPKLLFWGTPFGVLIPPAEAARIAKSLPNCKAYDIGRPGLNLLOEDNPD
LIGSEIARWLSTLEISG

SEQ ID NO:S50 (BFZ-HT7 nuclentide}
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atggtgtttacattggaggatttcgttggagactggcggcaqacagctqgatacaaccaagatcaagtgttagaacaa
ggaggagtgtctagtctgttccaaaagctgggagtgtcagtcaccccaatccagaaaattgtgctgtctggggaqaat
gggttaaaaattgatattcatgteatcatcccttacgagggactcagtggttiteaaatgggtergattgaaatgatc
ttcaaagttgtttacccagtggatgatcatcatitcaaggtratictecattatggtacactegttattgacyggtgtg
acaccaaacatgattgactactttggacgcccttacgagggaattgctgtgtttgacggcaagaagatcacagttact
ggaactctgtggaacggecaacaagatcartgatgagegectgatcaacccagatggtreactecteticocgogtact
atcaatggagtcaccggatygogoctttgegagogtattectigocggat atctcgagocaaccactgaggatotgtac
ttteoagagogataacgatggatecgaaateggtactggettiocattcgacceccattatgtggaagtectgggegag
cgcatgcactacgtogatgttggtecgegegatggeacecctgtgeigttectgcacggtaacccgacctoctoctac
gtgtggegcaacatcatcccgeatgttgecaccgacccategetgeattgetecagacoctgatcggtatgggeaaatec
gacaaaccagacctgggrtatttottegacgaccacytcegetteategatgecttcatcgaageestgggtetggaa
gaggtegtectggtcattcacgactygggactocgetotgggittcocactgggecaagogeaatoocagagrygcgicaaa
gglattgeatttatggagttcatccgeooctatoceccgacctgggacgaatggeeagaatttgoccgogagacctieeag
geecttocograccaccgacgtoggoogocaagotgatcategatcagaacgtttttatecgagggtacgectgecgatgygt
gtegteocgeccgetgactgaagtegagatggaccattaccgegagoegttecctgaatecctgttgaccgegaagcecacty
tggcgcttoccaaacgagetgocaatogeocggtgagocagegaacategtegegetggtegaagaatacatggactgyg
ctgeaccagtecoctgtecocgaagetgctgttotggygcaceccaggegttoctgateccacocggocgaagecgetoge
ctggccaaaagectgoctaactgoaaggetgtggacateygeccgggictygaatetgetiygcaagaagacaacooggac
ctgatcggeagegagatcgaogegotggotgtctactetggagatttecggt

SEQ ID NO:51 (8F2-HT7 protein)
MVETLEDFVGDWRQTAGYNQDOVLEQGGVSSLEQRLGVSVTPIQKIVLSGENGLKIDIHVII PYEGLSGFOMGLIEMI
FXYVYPVDDHHFKVILHYGTLVIDGYVTPNMIDYFGRPYEGIAVFDGKKITY TGTLWNGHKIIDERLINPDGSLLFRVT
INGVTIGWRLCERILAGYLEFTTEDLY FOSDNDGSEIGTGFPFDPRYVEVLGERMHYVDVGPRDOGTPVLFLHGNPTSSY
VWENIIPHVAFTHRCIAPDLIGMGKS DKPDLGYFFDDHVRFMDAFIEALGLEEVVLV IHDWGSALGFHWAKRNPERVK
GIAFMEFIRPIPTWDEWPEFARET FQAFRTTDVGRKLT TDONVFIZETLPMGVVRPLTEVEMDHYREPFLNPVDREFL
WRFPNELPIAGEPANIVALVEEYMDWLHOSPVPKLLFWGTFGVLIPPAEAARLAKSLPNCKAVDIGPGLNLLQEDNPD
LIGSEIARWLSTLEISG

SEQ ID NO:52 (15C1-HT7 nuclecotide)
atggtgtttacattgaaggatttogtigoagactggcgycagacagetggatacaaccaagatcaagtgttagaacaa
ggaggattgtctagtetgrtcecaaaatctgggagtgtecagtcacoccaatecagaaaattgtgetgtetggggagaat
gggttazaaattgatattcatgteatcatcccttacgagggactcagtggttatcaaatgggtcagattgaaaagatc
ttcaaagttgtttacocagtgygatgatocatcattteaaggttatictccatralggtacactogitattgacggtgby
acaccasacatgatTgactactttggacgececttacgagggaattgeotgtgtttgacggraagaagateacagttact
ggaactctgtggaacggocaacaagatcattgatgagegectgatcaacccagatggttcactecteotteogegttact
atcaatggagtcaccggatggogecctttgegagegtattcttgecggatatctcgageoccaaccactgaggatetagtac
tttcagagogataacgatggatocogaadateggtactiggetitocattcgacocogecattatgtggaagtoctgggogayg
cgcatgecactacgtocgatgttggtecgegegatggcacecctgtgetgttectgeacggtaacccgacctectectac
gtgtggegereacatcatocegratgttgeaccgacocategotgrattgotccagacctgateggtatgggecaaatcs
gacaaaccagacctgggttatttcttcgacgaccacgteocgettecatggatgecttcatcgaagecctigggtetggaa
gaggtegtectggtecatteacgactggggoetcagetetgggtttecactgggocaagegeaatccagagegogteaaa
ggtattgoatttatggagttecatcogoooctatooogacctgggacgaatggocagaatttgocogegagaccttccag
gcelteogecaccaccgacygtoggecycaagelgatcategatcagaacgtttitategagggtacgetgoogatgggt
gtegteogecegotgactgaagtegagatggaccattaccgegageogttoctygaatectgttgaccgegagccactyg
tggcgettooccaaacgagotgeocaatogecoggtgagocagogaacatogtocgogetgghcgaagaatacatgaactgg
ctgeaccagtoeccchgtecogaagetgotgltolggggeaccecagoegl tebgatcocacoggoocgaagoogotoge
ctggecaaaagectgectaactgecaaggetgtggacatogaceegggtetgaatetgetgcaagaagacaacccggac
ctgatecggeagegagategegegetagetgtctactetggagatttceggt

SEQ ID WQ:53 {15C1-~-HT7 preotein)

MYEFTLKDEVGDWRRTAGYNQDOVLEQGGLSSLEQNLGY SVTPIQKIVLSGENGLRKIDIHVII FYECLSCYOMGOIERT
FKVVYPVDDHHFKVILHYGTLYIDGVTPNMI DY PGRPYEGIAVEDGKKITVTIGTLWNGNKIIDERLINPDGSLLFRVT
INGVTGWRLCERILAGYLEPTTEDLY FOSDNDGSEIGTGFPFDPHYVEVLGERMHYVDVGPRDGTPVLFLHGNPTSSY
VWRNIIFHVAPTHRCIAPDLIGMGKSDKEDLGYFFDDHVEFMDAFIEALGLEEVVLVIHDWGSALGFHWAKRN PERVK
GIAFMEFIRPIPFTWDEWFEFARETFRAFRTTDVGRKLIIDONVEIEGTLPMGVVREPLTEVEMDHYRF PFLNPYDREPL
WRFFHNELPIAGEPANIVALVEEYMDWLHG S PVPRLLFWGTPGVLI FPAREAARIAKSLPNCKAVDIGPGLNLLOEDNED
LIGSEILRWLSTLEISG

SEQ ID N0:54 (Ogluc Secretion Signal Peptide) Oplophorus gracilirostris
arggcttacteocacactgtteatcattgeteotcacagocgticgtaacacaagooctootocacacagaadaagoaacetty
aca :

SEQ ID NO:55 (Id-ClA4E-HT7 sandwich fusion nuclectide)
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atgcttggtctgtcggagcaaaqcgtqtccatctcgcgctgcgctgggacgcgcctgcccgccttgctggacgagcag
caggtgaacgtcctgetotacgacatgaacggetgetactcacgecteaaggagetggtgeccacocetgececagaac
cgcaaagtgagcaaggtggagatectgeageatgtaatcgactacatecagggacctgeagetggagoetgaacteggag
tctgaagtogggaccaccggaggooggggactgectygtoocgeacecegeotcageaccctgaacggegagatcagtgoo
ttggcggoegaggeggecatgbgttecagecgacgatogoatottgigtogogtttetettgagaatetttatittcag
gcgtctqgaggtggtggcggagcgatcgccatggtgtttacattggaggatttcgttggagactggcggcagacagct
gyatacaaccaagatcaagtgttagaacaaggaggattgtectagtetgttoccaaaagoctgggagtgtcagtcaccoca
ateeagaaaattgtgetgtetggggagaatgggttaaaatttgatattcatgtcatecatcceitacgagggactecagt
ggttttcaaatgggtctgattgaaatgatettcaaagtegtitacccagtggatgatcatcatttcaagattattctc
cattatggtacactcgttattgacggtgtgacaccasacatgattgactactitggacgeocttacgagggaattget
gtgtttgacggcaagaagatcacagttactggaactcigtggaacggeaacaagatcattgatgagegectgatecaac
ccagatggttcactootettecegegttactatcaatggagtcaceggatggegectttgegagogtattecttgoegga
tctotecgagecaaccactgaggatetagtactttcagagecgataacgatggatcegaaateggtactggetttecante
gaccecccattatgtggaagteccigyygegagegeatgoactacgtecgatgttggtcegogegatggcaccoctgtgetyg
ttcotgeoacggtaacccgacctoctoctacytgtyggogcaacateatcecegeatgttgecacegacceatogetgeatt
gotecagacctgatoggtatgggecaaatocgacaaaccagacctgggttatttetrtegacgaceacgtecactteatg
gatgeccttcatcgaageccctgggtotggaagaggtegtectggtecattocacgactyggggetoccgetoctgggtttecac
tgggecaagegcaatccagagogegtcaaaggtattgeatttatggagttecatecgeccliateocgaccigygacyaa
tggecagaatttgoccgegagacct tecaggocttoogoaccaccgacgteggocgcaagetgateategatcagaac
gtttttatcgagggtacgetgecgatgggigtegicoegecegetgactgaagtegagatggaccattaccgecgageeyg
ttococtgaatectgttgaceqegagocactgtggogettcocaaacgagetgecaategecgyglgagecagegaacate
gtcgegetggtegaagaatacatggactggotgecacragtoceetgtecegaagetgetgttetgygggeacceeagge
gttctgatcccacegyccgaageocgotogectggecaaaagectgoctaactgeaaggetgtggacateggecegggt
ctgaatctgctgcaagaagacaacccoggacctgateggeagegagategegegetggetgictactectggagatitee
ggt

SEQ ID NO:56 (Id-ClA4FR~-HET7 sandwich fusion protein)
MLGLSEQSVSISRCAGTRLPALLDEQOVNVLLYDMNGCYSRLXELVPTLPOQNREVEKVEILQHVIDY IRDLQLELNSE
SEVGTTGGRGLPYRAPLSTLNGEI SALARRARCVPFADRDRI LOCRVSLENLY FOASGGGGGAT AMVETLEDFVODWRQTA
GYNQDOVLERGGLSSLFOKLGVSVTPIQKIVLSGENGLKFDIHVIIPYEGLSGFQMGLIEMIFKVVYPVDDHHFKIIL
HYGTLVIDGYTI PNMIDY FGREPYEGIAVEDGKKITVTIGTLWNGNKI IDERLINFPDGSLLFEVTINGVTGWRLCERTILAG
SLEPTTEDLYFQSDNDGSEIGTGFPFDPHYVEVLGERMHY VDVGPRDGT PYLFLHGNETSSYVWRNT I PHVAPTHRCT
APDLIGMGHSOKPDLGY FEDDHVREFMDAFIEAT.GLEEVV LY I HDWGSATL GFHWARKENFPERVREGIAFMAFIRFI PTWDE
WPEFARETFOAFRTTDVGRKLIIDONVFIEGTLPMGVVRPLTEVEMDHYREPFLNPVDREPLWREPNELPIAGEPANT
VALVEEYMDWLHOSPVPELLFWGTPGVLIFPAEARRLAKSLFNCEAVDIGPGLNLLOEDNPDLIGSEIARWLSTLELIS
G

SEQ ID NO:57 {Id=-IV-HT7 sandwich fusion nuclectide)
atgottggtotgtoggagoaaagogtgtecatctogegotgogotgggacgegectgooocgocttgot ggacgagoag
caggtgaacgtoctgototacgacatgaacgygectgoctactcacgoctecaaggageigglgoecacoelgcoogagaac
cgcaaagtgageoaaggtggagatocctgoagoatglaatcgactacatcagggacctgcagotggagotgaacteggag
totgaagtonggaccacaagaggecggggactgectgtccgegeacegotcagraccctgaacggegagat cagtgoo
ttggoggoocgaggoggocatgtgtteragocgacgategeatcttgtgtegogtttet ot tgagaatotbtattticag
geglctggaggigatggegyagegategecatggtgtttacattggagygatttegttggagactggeoggocagacaget
ggatacaaccaagatcaagtgttagaacaaggaggattgtoctagtctgttocaaaagotgggagtgtcagtcaccoca
atcragaaaattgtgoctgtotggggagaatgggttaaaaattgatartcatgtecatcatcccttacgagggactcagt
ggttttcaaatgggtoctgattgaaatgatettcaaagttgtttacecagtggalgatcatcaltlicaaggttaticie
cattatggtacactcgttattgacggtgtgacacraaacatgattgactactttggacgecettacgagggaattget
gtgtttgacggcaagaagatcacagttactggaactetgtggaacggecaacaagatcattgatgagegoctgatcaac
ccagatggttcactcctettecgegitactatcaatggagtecaceggatggegectttgegagegtattettgeogtt
tcteteogageraaccactgagygatectgtactttcagagegataacgatggatccgaaateggtactggottiecaltte
gacccccattatgtggaagtecctgggegagegcatgeactacgicgatgttggtecgogegatggeaceoctghgetyg
ttcctgoacggtaaccogacctaectoctacgtgtggogeaacatcatecccgeatgttgoaccgaceccateogetgoatt
gectocagacctgatcggtatgggcanatcogacaanaccagaccigggttatttocttocgacgavcacatecgctbteaty
gatgocttcatecgaagocctigggtetggaagaggtogbectiggtcattecacgactgggyctecgctetgggtttccac
tgggecaagogesatooagagegegteaaaggtattgcatttatggagttcateccgeectatcocgacctgggacgas
tggccagaatitgoccogogagaccttcraggocttocgocaccaccgacgteggoogcaageigatcatcqgatcagaac
gtitttatcgaggglacgetgecgatgggtgtegtocgecegctgactgaagtegagatggaceattaceygegaygooyg
ttcoctgaatcetgttgaccgcgagecactgtggegeliccraaacgagetgecaat cgececggtgagecagegaacate
gtegegetggtecgaagaatacatggactggetgcaccagteccetgteccgaagetgectgttctggggoaccoccagge
gttctgatcocaceggocgragecgetogectggocaaaagoctgoctaacigoaaggetgtggacateggoeogggh
ctgaatctgcotgcaagaagacaaceoggacctgateggragegagatogegegetyggergtictacterggagatttee
ggt
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SEQ ID NO:58 (Id-IV-HT7 sandwich fusion protein})
MLGLSEQSVSISRCAGTRLPALLDEQOYNVLLY DMNGCYSRLKELVETLPONREKVSKVE ILGHVIDYIRDLOLELNSE
SEVGTTGGRGLPVRAPLSTLHNGEI SALARERRCVEADDRI LORVSLENLY FASGGGGCATAMVETLEDEVG DWROTA
GYNQDQVLEQGGLSSLFQKLGVSVTPIQKIVLSGENGLKIDIHVIIPYEGLSGFQMGLIEMIFKVVYPVDDHHFKUIL
HYGTLVIDGYTPNMIDYFGREYEGIAVFDGKEITVTGTLWNGHKIIDERLINPDGSLLFRVTINGVTGWRLCERI LAV
SLEPTTEDLYFQOSDNDGSEIGTGFPFDPHYVEYLGERMHYVDVGPRDGT PVLFLHGNPTSSYVWRNI I FHVAPTHRCT
APDLIGMGKEDEPDLGYFFODHVRFMDAFIEALGLEEVVLVIHDWGSALGFHWAKENFERVRKGIAFMEFTREFIFTWDE
WPEFARETFQNLFRTTDVGRELI IDONVFIEGTLEMGYVVRPLTEVEMDHYREPFLNPVDREFPLWRFPNELPIAGEPANT
VALVEEYMDWLHOSPYPKLLFUWGTPGVL I PRPAEAARLAKSL PNCKAVDIGPGLNLLOEDNPDLIGSEIARHLSTLEIS
G

SEQ ID NO:59 (Id-9B8 opttK33N-HT7 sandwich fusion nucleotide)
atgcttggtctgtcggagecaaagegtgtecatetegegetgegetgggacgogectgocegecttgetggacgageag
caggtgaacgtectgetctacgacatgaacggetgetactcacygectcaaggagetggtgeccaccetgooccagaac
cgcaaagtgagcaaggtggagatectgeageatgtaategactacatcagggacctgeagotggagetgaacteggag
totgaagtocgggaccacoggaggccggggactgectgtccgogecceqetcagcaccoct JaacggogqagatoagLgoo
ttggeggocgaggoygeatgtygttecagecgacgatcgoatettgtgicgeogtttctocttgagaatetttattttcay
gocgtotggaggtggtgoocagagegatodecatggtgtttacactegaagatttocgtaggggactggoggoagacagoc
ggctacaacctggaccaagtccttgagecagggoggtetgtecagnttgtitcagaateteggaatgrcecgtaacaceg
atccadaagaltygtocigagrgytygaaaacggeoctgaagategacatocatgtcatecatocococgtatgaagatetgaqe
ggctatcagatgggoeagatcgaaaaaatiiTtaaggtggtgtacocctgtggatgatcatcactttaaggtgattctlg
cactatggcacactggiaatcocgacggggttacgocgaacatgategactatttcggacggecgtatgaaggeategec
gtgttcgacggeaaaaagatcactgtaaccgggaccotgtggaacggraacaaaatiategacgagogectgatcaac
cocogacggotooctgotgtiocogcgl aaccalcaacggagtgaceggoctgaeggetgtgogagegoattttggoggya
tatctcgagccaaccactgaggatetgtactttecagagegataacgatggatccgaaatecggtactggetttecatee
gacccccattatgrggaagtoctgggegagegroatgecactacgtegatgttggtocgegegatggecaccectgtgetg
ttcectgearyggtaaccegacecltectcotacgtgtggegecaacatcatecogeatgttgraccgaceccategetgeatt
gctccagacctgatcggtatgggcaaatcegacaaaccagacctgggttatttettcgacgaccacgtecogettcatyg
gatgcetteoategaagecetgggtretggaagaggtegtectggtcattcacgactggggeicegetoctgggtttecan
tgggocaagogoeatoccagagogogtcaaaggtattigeatttatggagticatecgecctabcoccgacetgggacgaa
tggccagaatttgecocogogagaccttocaggocttcogecaccacogacgtoggocgoaagetgatcateygatcagaac
gtitttategagggtacgergecgatgggtgtegtecegecegetrgactgaagtecgagatggaccattacegogagecg
ttcetgaatecctgttgacogegagecactgtggogetteccaaacgagetgocaategecggtgagecagegaacate
gtogogotggtcgaagaatacatggactggotgraceagiococtgleocgaagotgotgitetgggguacoceagye
gttectgatececcaccggecgaagecgetogectggecaaasgectgectaactgeaaggeotgtggacateggoecgggt
ctgaatctgectgraagaagacaacceggacetgateggeagegagategegegetggetagtetactctggagatttee
ggt

SEQ ID HO:60 (Id-9B8 opt+K33N-HT?7 sandwich fusion protein)
MLGLEEQSVSISRCAGTRLEALLDEQOVHVLLY DMNGCYSRLKELYVPTLPOQNRKVSKVEILOHVIDY IRDLOLELNSE
SEVGTTGGRGLPVRAPLSETLNCEI SALAAEAACVPADDRILCRYVSLENLYFQASGGOGGATAMVEFTLEDFVGDHROTA
GYNLDOVLEQGGLSSLFONLGYSVTPIQKIVLSGENGLKIDIHVIIPYEGLSGYQMGRQIEKIFKVVYPVDDHAFKVIL
HYGTLVIDGVTPHMMIDY FGRPYEGIAVEFDGKEKI TVTSTLIWNGNKIIDERLINPDGSLLFEVTINGYTGWRLCERI LAG
YLEPTTEDLYFQSOUNDGSEICTCFPFDPHYVEVLGERMHYVDVGPRDGTPVLFLAGNPTSSYVWRNI I PHVARTHRC I
APDLIGMGKSDKPRLGY FFDOHVRFMDAFI EALGLERVVLVI HDWGSALGFHWAKRNPERVKGTAFMEF1IRPIPTWDE
WPEFERETFOAFRTTDVGRKLIIDONVEIEGTLEMGYVRPLTEVEMDHYRE PFLNPYDREFLWRFPNELPTAGEPANI
VALVEEYMDWLHQSPVEKLLEFWGT PGVLI PPAEARRLAKSLPNCKAVDIGPGLNLLOEDNEFDLIGSEIARWLSTLELS
5

SEQ ID NO:61 (Id-9BB-HT7 sandwich fusion nuclectide) .

atgettggtotgtoqgageaaagegtgtccatetegegoigeogctgggacgegoctgocogeocttgetggacgagcag
caggtgaacgtcctgotctacgacatgaacggetgotacicacgoctcaaggagetggtgeccaccctgocccagaac
cgcaaagtgageaaggtggagateccoctgecagratgtaategactacatcagggacctgecagetggagectgaactcecggag
tctgaagtcgggaccaccggaggoocggggactgoctgtocgogorcogetcagraceetgaacgygocgagatcagigeo
rtggeggecgaggeggeatgtgttecagecgacgategeatetogtgtocgegtttetcitgagaatetttarttteay
gcgtctggaggtggtggeggagegategecatggtgtttacattggaggatttegttggagactggoggecagacaget
ggatacaacctagatcaagtgtiagaacaaggaggattagtctagtetgttecaaaagetgggagtgteagtcaceoea
atccagaaaattgtygctgtctggggagaatgggttaaaaattgatattcatgtcatecaiccettacgagggactcagt
ggttatcaaatgggtcagattgaaaagatettcaaagttgtttacccagtggatgatcatcatttcaaggttattote
cattarggtacactegttattgacggtgtgacaccaaacatgattgactactttggacgecettacgagggaattget
gtgttigacggraagaagatcacagttactggaactetgtggaacggraacaagatcattgatgageogectgateaac
ccagatggtteactectettecgegttactatcaatggagtcaccyggatggogeetttgegagegtattottgeegtt
tctetegagocaaccactgaggatetgtactitoagagegataacgatggatecgaaateggiactggettteceatte
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gacccccattatgtggaagtcctgggcgagcgcatgcactacgtcgatgttggtccgcgcgacggcacccctgtgctg
ttcctgcacggtaacccgacctcctcctacgtgtggcgcaacatcatcccgcatgttgcaccgacccatcgctgcatt
gotccagaccrgatcggtatgggocaaatccogacaaaccagacctgggttatttecttegacgaccacgtecgettcaty
gatgccttratcgaagecctgggtetggaagaggtegtoctggtecattcacgactggggetecgetctgggtttccac
tgggecaagegcaatecagagogogtcaaaggtattgocatttatggagttecatecgeectatecegacctgggacygaa
tggccagaatitgecegogagaccttocaggecttaecgeacraccgacgteggesgcaagetgateategatcagaac
gtttttatcgagggtacgectgoocgatgggtgtegteegecegetgactgaagtcgagatggaccatktaccgcgagoeoy
ttcotgaatcoctgrtgaccgegagecactgtogegetteccaaacgagetgocaategecggtgagecagegaacatc
gtegegetggtocgaagaatacatggactygetygeaccaglecoctgteoegaagotgotgttetggggecaccocecagge
gttctgatcccaccggccgaagccgctcgcctggccaaaagcctgcctaactgcaaggctgtggacatcggcccgggt
ctgaatctgctgeaagaagacaacceggaceigatecggeagegagategegegetggotgtetactoctggagattted

ggt

SEQ ID ND:62 (Id-9B8-HT?7 sandwich fusion protein)
MLGLSEQSVSISRCAGTRLPALLDEQOVNVLLY DMNGCY SRLKELVPTLPONRKVSKVEILQHYI DY TRDLOQLELNSE
SEVGETTGGERGLPVRAPLSTLNGEI SALAARRACVPADDRILCRYSLENLYFQASGGGGGAIAMVFTLEDFVGDWROTA
GYMNLDOVLEGGGLSSLEQKLGVSY TPIQKIVLSGENGLKIDIHVIIPYEGLSGYQMGRIEKIFEVVYPVDDHHFKVIL
HYGTLVIDGVTPNMIDYFGRPYEGIAVFDGKKITVTGTLWRGNKIIDERLINPDGSLLFRVTINGVTGWRLCER L LAY
SLEFTTEDLYFQSDNDGSEIGTGFPFDPRYVEVLGERMHYVOVGPRDGTPVLFLHGNPTSSYVWRN I T PHVAPTHRCT
APDLIGMGKSDKFDIGYFFDDHYVRFMDAFIEALGLEEVVLVIHDRWGSALCFHWAKRNPERVKGIAFMEFIRPI PTWDE
WPEFARETFCAFRTTDVGRELII DONVFIEGTLPMGYVVREFLTEVEMOHYREPFLNPVDREPLWRFPNETL.PTAGEPANT
VALVEEYMDWLHOS PVPKLLFWGTPGVLIPPAEARRLAKSLPNCKAVDI GFGLNLLOEDNPDLIGSETARWLSTLEIS
G

SEQ ID NO:63 (Id-9F&6-HT?7 sandwich fugion nucleotide)
aTgcttggtetgtoeggageaaagocgtgrccatctegegetgegetgggacgogoctgocecgoottgctgygacgagcayg
caggtgaacgtcectgeotoctacgacatgaacggetgetacteacgectcaaggagetggtgeocacectgoeoccagaas
cgcaaagtygageaaggliggagatcoctgeageoatgtastogactacatcagggaccetgragetggagetgaacteggay
tctgaagrocgggaccacoeggaggccggggactgectgtcogegeccegetecageacectgaacggegagatcaygtyge
ttggoggecogaggeggcatgtgttecagecgacgatcgeatottgtgtegogtitotettgagaatoctttattttoag
gogtciggaggtggtggeggagegatogocatggtgtttacattggaggatttegttggagactggeggoagacaget
ggatacaacctagatcaagtgttagaacaaggagygaglglchagteotgttocaaaagctgygagtgtcaatcacoooa
atccagaaaattgtgetgtectggggagaatgggttaaaaattgatattcatgtcatcatccettacgagggactcagt
ggttatcaaatgggtcagattgaaaagatcttcaaagttgtttaccecagtggatgatcatecattteaaggtiattcte
cattatggtacactcgttattgacyggtgtgacaccaasacatgattgactactttggacgecocecttacgagggaattget
gtgtttgacggcaagaagatcacagttactggaacictgtggaacggcaacaagatcattgatgagegoctgatcaac
ccagatggttecactectettecgegttactatcaatggagtcaceggatggegectttgegagegtattettgreget
tctectegagocaaccactgaggatctgtact ttcagagegataacgatggatocegaaateggtactggeotttecattc
gacccccattatgtggaagtectgggegagrgeatgoactacgtegatgttggtecgecgeyatgycaceecotigtygety
ttcetgcacggtaacecegacctectectacgtgtggogeaacatcatecegeatgitgecacegacccatcgengeatt
gctccagacctgatcggtatgggeaaatccgacaaaccagacctgggttatttcttegacgaccacgtecgettaatg
gatgcctrcategaagoeooctgggtetggaagaggiogtectggtealteacgactggogeteegetetgggtetocac
tgggecaagegraatecagagegegreaaaggtattgeatttatggagtteatecgecctatecegacctgggacygaa
tggccagaatttgecoecgogagaccttecagygectteocgeaccaccgacgtocggoegecaageotgatcategatecagaac
grtilltatcgagggtacgetgecgatgygtgtecgtocogeocogetgactgaagtecgagatggaccattacegegagecy
ttectgaatcectgttgaccgegagecactgtggogettcocaaacgagetgoraatocgoeggtgagecagogaacatc
gtocgocgotggtogaagaatacatggactggotgeaccagtcaccctgtceccgaagetgetgttetggggeaccccagge
gttclgatoecaccggoogaagecgeotogoctggeraaaagectgectaactgesaggetgtggacatcggeccgggt
ctgaatctgetgrasagadgacaaccocoggacctgatoggeagogagatocgogogotggotgtctactciggagatitoo
ggt

SEQ ID NO:64 {Id-9F6-HT7 sandwich fusion protein)
MLGLSEQSVSISRCAGTRLIALLDEQOVNVLLYDMNGCYSRLKELVPTLPONRKVSKVEILOQHVIDYIRDLOQLELNSE
SEVGTTGGRGLPVRAFLSTLNGEISALAAREAACYPADDRILCRVS LENLYFOASGGGGGATAMYVETLEDFVGDWROTA
GYNLDOVLEQGGVSSLFOKLGVSITPIQKIVLSGENGLKIDIHVIIPYRGLEGYOMGOIEKIFKVVYPVDDEHFRVIL
HYGTLVIDGVTPNMIDY FGRPYEGIAVFDGKKITVTGTLWHGNKI IDERLINPDGSLLFRVT INGYVTGWRLCERILAV
SLEPTTEDLYFQSDNDGSEIGTGFPFDPHYVEVLGERMHYVDVGPRDGT PVLEFLHGNPTSSYVWRNI IPHVAPTHRCT
APDLIGMGKSDKPDLGY FEFDDHVREMDAFIEALGLEEVVLVIHDWGSALGFHWAKRNPERVKGIAIMEFIRFI PTWDE
WPEFARETFQAFRTTDVGRKLIIDOMVFIEGTLPMGYVRPLTEVEMDHYREPFLNPVDREPLWRFPNELPTAGEPANT
VALVEEYMDWLHOSPVEKLLFWCTPGVLIPPAEAARLAKSLPNCKAVDIGPGLNLLOEDNPDLIGSEIARWLSTLELS
€]

SEQ ID KO:65 (%BE opt-P nucleotide}
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atggtgtttacactcgaagatttcgtagygygactggeggecagacagecggetacaacetggaccaagtecttgageag

ggcggtetgtocagrttgttteagaaacteggggtgtocgtaacaccgatecaaaagattgterigagrggigaaaac

ggcctgaagatcgacatecatgteatcatoeocgtatygaaggtotgageggetatcagatgggecagatcgaaaaaatt -
tttaaggtggtytacoctygtggatgatcatcacttitaaggtgattctgeactatggcacactggtaatcgacgggygtt

acgccgaacatgatogactatttoggacggocgtatgaaggeatcgoecgtgttcgacggeaaaaagatcactgtaace

gggaccctgtgqaacggcaacaaaattatcgacgagcgcctgatcaaccccgacggctccctgctgttccgcgtaacc

atcaacggagtgaccggetggoggctgtgogagegeattttggegaattetcacggst tooccteccgaggtyggaggag

caggecgacggeaccoctgooccatgagetgogeccaggagageggecatggatagacaceetgetgettgecqgecagegee

aggatcaacqgtc

SEQ ID NO:66 {2X ARE)
TRGCTTGGAAATGRCATTGCTAATGGTGAQAAAGCAACTTTTAGCTTGGAAATGACATTGCTAATGGTGACAAAGCAA
CTTT :

SEQ ID NO:67- (HRE)
CTGGAATTTTCTAGACTGGAATITTCTAGACTGGRAATTTTCTAGA

SEQ ID NO:68 (K33N+170G nuclecotide)
atggtgtttacactcgaagatttegtaggggactggeggcagacagocggetacaacctggaccaagtecttgageag
ggcggiclgtcoccagttigtttcagaatoctoggggtgtecegtaacacecygatccaaaagattgtectgageggtgaaaac
ggcctgaagatcyacatccatgtcatcatecocgtatgaaggtoctgageagelatcagatcggecagatcgaaaaaatt
tttaaggtggtgtacoctgtggatgateatcactttaaggtgattetgeactatggcacactggtaatecgacggggtt
acgocegaacatgatogactatttoggacggecgtatyaaggeategecgtgttocgacggeaaasagatcactgtaace
gggaccclytggaacggeaacaaaattatcgacgagogectgatcaaceccgacggetcectgetgticogegtaace
atcaacggagtgaccggetggoggctgtgocgagogeattitggoggga

SEQ ID NO:69 (K33N+170G protein)
MVFTLEDFVGDWROTAGYNLDOVLEQGGLSSLEQNLGVEVTPIQKIVLEGENGLKIDIHVIIPYEGLSGYOMGQIEKT
FEVVYPVODHHFEVILHYGT LY IDGY TPENMIDY FGRPYEGIAVEOGERI TVTGTLWHGHKIIDERLINFDGSLLEFEVT
INGVTGWRLCERILAG

SEQ ID HO:70 (27A5 (NF) nucleotide)
ATGGTGTTTACACTCGARGATTTCGTAGEGGACTGGCGECAGACAGCCGGCTACARCCTECGACCAAGTCCTTGAGCAG
GGECGETCTETCCAGTTTGCTTTCACAATCTCGGGETGTCCETAACTCCGATCCAARACGATTCTCCTCAGCGGTGAARAC
GGECUTGAAGATCGACATCCATGTCATCATCCCE TATGAAGGTCIGRGUGGU TATCAGATEGGCCAGATCGRAARBARTT
T TRAGG GG TG TA OO T G TEGAT GATC AT A TT T ARG TGAT T T G AC TATGGCACACTGETARTCGACGEGETT
ACGCCGARCATGATCGACTATTTCGGACGGCCGTATGAACGCATCGCCGTGT TCGACGGCAARAAGATCACTGTAACC
GGGACCCTETGGARCGGCAACARRATTATCGACGAGLGCCTGATCARCCCCGACGGCTCUCCTGCTGTTCCGCGTARCC
ATCAACGGAGTGACCGGCTGHEOGGCTGTGCGAGCGCATTTTEGLGGEA

SEQ ID HO:71 (27A5 (WF} protein}
MVEFTLEDEFVGDWRQTAGYNLOQVLEQGGLSSLFQNLGYSVTPIQKIVLSGENGLEIDIHVI IPYEGLSGYQMGDIEKT
FEVVY PYDDHHFRVILHYGTILVIDGVTFM I DY PGRPYEGIAVFDGKE I TV TGTLWNGNKI IDERLINPDGSLLERVT
INGVTGWRLCERILAG

SEQ ID HO:72 (23D4 (NF} nucleatide}

ATGGTGTTTACACTCGARGAT TTCGTAGGGGACTGGCGGCAGACAGCCGGCTACARCCTGGACCARGTCCTTGAGCRG
GGCGGCCTGTCCAGTTTGTTTCAGAATCTCGGGEGTGTCCGTARCACCGATCCAMAAGATTGTCCTGAGCGGTGANNAC
GGCCTGARARGATCCACATCCATGTCATCATCCCGTATCAAGGT CTCAGCGGCTATCAGATHGECCAGATCGRARARATT
TTTAAGGTECTETACCCTGTGGATGATCAT CAL TTTAAGGTGAT T CTGCACTATGGCACACTGETARTCGACGGEGGTT
ACGCCGARCTTGATCGACTATTTCGGACGTCCGTATGAAGGCATCGCCECTGTTCGACGGCAMANGATCACTGTAACC
GGCACCCTGTGGARCGGCAACAAAATTATCGRCGAGCGCCTGATCARCCCCGACGGCTCCCTGCTGTTCCGUGTAACT
ATCAACGBAGTGACCGGUTGEUGECTGTECGAGCGCATTTTGGCEGGA

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

MYFTLEDFVEDWRQTAGYNLIOVLEQGGLS SLFONLGVSVTIFPIQKIVLS GENGLKIDIHVIIPYEGLSGYQMGQIEKT
FRVVYPVDDHHFEVILHYGTLVIDGVTPNLIDY FGRPYEGIAVEDGKKI TV TGTLWNGNKI I DERLINPDGSLLFRVT
INGVTGWRLCERILAG

SEQ ID NC:74 (24C2 (NF) nucleotide)

ATGETGTTTACRCTCGRAGATT TCGTAGGGGACTGECAGCAGRACAGCCRGC TACARALCTGCACCAAGTCCTTGRGCAG
GGECGGTCTGTCCAGTTTGTTTCAGRATCTCGGGETGTCCETARCTCCOATCCARBAGATTGTCCTGAGCCGTGAAANC
GGECCTGARGATCGACATCCATGTCATCATCCCGTATGARGGTC TGAGUGGC TATCAGATGGGUCAGAT CGARARAARTT

176



TTTEAGGTGGTGTACCCTGTGGATGATCATCACT T TAAGGTGAT TCTGCACTATGGCACACTGGTARTCGACGGGETT
ACGCCGARCATGATCGACTATTTCGGACGECCGTATGAAGGCATCGCCGTGTTCGACGGLAAARAGAT CACTGTARCT
GEGACCCTGTGRARCGGCARCAARAT TATUGACGAGCGCCTGATCAACCCCGRACGGECTCCCTGCTGTTCCGOGTARCT
ATCAACGGAGTGACCGGCTGGCGGCTGTGCGAGCGUATTTTGGLGGGA

SEQ ID RO:75 (24C2 (NF) protein)
MVETLEDFVGDWQQOTAGYNLDOVLEQGGLSSLFONLGVSYFPTOKIVLSGENGLKIDIHVI I PYEGLESGYOMGQIEKT
FKVVYEVDDHHFKVILHYGTLVIDGVTPNMIDYFGRPYEGIAVFDGKKITVTGT LWNGNKI IDERLINPDGSLLFRVT
INGVTGWRLCRRTILAG

SEQ ID NO:76 (Id-23D4-HT7 sandwich fusion nucleotide}
atgcétgqtctgtcggagcaaagcgtgtccatctcgcgctgcgctgggacgcgcctgcccgccttgctgqacgagcag
caggtgaacgtcetgetctacgacatgaacggetgotactcacgoctcaaggagetggtgeceacectgeccecagaac
cgcaaagtgagcaaggtggagatcctgcageatgtaatogactacatcagggacctgeagotggagectgaacteggag
tctgaagrcgggaccaccggaggocggggactgoectgtoccgegeccecgotecageaccotgaacggogagatcagtgeo
ttggoggesgaggeggeatgtgrtecageegacgategeatettgtgtegogtrtetottgagaateotttatttitcag
gcogtotggaggtggiggoggagecgatocgecatggtgitttacactogaagatttocgtaggggactggeggragacagee
ggctacaacctggaccaagtocttgageoagggoggeeiglocagbtitgtttcagaatotogggytgtocgtaacaccy
atccaaaagattgtecetgagoggigaaaacggectgaagategacatccatgteatcatecegtatgaaggtetgage
gqgotatcagatgggocagatcgaaagaatittttaaggtggrgtaccctgtggatgatcatcactttaaggtaaticty
cactatggoacactggtaatogacggggtitacgoogaacttgatogactatitoggacgticogtatgaaggocatogoc
gtgttegacggecaaaaagatcactgtaaccgggacectgtggaacggeaacaaaattategacgagegectgatcaac
coccgacggetecctgetgttcegaegtaaccatcaacggagtgaceggotggoggetgtgegageogeattttggoggga
tatctcgagecaaccactgaggatctgtacttticagagogataacgatggatccgaaateggtactggettticocatte
gacceccattatgtggaagtocctgggogagegecatgeactacgteogatgttggtcocgrgegatygoaccoectigtgotg
ttecctgeacggtaaccegacctectectacgtgtggegraacatcatecegeatgttgecacegacccatogetgeatt
Jctocagacctgatocggtatgggoaaatergacasaccagacctgggttatitettecgacgaccacgtccgettcatyg
gatgccttcatcgaagecocectgggtetggaagaggtegtocotggtecattcacgactggggetoccgotectgggtttecac
tgggecaagegeaatccagagegegtecaaaggtattgeatitatggagttcatecegecctatececgacctgggacygaa
tggcragaatttgoococgogagaccttcocaggecttorgraccacegacgtoggecgeaagqottgatcatcgatcagaac
gtttttatcgagggtacgectgeccgatgggtgtegtocgoocgetgactgaagtecgagatggaccattaccgegageoy
ttcectgaatectgttgaccgecgagocactgtggegoettoccaaacgagetgeccaategocggtgagecagegaacate
gtcgcgetggtegaagaatacatggactggotgcaccagteceoctgtecegaagetgetgttotggggecaccocoadge
gttctgatocccaccggocgaagocgctocgootggocaaaagectgoctaactgraaggeotgtggacatcggocogggt
ctg

SEQ ID RO:77 (Id4-23D4-HT7 sandwich fusion protein)
MLGLSEQSVSISRCAGTRLPALLDEQOVNVLLY DMNGCYSRLEELVPTLPONRKVSKVEILOHVIDYIRDLCLELNSE
SEVGTTGGRGLPVRAPLSTLNGEISALAAEAACYPADDRILCRVSLENLY FQASGGGEGAI AMVETLEDFVGDWROQTA
GYNLDOVLEQGGLSSLEFQNLGVSVTFIQKIVLSGENGLKIDIHVIIPYEGLEGYQMGOIEKI FKVVY PYDDHHEFKVIL
HYGTLVIDGVTPNLIDYFGRPYEGIAVEFDGKKI TVIGTLWNGNKIIDERLINFDGSLLERVTINGVTGWRLCERILAG
YLEPTTEDLYFQSDNDGSEIGTGFPFDPHYVEVLGERMHY VDVGPREGTPVLELHGNPTSSYVWRNI IPHVAPTHRCT
APDLIGMGKSDKFDLGY FFDDHVEIMDAF TEALGLEEVVLYVIHDWGSALGEFHWAKENPERVEGTAYMEFIRF T PTHDE
WPEFARETFQAFRTTDVGRELIIDONVFIEGTLPMGVVRPLTEVEMDHYREPFLNPYDREPLWRFPNELPIAGERPANT
VALVEEYMDWLHQS PVPELLEWGTPGVLIPPAEAARLAKSLPNCKAVDIGPEL

SEQ TD NO:78 {Id-24C2-HT7 sandwich fusion nuclectide)

atgocktggtctgtoggagoaaagegtgtocatctogeogeligogotgggacgogectgocogocttgetggacgageag
caggtgaacgtcctgetctacgacatgaacggetgctacteacgecteaaggagetggtgececacectgecccagaac
cgcaaagtgagecaaggtggagatectgcageargtaategactacateagggacctygcagetggagetgaactecggag
tectgaagtogggaccaccggaggosyggggactgooctgtocegegooocogetcagoacooctigaacggogaqgatecagtgeo
ttggoggoocgaggoggcatgtgtitcocagocgacgateogeatottgtigtcgogtttotettgagaatecittattticay
gegtetggagytggtggeggagegatogecatggtgtrtacactegaagatt tegtaggggactggcagcagacagoc
ggctacaacciggaccaagtoccttgagragggoggtoctgiocagtttgtttcagaatetoggggtgtoogtaacteeg
atccaaaagattgtcctgagecggtgaaaacggeottgaagatcgacatocatgtcatcatcoccgtatgaaggtcetgage
ggctatcagatgggecagatcgaaaaaattittaaggtggtgracceotgtggatgateatecactttaaggtgattetyg
cactatggecacactggtaatecgacqggggttacgecgaacatgategactattteggacggecgtatgaaggeatcgoo
gtgttegacggeaaaszagatcactgtaacocgggacoctgtggaacggcaacaaaattatcgacgagogoctgatcaac
coccgacggotocctgotgttocgogtaaccatcaacggagtgacoggetggoggetgtgegagegeattttggoggga
tatoctogageraaceactgaggatctgtactttcagagogataacgatggatocogaaatcggtactggetttocatte
gacccocattatgtggaagtoctgggegagegeatgecactacgtegatgttggtecgogegatggecaccecctgtygetyg
ttoctgoacggtaaccogacctootcctacgtglggogeaacatcatcocgeatgttgecacocgacocatogetgeart
gctocagacctgatoggtatgggeaaateccgacaaaccagacctgggttatttettegacgaccacgtocgecttcacy
gatgectteategaageooctgggtetggaagaggtegtectggtcattecacgactggggotecgetctgggtttocac
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tgggecaagegoaatccagagegoegtcaaaggtattgeatttatggagitcatececgecctatecocgacctgggacgaa
tggccagaatttgecocegegagaccttecaggecttecygeacecaccgacgicggeageaagotgatcategalcagaac
gtitttatcgagggtacgctgocgatgggtygtegteogeocogotgactgaagtegagatggaccattacegegagecg
ttcctgaatectgtigaccgogagocactgtggogetteccaaacgageigecaategecggtgagecagegaacate
gtcgcgctggtcgaagaatacatggactggctgcaccagtcccctgtcccgaagctgctgttctggggcaccccaqgc
gttctgatcccaccggccgaagccgctcgcctggccaaaagcctgcctaactgcaaggctgtggacatcggcccgggt
ctgaatctgotgeaagaagacaacccggacctgateggoagcgagategogegetggetgtetactotggagattice
gt

SEQ ID NO:79 (Id-24C2-HT7 sandwich fusion protein)
MLGLSEQSVSISRCAGTRLPALLDEQQVNVLLYDMNGCYSRLKELVPTLPQNRKVSKVEILQHVIDYIRDLQLELNSE
SEVGTTGGRGLEPVRAPLSTLNGE I SALAAEAACYPADDRILCRYVSLENLY FQASGGGGGATAMVETLEDEVGDRQOTA
GYNLDOVLEQGGLS SLEONLGYSVTPIOKIVLSGENGLKIDIHVITPYEGLSGYOMGOIEKIFKVVYPVDDHHFKVIL
HYGTLVIDGYTPNMIDYFGRPYEGIAVFDEKKITVTGTLWNGNKIIDERLINPOGSLLFRVTINGY TGWRLCERILAG
YLEPTTEDLYFQSDNDGSEIGTGFPFDPHYVEV LGERMHYVDVGPRDGTFVLFLHGNPTSSYVWRNI I PHVAPTHRCT
APDLIGMGKSDKPDLGYFFDDHVRFMDAFPIEALGLEEVVLYIADWGSALGFHWAKRNPERVKGIAFMEFIRPIPTWDE
WPEFARETFQAFRTTDVGRELI I DONVFIEGTLPMGVVRPLTEVEMDRYREPFLNPVDREPLWREFPNELPTAGEPANT
VALVEEYMDWLHQSPVPKLLFWGTPGVLIPPHEAARLBKSLPNCKAVDIGPGLNLLQEDNPDLIGSEIARWLSTLEIS
G

SEQ ID NO:BO (1F7 (NF} nuaclectide)
ATGETETTTACACTCGAAGATTTCGTAGGGRACTGGLEGCAGACAGLCGOCTACANCCTGGACCARGTCCTTGAGCAG
GECGOTCTGTCCAGTTTETTTCAGRATCTCGGGGTSTCCGTAACACCGATCCAARGLATTGTCCTGAGCGGTGAARRT
GGCCTGARGATCGACAT CCATCTCATCATCCCGTATGAAGGTCTGAGCEGCGATCAGATCGECCAGATCGARAMAATT
TTTARAGGTGGTGTACCCTGTGGEATGATCATCACTT TARGGTGATTC TGCACTATGGCACAC TG TAATCGACGEGGTT
ACGCCGAACATGAT CGACTATTTCGGACGGCCGTATGAAGGCATCGCCHTGT TCGACGGCAARAARGATCACTGTARCC
GGGACCCTGTGGAACGGCARACARARTTAT CGACGASCGCCTGATCRACCCCGACGGCTCCCTGCTETTCCGCGTAACC
ATCAACGGAGTGACCGGCTGGCEGUTGTGCGAGCGCATTTTGECEGEA

S5EQ ID NO:81 (l1F7 (NF) protein}
MVFTLEDFVGDWRQTAGYNLDQVLEQGGLSSLFQNLGVSVTPIQRIVLSGENGLKIDIHVIIPYEGLSGDQMGQIEKI
FKYVYPYDDHEFKVILEYGTLYI DGV TPNMT DY FGRPYEGIAVFLGKKI TVTICTLWNGNREIIDERLINFDGSLLFRVT
INGVTGWRLCERILAG

SEQ ID HO:82 (15H1 (NF} nuclectide)
ATGGETGTTTACACTCGAAGATTTCGTAGGGGACTGGCGGTAGACAGCCGGCTACARCCTGGATCRAGTCCTTGAGCAG
GGCGETCTATCCAGTTTG T TTCAGAATCT CGGGGTGTCOGTAACACCGATCCARAAGATTGTCCTGAGCGGTGAARRL
GGECOTGARAGATCGACATCCATCTCATCATCCCGTATGANGGTCTGAACGGCTATCAGATGECCCAGATCGARALAATT
TTTARAGGTGGTGTACCCTGTGGATGATCATCACTTTARGGTGATTCTGCACTAT GGCACACTGGTAATCGACGEEETT
ACGCCGRACATGATCGRACTAT TTCGGACGGCCGTAT GARGGCATCGCOGTET TCCACGGCARARAGATCACTGTARCC
GGGACCCTGTGGARCCECARACARALT TATCGRACGAGCGCCTGATCARCCCCEAC SGCTCCCTEGCTETTCCOCGTAACC
BTCAACGGAGTGACCGEUTGGLGGUTGTCCEGAGCGCATTTTGGLGGEA -

SEQ ID NO:83 (15H1 (NF) protein)
MYETLEDFVGDWROTACYNLDOVLEQGGLSSLFON LGV SVTIPIOKIVLSGENGLKIDIAVI IPYEGLNGYQMGQIEKT
FEVVYPVDDHHFKVILEYGTLYVIDGVTPNMI DY FGRPYEGIAVFDGKKI T'VI'G T LWNGNKI I DERLINPDGSLLFRVT
INGVTGWRLCERILAG

SEQ ID N0O:84 (Id-1F7-HT7 sandwich fusion nuclectide)

argottggteotgtoggagoaaagogtgtccatetogegotgegotgggacgogectgoocgoottgotggacgageay
caggtygaacytcctgotoctacygacatgaacygetgotactcacgectcaaggagetggtgeocacectgececagaac
cgeadagtgagoaaggtggagateotgeagratgtaatcgactacatcagggacctgeageotggagetgaactoggayg
tctgaagtcogggaccacoggaggecoggagactgectgtocgegocacgetcageaccctgaacggogagatcagigoo
tiggeggecgagycgygcakglgttecaguegacgatcgratettgtgtegeogtttotettgagaatectttatttteay
gegtotggaggtggtggoggagegatcgecatggtgbttacactcgaagatttegtaggggactggeggcagacages
ggetacaacctggaccaagtoettgageagygeggiotgicecagtitgtttecagaatctoggggtgtecegtaacacey
atccaaaggattgtoctgageggtgaaaacagoctgaagatcgacatecatgtcatcatecocgtatgaaggtctgage
ggcgatcagatgggocagatcgaaaaaatitttaaggtggtgtaccetgiggatgatcatcacttiaaggtgatictyg
cactatggeacactggtaatcgacggggriacgecygaacatgategactatttegyacggeoecgtatgaaggecatogeo
gitgttcgacggcaagaagatcactgtaacegggaccotgiggaacggeaacaaaattatcgacgagegectgateaac
cccgacgygotecctgotgttocogogtaaceatecaacggagtgaccggct ggeggotgtgegagegecattttggeggga
tatclogagecaaccactgaggatctgtactttcagageogataacgatggatocecgaaateggtactggetticcatte
gacccccattatgtggaagtcoctgggegagegeatgeactacgicgatgttggtcogegegatggecaceoctgtgeotyg
ttectgcacggraaccocgacctectoctacgtgtggogeaacatcateccgeatgttgoacagacccategotgoatt
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gctccagacctgatcggtatggqcaaatccgacaaaccagacctgggttatttcttcgacgaccacgtccgcttcatg
gatgectteategaageoctgggtotggaagaggtogioetggtcat tracgactggggroteocgetetyggtttecac
tgggecaagogeaatccagagogocgtcaaaggtattgeatttatggagitecateogocotatcocgacectgyggacgaa
tegccagaatttgeecgegagacocticcagyocottoecgeaccaccgacgtcgygecogeaagotgatcatcgatcagaac
gtttttatcgagggtacgctgecyatyggtgtegtoogoecegetgactgaagtcgagatggaccattaccgegageoyg
ttococtgaatectgttgacegegagecactgtygogottoccaaacgagotgoccaategocggtgagecagegaacate
gtcgecgoectggtegaagaatacatggactggetgeaccagtececcctgteccgaagetgetgttoctggggecaccccaggo
gttctgatcccaccggccgaégccgctcgcctggccaaaagcctgcctaactgcaaggctgtggacatcggcccgggt
ctgaatctgotgoaagaagacaacceggacctgatoggeagegagategegegetggetgtctactetggag

SEQ ID NO:85 {Id-1F7-HT?7 sandwich fusien protein)
MLGLSEQSVSISRCAGTRLPALLODEQOVHVLLY DMNGCYSRLEELVEPTLPQNREVSEVEY LOHVIDY IRDLOLELNSE
SEVGTTGGRGLPVRAPLSTLNGEI SALAAREAACVPADDRILCRVSLENLY FOASGGGGGAIAMVEFTLEDEVGOWRQTA
GYNLDOVLECQGGLSSLFONLGVSVTPIQRIVLSGENGLKIDIHVIIPYEGLSGDOMGOIEKIFKVVYPVDRHHFRVIL
HYGTLVIDGVTPNMI DY FGRPYEGIAVEDCGKKITVTGTLWNGNKI IDERLINFDGSLLFRVTINGVTCGWRLCERILAG
¥YLEPTTEDLYFQSDNDGSEIGTGFFFDPHYVEVLGERMHYVDVGPRDGTPVLEFLHGNPTSS5YVWRNII PHVAPTHRCI
AFPDLICMGKSDKPDLGYFFDDHVRFMDAFIEALGLEEVVLVIHDWGSALGFHWAKRNPERVKGIAFMEFIRPIPTWDE
WEPEFARETEQAFRTTIVGRXLIIDONVEIEGTLFMGVVRPLTEVEMDHY REPFLNPVDREFLWRFEFNELPIAGEPANT
VALVEEYMDWLHOSPYVPKLLEWGT PGYLI PPARRARLAKSLEPNCKAVDIGPGLNLLOEDNPIDLIGSETARWLSTLEIS
G

SEQ ID NO:86 (Id-15H1-HT7 sandwich fusion nuclaotide)
atgottggtetgtocggagocaaagogtagtecatectogogotgogetgggacgegectgeacgecttgoctggacgageag
caggtygaacgtectgetctacgacatgaacggetgetactecacgoctcaaggagotggtgeeccacecoctgoocccagaac
cgcaaagtgagcaaggtyggagatectgcagcatgtaatcgactacatcagggacctgcagrtggagetgaactecggag
tctgaagtegggaccacocggaggocggggactgectghcogegescogetecageaccctgaacggegagatecagtgea
tlggcgygcogaggeggeatgtgttocagecgacgatcgecatettgtgtogogittetottgagaatetttattttoag
gegtectggaggtggtogeggagegatogecatggtgtttacactegaagatttegtaggggactggecggcagacagec
ggctacaacctggatcaagteocttgageagggeggtctgtocagtttgtttcagaatetoggggtgtocgtaacaceg
atccaaaagatigtoctgagogygtgaaaacggoectgaagatcgacatccatgtcatecateoccgtatgaagqgtetgaac
ggctatcagatgggocagatcgaaaaaatttttaaggtggtgtacecoctgtggatgatcatcactitaaggigattcg
cactatggcacactggtaategacggggttacqgeegaacatgategactattteggacggeegtatgaaggeategeo
gtgttcgacggcaaaaagatcactgtaaccgggaccoctgiggascggraacaaaattatocgacgagegectgatcaac
cocogacggotoococtgoctgticogegtaaccatocaacggagtgaccggoetggeoggetgtigogagegeattttggeggga
tatctagagecaaccactgaggatotgtacttteagagegataacgatggatecgaaateggtactggetttecatte
gaccocccattatgtggaagtococtgggogagogratgoactacgtogatgttggtcogogogatggeaccococtgtgetg
tLcotgeacggtaaccegacctectectacgtgtggogeaacateateccogeatgtigoaceygaccecategotgeat
gotocagacctgatcggtatgggcaaatecgacaaaccagacctygggttatttecttogacgaccacgtecgettcatg
gatgccttcatcgaagecctgggtoctggaagaggtocgtcctggtocattcacgactggggeteocogotectgggtttocac
Lgggccaagcgcaatocagagogegtcaaaggtattgratttatggagttecateocgecoctatcecgacctgggacgaa
tggccagaatttgecegegagaccticcaggocticocgcaccacecgacgteggecgcaagctgatcatcgatcagaac
gttittatcgagggracgctgocgataggtgtogtecgecagetgactgaagtegagatggaccattaccgeganceyg
ttcctgaatcctgttgacecgecgagocactgtggogettecccaaacgagetgecaatecgocggtgagecagogaacate
gbecgugctggtogaagaatacatggactggotgeaccagtococctigbecogaagetgotgttoetggagraccocaggo
gttotgateccaccggoecgaagecgetecgectgagccanadgectygoctaacrtagcdaggetgtggacateggecccyggt
ctgaatctgetgraagaagacaacccggacctgateggecagegagategogegetggetgtctactetggagatttee
ggt

SEQ ID NO:87 (Id-15H1-HT7 sandwich fusion protein}
MLGLSEQSVSISRCRGTRLPALLDEQQVNVLLYDMNGCYSRLKELVPTLPQNRKVSKVEILQHVIDYIRDLQLELNSE
SEVGTTGGRGLPVRAPLSTLNGEI SALRARAACVPADDRI LCRVSLENLY FQASGGGGGAIAMVFTLEDFVGDWRQTA
GYNLDQVLEQGGLSSLFONLGVSVTPIQKIVLSGENGLKIDIHVIIPYEGLNGYQMGQIEKI FKVVYPVDDHHFEVIL
HYGTLVIDGVTPNMIDYFGREPYEGIAVFIGKKITVTGTLWNGNKI IDERLINPDGSLLEFRVTINGVTGRRLEERT LAG
YLEPTTEDLYFQSDNDGSEIGTGFFFDPHYVEVLGERMHYVDVGPRDGTFVLFLHGNPTSSYVWRNII PHVAFTHRCI
APDLIGMGKSDKPDLGYFFDDAVREMDAFIEALGLEEVVLVIHDWGSALGFHWAKRNPERVKGIAFMEFIRPIPTWDE
WPEFARETFQAFRTTDVGRKLI IDONVFTEGTLPMGYVVRPLTEVEMDHYREPFLNEVDREPLWREFPNELPTAGRPANT
VALVEEYMDWLHDSPYPKLLFWGT PGVLIFPAEAARLAKSLENCKAVDIGPGLNLLQEDNFDLIGSEIARWLSTLELS
G

SEQ ID NO:88 ({988 opt+K33N+L2TV+T3I9T+K43IR+Y6BD nucleotida)
Atggtgtttacactcgaagatticgtaggggactggeggeagacageoggctacaacctggaccaagtecttgageag
ggcggtgtgtecagtttgttteagaatetoggggtgtcoegtaactecgateccaaaggat tygtcetgagoggtgaaaac
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ggcctgaagatcgacatccatgtcatcatcccgtatgaaggtctgagcggcgatcagatgggccagatcgaaaaaatt
tttaaggtggtgtaccctgtggatgatcatcactttaaggtgattctgcactatggcacactggtaatcgacggggtt
acgccgaacatgatcgactatttcggacgyccgtatgaaggeategecgigticgacggoaaaaagatcactgtaace
gggacccktgtggaacggcaacaaaattatcgacgagegectgatcaacecegacggetcocigetgttccgegtaace
atcaacggagtgaccggotggcggetgtgeogageogeattttygycyg

SEQ ID NO:89 (9B8 opt+K33N+L27V+T39T+K43R+Y6BD protein)
MYFTLEDFVGDWRQTAGYNLDOVLEQGGVSSLEONLGVSVTPIQRIVLSGENGLKIDIRVIIPYEGLSGDOMGRIEKT
FKVVYPVDDHHFKVILHYGTLVI DGV TPNMI DY FGRPYEGIAVEDGKKI TVTGTLWNGNKIIDERLINPDGSLLEFRVT
INGVTGWRLCERILA

SEQ ID NO:90 (9B8 opt+K3IIN+L27V4+T39T+KA3IR+Y¥YEBD sandwich fusion nucleotide)

atgeitggtetgtcggageazagegtgtccatctegogotgegotgggacgegectgeccgeettgotggacgageag
caggtgaacgtoctgectoctacgacatgaacggetgeiactcacgectcaaggagetggtgoccaccoctgocecagaac
cgcaaagtgageaaggtggagatcetgecageatgtaategactacatecagggaccltgcagotygagelgaactoggay
totgaagtocgggaccaccggagaecggggactgectgtcocgegececgotecagcaccectgaacggecgagateagtgeo
tiggegaccgagycggcatgtgticcageocgacgatogeatocttgtgtegogtttetettgagaatectttattttcag
gegtotgoaggtggtggegoagegatcgecatggtgtttacactcgaagatttecgtaggggactggeggocagacaygee
ggctacaacctggaccaagtocttgaacagggeggtgtgteccagtttgtitcagaatctcggggtgtecgtaacteeg
alcraaaggattgtectigagocggtgaaaacggoctgaagatcgacatecatgrcatcatccegratgaaggtergage
ggegatcagatgggocagatcgaaaaaattittaaggtggtgtacceigtggatgatcatecactttaaggtgattotyg
cactatgoroacactyggtaatagacggggtracgecgaacatgatcgactatttcggacggecgtatgaaggeatogen
gtgttogacggcaaaaagatcactgtaaccgggacectgtggaacggeaacaaaattatogacgagegectgatcaac
ccegacggeteccigetgttcegegt aaccatcaacggagtgaceggetggoggotgtgegagogeattttggoggga
tatctegagocaaccactgaggatetgtactttcagagrogataacyatggatecgaaatcggltaciggetttecatte
gacccccattatgrggaagtocctgggegagegeatgeactacgtegatgttggtecgegegatggeaccocetgtigery
ttocotgeacggtaaccegacoctectectacgigtggogcaacatecatcocogratgttgoacocgacecatocgetgeatt
gctecagacctgateggtatgggeaaatecogacaaaccagacelgggtlatiteticgacgaceacgtoogettcaty
gatgectteategaagecctgggtotggaagaggtegteoctggteattcacgactggggeteegetcteggttteecac
tgggcrcaagogoaatocagageqgogtcaaaggtattgeattratggagrteatcogooctatococogacotgggacgaa
lggecagaatttgocococgogagacettocaggocticogoaccaccgacgtoeggccgocaagotgatcatcgatcagaac
gtttttatcgagggtacgctgocgatggetgtcgtocgooccgotgactgaagtcgagatggaccattacocgogagocg
ttectgaatocctgttgacogegagecactgtggegotticacaaacgagotgocaatecgecggrgagecagegaacate
gtogogotggtogaagaatacatggactggoctgcaccagtecoctgicocgaagctgotgt totggggcaceccagge
gttctgatoccaccggecgaagecgetegectggecaasagectgectaactgraaggetgtggacatcggeoececgggt
ctgaatctgctgraagaagacaacecggacctgatoggecagegagategogegetggetgtetactctggagatttoe

ggt

SEQ ID NO:91 (9E8 opt+K33N+LZ7V+T3IOT+K43R+Y6HD sandwich fusion protein)
MLGLEEQSVSISRCAGTRLPALLDEQRVEVLLY DMNGCYSRLEKELVPTLFONRKVSKVEILQBVIDY IRDLOLELNSE
SEVGTTGGRGLPVRAPLSTLNGEI SATARRAACVPADDRILCRVSLENLY FOASGECGEGAIAMVITLEDFVGDWROTA
GYNLDOVLEQGGVSSLEFONLGVSVTPIORIVLESGENGLKIDIBVIIPYEGLSGDOMGQIEKIFXVV Y FVLUDHHFKVIL
HYGTLVIDGVTPNMIDYFGRPYEGIAVEDGKKI TVTGTLWNGHNKI IDERLINFDGSLLFRVTINGVTGWRLCERILAG
YLEPTTEDLYFQSDNDGSEIGTGFPFDPHYVEVLGERMHYVDVGPRDGTPVLFLHGNPTSSYVWRNII PHVAPTHRCT
APDLIGMGKSDKPDLGYFFDDH?RFMDAFIEHLGLEEVVLVIHDWGSALGFHWAKRNPERVKGIAFMEFIRPIPTWDE
WPEFARETFQAFRTTODVGRKLIIDONVEIEGTLFMGYVVRPLTEVEMDHYREPFLNPVDREPLWRI'FNELPIAGEPANT
VALVEEYMDWLHQSPVPKLLFWGTPGVLI PPAEAARLAKSLPNCKAYDIGPCLNLLQEDNPDLIGSETIARWLSTLEIS
G

SEQ ID NO:92 (9BB opt+K3I3N+TIIT+K43IR+YEBD nuclectide)
Atggtgtttacactogaagatttogtaggggactggoggcagacagooggctacaacctggaccaagtecttgageag
ggeggtetgtocagtttgtticagaateteggggtgtocgtaactecgatccaaaggattgtecctgagoggtgaaaac
ggectgaagatcgacatecatgteateatecegtatgaaggtctgagoggegatcagatgggecagategaaasaatt
tttaaggtggtgtaccctgtggatgatoatcactttaagytgattetgoactatggocacactggtaategacggaatt
acgocgaacatgategactatttoggacggiogiatgaaggeatogoocgtgttocgacggcadadagatcactigtaace
gggaccctgtggaacggeaacaaaattatcogacgagegectgatcaaccococgacggotoectgetgttocecgegtaace
atcaacggagtgaccggetggoggetgtgegagngeattttggeg

SEQ ID NO:93 (5BS opt+F33N+T39TH+K43R+YE8D protedin)
MVFTLEDEVGEDWRQTACYNLDOVLEQGGLSSLFONLGVSVTPIQRIVLSGENGLKIDIHVI IPYEGLSGDOMGOIEKT
FEVVYPVDDHHFKVILHYGTLVIDGYTEPNMIDYFGRPYEGIAVEFDGKKI TV GTLHNGNKI IDERLINPDGSLLFRVT
INGVTGWRLCERILA

SEQ ID NO:94 (9B8 opt+K3I3IN+T39T+K43R+Y68D sandwich fusion nucleotide)}
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atgettggtctgteggageaaagogtgtecatctegegetgegetgggacgegectgeccgectigotggacgagceag
caggtgaacgteoctgeotectacgacatgaacggotgetactcacgectcaaggagetggtgeccacecotgeccoagaac
cgcaaagtgageaaggtygagatocotgeageatgtaatcgactacatcagggacetgoagetggagetgaacteggadg
tCtgaagtcgggaccaccggaggccggggactgcctgtccgcgccccgctCagcaccctgaacggcgagatcagtgcc
ttggcggecgaggcggeoatgtgttecageogacgatogeatottgtgtegegritetetugagaatetttattttcag
gecgtcotggaggtggtygrggagegategecatggtgtttacactecgaagatttegtaggggactggoggocagacayoes
ggctacaacctggaccaagtccttgagcagggcggtctgtccagtttgtttcagaatctcggggtgtccqtaactccg
atccaaaggattgtcctgageggtgaaaacggectgaagatcgacatecatgtecatcatecegtatyaaggtotgage
ggcgatcagatgggocagatcgaaaaaatttttaaggtggtgtacoctgtggatgatcatcactttaaggtgattetyg
cactatggracactggtaatcgacgggyttacgecgaacatgategactatttcoggacggocgtatgaaggcategee
gtgttocgacggeaaaaagatcactgtaacegggacecetgtggaacggeaacaaaattatecgacgagegetgatcaac
ccogacggotoootgotghtecgegtaacecatcaacggagtgaceggotggogget gtgegagogeattttggeggga
tatcteogagecaaccactgaggatctgtactticagagrgataacgatggatcogaaateggtactgygcittceatte
gacccecattatgtggaagtectgyggegagegcatgeactacgtegatgtggtcegegegatggecaccectgtgctyg
ttectgcacggtaacccogacotectoctacgtgtggegeoaacateatcocgeatgttycaccgacceatogetgeatt
gctoccagacctyatoggtatgggeaaatcogacaaaccagacctgggttarticttcgacgaccacgtecgetteatg
gatgccttcatcgaagecoctgggtotggaagaggtegteetyggtcattecacgactgggygcteegetctgggtitcooac
tgggccaageogcaatcocagagegogtcasaggtattgeatttatggagttecateecgecctatocogacctgggacygaa
tggeccagaatttgeocgogagacocttocaggect tecgoaccaccgacgteggeccgeaagetgatcatcgatcagaac
gtttttatcgagggtacgetgecgatgggtgregtecgeecgetgactgaagtegagatyggaccaltaccgegagery
ttectgaatectgttgacocgogagecactgtggegetteccaaacgagetgecaatogoecggtgageccagegaacatco
gtcgocgoctugteogaagaatacatyggactggetgeaccagtecectgicccgaagetgetgttctggggeacecoagye
gttctgatcccaccggoogaagecgetogootggocaaaagectgeoctaactgeocaaggotgtggacatcggecegggt
ctgaatctgergecaagaagacaacceeggacctgateggeagegagatcgogegetggetgictactctggagattteo
qgt

SEQ ID NO:95 (SEE opt+K33N+TA9T+K43R+YE8D sandwich fusion protein)
MLGLSEQSYVESISRCAGTRLPALLDEQOVNVLLYDMHNGCY SRLKELVET LPGNREVEKVETLOHVT DY TRDOLOLELNSE
SEVGTTGGRGLPVRAPLSTENGEI SALAAEAACYVPADDRILCRVSLENLY FOASGGGGGATAMVETLEDFVGDWRQTA
GYNLDOVLECGCLESLFQNLGVEVTPIQRIVLGGENGCLKIDIHVI IPYEGLSGDOMGOIEKIFEVVY EVODHHFEVIL
HYGT LY T DGYTPNMIDY FGREYEGIAVEDGEKI TV TG TLWNGNKI IDERLINPOGSLLFRVTINGVTGWRLCERTILAG
YLEPTTEDLYFRSDNEGSEIGTGFPFDFHYVEVLGERMHYVDVGPRDGTPVLFLHGHPTSSYVWRNI IPHVAPTHRCT
APDLIGMGKSDKPDLGYFFLDHVRFMDAFTEALGLEEVVLVIHDWGSALGFHWARKRNPERVKGIAFMEFIRPIPTWDE
WEEFARETERQAFRT TDVGREKLI I DONVEIZGTLEMGVVRPLTEVEMDOHY REFFLNPVEBREPLWRFPNELPIAGEFANT
VALVEEYMDWLHOS PV PHLLFWGTPGVLI PPAEAARLAKSLFNCEAVDIGPG LN LLOEDNPDLIGSEIARWLSTLEIS
G

SEQ ID NG:96 (CRE)
GCACCAGACAGTGACGTCAGCTGCCAGATCCCATGGCCGTCATACTGTGACGTCTTTCAGACACCCCTTGACGTCAAT
GGGAGBACA

SEQ ID NO:5%7 (Huclectide CP 84 no linker)
Atggatgatcstcactttaaggigatloclgractatggecacactygglaategacggygtlacgecgaacatgategac
tatttcggacggecgtatgaaggecategecgtgitcgacggcaaaaagatcactgtaaccgggaccctgtggaacgge
aacaasattatcgacgagegeootgatcaaccocgacggoetococtgectgt tecgogtaaccatcaacggagtgacoggo
tggocggotgtgogagegeatttigycgatggtgtttacactogaagatttegtaggygact gucggcagacagooggo
tacaacctggaccaagtcocttgageagggeggtgtgioccagrttgtttcagaatoctoggggtigtiocgtaactecgate
caaaggattgteectgageggtgaaaacggorotgaagategacateecatgteatecatecogtatgaaggtetgagogge
gatcagatgggccadgatcgaaaaaattittaaggtggtgtacecigtg

SEQ ID NO:58 {Protein CP 84 no linker)
MDDHHFKVILHYGTLVIDGVTFNMIDYFGRFYEGIAVFDGKK I TVTGTLWNGNKI IDERLINPDGSLLFRVTINGVTG
WRLCERI LAMVETLEDFVGDWROTAGYNLDOVLEQGGVSSLEQNLGVSVTPIQORIVLSGENCLKIDIHVIIPYEGLSG
DOMGQIEKIFKVVYPV '

SEQ ID NO:99 (Nucleotide CP B4 SAA linker)
Atggatgatcatcactttaaggtgattctgcactataugcacactggtaatecgacggggt tacgocgaacatgatogac
tatttcggacggoecgtatgaaggeategeogtgttegacggcaaaaagatcactgtaacegggaccctgtggaacgge
aacaaaattatcgacgagogectgatcaacccogacggcteectgetgtteegegtaaccatcaacggagtgacegge
tggcggoigtgegagegecattttggeoggggageteocggtggaatggigtttacactegaagatttogtaggggactgy
cggcagacagecggctacaacctggaccaagtecttgageagggoeggtotygtccagttigittcagaatctcgggyly
tcocgtaactcegatocaaaggattgtertgageggtgaaaacggectgaagategacatccatgtocatecatecegtat
gaaggtctgagcggcgatcagatgggccagatcgaaaaaatttttaaggtggtgtaceetgryg
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SEQ ID NO:100 {Protein CP 84 S5AA linker)

MODHHFKVILHYGTLVIDGVTPNMIDY FGRPYEGIAVFDGKKITVIGTLWNGNKIIDERLINPDGSLLERVTINGVTG
WRLCERILAGSSGGMVETLEDFYGDWROTAGYNLDOVLEGGGVSSLFOQNLGVSVTPIQRIVLSGENGLKIDIHVIIEY
EGLESGDOMGQIEKIFKVVY PV

SEQ ID N0:101 {Nucleotide CP 84 10AA linker)

Atggatgatcatcaclittaaggtgattctgcactatggracactggtaatcgacggggttacgeocgaacatgatcgac
tattteggacggecgtatgaagygcategoogtgttogacyggeaaaaagatcactgtaaccgggaccoctgtggaacyyc
aacaaaattatcgacgagegocigatcaaccoegacggectrecctgetgttecgegtaaccatcaacggagtgacegge
Laggeggetlgtgegagegeatttigyegggaagttetggtggagggagecteccggtggaatggtgtttacactocgaagat
ttcgtaggggactggeggcagacageoggeracaacctggaccaagtecocttgagragggeyggtglgtecagtttgttt
cagaatcteggggtgtoegtaactocgatecaaaggattgtectgagecggtgaasacggectgaagatcgacatoeat
gtcatcatcceglatgaaggtctgageggegatcagatgggocagatcgaaaasatttitaaggtggtgtaceceotgtg

SEQ ID ND:102 {(Protein CF 84 1l0AA linker}

MDDHHFKVILHYGTLVIDGYTPNMIDY FGREPYEGIAVFDGKKITVTGTLWNGNKI IDERLINPEGSLLERVTINGYTG
WRLCERILAGSSGGGSSGEMVFTLEDEVGDWROTAGYNLDOVLEQGGVY SSLFONLGVSVTPIQRIVLSGENGLKIDIH
VITPYEGLSGDOMGOIERIFKVVYFEV

SEQ ID NO:103 (Nucleotide CP 84 20AA linker)
Atggatgatcatcactttaaggtgattetgcactatggracactggtaategacggggttacgecgaacatgategac
tatttcggacggecgtatgaaggoatogeoocgtgticgacggoaaasagatcactgtaacogggacoctgtggaacgge
aacasaattatcgacgagegectgatcaaccecegacggeteectgetgttecgegtaaccatcaacggagtgacegge
tggeggctgtgegageogeattttggogggaagtictggtggagggageotecggtyggaggaagiteigglygagggage
tecggtggaatggrgrttacactocgaagatttegtaggggactggoggoagacagecggectacaacoctyggaccaagte
cttgageagggeggtgtgtecagtitgtttecagaateteggggtgtecgtaactecgatcecaaaggattgtectgage
ggtgaaaacggoctgaagatcgacatoecatgteatecatcocytatgasget ctyagegygegat cagatgggecagalc
gaaaaaatrttttaaggtggtgtacectgtyg

SEQ ID NO:104 (Protein CP B4 20AA linker)
MDDHHFKVILHYGTLVIDGVTPNMIDYFGRPYEGIAVFDGKKITVTIGTLWNGNKIIDERLINPDGSLLFRVTINGVTG
WRLCERILAGSSGGGSSGGGESSGGESSGEMYEPTLE DFYVGOMEQTAGYNLDOVLEQGGVSSTLFONLGVSVTPTIQRIVLS
GENGLKIDIHVIIFYEGLSGDOMGRIEKIFKVVYPV

SEQ ID HO:105 {Nucleotids CP 95 no linker)
Atggecacactgghtaatecgacggggttacgecgaacatgategactatttoggacggeogtatgaaggeategecatyg
ttcgacggoadadagatcactgtaacogyggacoctgigygadcggcaacadaattatogacgagegootgatcaaccoe
gacggctcocctgotgttcegegtaaccatoaacggagtgaccggcectggeggetgtgegagegeattttggogatggtyg
tttacactogaagatttegtaggggactggeggecagacagooggotacaacctagaccaagtocttgagoagggeggt
gtgtccagtttgtttcaygaatotcggggtgtcocgtaactecgatocaaaggattgtectgegegatgaaaacgycctyg
aagatcgacatccatgtcatcatecegtatgaaggtetgagcggoegatcagatgggocagategaaaaaatttittaag
gtggtgtaccctgtggatgatcatcactttaaggtgattoctgoactat

SEQ ID KO:106 (Protein CP 595 no linker)
MGTLVIDGVTPNMIDYFGRPYEGIAVEDGKKITVIGTLWNGNRKI IDERLINPRDGSLLFRVTINGVTGWRLCER ILAMY
FTLEDEVGDWROTAGYNLDQVLEQGGVSSLFONLGYSVTPIQRIVLEGENGLET DIHVI IPYEGLSGOQMGOIEKIFK
VVYFVDDHHFEVILAY

SEQ ID KO:107 (NMucleotide CF 95 54 linker)
Atgggcacactggtsategacggggttacgecgaacatgatecgactatitocggacggoegtatgaaggeategeegty
ttcgacggoaaaaagatcactigtaaccgggaccetglggaacyygeaacaaaattategacgagegectigatecaaceoe
gacggeicectgetgttecgogtaaccatcaacggagtgaceggetggoggctigtgegagegeattitgyeggggage
tcocggtggaatggtgttiacactegaagatttegtaggggactgygcyggeagacagecggctacaacctggacecaagtc
cttgagragggcggtgtgtocagittgtticagaatctcygygtgtocgtiaacticogatccaaaggaligtcchgage
ggtgaaaacggcctgaagatcgacateocatgtecatcateccgtatgaaggictgageggegatcagatgggecagate
gaaaaaatttttaaggtggtgtacectgtggatgatcatcactitaaggtgattetgcactat

SEQ ID NO:108 {(Protein CFP 95 BAR linker)
MGTLVIDGVTFNMIDYFGRPYEGIAVFDCEKITVIGTLWNGNKI I DERLINPDGSLLFRVTINGVTGWRLCERILAGS
SGGMVEFTLEDFVGDWROTAGYNLDOVLEQGGVSSLFONLGYSVTPIQRIVLSGENGLKIDIHVYT I FYEGLSGOOMGD T
ERKIFKVVYPVDDHHEFEVILHY

EEQ ID H0O:109 {(Nuclectida CP 35 104A linker)
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Atgggcacactggtaatcgacgqggttacqccgaacatgatcgactatttcggacggccgtatgaaggcatcgccgtg
ttcgacggecasaaagatcartgtaaccgggaceetgtggaacggeaacaaaattatcgacgagogectgatcaaccee
gacggeicoctgotgttococgegtaaccatecaacggagtgacecggotggeggetgtgegagegeattitgygegggaagt
tctggtggagggagetccggtggaatggtgtttacactocgaagatttcgtaggggactggeggcagacagecggaetac
aaccrggaccaagteocttgageagygeggtatgicragtitgttteagaateteggggtgtocgtaactecgatecaa
aggattqtcctgagcggtgaaaacggcctgaagathacatccatgtCatcatcccgtatgaaggtctgagcggcgat
cagatgggecagatcgaaaaaatbtttaaggtygtgtacectgtggatgatcatcactttaaggtgatrctgeactat

SEQ ID H0:110 (Protein CP 85 1l0AA linker}
MGTLVIDGVTPNMIDYFGRPYEGIAVFDGEKITVIGTLWNGNKIIDERLINPDGSLLFRVTIINGYTGWRLCERILAGS
SGOGSSGOGMVETLEDEVGEDWRCTAGYNLDQVLEQGGVSSLFONLGVSVTPIQRIVLEGENGLKIDIBVITIPYEGLEGD
CMGQIEKI FKVVYPVDDHHFKVILHY

SEQ ID NO:111 (Nucleotide CP 95 20AA linker)
Atgggcacactggtaatcgacggggttacgecgaacatgatcgactatttcggacggocgtatgaagycategeogtg
ttegacggoasaaagatcactgtaaccgggacectgtggaacggoaacaaaattatcgacgagegectgatcaacoce
gacggotccectgoetgttccucygtaaccatcaacggagtgacecggetgaocggotgtgegagegeattttggegggaagrt
tctggtggagggagetecggtggaggaagttctggtggagggagetcecgyiggaatggtgtttacactegaagatttce
graggggactggcoqgoagacagecyggrtacaacctggaccaagtectigageagggeggtgtgteccagtttgtitocag
aatctoggugtyglocgtaactocgatccaaaggattygtococtgagoggtgaaaacggectgaagatecgacatecatgte
atcateccegtatgaaggictgagoggegatecagatgggecagatcgaaaaaatttttaaggtggigtacocetgtggat
gatcatcactttaaggtgattctgeactat

SEQ ID NO:112 (Protein CP 95 20AA linker)
MGTLVIDGVTPNMIDYFGRPYEGIAVEDGKKITVIGTLWNGNKI IDERLINPDGSLLFRVTINGVTGWRLCERILAGS
SGGGS3G6E6E3866G356GMVET LEDFVGDRROTAGY NL VLEQGGVSSLEQNLGVEVTPIORIVLECENGLKIDIHY
IIPYEGLSGDOMGQIEKIFRVVYPYDDHHFEVILHY

SEQ ID HNG:113 {Linker)
[GSGGYy

SEQ ID NO:114 (L27V CP 5 TEV)
atggattrogrtaggggactggogacagacagecggotacaacctggaccaagtecttgagecagggeggtgtgicecagt
trgtttcagaatectoggggtgtocgtaactccgatecaaaggattgiectgageggtgaaaacggectgaagatogac
atccatgrcatcatceccgtatgaaggtectgageggegatcagatgggocagateogaaaaaatitttaaggiggtgtac
coctgtyggatgatecatcactttaaggtgattctgeactatggecacactggtactecgacggggttacgeogaacatgatc
gactattreoggacggecgtatgaaggoatcgecgtgttcgacggecaaaaagatcactgtaaccaggaccetgtggaac
ggcaacaaaattatcgacgagegectgatcaaceccogacgyctecoctgeigttecgegtaaccatcaacggagtgacc
ggcetggeggetgtgegagegeattttggegggaagrtetggtggaggaagttetggtggagagectactactgagaac
ttgtactooccagagegataacqggaagttctggtggaggaagtterggtggaatggtrgtttacactegaa

SEQ ID NO:115 (L27V CP 5 TEV)
MDEVGDWROTAGYNLDOVLEQGGVSSLFQNLGVSVIPIQRIVLSGENGLKI DINVII PYEGLSGDOMGOIEKI FEVVY
PVDDHEFKVILYYCTLVIDGVTPNMI DY FGREYEGIAVEDGKKITVTIGTLWNGHNKIIDERLINPDGSLLFRVTINGVT
GWRLCERILAGSSGGGSSGGEPTTENLYFQSDNGSSGECSSGEMVETLE

SEQ ID ND:1l6 (L27V CP & TEV)
atgttcgtaggggactgycggeagacagecyggoetacaacctagacrcaagtocttgagecagggoggtgigtocagtctg
trtcagaatctoggggtgteccgtaactocgatecaaaggattgtertgageggtgaaaacggectgaagategacatce
catgtcatcatcoccgtatgaaggtoctgageggogatcagatgggecagategaaaaaatttttaaggtggtgtacect
giggatgatcatcactttaaggtgatictgcactartggecacactggtaatcgacggggttacgeocgaacatgategac
tatttcggacggocgtatgaaggecatogeocgtgttogacygycaaaaagatcactgtaaccgggacecigiggaacgge
aacaadaattatcgacgagecgectgatcaaceceegacggoteectgotgttecgegtaaccatcaacggagtgacegge
tggeggetgtgegagegeattitggeggaaagtterggtggaggaagttotggtggagagectactactgagaacttyg
tacttccagageygataacggaagttoctygtggaggaagttotggtggaatggigtttacacticgaagat

SEQ ID NO:117 (L27V CE & TEV)
MEVGDWRQTAGYNLDQVLEQGGYVSSLEQNLGVSVT PIQRIVLSGENGLKIDIHVI IPYEGL SGDOMGQIEKI FKVVYF
VDDHHFEVILHYGTLVIDGVTPHMIDYFGRPYEGIAVFDGKKITVTGTLWNGNKI I DERLINPDGSLLFRVT INGVTG
WRLCERILAGSSGGGSSGGEPTTENL YFQSDNGSSCGGSSGEMVETLED

SEQ ID NO:118 (LZ27Vv CP 7 TEV)

atggtagyggactyggeyggeagacagecggctacaacciggaccaagiccttgagecagggeggtgtgtcocagttightt
cagaatctoggggtgtocgtaactaecgatocaaaggattgtectgageggtgaaaacggectgaagatcgacatecat
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gteatcatcoogtatgaaggtotgagoggegatcagatgggeccagatcgaaaaaatttttaaggtggtgtacoetgty
gatgatcatcactttaaggtgattctgcactatggcacactggtaatcgacggqgttacgccgaacatgathactat
ttcggacggccgtatgaagqcatcgccgtgttcgacggcaaaaagatcactgtaaccgqgaccctgtggaacggcaac
aaaattatcgacgagcgcctgatcaaccccgacggctccctgctgttccgcgtaaccatcaacggagtgaccggctgg
cggctgtgcgagcgcattttggcgggaagttctggtggaggaagttctggtggagagcctactactgagaacttgtac
ttccagagcgataacggaaqttctggtggaggaagttctggtggaatggtgtttacactcgaagatttc

SEQ ID NG:11% (L27V CP 7 TEV) )
MVGDWROTAGYNLDOVLEQGGVSSLFONLGVSYTPTORIVLSGENGLKIDIHVIIFYEGLSGDOMGQIEKIFKVVYFV
DDHHFKVILHYGTLVIDGVTPNMIDY FGRPYEGIAVFDGKKITVTGTLWNGNKIIDERL INFRDGSLLERVT INGVTGW
RLCERILAGSSGGGSSGGEPTTENLY FQS DNGSSCGGES SGGMYFTLEDE

SEQ ID RO:120 {L27V CP % TEV}
atggactggcggcagacagecggetacaacctggacraagtecttgageagggeggtgtgtecagtttgtticagaat
cteggagtgteocgtaactecgatecaaaggattgtoctgageggtgaaaacggectgaagategacatecatygtcate
atccegtatgaaggtectgagoggegateagatrgggoocagatcgaaaaaattrtraaggtggtgtacecetgtyggatgat
catcactttaaggtgattctgcactatggcacactggtaatcgacggggtracgecgaacatgategactatttegya
cggecgtatgaaggoategecgtygttcgacggoaaaaagatcactgtaaccgggaccetgtiggaacggcaacaaaatt
atcgacgagcgcctgatcaaccoccgacggetecectgotrgticogeogtaaceateaacggagtgaceggetyggoggoty
tgcgagocgoattttggeggyaagttctggtggaggaagttetggtggagagectactactgagaacttgtacticcag
agcgataacggaagttctggtggaggaagtictggtggaatggigttracactegaagatticgtagyyg

SEQ ID RO:121 (LZ27V CP 9 TEV)
MDWROTAGYNLDOVLEQGGVSSLFONLGVSVIPIQRIVLSGENGLKIDIHVI I PYEGLSGDOMGQIEKIFEKVVYPVDD
HHFKVILHYGTLVIDGVTPNMIDY FGRFYEGIAVEDCKKITVTGTLWNGNKIIDERLINPDGSLLFRVTINGYTCGWRL
CERILAGSSGGEGSSGEEPTTENLY FQSDNGS SGGG5SGGMY FTLEDEVG

SEQ ID NO:122 (L27V CP 11 TEV)
Atgeggeoagacagecggetacaacctggaccaagtecttgageagggeggtgtgtecagtittgttteagaateteggg
gtgtccgtaactecgateraaaggatigtoctgageggtgaaaacggectgaagatcgacatecatgtecateateceg
tatgaaggtctgagecggogatcagatgggoragatcgaaaaaattbttaaggtggtgtacococtgtyggatgatcatcac
tttaaggtgattetgeactatggeacactggtaategacggggttacgecgaacatgategactattteggacggeeg
tatgaaggcatcgecgtgttcgacggraaaaagatcactgtaaccgyggacectgtggaacggeaacaaaattategac
gagecgoctgatcaaccoogacgyctecclgotaottecgogtaaccatcaacggagigacoggoctggoggocigtgogay
cgeatttrtggegggaagttctggtggaggaagttotggtggagageectactactgagaacttgtacttecagagegat
aacggeagttoctggtggaggaagttctggtggaatggtgtttacactegaagatttocgtaggggactgg

SEQ ID NO:123 (L27V CP 11 TEV)
MROTAGYNLDOVLEQGGEVSSLECNLGVSYTPIQRIVLSGENGLKIDIHVIIPYEGLSGROQMGRIERIFKVVY PVDDHH
FKVILHYGTLVIDGVTENMIDYFGRPYEGIAVFDGKKITVTIGTLWNGNKIIDERLINPDGSLLFRYTINGVTGWRLCE
RILAGSSGGGESSGCEPTTENLY FOSDNGESGEGSSGEMVETLEDEVGIM

SEQ ID NO:124 {L27V CP 12 TEV)
CagacagccggctacaacctgqacCaagtccttgagcaggchgtgtgtccaqtttgtttcdgaatcthgggtqtcc
gtaactccecgatccazaggattgteocctgageggtgasaacggectgaagatcgacatocecatgtcatcatecegtatgaa
ggtctgageggecgatcagatgggecagategaaaaaatrtttaaggtggtgtacectgtggatgatcatcactttaag
gtgattctgcactatggcacactggtaategacggggttacogccygaacatgatogactatttocggacggcegtatgaa
ggcatcgoccogtgitcgacggeaaaaagatcactgtaacecgggaceoctgtiggaacyggcaacaaaattatecgacgagege
ctgatcaaceccegacggetccctgetgttecgegtaaceatecaacggagtgaceggotggeggetgtgegagegeatt
ttggcgggaagttetggtggaggaagttetggtggagagcctactactgagaacrtgtacttoccagagegataacgga
agttctggtggaggaagtictgatyggaatggtoittacactocgaagatitegtagyy

SEQ ID NO:125 (L27v CP 12 TEV)
OTAGYNLDOVLEQGGVISLFONLGVSVTPIQRIVLSGENGLKIDIHVIIPYEGLSGDOMGOQIEKT FKVVY PVDDHHEK
VILHYGTLVIDGVTPNMIDYFGRPYEGIAVFDGKKI TVIGTLWNGNKIIDERLINPDGSLLFRVT INGVTGWRLCERI
LAGSSGGGSSGGEPTTENLYFQSDNGSSGGGSEGEMVETLEDEVG

SEQ ID HO:126 (L27V CP 15 TEV}

atgggclbacaacciggaccaagtocttgagcagggeggtgtgtocagitigtticagaatoctcggggtgtocgtaact
cocgatccadaggattgtoctgaqegqtgaaaacggectgaagategacatccatgtocatcatcocogtatgaaggtctg
agcggegatecagatgggocagatcegaaaaaatttttaaggtggtgtacocotgrggatgatecatcactttaaggtgatt
ctoractatggcacactggtaatcgacggggitacgoogaacatgatocgactatttcggacggccatatgaaggrate
gocgtgttcygacggrazaaagatcactgtaacocgggacectgtggaacggecaacaaaattatcgacgagegectgatc
aacccegacggotccctgetgtitecgogtaaccatcaacggagtgaccggetggeggctgtgegagegeattttggeg
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ggaagttctggtggaggaagttctggtggagagcctactactgagaacttgtactttcagagcqataacggaagttct
ggtggaggaagttotggtggaatggtgtttacactcgaagatricgraggggactggcggcagacagec

SEQ ID NO:127 (L27V CP 135 TEV)
MGYNLDOVLEQGGVSSLFQNLGVSVTFIQRIVLSGENGLKIDIHVI I PYEGL SGDOMGQIEKI FKVVYPVDDHHFKY T
LHYGTLYIDGVTPNMIDYFGRPYEGIAVFDGKKITVTGTLWNGNKI IDERLINPDGSLLERVTINGVIGWRLCERILN
GSSGGGSSGGEPTTENLYFOSDNGSSGGGESSGCGMVETLEDFVGDWRATA

SEQ ID N0O:128 (L27vV CP 18 TEV)
ctggaccaagtocitgagecagggeggtgtgtocagtttgtitcagaatetcggggrgtecgtaactecgatccaaagg
attgtcctgagoggtgaaaacggectgaagatcgacatecatgteatcatececgtatgaagytetgagecggegatcag
atgggrcagatcgaaaaaatttttaaggtggtgtacectgtggatgatcatcactttaaggtgattctgecactatgge
acactggtaatcgacggagttacygcogaacatgatogactattteggacggoecgtatgaaggratcgecgigitcgac
ggcaaaaagatcactgtaaccgggaccctgrggaacggcaacaaaattatcgacgagogectgatcaaceccgacgge
tcectgetgttecgegtaaccatcaacqggagtgaceggetggeggoctgtgegagegeattttggegggaagtretggt
ggaggaagttctggtggagagectactactgagaacttgtacttocagagegataacggaagttctggtggaggaagt
tctggtggaatggigtttacactocgaagatttcgtaggggactggcggeagacagoceggctacaac

SEQ ID N0:12% (L27V CP 1B TEV)
LDOVLEQGGVSSLEONLGVSVTIPIQRIVLSGENGLKIDIHVIIPYEGLSGDOQMGOIEKIFRVVYPVDDHAFKVILHYG
TIVIDGYTPNMIDYFGRPYEGIAVFDGKKITVTGETLWNGNKI IDERLINPDGSLLFRVTIINGVTGWRLCERILAGSSG
GGSSGGEPTTENLYFQSDNGS 5GGGE5GGMVETLEDEFVGDWROTAGYN

SEQ ID NO:130 (L27v CP 21 TEV)
gtcecttgagecagggecggtgtgtcocagtttgtttcagaatetcggggtgicocgtaacteccgatocaaaggatigtocty
agcggtgaaaacggectgaagatcgacatecatgtcatcatccegtatgaaggtctgageggogatecagatgggecag
atcgaaasaatttttaaggtggtgtaccctgtggatgatcatcactitaaggtgattotgocactatggoacactggta
atcgacggggtiacgecgaacatgategactattteggacggecgtatgaaggecategecgigticgacggeaaaaayg
atcactgtaaccgggacecctgtggaacggcaacaaaattatogacgagogoctgatcaacocoogacggotocotgotyg
ttcegughaacecatcaacggagtgaceggotggeggectgtgogagegeattttggegygaagtteiggtggaggaag
tctggtggagagectactactgagaacttgtacttccagagogataacggaagtteiggtggaggaagtictggtgga
atggtgtttacactcgaagatttcocgtaggggactggeoggecagacagooggetacaacctggacecaa

SEQ ID ND:131 {L27v CP 21 TEV)

VLEQGGYSELFQNLGY SVTPIQRIVESGENGLKTDIHVITPYRGLSGDOMGOTRRI FKVVYPVDDHAFKVILAYGTLV
IDGVTPHMIDYFPGRPYEGIAVEDGKKITVTGTLWNGHNKIIDERLINPDGSLLERVTINGYTGWRLCERILAGSSGGGS
SGGEPTTENLYFQSDNGSSGGESSGEMY EFTLEDFVGEWROTAGYNLDO

SEQ ID NO:132 {L27v CF 24 TEV)
cagggeggtgtgicocagtttgtttcagaatctoggggtyglocataaclcogateocaaaguatigtoctgagoggtgaa
aacggeoctgaagatcgacatcoccatgteatcateccogtatgaaggtetgageggegatcagatgggccagatcgaaaas
atttttaagguggtgtaccotgtggatgatcatecactttaaggtgattoctgeoactatggeacactggtaatcgacggqg
gttacgocgaacatgatcgactatttaggacggoogtatgaaggoategccgtgttcgacygdgcaaaaagatcactgta
accgggacocigtggaacggoaacadaattatcgacgagogoctgatecaacocogacggoiconbgstgtlocgegta
accatragaggagtgaceggeotggogygctgtgegagegeattttrggegggaagttetggtggaggaagrtetggtgga
gagoctactactgagaacttgtacttoccagagogataacggaagttctggtggaggaagrtctggeggaatggtgte
acacicgaagatttocgtaggguacltggegygcagacagoeggotacaacetggaccaagtcocttgay

SEQ ID NO:133 {L27V CP 24 TEV)
OGGYSSLFONLGVSYTPIQRIVLSGENGLKIDIHVIT PYEGLSGDOMGRI EKI FKVVY PVDDHHFKVILHYGTLVIDG
VTPNMIDYFGRPYEGTAVEDGKKITVTGTLWNGNKI I DERL INEDGS LLFRVTINGVTGWRLCERILAGSSGGGSSGE
EPTTENLY FQSDNGS 36EGSSGEMVFTLEDEVGDWROTAG YNLDQVLE

SEQ ID N0:134 (L27Vv CP 27 TEV)
gtgtccagtitgrttecagaatecteggggtgtcogtaactecegateccaaaggattigtectgageggtgaaaacggectyg
aagatcgacatccatgtcatcatcccgtatgaaggtctgagoggergatcagatgggocagatcgaaaaaatttttaag
gtggtgtaccctgtggatgatcatcactttaaggrtgattectgecactatggeacactggtaatocgacgyggttacgocyg
aacatgatcgactatttcocggacggocegtatgaagygcategecgtgticgacggcaaaaagatcactglaacegygace
ctgtggaacggeaacaaaattarcgacgagegoeetgatecaaceccgacggctecctgetgticcgegiaaccatcaac
ggagrtgacoggotggoggetgtgogagegeattttggogggaagt totggtggaggaagttctggtggagagectact
actgagaacttgtacticcagagegataacygaagttctiggtiggaggaagitctggtggaatggtgtitacactocgaa
gatticgtaggggactggeggeagacagecggetacaacetrggaccaagteocttgagcagggeggt

SEQ ID WO:135 (L27V CP 27 TEV)
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VSSLFQNLGVSVTPIQRIVLSGENGLKIDI HVI IPYEGLSGDOMGOIEKT FKVVYPVDDHHEKVI LHYGTLVIDGVTE
NMIDYFGREYEGIAVFDGKKI TVTGTLWNGNKI IDERLINFDGSLLFRVTINGVTGWRLCERILAGS SGGGSSGGRPT
TENLYFQSDNGSSGEGSSGGMVFTLE DEVGIWNROTAGYNLDOVLEQGG

SEQ ID NO:136 {L27V CP 34 TEV)
atgcteggggtgtocgtaactocgatccaaaggattygtectgageggtgaaaacggectgaagategacateeatgte
atcatcccgtatgaaggtctgagcggcgatcagatgggccagatcgaaaaaatttttaaggtggtgtaccctgtggat
gatcatcactttaaggtgattctgeactatggoacactggtaatecgacggggttacgeegaacatgatecgactatttc
ggacggocgtatgaaggeategeogtgttegacggcaaaaagatecactgtaaccgggaccoctgtggaacggcaacaaa
attatcgacgagcgcctgatcaaccccgacggctccctgctgttccgcgtaaccatcaacggagtgaccggctggcgg
ctgtgegagogeattitggegggaagttetygiggaggaagtietggtggagagectactactgagaacttgtactte
cagagcgataacggaagrtotggtggaggaagttetyggtggaatggtygtttacactegaagatttegtaggggacigg
ngcagacagccggctacaacctggaccaagtccttgagcagggcggtgtgtccagtttgtttcagaat

SEQ ID NO:137 (L27V CP 34 TEV)
MLGVSVTEIQRIVLESGENGLKIDIHVIIPYEGLSGDOMGDIEKI FKVYY FVDDHHFKVILEYGTLVIDGVTEFNMIDYF
GRPYEGIAVFDGKKITVTGTLWNGNKIIDERLINPDGSLLFRVT INGVTGRRLCERILAGSSGGGSSGGEPTTENLYE
USDNGS3GGGESSGGMVET LEDFVGDWROTAGYNLDOVLEQGGVSSLFQN

SEQ ID NO:138 (L27V CP 40 TEV)
RtgccgatccaaaggattgtcctgagcggtgaaaacggcctgaagatcgaCchcatgtcatcatcccg;atgaaggt
ctgageggcgatcagatgggocagatcgasaaaattettaaggiggtgtaccetgtggatgatcatecactttaaggty
attctgcactatggeacactggtaatcgacggggttacgoeqaacatgategactattteggacggecgtatgaagge
atcgccgtgttocgacggeaaasagatcacigtaaccgyggaccctgtggaacgyucaacaaaattategacgagegectyg
atcaaccccgacggoteocctgotgtteogegtaaccatcaacggagtgaceggerggoygetgtgegagegealtityg
gcgggaagttotggtggaggaaqt toctggtggagagoctactactgagaacrtgracttccagagegataacggaagt
tctggtggaggaagttctggigygaatggtygtttacactegaagatttegtaggggactggeggoagacagocggetac
aacctggaccaagteoettgageagggeggtgigtecagritgtttecagaatctocgggytgtucgtaact

SEQ ID NO:139 (L27V CP 40 TEV)

MPIQRIVLSGENGLKIDIHVIIPYEGLSGDOMGOIEKI FKVYYPVDDHEFKVILHYGTLVIDGVTERMIDYFGRPYEG
IAVFDGEKITVTGTLWNGNKI I DERL INPDGSLLFRVTINGVTGWRLCERI LAGS SGEGSSGGEPTTENLY FOSDNGS
SGGGSSGEMVETLEDEVGDWROTAGYNLDQVLEQGGYSS LFQNLGYSVT

SEQ ID NO:140 (L27v CP 43 TEV)
Atgaggattgtcctgagcggtgaaaacggcctaaagatcgacatccatgtcatcatrrcgratguaggtctgagcggc
gatcagatgggccagatcgaaaaaatttttaaggtggtgtacectgtggatgatcatcactttaaggtgattetgeac
tatggeacactggiaatcgacggggttacgoceaacatgatogacratttoggacggecgtalgaaggoatogoeogtyg
ttcgacggcaaaaagatcactgtaaccgggaccctgtggaacggcaacaaaattatecgacgagegectgatcaaccee
gacqggetocctgotgttcogogtaaccatcaacggagtgaccgaciggogictgtigogagogoattttggogggaagt
ftciggtggaggaagitotggiggagagoctactactgagaactitgiactiocagagegataacggaagitctggtgga
ggaagttctggtggaatggtgtttacactecgaagatttegtaggggactggeggcagacagceggetacaacetiggac
caagtecttgagecagggeggtgtgtocagtttatttoagaatetegyagtgtcegtaactecgatacaa

SEQ ID NO:141 (L27V CP 43 TEV)
MRIVLSGENGLKIDIHVIIPYEGLSGDOMGOIEKIFKVVYPVDDHHFKVILHYGTLVIDGVTPNMIDY FGRPYEGIAY
FOGHKITVTGTLWNGNKIIDERLINFDGSLLFRVTINGVTGWRLCERILAGS SGGGSSGGEPTTENLYFQJSDNG35GG
GSSGEMVEFTLEDFVGDWROTAGYNLDOVLEQGGVSSLFQNLGVSVTIPIQ

SEQ ID M0O:142 (L27V CP 44 TEV)
AtgattgtcctgagcggtgaaaacggcctgaagatcgaCatccatgtcatcatcccgtataaagqtctgagcggcgat
cagatgggccagatcgaaaaaatttttaaggtggigtaccetgtggatgatecatcactetaaggtgattectgecactat
ggcacactggtaatcgacggggttacgccgaacatgatecgactattteggacggecgtatgaaggecatecgeegigtte
gacggcaasaagatcactgtaaccgggaccotgtggaacggcaacaaaattatogacgagodoctgatcaacococogac
ygctecctgectgticcgeglaaccatcaacggagtyacegygctggeggetgtgogagegeattttagoegggaagitet
ggtoggaggaagitctggtggagagectactactgagaacttgtacttccagagegataacggaagttctggtggagga
agttetggrggaatggtetttacacteogaagacticgtaggggactggeggeagacagecggetacaacetggaccaa
gteettgageagggeggtgtgtecagtttgtitcagaatocteggggtgtecgtaactecgatocaaagy

SEQ ID NO:143 (L27V CP 44 TEV)
MIVLSGENGLKIDIHVIIPYEGLSGDOMGQIEKIFKYVYPYEDHHFKY [LHYGTLY T DGYTPNMIDYFGREYEGIAVE
DGKKITVTGTLWNGNKI [DERLINPOGSLLEFRYTINGVTGWRLCERILAGSSGGGSSGGEPTTENLY FQSDNGS GGG
S5GGMVFTLEDFVGDWROTAGYNLDOVLEQGGVSSLFONLGVSVTEICOR
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SEQ ID NO:144 (L27V CP 45 TEV)
Atggtcctgachgtgaaaacggcctgaagatcgacatccatgtcatcatcccgtatgaaggtctgagcggcgatcag
atgggccagatcgaaaaaatttttaaggtggtgtaccctgtggatgatcatcactttaaggtgattctgcactatgqc
acactggtaatcgacggggttacgccgaacatgatcgactatttcggacggccgtatgaaggcatcgccgtgttcgac
ggcaaaaagatcactgtaaccgggaccotygtyggaacyggcaacaaaattatcgacgagegectgatcaaccecegacyge
tcoctgotgttecgegtaaccatecaacggagtgaceggetggeggetgigegagegeattttggogggaagticiggt
_qgaggaagttctggtggagagcctactactgagaacttgtacttccagagcgataacggaagttctggtggaggaagt
tctgutggaatgytgtttacactcgaagatttocgtaggggactggeggoagacagooggetacaacctggaccaagto
cttgageagggeggtgtgtccagtttgtttecagaatcteggggtgicegtaactcecgatecaaaggatt

SEQ ID NO:145 (L27V CP 45 TEV)

MVLSGENGLKIDIHVIIPYEGLSGDOMGOIEKIFKVVY PVDDHHFKVILHYGTLVIDGVTPNMIDY FGRPYEGIAVED
GKKITVTGTLWNGNKIIDERLINPDGSLLFRYTINGVTGWRLCERILAGSSGCGSSGGEPTTENLY FOSDNGSSGGGS
SGGMYETLEDFVGDWRQTAGYNLDOVLEQGGYSSLEQNLGYSVTPIQRT

SEQ ID WD:146 (L27V CP 46 TEV)
Atgctgagoggtgaaaacggectgaagatogacatcoatgtcatcatecegtatgaaggtetgageggegatcagatyg
ggccagatcgaaaaaatttttaaggtggtgtacectgtggatgatcatcacttitaaggtgattetgractatggeaca
ctggtaatcgacggggttacgecgaacatgategactatttcggacggecgtatgaaggeatcgeegtgticgacgge
aaaaagatcactgtaaccgggaccetgtggaacggeaacaasattatcgacgagegectgatcaaccocgacggetce
ctgctgttoogegtaaccatcaacggagtgaccggetggegqetgtgegageogeatettggegggaagttetggtgga
ggaagttctggtggagagecctactactgagaacttgtacttccagagegataacggaagttetggtggaggaagtict
ggtggaatggtgtttacactegaagatttogtaggggactggeggeagacagecggetacaacctggacocaagtectt
gagcagggocggtgtgtccagtttgtttcagaateteggygtgtoccgtaactcegatccaaaggatt

SEQ ID NO:147 (L2Z7V CP 46 TEV)
MLSGENGLKIDIHVIIPYEGLSGDOMGRIEKIFKVVYPVDDHHFKYILHYGTLVY I DGVTPNMT DYFGRPYEGIAVEFDG
KKITYVTETLWNGNKIIDERLINPDGSLLEFRVTINGVTGWRLCERILAGSSGGGSSGGEPTTENLYFQSDNGSSGGGSS
GEMVFTLEDEVGDWROTAGYNLDOVLEQGGY SSLFQNLGYSVTPIQRI

SEQ ID NO:148 (L27V CP 47 TEV}
atgagcegyglgaaaacggcctgaagatogacatecatgtecatecatecceoygtatgaaggtetgageggegatcagatggye
cagatcgaaaaaatttttaaggtggtgtaccetgtggatgatcatecactttaaggtgattetgeactatggeacacty
gtaatcgacggggttacgocgaacatgatcgactattteggacggocgtatgaaggecatocgocgtgttcgacggeaaa
aagatcactgtaaccgggaccctigtggaacggcaacaaaattiatcgacgagegectgatcaacceegacageteccty
ctgttecgegtaaccatcaacggagtgaccggotggeggetgtgegagegeattttggegggaagtitetggtggagga
agttctggtggagagectactactgagaacttgtacttecagagegataacggaagttetggtggaggaaghtotggt
ggaalggtgttracactcgaagatitegtaggggactggeggcagacagecggetacaacctggaccaagtecttgag
cagggegytygtgtecagtttgttitcagaatcteggggtgtcogtaactcrgatccaaaggattgtectg

SEQ ID RO:149 (L27V CP 47 TEV}
MSGENGLKIDIRVIIPYEGLSGOOMGOIEXIFKVVYPYDDEHFKVILEYGTLVIDGVTPNMIDYFGRPYEGIAVEDGK
KIUTVTGTLWNGNKI IDERLINPDGSLLFRVEINGVTGWRLCERILAGSSGGGSSGEEPTTENLYFQSDNGSSGGGSEG
GMVETLEDEVGDWRQTAGYNLDOVLEQGGVSSLEFQNLGVSVTPIQRIVL

SEQ ID NO:150 (L27V CP 4B TEV)
atgggtgaaaacggectgaagatrcgacatccatgtecatcateccegtatgaaggtetgageggegatcagatgggecag
atcgaaaaaatitttaaggtggigtacectgtyggatgatcatcactttaaggtgattctgecactatggecacactggta
atcgacggyggttacgccgaacatgatcgactatttcggacggocgiatgaaggeategeoogtgttogacggecaaaaag
atcactgtaaccgggacertgtggaacggeaacaaaattategacgagegectgatcaaccoecgacggotoecetgetg
ttccgegtaaccatcaacggagtgaceggetggeggoctgtgegagegeattttgacgggaagt tetggtogaggaagt
tctggtggagagoctactactgagaacttgtacticcagagegataacggaagttictggtggaggaagttotggtgga
atggtgtttacactcgaagatttogtaggggactggoggcagacagoeggetacaacctggaccaagtocctigageag
ggcggtgtgtccagttigtttecagaatecteggggigtecgtaactoogatecaaaggattgtaectgageg

SEQ ID NQ:151 {L27V CP 4B TEV)

MGENGLEKIDIHVIIPYEGLSGDOMGQIEKI FKVVYPVDDHHFKVILHYGTLVIDGVTEPNMI DY FGRPYEGIAVEDGKK
ITVTCTLWNGNKI IDERLINPDGSLLFRVTINGYTGWRLCERI LAGSSGGGS SGGEPTTENLY FQSDNG S 5GGGS5GE
MVFTLEDFVGDWRQTAGYNLDOVLEQGGYISLFQNLGYSVTRIQRIVLS

SEQ ID NQ:152 (L27V CP 49 TEV) _
atggaaaacggcctgaagatcgacatccatgtcatcatccegtatgaaggtetgageggegatcagatgggecagate
gaaaaaatttttaaggtggtataccctgtggatgatcarcactttaaggtgattctgeactatggcacactggtaatce
gacggggttacgecgaacatgatcgactatttegygacygcegtalgaaggcategeecgtgttecgacggecaaaaagate
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actgtaaccygggaccctgiggaacggcaacaaaattategacgageyectgatcaaccecgacggetoccigotgtic
cgcogtaaccatcaacggagtgaccggctggeggoetgtgegagegeattttggegggaagttotggtggaggaagtct
ggtggagagectactactgagaacttgtacttccagagegataacqggaagtictggtggaggaagttetggtggaatg
gtgtttacactcgaagatttcgtaggggactggeggragacagecgygctacaacctggaccaagtectigageaggge
ggtgtgtccagtttgtttecagaatctcggggtgtecgtaactecgatecaaaggattgtectgagoggt

SEQ ID ND:153 (L27V CP 49 TEV)

MENGLXIDIHVIIPYEGLSGDOMGQIEKI FKVVYPVDDHHFKVILHYGTLVIDGVTFNMIDYFGRPYEGIAVFDGKKI
TYTGTLWNGNKI IDERLINPDGSLLFRVTINGYVTGWRLCERI LAGSSGGGSSGGEPTTENLYFUSDNGSSGGGSSGGM
VETLEDFVGDWROTAGY NLOQVLEQGGVSSLFQNLGYSVTPIQRIVLSG

SEQ ID NO:154 (L27vV CP 50 TEV)
atgaacggcctgaagalcygacatcoatgtcateateceghalgaaggtctygageggegatcagatgggecagategaa
aaaatttttaaggtggtgtacectgiggatgatcatcacttraaggtgattolgecactatggcacactgotaatcgac
ggggttacaccgaacatgatcgactatticggacggoogtatgaaggeategoegtgttcgacggecaaaaagateact
gtaaccgggaccctygtyggaacggecaacaaaattategacgagegectgatcaaccoeogacggetoecetgetgricage
gtaaccatcaacggagtgaccggctgycggectgtgogagegeattttggeogggaagttotggteogaggaagtectggt
ggagagcctactactgagaacttgtacttccagagegataacggaagttectggtggagygaagitctggliggaatagty
tttacactcgaagatttcgtaggggactggeggecagacagecggetacaacctggaccaagtecttgageagggegygt
gtgtecagtttgtttcagaatctoggggtgtecgtaactoegatecaaaggattgtectgageggtgaa

SEQ ID NO:155 (L27v CP 50 TEV)
MNGLKIDIHVIIPYEGLSGDOMGQIEKIFKVVYPVDDHRFKVILHYGTLVIDGVTFNMIDYFGRPYEGIAVEDGKKIT
VTGTLWNGNKIIDERLINPDGSLLERVTINGVTGWRLCERILAGSSGGGSSGGEPTTENLYFQSDNGSSGGGISGEMY
FTLEDFYGDRRQTAGYNLDOVLEQGGYSSLEQNLGYSVTPIQRIVLEGE

SEQ ID NO:156 (L27V CP 51 TEV)

atgggectgaagategacatccatgteateatececgtatgaaggtetgageggegatcagatgggecagategaaaaa
atttttaaggtggtgtaccctgtggatgatcatcactttaaggtgattetgeactatggeacactggtaategacyggy
gttacgocogaacatgatogactatttoggacggoogtatgaaggacategocgtigttegacggcaaaaagatcactgta
accgggaccetgiggaacggcaacaaaattatcgacgagegectgatcaaccoegacggotocctgelgltecgegta
accatcaacggagtgaccggctggoggetgtgegagogeattttggogggaagttctggtggaggaagttotggtgga
gagectactactgagaacttgtacttccagagecgataacggaagttoctggtggaggaagttetggtggaatggtgttt
acactegaagatttegtaggggactggoggcagacagerggetacaacctggaccaagteccttgageagggeggigtg
tecagtttgttteagaatctoggggtgtocgtaactecgatocaaaggattgtectgageggtgaaaac .

SEQ ID NWO:157 {L27V CP 51 TEV}
MGLKIDIHVIIPYEGLSGDUMGQIEKIFKYVYIVDDHAFKVILAYGCTLV IDGVTPNMIDY FGRPYEGIAVEFDGEKITV
TGTLWNGNKIIDERLINPDGSLLFRVTINGVTGWRLCERILAGS SGGGE 5GGEPTTENLY FOSDNGS5G5GGSSGGMVE
TLEDFVGDWROTAGYNLDOVLECGGY SSLFONLGVSVTPIORIVLSGEN

BEQ ID NO:15B {(L27v CP 52 TEV}
atgctgaagatcgacatecargteatecateccogtatgaaggtetgageggegatcagatgggecagatcgaaaaaatt
tttaaggtggtgtaccctgtggatgatcatcacttteaggtgattctgcactatggcacactggtaatcgacggggtt
acgecgaacatgatcgactattteggacggecgtatgaaggecategoogtgttegacggecaaaaagatecactgtaace
gggaccctgtggaacggcaacaaaatratcgacgagegectgatecaacceegacggetecctgetgttccgegtaace
atcaacggagtgaccggctggoggcetiglygcgagegeattttggeogggaagtitotggtggaggaagttcltggtggagayg
cctactactgagaacttgtacticcagagegataacggaagttetggtggaggaagttoctggtggaatggegttiaca
cteogaagatttcgtaggggactggoggoagacagoocggctacaacctggaccaagtocttgagcaggygoggtgtgtoo
agtttgtttcagaatctecgggutgteecgtaactecocgatecaaaggattgtectgageggtgaaaacygyce

SEQ ID KNO:159 (L27V CP 52 TEV}
MLKIDIHVIIPYEGLSGDOMGQIEKIFKVVYPYDDHHFKVILHYGTLVI DGYTPNMIDYFGRPYEGIAVEDGKKITVT
GTLWNGNKIIDERLINPDGSLLFRVTINGVTGWRLCERILAGSSGGGSSGGEPTTENLY FQSDNGSSGEGSSGEMVET
LEDFVGDWROTAGYNLDQVLEQGGVSSLFQNLGVSVTPIQRIVLEGENG

SEQ ID NOQ:160 (L27V CP 53 TEV)

atgaagatcgacatccatgteoatcatccegtatgaaggtetgageggogatcagatgggccagatcgaaaaaattitt
aaggtggtgtaccergrggatgatcatcactttaaggtgattctgoactatggeacactggtaatecgacggggttacyg
ccgaacatgatcgactatttcggacggecgtatgaaggcatogoogbgtitogacggoaaaaagatcactgtaacoggy
accctgiggaacggeoaacaaadttategacgagegeoctgatcaaccocgacggeteooctgetgttocogegtaaccate
aacggagtgacecggetggeggetgtgegagegeattttggegggaagttetggtggaggaagttetggtggagagect
actactgagaacttgtacttccagagecgataacggaagtictggtggaggaagttctggtggaatggtgtttacacte
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gaagatttocgtaggggactggeggcagacagocaggetacaacctggacraagtecttgageaggacggtgtgtecagt
ttgtttecagaatcteggggigtecgtaactocgatecaaaggattgicctgageggtgaaaacggecty

SEQ ID NO:16l1l {LZ27v CP 53 TEV)
MKIDIHVIIPYEGLSGDOMGOIEKIFKVVYPVDDHHFXVILHYGTLYIDGVTPNMIDY FGREYEGIAVEDGKKITVTG
TLWNGNKIIDERLINPDGSLLFRVTINGVYTGWRLCERI LAGSSCGGGS SGGEPTTENLY FOSINGS 5GGGSSGGMVETL
EDFVGDWERQTAGYNLDOVLEQGGVSSLFONLGYVSVYTPIQRIVLSGENGL

SEQ ID NO:162 {L27V CP 54 TEV}
atgatcgacatecatgtcatcatocogtatgaaggtctgageggegatcagatgggecagatocgaaaaaattthitaag
gtggtytacccltgtggatgatcatcactitaaggtgatictgecactatggcacactggtaatecgacggggttacgeeg
aacatgatcgactattteggacggccgtatgaaggeategecgtgtitcgacggcaaaaagatcactgtaaccgggace
ctgtggaacggcaacaaaattatcgacgagcgecctgatcaacccogacggetocctgetgttecegagtaaccateaac
ggagtgaccggeloegeggetgtgegagegratttiggegggaagttetggtggaggaagitetggtggagageetact
actgagaacttgtacttocagagegataacggaagttictggtggaggaagttctggtyggaatggtgtttacactcgaa
gatttcgtaggggactyggeggeagacageecggectacaacetggaccaagtococttgagoagggeggtgtgtcecagrttyg
Lttcagaatctoggggtgtcocgiaactcogatccaaaggattgtectgagcggtgaaaacggectgaag

SEQ ID NO:163 (L27V CP 54 TEV) .
MIDIHVIIPYEGLSGDOMGOIEKIFKVVYPVDDHRHFKVILEYGTLVIDGVTENMIDYFGRPYEGIAVFDGKKITVTGT
LWNGNKIIDERLINPDGSLLEFRVTINGVTGWRLCERILAGSSGGGSSGGEPTTENLYFQSDNGSSGGGSSGGMYETLE
DFVGDWROTAGYNLDQVLEQGGVESLFONLGVSVTPIQRIVLSGENGLK

SEQ ID NO:164 (L27V CP 55 TEV)
atggacatccatgtcatcatcccgtatgaaggtotgageggegatcagatgggecagatcgaaaaaatitttaaggty
gtgtaccctgtggatgatcatcactttaaggtgattctgoactatggeacactggtastcgacggggttacgecgaac
altgatcgactattteggacggecgtatgaaggcatecgeegtgttogacggeaaaaagatcactgtaaccgggaccotg
tggaacggcaacaaaartatcgacgagegectgatcaaccccgacqgetocctgetgtteccgegtaaccatcaacyga
gtgaccggotggegagetgtgogagegeattttggogggaagttetggrggaggaagttetggtggagagoctactact
gagaacttgtacticcagagogataacggaagtictggtggaggaagtctggtggastggtgtttacactegaagat
ttegltaggggactagyceggeagacagecgyctacaacciggaccaagtect tgagecagggeggltatotocaglitgthbt
cagaatctcggggtgtecgtaactecgatoccaaaggattgtoctgigegygtgaaaacggectgaagate

SEQ ID NO:165 {L27v CP 55 TEV)

MDIHVIIPYEGLSGDOMGQIEKI FKVVYPVDRDHHFKVILHYGTLVIDGVTPNMI DYFGRFYEGIAVEDGEKKITVTGTL
WNGNKIIDERLINPDGSLLFRVT INGVTGWRLCERILAGSSGGGESGGEPTTENLYFQSDNGSSGGESSGEMVETLED
FVGDWROTAGYNLDQVLEQGGVSSLEQNLGVSVTPIQRIVLSGENGLKI

SEQ ID NO:166 (L27v CP 56 TEV)
Atgatccatgtcatcatcoccgtatgaaggtcectgageggegatecagatgygocagatcgaaaaaatttltaaggtggly
tacccTgtggatgatcatcactttaaggtgattotgcactatggeacactggtaategacggggttacgcogaacatyg
ategactattteggacggoegtatgaaggeategeegtgttegacggeaaaaagatcactgtaacegggacectgtag
aacggcaacaaaattategacgagogoctgatecaaccecgacggetecetgetgttccgcetaaccatcaacggagtyg
accggctggegactgtgcygagegeat bt tyyegyyeagtbetgytggaggaagttetggtggagagectactdetgag
aacttgtacttcecagagegataacggaagttetggtggaggasgttetggtggaatggtgtttacactcgaagattte
gtaggggactggcggcagacagecggotacaacctggaccaagtecttgageagggeggtgtgtecagtttgtticag
aatctoggggtgtecgtaacroccgat coaaagyal tglcoctigagoygtgadaacygoctgaagatcga

SEQ ID NO:167 (L27V CP 56 TEV}
MIHVIIPYEGLSGDOMGQIEKIFKVVYPVDDHHFKVILHYGTLVIDGYT PNMIDY FGRPYEGIAVFDGKKITVTGTLW
NGNKIIDERLINPDGSLLERVITINGVTGWRLCERILAGSSGGGSSGGEPTTENLYFOSDNGSSGGGSSGEGMVEFTLEDE
VGDWRQTAGYNLDOVLEQGGVSSLFONLGVSVTPIORIVLSGENGLEID

SEQ ID NO:168 (L27V CP 58 TEV)
atggtcatcatccocgtatgaaggtcoctgageggegatcagatgggccagatcgaaaaaatttttaaggtggtgtacect
gtggatgatcatcactttaaggtgattctgeoactatggeoacactggtaatcgacggggttacgeocgaacatgatcgac
tattteggacggcocgtatgaaggcatcogeoegtgttegacggeaaaaagatcactgtaacecgggacocetgtggaacgge
aaczaaattatcgacgagegectgatcaaccocgacgygctecetygetgttoccgegtaaccatecaacggagtgaccgge
tggoggetgtgogagoycaltbtggogggaagtbctgglogagyzagitictgotiggagagoctactactgagaacttg
tacttccagagegataacagaagttotggtggaggasgtrctggtggaatggrgtttacactegaagatttegtaggg
gactggcggcagacagoccggectacaacctggaccaagtocttgagocagggeggtgtgtcecagtttgtttcagaatcte
ggggtygtccgtaactecgatcraaaggatigtectgageggtgaaaacggecctgaagarcgacatoeat
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SEQ ID NG:169 (L27V CP 58 TEV) _

MVIIPYEGLSGDOMGOIEKI FKVVYPVDDHIFKVILHYGTLY IDGVT FNMIDYFGRPYEGIAVFDGKKITVTGTLWNG
NXIIDERLINPDGSLLEFRVTINGVTGWRLCERILAGSSGGGSSGGEPTTENLYFQSDNGSSGGGSSGEMVFTLEDEVG
DWROTAGYNLDOVLEQGGYSSLFONLCVSVTPIORI VLSGENGLKIDIH

SEQ ID ROC:170 {(L27V CP 64 TEWV)
atgggtctgagcggcgatcagatgggccagatcgaaaaaatttttaaggtggtgtaccctgtgqatgatcatcacttt
aaggtqattctgcactatggcacactggtaatcgacggggttacgccgaacatgatcgactatttcggacggccgtat
gaaggcatcgccgtgttcgacggcaaaaagatcactgtaaccgggaccctgtggaacqgcaacaaaattatcgacgag
cgcorgatcaaccoccgacygotocotgotgttcocgegtaaccatcaacggagtgaceggetggeggetgtrgegagege
attttqchgqaagttctggtggaggaagttctggtggagagcctactactgagaacttgtacttccagagcgataac
ggaagttctggtggaggaagttotggtggaatggtatttacactegaagatttcgtagyggactggecggcagacagcc
ggctacaacctggaccaagtocttgagocagggeggtgtgiceagtttgtbtcagaatectocggggtgtoogtaactecyg
atccaaaggattgtcooctgagoggtgasaacggoctgaagategacatceatgtecatcateccgtatgaa

SEQ ID NM0:171 {(L27V CP 64 TEV)

MGTL.SGDOMGQIEKI FKVVYPVDDHEFKVILHYGTLVIDGVTENMI DYFGRPYEGIAVEDGKKI TVTGTLWNGNKI IDE
RLINPDGSLLFRVTINGVTGWRLCERILAGSSGGGSSGGEPTTENLYFQSDNGSSGEGES SGGMVFTLEDFVGDWRQTA
GYNLDQVLEQGGVSSLFONLGVSVTPIQRIVLSGENGLKIDIHVIIPYE

SEQ ID NO:172 (L27v CP €7 TEV)
atgggcgatcagatgggecagatcgaaaaaatttttaaggtggtgtacectgtggatgatcatcactttaaggtgatt
ctgcactatggecacactggtaatogacggggttacgeegaacatgatcgactatttcggacggecgtatgaaggeate
gecgtgttcgacggecaaaaagatcactgtaacegggacectygtggaacggeaacaaaattategacyagegeectgate
aacccegacggoteecctgctgttecgegtaaccatcaacggagtgaceqgotggeggetgtgogagogoattttggcy
ggaagtterggtggaggaagttctygguggagagectactactgagaacttgtacttcocagagogataacggaagttct
ggtggaggaagrictggtggaatyggtgtttacactogaagatticgtaggggacvtyggeygragacagecggelacaac
ctggaccaagtccttgagcagggeggrgtgtccagttigtttcagaatetoggggtgtecgtaactecgatecaaagy
attgtcctgageggtgaaaacggectgaagategacatccatgtcatcatocegtatgaaggtctgage

SEQ ID WO:173 {(L27V CP 67 TEV)
MGDOMGQIEKIFKVVYPVDDHHFKVILHYGTLVIDGYTPNMI DY FGRPYEGIAVFDGKKITVTGTIMNGNXIIDERLT
NPDGSLLFRVTINGVTGWRLCERILAGSSGGGS5GGEPTTENLY FOSDNGS3GEGSSGEMVETLEDFVGDWRQTAGYN
LDQVLEQGGVSSLFQNLGVSVTPIQRIVLSGENGLKIDIHVIIPYEGLS

SEQ ID NO:174 {(L27Vv CP 70 TEV) A
atgatgggcragatcgadaaaattittaaggtggtgtaccctatggatgatcatcactitaaggtgattotgecactat
ggcacactggtaategacggggttacgoogaacatgategactattteggacggecgtatgaaggcatcgoegtgtte
gacggcaalaagatcactgtaaccgggacectgtggaacggeaacadaattatcgacgagogoctgatcaacocogan
ggctecctgotgttocogogtaaccatecaacggagtgaccggetggegactatgegagegeattttgyogggaagtet
ggtggaggaagttetggtggagagectactactgagaacttgtactteccagagegataacggaagrictggtggagga
agttctggtggaatggtgtttacactegaagatticgtaggggactggeggecagacageeggetacaacetggaccaa
gtcocttgagecagggeggtgtgteocagrtigittcagaatctegyggtgtecgtaactecgatoccaaaggattgtectyg
ageggtgaaaacggectgaagatecgacateoatgteatealeeegtatygaaggtectgageggogatosg

SEQ ID NO:175 (L27v CP 70 TEV)

MMGOIEKI FEVVYPVDDHEFKVILHYGTLVIDGVTPNMIDYFGRPYEGIAVFDGKKITVTGTLWNGNKIIDERLINPD
GELLFRVTINGVTGWRLCERILAGSSGGGSSGGEPTTENLY FOSDNGSSGEGSSCEMVETLEDFVGIWROTACYNLDD
VLEQGGVSSLFONLGVSVTPIQRIVLSGENGLKIDIHY I I PYRGLEGDQ

SEQ ID NO:176 ({L27V CP 73 TEV)
atgatcgaaaaaatttttaaggtggtgtaccctgtggatgatcatcactttaaggtgattetgecactatggeacacty
gtaatcgacgggegttacgeccgaacatgategactatttcggacggcocgtatgaaggeatecgocgtgttegacggecaaa
aagatcactgtaaccgggaccotgiggaacggoaacaaaattatocgacgagecgoctgatcaaccoogacygygctoccy
ctgttcogegtaaccatcaacggagtgaccggctggoggetgtgegagegoattttggegggaagtectggtggagaa
agttetggrtagagagectactactgagaacttgtacticoagagegataacggaagttctggtggaggaagttctggt
ggastggtgtttacactcegaagatittegtaggggactggeggcagacagecyggctacaacetygaccaagtocttgag
cagggoggigtotecagtttgtttcagaatcteggyggigiccgtaactoegateccaaaggattgtectgageggtgaa
aacggcecigaagatcegacatceccatgteatcateccegtatgaaggtectgageggegatcagatgggcecay

SBEQ ID WO:177 (L27V CP 73 TEV)
MIEKIFKVVYPVDDHHFKVILHYGTLVIDGVTPNMIDYFGRPYEGIAVEDGKKITVTGTLWNGNKIIDERLINPDGSL
LFRVTINGVTGWRLCERILAGS SGGGSSCGEPTTENLYFOSDNGS SGGGS SGGMVETLEDFVGIWROTAGYNLDOVLE
QGGVSSLFONLGVSVTPIQRIVLSCENGLKIDIHVI IFYRGLEGDOMGQ
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SEQ ID NO:178 (L27v CP 76 TEV}
atgatttttaaggtggtgtaccctgtggatgatcatcactttaaggtgattetrgeactatggeacactggtaatcgac
ggggttacgccgaacatgatogactatttcggacggecgtatgaaggcategeegtgttegacggoaaaaagateact
gtaaccgggaccctgtggaacygraacaaaattatcgacgagegectgatcaaceocgacggcteooctygctgtteoge
gtaaccatcaacggagtgaceggetygeggetgtgogagegeattttggegggaagtretggtggaggaagitetggt
ggagagcclactactgagaacttgtacttoccagagogataacggaagttctggtrggaggaagttectggtggaatggty
tttacacteogaagatttegtaggggactggegyeagacageoggetacaacctggaccaagtocttgagecagyggegyt
gtgtccagtttgtttocagaatctoggggtygtecgtaactecegateraaaggattgtectgageggtgaaaacggeetyg
aagatcgacatoccatgtecatcatecegtatgaaggtctgageggegatcagatgggocagatcgaaaaa

SEQ ID RO:179 (L27V CP 76 TEV)
MIFKVVYPVDDHEFKVILHYGTLVIDGYTPNMI DY FGRPYRGTAVFDGKKI TVTGTLWNGNKIIDERLINPDGSLLFR
VTINGVTIGWRLCERILAGSSGGGSSGGEPTTENLY QS DNGSSGECSSGEMVEFTLEDEVGDWRQTAGYNLDQVLEDGG
VSSLFQNLGVEVTPIQRIVLSGENGLKIDIAVIIPYEGLSGDOMGQIEK

SEQ ID NO:180 (L27v CP 79 TEV)
Atggiggtgtaccectgtggatgatcatcactttaasyggtgatictgractatggcacactggiaatecgacggggttacyg
cogaacatgatcgactatttocggacggoegtatgaaggoategecgtgrtegacggeaaaaagatcactgtaaccgag
accctgtggaacggcaacaasattatogacgagegectgatcaacecegacggcteoctgetrgttcogegtaaccate
aacggagrgaccggetggeggotgtgeogagegeattttgyucgagaanttctaatggaggaagl tetgyutaggagagcect
actactgagaacttgtactrccagageogataacggaagttetggtggaggaagttetggtggaatggtgtttacactc
gaagatttegtaggggactggeggcagacagecggetacaacctggaccaagtecocttgagragggeggtgtgtecagt
ttgtttcagaatctoggggtgtccgtaactcogateccaaaggattgticoctgageggtgaaaacggectgaagategac
atccatgtcatcateccocgtatgaaggtctgagoggogatcagatgggocagatcgaaaaaattittaag

SEQ ID NO:181 (L27V CP 79 TEV)
MVVYPVDDHHFKVILHYGTLVIDGVTPNMIDY FGRPYEGIAVFDGKKI TVIGTLWNGNKI I DERLINPDGSLLFRVTI
NGVTGWRLCERI LAGSSCGGGESSCEREPTTENLYFQS DNGESGEGS SGEMVFTLEDFVGDWROTAGYNLDOVLEQGGVSS
LEQNLGVSVTPIQRIVLSGENGLKIDIHVIIPYEGLSGDOMGQIEKIFK

SEgQ ID KRO:182 (L27V CP 8D TEV)
atggtgtaccctgtggatgatcatcactttaaggtgattoctgoactatggecacactggtaatogacggggttacgecy
aacatgatcgactatttoggacggcocgtatgaaggeatogecgtygtteqgacggeaaaaagatecactigtaaccgggace
ctgtggaacggcaacaaaattatcgacgagegectgatcaaccecgacgygctecctgetgttecgegtaaccatcaan
ggagtgaccggetggoggotgtgegagogeattttggogdgaagt tetggtggaggaagttctggtggagagectact
actgagaacttgtacttccagagegataacggaagitetggtggaggaagttotggtggaatggtgtttacactegaa
gatltecgtaggggactggoggoagacagoeggetacaacotggaccaagtocl tgageagggoggtgtgbccagtetg
tttcagaatctoeggugtgtccgtaactecgatccaaaggattgtcctgageggtgaaaacggectgaagategacate
catgtcatcatecccocgtatgaaggtoctgagoggegatcagatgggecagatcgaaaaaatttttaaggtyg

SEQ ID NO:183 {L27V CP B0 TEV)
MVYPYDRDHHFRVILHYGTLVIDGYVTPNMI DY FGRPYEGIAVFDGKKITVTGTLWNGNKI IDERLINPDGSLLEFRVTIN
GVIGWRLCERILAGSSGGGSSGGEPTTENLYFOSDNGSSGGGSSGEMVFTLEDFVGDWROTAGYNLDOVLEQGGVSSL
FONLGVSVTPIORIVLSGENGLKIDIHVIIPYEGLSGDOMGQIEKIFKY

BEQ ID NO:184 (LZ27V CP Bl TEV)
atgtaccctgtggatgatcatcactttaagglgatictiocactatggcacactggtaatecgacagggltacgecgaac
atgatcgactatttcggacgdocgtatgaaggeategecgtgttcgacggcaaasagatcactgtaaccgggaceety
tggaacggcaacaaaattategacgagogectgatcaaccocegacggeoteactgetgttcogegtaaccatcaacygga
gtgaccggctggeggotgtgegagogeattttggegggaagttctggtggaggaagttotggtggagagectactact
gagaacttgtacttcragagcgataacaggaagtictggtggaggaagttctggtugaatggtgtttacactegaagat
ttograggggactgacggcagacagecggectacaacctggaccaagtecttgagcagyggeggtgtgteragtttgttt
cagaatctcgggagtgtccgtaactoccgatccaaaggatrgtectgagecggtgaaaacggectgaagategacatocat
gtcatcatcoogtatgaaggictgageggegatcagatgggecagatcgaaaaaatttttaaggigety

SEQ ID NO:1B5 (L27v CP 81 TEV)
MYPVDDHHFKVILHYGTLVIDGVT PNMIDY FGRPYEGIAVFDGKKI TYTGTLWNGNKI IDERLINPDGSLLFRVTING
YTGWRLCERILAGS SGCGSSGGEPTTENLY FQSDNGSSGGGS SGEMVFTLEDFVGDWROTAGYNLDQVLEQGGVSSLE
ONLGVSVTPIORIVLSGENGLKIDIAVI I PYEGLSGDQMGQIEKI FKVV

SEQ ID NO:186 (L27V CP B2 TEV)

atgcotgtggatgatcatcaclitaaggtgattectgecactatgygcacactggtaatecgacggggttacgecgaacaty
atcgacratcticggacggecgtatgaaggeategeegtgttcgacggeaaaaagateactgtaaccgggaccoctgtgg
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aacggcaacaaaattatCgacgagcgcctgatcaaCCccgacgqctccctgctgttccgcgtaaccatcaacggagtg
accggctggcggctgtgcgagcgcattttggcgggaagttctggtggaggaagttctgqtggagaqcctactactgag
aacttgtacttccagagogataacggaagttetggtggaggaagttetggtggaatggigtttacactcgaagattte
gtaggggactggcgqcaqacagccggctacaacctggaccaagtccttgagcagggcggtgtgtccagtttgtttcag
aatctegyggtgteocgtaactecgatocaaaggattgtoctgageggtgaaaacggectgaagatcgacatecatgre
atcatcccgtatgaaggtotgagoggcgatcagatgggecagatcgaaaaaatttitaagygtggtgtac

SEQ ID NO:187 (L27V CP B2 TEV)

MEPVDDHHFKVILHYGTLYI DGV TPNMIDYFGRPYEGIAVFDGKKITVTIGTLWNGNKIIDERLINEDGSLLERVTINGY
TGHRLCERILAGSSGGGSSGGEPTTENL Y FQSDNGSSGGGSSGEMYETLEDFVGDWRQTAGYNLDOVLEQGGVSSLEQ
NLGVSVTPIQRIVLSGENGLEIDIHVIIPYEGLSGDOMGQIEKIFKVVY

SEQ ID ND:188 (L27V CP B3 TEV)
atggtggatgatcatcactttaaggtgattetgcactatggracactggtaatcgacggggtracgecgaacatgate
‘gactatttcggacggecgtatgaaggcatcgeogtgitcgacggeaaaaagatcactgtaaccgggacectgtggaac
ggcaacaaaattatcgacgagegoctgatecaacocecgacggetccctgetgttesgegtaaccatcaacggagtgace
ggctyggoggetgtgegagegeattttggenggaagttctggtggaggaagttetggtggagagoctactactgagaac
ttgtacttccagagcgataacggaagttctggtggaggaagttctggtgqaatggtgtttacactcgaagatttcgta
ggggactggcggcagacagooggoctacaacctggaccaagtecrttgagragggeggtgtgtoccagt ttgtttcagaat
cteggggtgtcocgtaacteccgatccaaaggattgtcectgageggtgaaaacggoctgaagatecgacateocatgteate
atcccogtatgaaggtctgageyggogatcagatgggecagategaaaasatttttaaggtggtgtaceet

SEQ ID NO:1B9 {L27v CP B3 TEV)

MVDDHHFEVILHYGTLVIDGVTPNMIDY FGRPYEGIAVEDGKEITVIGTLWNGNKIIDERLINPEGSLLFRYVTINGVT
GWRLCERILAGSSGGGSSCGEPTTENLY FOSDNGSSGGGSSGGMVFTLEDFVGOWRQTAGYNLDQVLEQGGVSSLEQN
LGYSVTPIDRIVLSGENGLXIDIRVITPYEGLSGDOMCQIEKIFEVVYP

SEQ ID RO:190 {L27V CP 84 TEV)
atggatgatcatcactttaaggtgattergeactatggcacactggtaatcgacggggttacgocgaacatgatocgac
tatttcggacgygccgtatgaaggecatogoogtgttogacggeaaaaagatcactgtaaccyggaccctgtggaacgge
aacaaaattatcgacgagegeetgatcaaccecgacyggotecectgotgttecocgogtaaccatcaacggagtgacegge
ftggcggetgtgogagogoattitggogggaagitocbggtggaggaagtlctgygtggagagoctactactgagaacttg
tactrcoccagagcgataacggaagttotggtggaggaagtictggrggaatggtgtttacactecgaagatttegtaggya
gactggeggeagacagecggetacaacctggaccaagtocecttgagocagggeggtgtgtecagtrtgttteagaatete
ggggtgtcogtaactocogatocaaaggatigioctgagoggigaasaacqgoctigaagaltcgacatecatgtcatcato
ccgtatgaaggtetgagoggegatcagatgggecagatcgaaaaaatttttaaggtggtgtaccetgtg

SEQ ID NO:191 (L27V CP 84 TEV}
MDDHHFRVILHYGTLVIDGVTEPNMIDYFGRPYEGIAVEDGEKITVTGTLWNGNE I IDERLINFDGSLLFRVTINGVTG
WRLCERILAGSSGGGSSGGEPTTENLY FOSDNGSSGEGSSGEGMVETLEDFVGEDWRDTAGYNLDOVLEQGGVSSLFQNL
GVSVTPIQRIVLSGENGLKIDIHVIIPYEGLSGDOMGOIERI FKVVY PV

SEQ ID ND:1%2 (L27V CP 85 TEV)
atggatcatcactttaaggtgattctgeactatggeacactggtaategacggggttacgergaacatgatcgactat
ttcocggacggeoogtatgaaggualogoogtgticgacggoaaaaadgatcactigraaccgyggaccctgiggiacggcaac
asaattatcgacgageogectgateaaccccgacagetocctgotgiioogogtaaccatcaacggagtgaceggetgy
cggetgtgogageqeattttggeogggaagt tetggtggaggaagtictggtggagagectactactgagaacttgrac
ttccagagcgataangaagttctggtggaggaaqttctqgtqgaatqgtgtttacactcgaagatttcgtéggggac
tggcggcagacagceggetacaacctggaccaagtecttgageoagggeggtgtgtccagtttgtttcagaateteggg
gtgiccgtraactcecgatccaaaggattgteoctgageggtgaaaacggectgaagatecgacatececatgteateateceyg
tatgaaggtcigageggogatcagatgggecagatogaaaaaattittaaggtggtgtacectgtggat

SEQ ID NO:193 (L27V CP 85 TEV)
MDHHFKYILHYGTLYVIDGVTPHMI DY FGREYEGIAVFDGKKI TVTGTLWNGNEI IDERLINPDGSLLERVTINGVTGW
RLCERILAGSSGGGSSGHEEPTTENLYFOSDNGESGEGSSGEMVFT LEDFVGDWROTAGYNLDOVLEQGGWSSLEFONLG
VSVTPIQRIVLSGENGLKIDIHVIIPYEGLSGDOMGOIEKIFRVVYPVD

SEQ ID N0O:1%4 (L27V CP d6 TEV)

atgcatcactotaaggtgattctgeactatggoacactggtaatcgacggggttacgecogaacatgatocgactattte
ggacggccgtatgaaggcatcgorgtgttocgacggraaaaagatcactgtaacegygacecigtggaacggcaacaaa
attatcgacgagegocctgatcaaccccgacggetcoctgctgtitecgegtaaccateaacggagtgaccggetggogg
ctgtgegagogeattttggegggaagttetggtggaggaagttotggiggagagectactactgagaacttgracttce
cagagcgataacggaagtiotggtggagoaagttetggtggaatggtgtttacactcgaagatttcgtaggggactag
cggcagacagecggetacaacctggaccaagtectigagecagggedgtgtgtocagtitgittcagaatcteggggiy
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tccgtaactccgatccaaaggattqtcctqagcggtgaaaacggcctqaagatcgacatccatgtcatcatcccgtat
gaaggtctgagcggegatcagatgggocagatcgaaaaaatttitaaggtggtgtaccctgtggatgat

SEQ ID NO:185 (L27V CP BE TEV)
MHHFKVILHYGTLVIDGYTPHMIDYFGRPYEGIAVFDGKKITVIGTLWNGNKII DERLINPOGSLLFRVTINGVTGHR
‘LCERILAGSSGGGSSCGEPTTENLYFQSDNGSSGCCSSGEMVEFTLEDFVGDWROTAGYNLDQVLEQGGYSSLEONLGY
SVTPIQRIVLSGENGLEKIDIHVIIPYEGLSGDOMGQIEK] FRVVYPVID

SEQ ID N0:196 (L27V CP B7 TEV)

atgcactttaaggtgattetgoactatggeacactggtaatcgacggggttacgecgaacatgatcgactatiteogga
cgygccgtatgaaggcatcgocgtgttcgacggeaaaaagateactgtaacegggaccctgtggaacggcaacaaaatt
atcgacgagcgcctgatcaaccccgacgqctccctgctgttccgcgtaaccatcaacggagtgaccggctqchgctg
tgcgagcgcattttggcggqaagttctggtggaggaagttctggtggagagcctactactgagaacttgtacttccag
agegataacggaagttoctggtggaggaagttetggtggaatggtgtttacactcgaagatitegtaggggactggcgy
cagacagccggotacaacctggaccaagtccttgagcagggcggtgtgtccagtttgtttcagaatctcggggtgtcc
gtaactccygatecaaaggattgtectgageggtgaaaacggcctgaagatecgacatecatgtcatecatcoceogtatgaa

ggtctgageggegatcagatgggocagatogaaaaaatttttaaggtgotgtacectgtggatgateat

SEQ ID NHO:197 (L27V CPF 87 TEV)
MHFKVILHYGTLVIDGVTPNMIDYPGRPYEGIAVFDGKKITVTGTLWNGNKI I GERLINPDGSLLFRVTINGYVTGWRL
CERILAGSSGGGSSGEEPTTENLY FOSDNGSSGGGCSSGCMVETLEDFVG DWROTAGYNLDOVLEQGGVSSLEONLGVS
VTPIQRIVLSGENGLKIDIHY I TFYECLSGDOQMGQIEKIFKYVYPVDDE

SEQ ID NC:198 {(L27v CP BH TEV)
atgrttaaggtgattctgeactatggcacactggtaategacggggttacgeegaacatgategactatttocggacygg
ccgtatgaaggeatecgecgtgttogacggeaaaaagatcactgtaaccgggacectgtggaacggoaacaaaattate
gacgagcgectgatcaaccecgacqggectoectgotgttecgegt aaccatcaacqggagtgacoggetggeggetgtge
gagcgecattttggogggaagttetggtggaggaagttctggiggagagectactactgagaacttgtactticcagage
gataacqgaagttctggtggaggaagttotggrggaatggigtttacactcgaagatttegtaggggactggcggcag
acagccggctacaacctggaccaagtecttygagecagggeggtgtgtceagttrtgtttocagaatctoggggtgtcegta
actccgatcraaaggattgtectyageggtgaaaacyggectgaagategacatccatgtcatcatececgtatgaagge
ctgagocggcgatcagatgggecagatogaaaaaatttttaaggtyggtgtaccotgtggatgateateac

SEQ ID NC:195 (L27V CP BB TEV)
MFKVTLHYGTLYIDGVTPNMIDYFGREYEGIAVEDGKKITVTGTLWNGNKI IDERLINFDGSLLFRVTINGVTGWRLC
ERILAGSSGGGS3GGEPTTENLY QS DNGE SGGGS5GGMVET LEDFVGDWRGTAGYNLDQVLEQGGVSSLFQNLGVEV
TPIORIVLSGENGLKIDIHVIIPYEGLSGDOMGRIEKIFKVVYPYVDDHH

SEQ ID NO:200 {L27v CP 91 TEV)
atgattctgcactatggcacactgagtaategacggggttacgecgaacatgategactattteoggacggecgtatgaa
ggcatcgocgtgttocgacggcaaaaagatcaciglaaccgggacectgtggaacggraacaaaattategacgageae
ctgatcaacceccgacggetccctgetgttecogegtaaccatcaacggagtgaceggotggeggotgtgogagegoatt
ttggegggaagtictggtggaggaagrtetggtggagagectactactgagaacttgtacttocagagegataacgga
agttctggtggaggaagttctggtggaatggtgtitacactecgaagatttogtaggggactggecggoagacagesgye
tacaacctggaccaagiccttgageagggeggtgtgtoccagtttgtttcagaatctecgygggtgtcegtaacteegate
caaaggattgtcectgageggtgqaaaacggoectgaagatcgacatcecatgteatecatcecgtatgaaggretgagoegge
gatcagatqggccagatcgaaaaaatttttaaggtggtqtaccctgtggatgatcatcactttaaggtg

SEQ ID NO:201 (L27V CP 81 TEV)
MILHYGTLVIDGVTPNMIDYFPGRPYEGIAVFDCKKITVIGTLWNGNKIIDERLINPDGSLLFRVTINGYIGHRLCERT
LAGSSGGGSSGGEPTTENLYFOSDNGS SGGGSSGGMVFTLEDEVGDWRQTAGYNLDOVLEQGGVSSLFONLGVSVTPI
QRIVLSGENGLKIDIHVIIPYEGLSGDOMGQIEKI FKVVYPVDDHHEKY

SEQ TID NGO:202 {L27V CP 54 TEV)
atgtatggcacactggtaatogacggggttacgeoegaacatgatcgactalbiibeggacggeccgltatlgaaggeatogeo
gtgticgacggoaaaaagatcactgtaacaggyacectgtggaacggeaacaaaattategacgagegoctgatcaac
cecgacggeteecctgetgttocgegtaaccatcaacggagtgaceggetggoggctgtgegagegeattttggeggga
agttctggtggaggaagttctyggtggagagectactactgagaactigtacttecagagegataacggaagttctggt
ggaggaagttoctggtggaatggtgittacactcgaagatttegtagggyactgygcggcagacagecyggctacaacciqg
gaccaagtccttgagecagggeggtgtgtccagrttgtttecagaatecteggggtgtcogtaactccgateocaaaggatt
gtcctgagcggtgaaaacgacctgaagatcgacatccatgtcatcatcoegtatgaaggtetgageggegatcagatg
ggccagatcgaaaaaatttttaaaggtgatgtaccetgtggatgatcatcactttaaggtgattctgeacg

SEQ ID NO:203 (L27V CP 94 TEV)
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MYGTLVIDGVTPNMIDYFGRPYEGIAVFDGKKITVTGTLWNGNKI IDERLINPDGSLLFRVTINGYVTGWRLCERT LAG
SSGEGGSSGGEPTTENLY FQSDNGSSGGCS SGOMYVFTLEDEVGOWRQTAGYNLDOVLEQGGV SSLFQNLGVSVTFIORT
VLSGENGLKIDIHVIIPYEGLSGDOMGQIEKI FKVVYPVDDHAFKVILH

SEQ ID NO:204 (L27V CP 95 TEV)
atgggcacactggtaatcgacggggttacgocgaacatgatcgactatttcggacggecgtatgaaggcategecygty
ftcgacqggcaaaaagatcactgtaaccyggacoctgtggaacggeaacaaaattatecgacgagogectgatcaacece
gacggctcootgotgttoagagtaaccatcaacggagtgaccggoctggeggotgtgegagegeatttiggegggaagt
tctggtaggaggaagttctggtggagagectactactgagaacttgtacttceagagegataacggaagtitetggtgga
ggaagttctygbygaatggigtttacactcgaagatttocgtaggggactygcggeagacagecggectacaacctggac
caagtccttgageagggoggtgtgtocagtttgtitcagaatctcggggtgtecogtaactococgateraaaggattgte
ctgageggtgaaaacggoctgaagatcgacatccatgteoatcateccgtatgaaggteotgageggegatcagatggyge
cagatcgaaaaaatittiaaggtggtgtaceectgtggatgatecatcactttaaggtgattotgecactat

SEQ ID WQ:205 (L27V CP 95 TEV)

MGTLY IDGVTPNMI DY PFGRPYEGIAVFDGKKI TVTGTLWNGNKI I DERLINPDGSLLFRVTINGVTGWRLCERILAGS
SGGGESGCEPTTENLYFOSDNGSSGGGS3GCHMYFTLEDFVGEDWROTAGYNLDOVLEQGGYSSLFONLGVSVTPIQRIV
LESGENGLKIDIHAVIIPYEGLSGDOMGOIEKIFRVVYPVDDHHFKVILHY

SEQ ID NO:206 (LZ7V CP 87 TEV)
atgctggtaategacggggttacgeegascatgatcgactatttcggacggecgtatgaaggcatcgacgtgttcgac
ggcaaaaagatcactgtaaccgggaccetgtggaacggraacaaaattatcgacgagegectgatcaacccegacygge
tcocotgetgttengegtaaccatcaacggagtgacaggetggegyctgigegagogecattttggegggaagttetggt
ggaggaagttctggtggagagectactactgagaacttgtacticocagageogataacggaagttctggtggaggaagt
tetggtggaatggtgtttacactegaagatttocgtaggggactggoggeagacagoeggetacaacctggaccaagte
cttgagcagggeggatygtgtocagtttgtttcagaatetoggggtgtecgtaactccgatccaaaggattgtectgage
- ggtgaaaarggcctgaagatcegacatcecatgtocatcatecocogtatgaaggtictgageggogatcagatgggecagate
gaaaaaattrttaaggtggtgtacoccrgtggatgatcatcactttaaggrgattetgeactatggeaca

SEQ ID NO:207 {(L27V CP 97 TEV)
MLVIDGVTPNMIDYFGRPYEGIAVFDGKKI TVTGTLWNGNEKI IDERLINPDGSLLFRVTINGVTGCWRLCERILAGSSC
GGSSGEEFTTENLY FQSUNGSSGGGSSEGMVETLEDFYGDWRO TAGYNLDQVLEQGGVSSLFONLGVSVTPIQRIVLS
GENGLKIDIHVIIPYEGLSGDOMGOIEKI FKVVYPVDDHHFKVILHYGT

SEQ ID HO:208 (L27V CP 100 TEV)
Atggacggggttacgcocgaacatgatcgactattteggacyggecgtatgaaggeategoegtgetcgacogeaaaaag
atcacigtaaccoyggacoctgtggaacygygoaacaaaattatcgacgageogoctgatcaaccoogacggotooctgetg
ttccgegtaaccatcaacggagtgaceggectggeggetgtgegageogoattttggogggaagttctggtggaggaagt
tctggrggagagectractactgagaacttgtacttecagagegataacggaagttoctggtggaggaagttctagtgga
atggtgtitacactcgaagatbtogtaggggactggoguoagacagoogyetacaacctggaccaagiecttgageag
ggcggtgtgtecagtttgtttcagaatctoggggtgtecgtaactecgatecaaaggattgtectgagoggtgaaaac
ggcctgaagatcgacatccatgtcatcateccegtargaaggtetgagoggogatcagatgggocagategaaaaaatt
tttaaggtggtgtacoctgtggatgatsatcactttaaggtgattctgcactatggeacactggtaate

SEQ ID NO:209 {L27V CP 100 TEV)

MDGVTFNMIDY FGREYEGIAVEDGKKITVTGTLWNGNKIIDERLINPEGSLLFRVTIRGVIGWRLCERILAGS5GGGS
SGGEPTTENLYFOSINGSSGGESEGGMVEFTLEDFVGDWROTAGYNLDOVLEQGGVSSLEQNLGVSVTPIQRIVLSGEN
GLKIDIHVIIFYEGLSGDOMGRIEXKIFKVVYPVDDHHFKVILHYGTLVI

SEQ ID NO:210 {L27V CP 101 TEV)
atgggggttacygoogaacatgatocgactaitlcggacggeoglatgaaggrualegecglgt togacggeasaaagate
actgtaaccgggaccotgtggaacggcaacaaaattategacgagegoctgatcaaccoegacggetecectgetgtee
cgogtaaccatcaacggagtgacoeggoiggeogoctgtgogagegeattttggegggaagttetggtggaggaagttet
ggtggagagoctactactgagaactigtactlcragagogataacggaagt totggtggaggaagttctggtggaatg
gtgtttacactcgaagatttcgtaggggactggcggcagacagoeggctacaacctggaccaagtecttgageagggce
ggigtgtecagttigttteagaateteggggigtecgtaacteecgatecaaaggattgtectgageggtgaaaacgge
ctgaagatcgacatecatgtcatcateceoogtatgaaggtetgageggegatecagatgggecagatcgaaaaaattte
aaggtggtgtaccotgtygatgatcatcactitaagygtgattctgoactatggocacactggtaatocgac

SEQ ID NO:211 (L27V CP 101 TEV)
MGVTPNMIDYFGRPYEGIAVEDGKKI TVTGTLWNGNKIIDERLINPDGS LLFRVTINGVTGHRLCERI LAGSSGGGSS
GGEPTTENLYFOSDNGSSGGESSGGMVETLEDFVGDWROTAGYNLDOVLEQGGYSSLFQNLGVSVTFIORIVLSGENG
LKIDIHVI TPYECLSGDQMGQIEKIFKVVYPVDDHHFKVILHYGTLVID
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SEQ ID WO:212 (L27V CP 102 TEV)
atggttacgcogaacatgategactatttcggacggoogtatgaaggeatocgecgtgttegacggraaaaagateact
gtaaccggoacecigtggaacyggoaacaaaattategacgageogectgatcaaccecgacggetocctyctgttooge
gtaaccatcaacggagtgacocggotggeggetgtgogagogeattttggegggaagttetggtggaggaagrictggt
ggagagectactactgagaacttgtacttccagagegataacggaagtterggtggaggaagttetggrggaatggtg
tttacactcgaagatticgraggggactggoggcagacagecggctacaacctggaccaagtccttgageagggeggt
‘gtgtccagtttgtrtcagaateteggggtgtccgtaactoocgatecaaaggattgtectgageggtgaaaacggectyg
aagatcgacatocatytcaccatoocgtatgaaggictgageggcgatcagatgggecagategaaaaaatttttaag
gtggtgtaccectgtggatgatcatcactttaaggtgattetgecactatggeacactggtaatcgacqgyy

SEQ ID NO:213 {L27V CF 102 TEV}
MVEPNMIDYFGRPYEGIAVFDGKKITVTIGTLUNGNKI IDERLINFDGSLLFRVT INGVTGWRLCERILAGSSGGGEEG
GEPTTENLYFQ5DNGSSGGG55GGMVETLEDFVGDWRQTAGY NLDQVLEDGGV S SLFQNLGVSVTPIQRIVLSGENGL
- KIDIHVIIPYEGLSGDOMGQIEKIFKVVYPVDDHHFKVILHAYGTLVIDG

SEQ ID NO:214 (LZ7v CP 103 TEV)
atgacgccgaacatgatogactatttoggacggecatatgaagygecatcgoegtgttcgacggeaaaaagatcactgta
accgggaccctgtggaacggeaacaasaltatcgacgagogectgatcaaccoecgacggectocectgetattcegegta
accatcaacggagtgaccggetggoggetgtgegagegeattttggogyggaagttetggtggaggaagttotggtgga
gagoctactactgagaacttgtacttccagagegataacggaagttotggtggaggaagttctggtggaatggtgrtt
acactegaagatttegtagyggactygguygoagacagocggotacaacctiggacecaagtocttgagocagggoggigtyg
tocagtttgtttoagaatectoggggtgtecgtaacterogateocaaaggatigtoectgageggtgaasacggoctgaag
atcgacatccatgtcatcatcocoecgratgaaggictgageggegateagatgggecagatcgaaaaaatrrttaaggtg
gtgtacectgtggatgatcatcactitaaggtgattctgeactatggcacactgygtaatcgacggggtt

SEQ ID NO:215 {L27V CP 103 TEV)

MTPNMIDYFGRPYEGIAVFDGKKI TVTIGTLWNGNKIIDERLINPDGSLLFRVT ITNGVTGWRLCERT LAGSSGGGSS5GE
EPTTENLYFQSDNGSSGGGSSGEMVETLEDFVGDWRQTAGYNLDQVLEQGGV SSLFONLGY SVTPIQRIVLSGENGLK
IDIHVIIPYEGLSGDPOMGRIEKIFKVVYPVDDHHFKVILHYGTLVIDGY

SEQ ID NO:216 ({(L27V CP 104 TEV})
atgoogaacatgatcgactatitecggacgecegtatgaaggoategooglygticgacygycadaaagatcactgtaace
gggaccctgtggaacggcaacaaaattatcgacgagogectgatcaacceegacggeteoectgetgttaccgegtaace
atcaacggagtgaccggetggeggctgtgogagegeattttggegggaagttotggtggaggaagttetggtggagag
cctactactgagaacttgtacticcagagecgataacggaagttectggtggaggaagttctggtggaatggtgtttaca
ctcgaagatttegtaggggactggoggragacagecggetacaacctggacecaaqrecttigageagggeggtgtgtee
agtttgtttcagaatctcggggtgtocgtaactocgatccaaaggattgroctgagegetganaacggectgaagate
gacatccatgtecatcatccogtatgaaggteotgageoggegatcagatgggecagatcgaaaaaatttttaayggtyggryg
taccctgtggatgatcatcactttaaggtgattctgeactatggeacactggtaatcgacggggttacyg

SEQ ID NQ:217 (L27V CP 104 TEV)
MPNMIDYFGREYEGIAVFDGKKITVTGTLWNGNKIIDERLINPDGSLLFRVTINGVTGWRLCERI LAGSSGGGSSGGE
PETENLY FRSDNGSSGGGSSGGMV T LEDFYGOWROTAGY N LDV LEQGGVSSLFQHNLGYSVTPIQRIVLEGENGLET
DIHVIIPYEGLSGDOMGQIEKIFKYVYPVDPHHFEKVILHYGTLVIDGVT

SEQ ID NO:218 (L2Z7v CP 105 TEV)

atgaacatgatcgactatttcggacggoogtatoaaggeategoogtigttcgacggocaaaaagatcactgtaaccagyg
accetgbggaacggeaacaaaattatcgacgagegoctgatcaacecogacggetecctgorgttecgogtaacocato
aacggagtgaccggetggegaetgtgegagegcattttggegggaagttetggtggaggaagttetggtggagagect
actactgagzacttgtacttccagagogataacggaagttetggtggaggaagttetggiggaatggtgtttacacte
gaagatttcgtaggggactggeggecagacagecggetacaacctggaccaagtocttgagoaggoocggtgtgtccagt
ttgtttcagaatctoggagtgtecgtaactecegatocaaaggattgtoctgageggtgaaaacggoctgaagategac
atccatgtcatecatecegtatgaaggtoctgageggegatcagatgggecagatcgaaasaatttttaaggtggtgtac -
cctgtggatgatcatcactttaaggtgattoctgecactatggeacactggtaatogacggggttacg

SEQ ID NO:219% (L27V CP 105 TEV)
MNMIDYFPGRPYEGTIAVEDGKKITVTGTLWNGNKIIDERLINPDGST. LFRVTINGVTGWRLCERI LAGS SGGGSSGGER
TTENLYFPQSDNGSSGGGE SGEMVETLEDFVGDW R TAGY NI DGV LEOGGVISLECNLGY SVTPIORIVLSGENGLKID
IHVIIPYEGLSGDOMGQIEKIFKVVYFVDDHHFKVILHYGTLVIDGYT

SEQ ID N0O:220 (L27V CP 106 TEV)

atgatgatcgactatttcggacggccgtatgaaggeategeogtgttegacggraaaaagatcactgtaaccggygacc
ctgtggaacggcaacaaaattatcgacgagoygectgatcaaccecgacggotoootgotgitcocgegraaccateaac
ggagtgaccggetggeggotgtgogagegeattttggegggaadtioctggtggaggaagitctggtggagagectact
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actgagaacttgtacttcragagogataacggaagtictgatggaggaagtictggtogaatggtgtttacactcgaa
gatttcgtaggggactggeggcagacagecggotacaacctggaccaagtecttgageagyggeggtgtghocagttig
tttcagaatcteggggtgtcogtaactecgatccaaaggattgtecctgagoggtgaaaacggoctgaagategacate
catgtcatcatccecgtatygaaggtctgagoggegatcagatgggecagatcgaaaaaatttttaaggtggigtacect
gtggatgatcatcactttaaggtgattcigcactatggeacactggtaatecgacggggttacgocygaac

SEQ ID NWO:221 (L27v CF 106 TEV)

MMIDYFGRPYEGIAVEDGKKITVIGILWNGNKI IDERLINFDGSLLFRVTINGVTGWRLCERI LAGSSGGGSSGGEPT
TENLYFQSDNGSSEGEGESGGMY FTLEDFVGDRRQTAGYNLDOVLEQGEVSSLFQNLGVSVTPIQRIVLSGENGLKIDT
RVIIPYEGLSGDOMGRIEKI FEVVYPVDDHHFKVILHYGTLVIDGVTEN

SEQ ID NO:222 (L27V CP 109 TEV)
algtatttcggacggecgtatgaaggrategecgtgttogacggcaaaragatcactgtaacegggaccctigiggaac
ggcaacaaaattatocgacgagogortiyatcaaccoegacggekococtgotgttoocgogtaaccatecaacggagtgace
ggetggoggetgtgegagegcattttggeogggaagttotggtggaggaagttetggtggagagectactactgagaac
ttgtacttocagagogataacggaagttetggtggaggasgttetggrggaatggtigtttacactegaagatttegta
ggggactgygcggcagacagecggotacaacctggaccaagtect tgagocagggeggtgtgtecagtttgtttcagaat
cteggggtgtecgtaactoecgatccaaaggattgtecctgageggtgaaaacggectgaagatecgacatocecatgteate
atcccgtatgaaggtctgagcggcgatcegatgggccaqatcgaaaaaatttttaaggtggtgtaccctgtggatgut
catcactttaaggtgaltctgecactatggoacactggtaategacggggttacqgecgaacatgatcgac

SEQ ID NHO:223 (LZ7V CP 109 TEV)
MYFPGRPYEGIAVFDGKKITVIGTLWNGNKI IDERLINPDGSLLERVT INGVTGWRLCERILAGSSGGG55GGEPTTEN
LYFQSDNGSSGGESSGGMYFTLEDFVGDWROTAGYRLDOVLEQGGVSSLFQNLGYSVTPIQRIVLSGENGLRIDIAVI
TPYEGLSGDQMGQIEKIFKVVYPVDDHHEKVILHYGTLVIDGVTPNMID

SEQ ID NO:Z24 (L27V CP 112 TEV}
atgoggecegtatgaaggeategeecgtgttegacggeaaaaagatcactgtaacegggaccetgtyggaacggeaacaaa
attatcgacgagcgcctgatcaaccccgacggctccctgctgttccgcgtaaccatcaacggagtgaccggctggcgg
ctgtgecgagegecattitggecgggaagttctggtggaggaagttetggtyggagagectactactgagaacttgtactte
cagagegataacggaagttctggtggaggaagttetgghggaatggtgt ttacaclegaagatttegbaggggactgg
cggcagacagoecggetacaacetggaccaagtecttgagragggeggtgtgtccagtttgttteagaatoteggygty
tocgtaactocgatecrcaaaggattgtecctgageggtgaasacqggectgaagategacatocatgtcatcatccogtat
gaaggtctgagcggcgatcagatgggccagatcgaaaaaatttttaagnggtgLaccctgtggatgatcatcacttt
aaggtgattctgcactatggeacactggtaategacggggttacgecgaacatgategactatttegga

SEQ ID NG:225 (L27V CP 112 TEV)

MRPYEGIAVFDGEKI TVTGTLWNGNKIIDERLINPDGSLLERVI INGVTGWRLCERILAGS SGGGSSGGEPTTENLYE
OEDNGS5GGES8GEMYEFTLEDEVGDWRQTAGYN LY LEQGGY S5 LPONLGY SV TPIQRTVLSGENGLRIDIHVIIPY
EGLSGDOMGOIEKIFEVVY PVDDHHFEVILHYGTLVIDGVTPNNIDYFG

BEQ ID NO:226 (L27V CP 115 TEV)
atggaaggcatcgecgtgttegacggcaaaaagatcactgtaaccgggaccctgtggaacggeaacagaattategas
gagcgcotgatcaacooogacyggoteoctgulgl lesgagtaaccatcaacggagigaceggoetaggoyggctgtygocgag
cgcattttggogggaagtictggiggaggaagtictggtggagageotactactgagaactigracttccagagegat
aacggaagttcetrggtggaggaagttctggtggaatggtgtttacactcgaagatttocgtaggggactggoggeagaca
gcecggctacaacctygaccaaglecttgageaggygeggtgtgtocagtttgtttcagaatetegggytgieccgtaact
ccgateccaaaggattgtcoctgageggtgaaaacggectgaagatcgacatecatgtcatcateccgtatgaaggtctyg
" agcggegatcagatgggecagatcgaasaaaatttttaaggtggtgtaccetgtggatgatecatcactttaaggtgatt
cigcactatggcacactggtaatcgacgggyttacgeogaacatgategactattteggacggecegtat

SEQ ID NO:227 (L27v CP 115 TEV)
MEGIAVFDPGKKITVTGTLWNGNKIIDERLINPDGSLLFRVTINGVTGWRLCERILAGS 3GGGSSGGEPTTENLYFRQSD
NGSSGGGSSGGMVFTLEDEVGDWROTAGYNLDOVLEQGGVSSLECONLGVSVT PIQRIVLSGENGLKIDIHVIT PYEGL
SCOOMGRIEKIFRKYVYPVDRHHFKVILHYGTLVIDGVTPNMIDYFGRPY

SEQ ID NO:228 (L27v CP 120 TEV)

atgttcgacggocaadaagatcactgtaaccggyacectgtggaacggcaacaaaattatcgacgagegeetgatcaac
ceccgacggcteoectgotgrteocgegtaaccatcaacqgagtgaceggetggcggetgtgcgagegeattttggeggga
agttertggtggaggaagttoetggtggagagectactactgagaacttgtacttecagagogataacggaagttoctggt
ggaggaagtterggtggaatggtgtttacacicgaagatticgtaggggactggeggeagacagecggotacaacctg
gaccaagtccttgagoagggeggtgtgtccagittgttteagaateteggggt gtecogtaactcocgateecaaaggatt
gtoeotgageggrgaaaacggectgaagatecgacatecatgrcatcateccgtatgaaggtetigageggogatcagatg
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ggccagatcgaaaaaatttttaaggtggtgtacccrgtggatgatcatcactttaaggtgattoctgractatggeaca
ctggtaatcgacggggttacgeagaacatgategactattteggacggecgtatgaaggeategtggoeo

SEQ ID NO:229 (L27V CP 120 TEV)

MEDGKKITVTGTLWNGNKI IDERLINPDGSLLFRVTINGYTGHRLCERILAGSSGGGSSGGEEFTTENLYFQSDNGSSG
GGE3SGGMVFTLEDFVGDWRQTAGYNLDRQVLEQGGVSSLFQNLGVSVTPIQRIVLSGENGLKT DIHVIIPYEGLSGDOM
GOIEKIFKVVYPVDDHHFKVILHYGTLVIDGVTPNMIDYFGRPYEGIVA

SED ID NKO:230 {(L27V CP 121 TEV)
atggacggcaaaaagatcactgtaaccgyggaccotglggaacggeaacaaaattatcgacgagogectgatcaaccoe
gacggctccctgeotgttcogogtaaccatcaacggagtgacecggotggoggotgtgegagogeattttggogggaagt
tetggtggaggaagttetggtggagagectactactgagaactigtacttoccagagegataacggaagttoctggtgga
ggaagttctggtggaatygtgtitacactcgaagatttcgtaggggactggeggcagacagecggetacaacotggac
caagtcecttgageaggygcggtgtgtecagtttgtttcagaatereggggtgticcgtaacicegalecaaaggattgte
ctgagcggtgaaaacggeoctgaagatcgacatccatgtecatcatecegtatgaagytctgageggeogatcagatggge
cagatcgaaaaaatttttaaggtagtgtacectgtggatgatcatcactttaaggtgattetgecactatggeacacty
gtaatecgacggggttacgocgaacatgategactatttoggacygecgtatgaaggeatecgecgigtte

SEQ ID NO:231 (L27V CP 121 TEV)
MOGKKITVTGTLWNGNKIIDERLINPDGSLLFRAVT INGVTGHWRLCERILAGS SGGGSSGGEPTTENLYFQSDNGS GG
GSSGGMVETLEDFVGDWROQTAGYNLOQVLEQGGVSSLEQNLGVSYTPIQRIVLSGENGLKIDIHVIIPYEGLSGEOME
QIEKTFKVVYPVDDEHFKVILHYGTLVIPGVTENMIDYPGRPYEGLAVE

SEQ IP NQ:232 (L27V CP 123 TEV)
atgaaaaagatcactgtaaccgggaccctgtggaacqggcaacaaaattatcgacgagogectgatcaacececgacgyge
tecctgetgttecgegtaaccatcaacggagtgaceqggetggegygectgtgegagegeattttggogggaagttotggt
ggaggaagttctggiggagayocctactactgagaactigtacticcagagogataacggaagttclgatyggaggaagt
tcitggtggaatggtgtttacactcgaagatttegtaggggactggeggragacageegygctacaacetggaccaagte
cttgageagggoggtgtgtocecagtttgtttcagaateteggggtgtccgtaactecgatecaaaggattgteectgage
ggtgaaaacggccigaagategacatocoatgtecatcatcocogtatgaaggtctgagoggegatcagatgggocagate
gaazaaaatttttaaggtggtgtaccoctgtggatgatcatcactttaaggtgatictgoactatggeacactggtaate
gacggggttacgocgaacatgategactattteggacggecgtatgaaggcatcgeecgtgttcgacgge

SEQ ID NO:233 (L27vV CP 123 TEV)
MEKLTYTGTLWNGNKIIDERT. INPDGSLLFRVE INGY ITGWRLCERILAGSSGGES SGGEPTTENLY FOSENGS 5GGGS
SGEMVFTLEDFVGDWROTAGYNLDOVLEQGGVSSLFONLGVSVTPIQRIVLSGENGLKI DI HVT I PYEGLSGDQMGQI
EKIFKVVYPVODHHFKVILHYGTLVIDGVT PNMIDYFGREYEGIAVFDG

SEQ ID NO:234 (L27V CP 124 TEV)
Atgaagatcactgtaaccogggaccoetgiggaacggoaacaadattatcgacgagocgoctigatcaaccoogacggoteo
ctygctgttccgedtaaccatecaacggagrtgaccggetggogygetgtgogagogeattttggogggaagiteiggtgga
ggaagttctggtggagagectactactgagaacttgtactticecagagogataacggaagttetggtggaggaagetct
ggtggaatggtgtttacactcgaagatttogtaggggactggeyggeagacagccggectacaacctggaccaagtoctt
gagcagggeggtgtgtacagttitactt {cagaatoctoggyggtigtoecgtaactocecgatocrcaaaggattgtocectgagoggt
gaaaacggcctgaagategacatecatgteatecatecogtatgaaggtetgagaeggegateagatgggecagategaa
aaaatttttaaggtggtgtacceoctgtggatgatcatcactttaaggtgattotgecactatggracactggraatcgac
ggggttacgececgaacatygatcgaciattteggacggycogtatgaaggcatecgeocgtgttogacggraaa

SEQ ID NQ:235 (L27v CP 124 TEV}

MKITVTGTLWNGNKI IDERLINPDGSLLERVTINGVTGWRLCERILAGSSGGGSSGGEPTTENLY QS DNGSSGGGSS
GGMVETLEDFVGDWROTAGYNLDOVLEQGGVSSLEQNLGYSVTPIQRIVLSGENGLKIDIHVIIPYEGLSGDOMGQIE
KIFKVYYPVODHHFKVILHYGTLVIDGVTENMIDYFCRPYEGI AVEDGK

SEQ ID NO:2358 (L27V CP 125 TEV) .
atgatcactgtaaccgggaccctgtggaacggcaacaaaattatecgacgagegoctgatcaaccecegacggetoeetyg
ctgttccgegtaaccatcaacggagtgaccggetggeggcigigogagegoatttiggegggaagi tetggtggagga
agttctggtggagageotactactgagaacttgtacttoccagagegataacqguaagitetggtggaggaagttetggt
ggastggtgtttacactegaagatttegtaggggactggoeggecagacagecggetacaacctggaccaagtecettgay
cagggeggtgtgiccagtttgtttecagaatcioggggtgtecgraactecgatccaaaggattgtectgageggigaa
aacggectgaagatcgacatccatgteatcatecogtatgaaggtoctgageggegatcagatgggccagatcgaaaaa
atttitaaggigygtgtaccotgtggatgatcateactttaaggigatictgecactatygeoacactggtaatcgacggyg
gttacgeccgaacatgateogactatticggacggecgtatgaaggoatogecgtgitegacggecaaaaag

SEQ ID NO:237 (L27V CP 125 TEV}
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MITVTGTLWNGNKI I DERLINPDGSLLFRVTINGVTGWRLCERILAGSSGGGS SGGEPTTENLY FOSDNGE5GGGSSE
GMVFTLEDFYGDWROTAGYNLDOVLEQGGYSSLFQNTL.GVEVTPIQRIVLSGENGLKIDI HVIIPYEGLSGDOMGOIEK
IFKVVYPVDDEHFKVILHYGTLVIDGVTPNMIDYFGRPYEGIAVEDGKK

SEQ ID WO:238 (L27V CP 129 TEV}
atggggaccctgtggaacggeaacaaaattategacgagegectgatcaacecegacggetecectgotgttorgeata
accatcaacggagtgaccggetggoggotgtgogagegeattttggegggaagttotggtggaggaagetetggtgga
gagectactactgagaactigtactteocagagogataacggaagttetggtggaggaagttctggtyggaatggtgttt
acactcgaagatttegtaggggactggcggcagacageecggetacaacctggaccaagtectigageagggeggtgtyg
tccagtttgtttcagaatetoggggtgtcocgtaactocgatccaaaggattigteoctgageggtgaaaacggectgaag
atcgacatceatgteatecatcecgtatgaaggictgageggegatcagatgggecagategaaaaaatttttaaggtyg
gtgtacecctgtggatgatcatcactttaaggtgattocrgeactatggeacactggtaategacggggitacgocgaac
atgatcgactatttogoacggecgtatgaaggeatogoogtgttogacggcaaaaagatocactgtasce

SEQ ID NO:239 {L27V CF 12% TEV)
MGTLWNGNKIIDERLINPDGSLLPRVTINGVTGWRLCERILAGSSGGGSSCGEPTTENLY FQSDNGSSGGESSGGMY I
TLEDFVGDWROTAGYNLDQVLEQGGVSSLFQNLGVSVTPIQRIVLSGENGLKIDIHVII PYEGL3GBOMGQIEKI FKV
VYPVEDHIFKVILHYGTLVIDGVTPNMIDY FGRPYEGIAVFDGKKITVT

SEQ ID NO:240 {L27V CP 130 TEV)
atgaccctgtggaacggcaacaaaattategacgagegoetgatcaacceogacggetococtgotgttecgegtaace
atcaacggagtgaccggctggeggetgtgogagegoattttggegggaagrtctggtggaggaagttetggtggagag
¢cctactactgagaacttgtacticcagagegataacggaagttctggtggaggaagttetggrggaatggtgtitaca
ctcgaagatttogtaggggactggoggoagacagooggotacaacctggaccaagtoccttgagocagggeggtgtygtee
agttigtrtecagaatcreggggtgtecocgtaactecgateccasaggattgtectgageoggtgaaaacggectgaagate
gacatcrcatgtcatcatccogtatgaaggtoctgagoggegatcagatgggocagataogaaaaaatrttttaaggtgatyg
taccctgitggatgatcatcactttaaggigaticltgeaclatggcacactggtaatocgacggggttacgocgaacaty
atcgactattteggacggecogtatgaaggcatcgeegtgticgacggcaaaaagatcactgtaaccggg

SEQ ID NO:241 {L27V CP 130 TEV}
MTLWNGNKIICERLINFDGSLLFRVT INGVTGWRLCERI LAGSSGGGS SGGEPTTENLY FQSDNGS SGGGSSGGMVET
LEDFYGDWROTAGYNLDOQVLEQGGVSSLFQNLGVSVT PIQRIVLSGENGLKIDIHVIIPYEGLSGDOMGQIEKIFKVY
YPVDDHHFKVILHYGTLVIDGVTPNMIDY FGRPYEGIAVFRGEKKITVTG

SEQ ID NO:242 (L27vV CP 131 TEV)
atgctgtggaacggcaacaaaattatcgacgageogectgatcaaccoogacggoicoctgetgttoccgegtaaccate
aacggagtgaccggctagoggctgtgcgagogcattbtogeggyaagttectggtggaggaagttctggtggagagect
actactgagaacttgtacttcragagegataacggaagttectggtggaggaagtictggtggaatggtgtttacactc
gaagatttcogtagaggactggeggecagacagecggetacaacetggaccaactccttgageaggyogygtgtgtecagt
ttgtttcagaatcteoggagtgtecgtaactccgatccaaaggattgicotgagoggtgaaasacggoctgaagatogac
atcratgtcatcatccocgtatgaaggtoctgagoecggogatcagatgggecagatcgaaaaastttttaaggtggtgtac
ccrgrggatgatcatcactttaaggtgattoctgcactarggecacactggtasatogacggggttacgoocgaacatgate
gactattteggacggeegtatgaaggecatogecgtgticgacggecaaasagatcactgtaaccgggace

SEQ ID MQO:243 (L27V CP 131 TEV) )

MLWNGHHI IDERLINFOGSLLEFRVT INGYVTGWRLCERI LAGS 5GGGSSGGEPTTENLYFCSDNGES3GGGE5G6MYETL
EDFVGDWROTAGYNLDOVLEQGGV SSLEQNLGVSVTPIQRIVLSGENGLKIDIHVII PYEGLSGDOMGOIEKIFKVVY
PVDDHHFKVILHYGTLVIDGVTPNMIDYFGRFYEGIAVEFDGKKITVTGT

SEQ ID NO:244 (L27V CP 133 TEV)
atgaacggcaacaaaattatcgacgagegectgatcaacecegacggetecctygelgttcegegtaaccatecaacygga
gtgaccggctggeggoetgtgecgagegoattttggeogggaagitetgytggaggaagttoctggtggagagectactact
gagaacttgtacttcrcagagegataacggaagttotggtggaggaagttctggtggaatggtgtttacactocgaagat -
ttegtaggggactggcggoagqacagoaggetacaacctggacocaagtocligagoagaycggbgtgtcocagtttgttt
cagaatctoggggtgtecgtaactocgatocasaggattgtectgageoggtgaasacggoctgaagatcgacatecat
gtcatcatccecgtatgaaggtctgageggegatcagatgggecagategaaaadatttttaaggtyggtgtaceetgty
gatgatcatcactttaaggtgattoctgcactatggeacactggtaatcgacggggttacgoogaacatgatocgactat:
ttcggacggoegtatgaaggecatecgecgtgttegacyggeaaaaagatcactgtaaccgggacectgtgyy

SEQ ID NO:245 (L27V CP 133 TEV}
MNGNKTIDERLINPDGSLLFRVTINGVTGWRLCERILAGSSGGGESGGEPTTENLYFQSDONGESSGGLS SGEMVEFTLED
FVCDWROTAGYNLDQVLEDGGVSSLFONLGVSVTPIQRIVLSGENGLKI DIHVIIPYEGLSGDOMGQIEKI PEVVYEY
ODHHFKVILHYGTLVIDGVTENMIDYFGRPYEGIAVFDGKKITVTGTLW
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SEQ ID NO:246 (L27V CP 135 TEV)
atgaaaattatcgacgagcgcctgatcaaccccgacggctccctgctgttccgcgtaaccatcaacgqagtgaccggc
tggcggoctgtgocgagogeattttggegggaagt tetggtggaggaaqttetggtggagagoctactactgagaacttg
tacttceccagagegataacggaagttctggtggaggaagttectggtggaatggtgtttacactcgaagatttegtaggy
gactggoggcagacagecggetacaacctggaccaagtocottgageagugeggtgtgtecagtttgtticagaatcte
ggggtgtccgtaactccgatoccaaaggattgtocctgageoggtgaaaacggectgaagategacateccatgtcatcate
ccgtatgaaggtctgagcggcgatcagatgggccagatcgaaaaaatttttaaggtggtgtaccctgtggatgatcat
cactttaaggtgattctgcactatggcacactggtaatcgacggggttacgecygaacatgategactatttcggacgy
cogtatgaaggeatcgecgtgttogacggeaaaaagatcactgtaaccgggaccetgtggaacggeaac

SEQ ID N0:247 (L27V CP 136 TEV)
MKIIDERLINPDGSLLFRVTINGVTGWRLCERILAGSSGGGSSGGEPTTENLYFRSDNGSSGGGS SGGMVFTLEDEVG
DWRQTAGYNLDQVLBQGGVSSLFQNLGVSVTPIQRIVLSGENGLKIDIHVIIPYEGLSGDQMGQIEKIFKVVYPVDDH
HFKVILHYGTLVIDGVTPNMIDYFGRPYEGIAVFDGKKITVTGT LWNGN

SEQ ID KRO:248 (L27V CP 139 TEV)}

atggacgagcegectgatcaacceocgacggeteooctgetgtteecgegtaaccatcaacggagtgaceggetggeggetyg
tgcgageogeatttiggeygggaagttoctgotggaggaagliciggtggagagectactactgagaacttgtactteecay
agcgataacggaagttctggtggaggaagttetggtggaatggtgtttacactegaagatttegtaggggactggcgyg
cagacagcoggetacaacctggaccaagtieocttgagecagggeggtgtgtecagtttgittcagaatrcteggggtgtec
graactccegatccaaaggattgbecigageggtgaaaacggectgaagategacateccatgteatcatooccgtatgaa
ggtotgagoggegatcagatgggecagatcgaaaaaatttttaaggtggtgtacectgtggatgatcatcactttaag
grgattotgcactatggeacactggraatcgacggggttacgocgaacatgategactatticggacggecgtatrgaa
ggcatcgoogtgtteogacggoadaaagatcactgtaaccgyggacectgtggaacygeaacaaaattatcgacgagege

SEQ ID NO:249%9 (L27V CP 139 TEV)

MDERLINPDGSLLEFRVT INGVTGWRLCERILAGSSGEGSSGGEPTTENLY FOSDNGSSGGGSSGGMVFTLEDFYGDWR
OTAGYNLDOVLEQGGVSSLEQNLGVEVTPIQRIVLSGENGLKIDIHVIIPYECLSGDOMGOIEKIFKVVYPVIDHHFK
VILHYGTLVIDGVTPNMIDYFGREPYEGIAVFDGKKITVTGTLWNGNEKITIDER

SEQ ID NO:250 {LZ27V CP 140 TEV}
atggagcgcectgatcaaccccgacggotecocctgetgticegegtaaccatcaacggagtgaccggotggeggotgtge
gageogeattttggegggaagttoctggtggaggaagttotggtggagagoctactactgagaacttgtacttecagage
gataacggaagttectggtggaggaagtictggtggaatggtgtttacactegaagatttegtaggggactggegygcag
acageeoggetacaacctggaccaagtccttgagcagggeggtgtgtecagttigittcagaatctcggggtigtecgta
actcecgatccaaaggattgtoctgageggotgaaaacggoctgaagategacatecatgteateatecegtatgaaggt
ctgageggegatcagatgggccagatcgazaaaatttttaaggtggtghaccetgtggatgateatcactitaaggty
attctgcactatgycacactggtaatcogacggggtiacgocogaacatgatecgactatiteggacggecocgtatgaagge
atcgocogtgttogacggeaaaaagatcactgtaacegggaccotgtggaacggcdacaaaattatcgac

SEQ ID NO:251 (L27V CP 140 TEV)
MERLINPDGSLLFRVTINGVTGWRLCERILAGSSGGGSSGGEFTTENLYFQSDNGSSGGGESSGGMVFTLEDFVGDWRO
TAGYNLDQVLEQGGVSSLFONLGYSVTPIQRIVLSGENGLKIDIHVIIPYEGLSGDOMGQIEKI FKVVYPVDDHHEEY
TLRYGTLVICGVTPNMIDYFGRPYEGIAVEDGKKITVTGTLIWNGNKTID

SEQ ID KO:252 {(L27V CP 141 TEV}
atgogeetgatcaaceccgacggetecctactgticogegtaaccatcaacggagtgacegyetggegactgtgegag
cgecatttiggegggaagttecigytggaggaagttetggtggagagoctactactgageacitgtacticcagagegat
aacggaagttetggtggaggaagttotggtggaatggtigittacactegaagattitegtaggggactggeggeagaca
geeggetacaacetggaccaagtcottgagcagggegytgtgtecagtttgtttecagaatoteggggtgtccgtaact
ccgatccazaggattgtoctgagcggtgaasaacggoctgiaagatcgacataccatgtcatcatocogiatqaaggtcig
agcggegatcagatgggocagateygadaasatttttaaggtygiglaccetgtggatgatcatcactttaaggtgatt
ctgecactatggcacactggteatcgacggggttacgecgaacatgategactatttcggacggeecgtatgaaggeatc
gooatgttogacggoaaaaagatcactgtaaccgggacectgtggeacggcaacaaaattatcgacgag

SEQ ID NO:253 (LZ7V CP 141 TEV)
MRLINPDGSLLEFRVTINGVTGWRLCERILAGSSGGGSSGGEFTTENLY FOSDNGSSGGGS SGEMY FTLEDFVGDWRDT
AGYNLDDVLEQGGVSSLPONLGVSVTPIQRIVLSGCENGLKIDIHVIIPYEGLSGDOMGQIEKI FHVVYPVDDHHEFKVI
LHYGTLVIDGVTPNMIDYFGREYEGIAVFDGKKITVTGTLWNGNKIIDE

SEQ ID NO:254 (L27v CP 142 TEV)

atgetgatcaaccceogacggoctocotgetgrtocogegtaaccatcaacggagtgaccggetggeggctgtgegagege
attttggcgggaagttctggtggaggaagttctggtggagagectactactgagaacttgracttecagagegataac
ggaagttctggtggaggaagttoctggtggaatggtgtttacactcgaagatitegtaggggactggoeggcagacageg
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ggctacaacctggaccaagtoocttgagoagggeggtgtgtecagtttgtttcagaatcteggggtgtocgtaactceg
atCCaaaggattgtcctgagcggtgaaaacggcctgaagatcgacatccatgtcatcatcccgtatgaaggtctgaqc
Gchatcagatgggccaqatcgaaaaaatttttaaggtggtgtaccctgtggatgatcatcactttaaggtqattctg
cactatggeacactggtaatcgacggggitacgecgaacatgategactatitecggacggecgtatgaaggoategoe
gtgttecgacggeaaaaagatcactgtaaccgggaccetgtggaacggeaacaaaattatocgacgagege

SEQ ID NO:255 (L27V CP 142 TEV)
MLINPDGSLLFRVTINGVTGWRLCERILAGSSGGGSSGGEPTTENLY FOQSDNGS SGGGSSGGMVFTLEDEVGDWROTA
GYNLDQVLEQGGVSSLEQNLGVSVTPIQRIVLSGENGLKIDIHVI IPYEGLSGDOMGOTEKIFKVVYPVDDHHFEVIL
HYGTLVIDGVTPNMIDY FGRPYEGIAVEDGKKITVTGTLWNGNKIIDER

SEQ ID NO:256 (L27V CP 143 TEV)
atgatcaacceccgacggctoectgetgticegogtaaccatcaacggagtgacegyctggeggetgrgegagegeatt
ttggecgggaagrictggiggaggaagtictggtyggagagoctactactgagaacttgtacitecagagegataacgga
agrtctygtggaggaagitetggtggaatggtgtttacactegaagarttegtaggggactggeggeagacagecgyge
tacaacctggaccaagtccttgageagggegatgtgtccagtttgtttcagaatetoggggtgtoegtaactecgate
caaaggattygtcctgagogygtgaaaacggectgaagategacatecatgtcatcateccgtatgaaggtetgagegge
gatcagatgggcocagatcgaasaaattittaaggtggtgtacecctgtggatgatecateactiiaaggbgattclgecac
tatggecacactggtaatcgacggggttacgecgaacatgatcgactattteggacggeegtatgaaggeategoeegtyg
ttcgacggcaaaaagatcactigtaacogggaccetgtyggaacygeaacaaaattategacgagegeetg

SEQ ID NO:257 {(L27V CP 143 TEV)
MINPDGSLLFRVTINGVTGWRLCERILAGSSGGEGSSGEEPTTENLY FQS DNGSS5GGGS5GGMVETLEDFVGIWROTAG
YNLDOVLEQGGVSSLFQNLGVSVTPIQRIVLEGENGLKIDIRVI I PYEGLSGDOMGRIEKI FKVVY PVDDHHFKVILH
YGTLV I DGEVTPNMIDYFGRPYEGIAVEDGKKITVIGTLWNGNKI IDERL

SEQ ID NO:25B (L27V CP 144 TEV)
atgaaccccgacggercectgotgitocogegtaaceatcaacggagtygaceggetggeggetgrgogagegeattity
gcgggaagttoctggtggaggaagttetggtggagagectactactgagaacttgtacttecagagegataacggaage
torggtggaggaagtictggiggaatggtgttracactcgaacatttegtaggguactgyocggcagacagooggotac
aacctggaccaagtccttgagecagggecggtgtgtecagtttgtttecagaatectogggyutygloegtaactoccgatecas
aggattgtcctgagecggtgaaasacqggoctgaagategacatececatgteatcateccgtatgaaggtctgageggagat
cagalgggcecagatcgaaaaaatttttaaggtggtgtaccectgtggatgatcatcactttaaggtgattctgeactat
ggcacactggtaatcgacggggttacgecgaacatgategactatttoggacggeegtatgaaggeategoegigtte
gacggcaaaaagatcactgtaacegggaccetgtggaacggeaacaaaattategacgagegectgate

SEQ ID NO:259 (L27v CP 144 TEV)
MNPDGSLLFRVTINGVIGWRLCERILAGSSGGGSSGGEFTTENLYFQSDNGSSGELSSCOGMVEFTLEDEVCDWRQTAGY
NLDOVLEQGGVISLFONLGVSVTPIORIVLSGENGLKIDIAVIIPYEGLSGDIOMGRIEK I FEVVY PVDRHAFKVTLEY
GTLVIDGYVTFNMIDYFGRPYEGIAVEDGKKITVIGTLWNGNKIIDERLT

SEQ ID NO:260 (L27V CP 145 TEV) .
atgecegacggetecctgoigticogegtaaccatcaacqgagtgacegyctggeggectgtgeogagegeattttiggeg
ggaagttctggiggaggaagttotggtggagagertactactgagaacttgtacticocagagoyataacggaagttot
ggtggaggaagrtetggrggaatggtgittacactegaagatttecgtaggggactggoggoagacagecggetacaac
ctggaccaagtecttgagragggeggtgtgtecagtitgtttcagaatctecggugigicegtaactcogat ccaaagg
attygtcotgagoggtgaaaacggoctigaagatogacvatccatgtcatcatocoogtatgaaggictgagoagecgatcag
atgggecagatcgaanaaattrttaaggtggtgtacectgtggatgatcatcactttaaggtgattetgeactatgge
acactggtaatcgacggggttacgccgaacatgategactattteggacggecgtatgaaqgeategecgtgttogac
gycaaaaagatcactgtaaccgggaccectgtggaacggecaacaaaattatcgacgagegectgateaac

SEQ ID NQ:261 (L27V CPF 145 TEV)
MPDGSLLERVTINGVTGWRLCERI LAGSSGGGSSGGEPTTENLY FOSDNGESGGGES SGEMVETLEDFVGIWROTAGYN
LDQVLEQGGYSSLFQNLGVSVTPIQRIVLSGENGLKIDIHVIIPYEGLSGDOMGQIEKI FKVVYPVDDHHFKVILHYG
TLVIDGVTPNMIDY FGRPYEGIAVFDGKEITYTGTLWNGNKIIDERLIN

SEQ ID RO:252 {(L27V CP 146 TEV)

atggacggcteccctgetgttcogeogtaaccatcaacgygagtgaceggectggoggetgtgeogagegoattttgygecygygya
agttctggtggaggaagttetggtggagagoctactactgagaactigtacttocagagegataacggaagtietggt
ggaggaagticrggtggaatggtgititacactcgaagattegtaggggactggeggragacageecggoctacaacctyg
gaccaagtecoctigagocagggeggtgtgteccagtttygittcagaatciocggggtgtcocgtaacteccgatccaaaggatt
gtocctgagoggtgaaaacggeootgaagatogacatocatgtcatcateoegtatgaaggtcectgagcggogatcagatg
ggccagatcgaaasaaatttttaaggtggtgtaceetgtggatgateatcactttaaggtgattotgeactatggeaca
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ctggtaatcgacggggttacgccgaacatgatcgactatttcggacggccgtatgaaggcatcgccgtgttcgacggc
asaaagatcactgtaaccgggaccctgtggaacggcaacaaaattatogacgagegeetygatcaaceee

SEQ ID RD:263 (L27V CF 146 TEV)
MDGSLLERVTINGVTGWRLCERILAGSSGGGSSGGEPTTENLYFOSDNGS 3GGGSSGOMVETLERFVGDWROTAGY NL
DOVLEQGGVSSLEQNLGYSVTPIQRIVLSGENGLKIDIBVIIPYEGLEGDOMGQIERKI FRKVVYPVDDEHFKVILHYGT
LYIDGVTPNMIDYFGRPYEGIAVFDGKKITVIGTLWNGNKT IDERLINP

SEQ ID NO:2&84 (LZ27V CP 147 TEV)
atgggctcoctgetgttecgogtaaccatcaacggagtgacceggetggeggetgtgogagegeattttggegggaagt
tctggtggaggaagttctggtgyagagectactactgagaacttgtacttccagagegataacggaagttctggtgga
ggaagttctggtggaatggtgtttacactegaagatttegtaggggactggegyragacagecggctacaacctggac
caagtcctigagcagggcggtgtgtccagtttgtttcagaatetoggggtygtoegtaactecgatecaaaggatigte
ctgagcggtgaaaacggoctgaagatecgacatecatgtcatcateceqgtatgaaggtoctgagoggegatcagatggge
cagatcgaaaaaatttttaaggtggtgtaccotygtggatgatcatcacttiaaggtgatictgoactatygeacacty
graatcgacggggttacgeccgaacatgategactatttocggacqggecgtatgaaggeatecgeegtgttogacggoaaa
aagatcactgtaaccgggaccoctgtggaacggoaacaaaattatcgacgagogectgatcaaceecgas

SEQ ID NO:265 (LZ7V CP 147 TEV)
MGSLLFRVTINGVTGWRLCERILAGSSGGGSSGGEPTTENLY FUSDNGSSGGGESSCLMY ETLEDFVGDWROTAGYNLD
GVLENGGVSSLEONLGYSVTPIQRIVLSGENGLKIDIHVIIPYEGLSGDOMGOIEKIFKVVYPYDDHHFKYILHYGTL
YIDGVTPHEMIDY FGRIPYRGIAVFDGKKITVTGTLWNGNKIIDERLINPD

SEQ ID NDO:266 (L27V CP 148 TEV}
atgtcectgetgttocycgtaacratcaacggagtgacrgygetggeggetotgegagegecattttggeogggaagttot
gotggaggaagttctggtggagagectactactgagaacttgtacttecagagegataacggaagttctgetggagga
agttclggtggaatggtgtttacactogaagattiogtaggggactggeggragacagocggotacaacsctggacaeaa
gtecttgageaggacggigrgtecagtttgtttcagaatcteggygigtecgt aactocegateocaaaggattgtoctyg
agcggtgasaacgygcetgaagategacatccatgiecatcatcocegtatgaaggtectgageggegatecagatgggecag
atvcgaaaaaatttttaaggtggtgtaccectgtggatgatcatcactttaaggtgattotgoactatggeacactggta
atcgacguggyttacgecgaacatgatcgactatttcggacggoegtatgaagygcatcgecgtgttegacggeaaaaag
arcactgtaaccgggacceigtggaacggcaacaaaattatcgacgagegectgatcaaccoccgacgge

SEQ ID WD:287 (L27V CF 148 TEV)

MSLLFRVTINGVTGWRLCERILAGSSGGGSSGGEPTTENLY FOSDNGSSGGESSGEMVFTLEDFVGDWROTAGYNLLY
VIEQGGVSSLFONLGYEVTPIQRIVLSGENGLKIDIHVII PYEGLSGDRMGQIEK] FKVVY PVRDHHFKVTLAYGTLY
IDGYTPNMIDYFGRPYEGIAVFDGKKITVTIGTLWNGNKIIDERLINEDG

SEQ ID NO:Z268 (LZ27V CP 145 TEWV)
atgotgongitococgegtaacocatcaacggagtgaccggstggoggetgbgegagegeatittggogggaagt too gt
ggaggaagtictggtggagagectactacigagaacttgtacticecagagegataacggaagttotyggbggagyaagt
toctggtggaatggtgtttacactogaagarticgtaggggactggeggoaqacagecggetacaacctggaccaagto
cttgagragggoggtgtgtoccaghittigtttcagaatctocggggtgtccgtaactcaogatocaaagqgatigtoctgago
ggtgaaaacggectygaagatcgacatecatgtecatecateccegtatgaaggtctgagoggogatcagatgggecagate
gadaaaatttttaaggtgutgtacoctgtggatgatcatecactitaaggigattoctgoactatggocacactggtaate
gacggggrtacgoccgascatgategactatttoggacggecgtatgaaggeategecgtgttcgacggecaaaaagate
actgtaaccgygaccctgtggaacggcaacaaaattatogacgagegectgatcaaccocgacggotaec

SEQ ID NO:269 (L27V CP 145 TEV)
MLLFRVTINGVTGWRLCERILAGSSGGGS SGGEPTTENLY FQSDNGS5GGESSGEMVETLEDFVGDWROTAGYNLDOV
LEQGGVSSLEONLGYVSVTPIQRIVLSGENGLXIDIBVIIPYEGLSGDOMGQIEKIFKVVY PYVDDHHFKVILHYGTLVI
DEVTPNMIBDYFGRIYEGIAVEDGKKITYVTCTLHWNGNKIIDERLINPDGS

SEQ ID HO:270 (LZ27V CP 150 TEV)
atgctgttceccgegtaacratraacggagtgaccggoctggeggetgigcuagegeat tttggegggaagtliciggltgga
ggaagttetggtggagagectactactgagadcttgtacttecagagegataacggaagteetggrygaggaagrict
ggtggaatggtgtttacactcgaagatttcgtaggggactggogoeagacagocggotacaacetggaccaagtactt
gagcagggoggtgtgtoccagtttgtttcagaatcteggygtgteccgtaactcogatccaaaggattgtectgageggt
gaaaacggcctgaagatcocgacatcecatgteateatecegtatgaaggtoctgageggegatcagatgggecagategaa
aaaatttrtaaggtggtgtaccectgtggatgatcatcactttaaggtgattcrgecactatggcacactggtaategag
gogggttacgccgaacatgatcgactatttoggacggecgtatgaaggeategeegtgt tegacggeaaaaagatcact
gtaaccgggaccctgiggaacggoaacaaaattategacgagegectgateaaccocgacggeteoctyg

SEQ ID NO:271 {(L27v CP 150 TEV}
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MLFRVTINGVTGWRLCERILAGSSGGGSSGGEEPTTENLYFQSDNGSSGGGSSGEMVEFTLEDFYGDWROTAGYNLUQVE
EQGGVSSLFQNLGVSVTPIQORIVLSGENGLKIDIHVII PYEGLSGDOMGQIEKI FKVVYFVDDHHFKVILHYGTLVID
GVTENMIDYFGRPYEGIAVEFDGKXITVTGTLWNGNKIIDERLINPDGSL

SEQ ID NO:272 (L27V CP 151 TEV)
atqgttceogegtaaccatcaacggagtgacegactggcggctgigegagegeattttggcgggaagttoctggtygagya
acttctggiggagagcctactactgagaacttgtacttcoagagcgataacggaagttctggtggaggaagttectggt
ggaatggtgtttacactegaagatttcgtaggggactggoggeagacagecggetacaacctggaccaagtecttgag
cagggeagtgtgiccagtttgtttcagaatetecggggtgtecogtaactecegatecaaaggattgtecctigageggtgaa
aacggcctgaagatcgacatccatgtcatcateccgtatyaaggtctgageggegatcagatgggeocagatagaaaaa
atttttaaggtggtgtaccctgtyggalgatratcactttaaggbgattectgocactatggcacactyggtaategacgyy
gttacgccgasacatgatcgactattteggacggoogtatgaaggeatcgecgtgttogacggeaaaaagalecactgta
accgggaccotgiggaacggcaacaaaattatcgacgagogectgatcaaccecgacggoroectgetyg

SEQ ID NO:273 {LZ7V CP 151 TEV)
MFRVTINGVTGWRLCERILAGSSGGGESSGGEPTTENLY FRSDNGESGGGSSGEMY FTLEDFVGOWROQTAGYNLDOVLE
QGGEVSSLEQHLGYSVTPIQRIVLSGENGLKIDIHVII PYEGLSGDOMGOIEKI FKVVY PVDDHHEKVILHYGTLVIDG
VTPMMIDYEGRPYEGIAVFDGRKITVTGTLWNGNKI IDERLINPDGSLL

SEQ ID NO:274 (L27V CP 154 TEV)
aLgaccatcaacgqagtgaccggctggcggctgtgcgagcgeattttggcgggaagttctggtggaggaagttctggt
ggagagcctactactgagaacttgtacttccagagegataacggaagttctggtggaggaagtoctggtggaatgygty
tttacactcgaagatttcgtaggggactggoggragacagocggctacaacctggaccaagtoccttgagoagggoggt
gtgtccagtttgtticagaatctegggotygtecgbaacicecgatccaaaggatigtcctgageggtgaaaacyggectyg
aagatcgacatccatgtcatcatceccgtatgaaggtctgageggegatcagatgggecagatcgaaaaaatttttaag
gtggtgtaceectgtggatrgatoatcactttaaggtgattotgoactatggoacactggtaatocgacggggttacgeng
aacatgatcgactatttcggacggecgiat gaaggeategroegtgttogacggcaaaaagatcactgtaaccgggace
ctgtggaacggcaacaaaattatcegacgagegectgatcaacccegacqgetecctgetgttecgegta

SEQ ID W0:275 {L27V CP 154 TEV)

MTINGVTGWRLCERILAGSSGGGSSGGEPTTENLYFOSDNGS SGGGESSGEMVFTLEDFVGLWROTAGYNLDOVLEQGG
VSSLFONLGVSYTPIQRIVLSGENGLKIDIHVIIFYEGLSGROMGQIEKIFKVYVYPYDDHHFKVILHYGTLYIDGVTD
NMIDYPGRPYEGIAVEDGKKITVTGTLWNGNKIIDERLINPRBGSLLERY

SEQ ID NO:276 (1L27V CP 156 TEV)
atgaacggagtgaccggectggoggotgtgogagegeattttgacgggaagttetggiggaggaagttetggtggagag
cctactactgagaacttgtacttecagagegataacggaagttctggtggaggaagttectggtggaatggtgtttaca
ctocgaagatttogtaggggactggoggcagacagooggectacaacctbggaccasgioct tgageagggogglgtgics
agtttgtttcagaatctcggggtgtecgtaactocgakccaaaggattgtoctgageggtgaaaacggectgaagate -
gacatccatgtcatcatcececcgtatgaaggtctgageggegatcagatgggoragatcgaaaaaatttttaagarggtyg
taccctgtggatgatcatcactttaaggltgattctgcactatggracactgytaategacggggltacgecygaacaty
atcgactatttcocggacggoogtatgaaggecatogoogigitcgacggeaaaaagatcactgtaacogggacectgtgg
aacggcaacaaaattategacgagegectgatcaaccoecgacggetecectgetgttococgogtaaceate

SEQ ID NO:277 (L27V CP 156 TEV)

MNGVTGRWRLCERILAGS SGGGSSGGEPTTENLY FQSDNGS SGUGSSCOMVETLELFVGDWRQTAGYNLDQVLEQGGVS
SLEQNLGVSVIPIQRIVLSGENGLKIDIHVIIPYEGLSGDOMGQ IEKI FKVVYPVDDHHEFRVILHYGTLVIDGVTENM
IDYFGRPYEGIAVEDGKKITVTIGTLWNGHNKIIDERLINPDGSLLFRVTI

SEQ ID NO:278 (L27V CP 157 TEV)
atgggagtgaccggetggoggstgtgcgagogecatttiggegggaagttictggbggaggaagitoctggtggagagect
actactgagaacttgtacttcocagagegataacggaagtictagliyggagygaagttectggtggaatggtgtttacacte
gaagatttogtaggggactggeggeagacagoeggetacaacctggaccaagtecttgageagggeggtgtgtecagt
ttgtttcagaatctoggggtgtocogtaacteccgatecaaaggattgtoctgagoggtgasaacggoctgaagategac
atccatgtcatratcocgiatgaaggtictgagoggogatocagatgggocagatcgaaaaaatitttaaggtggtgtac
cetgtggatgatcateactttaaggtgattctgeactatggecacactggtaategacyggggttacgecgaacatgate
gactatttcggacggoegtatgaaggeategeegtgttegacggeaaaaagatecactgtaacegggaccectgtggaac
ggcaacaaadattatcgacgagegectgatcaaccecgacggetecctgetgttecgegtaaccateaac

SEQ ID NO:279 (L27V CP 157 TEV)
MGVTGHWRLCERILAGESGGESSGGEPTTENLYFQSDNGSSGGGSSGEMY FTLEDEVGDWROTAGYNLDOVLEQGGVYSS
LFONLGVSVTPIQRIVLSGENGLKIDIHVIIPYEGLSGDOMGQIEKIFKYVYPVDDHHFEKV ILHYGTLVI DGVTPHM I
DYFGRPYEGIAVEDCKKITVIGTLWNGNKI IDERLINPDGSLLFRVTIN
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SEQ ID NO:280 (L27V CP 158 TEV}
atggtgaccggctggoggetgtgegagegeattttggegggaagttetggtggaggaagttoctggtggagagectact
actgagaacttgtacticcagagcecgataacggaagrteotggtggaggaagttetggtggaatggtgtttacactegaa
gatttcgtaggggactggcggcagacageccggctacaacctyggaccaagtecttgagecaggygeoggtgtgtecagtityg
ttteagaatcteoggggtgtecgtaactoccgatccaaaggattgiecotgagogytgaaaacggectgaagategacate
catgtcatcatcocogtatgaaggtoctgagoggogatcagatgggecagategaaaaasttittaaggigytgtaccct
gtggatgatcatcacttivaaggtgaltibctgractatggeacaciggtaatecgacggggttacgeegaacatgategac
tatttcggacggecgtatgaaggeategeecgtgttogacggeaaaaagatcactgtaaccgggacectgtggaacgge
aacaaaattatcgacgagegeoetgatcaaccccgacggetocetigotgtitecgegtaacecateaacgyga

SEQ ID NO:281 {L27V CP 158 TEV)
MYTGHRLCERILAGSSGGGS5GGEPTTENLY FQSDNGS SGGESSGGMVETLEDFVGDWROTAGYNLDQVLEQGGYSSL
FPONLGYSVTPIQRIVLSGENGLKIDIHVIIPYEGLSGRQMGQIEKIFKY VY PVDDHHFKVILHYGTLVIDGYT PNMID
YFGRPYEGIAVFDGEKITVTGTLWNGNKIIDERLINPDGSLLEFRVTING

SEQ ID NWO:2B2 (L27V CP 160 TEV)
atgggetggegoetgigegagegeattttggegggaagttectggtggaggaagtitctggtggagagectactactgag
aacttgtacttccagagcegataacggaagttetggtggaggaagttectggtggaatggtgrttacactegaaqatttc
gtaggggactggoggcagacagccggctacaacctggaccaagtoccttgageagggeggtgtgtocagitigttteag
aatctoggguotgloecgtaactocogatoraaagyattgtectigagoggtgaaaacggoctgeagatcgacatecatgto
atcatccegtatgaaggtctgageyggegatcagatgggecagatcgaaaaaatttrtaaggtgotgracectgtyjgat
gatcatcactttaaggtgattctgcactatggecacactggtaatogacggggttacgoecgaacatgatcgactattte
ggacggoogtatgaaggecategeegtgttegacggcaaaaagatcactgtaacegggaccctgtggaacggeaacaaa
attatcgacgagegootgatcaacoocgacggebcootgotgitocgeghaaccatcaacygagbtgace

SEQ IP HO:283 {(L27v CP 160 TEV) . ‘
MGWRLCERILAGSSGGGESSGGEPTTENLYFOSDNGS SGGGSSGGMVETLEDFVGDWROTAGYNLDOVLEQGGVSSLED
NLGVSVTPIQRIVLSGENGLKIDIHVIIPYEGLSGDOMGQIEKI FKYVY PYLDDHHFKYILHYGTLVIDGVTPNMIDYF
GRPYEGIAVFDGKEKITVTGTLWNGNKIIDERLINPDGSLLERVTINGVT

SEQ ID NO:284 (L27V CP 163 TEV)
atgotgtgcgagogeattttggcgggaagttoctggtggaggaagttoctggtggagagectactactgagaacttgtac
ttccacagogataacggaagttotggtggaggadgtitotggtygaatggigittacactogaagatttogtaggggac
tggcggcagacagecggotacaacctggaccaagtocttgageagggeggtgtgteccagtttgtttcagaatectegay
gtgtceogtaactoegatccaaaggattgtectgageoggtgaaaacggoctgaagategacatccatgtecatecateceg
tartgaaggtctgagecggcgatcagatgggecagatcgaaaaaatttttaaggtggtgtaccectgtggatgatcatcac
thraagglgatoctguactatggeacactggtaatcgacgyguttacyccgaacatgatocgactatttcggacggecg
tatgaaggcatcgoogtgttogacggeaasaagatecactgtaacrgyggacectgtggaacggroaacaaaattategac
gagecgectgatcaaccocgacggetecocctgetgttocgegtaaccatcaacggagtgaccggetggeyy

SEQ ID HQ:2B5 (L27V CP 163 TEV)
MLCERILAGESGGGESSGGEPTTENLYFOSDNGSSGGGSSGGMV T LEDFVGDWROTAGYNLDOVLEQGGYSSLFONLG
VSVTPIQRIVLSGENGLKIDIHVIIPYEGLIGDOMGOIEKIFKVVYPVDDHHFEVILHYGTLVIDGVTPNMIDYFGRP
YEGIAVEDGKRITVIGTLWNGNKI IDERLINPDGSLLFRVTINGVTGWR

SEQ ID NO:2B86 (L27V CP 166 TEV)
Atgcgcattitggegugaagtictyggtggaggaaglitotgogtggagagectactactgagaacttgtacttccagage
gataacggaagttectggtggaggaagtictggtggaatggtgtttacactcgaagatticgtaggggactggoggeag
acagecqggetacaacctggaccaagtecttgageagggoagtgtgtecagttrgtttcagaatcteggggtgteegta
actcogatecaaaggattgtectgageggtgaaaacggectgaagatcgacatecatgtcatecateecgtatgaaggt
ctgagcggcegatcagatgggoragatocgaazaaskbitttaaggtggtgtacocotgtggatgatcatcactttaaggtyg
attectgecactatggcacactggtaategacggggttacgecgaacatgategactatttoggacggecgtargaagae
atcgecgtgttcgacggraaaaagatecactgtaacegggacectgtggaacggqcaacaasattategacgagegectg
atcaaccccgacggoctcoctgotgttecogegtaaccatcaacggagtigaccggotggoggotgtgcgag

SEQ ID NQ:287 (L27V CF 165 TEV)

MRILAGSSGGGSSGEEPTTENLYFQSDNGSSGGESSCGEMY FTLEDFVEDWRTAGYNLDQVLEQGGVSSLEQNLGVSY
TPIQRIVLSGENGLKIDIHVIIPYEGLEGOOMGOIEKIFRVVYPVDDHHFKVILHYGTLVIDGVTPNMIDYFGRFYEG
IAVFDGKKITVIGTLWNGNKIIDERLINPDGSLLFRVTINGVTGWRLCE

SEQ ID NO:2BB (pCA-B FEBP-LZ7VD2A 157-169)

gagtgcaggtggaaaccatctococcagaeagacgggcygcaccttceccaagogeggecagacctgegtggtgeactaca
ccgggatgottgaagatggaaagaaatttgattectecngggacagaaacaageocctttaagrttatgetaggcaage
aggaggtgatccgaggeotgggaagaaggggttgecragatgagtgtgggtcagagagocaaactgactatatctecag
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attatgcocctatggtgocactgggeacecaggeatcateccaccacatgecactetegtettegatgtggagettetaa
aactggaasggaggagggagotcoggtygaggcageggiggaglyaceggetggcggotgtgegaacgeattotggeg

SEQ ID NO:2B9 (pCA 9 FKBP-L27V02A 157-169)
GVQVETT § PGDGRTFPKRGOTCVVHYTGMLEDGKKFDS SRDRNKPFKFMLGKOEVI RGWEEGVAQMSVGQRAKLT TSP
DYAYGATGHPGT IPPHATLVFDVELLKLEGGGS SGGGSGGYTGWRLCERILA

SEQ ID NO:250 {pCA 10 L27V02A 1-156-FRH)
atggrtottcacactcgaagatticgttggggaciggegacagacagecggetacaacciggacoaagtecttgaacag
ggaggtgtgtccagtttgtttoagaateteggggtygtecgtaacteegatecaaaggattgtectgageggtgaaaat
gggctgaagatcgacatccatgtcatecateoccgtatgaagatctgageggegaccaaatgggecagategaaaaaatt
tttaaggtyggtgtaccctgtggatgatcatcactttaaggtgatecctgeactatggeacactgglaatcgacqggggtt
acgeccogaacatgatcgactattteggacggecgtatgaaggecategecgtgttcgacggraaaaagatcactgtaaca
gogaccctgtggaacggoaacasaattategacgagegectgatcaaceeoegacggetocctgotgttocogagtaace
atcaacggaglgaccggaggaggtggectcaggtggagggageteogtggecateoctoiggeatgagatghggeatgaa
ggoetggaagaggeatetogtttgtactttggggasaggaacgtgaaaggeatgttrgagygtgectggagoecttgeat
gectatgatggaacgggygocecccagactetgaaggaaacatocttitaatecaggectarggtegagatttaatggaggee
caagagtogtycaygaaglacatgaaatcagggaatgtcaaggaceicacccaagectgggacctctattatcatgtg
trcecgacgaatetea

SEQ ID NO:2%1 (pCA 10 L27V02A 1-156-FRB}
MVEFTLEDFVGDWROTAGYNLDQVLEQGGVSSLEQNLGVSVTPIQRIVLSGENGLKIDIHVII PYEGLSGDOMGQIEKT
FEVVYPVDDHHEFKVILHYGTLVTDGVTPNMI DY FGRPYEGIAVFDGKKITVTGTLWNGNKIIDERLINPDGELLFRVT
INGVTGEGEGESGGEGESVAILWHEMWHEGLEEASRLY FGERNVKGMFEVLEPLHAMMERGPQTLKET SFNQAYGRDLMER
QEWCERKYMKSGNVKDLTDAWDLYYHVFRRIS

SEQ ID NO:292 (pCA 26 FRKBP-L27V(2A 1-156)
ggagtgcaggtygaaaccatcticeccaggagacggygegecaceltcoccaagegegyocagaccetgegtggligeactac
accgggatgcttgaagatggaasgaaatttgattoccteccgggacagaaacaagecctttaagtttargectaggeaag
caggaggtgatccogaggotgggaagaaggggttgeccagatgagtgtgggtcagagagocaaactgactatateteca
gattatgectatggtgoccactgggocacoccaggeatcatecccaccacatgocacteteogtettegatgtggagettcta
zaactggaaggaggagggagoetocoggtggaggcageggtatggtettcacactcgaagatttegttggggactggega
cagacagccggctacaacctggaccaagtecttgaacagggaggtgtgtoccagtttgrtteagaatctaggggtgtee
gtaactccgatccaaaggattgtoctgageggtgaaaatgggotgaagatocgacatecatgtecatecatocegtatgaa
ggtctgagoggogaccadatgggocagatcgaaaaaattittaaggtggtgtacoctgtggatgatcatecactttaag
gtgatcctgecactatggcacactggtaatecgacggggttacgeogaacatgatecgactattteggacggeogtatgaa
ggcatcgoegtgttocgacggecaaaaagatcactgtaacagggacectgtggaacggcaacaaaattatecgacgagege
ctgatcaaccoccgacggctcoctgotgttecgagtaaccatcazc

SEQ ID N0:293 (pCA 26 FEBP-L27V02A 1-156)
GVQVETISPGDGRTFPKRGQTCVVHYTGMLEDGREFDSSRDRNKPFKFMLGKQEVI RGWEEGVAQMSVGORARLTISE
DYAYGATGHPGIIPPHATLVFDVELLKLEGGGS SGGGSGMVETLEDEVGDRROTAGYNLDOVLEQGGVSSLEQNLGVS
VITPIQRIVLSGENCLKIDIHVIIPYEGLSGEDOMGOIEKIFEVVYPVDEHHFKVILHYGTLY I DGYTPNMIDYFGRPYE
GIAVFDGKKITVTGTLWNGNXIIDERLINPDGSLLFRVTIN

SEQ ID NO:294 (pCA 25 L27V02A 157-169-FRB)
atgggagtgaccagectggeggetgtgegaacgcattetggogggaggaggiggoetcaggtagagggagetecgtggec
atcctctggratgagatgtggecatgaaggeoctggaagaggeatoctegtitgtactitggyggaaaggaacyglgaaagye
atgtttgaggtgectggageoccttgratgotatgatggaacggggeccccagactectgaaggaaacateectttaatcag
gectatggtegagatttaatggaggocecaagagtggtgocaggaagtracatgaaatcagggaatgtecaaggacctoace
caagcctgggacctctattatecatgtgttecocgacgaatcoctea

SEQ ID NO:295 (pCA 25 L27V02A 157-169-FRRB) ,
MGVTGWRLCERI LAGGGGS5GGGS5VAI LWHEMWHEGLEEASRL Y FGERNVKGMFEVLE PLHAMMERGPQTLKETSFNG
AYGRODLMEAQEWCREYMKSGNVKDLTOQAWDLYYHVERRIS

SEQ ID NO:296 (pCA 3 FKBP-L27V02A 103-169)

atgggagtgroaggtggasaccatotococecaggagacgggoegeaccticeceaagegoggeocagacctgegtggtgeac
tacaccgggatgettgaagatggaaagaaatttgattocctocccgggacagaaacaagcectttaagtttatgetagge
aagcaggaggtgatoccgagactigygaagaagygguttgoccagatgaglgtgygicagagagecaaactgackatakc
ccagattatgectatggtgocactygggeacccaggeatcatcccaccacatgeocactetegtottegatgtggagett
ctaaaactggaaggaggagggagcetceggtggaggeagoeggtacgeccgaacatgategactatttocggacggeogtat
gaaggeatcgeegigttcgacggeaaaaagatcactgtaacagggaccetgtggaacggraacaaaalttategacgag
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cgcctgatczacoocgacgygclecectgetgticogagtaaccatcaacggagtgaccggetggeggotgtgegaacyge
attectgge

SEQ ID NO:297 (pCA 3 FKBP-L27VD2A 103-169)
MGVQVETISPGDGRTFPKRGOTCVVHYTGMLE DGKKF DS SRORNKPFKFMLGKQEVIRGWEEGVAQMSVGQRAKLTIS
PDYAYGATGHPGI I PPHATLVFDVELLELEGGGSSCGGSGTPNMIDY FGRPYEG IAVEDGKKI TVTGTLWHGNKLIDE
RLINPDGSLLFRVTINGVTGWRLCERIL

SEQ ID HO:2%8 (pcA 4 L27V0ZA 1-102-FRE)

atggtcttcacactegaagatttogttggggactggogacagacageeggetacaacctggaccaagtcottgaacag
ggaggtgtgteccagtttgtLicagaatctecggggtgtcecgtaacticcgatecaaaggattgtocetgageggtgaaaat
gggctgaagatcgacatccatgteatcatecocecgtatgaaggtoctgageoggegaccaaatgggecagatcgaaaaaatt
tttaaggtggtgtaccotgtggatgatcatcacttitaaggtgatococtgecactatggeacactggtaatcgacggggtt
ggaggaggtguctcaggtggagggagectcogtggocatectetggocatgagatgtggecatgaaggecctggaagaggea
tctegtttgtactttygggaaaggaacgtgaaaggcatgtttgaggtyctagagecct tgeatgetatgatggaacgg
ggccececagactetgaaggaaacatoctitaatcaggectatggtegagatttaatggaggeccaagagtggtgeagyg
aagtacatgaaatcagggaatgtcaaggacctcacccaa@cctgggacctctattatcatgtgttccgacgaatctca

SEQ ID HO:299 (pCA 4 L27V02A 1-102-FRB}
MGVOVETISPGDGRTEPKRGQTCVVHYTGMLEDGKKFDSSRDRNKPFRFMLGKOEVIRGWEEGVAQMSVGORAKLTIS
PDYAYGATGHPGIIPPHAT LVEFDVELLKLEGGGSSGEGESGTPNMIDY FGRPYEGIAVEDGKKITVTGTLWNGNKT IDE
RLINFDGESLLFRVTINGVTGWRLCERIL

SEQ ID NO:300 {(pCA 19 L2Z7V02A 103-1635-FRB)
atgacgocgaacatgatcgactatticggacggoogiargaagygeatcgeegtotlogacgygcaaaaagateactgta
acagggaccctgtggaacggeaacaaaattatcgacgagegectgatcaaccocgacyggetecctgetgttecgagta
accatcaacggagtgaccggotggeggotatgogaacqeattetggegygaggaggtgget caggtggagggagetec
gtggecatcctctyggcatgagatgtggeatgaaggeoctggaagaggratctegttigtact tlyggygaaaygaacyly
aaaggcatgtitgaggtgetggageecttgeatgetatgatggaacggggececcagactetgaaggaaacateett
aatcaggocctatggtogagatttaatggaggcccaagagtggtgecaggaagracatgaaatcagggaatgtcaaggac
ctracccaagectgggacctictattatcatgigtteocgacygaatctca

SEQ ID NO:301 (pCA 19 L27V02A 103-169-FRB)
MTENMIDYFGRPYEGIAVFDGEKITVTGTLWNGNKI IPERLINPDGSLLFRVT INGVTGWRLCERILAGGGGSGGEES
VAILWHEMWHEGLEEASRLYFGERNVKGMFEVLEPLHAMMERGPQTLKETSFNQAYGRDLMEAQEWCRKYMESGNVED
LTQAWDLYYHVERRIS

SEQ ID NO:302 (pCA 20 FKBP-L27V02A 1-102)
atgggagtygcaggtggaaaccatctececaggagacygggegeacctiicoccaagegeggecagacctgegtggtgeac
tacaccgggatgcttgaagatggaaagaaatttgattocctocecocgggacagaaacaageccctttaagtttatgetagge
aagraggaggtyatcogaggelgggaagaaggogt lgeccagatgagtgtggotocagagagocaaactgactatatoct
ceagattatgectatggtgecactgggeaccecaggeatcatcccaccacatgeccactetegtettegatgtggagett
ctasaactggaaggaggagggagectocoggtggaggecageggtatggtetteacactcgaagatttogttggggactygg
cgacagacagocggctacaacctggaccaagtecttgaacagagaggtgtgtccagtttgtitcagaatctoggggtyg
tccgtaactceogaktcocaaaggattgteoctgageggtgaaaatgggetgaagatecgacatccatgtcatecatooegtal
gaaggtctgageggogaccaaatgggccagatcgaaaaaatttttaaggtggtgtacecctgtggatgatecatcacttt
aaggtgatcctgocactatggocacactggtaatocgacgggagtt

SEQ ID NO:303 (pCA 20 FEBP-L27V02A 1-102)

MGVOVET I SPGDGRTFPKRGOTCYVVHY TGMLEDGKKEFDSSRDENKPFKFMLGHQEVIRGHEEGVAQMSVGORAKLTIS
PDYAYGATGHPCIIPPHATLVFDVELLKLEGGGSSGGGSGMVEFTLEDFVGDWROTAGYNLDQVLEQGGVS SLEFONLGY
SVTPIQRIVLSGENCLKIDIHVIIPYEGLEGDOQMGOIEKIFKVVYPVDDHAFEVILEYGTLVIDGV

SEQ TD MNQ:304 (pCA 11 FEBP-L27V0Q2A 84-169}
atgggagtgcaggtggaaaccatctecccaggagacgggogcaccttoccraagegoggccagacoctgogiyglgeac
tacaccgggatgcttgaagatggaaagaaatttgatrtoctececcgggacagaaacaagecetttaagtttatgetagoc
gagcaggaggtgatcocgaggectgggaagaaggggttgeccagatgagtgtgggtcagagagecaaactgactatatot
ccagattatgoctatggtgoccactgggcaccecagygcatcateccaccacatgcractctiogtottegatgtggagoet
ctaaaactggaaggaggagggagotcoggtggaggcagoagtyatgatcatocactttaaggtgarcoctgocactatgge
acactggtaatcgacggggttacgocogaacatgategactatttoggacggecgtatgaaggcatcgeogtgttogac
ggcaaaaagatcactgtaacagggaccctgtggaacggeaacaaaattategacgagegectgatcaaccccgacggeo
trvectgobgttcecgagtaaccatcaacggagtgaccggetggeggctgtgogaacygcattetggeg

SEQ ID NQ:305 (pCA 11 FEKEP-L27V02A B4-169)
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MGVQVETISPGDGRTFPKRGOTCVVHYTGMLEDGKKFDSSRDRNKPFKFMLGKQEV IRGWEEGVAQMSVGQRAKLTLS
PDYAYGRTGHPGIIPPRATLVFDVELLKLEGGGSSGGGSGDDHHFKVILHYGTLVIDGYTPNMIDYFGREYEGIAVFD
GKEITVTCTLWHGNEIIDERLINPLGSLLFRVTINGVTGWRLCERILA

SEQ ID NO:306 (pCA 12 L27V0OZA 1-83-FRB)
atggtcttcacactegaagatttegttggggactggegacagacageeggctacaacetggaccaagtectigaacag
ggaggtgtgtccagtttgtttcagaatctocggggtytcegtaactoccgatccaaaggattgtectgageggtgasaat
gggctgaagatogacatccatgtcatcatccocgtatgaaggioctgagoggeyaccaaatgggocagatcgaaaaaatt
tttaaggtggtgtaccctgtgggaggaggtggctcaggtggagggagetecgtgygccatecctotiggoatgagatgtgy
catgaaggectggaagaggeatectegtttgtactttggggaaaggaacgtgaaaggeatgtitgaggtgetggagecc
ttgcatgctatgatggaacggggecoccecagactctyaaggaaacaetecctttaatcaggectatggtogagatttaaty
gaggeecaagagtggtgcaggaagtacatgaaatcagggaatgtcaaggacectcacccaagectgggacctoctattat
catgtgttccgacgaatctca

SEQ ID NO:307 {pCA 12 L27VO2ZA 1-83-FRB)
MVEFTLEDEVGOWRQTAGYNLDOVEEQGGVSSLEQNLGVSVTPTORIVLSGENGLKIDIHVIIPYEGLSGDOMGQIERT
FRKVVYPVGGGGSGEGE3VAILWHEMWHEGLEEASRLY FGERNVKGMFEVLE PLHAMMERGPOTLKE TS FNQAY GRDLM
ERAQEWCRKYMESGNVKDLTQAWDLYYHVERRIS

SEQ ID ND:308 (pCA 14 L27V0OZA 1-83 (no fusion})
atggtcticacactegaagatttocgttggggactggegacagacagecggrtacaacctggaccaagtectigaacag
ggaggtgrgtcecagtttgttteagaatcteggggtgteegtaactocgatccaaaggattgtcectgagecggigaaaat
gggctygaagategacatecatgtecatecateocogtatgaaggtetgageggegaccanatgggecagategaaaaaatt
tttaaggiggtgtaccctgtyg ’

SEQ ID ND:308 (pCA 14 L27VOZA 1-83 (no fusion))
MV ETLEDFVGOWROTAGYNLDOVLEQGG VS SLFONLGYSVTPIQRIVLSGENGLEI DIHVII PYEGLSGIOMGOTER T
FKYVYPV

SEQ ID ND:310 (pCA 13 L27V02A 84-169 (no fusion))
atggatgatcatcactttaaggrgatoctgeactatggeacactggtaatcgacggggttacgecgaacatgategac
tattteggacggecgtatgaaggeategecgtgtiegacggcaaasaagatcactgtaacagggaceotgiggaacgge
aacaaaattatcgacgagegoeorgatecaacecocgacggotoocctgotgttecgagtaaccatcaacggagtgacegge
tggoggotgiguaaacgeal targgeg

SEQ ID ND:311 {pCA 13 L27V02A 84-169 (no fusion))
MDDEHFKVILHYGT LVIDGVTPHMI DY FGRFYEGIAVEDGKEITVTIGTLWNGHNKIIDERLINFDGSLLERVT INGVTG
WRLCERILA

SEQ ID NO:312 {pChA 28 FKBP 1-83)
atgggagtgcaggtggaaaccatotooccaggagacggycgeacetitococccaagogeggecagacctgegtggtgoac
tacaccgggatgettgaagatggaaagaaatttgattecteccgyggacagaaacaagooctitaagtttatgetagge
aagcaggaggtgatccgaggectygggaagaaggggttgeocagatgagtgtgggtcagagagecaaactgactatatet
ccagattalgcctatggtgccactgggecacccaggcatcateccaccacatgoractotegtcttogatgtggagett
ctaaaactggasggaggagggagctecggtggaggeagoggtatggtellcacacticgaagart tegtiggggaciygg
cgacagacagccggehacaacetggaccaagtecttgaacagggaggtgtgtecagtttgtttcagaatetegygggty
toogtaacteoogatcocaaaggattgtectgagoggtgaaaatgggectqaagategacatccatgtcatcatcocgtat
gaaggtctgageggeogaccaaatgggocagatcgaasaaaaltittaaggtggtgtaceotgty

SEQ ID ND:313 (pCA 28 FKBP 1-83)

MGVQVET I SPGDGRTFPKRGOTCYVHYTGMLEDGKKFDSSRDRNKPFKFMLGKQEY I RGWEEGVAQMSYGQRAKLTIS
PDYAYGATCHPGI I PPHATLVFDVELLKLEGGGSSGGGSCMVFTLEDFVGDWROTAGYNLDQVLEQGGYSSLFONLGY
SYTPIQRIVLSGENGLKIDIHVIIPYEGLSGDOMGQIEKI FRVVY PV

SEQ ID NO:314 (pCh 27 L27V0Q2A 84-169 FRB)
atggatgatcatcactttaaggtgatcctgeactatggracactyggtaatcgacggggttacgecgaacatgatcgac
tattteggacggecgtatgaaggeategeegtgtteogacgycaaaaagatcactgtaacagggaccctgtggaacggc
aacazaattatcgacgagecgoctgatcaacccogasggoteectygctgticegagtaaccatcaacggagtgacegyge
tggcgygctgtgegaacgrattetggegggaggaggiggctecaggldgagggagetecgtggecatecctebgycatgag
atgtggecatgaaggeoctggaagaggeatetegtttgractttggggaaaggaacgtgaaaggeatgtttgaggtgetg
gageocttgoatgotatgatggaacggggoccocagactofgaaggadacatocttitaatcaggoctatggtogagat
ttaatggaggeoccaagagtgatgcaggaaglacatgaaateagggaatgtcaaggacctecacccaagectgggaccte
tattatcatgrgrtccgacgaatctea
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SEQ ID NC:315 {pCA 27 L27V02A 84-169 FRB}

MDDHHFKVILHYGTLVI DGYTPNMI DYFGRPYEGI AVEDGKKI TVTGTLWNGNKI I DERLINPDGSLLFRVTTNGVTG
WRLCERILAGGGGSGGGSSVAI LWHEMWHEGLEEASRLYFGERNVKGMFEVLE PLHAMMERG PQTLKETSFNQAYGRD
LMEAQEWCRKYMKSGNVKDLTOAWDLYYHVFRRIS

SEQ ID NO:316 (HT/7-Keapl)
atggcagaaatrcggtactggotttcrattogaceecccattatgiggaagtcctgggogagogeatgoactacgtogat
gttggtccgogegatggcaccectgtgeotgttectgoacggtaaceocgacctectoctacgtgtggegeaacatcate
ccgecatgttgcaccgacceategetgeattgetccagacctigatcggtatgyggcaaatccgacaaaccagacotgggt
tatttcttcocgacgaccacgtoocgettcatggatgocttcatogaagocectgggtctggaagaggtegtectggteatt
cacgactggggotcogectoctgggtttecactgggotaagecgecaatrccagagogegtcaaaggrattgeatttatggag
ttcatcogeectateoccgacctgggacgaatggecagaatitgecegegagaccticcaggecttoccgocaccacogac
gtcggccgcaagetgatcatcgatcagaacgttittatcgagggtacgotgeoogatgggtgteglecgocegrtgact
gaagtcgagatggaccattaccgegagoecgticetgaatoctgttgaccgegagocactgtggogeticocaaacygay
ctgecaatcgecggtgagecagegaacategtegegetggtecgaagaatacatggactggetgcaccagtacoctgte
cegaagotgotgttcoctggggeaccecaggegtictgateccaceggecyaagecgectcgoctggecaaaagectygect
aactgcaaggctgtggacateggeccgggtotgaatetgetgeaagaagacaacceggacctgatocgycagegagate
gcgogetggetgtcgacgectecgagatttococggegagercaaccactgaggatetgltactttcagagogataacgegate
gctttogaaggagatagaaccalgeagoragateeraggectagegggyetggggoctgetgecgattectgecectyg
cagtcacagtgeocctgagggyggcaggggacygeggtgatgtacgectecactgagtgeaaggoggaggbgacyccctec
cageatggraaccgeaccttcagetacacectggaggatcataccaageaggectttggeatrcatgaacgagetgegy
ctcagccageagetgtgtgacgtcacactgcaggtcaagtaccaggatgraceggocgeccagttcatggeecacaag
gtggtgctggoctecatocageoctgttticaaggecatgttocaccaacgygotgcgguagcagggeatggaggiggtyg
tccattgagggtatccaccoccaaggtcatggagegectcattgaattegoctacacggoectoccatetecatgggegay
aagtgtgtcecteracgtratgaacggoegeigtcatgtaccagatcgacagegttgtcogtgectgeagtgacttoctg
gtgcagoagotggacoccageaatgocatoggoatecgoraact i cgctgageagattggetgbgtggagttgoancag
cgtgocecgggagiacatctacatgeatttiggggaggtiggocaageaagaggagtticttcaacetgtoccacigecaa
ctoggtgacecteatcagecgggacgacctgaacgtgogetgogagtoccgaggtettecacgaeactgeateaactgggte
aagtacgactgcgaacagegacggttctacgtecaggegetgetygegggeogtgegotgecactcgrtgacgeegaac
ttcoctgoagatgoageotgocagaagigocgagatocotgoagtecogactoccgoelgoaaggactaccigotcaagaltettc
gaggagctcaccctgeacaageccacgeaggtgatgoectgecgggegeocaaggtygggeegectgatecracacegeg
ggcggetacttcogacagtegetcagetacctggaggettacaaccecagtaacggecacctggetcoggtbggeggas
ctgcaggtgccgoggdagoggectggoocggoctgogiggtgggegggetgt tgracgoocytigygeggocayggaacaactog
cccgacggeaacaccgactecagegococtggactgttacaaceccatgaccaatcagtggtogecctgegeececeeatg
agcgtgcccecgtaaccgeateggaogtgggggtecatcgatggecacatetatgecgt cggeggeteccacggetgeate
caccacaacagtigtggagaggtatgagcoccagagegggatgagtggeacttggtggeoocccaatygoctygacacgaaggatke
ggggtgggcgtggetgtoctecaategtetactttatgocgtggggagctttgacgygacaaaccgoctitaattcaget
gagtgttactacocagagaggaacgagtggcgaatgatcacageaatgaacaccatoccgaagoggggeaggegtetge
glectygcacaactgtatetatgetgetgyggggetatgatggtcaggaccagetgaacageytggageogeotacgatgtg
gaaacagagacgtggactttcgtageccecatgaageaccggcgaagtgecctyggggatcactgteccaccaggggaga
atctacgtecttggaggetatgatggtoacacgttectggacagtgtggagtgttacgaceccagatacagacacetag
agcgaggtgacccgaatgacatcgggooggagtggggtgggegtggetgtcaccatggagecctgecoggaageagatt
gacragcagaacitgtaccigltacatagtt

SEQ ID NO:317 (Nrf2)}

TCAATATTGGCCATTAGCCATATTAT TCATTGGT TATATAGCATRAARTCAATATTGGCTAT TGGCCATTGCATACGTT
GTATCTATATCATARATATGTACATTTATATTGGCTCATGTCCARTATGACCGCCATGTTGGCATTGATTATTGACTAG
TTATTAATAGTAATCAATTACGGGGTCATTAGT TCATAGCCCATATATGGAGT TCCGCGTTACATARCTTACGGTARA
TGEECCOGLCTGECTGACCGCCCARCGACCCCCGCCCATTGACGTCARTAATGACGTAT GTTCCCATRGTAACGCCAAT
AGGGACTTTCCATTGACGTCAATGGGTGGAGTATTTACGGTARACTGCCCACTTGGUACTACATCAAGTGTATCATAT
GCCAAGTCCGCCCCCTATTCACGTCAATGACGGTAARTGCCCCGCCTGECAT TATGCCCAGTACATGALCTTACGEGA
CTTTCCTACTTGGCAGTACATCTACGTATTAGTCATCGCTAT TACCATGGTGATGCGETTT TGGCAGTACALCAATGS
GCGETGGATAGCGGTTTGACTCACGGGGATT TCCARAGTCTCCACCCCATTGACGTCAAT GGGAGTTTGTTTTGGCACCA
AAATCRAACGGGACTTICCRARATGTCGTAATAALCCCGCCCCETTGACCCANNTGGGCEGTAGGCGTETACGGTGGGA
GGTCTATATAACCAGAGCTGCT TTAGTGAACCCTCAGATCACTAGAAGCTTTATTGCGETAGTTTATCACAGTTRAAT
TGCTARCGCAGTCAGTGCT TCTGACACAACAGTCTCGRACTTAAGCTECAGAAGT TEETCETGAGGCACTGGGCAGGT
ARGTRATCAAGGTTACAAGACAGGTTTAAGGAGACCAATAGARACTGGGCTTGTCCGAGACAGAGARAGRCTCTTGCGTTT
CTGATAGGCACCTATTGGTCT TACTGACATCCACT TTGCCTTTCTCTCCACAGGTGTCCACTCCCAGTTCAATTACAG
CTCTTRAARGGCTAGAGTATTAATACGACTCACTATAGGGCTAGCGRATCGLCATGAT GEACTTGCAGUTGLCGCCGCCGE
GACTCCCGTCCCAGCAGGACATGEATTTGAT TGACATACT T TGGAGGCARGATRTAGATCTTGGAGTAAGTCGAGARG
TATTTGACTTCAGTCAGCGACGGAAAGAGTATGAGCTGGRARARCAGRARAAACTTGARAAAGGRAAGACARGARCARC
TCCARARGGAGCRAGRGARAGCCTTTTTCCCTCAGTTACAACTAGATGARCAGACAGGYIGAATTTCTCCCAATTCAGC
CAGCCCAGCACATCCAGTCAGARRCCAGTTCTCTCGGTGGTTCAGGT GO TGGCGGEAGCGGTGGAGGGAGCAGCGETS
GAGTGTTTACACTCGRAGATT TCGTAGGGCGACTBGCGGCAGACAGCCGGCTACBACCTGGRCCARGTCCTTGAGCAGS
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GCGGETGTETCCAGTTTGT T TCAGART CTCOGGGTGTCCGTAACTCCGATCCAAAGGATTGTCCTGAGLGGTGARRACG
GCCTGAAGATCGACATCCATGTCATCAT CCCETATGARAGETCTGAGCGGUGATCAGATGGGCCAGATCGARARRATTT
TTAAGGTCGTGTACCCTGTCGATGAT CATCACT TTAAGGTGATTC TGCACTATGGCACACTGGTARTCGACGGGETTA
CGCCGRACATGATCGACTATT TCGGACGGCCGTATGAAGGCATCGCCGTGTTCGACGGCARARAGATCACTGTAACCG
GGACCCTGTGGARCGGCAACAAAATTATCGCACGAGCGCCTGATCARCCCCGACGGCTCCCTGCTGTTCCECGTAACCA
TCAACGGAGTGACCGGCTEGCGGCTETGCGAGTGCATT TTEGCGTARGGCCGCCACTCTAGAGTCGACCTGCAGGCAT
GCARGCTGATCCGGCTGCTARCARAGCCCGARAGGARGCTGAGTTGGCTGCTGCCACCGCTGAGCARTARCTAGCATA
ACUCCTTGGEGCGECCECTTCGAGCAGACATGATAAGATACATTGATGAGT TTGGACARACCACARCTAGAATGCAGT
GABARRAATGCTTTATTTGTGAAATTTGTGATGCTATTGCTTTATTTGTAACCATTATAAGC TGCAATAAACARAGTTA
ACAACARACBATTGCATTCATTTTATGTT TCAGGTTCAGGEGGAGATGTGGGAGGTTTTTTTAAGCAAGTARARCCTCT
ACAAATGTGGTAAAATCGAATTTTAACAAAATATTARCGCTTACAATTTCCTGATGCGETATTTTCTCCTTACGCATC
TGTGCGGTATT TCACACCGCATACGCGGATCTGCGCAGCACCATGGCCTGARATAACC TCTGARAGAGGRACTTGGTT
AGGTACCTTCTGAGGCGEARAGAACCAGCTGTGGAATETG LG TCAGTTAGGGTGTGGAAAGTCCCCAGGUTCCCCAGE
AGGCAGARGTATGCAAAGCATGCATC TCAATTAGT CAGCAAC CAGETGTGGARAGTCCCCAGETTCCCCAGCAGGLAG
BAGTATGCAAAGCATCGCATCTCAATTAGTCAGCARCCATAGTCCCGCCCCTRACTCCGCCCATCCCGCCLCTAACTCC
GCCCRGTTCCGUCCATTCTCCGCCCCATGGCTGACTAATTTT I T TATT TATGCAGAGGCCGNGECCGLCTCEGCCTC
TEAGCTATTCCAGRAGTAGTGRGGAGGCTTTTTTGGAGGCCTAGGCT TTTGCARAAAGC TTAATTARCTGTTGACAAT
TAMTCATCGGCATAGTATATCGGCATAGTATAATACGACAAGGTGAGGAACTAAACCCAGGAGGCAGATCATGATTGA
ACARGATGGATTGCACGCAGGTTCTCCGGCCGCTTGGETGGAGAGGC TATTCCGCTATCACTCGGCACARCAGACAAT
CEGCTGCTCTGATGCCGCCETGTTCCGGC TETCAGCGCAGEGGCGLCCGETTCTTTT TG TCAAGACCGACCTGTCCGE
TGCCCTGAATGARCTGCAGGACGAGECAGCGCGGCTATCGTGGCTGGCCACGACGGGCGTTCCTIGCGCAGCTGTGCT
CEACGTTGTCACTGAAGCGEGARGGOACTGCCTGLTATTGGGCGAAG TGLCGEEGCAGCATCTCCTGTCATCTCACCT
TGCTOCTGCCGAGRRAGTATCCATCATGCCTGATGCARTGCGGCGGCTGCATACGUTTGATCCGGLTACCTGCCCATT
CGRACCACCAAGCGRARCATCGCATCGAGCGAGCACGTACTCGEATGCAAGCCGGTCTTGTUGATCAGGATGATCTGGA
CEAAGAGCAT CAGGGGCTCGCGCCAGCCCARCTCT TCGCCAGGCTCAAGGCGCGCATGCCCEACGECGAGGATCTCGT
COTGACCCATGGCEGATGCCTGUT TGCCGARTATCATGETGGARAATGGCCGCTTTTCTGGATTCATCGACTGTGGLCG
GCTGGGTGTGGLCGACCGCTATCAGGACATAGCGTTGGCTACCCETGATAT TGCTGARGAGCTTGGCEECGAATGGEGE
TGACCGCTTCCTCETGCT TTACGGTATCGCCGUTCCCGATTCGCAGCGCATCGCCTTCTATCGCCTTCTTGACGAGTT
CTTCTGAGLEGGACTCTGEEEGTTUGARATGACCGACCAAGCCACCCCCAACCTGCCATCACGNTGGCCGCARTAARAT
ATCTTTATTTTCATTACATCTGTIGTGTTGGTTTTTTGT GTGAATCGATAGCGATAAGGATCCTCTTTGLGCTTGCGTT
TTCCCTTGTCCAGATAGCCCAGTAGC TGACATTCATCCGGGGTCAGCACCGTTTCTGLGGACTCGUTTTCTACCCGGET
ATCAGCTCACTCARAGGCGGTARTACGGTTATCCACAGAATCAGGGGATARCGCAGCAAACAACATGTGAGCAAANGG
CCAGCRAARGGUCAGGAACCGTARARACGCCGLGTTIGCTGECGTTTTTUCATAGGCTCCGCCCCCCTGACGAGCATCA
CRABAAATCGRCGCTCRAAGTCAGRGGT GECOARAACCCGACAGGACTATARAGATACCAGGCGTTTCCCCCTGGRAGCTC
CCTCGTGCGCTCTCCTGTTCCGACCC TGCCGCTTACCGGATACCTGTCCGCCTTTCTCCCT TCGGEARGCGT GGLGLT
TTCTCATAGCTCACGCTGTAGGTATCTCAGTTCGGTGTAGETCGTTCGUTCCAAGCTGLGGLTGTGTGCACGAACCCCE
CGTTCAGCCCGACCGCTGOGCCT TATCCCGTARCTATCGTCTTGAGTCCARCCCGGTARGACACGACTTATCGCCACT
GGCAGCAGCCACTCGTALCAGGATTAGCAGAGCGAGSTATGTAGGCGETCCTACAGAGT TCTTGARGTGEGTGGCCTAA
CTACGGUTACAC AGRAGGACAGTAT TTGGTATCTECGCTCTGCTCAAGCCAGT TACCTTCCCAARAACAGTTGGTAG
CTCTTGATCCGGCARACAARCCACCGCTGETAGCGETGGTITTTT TGTTTGCAAGCAGCAGATTACCCGCAGAAALAD
AGGATTTCAAGAAGATCCTTIGATCTTTTCTACGGGGTCTGACGCTCAGTGGARCGRAAARCTCACGTTAAGGGATTTT
GETCATGAGATTATCAAAAAGGATCTTCACCTAGATCCTTT TATAGT CCGGAARTACAGGAACGCACGCTGGATGECC
CTTCGUTGGGATGGTGARACCATGARRAATGGCAGCTTCAGTGGATTAAGTGGGGGTAATGTGGOCTGTACCCTCTGG
TTGCATAGGTATTCATACGGTTAAAATTTAT CAGGCGCGATTGCGGCAGTTTTTCGGGTGGTTTGT TGCCATTTTTAC
CTGTCTGCTGCCGTGATCGCGCTGAACGCGTTTTAGCGCTCCCTACAATTARGGGATTATGGTAAATCCACTTACTGT
CTECCCTCGTAGCCATCGAGATARACCCCAGTACTCCGGLCACGATGUGTCCGECETAGAGGATCGAGATCT

SEQ ID ND:318 (L217V(2B)
ATGGTCTTCACACTCGAAGATTTCGTAGGTGACTGGCGACAGACAGCCCGCTACAACCTGGACCAMGTCCTTGAACAG
GGTGEETETGTCCAGT T TETTTCAGRATCTCGGGGTGTCCGTARCTCCCATCCARAGGATTGTUCCTGAGCGGTGARAAT
GGGCTGARGATCGACATCCATGTCATCATCCCGTATGARGGTCTCGAGCGGCEACCARATGGGCCAGATCGALRARATT
TTTAAGETGETGTACCCTATGGATGATCATCACTTTARAGGTGATCCTGCACTAT GGCACACTGGTARTCGACGGGGTT
ACGCCGAACATGATCGACTATTTCCGACGGCCETATGAAGGCATCGCCGTETTCGACGGCARAAMGATCACTGTAACT
GGGACCCTGTGGARCCGCAACARAATTATCCGACGAGCGCCTGAT CAARCCCCGACGECTCCCTGCTGTTCCGAGTRACC
ATCRARCGGAGTGACCGGCTGGCGGUTETGUGAACGCATTCTGGCG

SEQ ID NO:319 (L27v01)

ATGGTGTTTACKCTCGARGATTTCGTAGGGGACTGGCGGCAGACAGCCGGCTACARCCTGGRCCARGTCCTTGAACAG
GGECGGTGTCTCCAGTTTGTTTCAGAATCTCGGGGTGTCCGTARCTCCGATCCARAGGATTGTCCTGAGCGGTGARRAAC
GGCCTGBAGATCGACATCCATGTCATCATCCCGTATGAAGGTCTCAGCGGCGATCARATGGGCCAGATCGARARAATT
TTTAAGGTGGTGTACCCTGTGGATGATCATCACTTTAAGGTGATCCTGCACTATGBCACACTGGTARTCGACGGGETT
ACGCCGAACATGATCGACTATTTCGGACGGCCETATGAAGGCATCGCCGTGTTCGACGGCARRAAGATCACTGTAALC
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GGGACCCTGTGGARCGGCARCAPAATTATCGRCGAGCGCCTGATCARCCLCCGACGECTCCCTGCTGTTCCHCGTARCT
ATCARCGGAGTGACCGECTGGCEGITGTGCGAGCGCATTTTGGECS

SEQ ID NO:320 (L27VQ1l-FESTOO0)
ATGGTGTTTACACTCGAAGATTTCGTAGGGGACTEGCGECAGACAGCCGGCTACAACCTGGACCARAGTCCTTGAACAG
GGCOETGTGTCCAGTTTG I I TCAGARTCTCBGRGTGTCCGTAACTLCGATCCARAGEGATTCTCCTGAGCGET GAAANC
GGUCTGAAGATCGACATCCATGTCATCATCCCGTATCAAGGTCTGAGCGGCGATCARATGGGCCACATCGAAARAATT
TTTARGGTGGTGTACCCTETGGATGATCATCACTTTARGGTGATCCTGCACTATGECACACTGGTARTCGACGGGETT
ACGCCGARCATGATCGACTAT TTCEERCGGLCGTATGARGGCATCGCCGTGTTCGACGGCAAARAGATCACTGTARCC
GGGACCCTETGRARCGGCAACARAAAT TATCGACGAGCGCCTGATCARCCCCCACGGCTCCCTGCTGTTCCGCGTARCT
ATCRACGGAGTGACCGGCTGGCGECTGTGCGAGUGCATTTTCGCGAATTCACACGECTTTCCGUCCGAGGTTGAAGAG
CRAGCCGCCGGTRCATTGCCTATGTCCTGCGCACAAGARAGCGGTATGGACCGGCACCCAGCCGCTTIGTGCTTCAGET
CGCATCRACGTC

SEQ ID NO:321 (IL6D1-L27V01l)
ATGLACTCCTTCTCCACARGUCCCTTCGETCCAGTTGCCTTCTCCCTGGGCCTGCTCCTGGTGTTGCCTGCTGLCTTC
CCTGCCCCAGTGTT TACACTCGAAGAT TTCGTAGGGEACTGGCEECAGACAGCCGGCTACAACCTGGACCAAGTCCTT
GARCAGGGCGGTGTGTCCACTTTGTTTCAGAATCTCGGGG TG TCCGTAACTCCGATCCRAAGGAT TGTCCTGAGCGGET
GARARCGGCCTGARGAT CGACATCCATGTCATCATCCCGTAT GRAGETCTCAGCGLUGATCAAATGGGCCAGATCGAA
ABPLTTTTTARGGTGGTGTACCCTGTGGATGAT CATCACTTTARGGTGATCCTGCACTATGGCACACTGGTARTCGAC
GGGGTTACGCCGARCATGATCGACTATTTICGGACGGCCGTATGAAGGCATCGCCGTEGTTCGACGGLARARAGATCACT
GTARCCGGEGACCCTGTEGAACGGCARCAARATTATCGACGAGCGCCTGATCAACCCCEACGGCTCCCTGCTGTTCLGE
GTARCCAT CARUGGAGTGACCHGUTEGLGGLTGTGCGAGCGCATTTTGGCG

SEQ ID NO:322 (L27v02a)

ATGGTCTTCACACTCGAARGATTTCGT TGGGGACTGGCEACAGACAGCCGGCTACAACCTGCGACCAAGTCCTTGRACAG
GGAGGTGTGTCCAGTITGTTTCAGARTCTCGGGGTETCCGTARCTCCGATCCARAGGAT TG TCCTGAGCGGTGRAAAT
GGEGCTGAAGATCGRCATCCATGTCATCATCCCGTATGAAGETCTGAGCGGCGACCARATGGGCCAGATCGAARARLATT
TTTAAGGTGGTGTACCCTGTGGATGATCATCACTT TARGETGATCCTGCACTATGGCACACTGGTAAT CGACGGEETT
ACGCCGRACATGATCGACTATTTCGGACGGCCETATGAAGGCATCGCCGTGTTCGACGGCAARAAGAT CACTG TARCA
GGEGRACCCT GTGGARCGGCAACARAAT TATCGACGAGCECCTEGATCARCCCCGACGGCTCCCTGCTETTCCGAGTAACT
ATCARCGGAGTGACCCECTGECGGCTGTGCGARCGCATTCTGGLG

SEQ ID NO:323 {L27V02A-PESTO1)
AVGGTCTTCACACTCGAAGATTTCGTTGEGGACTGGCGACAGACAGCCCGCTACAACCTGGACCARGTCCTTGRACAG
GGAGGTSTGTCCACTTTETTTCAGRATC TCEGEGTGTCCETAACTCCGATCCAARGGATTGTCCTGAGCGGTGRAARART
GGGCTGARGATCGACATCCATGTCAT CATCCCGTATGAAGGTCTGAGUGGUGACCAAATGEGCCAGAT CGARRARMATT
TTTAAGGTGGTGTACCCTGTGGATGATCATCACT TTARGGTGATCCTGCACTATGGCACACTGGTAATCGACGGGGTT
ACGCCCARCATCGATCGACTAT TTCGGACGGCCGTATGAAGGCATCCCCGTGTTCGACCGCAAAANGAT CACTGTAACA
GGGACCCTGTGGARCEGCAACARARTTATCGACGAGCGCCTGATCAACCCCGACGGECTCCCTGCTGTTCCGAGTARCC
ATCARCGGAGTGACCGECTGGCGEGCTGTGCGAACGCATTC TEGCGAATTCTCACGGUTTTCCGCCTGAGETTGAAGAG
CRAGCCGCCGGTACATTGCCTATGTCOTGCGCACAMGAAAGCGGTATGGACCGGCACCCAGCCGCTTGTGCTTCAGCT
CGCATCARCGTC

SEQ ID NO:324 (IL601-L27VO2A)
ATGRACTCCTTCTCCACARAGCGCCTTCGGTCCAGTTGCCTTCTCCCTGGGCCTGCTCCTCGTSTTGCCTGCTGCCTTC
CCTGCCCCAGTCTTCACACTCGAAGATTTCGTTGGEGACT GGCGACAGRCAGCCGGCTACAACCTGGRCCAAGTCCTT
GAACAGGGAGGETETGTCCAGTTTGTT TCAGAATCTCGGGGTCGTCCGTARCTCUGAT CCAAAGGATTGTCCTGAGCGET
GARARTGEGCTGAAGATCGACATCCATGTCATCATCCCGTATGRAGGTC TGAGCGGCGACCAAATCCGCCAGATCGAR
ABAATTTTTAAGCTGGTGTACCCTGTGGATGATCA I CACTTTARGETGATCCTGCACTATGGCACACTGGTRATCGAC
GGEGGTTACGCCGARCATGATCGACTATT TCGGACCGCCGTATGRAGGCATCGLCGTGTTCGACGCCAAARAGATCACT
GTALCAGGGACCCTGTGGARACGGCAACAAMATTATCGACGAGCGCCTGATCARCCCUGACGGCTCCCTGCTETTCCGA
GTAACCATCAACGGAGTGACCGGCTGGCGGC TGTGCGAACGCAT ICTGGLR

SEQ ID NO:325 {L27v03)

ATGGTCTTCACACTCORAGAT TTCGTAGATGACTGGCGACAGACAGCUGGLTACARCC TEGGACCRAGTTCTTGAACAG
GGETGGTGTGTCCAGTTIGTTTCAGAATCTCCGGGTETCCGTARCTCCARTCCAGRGGATAGTCCTGAGTCGCTGARRAT
GEGCTGARGATCGACATCCATGTCATCATCCCTTATGAAGGTUTGAGCGGLCATCAGATGGGGCAGATCCARAARATT
TTTAAGGTGETGTACCCTGTGGATGATCATCACTTTAAGGTGATCCTGCACTATGGCACACTGG TAATCGACGGTGTT
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BCGCCGAACATGATCGACTATTTCGGACGGCCGTATGAAGGCAT CGCCGTGTTCGACGECAARRAGATTRCTGTCACT
GGAACCCTGTGCAATCGEARACAARAT TATCGACGAGCECCTGAT CAACCCCGACGGCTCACTGLTGTTCCGAGTAACC
ATCAATGGTGTTACCGGCTGGCGGCTCTGCGAACCCATTCTAGCA

SEQ ID NOD:326 (L27V0Q3-PESTOZ)
ATGGTCTTCACACTCGRAAGATTTCGTAGGTGACTCGCGACRGRACAGCCGGCTACAACCTGCGACCAAGTTCTTGAACAG
GGTGGTETGTCCAGTTTGTTTCAGAATCTCGGGGTGTCCGTAACTCCAATCCAGAGGATAGTCUTGAGTGGT GAARAT
GGGCTGRARGATCGACATCCATGTCATCATCCCTTATGAAGGTCTGAGCGECEATCAGATGGGGCAGATCGARAARATT
TTTRAGGTGGTGTACCCTGTGGATGATCATCACTTTAAGGTGATCCTCCACTATCGCACACTGGTAATCGACGGTGTT
ACGCCGAACATGATCGACTATTTCGGACGECCGTATGRAAGCCATCGCCGTGTTCGACGECAARAAAGATTACTGTCACT
GGAACCCTGTGGAATGGGARCAARAT TATCCACGAGCGLCTGATCARCCCCEACGGC TCACTGCTGTTCCGAGTAACC
ATCARATGGTGTTACCGGCTGECGGC TCTGLGAACGUATTCTAGCAAATAGTCACGGCTT TCCGCCTGAGGTTGRRAGAG
CAAGCUGCLCGTACATTCCCTATCTCCTGCGCACANGARAGCGGTATGGACCGCCACCCAGCCGCTTGTGCTTCAGCT
CGCATCAACGTC

SEQ ID NO:327 (ILS02-L27V03}

ATGAACTCCTTCTCCACAAGCGCCTTCGGTCCAGTCGCCTTCTCCLTGGGLCTGCTCCTGGTGTTGCCCGCTGCCTTT
CCTGCCCCAGTCTTCACACTCEGAAGAT TTCGTAGGTGACTGGLGRACAGACAGCCGGUTACARACCTGGACCARGTTCTT
GAACAGGOTGGTGTGTCCAGT TTGTT TCAGANTCTCGEGGTCTCCGTARCTCCARTCCAGAGCGATAGTCCTGAGTGET
GARAATGECGCTGAAGATCGACATCCATGTCATCATCCCTTAT GARGGTCTGAGCGGUGATCAGATGGGGCAGATCGAR
BRAATTTTTARGGTGGTGTACCCTGTGGATGATCATCACTTTRAGGTGATCCTGCACTATGGCACACTGGTARTCGAC
GETGTTACGCCGAACATGATCGACTATTTOGGRCGGLCGTATGARGCCATCGLCGTGTTCCACGGUARARAGATTALT
GTCACTGEARCCCTGTGGAATGCGAACAAAAT TATCGACGAGCGCCTCATCARCCCCCACGELCTCACTGCTETTCCGA
GTAACCATCAATGGTGTTACCGGCTGG

SEQ ID NWO:328. {Linker)
GSSGGGSSGGEPTTENLYFQSDNGSSGGGSSGG

SEQ ID NO:329 (FABP Consensus Sequence)
[GSAIVK] - {FE} =~ [FYW] X~ [LIVMF] -x-%~{K) =x- [NHG] - [FY] - [DE] =X~ {LIVMFY) - [LIVM}~-
[N}-[G} - [LTVMAXR]

SEQ ID NO: 330 (OGLUC Consensus Sequence)
[GSAIVK] - |FE}-[FYW] -X—- [LIVMFSYQ)-X-#-{K}-X—[NHCK] -x— [DE] -%— [LIVMFY] - [LIVMWF] -
x=-{G}-[LIVMAKRG]

SEQ ID NO:331 (9B8 PCAl (pFS5a/Met-[9BB opt {51-169)]-GGGGSGGGCSS~-FRRE)
Atgggcctgaagatcgacatccatgteoateateccegtatgaaggictgageggetatcagatgggocagatcgaaaaa
atttttaaggtggtgtaccetgtggatgatcaccactttaaggtgattctgcactatgycacactyggtaategacygy
gttacgeogaacatgetcgacltatttoggacggoogtatbgaaggoatcgocgtigttcgacggoazaadagatocactgta
accgggaccctgtggaacggcaacaaaattatecgacgagegectgateaaccecgacggetecectgetgtteegegta
accatcaacggagtgaceggctggoggetgtgcgaqegeattttggegggaggaggtggctcaggtggagggagetee
gtggccatcoctoctggoatygagatgtggratgaagycctgeaagaggoatctegtttgtacttiggggaaaggaacgty
aaaggcatgtttgaggtgetggagoccttgeatgetatgatggaacyggggooccoccagactectgaaggaaacatenttt
aatcaggectatggtocgagatttaatggaggeccaagagtggtgoaggaagtacatgaaatcagggaatgtcaaggac
ctocacccaagectgggacctetattatecatgtgbtccgacgaatcrca

SEQ ID NO:332 (988 PCAl (pF5A/Mat-[9BB8 opt (51-169))-GGGGSGGGSS-FRB)
MGLKIDIHVIIPYEGLSGYQMGQIEKIFKVVYPVDDHAFKVILAYGTLYIDGVTPNMIDYFGRFYEGIAVEDGKKITV
TGTLWNGNKIIDERLINPDGSLLFRVTINGVTGWRLCERI LAGGGGSGGGSSVAILWHEMWHEGLEEASRLY FGERNY
KGMFEVLEPLHAMMERGPQTLEKET SFNOAYGROLMEAQEWCRKYMKSGNVKDLTOAWRDLYYHVFRRIS

SEQ ID WO:323 {9B8 PCAZ (pFSA/[9B8 opt (1-50)]-GGGGSEGGSS-FRBE)

Atggtgtttacactcgaagatitcgtaggggactggeggoagacageecggetacaacctygaccaagiccligageag
ggcggtotgtecagtttgtitecagaaacteggggtgteccgtaacaccgatccaaaagattgrectgageggtgaaaac
ggaggaggtggctcaggtggagggagetecegtggecatectetggeatgagatrgtggcatgaaggectggaagaggea
tctcgtttgtactttggggaaaggaacgtgaaaggcatgtttgaggtgetggageccttgratgetatgatggaacayg
ggcccccagactotgaagoaascatoctttaatcaggectatggtegagatttaatggaggeoccaagagiggtgeagy
aagracatgaaatcagggaatgtcaaggacctecacccaagoetgggacctctattateatgtgttocgacgaatectea

SEQ ID NO:334 (5BE PCA2 (pF5A/[9B8 opt (1—50)]—GGGGSGGGSS—FRB)
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MVFTLEDFVGOWRQTAGYNLDOVLEQGGLSSLFQKLGYSVTPIQKIVLSGENGGGGS GGGSSVAT LWHEMWHEGLEEA
SRLYFGERNVKGMFEVLE PLHAMMERGPQTLKETS FNQAYGRDLMEAQEWCRKYMKSGNVKDLTQAWDLY YHVFRRI S

SEQ ID NO:335 (9BS8 PCA 3 (& pP5A/FKBP-GGGSSGGGSG-[9B8 opt (51-169)
atgggagtgcaggtggaaaccatctccccaggagacgggcgcaccttccccaagcgcggccagacctgcgtggtgcac
tacaccgggatgcttgaagatggaaagaaatttgattoctecocgggacagaaacaageeckttaagtttatgetagge
aagcaggaggtgatccgaggctgggaagaaggggttgcccagatgagtgtgggtcagagagccaaactgactatatct
ccagattatgeoctatggtgecactgggeacecaggcatcatcoccaccacatgecactictogicttegatgtagagett
ctaaaactggaaggaggagggagetooggtggaggeageggiggectgaagatcgacatccartgtcatcatcocogtat
gaaggtctgagcggctatcagatgggccagatcgaaaaaatttttaaggtggtgtaccctgtggatgatcatcacttt
aaggtgattctgcactatggcacactggtaatcgacggggtcacgccgaacatgathactatttcggacggccgtat
gaaggcatcgeeogtgttegacggocaaaaagatcactgtaaccgggaccotgiggaacggeaacaaaal tatcgacgag
cgcotgatcaaccocgacggetecctgetgttecgegtaaccat caacggagtgaceggetggegygotgtgecgagoge
attttggeyg

SEQ ID NO:336 (9B8 PCA 3 (& pF5A/FKBP-GGGSSGGGSG-[9B8 opt (51-169)

MGVOVETT SPGDGRTFPKRGOTCVVHYTGMLEDGKKFDS SRDRNKPFKFMLCKQEV I RGWEEGVAQMSVGORAKLTIS
PLYAYGATGHPGI I PPHATLVFDVELLKLEGGGSSGEGSGCLKIDIRVIIPYEGLSGYOMGOIEKI FKVVYPVDDHHF
KVILHYGTLVIDGVTFNML DY FGRPYEGIAVFDGKKITVTGTLWNGNKI IDERL INEDGSLLFRVE INGVTGWRLCER
ILA

SEQ ID NO:337 (988 PCA 4 (pFSA/FEBP-GGGSSGGGSG-[9B8 opt (1-50}
atgggagtgcaggtggaaaccatctocccaggagacgggogoaccticeccaagegeggecagacctgegtggtgeac
tacaccgggatgcttgaagatggaaagaaatttgattcclicocogegacagaracaagoectttaagtitatgetagyge
aagcaggaggtgatccgaggctgggaagaaggggttgeccagatgagtgtgggtcagagagocaaactgactatateot
ccagaltatgoctatggtgecactgggeacccaggeatcateecaccacatyecactategtettegatgtggagett
ctaaaactggaaggaggagggagotocoggtggayygrageggtatggtgtttacactegaagatttogtaggggactygy
cggecagacagccggetacaacctggaccaagtoecttgageagggeggtetgtecagtttgittcagaaacteggggty
tococgtaacacogatocrasaagattgtoctgagoggtgaaaac

SEQ ID NQ:338 (5EB PCA 4 (pFS5A/FKBP-GGGSSGEGSG-[9BB cpt {1-50}

MGVDVETISPGOGRT FPKRGOTCVVHYTGMLEDGKKFDSSRDRNKEFFKFMLGKOEV IRGWEEGVAQMSVGORNAKLTIS
POYAYGATGHPGIIPPHATLVFDVELLKLEGGGSSGGGEGMVEFTLEDFVGDWRQTAGCYNLDOVLEQGGL.ESLEQKLGY
SVIPIQKIVLEGEN

SEQ ID NO:339 (KIZN4+L27V+RK43R+YE8D)
Atggtogtttacactcgaagatttocgtaggggactggoggcagacagecgygctacaacctggaccaagticcttgageag
ggcggtgtgtccagtttgtttcagaatctngggtgtccgtaacaccgatccaaaggattgtcctgagcggtgaaaad
ggcctgaagatcgacatccatgtcatcateccgtatgaaggtetgageggegatrcagatgggecagategaaaaaatt
tttaaggtggtgtaccetgiggatgatecatecactitaaggtgattotgractatggeacactggtaatecgacggggtt
acgccgaacatgatocgactattteggacggecgtatygaaggeatcgecgtgttecgacggecaaaaagatecactgtaaco
gggaccctgtggaacggeaacaaaatrtatcgacgagogectgatcaaceecgacgygctecectgetgtteogegtaace
atcaacggagtgaccggctagcggotgtgecgagegeattetggoeg

SEQ ID NHQ:340 {K33N+L27V+K43R+YGED)
MVETLEDFVGEDWRQTAGYNLDOVLEQGGVSSLFONLGYSVIPIQRIVLSGENGLKIDIHVI TPYEGLSGDOMGOQTEKT
FEVVYBVDDHAFKVILHEYGTLYIDGVTPNMIDYFGRPYEGIAVEDGKKI TVTGTLWNGNKI IDERLINFDGSLLYRVT
INGVTGWRLCERILA

SEQ ID NO:2341 (KA3N+ L27V+T39T+K4IIAR+566N)
Atggtgtttacactcgaagatttegtaggggactggoggragacagocggctacaacoctggaccaagtecttgageayg
ggcgotgtgtccagtttgtttcagaateteggggtgtecgtaactecgatccaaaggattgtectgagoegygtgaaaac
gycctgaagatcgacatocratgtocatecatcocgtatgaaggtctgaacggectatcagatgggocagatogaaaaaatt
tttaaggrggtgtaccctgtggatgatcatcactttaagytgattotgeactatggocacaciggtaategacgggygtt
acgecgaacatgategactattteoggacggecgtatgaaggeatcgecgtgttegacggcaaaaagatcactgtaace
gggaccotgtggaacggeaacaaaattatcgacgagogectgatcaaceccegacggetoccetgeotgrtcegegtaacc
atcaacggagtgaccggctggegyctgtgogagogeattttggeg

SEQ ID NQO:342 (K33N+ LZ2T7TV+T39T+K43R+56E6N)
MVEFTLEDFVGDWROTAGYNLDOVLEOGGVSSLEFONLGVSVTPIQRIVLSGENGLKIDIHVIIPYEGLNGYQMGOIEKI

FEKVVYPYDDHEFEVILHYGTLVYIDGVT PNMIDYFGRPYEGIAVEDGKKI TVTGTLWNGNKI [ DERL INFPBGSLLIRVT
INGVTIGWRLCERILA

SEQ ID WO:343 (pCA 31 pCA L27VD2A 45-169 FRE)
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atggtcctgagoggtgaaaatgggctgaagatogacatecatgtcatecatecogtatgaaggtetgagoggegaceaa
atgggcecagatcgaaaaaatttttaaggrggtgtaccctgtggatgatcatcactttaaggtgatecctgoactatgge
acactggtaatcgacgoggttacgecgaacatgategactattticggacggecgtatgaaggeatecgecgtgttegac
ggcaaaaagatcacigtaacagggacociglggaacggraacaaaattategacgagegectgatcaaccecgacgge
tcoctgotgttoogagtaaccatcaacggagtgaceggctggeggetgtgogaacgeattetggegygagaggaggigge
tcaggtggagggagetecgtgaccatecerctggecatgagatgtggecatgaaggectggaagaggeatetegritgtac
tttggggaaaggaacgtgaaaggcatgtibgaggtactggagoecttgratgetatgatggaacqggggeccocagact
ctgaaggaaacatcctttaatcaggectatggtegagatttaatggaggeccaagagtggtgecaggaagtacatgaaa
teagggaatgtcaaggacctcacccaagectgggacoctetattateargtgttecgasgaatetea

SEQ ID NO:344 {pCA 31 pCa L27V0ZA 45-169% FRB)
MVLSGENGLKIDIHVIIPYEGLSGDOMGOIEKIFKVVYPYDDHHFKYILHYGTLVIDGYTPNMIDYFGRPYEGIAVED
GKKITVIGTLWNGNKIIDERLINPDGSLLFRVTINGVTGWRLCERILAGGGGSGGGEEVALLWHEMWHEGLEEASRLY
FGERNVEGMFEVLEPLHAMMERGFOTLRETSFNQARYGRDLMEAQEWCRKYMKSGNVKDL TOAWDLY YHVERRIS

SEQ ID NO:345 (pCA 32 FKBP L27V02A 1-44)
atgggagtgcayggtggasaccatctococcaggagacgggegeaccttcoceccaagegeggecagacctgegtggtgeac
tacaccgggatgottgaagatggaaagaaatttgattectococgggacagaaacaagcoctttaagtttatgotagge
aagcaggaggtgatecgaggotgggaagaaggggttgoccagatgagtatgggtcagagagecaaactgactatater
ccagattatgocctakggtgecactgggeacceaggeateateccaccacatgecactotegtecttocgatgtggagett
craaaactdgadggaggagggageteogygiggaggeagoggratggictiticacactcgaagatrtogttggggactgg
cgacagacagccggctacaacctggacocaagtecttgaacagggaggtgtgtecagtitgtttcagaateteggggtyg
teogtaactocgatocaaaggatt

SEQ ID NO:346 (pCA 32 FEKBP L27TV02A 1-44)

MGVOVET ISPGDGRTFPKRGQTCVYHY TGMLEDGKKFDSSRDRNKPFKEFMLGKOEVI RGWEEGVAQMEBVGQRAKLTIS
PDYAYGATGHPGIIPPHATLVFDVELLKLEGGGSSGGGSGMVFTLEDFVGEWRCTAGYNL DOVLEQGGVS SLEONLGY
SVIPIQRI

SEQ ID NO:347 {pCA 33 pCA L27VD2A 46-169 FRB)
atgctgageggtgaaaatgggotgaagatecgacatcocatigteatecateceogtatgaaggtectgageggogaccaaatyg
ggccagatogaadaaattettaaggtggtgtacectgtiggatgatcatcactttaaggtgatectgeactatggeaca
ctggtaatcgacggggttacgeoccgaacatgategactatttoggacggeoogtatgaaggeategeeogigttogacgge
aagaagatcacigtaacagggaccctgtggaacggcaacaaaattatcgacgagegoctgatcaaccoccgacggetcece
ctgetgttecgagtaaccatcaacggagtgaccggetggoggetgtgegaacgeattectggegggaggaggtggetca
ggtggagggagctcogtggooatcctoctggeatgagatgtggeatgaagycoctggaagaggoatctegtttgtacttt
ggggaaaggaacgtgaaaggcatgtitgaggtgetggagoecttgeatgetatgatggaacggggeccceagactotg
aaggaaacatcctitaatcaggectatggrcgagatttaatggaggooecaagagtggtgcaggaagtacatgaaatea
gggaatgtcaaggacctcacacaagectgggacotctattatcatgtgttoccgacgaatctca

SEQ ID NO:348 (pCA 33 pCA L27VO2A 46-169 FRB}

MLSGENGLEKIDIHYI TRFYEGLSGDOMGQIEKIFKVVY PYVDDHHEKV T LHYGTLYIDGVTPNMIDYFGRPYEGIAVEDG
KKITVTGTLANGNKI IDERLINPRGSLLFRVTINGVTGWRLCERILAGGGESGGGSSVRILWHEMWEEGLEEASRLYF
GERNVEGMFEVLEPLHAMMERGPQTLKETS FNOAYGRDLMEAQERCREYMESGNVKDLTOQRWDLYYEVFRRIS

SEQ ID NO:349 (pCA 34 pCA FEKBP 1-45 L27V02A)
atgggagtgraggtggaaaccatctecoraggagacgggogecaccttceccaagegeggecagacctgogtggtgeac
tacaccgggatgctrgaagatggaaagaasttitgaticotocegggacagaaacaagoogtttaagtttatgotaggs
aagraggaggtgatoocgaggectgggaagaaggggttgoeccagatgagtgtgggtecagagagccaaactgactatatet
ccagattatgootatggtgocactgggcacoecaggeatcatcoccaccacatgoractetegtcttegatgtgogagertt
ctaasaaciggaaggaggagggagetocggtggaggeagogytatggboettcacactogaagatttogttggygacigy
cgacagacagecggetacaacctggacecaagtecttgaacagggaggtgtgtecagritgtttcagaateteggggty
teccgtaactoccgatccaaaggattgre

SEQ ID WO:350 (pCA 34 pCA FKBP 1-45 L27V02A)

MGVOVETI SPGRGRTEFPKRGQTCYVVHYTGMLEDGEKKF DS SRDRNKFFKFMLGKQEV TRCWEEGVAQMSVGORAKLTIS
PDYAYGATGHPGIIPPHATLVEIVELLKLEGGGESSGGGEGMVEFTLEDEVGDWROTAGYNLDOVLEQGGVSSLEONLGY
SYTPIQRIV

S5FEQ ID NO:351 (pCA 35 pCA L27v02A 100-169 FRB)

alggacggggttacgecgaacatgatcgactattteggacggecgtatgaaggeategecgtygttcgacggcaaaaay
atcactgtaacagggacectghggaacggcaacaaaattatogacgagogoctgatcaacocoogacggotococtgotg
ttecgagtaaccatcaacggagtgacecggctggeggctgtgegaacgeartetggegggaggaggtggetcaggtgga
gggagcteegtggecatectoctggeatgagatgtggeatgaaggect ggaagaggeatcteogtttgtacttbggggaa
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aggaacgtgaaaggcatgtttgaggtgctggagcccttgcatqctatgatggaacggggcccccagactctgaaggaa
acatcotttaatcaggectatggtegagatttaatggaggeccaagagtggtgraggaagtacatgaaatcagggaat
gtcaaggacctcacccaagoetgggacctoctattatcatgtgticcgacgaatotea

SEQ ID NO:352 (pCA 35 pCA L27V02A 100-16% FRB)
MDGVTPNMIDYFGRPYEGIAVEDGKKITVTGTLWNGNKIIDERLINPDGSLLFRVTINGVTGWRLCERILAGGGGSGG
G55VAILWHEMWHEGLEEASRLYFGERNVKGMFEVLEPLHAMME RGFQTLKET SFNQAYGRDILMEAQEWCREYMKSGN
VKDLTQAWDLYYHVFRRIS

SEQ ID H0:353 (pCA 36 FKBP LZ7V02ZA 1-99}
Tggyagtgcaggtggaaaccatetocoecaggagacggygeocaccttcocccaagegeggecagacetgogtggtgeac
tacaccgggatgecttgaagatggaaagadatttgattooctoccocgggacagaaacaagoecctttaagittatgetagge
aaqraggaggtgatccgaggotgggaagaaggggttgcccagatgagtgtgggtcagagagecaaactgactatatet
ccagattatgecotatgutgccactyggeacceaggeatcatcocaccacatgecactectegtettcgatgtggagott
ctaasactggaaggaggagggagcetoceggtggagycageggtatggtocttocacactegaagatbtcgtigggygactygy
cgacagacagccggetacaacctggaccaagicoctigaacagggaggigtgtecagtttgtttoagaatetogggyty
tcogtaactececgatocasaggattgtoctgagogatgasaatgggetgaagategacatecatgtcatcatecocogtat
gaaggtetgagcggogaccaaatgggocagategaaaaaattittaaggtggtgtaccctgtggatgatcatcacttt
aaggtgatcetgecactatggeacactggtaate

SEQ ID NO:354 (pCA 36 FEBP L27V02ZA 1-59)

MGVOYETT SPGDGRTEFPKRGUTCVVHYTGMLE DGKKFDSSRORNKPFEFMLGEQEVIRGWEEGVAOMSVGORAKLTIS
PLYAYGATGHFGITPPHATLVEDVELLKLEGGGSSGGEEGMVE T LEDFVGDWROTAGYNLDQVLEQGGVSSLEDNLGY
SVTPIQRIVLSGENGLKIDIHVIIPYEGLIGDOMGOIEKIFKVVYPVDDHHFKYILHYGTLVI

SEQ ID NHO:355 (pCA 37 L27v02A 101-169 FRB)
atgygggyttacgoocgaacatgatcgactattteggacggeecgtatgaaggecatcgoogtgttocgacggcaaaaagatc
actgtaacagggacccigtggaacggcaacaaaattatcgacgacrgectgatcaacoecgacggetecctgelglle
cgagtaaccatcaacggagtgaceggetggoggetgtgogaacgeattotggegggaggaggtggctcaggtggagay
agctccocgtggecateetetggeatgagatgtggeatgaaggectggaagaggeatoctogtttgtactttggggaaagg
aacgtgaaaggcatgtttgaggtgctggagccettygcatgetatgatggaacggggecceccagactctgaaggaaaca
teetttadftcagyectatggtcgagatttaatggaggeccaagagtiggtgcaggaagtacatgaaatecagggaatgte
aaggaccicacccaagodstgggacctoctattatcatgtgticcgacgaarctca

SEQ ID NO:356 (pCA 37 L27v02A 101-16% FRE)
MGVTPNMIDYFGRPYEGIAVFDGKKITVIGTLWNGNKL IDERLINPDGSLLEFRVTINGYTGWRLOCERTI LAGGGGSGGE
SSVAILWHEMWHEGLEEASRLYFGERNVKGMFEVLE PLHAMMERGPQTLKETSFNOAYGRDLMEAQEWCRKYMKSGNY
KOLTOAWDLYYHVFRRIS

SEQ ID NO:357 (pCA 38 FEBP 1-100 L27VD2A)
Atgggagtgraggtggaaaccatctooocaggagacgggogeacctticoocaagogoggecagaccigecgtggtgeac
tacaccgggatgeottgaagatggaaagaaatttgarttectoccecgggacagaaacaagecctttaagtittatgetagge
aagcaggaggtgatccgaggotgggaagaaggggtigeccagatgagtgtgggtcagagagecaaactgactatatet
ccagattatgccoctatggtgcocactgggeoacceaggeatcatcocaccacatgocactoctegtettegatgtggagett
ctaaaactggaaggaggagggagectococggiggaggeageggtatggtettcacactogaagatttecgttggagactygg
cgacagacagocggctacaacetggaccaagtocttgaacagggaggrgtgtocagtttgtttcagaatoctoggggtg
tccgtaactcocgatccaaaggattgtocctgageggtgaaaatgggectgaagatcgacateccatgtcatcatecogtat
gaaggtctgagcggegaccaaatgggocagatcgaaaaaatttttaaggtggtgtaccotgtggatgatecatcacttt
aaggtgatcotgeactatggcacactggtaataegac

SEQ ID NO:358 {(pCA 38 FKBP 1-100 L27VO2ZA)
MGVQVETISPGDGRTEFPKRGOTCVVHY TGMLEDGKKF DS SRIRNKPFKFMLGKOEVIRGWEEGVAQMSVGORAKLTIS
POYAYGATGHPGI I PPHATLVEDVELLKLEGGGSSGGESGMVETLEDFVGINRGTAGYNLDOVLEQGGVS SLFONLGY
SVTPIQRIVLSGENGLKIDIHVIIPYEGLSGDOMGQIEKIFKVVY PVDDHHFEVILHYGTLVID

SEQ ID NO:359 (pCA 39 LZ7V02A 102-169 FRB)
Atggttacgoccgaacatgatcgactattteggacggecgtatgaaggecategqeegigitcgacggraaaaagatcact
ghaacagggaccctgtggaacyggeaacaasattategacgagogoctgatcaaccoogacggotoccigotgtioccga
gtaaccatcaacggagtgacoggctggoggotgtgegaacgeattctggogggaggaggtggetcaggtggagggage
tccgtggecatecteotggratgagatgtggeatgaaggectggaagaggeatctegttigtacttiggggaaaggaac
gtgaaaggcatgtttgaggtgctggagoccttgqoatgetatgatggaacggggococcagactetgaaggsaacatoo
tttaatcaggcctaiggtegagatttaatggaggeccaagagtggtgeaggaagtacatgaaatcagggaatgteaag
gacctcacccaagectgggacctetattatcatgtgitecgacgaatctea
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SEQ ID MO:360 {(pCA 39 L27V02A 102-165 FRB)
MVTPNMIDYFGRPYEGIAVFDGKKI TVTIGTLWNGNKI IDERLINPDGSLLFRVTINGVTGWRLCERILAGGGGSGGGS
SVAILWYEMWHEGLEEASRLY FGERNVKGMFEVLE PLHAMME RGPOTLKET SFNQAYGRDLMEEQEWCREKYMKSGNVK
DLTQAWDLYYHVFRRIS

SEQ ID NWO:361 (pCA 40 FKBP L27V02A 1-101}
atgggagtgcaggtggaaaccatctccccaggagacgyggegeacctteececaagegeoggecagacctgegtggtgeac
tacaccgggatgottgaagatggazagaaatligattcecteocogggacagaaacaagooctttaagtttatgetagge
aagcaggaggtgatccgaggetgggaagaaggggttgeccagatgagtgrgggtcagagageccaaactgactatatet
cecagattatgectatggrgecactgggoacceaggoatcatcoccaceacatgocactectegtocttegatgtggagett
ctaaaactggaaggayggagggagetcoccggtggaggeageggtatggteticacactegaagatttegttggggactygy
cgacagacagccggctacaacctggaccaagtecttgaacagggaggltetgtccagtitgtttcagaateteggggty
tccgraactecgatccasaggattgtectgageoggtgaaaatgggctgangatcgacateccatgtcatcatcoogat
gaaggtctgageggogaccaaatgggocagatcgaaaasatttttaaggtggtgtacectgiggatgatcatcacttt
aaggrtgatceotgoactatggoacactggtaatogacgygy

SEQ ID NO:362 (pCA 40 FKBPF L27V02A 1-101)
MGVOVETISPGDGRTFPKRGOTCVVHY TGMLEDGKKFDSSRORNK PFKFMLGKOEVIRGWEEGVAQMSVGORAKTLTIS
FDYAYGATGHPGIIPPHATLVFOVELLKLEGGGESGGGSGMVEFTLEDFVGDWRQTAGYNLDOVLEQGGVSSLFONLGY
SVTPIQRIVLSGENGLKIDIHVIIPYEGLSGOOMGOIEKIFKVVYPVODHHFEKVILHYGTLVIDG

SEQ ID NWO:363 {pCA 41 L2Z7V02A 143-16% FRB)
atgatcaacccogacggeoteccotgotgttocgagtaancatcaacggagtgaccggetggeggetgtgogaacqgeatt
ctggcuggaggaggtyggctecaggtyggagggagectecgtggecatoctectggratgagatgtggeatgaaggoetggaa
dJaggoatcrogtttgtactttggggaaagyaacgtgaaaggeatgtttgaggtgctggageocttgeatgotatgaty
daacggggococroagactotgaaggaaacatectttaatcaggoctatggtcgagatttaatggaggecccaagagtgy
tgcaggaagtacatgaaatcagggaatgtcaaggacctcacccaagoctgggacctctattatcatgtgttoccgacga
atctca

SEQ ID NO:364 (pCA 41 L27V0O2A 143-169 FRB)
MINPDGSLLERVTINGVTGWRLCERI LAGGGGSGEGSSYAI LWHEMWHEGLEEASRLY FGERNVKGM PEVLE PLHAMM
ERGEQTLKETSFNORYGRDLMEAQEWCRKYMKSGNVKDLTQARDLY YHVFRRIS

SEQ ID NO:36% (pCA 42 FKBP 1-142 L27V02A)
atgggagigraggiggaaaccatctooccocaggagacgggogeacetiiecoccasgegugygucagacctgeogtggtgeac
tacaccgggatgcttgaagatggaaagaaatttgattoctoccoggygacagaaacaagocctitaagtttatgetagge
aagcaggaggtgatcogaggetgggaagaaggggottgecoccagatgagtgtgggtcagagagecaaactgactatatet
ccagattatgectatggtgocactgggcacccaggeakcatcccaccacatgocactectogtcttcgatgtggagott
ctadaactggaaggaggagggagotooggiggaggoagoggtatgygtctbtcacactocgaagat ttegt tggagactgyg
cgacagacagccggctacaacctggaccaagtocttgaacagggaggtgtgteccagtttgtttcagaateteggggtyg
tocegtaactocgatccaaaggattgbtactgageggtgaaaatgggctgaagarcgacarccatgtcatcatoccgtat
gaaggtctgagcggecgaccaaatgggocagatcgaaaaaatttttaaygtggtgtacectgtggatgatcatcacttt
aaggtgatcctgeactatggeacactggtaategacggggttacgecgaacatgatocgactattteggacggeegtat
gaaggcatcgecgtgttegacggcaaaaagatcactgtaacagggacecetgtggaacggeaacaaaattatcgacgag
cgcctg

SEQ ID NO:366 (pla 42 FKBP 1-142 L27V023)

MGVQVET I SPGDGRTFPKRGOTCYVHYTGMLEDGKKFDSSRDRNKPFKFMLGKOEVIRGWEEGVADMSVGORAKLTIS
PDYAYGATGHPGI IFPHATLVFDVELLKLEGGGSSGGGSCGMVFTLEDEVGDWROTAGYNLDQVLEGGGVSSLEQNLGY
SVYTPIQRIVLSGENGLKIDIHVIIPYEGLSGEOMGQIEKIFKVVYPVDDHHFKVILEYGTLVIDGVTPNMIDYFGRPY
EGTAVFDGEEKITVTGTLWNGNKIIDERL

SEQ ID HO:367 (pCA 43 L27V02h 145-16% FRB)

atgcccgacggetococetgetgttoccgagtaaccatecaacggagtgaceggetggeggotgtgegaacgeattetggeg
ggaggagglggcicaggtggagggagoetcogtggocatoctotggeatgagatgtageatgaagycctggaagaggea
tctegtttgtactitggggaaaggaacgtgaaaggeatgtttgaggtgetggageccttgecatgetatgatggaacgg
ggccoccagactetganggaaacatectitaatcaggooctatggiegagatttaatggaggeccaagagtggtgeagy
ecagtacatgaaatcagggaatgtcaaggacctcaceccaagectgggacctctattatcatgtgttccgacgaatetea

SEQ ID NO:368 (pCA 43 L27VD2A 145-169 FRB)

MPDGSLLFRVTINGYTGWRLCERILAGGGGSGGGESSYA L LWHEMWHEGLEEASRLYFGERNVKGMFEVLEPLHAMMER
GPQTLKETSFNQAYGRDLMEAQEWCRKYMKSGNVEDLTQARDLYYHVEFRRIS
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SEQ ID NO:369 (pCh 44 FKBP 1-144 L27V02A)
atgggagtgcaggtggaaaccatctccccaggagacgggcgcaccttccccaacheggccagacctgcgtggtgcac
tacaccgggatgottyaagatggaaagaaattigattectococgggacagaaacaageocctitaagtitatgetagge
aagcaggaggtgatcegaggetgggaagaaggggttgeccagatgagtgtigggtcagagagecaaactgactatatet
ccagattatgectatgghgocactgggeacceaggeatecateccaccacatgecacteotegtcttegatatggagett
ctaaaactggaaggaggagggagctocgatygaggcageggtatggtcttecacactcgaagatticgrtggggactgg
cgacagacagcecggctacaacctggaccaagtecttgaacagggaggtgtglocagtitgtttcagaatctoggyggtyg
tcocgtaactocgatccaaaggattgtectgagoggtgasaatgggetgaagategacatecatgteatcatcoogtat
gaaggtctgygagcggegaccaaatgggocagatogaaaaaatttitaaggtggtgtacectgtggatgatcatcacttt
aaggtgatcectgeactatggcacactaggtaatcgacggggttacgoegaacatgatcgactatttcggacggecgtat
gaaggcatcgecgtgttogacggcaaaaagatcactgtaacagggaccctgtggaacggcaacaaaattatcgacgag
cgcoctgatcaac

SEQ ID NO:37{ {pCA 44 FKBF 1-144 L27V02A)
MGVQVETISPCDGRTFPKRGOTCVVHYTGMLE DGKKFDSSRDRNK PFKEMLGKQEVI RGWEEGVAQMSVGORAKLTIS
PDYAYGATGHPGIIPPHATLVEDVELLKLEGGGSSGGGSGMVFTLEDFVGDWROTAGY NLDQVLEQGGVSSLEQNLGY
SYTPIQRIVLSGENGLKIDIHVIIPYEGLSGDOMGQIEKI FKVVY PVDDHHFKVILHYGTLVIDGVTPHMIDY FGRPY
EGIAVEFDGKKITVTGTLWNGNKIIDERLIN ’

SEQ ID NO:371 (pChA 45 L27V02A 147-16% FRB)
atgggctccctgetgttocogagtaaccatoaacggagtgaceggotggeggotgtgegaacgeattctggcgggagga
ggtggctcaggtggagggagekcegtggeccatectoctggcatgagatgtggecatgaaggectggaagaggeatotogt
ttgtactttggggaaaggaacgtgaaaggcatgtitgaggtgetggageocctitgeatgetatgatggaacggggecea
cagactctgaaggaaacatcctttaatcaggoectatggtecgagatttaatggaggoccaagagtggtgecaggaagtac
atgaaatcagggaatgtcaaggacctcacecaagectgggacctetartatecatgtgttcegacgaatctea

SEQ ID NO:372 (pCA 45 L27TV02A 147-169 FRB)
MESLLFRYTINGY TGWRLCERILAGGGGEGGGSSVALLWHEMWHEGLEEASRLY FCERNVKGMFEVLEPLHAMMERGE
QTLKETSFNQAYGRDLMEAQEWCRKYMKSGNVEDLTOAWDLYYHVFRRIS

SEQ ID NWO:373 (pCA 46 FKBP- L27V02A 1-146}
atgggagtgcaggtggasaccatctccoccagygagacgggegeacct tococcaagcgeggecagacct gogtggtgoac
tacaccgggatgottgaagatggaaagaaattitgattocctecccgggacagaaacaagecactttaagtttatgectagge
aagcaggaggtgatccgaggeotgggaagaaggggttgoccagatgagtgtgggtcagagagecaaactgactatatet
ccagattatgoctatggtgocactgyggeacocaggeoatecatoccaccacatgacactctegtottegatgtggagctt
ctaaaactggaaggaggagggagctoccggtyggaggecagcggtatggtottcacactecgaagatttocgttggggactgy
cgacagacagcocggctacaacetggaccaagtecttgaacagggaqgrgigtccagtitgtttcagaatcteggggrg
tcocgtaactocgatecaaaggattgtcctgageggqtgasaatgggotgaagatcgacatccatgtcatcatecacgratr
gaaggtctgagoggegaccaaatgggococagatcgaaaaaattittaaqggtggtgtacoctgtgoatgatocatcactitt
aaggtgatcctgecactatggeacactggtaatcgacggggttacgecgaacatgatcgactattteggacggeogiat
gaaggcatogecgtgitcgacggoaaaaagatcactgtaacagggacectgtggaacggcaacaaaattategacgag
cgcctgatcaaccocgac

SEQ ID NO:374 (pCA 46 L27VO2A-FKEP 1-146)

MGEYOVET ISPGDGRTFPKRGOTCVVHY TGMLEDGKKEDS SRDRNKI FRFMLGKUEVIRGWEEGVAQMSVGORAKLTIS
PDYAYGATGHPGIIPPHATLVFDVELLKLEGGGSSGEGIGMY FTLEDPFVGDNRQTAGYNLDOVLEQGGEVSSLEFONLGY
SVIPIQRIVLSGENGLKIDIHAVIIPYEGLSGDOMGQIEKIFKVVY PVDDRHFEVILHYGTLVIDGYVTPNMIDY FGRPY
EGIAVFDGKKITVTGTLWNGHKI IDERLINPD

SEQ ID NO:375 (pCA 47 L27v02A 14B8-169% FRB)
atgtcccoctgotgttcegagtaaccatcaacggagigaccggctggoggeigtgegaacgeatictggegggaggaggt
ggctcaggtggagggagetoegtggocatectetggeatgagatgtggratgaaggectggaagaggeatetegtttg
tactttggggazaaggaacgtgaaaggcatgtttgaggtgoctyggagocotigecatgotatgatggaacggggeccoeayg
actctgaaggaaacatcctttaatcaggectatggtogagatttaatggaggcccaagagtggrgcaggaagtacatyg
aaatcagggdaatgtcdaggacctcacccaagectgggacctctattatcatgtgttcegacgaatetea

SEQ ID NO:376 (pCA 47 L27V02h 148-169 FRB)
MSLLERVTINGYTGWRLCERILAGGGGSGCGSSYAILWHEMWHEGLEEASRLY FGERNVKCMFEVLEPLHAMMERGPD
TLKETSENQAYGRUDLMEAQEWCREYMKSGNVKOLTOAWDLYYHVFRRIS

SEQ ID NG:377 (pChA 48 FKBP- L27V02A 1-147)}

atgggagtgcaggtggaaaccatctcceccaggagacgggegeacetrtccccaagegeggecagacetgogtggtgeac
tacaccgggatgettgaagatggaaagaaatttgattoctocogggacagaaacaagecetttaagtttatgetagge
aagcaggaggtgatecgaggetgggaagaaggggttgoccagatgagtgtgggtcagagagecaaactygactatatcet

215



tcagattatgoctatggtgecactgggeacceaggeatecateccaccacatgocactetegtettegatgtggagett
ctaaaactggaaggaggagggagetecggtggaggoageggtatggtetteacactegaagatitogttggggactag
cqacagacagccgqctacaacctggaccaagtccttgaacagggaggtgtgtccagtttgtttcagaatctcggggtg
tccgtaactcogatocaaaggattgtoctgagoggtgaaaatgggotgaagategacatecatgteatcatecograt
gaagqtctgageggogaccaaatgggcecagatcgaaaaaatitttaaggtggtgtacecotglggatgatcatcacrtt
aaggtgatcctgecactatggcacactggtaatcgacggggttacgeecgaacatgatcgactattteggacggeograt
gasggcatcgecogtgttcgacgoraaaaagatcactgtaacagygaccctgtggaacygeaacaaaattatcgacgag
cgococtgatcaacoccgacgge v

SEQ ID NO:378 (pCA 48 FEBP- L27v02h 1-147)
MGVRVETISPCDGRTFEKRGOTCVVHY TCHMLEDGKKFDS SRDRNKPFKFMLCKOEVIRGWEEGVAQMSVGORAKLTIS
PDYAYGATGHPGI IPPHATLVFDVELLKLEGGGSSGGGSGMVETLEDFVGDWROTAGY NLDQVLEQCGVSSLFONLGY
SVTPIORIVLSGENGLKIDIHVIIPYEGLSGDOMGOIEKIFKVVYPVDDHHFKVILHYGTLVIDGVTPNMIDYFGRPY
EGIAVFDGKKITVTGTLWNGNKIIDERLINPDG

SEQ ID NO:379 (pCA 4% L27V02A 156-169% FRB)
atgaacggagtgaccggectggcggetgtgogaacgeattctggogggaggaggtggotcaggiggagggagetocegtg
gecatoctotogeatgagatgtggecatgaaggeectggaagaggeatctocgtttgractttggggaaaggaacqgtgaaa
ggcatgtttgaggtgoctgyagecctigraigetatgatgygaacggyggcecocagactoctgaaggaaacatoctttaat
caggeoectatggtogagatttaatggaggcecccaagagtgatgcaggaagtacatgaaatcagggaatgtcaaggaccto
acccaagoectgggacetetattatcatgtghtocgacgastetea

SEQ ID NO:380 (pCA 4% L27V02A 156-16€9 ?RB}
MNGVTGWRLCERILAGGGGSGGGSSVAILWHEMWHEGLEEASRLY FGERNVKCGMFEVLEPLAAMMERGPOTLKETSEN
QAYGRDLMEAQEWCRKYMKSGNVKDLTRAWDLYYHVFRRIS

SEQ ID NO: 381 (pCA 50 FKBP-L27VQ2A 1-155)
atgggagtgcaggtggaaaccatctecoraggagacgggogeaccticeceaagegeggaecagacctgaegtggtgeac
tacaccgggatgcettgaagatggaaagaaatttgattectococyggacagaaacaagecctttaagtitatgetagge
aagcaggaggtgatcococgaggotbgggaagaaggggttgooccagatgagtgtgggtocagagagecaaactgactatatot
ceagattatgectatggrgecactgggeacecaggcatcateccaccacatgecactetegtettegatgtggagett
ctamaactggaaggaggagggagrtooggtggaggeagegat atggtcttracactogaagat ttogttggggactgg
cgacagacagocggotacaacctggaccaagtocctitgaacaggyegetgtgtcocagitigtttcagaatctoggggtg
tcegtaactecgatccanaggattgtectgageggtgaaaatgggetgaagatrcgacatocatgteatcatecegtat
gaaggtictgagoggegaccaaatgggccagatcgaaaaaattittaaggtggrgtacectgtguatgatocatcacttt
aaggtgatccotgcactatgygcacactgygtaategacggggttacgocgaacatgatcgactatttecggacygeegtat
gaaggcatcgecgtattcgacggcaaaaagatcactgtaacagggacectgiggaacggeaacaaaattatcgacgag
cgocctgatcaaccocgacggetcoctgotgtticcgagtaacoate

SEQ ID NO:382 (pCA 50 FKBP-L27V02A 1-1%55)
MGYQVET I SPGUGRTFPKRGQTCVVHYTGMLEDGKKFDS SRORNKEPFKFMLGKOEV TRGWEECVAQMSVGQRAKLT IS
PDYARYGATGHPGIIPFHATLVEFDVELLKLEGGGS SGGGSGMVETLEDEVGDWROTAGYNLDQVLEQGGVSSLEONLGY
SVTPIQRIVLSGENGLKIDIHRVIIPYEGLSGDOMGOIEKI FRVVYPVDDHHFKVILHYGTLYIDGVTPNMIDYFGRPY
EGIAVEDGKKITYTGTLWNGNKIIDERLINPPGSLLFRVTI

S3EQ ID NO:383 (pCA 51 L27V023a 158-16% FRB)
atggigaccggctggogactgtgcgaacgeattctggegggaggaggtggotcaggtggagggagetecogtggccate
ctetrggeatgagatgtggeatgaaggecctggaagaggeatoctegtttgractttggggaaaggaacgtgaaaggeatyg
tttgaggtgotggagecctigoatgotatgatggaacggggooccoccagactetgaaggaaacatcetttaatcaggee
tatggtcgagatilaatggaggcocaagagtggigeaggaagtacatgaaatcagggaatgtcaaggacetcacccas
gectgggacctetattatcatgtgitecgacgaatctca

3EC ID NO:384 (pCA 51 L27V023 1589-169 FRB}
MYTGWRLCERI LAGGGGSGGGSSVAI LWHEMWHEGLEEASRLY FGERNVEGMFEVLEPLHAMMERGPOTLKET S FNQA
YGRDLMEAQEWCRKYMKSCGNYYXDLTQAWDLYYHVERRIS

SEQ ID MO:385 {pCA 52 FKBP 1-157 L27V023a)

atgggagtgcaggtggaaaccatoctoccoaggagacgggcgoaccttcoccaagegeggeragacetgegtagtgeac
tacaccgggatgottgaagatggaaagaaatttgattootcocgggacagaaacaageectttaagitiatgetagge
aagcaggaggtgatccgaggetygggaagaagggygttgeccagatgagtgtgggtcagagagccaaactgactatatct
cragattatgoctatggtgocacigggoacocagyeatecateccaccacatgecactctegtettogatgliugagett
ctaaaactggaaggaggagggagetocggtggaggcagoggtatggtcttcacactcgaagatttegttyggygactgg
cgacagacageeggcetacaacctggaccaagtecttgaacagggaggtgtgiocagtttgtttecagaatetoggggty
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tccgtaactcecgateocaaaggattgtecctgageoggtgaaaatggootgaagategacatecatgtcatcateeogat
gaaggtctgagcggogaccaaatgggocagatogaaaasatitttaaggtggtgtacectgtggatgatcatcacttt
aaggtgatcctgeactatggeacactggtaategacggggtiacgocgaacatgatcgactatttcggacggoogtat
gaagqgeatcgocgtgttogacyggecaaasagatcactgtaacagggacectgtggaacggcaacaaaattategacygayg
cgcctgatcaaccececgacggcteecectgotgttocgagtaaccatecaacgga

SEQ ID KO:386 (pCA 52 FKBP 1-157 L27vV02a)

MGVOVETISPGDGRTFPKRGOTCVVHY TGMLEDGKKFDSSRDRNKPFKFMLGKOEV IRGWEEGVAQMSVGORAKLTIS
PDYAYGATGHPGITFPHATLVFDVELLKLEGGGS5SGGGSGMVFTLEDFVGDWROTAGYNLDOVLEQGGVSSLEONLGY
SVTPIQRIVLSGENGLKIDIHVIIPYEGLSGDOMGQTEXTFKVVYPVDDHHFEVILHYGTLYVIDGVTPNMIDYFGRPY
EGIAVFDGKKITVTGTLWNGNKIIDERLINPDGSLLFRVTING

SEQ ID NO:387 {(pCA 53 L27V02A 166-169 FRB)
atgeogcattoctggogggaggaggtggectcaggtiggagggagetecgtggocatecetetggeatgagatgtggeatgaa
ggcctggaagaggcatctogtttgtactttggygaaaggaacgtgaaaggeatgtttgaggtgoctggageoettgeat
gctatgatggaacggggoccecagactcigaaggadacatectttaatcaggectatggtcgagatttaatggaggec
caagagtggtgcaggaagtacatgaaatcagggaatgtcaaggacetcaccecaagectgggacetetattateatgey
ttocogacgaatctca ,

SEQ ID NO:38B (pCA 53 L27VD2A 166-165 FRB)

MEILAGEGGSCGEESSVAI LWHEMWHE G LEEASRLY FGERNVKGMFEVLE PLEAMMERGPOTLEET S FNOAY GRDLMEA
QEWCRKYMKSGNVKDLTQAWDLYYHVFRRIS

SEQ ID NO:389 (pCA 54 FKBP L27V02A 1-165)
atgggagtgcaggtggaaaccatctcocccaggagacgggegeaccitcoccaagegeggecagacotgegtggtgeac
tacaccgggatgettgaagatggaaagaaatttgattectoccgggacagaaacaageectiitaagttitatgetagge
aagcaggaggtgatccgaggotgggaagaaggggttgoccagatgagtgtgggtcagagagecaaactgactataret
ccagattatgoctatggtgocactgggoacocaggealcatecraccacatgeocadtetegtottocgatgtggagett
ctaaaactggaaggaggagggagctccggtggaggcagcggtatggtcttcacactcgaagafttcgttgqggactgg
cgacagacagccggetacaacctggaccaagtecttgaacagggaggtgtgtecagtitgtttcagaatoteggygtyg
tccgtaactocogatccaaaggattgtoctgageggtgasaatgggetgaagategacatecatgcatecatceogtat
gaaggtetgagcggcgaccaaalgggecagatcgaaaaaatttttaaggtggtgtacectgbggatgatecateacitl
aaggtgatcotgcactatggeacagtggtaatocgacyggggttacgoogaacatgategactatttaeggacggeacgtat
gaaggcatcgoccgtgttegacggcaadaagatcactgtaacagggacectgtggaacggcaacaaaattatcgacgag
cgcctgatcaaceccgacggeteccoctgetgtticogagtaaccatcaacggagtgacocyggetggeggetgtgegaa

SEQ ID RO:390 (pCA 54 FKBP L27V02A 1-165)

MGVOVETI SPGDGRTFPKRGOTCVYVHYTGMLEDGKKFDS SEDRNKPFKFMLGKQEVIRGWEEGVAQMSVGEQRAKLTIS
POYAYGATGHPGIIPPHATLVFDVELLKLEGGGSSGGGSGMVETLEDEVGDWRQTAGY NLDOVLEQGGVS SLEFQNLGY
SVTPIQRIVLSGENGLKIDIHVIIPYBGLSGDOMGO TRKT FKVVY PVDDHHFKVILHYGTLVIDGVTPNMIDY FGREPY
EGIAVFDGKKITVIGTLWNGNKIIDERLINPDGSLLFRVTINGYVTGWRLCE

SEQ ID NO:391 (pCA 55 FKBP L27V02A 1-47)
atgggagtgcaggtggaasaccatcecteoecaggqagacyggogeaccticerccaagegoggocagacctgeogtggtgeac
tacaccygggatgsttgaagatggaaagaaatttgattecloccgyguoacagaaacaagooctitaagtttatgotagge
aagcaggaggtgatceogaggectgggaagaaggggttgeccagatgagtgtgggtecagagagecaaactgactatatee
ccagattatgectatggtgecactgggecacecaggeoatocatoccaccacatrgocactctegtocttecgatgtggagett
ctaaaactggaaggaggagggagotcoggtiggaggcageggltatggtettcacactogaagatttogttggggactgg
cgacagacagcocggcetacaacctggaccaagtecocttgaacagggaggtgtgtecagtttgtttcagaateteggygty
tcegtaactecgatccasaggattgtocetgage

SEQ ID NO:3%2 (pChA 55 FKBP L27VQ2A 1-47)
MGVOVETISPGDGRTEFPKRGOTCVVHY TGMLEDGKEKFDS SRDRNKEFEFMLGKQEVIRGWEEGVAQMSVGQRAKLTIS
PDYAYGATGHPGIIPPHATLVEDVELLKLEGGGSSGGGSGMVEFTLEDFVGDWROTAGYNLDOVLEQGGVS SLFQNLGY
SVTPIQRIVLS

SEQ ID WO:393 (pCA 56 L27V02A 48-169-FRB)

Atgggtgaaasatgggctgaagatcecgacateratgteatcatecocgtatgaaggtctgageggogaccaaatgggecay
atcgasaagattitiraaggtygtgtacecigtggatgatecatcactitaaggtgatcctgecactatggoacactggta
atcgacggggttacgecgaacatgatogactartttcggacggeocgtatgaaggeocatecgeecgtgttogacggeaaaaay
atcactgtaacagggacectgtggaacggeaacaaaattatecgacgagegectgatcaaccecgacggecteocetgety
ttccgagtaaccatcaacggagtgaccggetyggeggetgtgegaacgeattetggegggaggaggtggetcaggtgga
gggagctoogtggecatectetggoatgagatgtgycatgaaggectiggaagaggeatectogtitgtactttggggaa
aggaacgtgaaaggcatgittgaggtgctggagecctigeatgetatgatggaacggggeccoccagacictgaaggaa
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acatcctttaatcaggectatggtogagatttaatggaggeccaagagtyggtgeaggaagtacatgaaatcagggaat
gtcaaggacctecaccrcaagoctgggacctetattatecatgtgticocgacgaatetca

SEQ ID HO:394 (pCA 56 L27V02A 48-169-FRB)

MGENGLKIDIHVI I PYEGLSGDOMGQIEKIFKVVY PVDDHHFKVILHYGTLYIDGYTPNMIDYFGRPYEGIAVEDGEK
ITVTGTLWNGNKIIDERLINPDGSLLFRVTINGVTGWRLCERILAGGGGSGGGSSVAI LWHEMWHEGLEEASRLY FGE
RNVKGMFEVLEPLHAMMERGPOTLKETSFNOAYGRDLMEAQEWCRKYMXSGNVKDLTQAWDLYYHVFRRI S

SEQ ID NO:395 {pCA 57 FKEP L27VQ2A 1-49)

atgggagtgoaggtggaaaccatctccocaggagacgggogeaccticocccaagegeggccagacetgegtygtgeac
tacaccgggatgcttgaagatggaaagaaatttgattcctcccgggacagaaacaagccctttaagtttatgctaggc
aagcaggagqgtgatcogaggctgggaagaaggggt tgcccagatgagtgtgggtcagagagecaaactgactatatct
ccagattatgectatggtoccactgggecaccecaggeatcateccaccacatgecactctegtettogatgiggagett
ctaaaactggaaggaggagggagetecggtggaggeageggratggtctitecacactegaagattteqgttggggactgy
cgacagacagceggctacaacctggaccaagtoattgaacagggaggtgtgtecagttitgiticagaatcteggggtyg
tceogtaactcogatccaaaggattigtactgagogatgaa

SEQ ID WO:396 (pCA 57 FKBP L27V02A 1-49)
MGVQVETISPGDGRTFPKRGOTCVVHY TGMLEBGKKFDSSRDRNK PFKFMLGKQEVIRGREECVAQMEVCORAKLTIS
POYAYGATGHPGII PPHATLVFDVELLKLEGGGSSGGGSGMYVFTLEDFVGENRQTAGYNLDQVLEQGGVSSLFONLGY
SVTPIQRIVLSGE

SEQ ID HO:397 (pCA 58 pCA L27V02A 50-16% FRB)
atgaatgggctgaagatcgacaltecatgleatcalcocgtatgaaggtctgagoeggegaccaaatgggygccagategaa
aaaattrttaaggtggtgtaccctgtggatgatcatcactttaaggtgatectgecactatggeacactggtaategac
gaggttacgoccegaacatgatcgactatrtteggacggeecgtatgaaggeategoogtgttecgacggcaaaaagatecact
gtaacagggaccctgbggaacgygcaacaaaatialcgacgagegectgatcaacecegacggetecctgctgtteega
gtaaccatcaacggagtgaccggetggoggetgtgogaacgeattciggogggaggaggiggectcaggtggagggago
tcegtggecatectetggratgagatgtggecatgaaggectggaagaggeatctegtttgtacrttggggaaaggaac
gtgaaaggcatgtttgaggtgotggagoecttgeatgetatgatggaacygggeeccccagactetgaaggaaacatoe
tttaatcaggcctatggtecgagatttaatggaggoccaagagtggtgcaggaagtacatgaaatcagyggaatglcaay
gacctcacoccaagoctgggacctetatiatcatgtgttocgacgaatetea

SEQ ID RO:388 (pCA 58 pCh LZ27TVO2A 50-169 FRB}

MMGLKIDIHV ] TPYEGLSGDQMGQ IEKI FKVVY PVDDHHFKYILHYGTLVIDGVTPNMIDY FGRPYEGIAVFDGKKIT
VTGTLWNGNKIIDERLINPDGSLLERVTINGYTGWRLCERILAGGGGSGGGSSVAI LWHEMWHEGLEEASRLYPGERN
VKGMFEVLEPLHAMMERGPOTLKETS FNQAYGRDOLMEAQEWCREYMKSGNVEDLTOAWDLY YHVFRRIS

SEQ ID NC:399 (pCA 59 FKBFP L27V0Q2A 1-82)
atgggagtgcaggtggaaaccatctocccaggagacgggegeaccttocccaagegoggoeragacetgogtggtgeac
tacaccgggatgctigaagatggaaagaaatttgattocctococogggacagaaacaagecctttaagtttatgetagge
aagcaggaggtgatecgaggctgggaagaaggggtrtgoccagatgagtgtgggtcagagagecasactgactatatet
ccagattatgeoctatggtgocactgggracceaggcatcateccaccacatgeocactectogtettegatgtggagett
ctaasaactggaaggaggagggageiecyggtggaggeageggtatgotctbcacactegaagattlegt lggggactgg
cgacagacagecggetacaacctggaccaagtecttgaacagggagygtotgteccagtttgtttcagaatcteggyggty
tccgtaactcogatccalaggattgtecoctgageggtgaaaatgggetgaagategacatccatgtecatcatccogtat
gaaggtctgagcggodaccaaatgggocagatocgaaaaaatttitaagolggtgtacocl

SEQ ID NO:400 (pCA 59 FEBP L27V02A 1-82)

MGVOVETISPGDGRTFPKRGOTCVVHY TGMLEDGKKEDSSRORNKPEKFMLGKQEVIRGWEEGVADMIVGORAKLTIS
PDYAYGATGHPGIIFPHATLVFDVELLKLEGGGSSGGGSGMYFTLEDFVGDWROTAGYNLDOVLEQGEVSSLFQNLGY
SVTPIQRIVLSGENGLKIDIHVIIPYEGLSGDOQMGQIEKRIFRYVYP

SEQ ID NO:401 (pCA 60 LZ7V(02A 83-169-FRB)
atggtggatgatcatcactttaaggtgatcctgcactatggeacactggtaategacgygggttacgecgaacatgate
gactatttcggacggecgtatgaaggecatcgecgigttcgacggcaaaaagatcactgtaacagggaccoctgtggaac
ggcaacaaaattatcgacgaqegectgatcaaccecgacggetcoctgotgttecgagtaaccatecaacggagtgace
ggcbggocggotgigegaacgeattotgycgggaggaggiggecticaggiggagggagotcegtggeratecictggeat
gagatgtggratgaaggcctggaagaggoatetegttigtacitiggggaaaggaacgigaaaggeat gt ttoagyry
ctggagoccettgecatgaotatgatggaacggggocoococagactctgaaggaaacatococtttaatcaggectatggtaga
gatttaatggaggeccoraagagtggtgraggaagtacatgaaatcagggaatgtcaaggacctcaccrcaagoctgggac
ctctattatcatgtgttccgacgaatctca

S5EQ ID NQ:402 (pCA 60 LZ7V0Z2A 893-16-FRB)
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MVDOHHFKVILHYGTLVIDGVTFNMIDY FGRPYEGIAVFDGKKITVEGTLWNGNKI IDERLINPOGSLLFRVTINGVT
GWRLCERI LAGGGGSGGGSSVATLWHEMWHEGLEEASRLYFGERNVKGMFEVLE PLEAMMERGPOTLKETSFNQAYGR
DLMEAQEWCRKYMKSGNVEDLTQAWDLYYHVFRRIS

SEQ ID NO:403 (pCA 61 FKBP L27VO02A 1-84)
Ataggagtacaggtggaaaccatctocccaggagacgggcegeaccttecoccaagegeggecagacctgeglggtacac
tacaccgggatgcttgaagatggaaagaaatttgattcétcccgggacagaaacaagccctttaagtttatgctaggc
aagecaggaggtgatcogaggctgggaagaaggggttgeccagatgagigtgggtcagagagecaaactgactatatet
ccagattatgectatggtgecactgagcacocaggeatcateoscaccacatgecactotegtcttcgatgtggagett
ctaaaaclggaaggagyagggagetecocggtggaggoagcggratggtectteacactegaagatttegtrggyggactgy
cgacagacagceggetacaacctggaccaagtcoctigaacagggaggtgtgtecagtitgtitcagaateteggggty
tcecgtaacteccgateocaaaggattgtoctgageggtgaaaatgggetgaagategacatecatgteateatececogtat
gaaggictgageyggegaccaaatgggecagateogaaaasatettrtaaggtggtgtacocetgrggat

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

MGVQVETISPGDGRTFPKRGOTCVVHYTGMLEDGKKE DSSRORNKPFKEMLGKOEVIRGWEEGVAQMSVGORAKLTIS
PDYAYGATGHPGYI PPHATLVFDVELLKLEGGGSSGGGSGMVFTLEDFVGEDWRQTAGYNLDQVLEQGGVESLIQNLGY
SVTPIQRIVLSGENGLKIDIHVIIPYEGLSGIOMGQIEXIFRVVYPVD

SEQ ID NO:405 (pCA 62 L27TV02A 85-169-FRB)
atggatcatcactttaaggtgatectgeactatggcacactggtaatocgacggggitacgecgaacatgategactat
ttcggacggecegtatgaaggeatecgeecgtgttogacggeaaaaagatecactgtaacagggacectgtggaacggeaac
aaaattatcgacgagcgectgatcaaceecgacyggetecoctgectgttecgagtaaccatcaacggagtgacegygetgy
cggeotgtgogaacgecattctggogggaggaggiggetecaggtggagggageteegtggecatectetggeatgagatg
tggratgaaggectggaagaggeatctegtttgtactitygggaaaggaacgtgaaaggcatgtitgaggtgetyggag
cccttgoatgetatgatggaacggageccccagactetgaaggaaacatoctttaatcaggoctatggtegagattta
atggaggcccaagagtggtgeoaggaagtiacatyaaatcagggaatglcaaggacctcacecaageciggygacctetat
tarcatgtgttccgacgaatctcoa

SEQ ID NO:406 (pCA 62 LZI7V0D2A 85-169-FRB)
MDHHFKVILHYGTLVIDGVTPNMIDYFGRPYEGIAVEDGEKI TVTGTLWNGNKI IDERLINPDGSLLFRVTINGVTGH
RLCERILAGGGGSGGGSSVAILWHEMWHEGLEEASRLY FGERNVKGMFEVLEPLHAMMERGPQTLKET SFNQAYGRDL
MEAQEWCRKYMKSGNVEDLTQAWDLYYHVFRRIS

SEQ ID RO:407 {pCA 63 FKBP L27V0ZA 1-122)
atgagagtgcaggtggaaaccatceteocccaggagacygggegeacettecocaagegoggecagacetgegtggtgeac
tacaccgggatgottgaagatggaaagaastttgattooctoceggpacagaaacaageoctttaagtttatgetagge
aagcaggaggtgatccgaggetgggaagaaggggttgeccagatgagtgtgggtcagagagecaaactgactatatet
ccagattatgectatggtgecactgggeacccaggeatcateecaccacatgecactetegtettcgatgtggagett
ctaaaactggaaggaggagggagetocoggtggaggecageggtatgotcttcacactegaagatttogttggggactgg
cgacagacagecggetacaacctiggaccaagtoccttgaacagggagqgtgtgtccagtttgtttcagaatoctocggggtyg
tcocgtaacteegatecaaaggattgtectgageggtgaaaatggyetgaagategacateeatgteateateecegtat
gaaggtctgagoggogaccaaatgggoragatcgaaaaaatitttaaggtggtgtaccotgiggatgatcatcactet
aaggtoatcctgractatggcacactggtaatcgacggggttacgccgaacatgatcgactatttoggacggecgtat
gaaggcatcgeocgtgttcgacggc

S5EQ ID NG:408 (pCA 63 FKBP L27V02Aa 1-122)

MGVOVETISPGDGRTFPRRGOTCVVHY TGMLEDGKKFDSSRORNKPEKFMLGRKQEVIRGWEEGVAQMSVGORAKLTIS
PDYAYGATGHPGIIPPHATLVFDVELLKLEGGGSSGGGSGMV FTLEDFVGDWROTAGYNLDOVLEQGGVESLFONLGY
SVTPIQRIVLSGENGLEIDIHVITI PYEGLSGROMGOIERKI FEVVY PVDDHHFEV ILHY GTLVIDGVTPAMIDY FGRPY
EGIAVFDG

S5EQ ID NO:409 (pCA 64 L27V02A 123-169-FRB) )
atgaaaaagatcactgtaacagggacccigtggaacggcaacasaattatcgacgagogoctgatcaaccccgacgge
toccctygctgbtecgagtaaccatcaacggagtgaccggekbyggeggetgt gegaacgeat tebggegggaggaggtgge
tcaggtggagggageiccgtggecatcctctggcatgagatgtggeatgaaggectggaagaggeatectegtttgtac
tttggggaaaggaacgtgaaaggeatgtttgaggtgoctggagecettgecatgetatgatggaacggggeccoccagact
ctgaaggasacatccttitaatcaggoctatggtcgagatitaatggaggoccaagagtggtgecaggaagtacatgaaa
tcagggaatgtcaaggacctcacccaagectgggacctcbatiatcatglgt tocgacgaatctea

SEQ ID NO:410 (pCA 64 L27V02A 123-159-FRB)

MEKITVTGTLWNGNKITDERLINPRGSLLFRVT INGVTGWRLCERILAGGGESGGGSSVAI LWHEMWHEGLEEASRLY
FGERNVEKGMFEVLEPLHAMMERGPQTLKETSFNQAYGRDLMEAQEWNCRKYMKSGNVKDLTCARDLYYHVFRRIS
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SEQ ID NO:411 (pCR 65 FEBP L27V02A 1-123)
atgggagtgraggtggaaaccatctecocaggagacgggegeaccitcoccaagegoeggeragacctgegtggtgcac
tacaccgggatgcttgaagatggaaagaaatttgattocteccgggacagaaacaageccttitaagtttatgeotagyc
aagcaggaggtgatccgaggctgggaagaaggggttgcccagatgagtgtgggtcagagagccaaactgactatatct
ccagattatgcctatggtgccactgggcacccaggcatcatcccaccacatgccactcthtcttcgatgtggagctt
ctaaaactggaaggaggagggagetccggtaggaggcagoggtatggtettcacactegaagatttogliggggactyyg
Cgacagacagccggctacaacctggaccaagtccttgaacagqgaggtgtgtccagtttgtttcagaatctcggggtq
tccgtaactccgatocaaaggattgrectgageggtgaaaatgggecigaagatocgacatoccatgtcatcatcoogtat
gaaggtctgagoggogaccaaatgggocagategaaaaaatttttaaggtggtgtaccecigtggatgateatocactit
aaggtgatccigeactatggoacactyggtaatcgacggggttacgocgaacatgatcgactattteggacggceegtar
gaaggecatcgeoogtgtiogacggeasaa

SEQ ID NO:412 {pCA 65 FKBP L27V02A 1-123)
MGVQVETISPGRGRTFPKRGOTCYVHYTGMLEDGKKFDSSRDRNKPFKFMLGKQEV IRGWEEGVAQMSVGORAKLTIS
PDYAYGATGHPGI IPFHATLVFDVELLKLEGGGSSGGGCSGMVFTLEDEVEDWROTAGYNLDOVLEQGGVSSLFQNLGY
SVTPIQRIVLSGENGLKIDIHVIIPYEGLSGDOMGQIEK I FKVVYPVDDHRHFKVILHYGTLVIDGVTPNMIDYFGREY
EGIAVFDGK i

SEQ ID NO:413 (pCA 66 L27V02A 124-16% FRE}
atgaagatcactgtaacagqgaccctgtygaacggeaacaaaattatcgacgagegecctgatcaacceccgacggetece
ctgetgiTcogagtaaccatcaacggagigaccggotggoggetgtgogaacgeattotggogggaggaggtggotca
gotggagggagetecogtggoccatectetggeatgagatgtggcatgaaggectggaagaggeoatecrogtetgtactit
ggggaaaggaacgtgasaggratgtttgaggtgetggageeccttgoatgetatgatggaacggggencecagactetg
aaggaaacalecclttaatcagyectatygtegagatttaatggaggeccaagagtggtgecaggaagtacatgaaatea
gggaatgtcaaggacctcacccaagecrgggacctctattatcatgtgttocgavgeatetca '

SEQ ID NO:414 (pCA 66 L27V02A 124-169 FRE)
MRKITVTGTLWNGNKIIDERLINPDGSLLFRVT INGVTGWRLCERI LAGGGGSGGGSSYAILWHEMWHEGLEELSRLY
GERNVKGMPEVLEPLHAMMERGPQTLEKETSEFNQAYGROLMEAQEWCREKYMKSGNVKDLTQAWDLYYHVFRRIS

SEQ ID NO:415 {pCh 67 L27VQ2A 1-168}
atgggagtgcaggtggaaaccatctocoocaggagacgggegeacctitcocccaagegeggecagaccigegtggtgeac
tacaccgggatgcttgaagatggaaagaaatttgattccteccgygacagaaacaageoactttaagtttatgotagge
aagcaggaggtgatcogaggctgggaagaagyggttgcccagatgagtgtgggtcagagagecaaactgactatatct
ccagattatgcctatggtgeractgggeacceaggeatcateccaccacatgecactotegtcttcgatgtggagett
ctaasactggaaggaggagggagetceggtggaggoagogaratggtcttecacactegaagatttegttggggactgg
cgacagacagccggcotacaacctggaccaagtocttgaacagggaggtgtgtecagtttagtttcagaatcteggggty
tceglaaclbecgatecaaaggattgtoectgageggtgaaaatgyyctgaagategacatecatgtcatcatecogtat
gaaggtctgagcggcgaccaaatggadccagatcgaaaaaatitttaaggtggtgtaccctgtggatgatcatecacttt
aaggtgatcctgcactatggcacactggtaatcocgacggggttacgeegaacatgatcgactatttcggacggoegtat
gaaggcalcgeegtgiicgacgycaaaaagatcactgtaacaggyaccectgtggaacggecaacaaaattatcgacgag
cgcoctgatcaaceccgacggcteccctgetgttccgagtaaccatcaacyggagtgacoggetggeggetgigegaacye
attetg

SEQ ID RO:416 {pCA 67 L27VO02A 1-168)
atgggagtgcaggtggaaaccatectececaggagacygggegeaccttcococcaagegeggecagacetgogtyggtygecac
tacaccgggatgcttgaagatggaaagaaatttgattoctccegggacagaaacaagocctttaagtttatgctagge
aaguaquaggtgatocgagactygggaagaaggyggtigecoagatgagtgtggotcagagagecaaactgactatatat
ccagattatgoctatggtgercactgggeacecaggeatcatooeaceacatgecactctogtettocgatgtggagett
ctaaaactggaaggaggagggagctocodgtggaggeageggtatggtecttcacactegaagatttegttggggactgg
cgacagacagecggctacaacctggaccaagtecttgaacagygaggtgtgtecagtttgtttecdgaatetegygaty
tecgtaactcogatocaaaggattgicotygagoggigaaadatgyggotyaagatcgacateccatglecatecatconglat
gaaggtctgageoggegaccaaatgggocagatcgaaaaaattttieaggtggtgtacceotgtggatgatecatecacttt
aaggtgatcctgeactatggeacactggtaatcgacggggttacgocgaacatrgategactatttocggacggoogtat
gaaggcaltcgecgtygttcgacggeaaaaagatcacigtaacaguaacectglygygaacggcaacaaaattatcgacgag
cgcctgateaaccecgacggotoectgetgttccgagtaaccatcaacggagtgaceggeiggegygctgtygcgaacge
attetg

SEQ ID NO:417 (pCA 67 L27V02A 1-168)

MGVOVETI SPGDGRTFPKRGOTCVVHY TGMLEDGKKFDSSRDRNKPFRFMLGKQEVIRGWEEGVAQMSVGORAKLTIS
POYAYGATGHPGIT PPHATLVFDVELLKLEGGGSSGGGSGMVETLEDFVSGDHRQTAGYNLDOVLEQGGVSSLEQNLGY
SVTPIQRIVLSGENGLKIDIHVIIPYEGLSGDOMGOIEKIFKVVYPVDDHRFKVILHYGTLVIDGVTPNMIDY FGREY
EGIAVFDGKKITVIGTLWNGNKII DERLINPDGSLLFRVT INGVTGWRLCERIL
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SEQ ID NO:418 (*pCa 68 L27V0Q2A 169 FREB}
Atggegggaggaggtggctcaggtygagggagotecgtggecatoctotggoatgagatgtggocatgaaggectggaa
gaggcakctogittgtactttyggggasaggaacgtgaaaggecatgtttgaggtgctggageoccttgeatgetatgatg
. gaacggggeccccagactetgaagyaaacatoctttaatcaggoctatggtcgagatt taatggaggeccaagagtyy
tgraggaagtacatgaaatcagggaatgtcaaggacctcacecaagectgggacotetattatcatgtgttecgacga
atctca

SEQ ID NO:419 (*pCA 68 L27V0OZA 189 FRB}
MAGGGGSGGGSSVAI LWHEMWHEGLEEASRLY FGERNVKGMFEVLEPLHAMMERG POTLKE TS FNQAYCRILMERDEW
CREKYMKSGNVKDLTQAWDLYYHVFRRIS

SEQ ID NQ:420 (pCA 69 FEBP L27V02A8 1-166)

atgggagitgraggtggaaaccatoctccoccaggagacgggecgecacettocccaagogoggccagacctgegtggtgcac
tacaccgggatgettgaagatggaaagaaatttgattoctoecgggacagaaacaagocctitaaglitatgotagge
aagcaggaggtgatcogaggectgggaagaaggggttigeccagatgagtgtgggtcagagagocaaactgactatatet
cragattatgoctatogtgecactgggoacocagycatocatecocoaccacatgecactctegtettcgatgtggagett
ctaaaactggaaggagygagggagetecggtggaggcageggtatggtettocacvactegaagatttecgttggggactyy
tgacagacagccggctacaacctggaccaagtcettgaacagggaggtgtgtecagtitgt ttcagaateteggggtyg
toocgtaactocgatcocaaaggattgtocctgagoggtgaaaatgggotgaagatcgacatecatgteateatecegtat
gaaggtctgagcgacgaccaaatgggccagatcgaaaaaatttttaaggtggtgtaccctgtggatgatcatcactit
aaggrgatcctgeactatggeacactggtaategacggggttacgecgaacatgatcgactatttecggacggecgtat
gaaggcatcgoccgtgttocgacggcaaaaagatcactgtaacagygaccetgtggaacggcaacaaaattategacgag
cgoctgatcaaccecgacggeteocctoctgtteocgagtaaccatcaacggagtgaccggetggeggetgtgegaacge

SEQ ID NRO:421 (pCA 69 FKBP L27V02A 1-166)
MGVOVETISPGDGRTFPKRGOTCVVHY TGMLEDGKKFDS SRDRNKPFKFMLGKQEVIRGWEEGVAQMSVGORAKLTIS
PDYAYGATGHPGIIPPHATLVFDVELLKLEGGGSSGOGSGMVEFTLEDFVGDWRQTACYNLDOVLEQGGVSSLEFQUNLGY
SVTPIQRTVLSGENGLKT DTHVIIPYEGLSGDOMGOIEKI FKYVYPVODHHFEV ILHYGTLVIDGVTPNMIDY FGRPY
EGIAVFDGKEKITVTGTLWNGNKIIDERLINPDGSLLFRVTINGVTGWRLCER

SEQ ID NO:422 (*pCh 70 L27V0O2A 167-169 FRB)
Atgattctggegggaggaggtggetcaggtggagggagetecgtggocatoctetggeatgagatgtggecatgaagge
ctggaagaggeatctegtbtgtactitgyggaaagyaacyglgaaaggeatglbttgaggtgebggagecctigealget
atgatggaacggggcccoccagactoctgaaggaaacatectitaatcaggcctatggtcgagatttaatggaggoceaa
gagtggtgcaggaagtacatgaaatcagggaatgtcaaggacctcacccaageoctgggacctotattatcatgtgtte
cgacgaatctea

SEQ ID NHC:423 {*pCA 70 L27V022 167-165 FRB)
MILAGGGGES5GGGSSVAILWHEMWHEGLEEASRLYFGERNVEGMEFEVLEPLHAMMERGPOTLKET SFNQAYGRDLMEAD
EWCRKYMKSGNVEDLTQAWDLYYHVFRRIS

SEQ ID HC:424 {pCA 71 FKBP L27VO2A 1-164)}
atgggagtgcaggtggaaaccatctocceccaggagacgggegeacettecccecaagegeggccagacctgegtagtgeac
tacaccgggatgcltgaagatggazagaaalitgattcctoecgggacagaaacaageooctttaagtttatgeotagge
aagraggaggtgatcegaggetgggaagaagggygttgeecagatgagtgtgygtcagagagecaaactgactatatet
ccagattatgectatggtgocactgggoacccaggeatcatocccaccacatgocactoctogtocttogatgtggagett
ctaaasactggaaggaggagggagetceggt ggaggeageggtatggicttcacactegaagatttegttggggactgg
cgacagacagccggctacaacctggaccaagtcettgaacagggaggtgtgtecagttrgtttecagaateteggggtyg
tocogteactoegatecaaaggattgtecctgagoggtgaaaatgggectgaagatcgacateccatgtcatcatccegtat
gaaggtctgagecggecgaccaaatgggeocagatcgaaaaaatttttaaggtggtgtacectgtggatgatecatcactt
aaggtgatectgcactatggcacaciggtaategacygggettacoccgaacatgategactatttcggacggecgtat
gaaggcatcgeegtgttegacggcaaaaagatcactgtaacagggaccetgtggaacggcaacaaaattatcgacgayg
cgoctgatcaaccoocgacggotocctgotgtteegagtaaccatcaacggagtgacoggeiggeggetgtao

SEQ ID N0:425 (pCA 71 FKBP L27V0O2A 1-164)

MGVQVET I SPGUGRTFPXRGOTUVVHY TGMLEDGKKFDSSRDRNKPFKFMLGXOEVI RGHEEGVADMSVGORAKLTIS
PDYAYGATGHPGII PPHATLVFDVELLKLEGGGSSGGGSGMYFTLE DFVGDWRQTAGYNLDQVLEQGGVSSLEQNLGY
SVTPICRIVLSGENGLKIDIHVIIPYEGLSGDOMGQIEKIFKVVY PYDDHHFKVILHYGTLVIDGVTENMIDY FGREY
EGIAVEDGKXITVTGTLWNGNKI I DERLINPDGSLLFRYTINGVTGWRLC

B3EQ ID HO:426 (pCA 72 L27TV0ZA 165-169% FRB)

atggaacgecatictggocgggaggaggtggectcaggtggagggagricegtggenatectetggeatgagatgtggeat
gaaggceetggaagaggeatctegtttgtactttggggaaaggaacgtgaaaggcatgtttgaggtgetggagecctty
catgotatgatggaacggggececcagactetgaaggaaacatectttaatcaggoctatggtegagatttaatggay
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geccaagaglogtygcaggaagtacatgaaatcagggaatgtcaaggaccteacceaagectgggacctetattateat
gtgttccgacgaatctea

S5EQ ID NO:427 {pattern sedquence)
GSAIVK ’

SEQ ID NO:428 (pCA 72 L27VO02A 165-169 FRB}
MERILAGGGGSGGESSVAILWHEMWHEGLEREASRLY FGERNVEGMFEVLEPLHAMMERGPQTLKET SFNOAY GRDLME
AQEWCREYMKSCNVKDLTQAWDLY YHVFRRIS

SEQ ID NO:429% {pCA 73 FKBF L27Vv02a 1-162)
atgggagtgcaggtggaaaccatecteceoccaggagacgggegeaccttccoccaagegoggecagacetgegtggtgeac
tacaccgggatgcttgaagatggaaagaaatitgaticcteccgggacagaaacaagocctttaagtttatgetagge
aagcaggaggtgatccgaggetgggaagaaggygttgoccagatgagtgtgggtcagagagocagactgactatatet
ccagattatgecctatgatgecactgggecacccaggoatcateceaccacatgocactctegtottegatgtggagett
ctaaaactggaaggaggagggagctecggtyggaggeageggtatggtecttcacactecgaagatttegttggggactygyg
cgacagacagccggciacaacctggaccaagtocttgaacagogaggtgigiccagtttgittcagaatcteggggtg
tccgtaactocgatecaaaggattgtoctgageggtgaasatgggetgaagatcgacatecatgtcatcateecgtat
gaaggtctgagoggegaccaaatgggecagatcgaaaaaattittaaggtggtgtaccoctgtggatgatcatcacttt
aaggtgatcctgcactatggcacactggtaatecgacgggygttacgeegaacatygategactattteggacggeogtat
gaaggcatcgecgtgttegacggecaaaaagatecactgtaacagggacectgrggaacggcaacaaaattatcgaceag
cgootgatcaacecoocgacggotecctgotgttoogaqtaaccatcaacggagigacogget ggogg

SEQ ID NC:430 (pCA 73 FKBP L27V02A 1-162)

MGVOVETI SPGDGERTFPRKRGOTCYVVHY TGMLEDGKKEFDS SRDENKPEKFMLGKQEVIRGWEEGVAQMEVGQRAKLTIS
PDYAYGATGHPGIIPPHATLVFDVELLKLEGGGSSGGGSGMVETLEDFVGDWROTAGYNL DOVLEQGGVSSLEQNLGY
SVTPIQRIVLSGENGLKIDIHVIIPYEGLSGDOMGQIEKI FEVVY PVDDHHEFKVILHYGTLVIDGVTPNMIDY FGREY
EGTAVEDGEKKITVTCTLWNGNKI IDERLINPDGELLFRVTINGVTGEWR

SEQ ID NO:431 (pCA 74 1L27V0Z2A 163-16% FRB)
atgrtgtgogaacgeatteotggogggaggaggtggotcaggtggagggagotocogtggooatcctoctggeatgagatg
tggecargaaggectggaagaggeatotegrttgtactrtggggaaaggaacgtgaaaggeatgtitgaggtgetrggag
cocttgeatgotatgatggaacggggoococragactecbgaaggaaacatootttaatcaggeoctatggicgagattta
atggaggcocaagagiggtgcaggaagtacatgaaatcagggaatgtcaaggaccicacccaagectgggacczotat
tatcatgtgtrecgacgaatetca

SEQ ID NO:432 (pCA 74 L27VO2A 163-16% FRB)
MLCERILAGGGGSGGGSSVAI LWHEMWHEGLEEASRLYFGERNVKGMFEVLEPLHAMMERGPOTLKET SENQAYGRDL
MEAQEWCRKYMKSGNVKDLTQAWDLYYHVFRRIS

SEQ ID NO:433 (pCA 75 FKBP L27V02A 1-160)
atgggagtgcaggtggaaaccatotecccaggagacgggegeoaccttococcoaagogoggocagacctgogtggtgeac
tacaccgggatgcttgaacatggaaagaaatttgattcotocogggacagaaacaagecctttaagtttacrgetagge
aagceaggaggtgatocogagyctgoadaagaaggggtigcccagatgaagtatggotcagagagocaaactyactatatct
cragattatgoctatggtgecactgggcacccaggcatcatcecaccacatgecactetcgtottcgatgtggagett
ctaaaactggaaggaggagqggagctccggtggaggcagoggtatggtocttcacactocgaagatttogttggggactay
cgacagacagcocggctacaacctggaccaagtecttgaacagggagatgtgteragtittgtticagaateicgyggyey
toccgtaactecgatecaaaggattgtoctgageggtgaaaatgggcrgaagatcgacatccatgtcatcateeegtat
gaaggtctgagoggegacecaaatgggecagatogaaaaaatttttaaggtggtgtacectgrggatgatecatcactot:
aaggtgatcctgeactatggcacactggtaatcocgacggggttacgocgaacatgatogactatttoggacggocgtat
gaaggcabcgccogtgttocgacggcaaaaagatecactgtaacagggacococtgtggaacggraacaaaatiategacgag
cgectgatcaaceooccgacggerecctygotgticcgagtaaccatcaacggagtgacegge

SEQ ID NO:434 (pCA 75 FKBP L27VO2A 1-160)

MGVOVET ISPGDGRTFPRRGOTCVVHY TGMLEDGKKE DSSRDRNKPFKFMLGKOEVIRGWEESVAOMSVGORAKLTIS
PDYAYGATGHPGLI PPHATLVFIVELLKLEGGGSSGGG5GMVETLEDEVGDWROTAGYNLDOVLEQGGVS SLEQNLGY
SVTPIQRIVLSGENGLKIDIHVIIPYEGLSGDOMGOIEKI FEKVVYPYDDHHFKVILHYGTLVIDGVTPNMIDY FGRPY
EGIAVFDGKKITVTGTLWNGNKI IDERLINPDGSLLFRVTINGVTG

SEQ ID ND:435 (pCa 76 L27V02A 161-169 FRB)

atgtggoggctgtgogaacgcatictggocgggaggagygtgyctcaggtggagggacclecgtggccatcctotggeat
gagatgtggcatgaaggoctggaagaggcatoctcgtitgiactttggggaaaggaacgtgaaaggocatgtttgaggtg
ctggageccttgeatgetatgatggaacgggageccecagactotgaaggaaacatectttaatcaggectatggtega
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gartraatggaggcccaagagtggtgraggaagtacatgaaatcagggaatgtcaaggacctcacccaagoctggygac
ctctattatcatgrgttccgacgaatcticsa

SEQ ID N0:436 (pCA 76 L27TVD2A 1€1-165 FRB)
MWRLCERILAGGGGSCGGGS SVAI LWHEMWHEGLEEASRLY FGERNVKGMFEVLEPLHAMMERGPQTLKETS¥NQAYGR
DLMEAQEWCRKYMKSGNVKDLTQAWDLY YHVFRRIS

SEQ ID NO:437 (pCA 77 FEKBP L27V02A 1-158)
atgggagtgcaggrggaaacnatetoocecaggagacqgggogeaccticoccaagegoggcragacctgoglggtgeac
tacaccgggatgctigaagatggaaagaaatttgattectocecgggacagaaacaagocetittaagtitatrgetagge
aagcaggaggtgatcogaggotgggaagaawgygt tycocagatgagigtgggtcagagagecaaactgactatatet
ccagattatgectarggtgocactgggearceaggeatcateccaccacatgecactoctecgtettcgatgtiggagett
claaaactggaaggaggagggagetccggtggaggoageggtatggtcttcacactogaagatttegttggggactyg
cgacagacagccggctacaacctggaceaagtocttgaacagggagotgtgtocagtttgtttcagaatcteggygty
tccgtaactccgatccaaaggattgtcctgagcggtgaaaatgggctgaagatcgacatccatgtcatcatcccgtat
gaaggtctgagecggcgaccaaatgggocagategaaaaaatttttaaggtggtgtacccrgtggatgatcatcacttt
aaggtgatcctgcactatgycacactggtaategacgoggttacgccgaacatgatcgactatttoggacggecgtat
gaaggcatcgcocgtgttogacggcaaaaagatcactgtaacagggacceotgtggaacggcaacaaaattatcgacygay
cgoctgatcaaccecegacggetcoctgotgttocgagtaaccatcaacggagtg

SEQ ID NO:438 (pCA 77 FKBP L27V02A 1-158)
MGVQVETISEGDGRTFPKRGOTUVVHY I'GMLEDGKKF DSSRORNKPFKFMLGKQEVIRGWEEGVAQMSVGORAKLTIS
PDYAYGATGHPGI I PPHATLVFDVELLKLEGGGSSGGGSGMVFTLEDFVGDWRQTAGYNL DQVLEQGGVSSLEQNLGY
SVTPIQRIVLSGENGLKIDIHVIIPYEGLSGDOMGOIEKI FKVVYPVDOHHFKY ILHYGTLVIDGVTPNMIDYFGRPY
EG1AVFIGKKITVTGTLWNGNKI IDERLINEDGSLLFRVT INGY

SEQ ID NO:43% (pCh 78 L27V02A 159-169 FRB}
Atgaccggetggeqgetgtgogaacgrattetggegggaggaggtggctcaggtggagggagetoccgtggecatecte
tggcatgagatgtggcatgaaggeerggaagaggeatoctegtttgtactttggggaaaggaacgtgaaaggeatgitet
gagytgctggageccttgecatgetatgatggaacggggoccecagactoctgaaggaaacatecetttaatcaggectat
ggtegagattitaarggaggeccaagagtggtigocaggaagtacalgaaatcagggaatgticaaggacctcacccaageeo
tgggacctotattatcatgrgttecgacgaatctea

SEQ ID NO:440 (pCA 78 L27VD2A 159-169 FRE)
MlGWRLCFRTLAFGGGSGGGSSVAILWHEMWHPGLEEASRLYFGERNVKGMFEVLEPLHAMMERGPQTLKETSFNQAY
GRDLMEAQEWCRKYMESGNVEDLTRAWDLYYHVFRRIS

SEQ ID NO:441 RIYLB {nt seq)
ATGTATGARAGCTTTATTGAGTCACTGCCATTCCTTARATCTTTGGAGTTTTCTGCACGCCTGAARGTRAGTAGATGTG
ATAGGCACCAARGTATACARCGATGGAGARCARATCATTGCT CAGGGAGATTCGGCTGATTCTTTTTTCATTATTGAR
TCTGGAGARGTGAPAATTACTATGAARAGAAAGGGTARAT CAGARGTGGARGAGAATGETGCAGTAGRARTCGCTCGR
TGCTCGECGEGEGACAGTACTT TGGAGAGUTTGCCCTEETAACTAACARACCTCGAGCAGCTTCTGCCCACGCCATTGGE
ACTGTCARATGT TTAGCARTGGATGTGCARGCATTTGARAGCGCTTCTGGGACCTTGCATGGAAATTATCARAAGGAARC
ATCGCTACCTATGRAGAACAGTTAGT TGCCCTGTATGGAACGAACATGGATATTGTA

SEDQ ID ND: 442 RITbLB {aa seq)
MYESFIESLPFLKSLEFSARLKVVDVIGTKVYNDCEQI IAQGLSADSFFRIIESCEVKI TMKRKGKSEVEENGAVEIAR
CSRCOYFGELALVINKPRAASAHAIGTVECLAMDVOAFERLLGPCMEIMKRNIATYEEQLVALYGTNMDIV

SEQ ID NO:443 (L27V CP 13 TEV)
atgacagccggctacaacctggaccaagtcctigagoagggcggtgtgtecagtttgtttcagaatctoggggigtec
gtaactccgatoccaaaggattgtectgagoggtgaaaacggeotgaagategacatccatgtcatecateccgtatgaa
ggtctgagoggegatcagatgggecagatcgazaasattrttaaqgtgytgtaccctgtggatgatecatecactitaag
gtgattctgcactatggoacactggtaatcgacggggttacgecgaacatgatcgactattteggacggecgtatgaa
ggcatcgocgtgttogacggcaaaaagatcactgtaaccgggaceclglggaacggecaacaaaattatcgacgagoge
ctgatcaaceccgacggecteocctgeotgtteocgegtaaccatcaacggagtgaceggctggeggetgtgegagegeatt
tLggcgggaagtictggtggaggaagttctggtggagagoctactactgagaacttgtacttecagagegataacgga
agttctggtggaggaagttctgytygaatgytgtitacactcgaagatttogtaggggactggoggcag

SEQ ID NO:444 (L27V CP 13 TEV)
MTRGYNLDOVLEDGGVS SLFQNLGVSVTPIQR! VLEGENGLK I DTHVI IPYEGLSGDOMGOIEKT FKVY Y PVODHHFK
VILHYGTLVIDGVTPNMIDYFGRPYEGIAVFDGKKI TYTGTLWNGNKI IDERLINPOGSLLFRVTINGVTGWRLCERT
LAGSSGGGSSGCEPTTENLYFQSDNGSSGGGS SGEMVFTLEDFVGDWRO
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SEQ ID NO:445 (LZ7V CP 57 TEV)
Atgcatgtcatcatcccgtatgaaggtctgagoggocgatcagatgggoccagatcgaaaaaatitttaaggtggtgtac
cctgtggatgatcatcactttaaggtgattctgcactatggecacactggtaategacggggttacgccgaacatgate
gactatitecggacggcegtatgaaggoatocgeogtgttegacyggcaaaaagatcactgtaacegggacocctgtggaac
ggraacaaaattatcgacgagoygcctgatcaaceecygacggelecctgotgttcogegtaaccatcaacggagtgace
ggctggecggecrgtgegagegeattitggecgggaagttotggtggaggaagttctggtggagagectactactgagaac
ttgtacttoccagagegataacggaagttetggtggaggaagttetggtggaatggtgtttacactegaagatticgta
ggggactgycggcagacagecggetacaacctggaccaagtecttgageagyggeggtgtgteccagtttgittcagaat
cteggggtgteogtaactecgarceanaggatrtgteotgageggtgaaaacggectgaagategacatc

SEQ ID KO:446 {(L27V CP 57 TEV)
MHVIIPYEGLSGDOMGQIEKIFKVVYPVDDHHFKVILHEYGTLVI OGVTPNMIDY FGRPYEGIAVFDGKKITVIGTLWN
GNKIIDERLINPDGSLLFRVTINGYIGWRLCERILAGSSGGEGESGGEPTTENLY FQSDNGSSCGGGS5GGMYETLEDEY
GDWROTAGYNLDQVLEQGGVSSLEFQNLGVSVTPIQRIVLSGENGLKIDT

SEQ ID NO:447 (L27V CP 98 TEV)
atggtaatcgacggyattacgecgaacatgatecgactattteggacggecgtatgaaggeoategecgtgttegacgge
aaaaagatcactgtaaccgggaccctgltggaacyycaacaaaattatcgacgagegeoctgatcaaccocecgacggetce
ctgctgttocecgegtaaccatcaacggagtgaceggetggoggactgtgegagegeattttggegggaagitoctggtgga
ggeagtictggtggagagectactactgagaactigtacttecagagegataacggaagttetggtggaggaagttrct
ggtggaatggtgtttacactrgaagatticgtagaggactggeggeagacagocggetacaacctggaccaagtoctt
gagcagggoggtgrgtccagtttgtttecagaateteggggtgtoecgtaactocgatccaaaggattgtocotgageggt
gasaacggcctgaagatocgacatecatgteoatcateocgtatgaeggtetgageggegatcagargggeeagategaa
aaaatttrtaaggtggtgtaccctgbggatgatcatcactttaaggigattctgeactatggracactg

SEQ ID NO:448 (L27V CP 983 TEV)
MVIDGVTENMIDYFGRPYEGIAVEDGHKKITVTGTLWNGNKIIDERLINPDGSLLFRVTINGYVTGWRLCERILAGS5GG
GSSGEGEPTTENLYFRSDNGESGGGSSGGMVFTLEDEVGDWROTAGYNLDOVLECGGVSSLFONLGVSYTPIQRIVLEG
ENGLKIDTHVITPYEGLSGDOMGOIEKIFKVVYPYDDHHFKVILHYGTL

SEQ ID NO:449 {(Human Protein Kinase C alpha (PKCa) (nt segquence)
ATGGUTGACGTTTTCCCGGGCAACGACTCCACGECGTCTCAGGACCTGGCCAACCCCTTOGLCCGCARAGGLGLCCTG
AGGCAGAAGAACGTGCACGAGGTGAAGGACCACRARTTCATCGCGCGCTTCTTCARGCAGCCCACCTTCTGCAGCTAL
TGCACCGACTTCAT CTGGEEGTTTECGARACAAGGCTTCCAGTCUCAAGTTTGCTGTTTTGTGGTCCACARGAGGTGL
CATGAATTTGTTACTTTTTCTTGTCCEGETGCGGATRAGGGACCCGACACTGATGACCLCAGGAGCARAGCNCAAGTTC
AARATCCACACTTACGGAAGC COCACCTTCTGCGATCACTGTGGGTCACTGCTCTATGGACTTATCCATCAAGGGATE
AARTGTGACACCTGCGATATGARCGTTCACAAGCARTGCGTCATCAATETCCCCAGCCTCTGCEGAARTEGATCACACT
GRGAAGAGGGGGCGEATTTACCTAANGGCTGAGGTTGCTGATGARAAGCTCCATGTCACAGTACGAGATGCAARNMART
CTAATCCCTATGRATCCARANCGGGCTTTCAGATCCTTAT GTGARAGCTGRRACTTATTCCTGATC CCAAGRATGAMBGT
BAGCAARDAACCARAACCATCCCCTCCACACTARATCCGCAGTGGAATGAGT CCTTTACATTCARATTGARARCCTTCA
GACABRAGACCGACGACTGTCTGTAGARATCTCGGACTGGGATCGARACARCAMGEAATGACTTCATGGGATCCCTTTCC
TTTGCAGT TTCGGAGC TGATGALGAT GLCGGCCAGTEGATGETACMNGT TgU T TAACCANGALGAAGGTEAGTACTAC
AACGTACCCAT T GEAAGGGGACGAGGAAGGARACATGGAMCTCAGGCAGRAATTCGAGAAAGCCARACTTGGCCCT
GCTGGCAACARAGTCATCACTCCCTCTCGRAAGACAGGAARCAACCTTCCAACAACCTTGACCGAGTGARACTCACGCGAC
TTCAATTTCCTCATGGTGTTCGGAARGCGGAGTTTTGGARAGGTGATGCTTGCCGNCAGEANGGGCACAGANGAACTG
TATGCALT CARARMT CCTGRAGAAGGATGTGETGATTCAGGATGATGACGTGGAGTGCACCATECTAGRAMLEGCGAGTC
TTGGCCCTECTTGACARACCCCCGTTCTTGACGCAGC TGCACTCCTGCTTCCAGACAGTCCATCGLCTETACTTCGTC
ATGGRATATGTCAACGGTGGGGACUTCATGTACCACATTCAGCRAGTAGGARART T TAAGGAACCACAAGCAGTATTC
TATGCGGCAGAGATTTCCATCGGATTGTTCTTTCTTCAT ARARGAGGAATCATTTATAGCGATCTGAAGTTAGATALC
GTCATCTTGEATTCAGRAGGACATAT CARAATTRCTGACT PTGGGAT GTGCARGGAACACATGATGGEATGCGAGTCACG
BCCAGGRCCTTCTGTGGGACTCCAGATTATATCGCCCCAGAGATAATCGCTTATCAGCCGTATGGAARARTCTGTGGAC
TCCTCGGCCTATGGLGTCCTGTTGTATGRARTGCTTGCCEGGGCAGCCTCCAT TTCGAT GCTGARCATGAAGACGRAGLTA
TTTCAGTCTATCATGGAGLACAACGTTICCTATCCAABATCCT TG T CCAAGCAGGCTETTTCTATCTGCARAGGATTG
ATGACCAARCRCCCAGCCARGIGEUTGGECTRTGEECCTGRAGEGLGAGAGGGALGTGAGAGAGCATGCCTTCTTCCGG
AGGATCGACTGGGARAALACT GGAGARCAGGGAGATCCAGCCACCATTCAAGCCCAAAGTGTGTGGCAARGGAGCAGAG
AACTITEACAAGTTCTTCACACGACGACACCCCGTCTTAACACCACCTGATCAGC GG TTATTIGC TAACATAGACCAG
TCTGATTTTGRAGGCTTCTCGTATGTCARCCCCCAGTTTGTGCACCCCATC TTACAGAGTGCAGTAGTT

SEQ ID NO:450 (Human Protein Kinase C alpha (PKCa) (aa sequences}

MADVFPENDSTASCDYVANRPARKGAT RORNVEEVKDHKFTARFFRQPTFCSHCTDF IWGFEKQGFQCOVCCEFVVHERC
HEFVTEFSCPGADKGPDTRDPRSKHKFKIHTYGSPTFCDHCGSLLYGLIHQGMKCDTCEMNVHEQCVINVPSLCGMDHT
EKEGRIYLKAEVADEKLHVTVRDAKNLI PMDFNGLSDPYVKLKLIPDFKNESKOKTKT IRSTLNPOWNESFTFKLKES
PKDRELSVEIWDWDATTRNDEMGSLSFGVEELMKMPASGWYKLLNQEEGEYYNVFPI PEGDEEGNMELRQKFEKAKLGP
ACNEVISPSEDRKQPSNNLERVKL TOFNFLMVLGKGS FGKVMLADRKSGTEELYATKILKKDYVVIQDDDVECTMVEERV
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LALLDXPPFLTOLHSCFOTVDRLY FVMEYVNGGDLMYEIQOVGKFKE POAVEYARRISIGLFFLHKRGI I YRDLKLDN
VMLDOSEGHIKTADFGMCKEHMMDGVTTRTFCGTPDY IAPET IAYOPYGKSVDWWAY GV LLYEMLAGQPPFOGEDEDEL
FQSIMEHNVSYPKSLSKEAVSICKGLM I KH PAKRLGCGPEGERDVREHAFFRRI DREKLENREIQPPFKPKVCGKGAE
NFDKFFTRGOPVLTPPOQLYIANIDOSDFEGEFSYVNPQEVHP ILQSAVV

SEQ ID NO:451 (Human Glucocorticoid receptor (GR) {nt sequenca)
ATCGACTCCARAGRAT CATTAACTCCTGGTAGAGARGARRARCCCCAGUAGTGTGUTTGCTCAGGAGAGGGGAGATGTG
ATGGACTTCTATARAACCCTAAGAGCAGGAGCTACTGTGAAGGTTTCTGCETCTTCACCCTCACTGGCTGTCGCTTCT
CAATCAGACTCCAAGCAGCGAAGACT TTTGGT TCATTTTCCAARAGGCTCAGTAAGCART GCGLAGCAGLCAGATCTG
TCCARRGCAGTTTCACTC TCAATGGGAC TG TATAT GGCAGAGACAGRALCARAA ST GATGGCGARATGACCTGLEGEATTC
CORCAGCAGGGCCAAATCAGCCTTTCCTCGEEGGARACAGAC TTARAGCTTTTGGARGRARGCAT TGCAAACCTCART
AGGTCGACCAGTETTCLARAGAACCCCARGAGTTCAGCATCCACTGCTGTCTCTGCTGCCCCCACAGAGAAGEAGTTT
CCABARAACTCACTCTGATGTATCTTCAGARCAGCAACATTTGARGGGUCAGAC TGGCACCAACGGTGGUARTGTGARR
TTGTATACCACAGACCRAARGCACCTTTGACATTTTGCAGGATTTGGAGTTT TCTTCTGGGTCCCCAGGTAAAGAGRLG
AATGAGAGTCUT I GGAGATCAGACCTGT TCATAGATGAARACTGTTTGCTTTCTCCTCTGECECGAGRAGACGATTCA
TTCCTTTTGEAAGGAARC TCGARTGAGGACTGCAAGCCTCTCAT TTTACCGGACACTARACCCARAATTAAGGATART
GGAGATCTGGTTTTGTCAAGCCCCAGTAATGTAACACT GCCCCARGTGAAAACAGARRAAGARGATTTCATCGARCTC
TGCACCCCTGGGETRAT TARGCARGAGAARC TCGGCACAGTTTACTGTCAGGCAAGCTT TCCTCGAGUARATATAATT
GeTALTAAAATGTCTGCCATTTCTGT TCATGGIGTGAGTACCTCTGGAGGACAGATETACCACTATGACATGRAATALA
GCATCCCTTTCTCARCAGCAGGATCAGAAGCCTATTTTTAATGTCATTCCACCAATTCCCGTTGGTTCCGARAATTGG
BAATACOCTGCCARAGGATLTGGAGATGCACARCTTGACTTCTCTGGGGAC TCTGARCTTCCCTGGTCGARCAGTTTTTTCT
AATGGCTATTCAAGCCLCAGCATGAGACCAGATGTARGCTCTCCTCCATCCAGC TCC TCARCAGCARCAACAGGACCA
CCTCCCABRACTCTGCCTGETG TG TCTGATGARGC TTCAGGATCTCATTATGGAGTCTTALRCTTGTGGAAGC TGTARA
CTTTTCTTCANAGAGCAGTGEARAGEACAGCACAATTACCTATGTGC TGGRAAGGAATGATTGCATCATCGAT AAAATT
CGAAGRAARALCTGCCCAGCATGCCGCTATCCAARATCTCTTCAGGCTGGAATGAACC T GGARGC TCGAAAANCNARG
AAABARRTARARGCGAAT TCAGCAGGCCACTACAGGAGTCTCACARGAAACCTCTGAARATCCTGGTAMCADLACAATA
GTTCCTGCAACGTTACCACARCTCACCCCTACCCTGGTGTCACTGTTGGAGGTTATT GAACCTGAACTGTTATATGCA
GGATATCATAGCTCTGTTCCAGRACTCAACTTGGAGGAT CATGACTACGCTCAACATGTTAGGAGGGEGGCARGTGATT
GUAGCAGTGARATGEGCARAGGCAATACCAGETTICAGGAAL T TACACCTGGATGACCAMATCGACCCTACTECACTAC
TCCTGGATGTTTCTTATGGCATTTGCTCTGGGETGGAGATCATATAGACARATCAAGTGCARACCTGCTGTGTTTTGCT
CCTGATCTGATTATTANTGAGCAGAGAATGACTCTACCCTGCATGTACGACCAATGTAARCACATGCTGTATGTTTCC
TCTGAGT TACACAGGCTTCAGGTATCT TATGRAGAGTATCTC TGTATGRARACCTTACTGCTTCTCTCTTCAGTTCCT
AAGGACGGTCTGRAAGAGC CAAGAGCTATT TGATGARAT TAGRATGACCTACATCAMAGAGCTAGGARAAGCCATTETC
AAGAGGGAAGGABRACTCCAGCCAGARCTGGCAGCCGGTTTTATCARCTGRCARARCTCTTGGATTCTATCCATGARGTG
GTTGAAAATCTCCTTAACTAT TG TTCCARACATTTTTGGATAACACCATCAGTATTGAATTCCCCCACATCTTAGET
GAAATCATCACCAATCAGATACCARARTATTCARATGCARAATATCAARARACTTCTEGTTTCAT CAARAAGGTT

SEQ ID MO:452 {(Human Gluceeerticoid receptor {(GR) (aa segquence) )

MOSKESLTPGREENPSSVLAQERGDVMDFYKTLRGGATVKVSASSPSLAVASOSDSKQRELLY DFPKGIVSNARQPDL
SKAVSLSMGLYMGETETKVMGNDLGFPRQGOISLSSGETDLKLLEESIANLNRSTSVPENPKS3ASTAVSAAPTEXEF
PKTHS DVS SEQQHLKGQTGTNGGNVKLY T TDQSTFDILQDLEFSSGSPGKETHNESPWRSDLLIDENCLLSPLAGEDDS
FLLEGNSNEDCKPLILPDTKPEKIKDNGDLVLSSPSHNVTLPOVETEREDFIELCTPGVIKOEKLGTY Y COASFPGANTT
GNKMSAISVHGVSTSGGMYHYDMNTASLSQOQDOKPIFNVI PPIPVGSENWNRCRGSGDDNLTSLGTLNFFGRTVES
NGYSSPSMRPDVESPPSSSSTATTGPPPKLCLVCS DEASGCHYGVLTCGSCKVF FKRAVEGOHNYLCAGRNDCIIDKI
RRENCPACRYRKCLOAGMNLEARKTKKKIEGIQOAT TGV SQETSENPGHNRKT IVPATLPDLTPTLVSLLEVIEPEVLYA
GYDSSVPDSTWRIMTTLNMLGGROVIAAVERAKAI PGFRNLHLDDOMTLLY Y SWMFLMAFALGWRS YRR SSANLLCFA
POLIINEQRMTLPCMYDOCKHMLYVSSELHRLOVSYEEYLUMKTLLLLS SV PEOGLKSQELFDEIRMTYIKELGKAIV
KREGRSSONWORFYOLTELLDSMHEVVENLLNY CFOTFLOKRTMSIEFPEMLAE I ITHQI FKY SNGN IKKLLEFHQKW

SEQ ID NQ:453 (L27V02-GR/L27V02-PKCa linker (nt segquence}
GGTGGTTCAGGTGETGECEGGAGCGETGGAGEGEAGCAGCGETEGAGCGATCGTC

SEQ ID NO:454 (L27V02-GR/L27V02-PKCa linker {aa sequence}
GGSGGGGESGGGSSGGATIA

SEQ ID HO:455 (GR-L27V02/PKCa-L27V02 linker (nt segquence)
TCTCTCGETGGTTCAGGTGATGGCGGGRECGETGCAGGEAGCAGCGETGGA

SEQ ID NO:456 (GR-L27V(2/PKCa-L27v02 linker {aa segquence)
SLGGSGEGGSGGEGS56G6

SEQ 1ID RO:457 (GSSG linker {nt sequence)
GCTCGAGUGGA
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SEQ ID HO:458 (GSSG linker {aa sequence)
585G

5EQ ID NO:458% (ATIR (nt segquence)

ATGATTCTCARCTCT TCTACTGAAGATGGTAT TAAAAGARTCCARGATGAT TG TCCCABAGCTGGALGECATARTTAL
ATATTTGTCATGATTCCTACTTTATACAGTATCATCTTTGTGGT GGGAATATTTGGAAACAGCTTGGTGGTGATAGTC
ATTTACTTTTATATGARGCTGAAGACTGTGGCCAGTGTTTTTCTTTTGAAT TTAGCACTGGCTGACTTATGCTTTTITA
CTGACTTTGCCACTATGCECTCTCTACACAGCTAT GGRATACCGCTGGCCCTTTGGCAATTACCTATG TARGAT T GCT
TCAGCCAGCGTCAGTTTCAACCTGTACGCTAGTGTGTTTCTACTCACGTGTC TCAGCAT TGATCGATACCTGGCTATT
GTTCACCCAATGRAGTCCCGCCTTCCACGCACAATGCT TG TAGCCAAAGTCACCTGCATCATCATTTGGCTGCTGGCA
CGCTTGECCAGTTTGCCAGCTATARTCCATCGAAATGTATTT TTCAT TGAGRACACCAATATTACAGTTTGTGCTTTC
CATTATGAGTCCCARRAT TCAACCCTTCCGATAGGECTGGGCCTGACCARARARTATACTGGGTITTCCTGTTTCCTTTT
CTGATCATTCTTACAAGT TATACTCTTAT T TGERAAGGL CCTARAGRAGGCTTATGAART TCAGRAGAACAARCCAAGA
ARTGATGATATT TT TAAGATAATTATGGCAATTGTGCTTTTCTTTTTCT TITCCTGGATTCCCCACCAARTATTCACT
ITTCTGRATGTATTGATTCAACTAGGCATCATACGTGACTGTAGART TGCAGATATTGTGCGACACGGUCATGCCTATC
ACCATTTCTATAGCTTAT TTTARCAATTGCCTGARTCCTCTTTTTTATGEC T T CTGGLGAARAAATTTAAARGATAT
TTTCTCCAGC T TCTAARATATATTCCCCCAMAAGCCARATCCCACTCAAACCT TTCAACARBRRATGAGCACGCTTTCC
TACCGCCCCTCAGATARTGTAAGCTCATCCACCARGAAGCCTGCACCATGTTT TCACGTITGAGTGA

SEQ ID NO:460 (ATIR {aa sequence)

MILNSSTEDGIKRIQODDCPKAGRHNY IFVMIPTLYSIIFVVGIFGNSLYVVIVIYEYMKLKTVASYVFLLNLALADLCEFL
LTLPLWAVYTAMEYRWPEFGNYLCKIASASYSFNLYASVELLTCLSIDRYLATVHPMKSRLRRTMLVAKVTICIIIWLLA
GLASLPAIIHRNVFFIENTNITVCAFHYESONSTLPIGLGLTENILGFLFPFLIILTSYTLITWKALKKAYETQKNKPR
NODIFKIIMAIVLEFFFSWIPHQIFTFLDVLIQLGIIRDCRIADIVDTAMPITICIAYFNNCLNPLEYGFLGKKFERY
FLOLLXYTPPKAKSHSNLSTEMESTLESYRPSDNVSSSTREPAPCEEVE

SEQ ID ND:481 (IL6-00 signal peptide {(nt segquence)
ATCARCTCCTTCTCCACRAGCGCCTTCGGTCCAGTTGCC TTCTCCCTGGEGCTGCTCCTGGTGTTGCCTGCTGCCTTC
CCTGCCCCA

SEQ ID NO:462 (IL6-00 =signal peptide {(aa sequence)
MNSFSTSAFGEVAFSLGLLLVLPRAFEAP

SEQ ID HO:463 (IL6-00 L27V-00 [(nt sequenca)
ATGARCTCCTTCTCCACAAGCGCCTTCGGTCCAGTTECCTTCTCCOTGEEGCTGCTCCTGGTETTGCCTGCTGCCTTC
CCTGCCCCAGTGTTTACACTCGARGATTTCGTAGEGGACTCGCGGCAGATAGCCCLCTACARCCTCOACCARGTCCTT
GRGCAGEGIGETETCTCCACT TTETTTCAGARTCTCGEGG TG TCCGTAACT CCEATCCARARGCATTGTCCTCGAGCGET
GARARCEGCCTGAAGATCGACAT CCATGTCATCATCCCGTATGARGGTCTGAGCGGCGATCAGATGGGCCAGATCGRA
ARLATTTTTARAGET GGTGTACCCTGTGGATGATCATCACTTTARCOTGATTCTGCACTATCOCRCACTCOTAATCGAC
GGEEETTACGCCGARCATGATCGAC TATT TCGGACGGCCGTATGARGGUA ICGUCGTETTUCAC GLECAAARACATCRLT
GTRACCGGGACCCTGTGGARCGGCARCARRATTATCGACGAGLGCCTGATCARCCCCGACGECTCCCTGCTEGTTCCGE
GTRACCATCAACGGAGTGACCGGECTGGUGEETGTEGCGAGLGCATTTTGGECG

SEQ ID WO:464 (IL6-00 L27V-00 ([=2a sequence)
MNSFSTSAFGPVARSLGLLLVLPAAFPAPVETLEDEVGDWROTAGYNLDOVLEQGGVSSLEONLEGYVSVTPIORIVLSG
ENGLKIDIMVIIPYEGLSGDOMGQIEKIFEVVYFVDDHHFKVILHYGTLVIDGVTEFNMIDY FGRPYEGIAVEFDGEKIT
VIGTLWNGNKIIDERLINPDGSLLFRVTINGVTGWRLCERILA

SEQ ID NO:465 (Native secretion signal + L27V (nt sequence)
atggecttacteoccacactgttcatcattgetotcacagoegtegtaacacaagectoctecacacagaaaageaacctyg
acaGTGTTTACACTCGAAGAT TTCCTAGGGGACTGGCEGCAGACAGUCGGCTACARMCCTGGACCAAGTCCTTGAGCAG
GGCGGTETGTCCAGTTTGTTTCAGARTCTCGGGGTGTCCECTAACTCCGATCCAMACCATTCTCCTGAGCGGTGAARAC
GECOTGRAGATCGRCATCCATGTCATCATCCCGTATGARGGTC TG AGCGELGATCAGA TGGECUAGATCGARALARTT
TTTARGGTGCTGTACCCTGTGGATGATCAT CACTT TARGETGATTCTGUCACTATGGCACACTEGTAATCGACGGGETT
ACGCCGAACATGATCGACTATTTCGCACGGCCETATGRAGGCATCGCCGTEGTTCGACGGCARRRAGATCACTGTAACC
GGGACCCTGTEGAACGGCAACAAAAT TATCGACGAGCGCCTGATCARCCCCGACGECTCCCTGCTGTTCCGLGTAACC
ATCAACGGAGTGAC CGGECTEELGECTETGUGAGCGCATTTTGGEES

SEQ ID KO:466 (NMative secration signal + LZ7V (aa seguence}
MAYSTLFLIALTAVVTORSSTORSHNLTVETLEDEVGDHEOTAGYNLDOVLEOGGYSSLFONLGYSYVTPIORIVLSGEN
GLKIDIAVY I PYEGLSGDOMGOIEKI FEYVY FPYDDHAFKVILHYGTLVIDGVTPNMIDY FGRPYREGIAVFDEKKITVT
GTLWNGNKIIDERLINPDGSLLFRVTINGVTGWRLCERILA

SEQ ID RQ:467 (CP 6 L27v {(RIIhB) (nt seguence) (nt sequenca)
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Atgttcgttggggactggcgacagacagccggctacaacctggaccaagtccttgaac@gggaggtgtgtccagtttg
tttcagaatctcggggtgtccgtaactccgatccaaaggattgtcctgagcggtgaaaatgggctgaagatcgacatc
catgtcatcatcccgtatgaaqgtctgagcggcgaccaaatgggccagatcgaaaaaatttttaaggtgqtgtaccct
gtggatgatcatcactttaaggtgatcctgcactatggcacactggtaatcgacggggttacgccgaacatgatcgac
‘tatttcggacagoogtatgaaggocategecgtgticgacggcaaaaagatcactgtaacagggaccctgtggaacggc
amacaaaattatcgacgagogoctgatcaacceogacggotcocctgetgttcogagtaaccatcaacggagtgaccygge
£ggegget gt GCGAACGCATTCTGGCL AGCTCAAGCGGAGG T TCAGGCGGTTCCGGAATGTATGAARGCTTTATTGAG
TCACTGCCATTCCT TABATC T T GGAGT TTTCTGCACGCCTGARAGTAGTAGATCTGATAGGCACCAAAGTATACAAC
GATGGAGAACAAAT CETTGC TCAGGCAGATTCGGCTGATTCTTTTTTCATTATTGAATCTGGRGARGTGARAATTACT
ATGAMAAGARAGEETAARTCAGEAGT GGAAGAGRATGGTGCAGTAGARATCGLCTCGATGCTCGCGGLGACAGTACTIT
GGAGAGCTTGCCCTGGTAAC TARCARACCTCGAGCAGCTTCTGCCCACGCCATTGGGACTETCRAARTGTTTAGCAATG
GATGTGCAAGCATT TGAAAGGCTTCTGGGACCTTGCATGGARATTATCARRAGEAACAT CGCTACCTATGRAGARCRG
TTAGTTGCCCTGTATGEARCGARCATGGATATTGTAGGGTCAGGTGGATCTEGAGETAGCTCTTCTatggtct tcaca
ctegaagat

SEQ ID K0D:468 (CP & L27V (RITbR) (aa seq)
MEVGDWROTAGYNLDOVLEQGGYSSLEONLGVSVTPIQRIVLSGENGLKIDIRVIIPYEGLSGDOMGQIEKIFKVVYP
VDDHHEFKY I LHYGTLYIDGVT PNMI DY FGRPYEGIAVEDGKKITVTIGTLWNGNKIIDERLINPDGSLLFRVTINGVTG
WRLCERILASSSGGSGESGMYESPIESLPFLESLEFSARLKVYDVIGTEKYYNDGEQI IAQGLSADSFFIIESGEVKIT
MKRKGKSEVEENGAVEIARCSRGOYFGELALVTNKPRAASAHAIGTVKCLAMDVOAFERLLGPCMEIMKRNIATYERQ
LVYALYGTNMDIVGSGGSGGSSSMVETLED

SEQ ID WO:469 (CP 12 L2Z7V {RIIbB} {nt sequence) {nt seguence)

MATGecagacagecggotacaacctggacceaagtocttgaacagggaggtgigtccagtitgtticagaateteggggtg
rccgtaactccgatccaaaggattgtectgageggtgaaaatgggetgaagategacatccatgteateatocoygtat
gaaggtctgagegacgaccaaatgggocagatcgaaaaaatttttaaggtggrgtacectgtggatrgateatcacttt
aaggtgatcctgocactatggoacactggtaatogacaggggttacgocgaacatgatecgactatttoggacggoogtat
gaaggcategecgtgttegacggcaaaaagatecactgtaacagggaccotgtggaacggcaacaaaattategacgag
cgectgatcaaccccgacggetecctgetgttecgagtaaccatcaacggagtgaceggetggegget gt GCGAACGT
ATTCTGGCLAGCTCRAAGCGGAGCTTCAGGCGGTTCCGGRAATGTATGAARGCTTTATT GAGTCACTGCCATTCCTTARA
TCTTTGGACTTTTCTGCACGCCTIGARAGTAGTAGATGTGATAGGCACCARAGTATACRACGATGGAGARCAAATCATT
GCTCAGGGAGATTCGGCTGAT TCT T T TTCATTAT TGAATC TGGAGAAGTGAARATTACTATCARAAGARAGGGTARA
TCAGARGTGGAAGRGARRATGGTGCAGTAGRAATCGCTCGATGCTCOCGGEGACAGTACTTTGGAGAGCTTGCCCTGGTA
ACTAACARRCCTCGAGCAGCTTCTGCCCACGCCAT TGEGACTGTCAARTGTTTAGCARTGGATGTGCAAGCATTTGAA
AGGCTTCTGGGACCT TGCATGGARATTATCARAAMGGARCATCGCTACCTATGANGANCAGTTAGTTGCCCTGTATGGA

ACGAACATGGATATTGTAGGGTCRAGGTEGATCTGGAGGTAGCTCTT CTatggtcttcacactcgaagartttegttggyg |,

gactgygcaa

SEQ ID NG:470 (CP 12 LZ27V (RIIbB) {aa seq)
MOTAGYNLDOVLEQGGVSSLFQNLGYSVTPIQRIVLSGENGLKIDIHVI IFYEGLSGDOMGQRIEKI FKVVY PYDDHHF
KVILHYGTLVIDGVTPNMIDYFGRPYEGIAVFDGKKITVTGT LWNGNKIIDERLINPDGSLLFRVT INGVTGWRLCER
ILASSSGESGGSGMYRSFIESLPELKSLEFSARLKVVDVIGTEVYNDGEQI IAQGDSADSFFIIESGEVKI TMKRKGK
SEVEENGAVEIARCSRGQYFCELALVTHNKPRAASAHATIGTVKCLAMDVOQAFERLLGPCME IMKENIATYEEQLVALYG
TNMDIVGSGGEGESSSMVFTLEDEVGDWR

SEQ ID NO:471 (CP 48 L27V (RIIbB} {(nt sequence}
ATGggtgaaaatgggctqaaqétcgacatccatgtcatcatcccgtatgaaggtctgagcggcgaccaaatgggccag
arcgaaaaaatttttaaggtggitgtaccctgtggatgalcatecacitliaaggtgatecectgeactatggecacactggta
atcgacggggttacgeccgaacatrgateogactattteggacggeegtatgaaggeategecgtgttegacggeaaaaayg
atcacktgtaacagggacectgtggaacggeaacaaaattatecgacgagogoectgatcaaccecgacggetocetgotyg
treegagtaaccatcaacggagtgaccggotagegaet gt GCGARCGCATTCTGGCEAGC TCARCCGGAGGTTCAGGT
GETTCCGGARTGTATGARAGCTTTAT TCAGTCACTGCCATTCCTTARATCTTTGGAGTTTTCTGCACGCCTGARAGTA
GTAGATGTGATAGGCACCAARGTATACEACGATCGAGAACAAATCATTGCTCAGCGAGATTOCGCTEGATTCTTTTTTC
ATTATTGALTCTGCAGAAGTGARRAT TAC TATGAARAGABAGGGTARATCAGARGTGGAAGAGRATGETGCAGTAGRD
ATCGCTCGATGCTCECGGEEACAGTACTTTGGAGAGC T TGCCOTGGTAACTAATCARACCTCGAGCAGCTTCTGCCCAC
GCCATTGCGACTETCAAATGTTTAGCAATGGATGTGCAAGCATT TGARAGGCTTCTGGCACCTTGCATGGARATTATG
ALARACCAACATCGCTACCTATGRAGARCAGTTAGTTGCCCTETATGGAACGAACATGGATAT TG TAGGGTCAGET GGA
TCTGGAGGTAGCTCTTCTatggtcttcacactegaagatttegttggggactyggogacagacageeggectacaacctyg
gaccaagtccttgaacagggagotgtgtccagtitglticagzatctocggggtalecgtaactecgatcocaaaggatt
grectgage

S5EQ ID WO:472 (CFP 48 LZ27V (RIILB} {aa seq)

MGENGLKIDIHVIIPYEGLSGDOMGQIEKI FRKVVYPYDDHHFKVILEYGTLVIDGVTPNMIDYFGRPYEGIAVEDGEK
ITVTGTLWNGNEIIDERLINPDGSLLEFRVT INGVIGHWRLCERILASSSGGSGGSGMYESFIESLPFLKSLEFSARLKY
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VIVIGTKYYNDGEQI IAQGDSADSFFIIESGEVKI TMKRKGKSEVEENGAVEIARCSRGQYFGELALVTNKPRAASAH
BIGTVKCLAMDVOAFERLLGPCME IMKRNIATYEEQLVALYGTNMDIVGSGGSGGSSSMVETLEDEFVGDWROTAGYNL
DOVLEQGGVSSLFCNLGVSVTFIQRIVLS

SEQ ID NO:473 (CP 52 L27V (RIIbB) (nt sequence}
ATGCTGAAGATCGACATCCATGTCATCATCCCGTATGRAGGTCTGAGCGGCGACCARATGEGCCACATCGAARAARTT
TTTAAGGTGGTGTACCCTGTGGATGATCATCACTTTAAGGTGATCCTGCACTAT GGCACACTGGTAATCGACGEGGTT
ACGCCGAACATGATCGACTATTTCGGACGGCCGTATGAAGGCATCGCCGTCTTCGACGGCAARRAGATCACTGTAALCA
GGGACCCTGTGGAACGGCAACAAAAT TATCGACGRAGCGCC TGATCAACCCCGACGGCTCCCTEGCTETTCCGAGTARLC
ATCAACGCGACTGACCGGECTGGCGELTGTGCEAACGCATTCTGECTAGCTCAAGCGGAGGTTUAGGLGGTTCCGGAATG
TATGAARGCTTTAITGAGTCACTGCCAT TCCTTARATCTT TGGAGTTTTCTGCACGCCTGAARGTAGTAGATGTGATA
GGCACCAMAGTATACARCGATGGAGRACARRTCATTGCTCAGGGAGATTCGGCTGATTCTTTTTITCATTATTGAATCT
GEAGAAGTGARAATTAC TATGARAAGAAAGGETARATCAGAAGTGGARGAGAATGGTGCAGTAGAAATCECTCEATGE
TCGCGOGEACAGTACTT TEEAGAGCT TGCCCTGGTAACTARCAAACCTCGAGCAGCTTCTGCCCACGLCCATTGGGALT
GTCAAATGTTTAGCRATGGATGTGCAASCATT TGAAAGGCTTCTGGGACCTTGCATCCAARTTATGAARAGGAACATC
GCTACCTATGARAGRACAGTTAGTTGCUC TG TATGGAACGAACATGGATATTGTAGGGTCAGGTGGATU TGGAGGTAGT
TCTTCTATGGTCTTCACACTCGARCATTTCGT TGGGGACTCGUGACAGACAGCCGGCTACAACCTGGACCAAGTCCTT
GAACAGGGAGGTGTGTCCAGT TTGTTTCAGAATCTCEGGEGTGTCCGTARCTCCCATCCARAGGATTGTCCTGAGCGET
GARRRTGGG

SEQ ID NO:474 (CP 52 L27V (RIIDPE) (aa sog)

MLKIDIHVIIPYEGLSGDOMGOIEKI FRKVVYPVDDHHFKVILHYGTLY I DGVTPNMT DY FGRPYEGIAVEFDGKKITVT
GTLWNGNKIIDERLINPDGSLLFRVTINGVIGWRLCERILASSSGGSGGEGMYESPIESLPFLESLEFSARLKVVIVT
GTKVYNDGEQIIAQGDSADSFFIIESGEVKITMKREGKSEVEENGAVEIARCSRGOYFGELALYVTNKPRARSAHAIGT
VECLAMDVQAFERLLGPUME IMKRM I ATYEECLVALYGTNMDIVGSGGSGESSSMVETLEDFVGDWROTAGYNLEOVL
EQGGVSSLFONLGVSVTPIQRIVLSGENG

SEQ ID N0:475 (CP 55 L27V (RIIbB) (nt soquence)
Atggacatccatgtcatcatccegtatgaaggtectgageoggegaccasatgggecagatagaaaaaatttttaaggty
gtgtacoceotgtggatgatcatcacttiaaggtgatestgcactatggeacactggtastegacggggttacgeegaac
atgatcgactatttcggacggecgtatgaaggeategocgtgitegacyycaaaaagelecacigltaacagggacerty
tggaacggraacaaaattatcgacgagoqgoatgatcaacoccgacggectocctgetgttecgagtaaccatcaacgga
gtgaccyggetyggoeggetgtGCGAACGCATTCTGECLAGCTCAAGTGGAGETTCAGGCEETTCCGGRATGTATGAAAGT
TTTATTGAGTCACTGCCATTCCTTAARTCTTTGGAGT TTTCTGCACGCCTGRAAGTAGTAGATGTGATAGGCACCARA
GTATACARCGATGGAGAACARAATCATTCCTCAGGCGAGAT TCGGUTGATTCTTTTTTCATTATTGAATCTCGAGAAGTG
ARAARTTACTATGAARAGARNGGGTAAATCAGARGTGCARGAGRATGETGCAGTAGAARTCGCTCGATGCTCGLGGEEA
CAGTACTTTGGAGAGCTTGCCCTGGTAAL TAACARACCTCGAGCAGCTTCTGCCCACGCCATTGGGAC TG TCARRTGT
TTAGCAATGGATGTECAAGCAT TTGARAGGCTTCTGGGACCTTGCATGEAAATTATGAARAAGCAACATCGCTACCTAT
GAAGAACAGTTAGTTGCCCTGTATGGRAACGAACATGCATATTGTAGGGTCAGGTGHRATCTGGAGGTAGCTCTTCTatg
gtottcacactcgaagatttocgitggggactggegacagacadgocggenacaacctggaccaagtcot tgaacagyga
ggtgtgtccagtttgtttcagaateteggggtgtecgtaactoegatecaaaggattgicctgageoggtgaaaatgyg
ctgaagate

SEQ ID NO:476 (CP 55 L27V (RIIbR) (aa seq)
MDIHVIIPYEGLSGDOMGRIEKIFKVVY PVDDHHIKV ILHYGTLYIDGVTPNMI DY FGRPYEGTIAVFDGKKI TVIGTL
WNGNKIIDERLINPDGSLLFRVT INGVTGWRLCERI LASSSGGSGESGMYESFIESLPFLKSLEFSARLKVVDVIGTK
VYNDGEQIIAQGDSADSFFIIESGEVKITMKRKGKSEVEENGAVEIBARCSRGOY FGELALVTNKPRAASAHAI GTVKC
LAMDVQAFERLLGPCME IMKRNIATYEEQLVALYCTNMDI VG SEGSGCSSSMVETLEDFVG DWRQTAGYNLDOVLEQG
GVSSLFONLGVSVTPIQRIVLSGENGLKT

SEQ ID NO:477 ({CP 83 L27V (RIIbBE) (nt sequence)

ATGgtggatgatcatcacttitaaggigatcctgractatggcacactggtaatecgacggggttacgecgaacatgate
gactarttcggacggocgtatgaaggecatcgeocgtgttogacggecaaaaagatcactgtaacagggaccctgtggaac
ggeaacaaaatbalcgacgagugectgatcaaccocgacggetocctgetgttecgagtaaccatcaacggagtgace
gactggoggotgrGCGAACGCATTC TEGC L AGC TCAAGCGEAGGTTCAGGCGETTCCOGANTGTATGARRGCTTTATT
GAGTCACTGLCATTCCTTARATCTT TGGAGTTTTCTGCACGCCTGARAGTAGTAGATCTGATAGGCACCARAACTATAC
ARCGATGGAGAACPAATCATTGCT CAGGCAGATTCGGCTGAT TCTTTTTTCATTATTGAAT CTGGAGAAGTGARRRTT
ACTATGAARAGAAAGGGTAAATCAGAAGTGGANGAGRATGCTGCAGTACGARAATCGCTCGATGCTCGUGGEGACAGTAL
TTTGGAGAGCTTGCCCTGGCTAACTARCARACCTCGAGCAGCT TCTGCCCACGLCATTGGGACTGTCARATGTTTAGCR
ATGGATGTGCAAGCATT TGRAAGGC TTCTGGGACCTTGCATGGARATTATGAAAAGGARCATCGUTACCTATGARAGAR
CAGTTAGTTGCCCTGTATGGAACGARCAT GGATATTGTAGGG TCAGGTGGATCTGGAGGTAGCTCTTCTat ggtet te
acactcgaagatttcgttggggactggogacagacagecggetacaacctggaccaagbocttgaacagggaggigtyg
tecagtttgtticagaatcteggggtgtecgtaactecgatccaaaggattgtaectgageggtgaaaatgggetgaag
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atcgacatccatgtcatcatcccgtatgaaggtctgagcggcqaccaaatgggccaqathaaaaaatttttaaggtg
grtgtaccet

SEQ ID ND:478 (CP 83 127V (RITLB) (aa seq)
MVDOHHFKVILYYGTLVIDGVTPNMI DY FGRPYEGIAVEDGKKI TVTGTLWHNGNKI IDERLINPDGSLLEFRVTINGVT
GWRLCERILASSSGGIGGESGMYESFIES LPFLESLEFSARLKVVDVIGTRKVYNDGEQI IAQGDSADSFFITIESGEVKI
TMEKRKGKSEVEENGAVE IARCSREQYFGELALVTNKPRAASAHATGTVRCLAMDVOAFERLLGPCMEIMKENTIATYEE
OLVALYGTNMDIVGSGGSCGSSSMVEFTLEDFVGDWROTAGYNLDOVLEDGGVSSLFONLGVSVTPIQRIVLSGENGLE
TDIHVIIPYEGLSGDQMGQTEKIFKVVY P

SEQ ID NO:479 (CP B4 L27V (RIILB) (nt sequenca)
atggatgatcatcactttaagygtgatcctgcactatggcacactggtaategacggggttacgecgaacatgatoygac
tattteggacagecgtatgaaggrategecgtgttegacggcaaaaagatcactgtaacagggaccctgtyggaacgge
aacaaaattatcgacgagegoectgatcaaccecgacggotecctgetgttocgagtaaccatcaacggagtgacegge
tggeggetgtGCGAACGCATTCTGEC LAGCTCAAGCGCAGGTTCAGGCEGTTCCGGAATGTATGARAGCTTTATTGAG
TCACTGCCATTCCT TARATC TT TEGAGT I TTCTGCACGCCTGAARGTAGTAGATGTGATAGGCACCAARGTATACAAC
GATGGAGAACAARTCATTGCTCACGGAGATTCGGCTGATTCTTTTTTCATTAT TGARTCTGGAGAAGTCRAAATTACT
ATGARAARCAARGCC TARAATCAGANGT GGAAGAGARTGGTCCAGTAGAARATCGCTCGATGCTCGLGGGGACAGTACTTT
GGAGAGLT FGCCCT GETAACTAACRRRACCTCGAGCAGCTTCTGCCCACGCCATTGCGACTGTCARATGTTTAGCAATG
GATGTGCAAGCATTTGAARGGCTTCTGGGACCT TGCATGGAAATTATGARARGGAACATCGCTACCTATGAAGARCAG
TTAGTTGCCCTGTATGGARCGARCATGCGATATTGTAGGGTCAGGTGGATCTGCAGGTAGCTCTTCTatggtel tecaca
ctocgaagatttegttggggactggcgacagacagecggctacaacctggaccaagtecttgaacagggaggtgtgtec
agtttgtttcagaatctocggggtgtecgtaactecgatocaaaggattgtectgageggtgaaaatgggetgaagate
gacatccatgtcatcatecccocgtatgaagugtctgageggogaccaaatgggecagatocgaaaaaatttttaaggtggtg
taccectgtg

SEQ ID NO:480 (CP B4 127V (RIILB) (aa seq)
MCDHHFKVILHYGTLVIDGVTFNMIDYFGRPYEGIAVFOGEKKITVIGTLWNGNKITIDERLINPDGSLLFRVTINGVTG
WRLUERILASSSGGSGGESGMYESFIESTL.PFLKSLEFSARLEVVDVIGTKVYNDCEQT IAQGDSADSFFITIESGEVKIT
MKRKGKSEVEENGAVEIARCSRGQYFGELALVTNKPRAARSAHAIGTVKCLAMDVOAFERLLGFCMEIMKRNIATYZEQ
LYALYGTNMDIVGSGGSGGSSSMVFTLEDFVGDRROTAGYNLDOVEEQGGVSSLEONLGVSVIPIQRIVLSGENGLKT
DIHVIIPYEGLSGOQMGQIEKI FEVVYPV

S5EQ ID NO:4B81 {CP 103 L27V {(RIIbBB} (nt segquence)
aATGacgcegaacatgategactattteggacggecgtatgaaggeategecgtygttcgacggcaaaaagatcactygta
acagggaccctgtggaacggoaacaaaattatcgacgageogocctgatcaaccecgacggetocectgetgttocegagta
accatcaacggagtgaceyggotggeggctgt GCGAACGCATT CTGECLAGCTCAAGCGGAGGTTCAGGLGETTCCGGA
ATGTATGARAGCTTTATTGAGTCACTGCCATTCCTTARATCTTTGGAGTT TTCTGCACGCCTGARAGTAGTAGATETG
ATAGGCACCAARRGTATACAMCGATGGAGAACARATCATTGCTCAGGGAGATTCGGCTGATTCTTTTTTCATTATTGRAA
TCTGGAGAAGTGAARATTACTATGAAARCAAAGGCTAAATCAGAAGCTCGGAAGAGAATGGTGCAGTAGARAATCGCTCGA
TGCTCGCGGEEACAGTACTTTGGAGAGCTTGCCCTGGTARCTARCARACCTCGAGCAGCTTCTGCCCACGCCATTGGEG
ACTGTCARATCTTTACCAATGEAT GTGCAAGCATTTGRARGGUTTCTGGGACCTTGCATGGAARTTATGAAAAGGARC
ATCGCTACCTATGARGAACAGTTAGT TGCCCTGTATGGARCGAACATGEATATTGTAGGGTCAGGTGGATC TGGAGGT
AGCTCTTCTatggtcttcacactegaagatitegtitguguactggegacagacageocgyetacaacctgyaccaagte
cttgaacagggagatgtgbteccagtttgtttcagaateteggyggtygtecgtaactecgatecaaaggattgtectgage
ggtgaaaatgggotgaagatcgacatccatgtcatcatecoccgtatgaaggtectgageggogaccaaatgggocagate
gaasaaattittaaggtggtgtacoctgtggatgatcatcactitaaggtgatecbgractatggeacackggtaate
gacggggtt

SEQ ID NO:482 (CP 103 L27V (RITbB} (aa seq)
MTENMIDYFGRPYEGIAVFDGKKI TVTGTLWNGNKIIDERLINPDGSLLFRVTINGVTGWRLCERI LASSSGGSGGSG
MYESFIESLPFLKSLEFSARLKVVDVIGTKVYNDGEQI IAQGDSADSFFIIESGEVKI TMKRKGKSEVEENGAVEIAR
CSRGQYFGELALVTNKPRAASAHA T GTVKCLAMDVQAFERLLGPCMEIMKRN IATYEEQLVALYGTRMDIVGSGGSGE
SSSMYFTLEDFVGDWRQTAGYNLDOVLEQGGVSSLFONLGVSVTPIORIVLSGENGLKI DIHVIIPYEGLSGDOMGQI
EKIFKVVYPVDDHHFKVILHYGTLVIDGV

SEQ ID NO:483 (CP 120 L27V (RIIbB) [nt sequence)

ATGttcgacggeaaaaagatcacifgtaacagggaceotgiggaacggeaacasaattatcoacgagegeectgatcaac
ceoocgacggctecctgotgttecgagtaaccatcaacggagtgaceggetgycgyct gt GCGRAACGCATTCTGGCLAGT
TCARGOCGGAGETTCAGGCGETTCCGEGAATGTATGARAGCTTTAT TGAGTCACTGCCATTCCTTARATC TTTGGAGTTT
TCTGCACGCCTGARAGTAGTAGATGTGATAGGCACCARAGTATACAACGATGGAGARACARATCATTGC TCAGGGAGAT
TCGGCTGATTCTTTTTTCATTAT TGRATCTGGACAAGTGAAAAT TACTAT GAAAACGANAGGCTARATCAGAAGTGGAR
GAGANTGGTGCAGTAGAAATCGCTCGATGL TCGCGGEGACAGTACTTTGGAGNGCT TGCCCTGGTAACTARCAAACCT
CGAGCAGCTTCTGCCCACGCCATTGGGAC TG TCARATGT T TAGCAATGEATGTGCAAGCATTTGAAAGSC T TCTGGGA
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CCTTGCATGGAART TAT GARARGGARCATCGCTACCTATGRAGARCAGT TAGT TGCCCTGTATGGARCGAACATGGAT
ATTGTAGGGTCAGGTGGATCTGGAGGTAGCTCTTCTatggtct teacactcgaagatttegttggggactygegacag
acagccggctacaacctggaccaagtcocttgaacagggaggtgtgtecagtttgtitcagaateteggggtgtoogta
actccgatccaaaggattgtectgageggtgaaaatyggctgaagatcgacatccatgtecatecateocgtatgaaggt
ctgagcggogaccaaatgggocagatcgaaaaaatttttaaggtggtgtacectgtggatgatcatcactttaaggty
atcctgcactatggoacactggtaatcgacgggattacgcegaacatgatcgactattteggacggoegtatgaaggce
ategecgtyg

SEQ Ib WO:484 (CP 120 L27V (RIIbB) (aa seq)

MFDGKKITVTGTLHNGNKI IDERLINPDGSLLFRVTINGYTGWRLCERILASS55GG5GGSGMYESFIESLPFLKSLEF
SARLKVVOVIGTRKVYNDGEQI IAQGDSADSFFIIESGEVKITMKRKGKSEVEENGAVEIARCSRGOYFGELALVTNKP
RAASAHATGTVEKCLAMDVQAFERLLGPCMEIMKRNIAT YEEQLYALYGTHMDIVGSCGSGGSSSMVFTLEDEVGDHRO
TAGYNLDQVLEQGGVSSLFONLGVSVTPIQORIVLSGENGLKIDIHVI [ PYEGLSGDOMGQIEKI FKVVYPVDDHHEKY
ILHYGTLVIDGVTPHNMIDYFGRFYEGIAV

SEQ ID NO:4B85 {CP 123 L27V (RIILB) (nt sequencs)
ATGaaaaagatcactgtaacagggaccctgtggaacgygcaacaaaattatcgacgagegecoctgatcaaccoegacgyc
tcectgotgttecgagtaaccatcaacggagtgaccygygctggeggotgLGCGAACGCATTCTEGCLAGCTCARGCGGA
GGTTCAGGCGGTICCGGRATGETATGAAAGC TTTATTGAGTCACTGCCATTCCTTAAATCTTYGGAGT T TTCTGCACGE
CTGRAAGTAGTAGATGTCATAGGCACCAAAGTATACAACGATGGAGAACARATCATTECTCAGGGAGATTCGGLTGAT
TCTTTTTTCATTATTGAATCTGGAGAAGTGAARAT TACTATCARRRGAARGCCTARATCAGAAGTGCAAGAGAATGGT
GCRGTAGRAARTCGACTCGATGL TCGCGGGEACAGTACTT TGGAGACCTTGCCCTGGTARCTARCARNCCTCGAGCAGCT
TCTGCCCACGCCATTGGGACTGTCARATGT T TAGCAATGGATGTGCAAGCATTTGARAGGCTTCTGGGACCTTGCATG
GARATTATGAAAMGGAACATCGCTACCTAT GAAGRACAGTTAGTTGCCCTGTATGGARCGARCATGGATATTGTAGGES
TCAGGTGEATCTGGAGGETAGCTCTTCTatggtctteacactegaagatttegttggggactggecgacagacageegge
tac%acctggaccaagtccttqaacaqggaggtgtgtccagtttgtttcagaatctngggtgtccgtaactccgatc
caaaggattgteogctgageggtgaaaatgggotgaagategacatecalgleatcatacocgtatgaagglclgagocgge
gaccaaatgggecagarcgaaaaaattritaaggtggtgtacectgtggatgatecatecactttaaggtgatectgeac
tatggcacactggtaatcgacggyggttacgecgaacatgatcgactatttocggacggoogtatgaaggeatocgoogtg
ttcgacgygce

S5EQ ID NO:486 (CP 123 L27V (RIIbB} {(aa seq)
MKKITYTGTLWNGNKIIDERLINPDGSLLFRVTINGVTGWRLCERILASSSGGSGGESGMYESFIESLPFLKSLEFEAR
LKVVDVIGTKVYNDGEQIIACGDSADSFFI IESGEVKITMEKRKGKSEVEENGAVEIARCSRGOYFGELAT VT NKPRAR
SAHAIGTVYKCLAMDVOAFERLLGPCMETMEKRNTATYEEQLVALYGTNMDIVGSGGSGGSSSMVETLEDEVGOWRQTAG
YNLDOVLEQGGYSSLEFQNLGVSVTPIQRIVLSCENGLKIDIAVIIPYEGLSGDOMGOIEKI FKVVY PVDDHHEFEVILH
YGTLVIDGVTPNMIDYFGRPYRGIAVFDG

SEQ ID NQ:487 (CP 124 L27V {RIIbB) (nt sequence)
ATGaagatcactgtaacagyggacectgtggaacggeaacaaaattalcygacgagegectgalcaaccoegacggetce
ctgetgticogagtaaccatcaacggagtgaccggetggegget gt GCGRACGCATTCTGGCLAGCTCARGCGGAGET
TCAGGCEGTTCCGEAARTG AT GARAGC T TTATTCAGTCACTGCCATTCCTTAALTC TT TGGAST I T TGLACGLC TS
AAAGTAGTAGATGTGATAGGCACCARAGTATACARCGATGGAGAACARAT CATTGC TCAGGGRAGATTCGGCTGATTCT
TTTTTCATTATTGAATCTGEAGAAGTGARAATTACTATCARANGAAAGGGTAAATCAGRAGT GGAAGAGAATGGTGCA
GTAGERAATCGCTCGATGCTCECCCCGCACAGTACTTTCCAGAGCTTGCCC TG TAAC TAACARACCTCGAGCAGCTTCT
GUCCACGCCATTGGEACTGTCAAATG T T I AGCALRTGEATGT GLARGCAT TTGARAGGCTTCTEEEACCTTGCATGGAA
ATTATGAAAAGGAACATCGCTACCTATGARGARCAGTTAGTTGCCCTGTATGGAACGARCATGCGATATTCTAGGGTCA
CGTGGATCTGGAGGTAGCTCTTCTatggtetcacactcgaagattregt tggggactggegacagacagocggetac
aacctggaccaagtocttgaacagggaggigtgtecagtttatttcagaateteggggtgtecgtaactecgatocaa
aggattgtcctgageggtgaaaatgggetgaagatcgacatoccatgicatcateccgtatgaaggtetgageggegac
caaatgggcragatcgaaaaaatttltaaggtggtgtaccotgiggatgatcatcactttaaggigatocectgeactat
ggcacactggtaatcgacggggtitacgeegaacatgatcegactatttoggacggecgtatgaaggeategecgtgtte
gacggcaaa

SEQ ID NO:488 (CP 124 L27V (RIIDE) (aa seq)

MEITYTGTLWNGHKI IDERLINPDGSLLFRV I INGYTGWRLCERILASS3GGSGESCMYESFIESLPFLKSLEFSARL
KVVDVIGTKVYNDGEQIIAQGDSADSFFIIESGEVKITMERKGKSEVEENGAVEIARCSRGOY FGELALVTNKPRARS
AMAIGTVKCLAMDVORFERLLGPCHME IMKRNIATYEEQLVALYGTNMDIVGSCGEGGS3SMVEFTLEDFVGDWROQTAGY
NLDOVLEQGGVSSLEONLGVSVIPIGRIVLSGENGLKIDIHYI I PYEGLSGDOMGQIEKI FKVYYPVDDHHFRVILHY
GTLVIDGVTPNMIDYFGRPYEGIAVEDGK

SEQ ID NO:489 (CP 125 L27V (RIIDB) (nt sequence)

ATGatcactgtaacagggaccctgtggaacggcaacasaattategacgagegectgatecaacecagacggotenscty
ctgttecegagtaaccatcaacggagtgaccggetgaoggetgt GCGARCGCATTCTGGCLAGCTCAAGCGGAGGTTCA
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GGCGETTCCGGRATGTATGARAGCTTTATTGAGTCACTGUCATTCCTTAAATCTTTGGAGTTTTCTGUACGCCTGARA
CTAGTAGATCTGATAGGCACCARRGTATACAACGATGGAGARCARATCATTGCTCAGGGAGATTCGGCTGATTCTTTT
TTCATTAT TGAATC TGGAGARGTGARARTTACTATGAARAGAAAGGCTARATCAGAAGTGGARGRAGAATGOTGCRAGTA
GRRATCGCTCGATGCTCGLGEGEACAGTACTTTGGACAGCTTGCCCTGGTAACTAACAARCCTCGAGCAGCITCTGCT
CACGCCATTGGGACTCTCARATGT TTAGCARTGGATSTCCARAGCATTTGARAGGCTTCTGGGACCTTGCATGGARATT
ATGARARGGAACATCECTACCTATGAAGARCAGTTAGT TGCCCTETATGEAACGAACATGGATATTGTAGGETCAGGT
GGATCTGGAGGTAGCTICTTCTatggtettcacactcgaagatttcgttguygactggegacagacagecggetacaac
ctggaccaagtccttgaacagggaggtgtgtccagrttgtitocagaatectecggggtgtecgtaackecgatccaaagg
attgtecctgageggtgaaaatgggetgaagategacateccatgtcatcatecogtatgaaggteotgagcggogaceaa
atgggccagatcgasaaaatitttaaggtggtgtaccctgtggatgatcatcactttaaggtgatecetgeactatgge
acactggtaatcgacggggttacgrcgaacatgategactatttcggacggocgtatgaaggeatogeogtgttegac
ggcaaaaag

SEQ ID WNO:49%0 {CP 125 127V (RIILB) ({(aa seqg)

MITVIGTLWNGNKL IDERLINPDGSLLFRVTTNGYTGWRLCERILASSSGGSGGSGMYESFIESLPFLKSLEFSARLR
VVDVIGTKVYNDGEQITAQGDSADSFFITESGEVKI TMKRKGKSEVEENGAVETARCSRGOY FGELALVTNKPRAAGA
HAIGTVKCLAMDVORFERLLGPCMEIMKRNIATYEEQLVALYGTNMDIVGSGCSGGSE SMVETLEDFVGDWROTAGYN
LOOVLEQGGVSSLEONLGVSVTIPIQRIVLSGENGLKIDIHVIIFYEGLSGDOMGQRIERKIFKVVYPVDDHEFKVILHYG
TLVIDGVTPNMIDYFGRPYEGIAVFDGKK

SEQ ID NQ:491 (CP 130 L27V (RIIbB) (nt sequence)
ATGaccctgtggaacggeaacaaaattatcgacgagegcctgatcaaceocgacggotecctgetgttecgagtaace
atcaacggagtgaccggctyggoggctgtGCGRACGCATTC TGGCEAGCTCAAGCGGAGGTTCAGGCGGTTCCEGARTG
TATGAAAGCTTTAT TGAGTCACTCCCATTCCTTAAATCTTTGGACT T TTCTGCACGCCTGARAGTAGTAGATGTGATA
GGECACCAAAGTATACAACGAT GGAGAACARATCATTGCTCAGGGAGATTCGGCTGATTCTTTTTTCATTATTGRBATCT
GGAGAAGTGAAAATTACTATCAARAGARAGGGTARATCAGAAGT GGRAGAGRATGGTGCAGTAGAAATCECTCGATGT
TCGCGGGGACAGTACTTTGGAGAGCTTGCCCTGGTARCTAACARAACCTCGACCAGCTTCTGCCCACGCCATTGGGACT
GTCAAATGTTTAGCNATGGATGTCCAAGCATTTCARAGGCT TCTGGEACCTTGCATGGRAATTATGAAARGGAACATC
GCTACCTATGRAGARCAGTTAGTIGCCCTGTAT GGAACGRACAT GEATAT PETALGS | CAGGTGGATCTEGAGETAGT
TCTTCTatggtcttcacactocqaagqatticgttggygactggegacagacagooggotacaacciggaccaagticott
gaacagggaggtgtgtccagttigttitcagaatcteggggtgicogtaactocgatoccaaaggattgicctgageggt
gaaaatgggetgaagatcgacatecatgtecatecatecogtatgaaggtoetgageggogaccaaatgggocagatcgaa
aaaatttttaaggtggtgtaccctgtggatgatcatcactitaaggigatocotgroactatggracactggtaatcgag
ggggttacgccegaacatgatcgactatttocggacggecogtatgaaggecatogeogtgttcgacggcaaaaagatcact
gtaacaggg

SEQ ID NO:4%2 (CP 130 L27V (RIIMB) {aa seq)
MTLWHGNKIIDERLINFDGSLLFRVTINGVTGWRLCERILASSSGGSGGSGMYESFIESLPFLESLEFSARLEKVVDVI
GTEVYNDGEQITAQGDSADSFFIIESGEVKI TMKRKGCKSEVEENGAVETIARCSRGOYFGELALVTNKPRAASARARTGT
VECLAMDVOAFERLLGPCMEIMKRNIATYEEQLVALYGTHNMDIVGSGGSGGSSSMVETLEDEVGDWROTAGYNLDOVL
EQGGVSSLFQNLGYSVTPIQRIVLSGENGLKIDIHVYIIPYEGLEGDQMGRIEKI FEVVYPVDDHHFKVILHYGTLVID
GVTPNMIDY FGRPYEGIAVFDGKKITVTG

SEQ ID NO:4%3 (CP 145 L27V (RIIbB) (nt sequence)
ATGoccgacggctecctygectgttccgagtaaccatcaacggagtgaceggetggeggo b gt GCGARCGCATTCTGGCE
AGCTCRAAGCGGAGGTTCAGGCGGT TCCCGAATGTATGARAGCTT TAT TGAGTCACTGCCATTCCTTARATCTTTGGRG
TTTTCTGEA GO TGAARG TAG TAGAT GTGATAGGCACCANGTATACARCCATCCAGRACARAT CATTGCTCAGGCR
GATTCGGCTGATTCTTTTTTCATTAT TGRAATCTGGAGRARGT CAARATTAC TATGARRACARAGGGTARATCAGRAGTG
GARGAGAATGGTGCAGTAGAARTCGCTCGAT GCTCGCGGECACAGTACTTTGGAGAGCTTGCCCTGGTAACTARCARA
CCTCGAGCAGCTTCTGCCCACGCCATTGGGACTGTCARATGTTTACCARTGGATGTCCAAGCATTTGARAGGCTTCTG
GGACCTTGECATGGARATTATGRAARGGARCATCGCTACCTATGAAGAACAGTTAGTTBCCC TG TATGGAACGAACATG
GATATTGTAGGCETCAGGTGGATCTEGAGGTAGCTCTTCTatggtcttcacactogaagatttocgt tggggactggoga
cagacagccggctacaacctggaccaagtcoctitgaacagyggaggtgigticcagittgtttcagaatctcggggtgtec
gtaactcogatccaaaggattigtoectgageggtgaaaatgggectgaagarcgacatecatgteatcatecogtatgaa
ggtctgageggegaccaaatgggocagategaaasaatttttaaggtggtgtacectgtggatgatcatcactttaag
gtgatectgeactatggcacactggtaategacgggqtitacgecgaacatgatocgactatttcggacgygocatatgaa
ggcatcgococgtgticgacaggecaaaaagatcactgtaacagggacectgtggaacggeoaacaaaattatcgacgagogo
ctgatcaac

SEQ ID HO:4%4 {(CP 145 L27V (RITLB) {aa seq)

MPDGSLLERVTINGVTIGWRLCERILASSSGGSGESGMYESFIESLPFLKSLEFSARLEKVVDVIGTKVYNDGEQIIAQG
DSADSFFIIESGEVE I TMKRKCKEEVEENGAVEIARCSREGQYFGELALVTNKPRARSAHATGTVKCLAMDVAFERLL
GPCMEIMKRNIATYEEQLVALYGTNMDIVGSGGSGGSSSMVEFTLEDFVGDWROTAGYNLDOVLEQGGVSSLEQNLGVS
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VTPIQRIVLSGENGLKIDIHVIIPYEGLSGDOMGOIEKIFEVVY PYDDHRFKVILHYGTLVIDGVTPNMIDYFGRPYE
GIAVFDGKKITVIGTLWNGNKIIDERLIN

SEQ ID N0:485 (CP 148 L27V (RIILB) (nt segquence)
ATGLccctgectgttoccgagtaaccatcaacygagtigaceggetggeggetgt GCGARCGCATTCTGECLAGCTCAAGC
GGAGGTTCAGGCGETTCOGGEAATSTATGAAAGCTTTAT TGAGTCACTGCCATTCCTTAAATCTTTGGRAGTTTTCTGCA
CGCCTGARAGTAGTAGATGTGATAGGCACCARAGTATACARCGATGCAGAACARATCATTGCTCAGGGAGATTCGGLT
GATTCTTTTITCAT TAT TGAAT CTGGAGARGTGAARAT TACTAT GAAAGANEGEGTARATCAGAACTCGAAGAGAAT
GGTGCAGTAGAARTCGCTCGATGCTCGCGEGEACAGTACTT TGCAGAGCTTGCCCTEETAACTAACAARCCTCGAGCA
GCTTCTGCCCACGCCATTGGGACTGTCARAT GTTTAGCAATGGATGT GCARGCATTTGARAGGLTTCTGGGACCTTGC
ATGCAAATTATGARRACGRACATCGCTACCTATGAAGAACAGTTAGTTGCCCTCTATGGAACGAACATGGATATTGTA
GGGTCAGGTGGATCTGECAGGTAGCTCTTCTatggtcttcacactocgaagatt tecgttggggactggocgacagacagec
ggctacaacctggaccaagtcecttgaacagggaggtgtigtccagttigtttcagaatoctecggggtgtocgtaactoeg
arccaaaggattgtoctgagoggigaaaatgggetigaagategacatocatgitcatcatocoogtatgaaggtotgage
ggcgaccaaatgggecagatogaaaaaatttttaaggtggtgtacectgtggatgatecatcactitaaggtgatecty
cactatggoacactggtaatogacggggttacgoogaacatgatcgactatttcggacggoogtatgaaggcatage
ghgttcgacggcaaaaagatcactgtaacagggaccctgtggaacggeaacaaaattategacgagogectgatecaac
cccgacggce

SEQ ID NO:496 (CP 148 L27v (RIIDB]) {aa seqg)

MSLLFRVTINGVTGWRLCERI LASSSGGEGGSGMYESFIESLPFLKSLEFSARLKVYDVIGTKVYNDGEQITAQGDSA
DSFFIIESGEVKITMERKGKSEVEENGAVE TARCSRGOYFGELALVTNKPRAASAHAIGTVECLAMDVQARFERLLGPC
MEIMKRNIATYEEQLVALYGTNMDIVGSGGSGGSSSMVFTLEDFVGDWROTAGYNLDOVLEQGGVSSLFONLGVSVTP
IQRIVLSGENGLKIDIHVITPYEGLEGDOMGOTIEKI FKVVY PVDDHHFKVILHYGTLVIDGVTFNMIDY FGRPYEGIA
VFDGKKTTVTGTIMNGNKT TDERT.THPRG

SEQ ID NO:457 (CP 157 L27v (RIIbB) (nt sequence}

At GCGAGTGACCGGLTCGCGCGCTCTGCGAACGCATTCTGGUTAGCTCAAGUGEGAGG T TCAGGLGGTTCCGGRATGTAT
CARAGCTTTATTGAGTCACTCCCATTCCTTAARTCTTTGGAGTTTTCTGCACGCCTGRARGTAGTAGATGTGATAGET
ACCAARGTATACAACGATGGAGAACARATCATTGCTCAGGGAGATTCGGCTGATTCTTTTTTCATTATTGAATCTGGA
GAAGTGARAATTACTATGAARAGAAAGCC TAARTCACARCTCGAAGAGAATGGTGCAGTAGARATCGCTCGATGLTCG
CBGEGGEACAGTACT I TGGAGAGCTTGCCCTGETAACTAACARACCTCGAGCAGCTTCTGCCCACGCCATTGGGACTSTE
AAATGTTTAGCAATGGATGTGCAAGCATTTGAAAGGCTTC TGGGACCTTGCATGGARATTAT GAARAGGARCATCGCT
ACCTATGAAGRACAGTTAGTTGCCCTGTATGGARCGAACATGGATATTGTAGGGTCASGTGGATCTGGAGGTAGCTCT
TCTATGGTCTTCACACTCGAAGATT TCGTT GGGGACTEGCGACAGACAGCCGGCTACAACCTEGACCAAGTCCTTGAR
CAGGGAGGTGTGTCCAGTTTGT TTCAGART CTCGGEGTCTCCETAAC TCCGATCCARAGGAT TGTCCTGAGCGGTGAR
AATGGGCTEGAAGATCGACATCCATGTCATCATCCCGTATGAAGGTCTGAGCGCGCGACCAAAT GGGLCRCATCGAAMNA
ATTTTTAAGGTGGTGTACCCTGTGGATGATCATCACTT TRAAGGTGAT CCTGCACTATRGCACACTGGTAATCGACGEG
GTTACGCCGRACATGATCGACTATTTCGGACGGUCGTATGAAGGCATCGCCGTETTCCACGGCARARRGATCACTGTA
ACAGGGACCCTGTGGAACGGCAACARAR TTATCGACCAGCGCCTGATCARCCCCGRACGGCTCCCTGCTGTTCCCAGTA
ACCRTCAAC

BEQ ID NO:498 (CP 157 L27V (RIIDbB)} {(aa seq)
MGVTGWRLCERILASSSGGSGESCMYESFIESLPFLKSLEFSARLKVYDVIGTEVYNDGEQT IAQCDSADSFFIIESG
EVEITMKRKGKSEVEENGAVEIARCSRGEQY FGELALVTNKPRAASAHATIGTVKCLAMDYQAFERLLGPCMEIMKRNIA
TYEEQLVALYGTHMDIVGESGGEGGS SSMVE TLEDEVGDWROTAGYNLDQVLEQGGVSSLEQNLGYEVTPIORIVLSGE
NGLEKIDIHVIIPYEGLSGDOMGOIEKIFKVVYPVDDHHFKVILHYGTLYIDGVTPNMIDYFGRPYEGIAVEDGRKI TV
TGTLWNGNKI IDERLINPDGSLLEFREVTIN

SEQ ID NO:499 (S8 6 L27V (RIIbB)} (nt seguance)
ATGgtcttcacactcgaagatAGLgetAGCGGAGGTTCAGGCGOTTCCGGAatglatgaaagerttattgagtcactyg
ccattecttaaatettrggagtitteotgeacgoetgasagtagtagatgtgataggeaccaaagtatacaacgatgga
gaacaaatcattgctcagggagattcggotgattcttttttecattattgaatctggagaagtgaaaattactatgaaa
dagaaagggtaaatcagaagtggaagagaatggtgragtagaaatcgetegatgoctegeoggggacagtactitggagayg
cttgcecctggtaactaacaaacctegageagettotgeoocacgecattggractgtcaaatgtttageaatggatgtg
caagcatttgaaaggettevgggacctigeatggaaattatgaaaaggaacategetacctatgaagaacagttagtt
gecocctgTATggaacgaacatggatat tgtaggGTCAGGTGGATCTGGAGGLAGCTC Lt cTttegttggggactgycga
cagacagccggectacaacctggaccaagtoctigaacagggaggtgtgtecagtitgtttcagaatcteggggtgtee
gtaactcecgatccanaggattgtectgageggtgaaaatgggetgaagatcgacatecatgtecateateccegtatgaa
ggtctgageggegaccaaatgggeocagategaaaanatttttaagyrggtgtacactgtggatgatcatecactttaayg
gtgatccigeactabggracaciggtaatogacgggattacgeegaacatgategactattteggacggecaiatgaa
ggcatcgeceogtgttcgacggoaaasagatcactgtaacagggacectgtggaacggeaacaaasttategacgagege
ctgatcaanccogacggoctoocctgotgttoccgagraaccatcaacggagtgaceyggetggoggei Qe GCCAACGCATT
CTGGCt
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SEQ ID ND:500 (S5 6 L27V {(RIIbLBR) (aa seq)
MVETLEDSASGGSGGSGMYESFIESLPFLKSLEFSARLKVVDVIGTKVYNDGEQI IAQGDSADSFFTIESGEVKITMK
RKGKSEVEENGAVE IARCSRCOYFGELALVTNKPRAASAHATI GTVKCLAMDVOAFERLLGPCMEIMKRNIATYEEQLV
ALYGTNMDIVGSGGEGGSSS FVGBWROTAGYNL DOV ELEQGGVSSLFONLGY SVTPIQRIVLSGENGLKIDIHVIIPYE
GLSGDOMGOIEKIFKVVYPVDDHHFKVILHYGTLYVIDGYTPNMIDYFGRPYEGIAVIDGKKITVTGTLWNGNKIIDER
LINPDGSLLFRVTINGYVTGWRLCERILA

SEQ ID NO:501 (58 12 L27V (RIILB} (nt sequence}
ATGgtcttcacactcgaagattlcgttgggaactggcgaAGCgeTAGCGGAGETTCAGGCGOTTCCGGRatgtatgaa
- agctttattgagrcactgocattecttaaatetttggagttitotgeacgecigaaagtagtagatgtgataggoace
aaagtatacaacgatggagaacaaatcattgctcagggagatteggectgattotttttteattattgaatetggagaa
gtgaaaattactatgaaaagaaagygytaaatcagaagtggaagagaatggtgcagtagaaatcgotocgatgetogogy
ggacagtactttggagagcttgeoctggtaactaacaaacctogageagetictygcocacgecattgggactgicaaa
tgtttagcaatggatgtgcaageattigaaaggettetgggacettgeatggaaattatgaaaaggaacategerace
tatgaagaacagttagttgeocctygTATggaacgaacatggatattgtaggGTCAGGTGGATCTGGAGEEAGCTCLECT
cagacagcecggoctacaacctggaccaagtcocttgaacagggaggtgtgtocagtttgtttcagaatecteggggtgtee
gtaactccgatccaaaggattgrtectgageggtgasaatgggetgaagatecgacatecatgtcatecateocegtatgaa
ggt.clgagocggcgaccaaatgggoragatcgaaaaaatttitaaggtogtgtaceetgrggatgatcatcactttaag
gtgatcctgcactatggcacactggtaatcgacggggttacyecgaacatgategactattteggacggoegtatgaa
ggcatcgeogigt tegacggoaaaaagatcactgtaacagggaccetgiggaacggcaacaaaattatecgacgagege
ctgatcaaccccgacggeotecctgetgttecgagtaaceatcaacggagtgaceggetggeggot gt GCGAACGCATT
CTGGCL

SEQ ID NO:502 (38 12 L27v (RIIbB) {aa seaqg)
MYFTLEDFVGDWRSASGGSGGSCGMYESFIESLPFLKSLEFSARLEVVDV IGTRYYNDGEQLTAQGDSADSFE' Y T ESGE
VKITMKRKGKSEVEENGAVEIARCSRGOY FGELALVTNKPRAASAHATI GTVKCLAMDVOAFERLLGPCMEIMKRNIAT
YEEQLVALYGTHNMBDIVGSGGSGGSSSQTAGYNLDOVLEQGGVSSLFQNLGY SVTPIQRIVLSGENGLKIDIHVIIPYE
GLSGOOMGOIEKIFKVVYPYDDHHPKVILHYGTLVIDGVT PRMIDYFGRFYEGIAVE DGKKITVTGTLWNGNKIIDER
LINPDGSLLFRVTINGVTGWRLCERILA

SEQ ID NO:503 (85 26 L27v {RIIbB} (nt seguence)
ATGgtcttroacactcgaagatttegttggggactggrgacagacagceguctacaacctygyaccaagtectitgaacay
ggaAGCgctAGCGGAGETTCAGGCGETTCCGGAatgtatgaaagctttattgagtcactgecattacttaaatctttg
gagtttrctgeacgootgaaagtagtagatgtgataggeaccaaagtatacaacgatggagaacaaatcattgetcag
ggagattcggoctgattecittettcattattgastctggagaagtgaaaattactatgaaaagaaaggygtaaatcagaa
gtggaagagaatggtgocagtagazatcgoicgatystogoggggacagtactttggagagettguccliggtaactaac
aaaccteogageagettoigeoecacgecattgggactgteaaatgtttagoaatggatgtgeaageatttgaaaggctt
ctgggaccttgcatggaaattatgaaaaggaacatcgotacctatgaagaacagttagttgeccctgTATggaacgaac
atggatattgtaggGTCAGCTGGATCTECAGGLAGCTCt LeTggtgtgtoccagttbgt Licagaatcbtecggygigtec
gtaactccgatccaaaggattgtectgageggtigaaaatgggetgaagategacatecatgteatecateeccgtatgaa
ggtctgageggecgaccaaatgggecagategaaaaaatttttaaggtggtgtacectgtggatgatcatcactttaag
gtgatcctgocactatggoacactggtaategacggggttacgecgaacatgategactatttocggacggoccgtatgaa
ggcatcgeocgtgttegacggeaaaaagatecactgtaacagggaceotgtggaacggoaaceaaattatecgacgagege
ctgatecaacccegacggetecotgotgriecgagtaaccatcaacggagtgaceggetggegget gt GCGAACGCATT
CTGGCL

SEQ ID NO:504 (S5 26 L27v {RIIbB} (aa seq)
MVFTLEDFVGDWRQTAGYNLDQVLEQGSASGGSGGEGMYESFIESLPFLKSLEFSARLKVVDVIGTKVYNDGEQIIRQ
GPSADSFFIIESGEVKITMKRKGKSEVEENGAVEIARCSRGOYFGELALVTNKPREASAHAIGTVKCLAMDVQAFERL
LGPCMEIMKRNIATYEEQLVALYGTNMDIVGSGGSGGSSSGYSSLFONLGYSVTPIQRIVLSGENGLEI DIHVIIEYE
GLSGDOMGOIEKIFKVVYPVDDHIIFKVILHYGTLVIDGVTPNM] DYFGRPYRGIAVFDGKKITVTIGTLWNGNKII DER
LINPDGSLLFRVTINGVTGWRLCERILA

SEQ ID NO:505 {SS 45 L27vV (RIIbB) (nt sequence)

ATGgtcttcacactcgaagatttogttggggactggcgacagacagecggctacaacctggaccaagteottgaacag
ggaggtgtgtccagtitgtttcagaatetegggatatecgtaactcuygatecaaaggat tAGCgot AGCGGAGGTTCA
GGCGGTTCCGGRatglatgaaagetttattgagtcactgocattecttaaatcttiggagtittetgcacgectgaaa
gtagtagatgtgataggcaccaaagtatacaacgatggagaacaaatcattygcteagggagattoggetgattotttt
ttcattattgaatcigaagaagtgaaaattactatgaaaagaaagggrtaaatcagaagbggaagagaatggtgeagta
gaaatcgectegatgetogoggggacagtactttyggagagetigeectggtaactaacaaacctegageagettietgeo
cacgecattgggactgtcaaatgtttagecaatggatgigeaageatttgaaaggettetgggacettgeatggaaatt
atgaasaggaacatcgctacctatgaagaacagttagttgeccctgThATggaacgaacatggatattgtaggGTCAGET
GGATCTGGAGGLAGCTCtteTgtectgageggtgasaaatgggetgaagatcgacatecatgtecatcatoocogtatgaa
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ggtctgachgcgaccaaatgggccagatcgaaaaaatttttaagqtggtgtaccctgtggatgatcatcactttaag
gtgatcctgcactatggcacactggtaatcgacggggttacgccgaacatgatcgactatttcggacggccgtatgaa
ggcatcgocgtgttcgacggcaaaaagateactgtaacagggaccetgtggaacggcaacaaaattatcgacgagege
CtgatcaaccccgacggctccctgctgttccgagtaaccatcaacggagtgaccggctggcgqctthCGaACGCATT
CTGGCE .

SEQ ID NO:506 (5SS 45 L27V (RIIbB) (aa seq)
MVETLERFVGDWROTAGYNLDOVLEQGGVSSLFQNLGVSVTPIQRISASGGSGGSGMYESFIESLPFLKSLEFSARLK
VVDVIGTKVYNDGEQITAQGDSADSFFITESGEVKI TMKREKGKSEVEENGAVEIARCSRGQY FCELALVINKPRAASA
HAIGTVKCLAMDVOAFERLLGPCMEIMKRNIATYEEQLVALYGTNMDIVGSGGSGGSSSVLSGENGLKIDIHVIIPYE
GLSGDOMGQT EXKT FKVVYPVDDHHFKVILHYGTLVIDGVT PNMI DYFGRPYEGIAVFDGKKITVTGTLWNGNKIIDER
LINPDGSLLFRVTINGVTGWRLCERILA

SEQ ID NO:507 (S5 48 L27v (RIIbB) (nt sequence)
atggtcttcacactcgaagatttogttggggactggogacagacagooggetacaacctggaccaagtecttgaacag
ggaggtytygtccagtitgtttcagaatctcggggtgtcegraactecgatccaaaggattgtcctgageAGCgot AGT
GGAGGTTCAGGCGGTTCCGCAatgtatgaaagrtitattgagtcactgrcattcct tagatctttggagttttctygea
cgoctgaaagtagtagatgtgataggcaccaaagtratacaacgatggagaacaaatcattgetcagggagattogget
gattottttttcattattgaatectggagaagtgaaaattactatganaagaasagggtaaatcagaagtggaagagaat
ggtgcagtagaaatcgctcgatgctcgcggggacagtactttggagagcttgccctggtaactaacaaacctcgaqca
gcttctgeccacgoccattgygactgtcaaatgtttagcaatggatgtgraageatttgasaggettetgggacettge
atggaaattatgaaaaggaacatcgctacctatgaagaacagttagttgecctgTATggaacgaacatggatattgta
ggGTCAGGTGGATCTGGAGGLAGCTCLtcTyggtgaaaatgggetgaagatcgacateccatgtcatcatecoccgtatgaa
ggtctgagcggcegaccaaatggygccagatcgaaaaaatttttaaggiggtgtacocetgtggatgatcatcactttaag
gtgatcctgeactatggoacactggtaatcgacggggttacgecgaacatgategactatttcggacggccgtatgaa
gacakcgeogigitogacyggocaaaaagatcactgtaacagggacoctgtggaacggoaacaadattatcgacgagoge
ctgatcaaccecgacgacteocctgetgttocgagtaaccatcaacugagt gacegyetgycggot gt GCGAACGCATT
CrGGOT

SEQ 1D HO:508 (85 48 L27V (RIILB) (aa seq)
MVFTLEDFVGDWRQTAGYNLDQVLEQGGVSSLEAQNLGYSYTPIQRIVLESASGGSGGSGMYESFIESLFFLKSLEFSA
RLEYVDVIGTKVYNDGEQT TAQGDSADSFRIIESGEVKI TMERKGKSEVEENGAVETARCSRGQY FGELALVTNKPRA
ASAHAIGTVKCLAMDVOAFERLLGPCMEIMKRNIATYEEQLVALYGTNMDIVGEGG3GGSSSGENGLKIDIHVIIPYE
GLSGDOMGOIEKIFKVVYPVDDEHFKYILHYGTLYVIDGYTPNMIDYFGRPYEGIAVFOGKEITVIGTLWNGNKIIDER
LINPUGSLLEFRVIINGVTGWRLCERTLA

SEQ ID NO:SOQ {58 52 L27V (RIIbLB) {(nt seguenca)
ATGgtettecacactogaagatttegtiggggactggegacagacagecggetacaacetggaceaagtoecrttgaacayg
ggaggtgtgtccagtttgtttcagaatcteggggtgtcogtaactocgatccaaaggattgtectigagoggtgaaaat
gggAGCYCtAGCGEAGETTCAGGCEETTCCGGRatglatgagagetttattgagtcactgecattect taaatelitg
gagttitctgeacgecectgaaagtagtagatgtgataggoaccaaagtatacaacgatggagaacaaateattgeteag
ggagattcggetgattettttttecattattgaatctggagaagtgaaaattactatgaaaagaaagggtaaatcagaa
gtggaagagaatugtacagtagaaatogctegatgctcgoggggacagtactttggagagottgeoocctggotaactaac
aaacctocgagcagcttctgocccacgoccattgggactgtocaaatgtttagoaatggatgtccaagecatttgaaaggett
ctgggaccttgecatggaaattatgaaaaggaacatcgctacctatgaagaacagttagttgoectgTATggaacgaac
atquatattgtaggGTCAGGTGGATCTGGAGGEAGCTC teTetgaagategacatecatgtcatecatecccgratgaa
ggtctgagegycgaccaaatgggoeragalicgasasaatttttaaggtggtgiaccetgtggatgateatcacitlaag
gtgatcctgcactatggeacactggtaatogacggagttacgocgaacatgateocgactatttocggacggeogiatgas
ggcatcgecgtgttogacggeaaaaagatcactgtaacagggacectgtggaacggeaacaaaattatecacgagege
ctgatcaaccccegacggetcoctgotgttecgagtaaceatcaacyggagtgaceggctggcgget gt GCGAACGCATT
CTGEGCL

SEQ ID NWO:510 (S5 52 L27vV (RIIBB) (aa seq)
MVEFTLEDFVGDWRQTAGYNLDOVLEQGGVSSLFQNLGVSVTPICRIVLSGENGSASGGSCGGSCGMYESFIESLPFLESL
EFSARLEVVDVIGTEVYNDGEQIIAQGDSADSFFITESGEVKITMKRKGKSEVEENGAVEIARCSRGOYFGELALVTHN
{PRAASAHATIGTVKCLAMDVOAFERLLGPCMEIMKRNTATY LEQLVALYGTNMDI VGEGGSGGSSSLKINTRVIIPYE
GLSGDOMGOIEKITKVYYPVDDHHFKVILHYGTIVIDGVT PNMIDYFGRPYEGIAVEDGKEITVTGCTLWNGNKIIDER
LINPDGSLLFRVTINGVTGWRLCERILA

SEQ ID NO:511 (S5 55 L27V (RIIDB} (nt sequence)

ATGgtcttcacactcgaagatttogttggggactggogaragacagocggetacaacoiggaccaagtocttgaacag
ggaggtgtgtocagtttgtttcagaateteggyggtgteocgtaactecgatecaaaggattgicergageoggigaaasat
gggctgaagatcAGCgotAGCGGAGGTTCAGGCGGTTCCGGAatgtatgaaagetttattgagtcactgccattectc
aaatctttggagrtttctgeacgeetgaaagtagtagatgtogataggcaccaaagtatacaacgatggagaacaaate
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attgctcagggagattcggctgattcttttttcattattgaatctggagaagtgaaaattactatgaaaagaaagggt
aaatcagaagtggaagagaatggtgcagtagaaatcgctcgatgctcgcggggacagtactttggagagcttgccctg
gtaactaacaaacctcgagcagcttctgcccacgccattgggactgtcaaatgtttagcaatggatgtgcaagcattt
gaaaqgcttctgggaccttgcatggaaattatgaaaaggaacatcgctacctatgaagaacagttagttgcccthAT
ggaacygaacatggatattgraggGCTCAGGTGGATCTGGRAGGLAGCTCLteTgacatecatgteatcatccegtatgaa
ggtctgagoggcgaccaaatgggocagategaaaaaattittaaggtggtgtacectgtggatgatocatcactttaag
gtgatcctgcactatgqcacactgqtaatcgacggggttacgccgaacatgatcgactatttcggacggccgtatgaa
ggcatrcgeegtgttcgacggcaaaaagatcactgtaacagggaccetgtggaacggeaacaaaattatcgacgagego
ctgatcaaccccgacggctccctgctgttccgagtaaccatcaacggaqtqaccqqctggcqqctthCGAACGCﬁTT
CTGGCL

SEQ ID KO:512 (Ss 55 L27v (RIILB) (aa seg}
MVFTLEDFVGDWROTAGYNLDQVLEQGGVSSLEQNLGYSVTPIQRIVLSGENGLKI 3ASGGSGLGSGMYESFIESLPFL
KSLEFSARLKVVDVIGTKVYNDGEQIIAQGDSADSFFIIESGEVKITMKREGKSEVEENGAVEIARCSRGUYFGELAL
VINKPRAASAHATIGTVKCLAMDVQAFERLLGPCME IMKRNIATYEEQLVALYGTNMDIVGSGGEGGESSDIHVIIPYE
GLSGDOMGRIEKIFKVVYPVDDHEFKVILAYGTLY IDGVTPNMIDYFGRPYEGIAVFDGEKITVIGTLWNGNKIIDER
LINPDGSLLFRVTINGVIGWRLCERILA

SEQ ID NO:S13 (S5 83 L27v (RIILB) (nt sequence)
ATGglctrcacactogaagatttegttggggactggegacagacagoecygctacaacciggaccaagteotigaacayg
ggaggtgTgtccagtttgtitcagaatctocggggtgtecogtaactocgatcraaaggatiigiectgagoggugasaat
gggctgaagatogacatceatgtcatecatococcgtatgaaggtctgagcyggogaccaaatgggeceagategaaaaaats
tttaagytggtgtaccctAGCYCct AGCGGAGGTTCAGGCGGTTCLGGRatgtatgagagctttattgagtcactgeca
ttocttaaatctitggagttttctgecacgectgaszagtagtagatgtgataggoaccaaagtatacaacgatggagaa
caaatcattgctcagggagatteoggotgattettttttcattattgaatetygagaaytgaazattactatgaaaaga
aagqggtaaatcagaagtggaagagaatggtgcagtagaaatcgetegatgotogoggggacaygtact liggagagett
gcochggtaactaacaaacctocgageagettetgeccacgecattgggactgtecaaatgtitageaatggatgtgeaa
gcatttgaaaggcttictgggacctigoatggaaattatgaaaaggaacategeracctatgaagaacagttagttgoec
ctgTATggaacgaacatggatattgtaggGTCAGGTGGATCTGGAGGEAGCT L teTgtggatygatcatcactttaag
gtgatecctgeactatggeacactggtaatcgacggggttacgecgaacatgategactatttoggacggecgtatgaa
ggcategccgtgttogacggcaaaaagatcactgtaacagggaccetgtgoaacyggcaacaaaattategacgagoge
ctgatcaacececgacggctcoctgotgtiicogagtaaccatcaacgygagleoaccygyctggoegget gtGCGARCGTATT
CTGGCE

SEQ ID NO:514 (S5 83 L27V (RIILB) (aa seq)
MVETLEDFVGIWRQTAGYNLDOVLEQGGVSSLEFQNLGYVSVTPIQRIVLSGENCLKIDIHVIIPYEGLSGDOMGRIEKI
FKVVYP3ASGGSGGSGMYESFIESLPFLKSLEFSARLKYVDVIGTKY YNDGEQI TAQGDSADSFEFITESGEVKITMER
KGKSEVEENGAVEIARCSRGOYFGELALVTNKPRAASAHATGTVKCLAMDVOAFERLLGPCMEIMKRNIATY EEQLVA
LYGTNMDIVGSGGSGGSSSVDDHEFKYILHYGTLVIDGVTPHMIDYFGREYECIAVEDGKKITVIGTLWNGNKIIDER
LINEDGSLLFREVTINGVIGWRLCERILA

SEQ ID BO:515 (SS 84 L27v (RIILB) (nt sequance}
ATGgtcttcacactcgaagatttoegrtggggactggegacagacagoceggctacaacoctggaceaagtecttgaacaqg
ggaggtgtgtccagtttgtttcagaateteggggtgteegtaactocogatccaaaggattygtectgageggtgaaaat
gggctgaagatocgacatccatgtcatcateccgtatgaaggtectgageggcgaccaaatgggecagatcgasaaaatt
ttrasggtggtgtacectgtgAGLgetAGCGGAGETTCAGGCGCTTCCOCCRatgtatgaaagotttattgagtcacty
ccattoccttaaatctttggagtttictgoacgaoctgaaagtagtagatgtgataggcaccaaagtatacaacgatgga
gaacaaatcattgotcagggagattocggotgattcttcitteattattgaaterggagaagtgasaattactatgaaa
agaaaggyraaatcagaagtggaagagaatggtgeagtagaaatcgeotogatgetegeggggacagtactttggagag
cttgecoctggraactaacaascetegageagettetgeccacgecattgggactghcaaatgtttagecaatggatgtg
caagcatttgaaaggocttetgggacctigratggaaattatgaaaaggaacatcgetacctatgaagaacagttaget
gcoctgTATggaacgaacatygatattgtaggGTCAGETGGATCTGGAGGLAGCTCttecTgatgatcatcactttaag
gtgarcctgcactatggcacactggtaategacggggttacgeegaacatgategactatttcggacggeegtatgaa
ggratcgoocgtgticgacggeasaaagatcactgtaacagggaccctgtggaacggeaacaaaattatrcgacgagege
ctgatcaaccccgacggetcoctgetgttecgagtaaccatecaacygagtgaceggotggegget gt GCGAACGCATT
CTGGCE

SEQ ID NO:516 (S8 B4 L27vV {RIIbB) (aa seq)
MVFTLEDFVGEDWROTAGYNLDQVLEQGGVSSLFONLGY SYTPIQRIVLSGENGLKI DIHVITPYEGLSGDOMGOIEKT
FKVVYPVSASGGSGGSGMYESFIESLPFLKSLEFSARLKVVDVIGTKVYNDGEQIIAQGDSADSFFITESGEVKITMK
RKGKSEVEENGAVE IARCSRGQYFPGELALVTNKPRARSAKAT GTVKCLAMDVQAFERLLGPCMEIMKRNIAT YEEQLY
ALYGTNMDIVGSGESGGSSSDOHHFKYT LHYGTLVIDGVT PNMI DY FGREYEGIAY FDGKKITVIGTLWNGNKI IDER
LINPDGSLLFRVTINGVTGWRLCERILA



SEQ ID NQ:S17 (S5 85 L27V (RIILB} {nt segquenca)
ATGgtcttcacactcgaagatttegttggggactggegacagacagecggetacaacetggaccaagtocttgaacag
ggaggtgtgtccagtttgtttcagaatcteggggtgtccgtaacteccgatecaaaggattgtococtgageggtgaazat
gggctgaagatcgacatccatgtcatcatocogtatgaaggtetgagecggegaccaaatgggocagatcgaaaaaatt
tttaaggtggtgtaccctgrggatAGCgetAGCGGAGCTTCAGGCGGTTCCGGAatgtatgaaagetttattgagtca
ctgecattocttaastetttggagttttctgeacgoctgaaagtagtagatgtgataggeaccaaagtatacaacygat
ggagaacaaatcatlyuctcagggagatteggetgatictittttecattattgaatctyggagaagtgaaaattactatrg
aaaagaaagggtaaatcagaagtyggazgagaatggtgecagtagaaategeteogatgetegeggggacagtacitigga
gagettgcocctggtaactaacaaacctogagoagettotgeccacgccattgggactgtoaaatgittagecaatggat
gtgcaagcatttgazaggcttoctgggaccttgecatggasattatgaaaaggaacategetacctatgaagaacagtta
gttgcoctgTATggaacgaacatygakattgraggGTCAGGTGGATCTGGAGGLAGCTCL teTgatcatsacttitaag
gtgatcctgoactatggracactggtaatogacggggttacqgeegaacatgatecgactatttcggacggecgtatgaa
ggcatcgerygtgttogacggraaaaagatecactgtaacagggaccotagtggaacygcaacaaaattatcgacgagoge
ctgatcaaccccgacggetecctgotgttcecgagtaaccatcaacygagtgaccggctgyeggot gtGLGAACGCATT
CTGGCE

SEQ ID NO:518 (88 B5 L27V (RIIbB} {(aa seg)
MVETLEDFVGDWROTAGYNLDQVLEQGGVSSLEQNLGYSYVTPIQRIVLSGENGLKI DIRVIIPYEGLSGDOMGQIEKT
FKVVYPVDSASGGSGGSGMYESFIESLPFLKSLEFSARLKVVDVIGTKVYNDGEQI IAQGDSADSFEI IESCEVKITH
KRKGKSEVEENGAVEIARCSRGQYFGELALVTNKPRARSAHAIGTVKCLAMDVOAFERLLGPCME IMKRNIATYEEQL
VALYGTNMDIVGSGGSGESSSDHHFKVILHYGTLVIDGVT PNMI DYFGRPYEGIAVFDGKKI TVTGTLWNGNX I I DER
LINPDGSLLFRVTTNGVTGWRLCERILA

SEQ ID HO:51% (85 100 L27V (RIIbB) {(nt seguence}
ATGgtcttreacactegaagatttegtiggggactggogacagacagecggctacaacctggaccaagiocttgaacag
ggaggtgtgtccagtttgtttcagaatcteggggtgtccgtaactocogateccaaaggatigtectgageggtgaasat
gggctgaagatcgacatcralgtcalcateoegtatgaaggtetgageggegaccaaatgggecagatcgaaaaaatt
tttaaggtggtgtaccctgtggatgatecatcactttaaggtgatectgeactatggeacactggtaatcAGCotAGe
GEAGCTTCAGGCGGTTCCGGAAt gtatgaaagectttattgagtcactgeocattccttaaatetttggagtttoctgea
cgcctgaaagtagtagatgtgataggecaccaaagtatacaacgatggagaacaaatcattgotcagggagattoggot
gattcttttticattatigaatctggagaagtgaaaattactatgaaaagaaagggtasatcagaagtggaagagaat
ggtgcagtagaaatcgetogatgctegoggggacagtactttggagagettgocctggtaactaacaaacotogageoa
gcttoctgooocacgoratigggactgticaaatgtttagoaatggatgigoaascatttgaaaggottectgggacecttge
atggaaattatgasaaaggaacatcgctacctatgaagaacagttagitgocctgTATggaacgaacatggatattgta
ggGTCAGGTGGATCTGGAGGLAGCTCEteTgacggggttacqgorngaacatgategactattteqggacggecgtatgaa
ggratcgoocgtgttocgacggoaaaaagatcactgtaacagggaccctghiggaacggcaacaaaattatcgacgagega
clgatcaaccocgacggeboccbgetgttecgagtaaccatcarcggagtgacocggotggegyotgt GCGARACGTATT
CTGGCL

SEQ ID NO:520 (58 100 L27V (RIILB} (aa seq)
MVETLEDFVGDWRQTAGYNLDQVLEQJGGVSSLFONLGVSVTPIQRIVLSGENGLKIDIHVIIPYEGLSGDOMGQIEKT
FKVVYPVEDHHFKVILHYGTLVISASGGSGGSGMYESFIESLPFLKSLEFSARLKVVDY IGTKVYNDGEQI TAQGDSA
DSFFIIESGEVKITMKREGKSEVEENGAVEIARCSRGOYFGELALVINKPRAASAHAIGTVKCLAMDVOAFERLLGPC
MEIMKRNIATYEEQLVALYGTNMDIVGSGGSGGESSSDGVTPNMIDYFCRPYEGIAVFDGEEKITVTGTLWNGNKT I DER
LINPDGSLLFRVTINGVTGWRLCERILA

SEQ ID NO:521 (SS 101 L27v (RIIbB) (nt sequence)}
ATGgtcttcacactocgaagatttegttggggactggegacagacageeggetacaacctggaccaagtocttgaacag
ggagqgtatgtecagtttgtttcagaatecteggggtgtoecgtaactecgatecaaaggattgtectgageggtgaaaat
gggctgraagatcgacatccatgteatcatecagtatgaaggtctgagogycgaccaaatgggecagatcgaaaaaatt
tttaaggtggtgtaccctgtggatgatcatcactttaaggtgatocctgecactatggocacactggtaatocgachAGlgot
AGCGHAGGTTCAGGCGGTTCCGGRAt gt at gaaagoctttattgagtcactgecattecttaaatotrtttggagttt et
gecacgoctgaaagtagtagatgtgataggcaccaaagtatacaacgatggagaacaaatcattgrotoagggagattcg
gergattottttetecattattgaatoctggagaagtgaaaattactatgaaaagaaagggtaaatocagaagtggaagag
aatggtgcagtagaaatcgetegatgeteogeoggggacagtacittggagagettgoectggtaactaacaaacctega
gcagcrttctgeccacgeocattgggactgtcaaatgtttageaatggatgtgecaagratttgaaaggettetgyggacet
tgcatggaaattatgaaaaggaacatcocgotacctatgaagaacagttagitgeecctgTATggaacgaacatggatatt
graggGTCAGGTGGATCTGGAGGLAGCTCt teTggggttacgecgaacatgategactatttecggacggecegtatgaa
ggcatcgecgtygttaegacggeaaaaagatcactgtaacagggacectgtggaacggeaacaaaattatcgacgagege
ctgatcaaccocgacggetococtgetgitocgagtaaccatczacggagigacoggct ggegget gt GOGAACGCATT
CTGGCt

SEQ ID NO:522 (588 101 L27V (RIIbB) (aa seq)
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MVETLEDFVGDWROTAGYNLDOVLEQGGVSSLFQONLGYSVTPIQRIVLSGENGLKIDIHVI IPYEGLSGOOMGQIEKT
FKVVYPVDDHHFKYILHYGTLVIDSASGGSGGSGMYESFIESLPFLKSLEFSARLKVVDVIGTKVYNDGEQI TAQGDS
ADSFFIIESGEVKITMKRKGKSEVEENGAVEIARC SRGOY FGELALVTNKPRAASAHAT GTVKCLAMDVQAFERLLGP
CMEIMKRNIATYEEQLVALYGTNMDIVGSGGSGGSSSGVTENMI DYFGRPYEGIAVEDGKKITVTGTIWNGNKIIDER
LINPDGSLLFRVTINGYTGWRLCERILA

SEQ ID HO:523 (55 102 L27V (RIIDB) (nt sequence)
ATGgtcttcacactocgaagatttegttggggactggegacagacagecygetacaacctggaccaagtecttgaacag
ggaggtgtgtocagtttgtttcagaatctoggggtgteogtaacteogatecaaaggatigtectgageggtgaaaat
gggetgaagatcgacatccatgtcatcateccgtatgaaggtetgagecggcgaccaaatgggecagatcgaaaaaatt
tttaaggtggtgtaccotgtggatgatecatcactttaaggtgatootgoactatggoacactggtaatcgacggghGe
gCctAGCGGAGGTTCAGGCGEGTTCCGGERatgtatgaaagetttattgagtcactgocattecttaaatetttggagttt
tctgcacgectygaaagtagtagatgtgataggoaccaaagtatacaacgatggagaacaaatcattgetcagggagat
toggotgattcttttticattattgaatoctggagaagtgaaaattactatgaaaagaaagggraaatcagaagtggaa
gagaatggtgcagtagaaatocgotogatgotegogygggacagtactttggagagettgococtggtaactaacaaacet
cgagcagettetgeccacgecattgggactgtcaaatgtttageaatggatgtgoaageatttgaaaggetitetggga
cctigeatggaaattatgaaaaggaacakegetacctatgaagaacagttagttgocctgTATggaacgaacatggat
attgtaggGTCAGGTEEATCTGCAGGLAGCTCLteTgttacgecgaacatgatecgactattteggacggeegtatgaa
ggcatcogoeogtgttcgacyggoaaasagatcactgtaacagqogacectgtggdaacggoaacasaattatogacgagoge
clygatcaacccocegacggeotocococtgetgttergagtaaccatcaacggagtgacegartgooggot gt GOGAACGCATT
CTGGCL

SEQ ID NO:524 (55 102 L27V (RIIbB) (aa seq)
MVFTLEDFVGDWROTAGYNLDOVLEQGGVSSLFONLGVSVTPIQRIVLSGENGLEIDIHVIIPYEGLSGDOMGOYIEKT
FRVVYPVDDHHEKVILHYGTLYIDGSASGGSGGSCHMYESFIESLPFLESLEFSARLKVVDY IGTKVYNDGEQI TAQGD
SADSFFIIESGEVKITMKRKGKSEVEENGAVE[ARCSRGOYFGELALVTNEPRAASAHATIGTVKCLAMDVRAFERLLG
PCMEIMKRNIATYEEQLVALYGTNMDIVGSGGEGGESSVTIPNMIDYEGRPYEGIAVEDGKKITVIGTLWNGNKIIDER
LINPDGSLLFRVTINGVTGWRLCERILA

SEQ ID NO:525 {85 103 L27Vv (RIIbB} {(nt sequence} .
ATGglLcticacactegaagattteghbtggggactgecgacagacageecggotacaacctggaccaagtecttgaacay
ggaggtgtgtccagtttgtttcagaatcteggggtgtocgtaacteogatecaaaggattgtectgageggtgaaaat
Fagctgqaagatcgacatccatgtecatcatcocgtatgaaggtetgageggogaccaaatgggocagatocgaaaaaatt
tttaaggtggtgtacocctgtggatgatcatcactttaagytgateclgractatggeacactgyltaatcgacygggget
AOCgot AGCGGAGGTTCAGGCGGTTCCGGRAAatgtatgaaagotttattgagtcactgocattcottaaatctrttggay
ttttctgracgectgaaagtagtagatgtgataggraccaaagtatacaacgatggagaacaaatcattgetecaggga
gattcggctgattoctttttitcattattgaatcoctggagaagtgaaaattactatgaaaagaaagggtaaatcagaaqgty
gaagagaatggtgcagtagaaatcgetegatgetegegggaacagractttggagagettgeocctggtaactaacasaa
cctogageagettotgoccacgecattgggactgtcasatgtttagraatggatgtgcaagecatttgaaaggettctg
ggaccttgoatggaaattatgaaaaggaacategotacctatgaagaacagttagttgeoocctgTATggaacgaacatg
gatattgtaggGTCAGGTGGATCTGGAGGLAGCTCTrcTacygccgaacatyatecgactattteggacygecgtatgaa
ggcatcgocgtgttaogacggcaaaaagatecactgtaacagggacectgiggaacggoaacaaaattatcgacgagoge
ctgatcaaccoccgacggetecctgetgitecgagtaaccatcaacggagtgaceggotygecgget gt GCGARCGCATT
CTGGCL

SEQ ID NHG:526 (85 103 L27V (RIIbB}) (aa seq)

MVFTLEDFVGDWROTAGYNLDOVLEQGGVS SLEQNLGVSVTPIQRIVLSGENGLKIDIHVI IPYEGLSGDOMGQOIEKT
FKVVYPVDDHAFKVILHYGTLVIDGVSASGGSGGSCMYESFIESLPFLKSLEFSARLRKVYDVIGTRVYNDGEQITAGG
DSADSFFI [ESGEVKI TMKRKGKSEVEENGAVEIARCSRGDY FGELALVTNKPRAASAHAT GTVKCLAMDVOAFERLL
GPCHMEIMKRNIATYEEQLVALYGTNMDIVGSGGSGESSSTPNMIDYFGRPYEGIAVEFDGKKITVTIGTLWNGNKIIDER
LINPDGSLLFRVTINGVTGWRLCERILA

SEQ ID NO:527 (85 120 L27V (RIILB) (nt sequence)

ATGgtcttcacactogaagatttcgitggggactggcgacagacageegygctacaacctggaccaagteccttgaacaqyg
ggaggtgtgrocagtittgtttcagaatoctiocgggotgtcegtaactoocgatoraaaggattgtococtgageggtgaaaat
gggctgaagategacatccatgteatcatcccgtatgaaggictgagoggogaccaaatgggecagategaaaaaatt
tttaaggtggtgtacoctgtggatgateatcactitaaggtgatectgocactatggeacactggtaatcgacggggtt
acgccgaacatgatecgactattteggacggecgtatgaaggcategoogtgaGLgotAGCEEAGGTTCAGGCGGTTCC
GGhargtatgaaagetitattgagtcactgecaltoctiaaatetttggagtttticigcacgectgasagtagtagat
gtgataggcaccaaagtatacaacgatggagaacaaateattgeteagggagattcggetgattotrtttteattatt
gaatctggagaagtgasaattactatgasaagaaagggtazatcagaagtggaagagaatggtgecagtagaaatocget
cgatgetegeggggacagtactitggagagetitgecciggtaactaacaaacctcgageagottotgoocacgeooatt
gggactgtecaaatgtttagoaatggatgtgeaageatttgaaagycrtetgggacetigratggaaattatgaaaagy
aacatcgetacctatgaagaacagttagttgcectgTATggaacgaacatggatattgfaggGTCAGETGGATCTGGA
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BGtAGCTCttcTttcyacggecaaaaagatcactgtaacagggacectgtggaacggcaacaaaattatcgacgagege
ctgatcaaccccgacggctccctqctgttccqagtaaccatcaacggégtgaccggctggcggctthCGAACGCATT
CTGGECL .

SEQ ID NO:528 (33 120 LZ27V (RIIbB) (aa seq)

MVFTLEDFVGDWROTAGYNLDOVLEQGGVS SLFQNLGVSVTPIORIVLSGENGLKI DIHVI TPYEGLSGDOMGOIEKT
FKVVY?VDDHHFKVILHYGTLVIDGVTPNMIDYFGRPYEGIAVSRSGGSGGSGMYESFIESLPFLKSLEFSARLKVVD
VIGTKVYNDGEQI IAQGDSADSFFITESGEVKI TMKRKGKSEVEENGAVETARCSRGOY FGELALVTNKPRAARSAHAT
GTVKCLAMDVORFERLLGPCME IMKRNIATYEEQLVALYGTNMDIVGSGGSGGSSSFDGKKITYVTGTLWNGNKII DER
LINPDGSLLFRVTINGVTGWRLCERILA

SEQ ID NO:529 {SS 123 L2Z27V (RIIbB) {nt segquence]
ATthcttcacactcgaagatttcgttggggactggcgacagacagccggctacaacctggaccaagtccttgaacag
ggaggtgtgtccagtttgtticagaatoteggggtgtocgtaactocgatecaaaggatigioctgageggtgaaaat
gggctgaagatcgacatccatgtcatcatccegtatgaaggtctgageggegaccaaatgggecagategaagaaatt
ttraaggtggtgtacccrgtggatgatcatcactttaaggtigatectgeactatggcacactggtaategacggggtt
acgccgaacatgategactartteggacggecgtatgaaggeatcgoaegtgrtegacgygcAGCycLAGCGGAGGTTCA
GGOGGTTCCGGAAatgtatgaaaget ttattgagtcactygceattect taaarctttggagttttotgeacgectgaaa
gtagtagatgtgataggcaccaaagtatacaacgatggagaacaaatcattgctcagggagattcggctgattctttt
ttcattattgaatotggagaagtgaaaattactatgaaaagaaagggtaaatcagaagtggaagagaatggtgeagta
gaaatcgctogatgotogogygggacagtactittggagagettgooctggtaactaacaaacctegagoagettetgee
cacgceattgggactgtcaaatgtitagcaatggatgtgoaageatttgaaaggettctgggacettgeatggaaatt
atgaaaaggaacatcgcracctatgaagaacagttagtigecctgThTggaacgaacatggatattgtaggGTCAGET
GGATCTOGAGGLAGCTCttcTaaaaagatcactgtaacagggacecetgtggaacyggeaacaaaattatecgacgageyge
ctgatcaacccecgacggctococtgotgitcocgagtaaccatcaacggagtgaceggetggeggat gt GCGARCGCATT
CTGGCE

SEQ ID NO:530 (88 123 L27V (RIIBB) (aa seq)
MVFTLEDFVGOWROTAGYNLDOVLEDGGVSSLEQNLGYSVTPIQRIVLSGENGLKIDIHVI IPYEGLSGDRQMGQIEKT
FKVVYPVDDHHFEVILHYGTLVIDGVTPNMI DY FGRPYEGIAVEDGSASGGSCCSGMYESFIESLPFLESLEFSARLK
VVDVIGCTKVYNDGEQI TAQGDSADSFFI ) RSGEVKITMKRKGESEVEENGAVETARCSRGQYFCELALVTNKEPRAASA
BAIGTVKCLAMDVOAFERLLGPCMEIMKRNIATYEEQLVALYGTNMDIVGSGGEGGESSKKITVTIGTLWNGNK L] DER
LINPDGSLLFRVTINGVTGWRLCERILA

SEQ ID NO:531 (385 124 L27V (RIIbE) {nt sequence)
ATGgtcttcacactcgaagatttogttugggactggegacagacageocggotacaacctggaccaagtecttgaacag
ggaggtgtgtccagtttgtticagaatecteggggtgtecgtaactcogateccaaaggattgtectgageggtgaaaat
gggctgaagatcgacatceatgteatcatcecogtatgaaggteotgageggegaccaaatgggecagatcgaaaaaatt
tttaaggtggtgtaccctgtggatgatcatcacitiiaaggtgatectgoactatggcacactggtaategacggggtt
acgecgaacatgatcgactatttocggacggecgtatyaagygcategecgtigttcgacggeaaahGCgotAGLGGAGET
TCAGGCGGTTCCGGRatgtatgaaagetttattgagtcactgecattecttaaatettggagetittotgecacgeotg
azaglagtagatgtgataggcaccaaagtatacaacgatggagaacaaatcattgotcagggagatteggetgattct
ttttteattattgactctggagaagtgaaaattactatgaaaagaaagggltaaatcagaagtygaagagaatggtgea
gtagaaatcgctocgatgetocgegaggacagtactitggagagettgoectggtaactaacaaacctogagecagettot
geocacgecattgggactgtcaaatgtttageaatggatgtgoaagecatttgaaaggettctgggacettgeatggaa
attatgaaaaggaacatcgcracctatgaagaacagltagtigeectygTATggaacgaacatggatattgtaggGTCA
GGTGGATCTGGAGGtACCTCttcTaagatcactgtaacagg@accctgtggaacggcaacaaaattatcgacgagcgc
ctgatcaacccecgacggctococctgotgttecgagtaaceatcaacggagtgacegyct ggogget gtGOCARCGCATT
CTGEGCL

SEQ ID NO:532 (85 124 127V (RIIbB) (aa seq) .
MYFTLEDEVGDWROTAGY NLDOVLEQGGVSSLFONLGY SVTPIQRIVLSGENGLKIDIHYE IPYRGLSGROMGQTERT
FEVVYPVODHHFKVILHYGTLYIDGVTPNMI DY FGREYEGIAVFDGESASGGSGGSGMYESFIESLPFLESLEFSARL
KVVIVIGTEVYNDGEQI IAQGDSADSFFIIESGEVREI TMRREGKSEVEENGAVEIARCSRGOYFCGELALVTNKPRARS
AHATGTVECLAMDVOAFERLLGPCMEIMERNI ATY EEQLVALY G THNMDI VGEGGSGGESSKITVICTLWNGHNKIIDER
LINPDGSLLFRVTINGVTGWELCERILA

SEQ ID NO:533 (S5 125 L27v (RIIDB) (nt sequence) .

ATGgtctlicacactocgaagarttegttggggactggecgacagacagoeggetacaacctggaccaagtecttgaacag
ggaggtgtgtccagtttgtttcagaatctoggggtgteocgtaactocrgatecaaaggatigtectgageggtgaaaat
gggctgeagatcgacatccatgtcatcatocogtatlgaaggtctgageggogaccaaatgygecagal cgaaaaaatt
trtaaggtggtgtaccoctgtggatgatcatcactttaaggtgatcectgcactatggeacactggtaatcgacggggit
acgccgaacatgatcegactatttcoggacggecgtatgaaggeategeocgtgriegacggeaaaaaghGhget AGLGGA
GGTTCAGGCGGTTCCGGRatgtatgaaagetttattgagtcactgecattecttaaatctttggagttttetgeacge
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ctgaaagtagtagatgtgataggecaccaaagtatacaacqatggagaacaaatcattgetocagggagattcggetgat
tettttttocattattgaatctggagaagtgaaaatractatgaaaagaaagggtaaatcagaagtggaagagaatggt
gcagtagaaatcgectcgatgetegoggggacagtactttyggagagettgocetggtaactaacaaacctcgageaget
tctgeocacgecattyggactgtecaaatgtitageaatggatgtgoaagecatttgaaaggettoctgggaccttgeatyg
gaaattatgaaaaggaacatcgotacctatgaagaacagttagttgecctgTATggaacgaacatggatattgtagys
TCAGGTGGATCTGGAGGLAGCTCtteTatcactgtaacagggaccoctgtggaacggoaacaaaattatcgacgagege
clgatcaacccegacguctocctgeotgttocgagtaaccateaacggagtgaceggctggogget ot GCGRAACGCATT
CTGGCT

SEQ ID N0:534 (88 125 L27V (RIILB) (aa seq)
MVETLEDFVGOWROTAGYNLDOVLECQGGYSSLFQNLGVEVTPIQRIVLSGENGLKIDIHVIIPYEGLSGDOMGRIEKT
FEVYYPVDDHHFKVILHYGTLY I DGY TPNMI DY FGRPYEGIAVEDGKKSASGGSGGSGMYESFIESLPFLEKSLEFSAR
LEVVDVIGTKVYNDGEQIIAQGDSADSFFIIESGEVKITMKRAGK SEYEENGAVETARCSRGOYFGELALVINEFRAA
SAHATGTVKCLAMDVOAFERLLGPCMEIMKRNIATYERQLVALYGTNMDIVGSGGSGGSSSITVTGTLWNGNKIT DER
LINPRDGSLLFRVTINGVTGWRLCERILA

S5EQ ID NO:535 (8S 130 L27v (RIIbB} (nt =equence)
ATGgtettcacactcgaagatitegttggggactggogacagacaygecgyctacaacctyggaceaagtocttgaacay
ggaggtgtgtccagtttgtttcagaatetegggytgtecgtaactecogateccaaaggattgtectgagcggigaaaat
gggelgaagatcgacatccatgtcatcatcocgtatgaaggtctgageggegaccaaatgggocagatcgaaaaaatt
ttraaggtegtgtacectgtggatgatcatcactttaaggtgatectgeactatggeacactgglaategacygggytt
acgcogaacatgategactattieggacggeegtatgaaggeategeoecgtgttegacggecaaadagatcactgtaaca
ggqBGCyct AGCGGAGGTTCAGGCGETTICGGAatgtatgaaagetttattgagtcactgocattocttaaatetttyg
gagtttboctycacgecigaaagtagtagatgtgataggeaccaaagtatacaacgatggagaacaaatcattygctcag
ggagattcggetgattottttttcattattgaatetggagaagtgaaaattactatgaaaagaaagggtasatcagaa
gtggaagagaatggtgragtagaaatcgetcgatgeotocgoggggacagtactttggagagetigecctggtaactaac
aaacctegageagetictgecracgecatt gggactgicaasatgtttageaatggatgtgecaagcatttgaaaggett
ctgggaccttgcatggaaattatgaaaaggaacatocgetacctatgaagaacagtragtigecctgTATgGaacgaac
atggatattgtaggGrCAGGTGGATCTGCAGGEAGCT Lt cTacectgtggaacggoaacaaaattatcgacgagege
ctgatcaaccecgacggcteocctgotgtteocgagtaaccatcaacggagtgaceqgotggeggct gt GOGARCGTATT
CTGGCE

SEQ ID NO:536 (SS 130 L27V (RIIbB} (aa seq)
MVEFTLEDFVGOWRQTAGYNLDOVLEQGGVSSLFONLGVSYTPIQRI VLSGENGLKIDIHVI [ PYEGLSGDOMGOIEKT
FKVVYPVDDHHFKVILHYGTLYVI DGVTPNMMIDYFGRPYEGIAVFDGEKI TVTGSASGGESGESGMYESFIESLPFLKSL
EFSARLKVVIVICTEVYNDGEQI IAQGDSADSFFI IR SGEVKITMKRKGKSEVEENGAVETARCSRGOY FGELAL VTN
KPRAASAHAIGTVKCLAMOVOAFERLLGPCMEIMKRN I ATYEEQLVALYGTNMDI VGSGGSGGSSSTLUNGNKIIDER
LINPDCSLLFRVTINGVTGWRLCERILA

SEQ ID NC:537 (SS 136 L27V (RIIbB} (nt sequence)
ATthcttcacactCgaagatttcgttggggactggcgacagacagccggctacaacctggaccaagtccttgaacag
gqgaggtgtgtcecagtttgtitcagaateteggggtgtcogtaactecgatecaaaggattgtectgageggtgaaaat
gggrotgaagatcgacatoccatgtcatcatococcgtatgaaggtetgagoggogaccaaatgggccagatogaaaaaant
Lttaagyltggtgtaccectigtggatgatcatcactttaaggtgatectgeactatggracactggtaatcgacggggtt
acgoogaacatgatogactatttoggacggeoogtatgaaggeategeogtigttogacggoaaaaagatcactgtaaca
gggaccctgtggaacggeaacAGCgotAGLGEAGGTTCAGGUGGTTCCGGRatgtatgaaagetttattgagtcactyg
ceattocttaaatovitggagbittetgeoacgectgaaagtagtagatgtgataggcaccaaagtatacaacgatagga
gaacaaatcattgcetcagggagatteggctgattottttttecattaittgaatctggagaagtgaaaattactatgaaa
agaaagggtaaatcagaagtggaagagaatggtgoagtagaaategetegatgeotegeoggggacagtactttggagag
cttgeocctggtaacitaacaaacctogageagettotgoeocacgecattgggactgtcaaatgtttageaatggatgtyg
caagratttgasaggcttoctgggaccligeatggaaaltatgaaaaggaacatcgetacctatgaagascagttagtt
gcocctgTATggaacgaacatggatattgtagyGTCAGCTCGGATCTGGAGGLAGCTCHtcTaaaattatcgacygageac
ctgatcaaccocgacyggetocectgetgttcogagtaaccatcaacqggagtgaceggetggoeggetgt GCGAACGCATT
CTGGCE

SEQ ID NG:538 (85 136 L27V (RIIDR) {aa seq)
MVFTLEDFVGDWROTAGYNLDOVLEQGGYSSLFONLGVSVTPIQRIVLSGENGLKIDIHVI I PYEGLSGDOMGOIEKT
FKVVYPVDDHHFKVILHYGTLVIDGVIPNMIDY FGRPYEGIAVFDGKKI TV TG TLWHGNSASGGSGGSGMYESFIESL
PFLKSLEFSBRLKVVDVIGTKVYNDGEQI IAQGDSADSFFIIESGEVKITMKRKGKSEVEENGAVE IARCSRCQY FGE
LALVTNKFPRAASAHA [ GTVKC LAMDVOAFERLLGPCME IMKENIATYEEQLVALYGTHMDI VGSGG5GGSSSK LI DER
LINPDGSLLFRVTINGVTGHRLCERILA

SEQ ID NO:539 (88 143 L27V (RIILB} (nt sequence)
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ATGgtcttcacactocgaagatticgtiggggactggegacagacagecggotacaacctggaccaagtioctigaacag
ggaggtgtgteocagtttgtttecagaateteggggtgtcogtaactecgatecaaaggattgtcotgageggtgaaaat
gggctgaagatcgacatCcatgtcatcatcccgtatgaaggtctgagcggcgaccaaatgggccagatcgaaaaaatt
tttaaggtggtgtacectgtggatgatcatecactttaaggrgatcetgractatggcacactygtaatcgacggggte
acgecgaacatgatcgactatticggacggecgtatgaaggecategocgtgttegacggcaaaaagatcacigtaaca
gggaccctgtggaacggcaacasaattatogacgagegcctgAGCgetAGCEGAGGTTCAGGCGETTCCGGRatgtat
gasageclttattgagtcactgeocattocttaaatetttggagttttoctgeacgectgaaagtagtagatgtgatagge
accaaagtatacaacgatggagaacaaatcattgotcaggyagattcggetgaettotittticattattgaatctgga
gaagtgaaaattactatgaaasagaasgggtaaatcagaagtggaagagaatggtgcagtagaaatcgctogatyctcy
cggggacaqgtactttggagagectigecctggtaactaacaaacetegagcagettergeccacgecattgggactyte
aaatgtitagcaatggatgtgcaagoatttgaaaggettetgggaccrtgeatggaaattatgaaaaggaacateget
acctatgaagsacagtragttgecergTATggaacygaacatggatattgltaggGTCAGGTGGATCTGGAGGLAGCTCL
tcTatcaacccocgacggctecctgoigticeqagtaacecatcaacggagtgaceggetggegget gt GCGAACGCATT
CTGGCL

SEQ ID N0O:540 (S8 143 L27V [(RIIbB) {aa seq)
MVETLEDFVGDWROTAGYNLDOVLEQGGVSSLEONLGY SVTPIQRIVLSGENGLKIDINVIIPYEGLSGDOMGQIEK I
FKVVYPYDDHHFKVILHYGTLVIDGVTPNMI DY FGRPYEGIAVFDCKKITYVTGTLWNGNKI IDERLEASGGSGESGMY
ESFIESLPFLEKSLEFSARLKVVDVIGTKYYNLGEQIIACGDSADSFFIIESGEVKITMKRKGKSEVEENGAVEIARCS
RGOYFGELALVTNKPRAASAHAIGTVKCLAMDVOAFERLLGPCMEIMKRNIATYEEQLVALYGTNMDIVGSGGS5GGSS
SINPDGSLLFRVTINGVIGWRLCERILA

SEQ ID ND:541 (S5 145 L27v {RIIbB} (nt sequence)
ATGgtcttcacactcgaagatttcgttggggactggogacagacagecggectacaacetggaccaagtecttgaacaqg
ggaggtgtgtccagtttgtttcagaatectegggglgteccgtaactecgatccaaaggattgtectgageggtgaaaat
gggctgaagatcgacatccatgteatcateeegtatyaaggictgagecggegaccaaatgggecagatcgaaaaaatt
tttaaggtggtgtacecigtggatgatcatcactttaaggtgatectgeactatgyeacactggraatecgacggggtt
aggccgaacatgatogactatttoeygacgaecgtatgaaggrateogoogtgttcgacggoaaaaagatcactgtaaca
gggaccetgiggaacggcaacaaaattatcgacgagrgootgatcaacAGCgCtAGCGGAGGT TCAGECEGTTCCGGA
atgtatgaaagetttattgagtcactgecattocttaaatotttggagtttietgracgectgaaagtagtagatgry
ataggcaccaaagtatacaacgaiggagaacaaatcattgetecagggagatteggetgatteottttttecattattgaa
tctguagaagtgaaaattactatgasaagaaagggtaaatcagaagtggaagagaatggtgeagtagaaategetoega
tgotogoggggacagtactttggagagottgecctggtaactaacaaacctogageagottotgoccacgaocatiggyg
actgtcaaatgtttagraatggatgtgoaagcatttgasagygctictgggacottgeatggaaattatgaaaaggaac
ategetacctatgaagaacagttagttgecctgTATggaacgaacatggatatigtaggGTCAGETGGATCTGGAGGE
BGCTCttcTcoccgacggetecectgetgitcrgagtaaccatcaacggagtgaccgactggegyget.gt GCGAACGCATT
CTGGCL

SEQ ID NO:542 (S5 145 L27v (RIIBB) (aa seq)
MVFTLEDFVGIWROTAGYNLDOVLEQGGY IS LFONLGVSVTPIQRIVLSGENGLKIDIHVIIPYEGLSGDOMGDIEKT
FEKVVYPVDDHHFEVILHYGTLVIDGYVTPNMIDYFGRPYEGIAVEDGKKITVTGTLWNGNKI IDERLINSASGGSGGSG
MYESFIESLPFLKSLEFSARLKVVDVIGTKVYNDGEQI IAQGDSADSFFIIESGEVRKITMKRKGKSEVEENGAVEIAR
CSRGOYFGRELALVTNKPRALSANATGTVRCLAMDVOAFERLLGPCMEIMKRNIATYEEQL VALY GTHMDIVESGG5GG
SS5SPDGSLLFRVTINGVIGWRLCERILA

SEQ ID NO:543 (55 147 L27v (RIIbB) (nt sequence)
ATGgtcttcacactogaagarttcgttagguactggegacagacaqocggctacaaccrggaccaagtccttgaacag
ggaggtgtgtccagtligtlitcagaatocteggggtgtiocgtaactocogatocaaaggatlgtectigagoeggtgaaaat
gggctgaagatcgacatccatgteatecatecegtatgaaggtctgageoggegaccaaatgggecagatcgaaaaaatt
tttaaggtggtgtacectgtggatgatcatcactttaaggtgatectgeactatggeacactggtaatogacgaggtt
acgoccgaacatgatcgactatttocggacggeocogtatgaaggecatcgocgtgticgacggcaaaaagatcactgtaaca
gggaccotgtggaacggcaacadaattatcgacgagegectgatcaaccoogacAGCgo tAGCGGAGGTTCAGGCGET
TCCGGAatgtatgaaagetttattgagteactoacattocttaaatetttggagtrtttotgeacgectigaaagtagta
gatgtgataggraccaaagtatacaacgatggagaacaaatcattgotcagguacattoggeotgatticttttttocatt
attgaatctggagaagtgaaaattactatgaaaagaaagggtaaatragaagtyggaagagaatggtgoagtagaaatc
gctegatgotcocgoggggacagtacttrggagagettgococtggtaactaacaaacctegageagettetgeccacgec
attgggactgtcaaatgrttagecaatggatgtgcaageatttgaaaggettetgggacettgeatggaaattatgaaa
aggaacatcgctacctatgaagaacagttagtrgecctgTATggaacgaacatygatattgtaggGTCAGGTGGATCT
GGAGGTAGCTCttcTygetooctgetgttoogagtaaccatecaacggagtgaceguelggegyc gt GCGARCGCATT
CTGGCt

SEQ ID WO:544 (S5 147 127V {(RIIbB) {aa seq}

MVFTLEDEVGEWROTAGYNLOOVLEQGGVSSLEFQNLGYSVTPIQRIVLSGENGLKIDIRVIIPYEGLSGDOMGOIEKT
FEVVYPVDDHHFKVTLHYGTLYIDGVTPNMIDYFGRPYEGIAVEDGKKITVIGTLWNGNKII DERLINPDSASGGSGGE

240



SGMYESFIESLPFLKSLEFSARLKVVDVIGTKVYNDGEQI TAQGDSADSFFI IESSEVKI TMKRKGKSEVEENGAVET
ARCSRGQYFGELALVTNKPRAﬂSAHAIGTVKCLRMDVQAFERLLGPCMEIMKRNIRTYEEQLVALYGTNMDIVGSGGS
GGSS55GSLLFRVTINGYVTGWRLCERILA

SEQ ID NO:545 (S3S 148 L27V (RIIbB} {nt sequence)
ATthcttcacactcgaagatttcgttggggactggcgacagacagccggctacaacctggaccaagtccttgaacag
ggaggtgtgtccagtttgtttcagaatctcgggqtgtccgtaactccgatccaaaggattgtcctgagcggtgaaaat
gggctgaagatogacatovalgtcatcateccegtatgaaggtetgagoggegaccaaatgggocagatcgaaaaaatt
trtaaggrggtgtaccetgtggatgatcatcactttaaggrgatcotgoactatggracaciggtaatcgacgggger
acgcegaacatgateogactattteggacggeegtatgaaggeategeogtgttogacggcaaaaagatcactgtaaca
gggaccctgtggaacggeaacaaaattatcgacgagegoctgatcaaccergacggeAGCgetAGCGEAGGTTCRGGE
GGTTCCGGRatgtatgaaagetttattgagtocactygecatteocttaaatctttggagttttoctgoacgectgaaagta
gtagatgtgataggoaccaaagtatacaacgatggagaacaaatcattgectcagggagatteggetgatictititte
attattgaatctggagaagtgaaaattactatgaaaagaaagggtaaatcagaagiggaagagaatggtgeagtagaa
atCgctcgatgctcgcggggacagtactttggagagctLgccctggtaactaacaaacctcgagcagcttctgcccac
gcoattgggactgtcaaatgrttageaatggatgtygcaageatttygasaaggettetgggaccttgcatggadattatyg
aaaaggaacatcgctacctatgaagaacagttagttgeectgTATggaacgaacatggatattgtaggGTCAGGTGEA
TCTGGAGGLAGCTCLteThcoctgetgt tecgagtaaccatcaacggagtgacegget ggoggot gt GUGAACGCATT
CTGGCE

SEQ ID NO:546 (S8 148 L27V (RIILB) (aa seq)
MVETLEDFVGDWRQTAGYNLDOVLEQGGVSSLFQNLGVSVTPIQRIVLSGENGLKIDIRYIIPYEGLSGDOMGQIERT
FKVVYPVDDIIHFKVILHYGTLY) DGVTPNMIDYFGRPYEGIAVEFDGKKITVTGTLWNGNKIIDERLINPDGSASGGSG
GSGMYESFIESLPFLKSLEFSARLKVVDVIGTKVYNDGEQIIAQGDSADSFFIIESGEVK T TMKRKGKSEVEENGAVE
IARCERGOYFGELALVTINKPRARSAHAT GTVKCLAMDVQAFERLLGPCMETIMKRNIATYEEQLVALYGTNMDIVG3CG
SGGSS55LLFRVTINGVTGRRLCERILA

SEQ ID NO:547 (8§ 156 L27V (RITbB) {nt sequence)
ATGgtcttcacactegaagatttcgttggggactggegacagacageegygoetacaacctggaccaagtocttgaacay
ggaggtgtgtccagtttgttteagaatcteggggtgtcegtaactoccgatecaaaggategtcoctgagcggtgaaaac
gggctgaagatcgacatecatgtcatcateccecgtatgaaggtetgageggegaccaaatgggecagatcgaaaaaatt
tttaaggtggtgtaccctgtggatgatcatcacttlaaggtgatcectgeoactatggeacactggtaatcgacggygygtt
acqgocgaacatgatcgactattteoggacggecgtatgaaggcatecgocgtgttecgacggecaaaaagatcactgtaaca
gggaccetgtggaacgocaacaaaattategacgagogoctgarcaaceccgacggetcectgetgticogagtaace
atCAGCECtAGCGGAGGTTCAGGCEETTCCGGRat gtatgaaagetttattgagtcactgecattecttaaatetttg
gagttttctgcacgoectgaaagtagtagatgtgataggcaccaaagtatacaacgatggagaacadatecattgetoag
ggagatteggetgattecttttttecartattgaatectggagasgtgasaattactatgaaaagaaagggraaatcagaa
gtggaagagaatggbgragtagaaatogetegatgetogeggggacagtactttggagagettgeoeoctggtaactaac
aaacctrogagcagettctgoocacgocatbgggachgtocaasalgittageaalggaltglgroaageattigaaaggott
ctgggaccttgeatggaaatratgaaaaggaacategetacctatgaagaacagttagttgecctgTATggaacgaac
atggatattgtaggGTCAGGTGGATCTGGAGGLAGCTCttcTaacggagtgaccggetggegget gt GCGAACGCATT
CTGGCL

SEQ ID HO:548 (B85 156 L27V (RIIbB} (aa aeq)
MVETLEDFVGDWROTAGYHNLDOQVLEQGGVSSLEQNLGVVTPIQRIVLSGENGLKIDIHVI IPYEGLSGDOMGOIERT
FRKVVYPVODHHFEVILHYGTLVIDGVTPNMIDYFGRPYEGIAVFDGKKI TVTGTLWNGNKIICERLINPDGSLLFRVT
ISASGGSEGSGMYRESFIRSLPFLKSLEFSARLKVYDVIGTHYYNDGEQI TAQGDSADSFFITESGEVKITMKRKGKSE
VEENGAVEIARCSRGRYFGELALYVTNKPRAASAHAIGTVKCLAMDVQAFERLLGPCMEIMXRNIATYEEQLVALYGTN
MOIVGEGGSGESSENGYTGWRLCERTILA

SEQ ID N0O:549 (SS 157 L27V {RIIbB] (nt sequence)

ATGgtcttocacactcgaagatttocgtiggggactgagocgacagacagooggctacaacctyggaccaagtecttigaacag
ggaggtygtgtccagtttgtttcagaatcteggggtgtocgtaactacgatcraaaggattgtectgageggigaaaat
gggctgaagatcgacatccatgtcatcatcecgtatgaaggtotgageggcgacecaaatgggocagatcgaaaaaatt
tttaaggtyggtgtacocctgtggatgatcatcactttaaggtgatectgoactatggracactggtaatocgacggggtt
acgocgaacatgategactattioggacggocgtratgaagacatcgocgtigttcgacggecaaaaagatcactgtaaca
gggaccectgtggaacggeaacaaaattategacgagegectgatcaacceogacyggetecectgetgttecgagtaace
atcaacAGCYct AGCGGAGGTTICAGGCGGTTCCGGRatgratgaaagetttattgagtcactgecatteccttaaatet
ttggagttttcigcacgoctgaaagtagtagatgtgataggeoaccaaagtatacaacgatggagaacaaatcattgot
cagygagattocggotgattectttittocattattgaatctggagaagigaaaattactatgaaaagaaagggtaaatca
gaagtggaagagaatggtgeagtagasatecgoctogatgetogoggggacagtactitggagagottgooctyggtaact
aacaaacctocgageagecttotgeccacgecattagggactgtecaaatgtttagecaatggatatgoaageatttgaaagyg
cttoctgggacctigeatggaaattatgaaaaggaacatecgetacctatgaagaacagttagttgecctgTATggaacyg
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aacatggatattgtaggGTCAGGTGGATCTGGRGGtAGCTCttchgagtgaccgqctggcggctthCGAACGCATT
CTGGCt

SEQ ID NO:550 (58 157 L27V (RIIbLB) (aa seq)
MVFTLEDFVGDWROTAGYNLDQVLECGGVSSLFONLGYVSYVTPIQRIVLSGENGLKIDIRVII PYEGLSGDOMGQIEKI
FKVVYPVDDHHEKVILHYGTLYIDGYTENMI DY FGRPYEGIAVFDGKKI TVTGTLWNGHNKIIDERLINPDGSLLERVT
INSASGGSGGSGMYESFIESLPFLKSLEFSARLKVVDV IGTKVYNDGEQI IAQGDSADS FFII ESGEVKITMKRXGKS
EVEENGAVEIARCSRGQYFGELALVTNKPRARSAHAI GTVKCLAMDVOAFERLLGPCMEIMKRNIATY EEQLVALYGT
NMDIVGSGGE5GG5S3GYVTGWRLCERILA

SEQ ID NO:551 (55 158 L27V (RIIbB} (nt sequence)
ATGgtcttcacactegaagatttocgttggggactggegacagacagecggectacaacctggaccaagtecttgaacayg
ggaggtgtgtocagtitgtticagaatcteggggtgtcegtaactecgatocecaaaggatigtectgageggtgaaaat
gggetgaagatcgacatccatgtcatecatcocgtatgaaggtctgageggcgaccaaatgggecagatcgaaaaaatt
tttaaggtggtgtaccctgtggatgatcatcactttaaggtgatcctgcactatggcacactggtaatcgacggggtt
acgccgaacatgatcgactatttoggacggccgtatgaaggecategecgtaticgacgycaaaaagatcactgtaaca
gggaccctgtggaacggcaacaaaattatcgacgageogectgatcaaccecgacyggoteecctgotgttcegagtaace
arcaacggaRGCgot AGCGGAGGTTCACGCGETTCCGGRatgtalgaaagetttattgagtcactgecatteottaaa
tctttggagttttetgeoacqgoctgaaagtagtagatgtgataggoaccadagtatacaacgatggagaacaaateatt
gctcagggagakbtoggctgaltettttttcattattgaatctggagaagtgaaaattactatgaaaagaaagggtaaa
tcagaagtggaagagaatggtgcagtagaaatcgotocgatgelogeggggacagtactttggagagettgocostygta
actaacaaacctegageagecttetgeccacgocattgggactgtcaaatgittageaatggargtgecaageaktigaa
aggcttctgggacottgcatogaaattatgaanaggaacatecgetacctatgaagaacagttagttgecetgTaTgga
acgaacatggatacttgtaggGTCAGETGGATCTGGAGGEAGCTCELtcTgtgaceggetggoggot gt GCGAACGCATT
CTGGCL

SEQ ID NO;552 (85 158 L27V (RIIbB} (aa seq)
MVFTTEDFVGDWROTAGYNLDQVLEQGGVSSLEONLGVSVTI PIGRIVLSGENGLKI DIHVIIPYEGLSGDOMGRIEKT
FKYVYPVYDDHHFKVILEYGTLVIDGVTENMIDY FGRPYEGIAVFDGKKITVTGTLWNGNKI IDERLINPDGSLLFRVT
ITNGSASGESGGSGMYESPIESLPFLKSLEFSARLKVYDVIGTKVYNDGEQI IAQGDSADSFFIIESGEVRETI TMRKRKGEK
SEVEENGAVEIARCSRGOYFGELALVTNKPRARSAHAIGTVKCLAMDYOAFERLLGPCHMEIMKRNIATYEEQLVALYG
TNMDIVGSGGSGESSSYTGWRLCERILA

SEQ ID NO:553 (55 166 L27v (RIIbB} (nt sequence)
ATGgtoctteacactegaagatttogttggggactyggegacagacageceggotacaacctggacecaaghectigaagag
ggaqggtgtgteccagtttgtttcagaatcreggggtgtecgtaactecgatecaaaggattgtocetgageggtgaaaat
gggctgaagatcgacatccatgtcatcatcccgtatgaaggtoctgageggegaccaaatgggecagatcgaaaaaatt
tttaaggtggtgtaccctgtggatgatcatcactttaaggtgatcctgcactatggcacactqgtaatcgacggggtt
acgeocgaacatgategactatttoggacggoeogtatgaaggeatogecgtgttegacggcaaaaagatcactglaaca
gggacectytggaacggoaacaaaattategacgagogectgatcaaccecgacggeteectgotgttecgagtaace
atcaacggagtgaccggotggegget g GCGRRAGCYCct AGCGGAGGTTCAGGCGGTTCCGGRAat gtatgaaagettt
attgagtcactgoeattcettaaatctitggagtittctgeacgectgaaagtagtagatgtgatagygcaccaaagta
tacaacgatggagaacaaatcattgetcagggagatteggectgattettttiteattattgaatectggagaagtgaaa
attactatgaaaagaaagggtaasatcagaagtgyaagagaatggtygcagtagaaatcgectegatgetegeggggacayg
tactttggagagcttgccctggtaactaacaaacctcgagcagcttctgcccacgccattgggactgtcaaatqttta
gcaatggatgrgeaagcatttgaaaggettoctgggaccttgeoatggaaattatygaaaaggaacategetacctatgaa
gaacagttagitgcocctgTATggaacgaacatggatattgtaggGTCAGGTLGATCTGGAGGTAGCTCELCTCGCATT
CTGGCE

SEQ ID NO:554 (5SS 166 L27V (RIIDB) (aa seq)
MVFTLEDFVGDWROTAGYNLDOVLEQGGVSSLPQNLGVSVTEIQRIVLSGENGLKI DIHVI I PYEGLSGDOMGQIEKT
FKVVYPVDDHAFKVILHYGTLVIDGVTPNMIDYFGRPYEGIAVFDCKKITVTGTLWNGNKI IDERLINPDGSLLFRVT
INGVTGWRLCESASGGSGGSGMYESFIESLPFLKSLEFSARLKVVDVIGTEVYNDGEQI IAQGDSADSFFIIESGEVK
ITMKRKGKSEVEENGAVEI ARCSRGOYFGELALVTNKPRAASAHATGTVKCLAMDYQAFERLLGPCMEIMKRNIATYE
EQLVALYGTNMDIVGSGGSGGSSSRILA

SEQ ID NO:555 (CP 26 L27V {RITbE) (nt sequence}

ATGggtgtgtccagtttgtttocagaatctoggygtgtcecgtaactccgataecaaaggattghcctgageggtgaaaat
gggetgaagatcgdcatccatgicatcatoocgtatgaaggiectgageggoyaccaaatgggecagatcgaaaaaatt
tttaaggtggtgtacectgtggatgatcatcactttaaggtgatcectgoactatggcacactggtaatecgacggggrt
acgeocgazcatgatcogactattteggacggoogtatgaaqggeatogecgtgttcgacggcaaaaagatcacigtaaca
gggaccctgtggaacggcaacaaaattatcgacgagcgcctgatcaaccccgacggctccctgctgttccgagtaacc
atcaacggaqtgaceggetggegget gt GCGARCGTATTC TGO L AGCTCARGCGGAGGT TCAGGCGETTCCEGAATG
TATGAARGCTTTATTGAGTCACTGCCATTCCTTAARTCTY IGGAGTT TTCTGCACGCCTGAMGTAGTAGATGTGATA
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GGCACCABAGTATACAACGATEGAGAACARATCATTGCTCAGGGAGATTCGECTGATTCTT TTTTCATTAT TGRATCY
GGAGARGTGALAATTACTATCARAAGARAGGGTAAATCAGRAGTGGAAGAGRATGCTGCAGTAGRAAT CGCTCGATGT
TCGCEGEGACAGTACT TTGGAGAGCT TGCCCTGGTAACTARCARACCTCGAGCAGCTTCTGCCCACGCCATTGGGACT
GTCARATGTTTAGCAATGGATGTGCARGCATTTGAAAGGCTTC TGEGEACCTTECATCGAAATTATGRRAAGGAACATC
GOTACCTATGAAGBACAGT TAGTTGCCC TGTATGGARCCAACATGEGATAT TGTAGEGTCAGGTEGATCTGGAGGTAGT
TCTTCTatggtcttcacactcgaagatttcgttggggactgchacagacagccggctacaacctggaccaagtcctt

gaacaggga

SEQ ID NO:556 (CP 26 L27V (RIIbB} (aa seq}
MGVSSLFQNLGVSVTPIQRIVLSGENGLKIDIHVIIPYEGLSGDQMGQIEKIFKVVYPVDDHHFKVILHYGTLVIDGV
TENMIDYFGRPYEGIAVEDGKEITVPGTLWNGNKI IDERLINPDGSLLFRVTINGYTGWRLCERILASSSGGSGGSGH
YESFIESLPFLESLEFSARLKVVDVIGTKVYNDGEQI IAQGRSADSFFI IESGEVKITMKRKGKSEVEENGAVETIARC
SRGQYFGELALVTNKPRAASAHRIGTVKCLAMDVQAFERLLGPCMEIMKRNIRTYEEQLVRLYGTNMDIVGSGGSGGS
SSMVFTLEDFVGDWROTAGYNLDQVLEQG

SEQ ID NO:557 (CP 45 L27v (RIIbB} (nt sequence)
ATGgtcctgageggtgaaaatgggetgaagategacatecatgteatcateccegtatgaaggtctgagoggcgaccaa
atgggccagatcgaaaaaattittaaggtggtgtacectgtggatgatcatcactttaaggtgatectgeactatgge
acactyggtaatcgacggggttacgoceogaacatgategactatttcggacgygcogtatgaaggeategeogtgttogas
ggcaaaaagatcactgtaacagggaccctgtggaacggcaacaaaattatogacygageyccltgalcaaccccgacggc
tccctgctgttccgagtaaccatcaacggagtgaccggctggcgqctgtGCGAACGCATTCTGGCtAGCTCAAGCGGA
GOTTCAGGCGGTTCCGEAATGTATGAARGCT TTATTGAGTCACTGCCATTCCTTARAT CT T TGGAGT T'FTCTGTACGC
CTGARAGTAGTAGATGTCATAGGCACCAAAGTATACAACGATGGACRACAAATCATTGCTCAGGGAGATT CGGLTGAT
TCTTTTTTCATTATTCAATCTGGAGARGTGARART 1A TATCARAAGANMGGGTARAT CAGAAGTCGARGRAGRATGGT
GCAGTAGARRTCGCTCGATGC TCGCGGGGACAGTAC T TTGGAGAGCTTGCCCTGETAATTAACAAACC TCGAGCACCT
TCTGOCCACGCCATTGGGACTGTCARATGTT TAGCAATGGATGTGCAAGCATT TGAARAGGCTTCTGEGACCTTGCATG
GAARTTATGABAAGGAACATCGLTACCTAT GAAGRACACT TAGTTCCCCTGTATGGRACCARACATGGATATTGTAGGS
TCAGGTGGATCTGGAGETAGCTCITCTatggtocttcacactogaagatttagttggggactggocgacagacagoecgge
tacaacctggaccaagtcctigaacagggayylgtgtecagtttgtttcagaateteggggtgtoecgtaactcocgato
caaaggatt

SEQ ID NO:558 (CP 45 L27V (RIILB} (aa seq)}

MVLSGENGT.XIDIHVIIFYFEGLSGDOMGQIEKI FKVVYPVDRHHFKVILHYGCTLVIDGVTPNMIDYFGRPYEGIAVED
GEXITVTSTLWNGNKIIDERLINPDGSLLFRYTINGY TEWRLCERILASSSGGSGESGMYESFIESLPFLKSLEFSAR
LEVVDVIGTEVYNDEEDI IAQGDSADSFE I IESGEVKITMKEKGKSEVEENCAVETARCSRGOYFGELALVTHEPRAA
SAEHALIGTVRCLAMDVOAFERLLGPCMEIMKRNIATYEEQLVALYGTNMPIVGSGGIGGSSSMVETLEDFVGDWROTAG
YNLDOVLEQGGVSSLEFQNLGVIVTPIQRI

SEQ ID NQ:559% (CP 100(+1) L27V (RIIbB) {(nt segquence)
ATGgacggggttacgocgaacatgatagactatticggacggeegtatgaaggeatocgecgtgttcgacggecaaaaay
atcautgtazcagggaccctgtggaacggeaacaaaattatecgacgagogoctgatcaacoaagacggeteectgety
tteegagtaaccateaacggagtgaccggetggogget gt GCGRACGCATTCTGGCLAGCT CARGUCGAGGTTCAGGE
GGTTCCEGARTGTATCAAAGCTTTAT TGAGTCACTECCATTCCTTAAATCTTTGGAGT TTTCTGCACGCCTGARAAGTA
GTAGATGTGATAGGCACCAARGTATACARCGATGGAGARCAAATCATTGCTCAGGGAGATTCCECTGATTCTTTTTTC
ATTATTGAATCTGGAGRAGTGARAAT TACTAT GARANGAAAGCGE TARATCAGRAGT GEGAAGAGARTGGTGCAGTAGRL
ATCGCTCGATGCTCGCGEGGACAGTACTTTGGAGAGCTTGCCCTGGTARCTAACAAACCTCGAGCAGCTTCTCCCCAC
GCCATTGGGACTGTCAAATGT I ' AGCAATGGATGTGCARGCATTTGRAAGGCTTCTGGCACCTTGCATGGAAATTATG
AAMGGRACATCGCTACCTATGRAGARCAGT TAGTTGCCCTCTATGGAACGRACATGGATATTGTAGGGT CAGGTGGA
TCTCCAGGTAGCTCTTCTatggtcttcacactcgaagatttcgttggggaciggeogacagacagooggotacaacctg
gaccaagtcecttgaacagggaggtgtgteccagtitgritcagaatcteggggtgtecgtaactcogatoccaaaggatt
gtcctgagcggtqaaaatgggctgaagatcgacatccatgtcatcatcccgtatgaaggtctqégcggcgaccaaatg
ggccagatcgaaaaaatibttaasggtggtotacococtgtggatygatcatcactitaaggtgatectgeactatggraca
ctggtaatcGAC

SEQ ID NO:560 (CP 100({+1) L27¥ {(RIILB) {(aa seq)
MDGVTENMIDYFGRPYEGIAVFDGKKITYTGTLWNGNKIIDERLINPEGSLLFRVTINGVTGWRLCERTILASSSGGSG
GSGMYESFIESLPFLKSLEFSARLEVVDVIGTEVYNDGEQIIAQGDSADSFFIIESGEVKI TMKREGKSEVEENGAVE
IARCSRGQYFGELALVTNKPRAASAHATIGTVKCLAMDVOAFERLLGPCMEIMKRNIAT YEEQLVALYGTNMDIVGSGS
SGGSSSMVFTLEDFVGDWROTAGYNLDQVLEDGGVS SLFONLGVSVTPIQRIVLEGENGLKIDIHVITPYEGELSG0D0M
GQIEKI FEKVVYPVDDHHFKVILHYGTLVID

SEQ ID MO:561 {(CP 101(+1) L27Vv {RIILB) (nt sagquence}

ATGggggttacgecgaacatgatcgactatttoggacggcegtatuaagyecategocgtgttegacggcaaaaagate
actgtaacagggaccotgtggaacggeaacaaaattatcgacgagegcectgatcaaccocogacggeticoctgotgtoe
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cgagtaaccatcaacggagtgaccggctggcggctgtGCGAACGCATTCTGGCtAGCTCAAGCGGAGGTTCRGGCGGT
TCCGGAATGTATGAAAGCTTTATTGAGTCACTGCCATTCCTTARATCTTTGGAGTTTTCTGCACGCCTGARAAGTAGTA
GATGTGATAGGCACCARAGTATACAACGATGGAGAACAAATCATTGCTCAGGGAGATTCGGCTGATTCTTTTTICATT
AT TPGAATCTCGACAAGT GARARATTAC TATGARRAGAARGEGTARATCAGARGTGGAAGAGAATGGTGCAGTACRAATT
GCTCGATGCTCGLGGGGACAGTACTTTGGAGAGC TTECCC TGGTARCTARCAARACC TCGAGCAGCTTCTGCCCACGLC
ATTGGGACTGTCAAATGTTTAGCAATGGATGTGCAAGCATTTGARAGGCTTCTGGGACCTTGCATGGAARTTATGRAR
AGGRACATCGCTACCTATGAAGAACAGTTAGTTGCCCTGTATGGARCGAACATGEATATTGTAGGGTCAGGTCGATCT
GCAGGTAGCTCTTCTatggtcttcacactogaagatttogttggggactggcgacagacagooggcotacaacetggac
caagtccttgaacagggaggtgtrgtccagtttgtttecagaatetegggytgtecgtaacteogatecaaaggattgte
ctyagcggtgaaaatgggctgaagatogacatecatgtcateateceecgiatgaaggtetgageggegaccaaatggge
Cagatcgaaaaaatttttaaggtggtgtaccctgtggatgatcatcactttaaqgtgatcctgcactatggcacactg
gtaatcgacGGG

SEQ ID NO:562 (CP 101 (+1) L27V (RIIbB) (aa seq}

MGVTFNMIDYFGREYEGIAVFDGKKI TVTGTLWNGNKIIDERLINPDGSLLFRVTINGVTGWRLCERILASS5GGIGG
SGMYESFIESLPFLKSLEFSARLEKVVDVIGTKVYNDGEQLIAQGDSADSFFIIESGEVKITHMKRKGKSEVEENGAVEL
ARCSRGQYFGELALVTHKPRAASAHAIGTVKCLAMDVQAFERLLGPCMEIMKRNIATYEEQLVALYGTNMDIVGEGES
GGESSMVPTLEDFVGDWROTAC YNLDOVLEQGGVSSLEQNLGVSVTEFIQRIVLSGENGLKI DI HY I IPYEGL SGDOMG
QIEKIFRKVVYPVDDHHFKYILHYGTLVIDG

SEQ ID ND:563 (CP 102{+1) L27V (RIILB) {nt sequence}
ATthtacgccgaacatgatcgactatttcggacggccgtatgaaggcatcgccgtgttcgacggcaaaaagatcact
gtaacagggaccetgtggaacggraacaaaattatcgacgagegeoctgateaaccecgacggeteecctgetgtteoga
gtaaccatcaacggagtgaccyggctggeggetgtGCGARCGCATTCTGGCTAGCTCAAGLGGAGGTTCAGGLGGTTCC
GGAATGTATGAABGCTTTATTGAGTCACTGCCATTCCTTARATCT TTGGAGTTTTCTGCACGCC TGARRGTAGTAGAT
GTGATAGGCACCAAAGTATACARCGATGGAGARCARATCATTGCTCAGGGAGATTCCGCTGATTCTTTTTTCATTATT
GAATCTGGAGAAGTGAARATTACTATGARAAGAAR GGG TARATCAGAAGTGGAAGAGAATGGTGCAGTAGRAATCGLT
CGATGCTCGCGGGCACAGTACTTTGGAGAGCTTGCCCTGGTAACTARCAAACCTUGAGCAGCTTCTGCCCACGCCATT
GGGACTGTCARATGTTTAGCAATGGATGTGCAAGCATT TGARRGGCTTCTGGCACCTFGCATGGARATTATGAARRGG
ARCATCGCTACCTATGARGARCAGTTAGTTGCCCTGTATGGARCGARCATGGATATTGTACGETCAGGTGGATCTGGN
GGTAGCTCTTCTatggtettcacactcgaagatttogttggggactggegacagacagecggcetacaacectggacraa
gtcottgaacagggaggtgtgtecagttrgtttcagaatetcggggtgtoccgtaactocygalccaaaggatigteotyg
agcggtgaaaatqgggctgaagatcgacatccatgtcatcateecgtatgaaggtoctgageggegaccaasatgggeeag
atcgaaaaaatttttaagygtggtgtaccctgtggatgatcatcactttaaggtgatocctgocactatggeacactggta
atcgacgggGTT

SEQ ID HO:564 (CP 102 (+1) L27V (RIIbB) {(aa seq) 7
MVTPNMIDYFGRPYEGIAVFDGEKITVIGTLWNGNKI IDERLINPDGSLLFRVT INGVIGWRLCERILASSSGGSGGE
GMYESFIESLPFLKSLEFSARLKVYDVIGTKVYNDGEQITAQGDSADSFFIIESGEVRITMKRKGKSEVEENGAVETLA
RCSRGRYFGELALYVTNKPRAASAHAIGTVKCLAMDVQAFERLLGPCME IMKENTATYEEQLVALYGTHNMDIVGSGGSG
GSSSMVFTLEDFVGDWROTAGYNLDQVLEDGGVSSLEQNLGVSVTPIQRIVLSGENGLEIDIHVIIPYESGL SGDOMGO
TEKIFEKNVYPVDDHHEKVILHYGTLVIDGV

SEQ ID WO:565 (CP 143{+1) L27V (RIIbB)} {nt sequence)
ATGatcaacccogacggotococctgotgticcaagltaaccatcaacggagtgaceggetgoegget gt GOGAACGCATT
CTGGCEAGCTCAARGCGGAGETTCAGGCGGTTCCCCAATGTATGARAGCTTTATTCAGTCACTGCCATTCCTTAARATCT
TTGGAGTTTTCTGCACGCCTGRAAGT AGTAGATCTGATAGGCACCAALGTATACAACGATGCAGERACAARTCATTGCT
CRAGGGAGATTCGECTGATTCTTTTTTCATTAT TGAATC TGGAGARGTGAARATTACTAT GAARAGAARRGGGTARATCA
GAAGTGGAACAGAATGGTGCAGTAGARATCGCTCGATGCTCGUGGGGACAGTACT TTCCASAGCTTGCCCTGGTAACT
AMNCARACCTCGAGCAGCTTCTGCCCACGCCAT TGGGACTGTCARATGTT TACCAATEGATGTGCAARGCAT I TGARAGG
CTTCTGGCACCTTGCATGGRAARTTATGARBAGGARCATCGCTACCTATGAAGARCAGTTAGTTGCCCTGTATGGAACG
AACATGGATATTGTAGGSTCAGGTEGGATCTGGAGGTAGCTCTTCTatggticttcacactcgaagattteyt bggygac
tggcgacagacageoggcotacaacetyggaccaagtecttgaacagggaggtgtgtecagtttgtttcagaateteggg
gtgtcocgtaactccgatcoccaaaggattgicectgagoggtgasaatgggetgaagategacatccatgteatcateceg
tatgaaggkctgagcggegaccaaatgggocagatcgaaaaaatttttaaggiggtgtacectglggatgatcatcae
tttaaggtgatcectgcactatggcacaciggraatocgacggggtitacgoocgaacatgategactattiteggacggocg
tatgaaggcatcgecogtgttegacyggaaaaaagatcactgtaacagggaccotgtggaacggeaacaaaattategac
gagcegectgATC

SEQ ID HO:566 {(CP 143{+1) L27TVv (RIIbB} {aa seq)

MINPDGSLLFRYTINGVTGWRLCERILASSSGGSGGEEGMYESFIESLPFLESLEFSARLYEYY DVIGTKVYNDGEQITA
OGDSADSFFIIESGEVEKITMKREKGKSEVEENGAVE IARCSRGDY FGELALVTNKFRAASARAI GTVHKCLAMDVAFER
LLGPCHMEIMERNIATYEEQLVALYGTNMDIVGSGGSGEESSMVETLEDFVGEDWROTAGY NLOOVLEQGGVSSLEQNLG
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VSVTPIQRIVLSGENGLKIDIHVIIPYEGLSGDOMGQIEKI FKVVY PVDDHHFKVILHYGTLVIDGVTPNMIDYFGRE -
YEGIAVFOGKEITYTGTLWNGNKI IDERLI

‘SEQ ID NO:567 (CP 147{+1) L27v (RIIbB) {nt sequence)
ATGgyctccctgotgttocgagtaaccatcaacggagt gaccygctggegget gt GCGARCGCATTCTGGCLAGCTCA
AGCGGAGGTTCAGGCGETTCCGGAATGTATGARAGCTTTATTGAGTCACTGCCATTCCU TTAAATC T TTGGAGTTTTCT
GCACGCCTGARAGTACTAGATGTGATAGGCACCARRGTATACAACCATGGAGARCARATCATTGCT CAGGGAGATTCG
GCTGATTCTTTTTTCATTATTGAATC TGGAGARGTGAAAATTACTATGARARGAARGGGTIAATCACGAAGTGGRAGRG
AATGCTGCAGTAGARATCGCTCCATGCTCGCGGGGACAGTACTTTGGAGAGCTTGCCCTGGTARCTAACAAACCTCGA
GCAGCTTCTGCCCACGCCATTGGGACTGTCARATGTTTAGCARTGEATGTGCAAGCATTTGAAAGGCTTCTGGGACCT
PGCATGEARATTATGARAAGGRACATCGCTACCTATGRAGAACAGTTAGTTGCCOCTGTATGGAACGAACATGGATATT
GTRGGGTCAGCTGCATCTGGAGGTAGCTCTTCTatggtcttcacactcgaagatitegttgaggactggocgacagaca
gcocggetacaacctggaccaagtecttgaacagggaggtgtgtecagtttgtttcagaatctoggggtgtecgtaact
ccgatccaaaggattgtectgageggtgaaaatgggetgaagatcgacatccatgteatcatcocgtargaaggtotyg
agcggcgaccaaatgggecagatcgaaaaaatttitaaggrggtgtacectgtggatgatcatcactttaaggtgate
ctgecactatggcacactggtaatcgacggggttacgecgaacatgategactatticggacggocgtatgaaggeate
gcocgtgttegacggoaaaaagatcactgtaacagggaccetgtggaacggoaacaaaattategacyagegectgate
aacccegacGGC

SEQ ID NO:568 (CP 147(+1) L27V (RIIbB} (aa seq)
MGSLLFRVTINGVTGWRLCERILASSSGGSGGSGMYESFTESLPFLKSLEFSARLKVVDVIGTKVYNDGEQI IAQGDS
ADSFFIIESGEVKITMKRKGKSEVEENGAVETARCSRGOY FGELALVTNKPRAASAHATGTVKCLAMDVOAFERLLGP
CMEIMKRNIATYEEQLVYALYGTNMDIVGSGGSGESSSMVETLEDFVGDWROTAGYNLDOVLEQGGV SSLEFQNLGVIVT
PIQRIVLSGENGLKIDIHY1IPYEGLSGDOMGQIEKIFKVVY EVDDHHFKVILHYGTLVIDGVTPNMI DY FGRPYEGT
AVFDGKKITVIGTLWNGNKITIDERLINPDG

SEQ ID NO:56% (CP 156(+1} L27V (RIIbB) (nt sequence}
ATGaacggagtgaccggetggoggot gt GCGARCGCATTCTGGU L AGCTCAAGCGGAGGTTCAGGCGETTLCGCARTG
TATGARAGCTTTATTGAGTCACTGCCATTCCTTAAATCT TTCGAGTTI TCTGCACGCCTGAARGTAGTAGATGTGATA
GECACCARAGTATACARCGATGGACAACARATCATTGCTCAGGGAGAT TCGGCTGATTCTTTTTTCATTATTGAATCT
GGAGAAGTGAANATTACTATGARARGARAGGGTAAATCAGAAGTGGAAGAGALTGGTGCAGTAGRARTCGCTCGATGE
TCGCGGGGACAGTACTTTGGAGAGCTTGCCCTGGTAACTAACAARCCTCGAGCAGCTTCTEGCCCACGCCATTGGGACT
GTCBANTGTTTAGCAATGGATGTCCAAGCATTTGARAGCCTTCTGGGACCT TGCATGGAARTTATGAARAGCAACATC
GCTACCTATGAAGARCAGTTAGTTGLCCTGTATGGRACGARACATGGATATTGTAGGUTCAGGTGGATCTGGAGGTAGC
TCTTCTatggtcttcacactegaagatttegttgggyactyggogacagacagoecggoctacaacctggaccaagtectt
gaacagggaggtgtgteccagtttgtttcagaatctocyggggteotovcgtaaclecgatccaaaggattgtecctgageggt
gaaaargggctgaagatcgacatccatgtcatcatcoccgtatgaaggtetgageggegaccaaatgggecagategaa
aaaatttttaaggtggtgtaccctgtggatgatcatcactttaaggtgatecctgecactatggoacactggtaategac
ggggttacgoccgaacatgatcgactatttoggacggeoogtatgaagycategecgtgt legacgygcaaazagatecact
gtaacagggaccctgtggaacggcaacaaaattatcgacgagegecigatocaaceregacggetecectgetgttocga
gtaaccatchAC

SEQ ID NRO:570 (CP 156(+1l) L27v (RIILB) (aa seq)
MNGYTGWRLCERILASSSGGESGGSGMYESFIESLPFLKSLEFSARLKVYV DV IGTKVYNDGEQI IAQCDSADSFFITIES
GEVRITMKRKGKSEVEENGAVE IARCSRGOY FGELALVTINKPRAASAHATIGTVKCLAMDVQAFERLLGPCMETMKRNT
ATYEEQLVALYGTNMDIVGSGGSGGSSSMVETLEDFVGDWRQTAGYNLDOQVLECGGVSSLFONLGVSVIPIQRIVLSG
ENGLKIDIHVIIPYEGLSGDOMGQIEKI FKVVY PVDDHRFEVILHYGTLVIDGVTPHMIDY FGRPYEGIAVEDGKKIT
VIGTLWNGNKIIDERLINPDGSLLFRVTIN

SEQ ID NO:571 (CP 158(+1) L27V (RIIbB) (nt segquence)

ATGgtgaccggotggaegyet gt GUGAACGCATTCTGGLEAGCTCAAGUGGAGGTTCAGGCGGTTCCGGAATGTATGAA
AGCTTTATTGAGTCACTGCCATTCCTTRAAATCTTTGGAGTTTTCTGCACGCCTCARAGTAGTAGATGTGATAGGCACC
AMAGTATACAACGATGGAGRACAPATCATTGCTCAGGGAGATTCCECTGATTCT TTTT TCATTATTGAATCTGGAGARA
GTGRAAAT TACTATGAAALGARAGGGTAARTCAGARG TGGAAGAGPATCCTGCAGTAGNAATCGCTCGRATGCTCGCGE
GGACAGTACTTTGGAGAGL TTGUCCTGETAACTARCARACCTCGAGCAGCTTCTGCCCACGCCATTGGLACTGTCAAA
TGTTTAGCAATGGATGTGCAAGCAT TTGARAGGCTTCTGGGACCTTGCATGGAAAT TATGRAARRAGGAACATCGCTACC
TATGAAGARCACTTAGTTGCCCTGTATGGAACGARACATGCATATTCTAGEGTCAGGTGCATCTGGAGGTAGCTCTTLT
atggtcttcacactegaagatttegtitggggactggegacagacagecggecracaacctggaccaagtecttgaacag
ggaggtgtgtoccagtttgtttcagaateoctegaggtgtoccgraactcocgatecaaaggattgteoctgageggtgaaaat
ggoctgaagatcgacatccatgicatcatecceogtatgaaggtectgagoggegaccaaatgggecagatcgaaaaaatt
tttaaggtggtgtaccetgtggatgatcatcactttaaggtgatectgecactatggcacactggtaatcgacggggt
acgccgaacatgatcgactattteggacggecgtatgaaggecategeegtgttegacggeaaaaagatcactgtaaca
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gggaccctgtggaacggcaacaaaattatcgacgagogeotgatcaaceeccgacggetecctgetgttaecgagtaace
atcaacggacTi

SEQ ID NO:572 (CP 158(+1) L27V (RIIbB) (aa seq}
MYTGWRLCERILASSS5GGSCGSGMYESFIESLPFLKSLEFSARLKVYDVIGTKVYNDGEQI IAQGDSADSFFITESGE
VKITMKRKGKSEVEENGAVEIARCSRGQYFGELALVTNKPRAASAHA I GTVKCT.AMDVQAFERLLGPCMEIMERNIAT
YEECQLVALYGTNMDIVGSGGSGGSSSMVETLEDFVGDWROTAGYNLDOVLEQGGVSSLFQNLGVSVTPIQRIVLSGEN
GLKIDIHVII PYEGLEGDOMGQIEKIFKVVYPVDOHHFKVILHYGTLVIDGVT PNMIDY FGRPYEGIAVEFDGKKITVT
GTLWNGNKIIDERLINPDGELLFRVTINGYV

SEQ ID NO:573 (CP 166(+1) L27V {RIIbB} (nt sequence)
ATGCGCATTCTGGCLAGCTCARAGCGGAGGTTCAGGCEGTTCCGGAATGTAT GAAAGCTTTATTGAGTCACTGCCATTC
CTTAARTCTTTGGAGTTTTCTGCACGCCTGARAGTAGTAGATGTGATAGGCACCAARGTATACAACGATEGAGAACAA
ATCATTGCTCAGGGRGAT TCGGU TGATTCTTTTTTCATTATTGAATCTGGAGAAGTGARAATTACTATGARRAGARLG
GGTARRTCAGARGT GGAAGAGARTGGTGCAGTAGAARTCCGCTCGATGCTCGLGGGGACAGTAC T ITGGAGAGCTTGCT
CTGGTAACTAACARACCTCGAGCAGCTTCTGCCCACGCCATTGGGACTGTCAAATGTTTAGCARTGGATGTGCARGTA
T TGAARAGGC TTCTGGEGACCT TEGCATGGARAT TATGRRAAGGARACATCGCTACCTATGAAGAACACTTAGTTGCCCTG
TATGSAACGARCATGGATATTGTAGGGTCAGGTGGATCTGGAGGTAGCTCTTCTatggtettcacactcgaagatttc
gttggggactggogacagacageoygetacaacctggaccaagtecttgaacagggaggtygtgtocagtttgrtteayg
aatctcggggtgtccgtaactccgatccaaaggattgtcctgagcggtgaaaatgqgctgaagatCgacatccatgtc
atcatcccgtatgaaggtetgageggegaccaaatygggecagatcgaaaaaatttittaaggtggtgtacectgtggat
galcatcactttaaggtgatcctygcactatggcacactggtaatcgacgggyttacgeccgaacatgatcgactattre
ggacggecgtatgaaggcatcgeocgtgttogacggocaaazagatcactgtaacagggaccctgtggaacggecaacaaa
attatcgacgagegectgatcaaccecgacggetecctgotgtiocgagtaaccatcaacggagtgaceggeiggegg
ctgtGCGAACGC

SEQ ID NO:574 (CP 166{(+1) L27V (RIIbB) (aa seq)

MRILASSSGGSGGESGMYESFIESL PFLKSLEFSARLKVVDVIGTKVYNDGEQ I TAQGDSADSFFI IESGEVKI TMKRK
GKIEVEENGAVEIARCSRGQYFGELALVINKPRAASAHAI GTVKCLAMDVOAFERLLGPCMEIMKRNIATYEEQLVAL
YCTNMDIVCSGGSGGSSSMVETLEDEVGDWROTAGYNLDOVLEQGGVSSLEQNLGVSVTPIQRIVLSGENGLKIDIHY
IIPYEGLSGDOMGQIEKL FKYVY PVDDHAFKVILHYGTLVIDGVTPNMI DY FGRPYEGIAVFDGKKI TVTGTLWNGNK
IIDERLINPDGSLLFRVTINGVTGWRLCER '

SEQ ID KG: 575 (linker)
GGGTCAGGTGGATCTGGAGGTAGCTCTTCT

BSEQ ID NO:576 {linker)

AGCTCAAGCOCAGG T TCAGGUGGTTCCGGA

SEQ ID NO:S77 (LC3 (nt seguence})
ATGCCGTCCGAGAAGACCTTCAARCAGCGCCGGAGCTTCGARCARAGAGTGEAAGATGTCCGECTCATCCGGGRGCAG
CACCCCACCAAGAT CCCAGTGATTAT MGAGCEATACAAGCETERGARGCACCTSCCCETOCTGGACANGRCCAGTTCC
TTGTACCTGATCACG TGAATATERAGCGAACTCATCAAGATAAT TAGARGGLCGCCTGCAGCTCAATGCTRAACCARGCCT

TCTTCCTCCTGGTGAAT GGGCACAGCATGETGAGTGTGTCCACACCCAT CTCTGRAGTGTACGAGAGCGAGAGAGATG
BAGACGGCTTCCTGTACATGGTCTATGCCTCCCAGGAGARCGTTCGEGACAGCACTGGCTGTGTAA

SEQ ID NO:578 (ILC3 (aa sequence})

MESEKTFKORRSFEQRVEDVELIREQHPTKIPVIIERYKGERQLPVLDKTKFLVPDHVNMSELIKI IRRRLOLNANOA
FELLYNGHSMYSVSTPISEVYESERDEDGFLYMVYASQETEFGTALARV

SEQ ID NO:579 (pattarn sequence)
GSAIVK

SEQ ID NHO:580 (pattern sequence)
NHGK

SEQ ID NHO:581 (pattern sequence)
SILM

S5EQ ID NO:582 (pattern segquencea)
AVTE
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SEQ ID ND:583 {pattern sequence)
LivMFY

SEQ ID NO:584 (pattern seguence)
LIVMEY

SEQ ID NO:585 (pattern sequence)
LIVM

SEQ ID NO:586 (patternm sequence)
LIVMWF '

SEQ ID HO:587 (pattern seguence)
EKTQ

SEQ ID NO:588 {pattern sequence)
LIVMAKR

SEQ ID NO:589 (pattern sequence)
LIVMBKRG

BEQ ID NO:590 {(pattern sequence}
LIVME i

SEQ ID NO:59%1 (pattern segquence)
LIVMFSYQ

SEQ ID NO: 592 QgLuc L27V=-LC3 fugsicons preteins (Nt seq)

ATGGTGTTTACACTCGAAGATTTCGTAGGGGACTHGUGGELAGACAGUCGGUTACARCCTGGACCAAGTCCTTGAGCAG
GGCGETGTGTCCACTTTGI T TCAGRATCTCGGGG TG TCCGTAACTCOGATCCARAGGATTGTCC TGAGLGETGARARC
GGCCTCARGATCGACAT CCATGTCATCATCCCGTATGAAGGTCTGAGCGGCGATCAGATGGECCACGATCGARARARTT
TTTAAGGTGGIGTACCCTRTGGATGATCATCACT T TAAGGTGATTCTGCACTATGGCACACTGGTARTCGALGGEEETT
BCGCCGARCATGATCGACTATTIT CGCACGGCLGTATGAAGGCATCGUCGTGTTUGACGGCARARARGATCACTGTAACC
GGGACCCTGTGERACGGCARCARRAT TATCGACGAGCGCCTGATCARCCCCGRACGECTCCCTGCTGTTCCGCGTARCC
ATCRACGGAG TGACCGECTGGCGGUTGTGCGAGAGAATTTTCCCOEGCTCGAGCGCAGGTGGAGGTTCALGTGGETGGEC
GGGRGCGETGGAATGCLGTCCGAGAAGACC TTCARACAGCGCCGGAGCTTCGARACARAGAGTCCAAGATETCCGECTC
AT CCGGEGEAGCAGCACCCCACCARGAT CCCAGTGAT TATAGAGC GATACAASGSTGAGRAGCASCTGCCCGTCCTGERL
AAGARCCAAGTTCCTTGTACCTGATCACGTGAATATGAGUGAACTCATCAAGATRATTACARCGCGCCTGCAGCTCART
GUTRACCAAGCCTTCTTCCTCCTGLT GARATGEGCACAGCATGETGAGTETGTCCACACCCATCTUTGARGTGTALGAG
AGCGAGAGAGATGARGACGGCTTCCTGTACATGGTCTATGCCTCCCAGGAGACGTT CGGGACAGCACTGGTCTGTGTAR

SEQ ID HO: 593 Ogluc LZ7TV-LI3 fusions proteins (aa seq)
MVFTLEDFVGDWRQTAGYNLDQVLEQGGVSSLEFQNLGVSVTFIQRIVLEGENGLKIDIAVI IPYEGLSGDOMGOIEKT
FEKVVYPVDDHHFRVILHYGTLYIDGVTPNMIDYFGRPYEGIAVEDGKRITVTGTIWNCGHKI IPERLINPDGSLLFRVT
THGVTGWRLCERILAGS 5GGGGESGGEGGE5GGMPEERT FEKQRRSFEQRVEDVRLIREQHETKI F¥I IERYKGEROLPVLD
KTKFLVPDHVNMSELIKIIRRRLQLNANQAFFLLVNGHSMVSYVITPISEVYESERDEDGEFLYMVYASORETFGTALAV
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What is claimed:

1. A polypeptide having at least 80% sequence identity to SEQ ID NO: 1 comprising amino acid
substitutions relative to SEQ ID NO: 3 at positions corresponding to positions 11, 18, 27, 33, 43,
44, 54, 68, 72, 75, 90, 115, and 124 of SEQ ID NO: 1, wherein the polypeptide has enhanced
luminescence in the presence of a coelenterazine substrate relative to SEQ ID NO: 3.

2. The polypeptide of claim 1, wherein the amino acid at position 18 is leucine, at position 54 is
isoleucine or aanine, at position 68 is aspartate or tyrosine, at position 72 is glutamine, at position

75islysine, and at position 90 isvaline.

3. The polypeptide of claim 1, wherein the amino acid at position 27 is valine, glycine, or

isoleucine, at position 33 isaanine, lysine, or asparagine, and at position 43 islysine or arginine.

4. The polypeptide of claim 1, further comprising amino acid substitutions relative to SEQ ID NO:
3 at position 138 of SEQ ID NO: 1.

5. Thepolypeptide of claims 1 and 4, wherein theamino acid at position 11 is glutamine, at position

44 isvaline, a position 115 isproline, at position 124 is glutamine, and at position 138 istyrosine.

6. A fusion protein comprising the polypeptide of claim 1 and a polypeptide of interest.

7. A kit comprising the polypeptide of claim 1.

8. Thekit of claim 7, further comprising at least one of: (a) the compound of formula (1a) or (Ib):
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RZ

Ra

(la)

ar

wherein R? is selected from the group consisting of

x‘ Ix o Y N W

or Cos straight chain alkyl,
R® is selected from the group consisting of --H, --OH, --NH3, --OC(O)R or --OCH,OC(O)R;
Re is selected from the group consisting of
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~ )k

wherein R® and R* are both H or both Cy-; alkyl;

W is--NHz, halo, --OH, --NHC(O)R, --CO3R;

X is--S-, --O-- or --NR??--;

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

Zis--CH-- or --N--;

each Risindependently --C(O)R" or --CH,OC(O)R";

R??isH, CH3 or CH2CHs;

each R isindependently Cy.7straight-chain alkyl or C1.7 branched alkyl;

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

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

, H or lower cycloakyl;

with the proviso that when R? is

O
OH
~Od
1 , or

Q

/—< >—O'J_C?QR

* R8 is not ;

with the proviso that when R? is ’

250 000



R3

H
4
Reis R* or lower cycloalkyl;
~ X
I
)
and with the proviso that when R®is NH», R? is, or Cos akyl,
or R€isnot ; and
(b) abuffer reagent.
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