NOVEL COELENTERAZINE SUBSTRATES AND METHODS OF USE

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to United States Provisional Application No.
61/409,422, filed November 2, 2010, which 1s incorporated herein by reference in its entirety.

BACKGROUND

[0002] The luciferase secreted from the deep-sea shrimp Oplophorus gracilirostris has been
shown to possess many interesting characteristics, such as high activity, high quantum yield, and
broad substrate specificity (including, e.g., coclenterazine as well as various coeclenterazine
analogs). The bioluminescent reaction of Oplophorus takes place when the oxidation of
coelenterazine (substrate) with molecular oxygen is catalyzed by Oplophorus luciferase, resulting
in light of maximum 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 Na(l 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 er al. (1978) to have a molecular weight of approximately 130 kDa, gpparently
comprising four monomers of 31 kDa each; at lower pH, the native iuciferase tends to

polymerize.

{0003} Later work has shown that the Oplophorus gracilirostris luciferase is a complex of
native 35 kDa and-19 kDa proteins, i.e., 2 heterotetramer consisting of two 19 kDa components
and two 35 kDa components. Inouye er al. {2000) reported the molecular cloning of the cDNAs
encoding the 35 kDa and 19 kDa proteins of Oplophorus huciferase, and the identification of the
protein component that catalyzes the luminescence reaction. The ¢cDNAg encoding the proteins
were expressed in bacterial and mammalian cells, and the 19 kDa protein was identified as the
component capable of cafaiyzing the luminescent oxidation of coeclenterazine (Inouye et al.,

2000).

[0004] The 19 kDa protein of Oplophorus luciferase (GenBank accession BAB13776, 196
amino acids) appears to be the smallest catalytic component having luciferase function, and its
primary structure has no significant similarity with any reported [luciferase including
imidazopyrazinone luciferases (Lorenz er al., PNAS USA, 88:4438 (1991, Thompson ef al.,
PNAS US4, 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 unexpectedly broad (Inouye and
Shimomura. BBRC, 223:349 (1997)). For instance, bisdeoxycoelenterazine (i.e., coelenterazine-
hh), an analog of coelenterazine, is an excellent substrate for Oplophorus luciferase comparable
to coelenterazine (Nakamura ef al., Tetrahedron Lett., 38:6405 (1997)). Moreover, Oplophorus
luciferase is a secreted enzyme, like the luciferase of the marine ostracod Cypridina (Vargula)
hilgendorfii (Johnson and Shimomura, Meth. Enzyme, 57:331 (1978)), which also uses an
imidazopyrazinone-type luciferin to emit light.

SUMMARY

[0005a] In one aspect, the present invention refers to a compound of formula (Ib):

wherein R” is selected from the group consisting of
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or
C,.s straight chain alkyl;

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



X is -S-, -O- or -NR*;

Z is -CH- or -N-;

each R'! is independently-C(O)R" or-CH,OC(O)R";

R*is H, CH; or CH,CHs;

each R is independently C,.; straight-chain alkyl or C;_; branched alkyl;

R" is Cy 4 straight-chain alkyl or Cy.7 branched alkyl;

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

[0005b] In another aspect, the present invention relates to a compound of formula
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[0005¢] In yet another aspect, the present invention relates to a kit comprising a compound
eee-@S-d€SCTibEd herein or-a.compound-of-formula (I1a):

(Ia)

wherein R? is selected from the group consisting of
iy (X/>

/) ’ / 7 or

C,-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
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X is —S-, —=O- or —NR22-;

7, is —CH- or —N-;

each R" is independently ~C(O)R”’ or -CH,OC(O)R’’;

R* is H, CH; or CH,CHs;

each R is independently C,_ 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.

[0005d] In a further aspect, the present invention relates to a method for detecting
luminescence in a sample comprising contacting a sample with a compound as described herein
or a compound of formula (Ia):

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

X
N, I >
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C;-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
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X is —S-, —O-or —NR22—;;

Z is —CH- or -N-;

each R is independently ~C(O)R”’> or —-CH,OC(O)R”’;

R* is H, CH; or CH,CHs;

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

R’ is Cy_7 straight-chain alkyl or C,.7 branched alkyl;

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

contacting the sample with a coelenterazine-utilizing luciferase, if it is not present in the
sample; and detecting luminescence.

[0005¢] In a further aspect, the present invention relates to a method for detecting
luminescence in a transgenic animal comprising administering a compound as described herein
or a compound of formula (Ia):

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

' (X/>
/) v , / 7 or
Cy-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
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X is ~S-, —O- or -NR*-;
7 is ~CH- or —N-;
each R is independently —C(O)R”’> or —-CH,OC(O)R”’*;
R* is H, CH; or CH,CHs;
each R is independently Cy.; straight-chain alkyl or C,.7 branched alkyl;
R’’ is Cy7 straight-chain alkyl or C.7 branched alkyl;
the dashed bonds indicate the presence of an optional ring, which may be saturated or
unsaturated;

to a transgenic animal; and detecting luminescence;
wherein the transgenic animal expresses a coelenterazine-utilizing luciferase.
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[0006] In an example, the disclosure relates to a compound of formula (Ia) or (Ib):

(Ib)

wherein R* is selected from the group consisting of

X X N N

straight chain alkyl;

R® is selected from the group consisting of -H, -OH, -NH;, -OC(O)R or -OCH,;O0C(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 -NH,, halo, -OH, -NHC(O)R, -CO3R;

2e



X is —S-, ~O- or -NR*-;

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

Z is ~CH- or —N-;

each R'! is independently —~C(O)R’* or ~CH,OC(O)R’’;

R?is H, CHs or CH,CH;;

each R is independently C,.7 straight-chain alkyl or C,.; branched alkyl;
R’ is Cy.7 straight-chain alkyl or C;.7 branched alkyl;

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

O
OH YR
r——(: >—O
with the proviso that when R? is , , or
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with the proviso that when R? is or lower

cycloalkyl; and

X
)

with the proviso that when RSis NH,, R?is, Z , or Cp-5 alkyl;

or R¥is not

[0007] In another example, the disclosure relates to a compound selected from
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[0008] In an example, the disclosure relates to a compound of formula
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[0009] In an example, the disclosure relates to an isolated polynucleotide encoding an OglLuc
variant polypeptide having at least 60% amino acid sequence identity to SEQ ID NO: 1
comprising at least one amino acid substitution at a position corresponding to an amino acid in

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

[0010] In an example, 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
4



SEQ ID NO: 1 wherein the OglLuc variant polypeptide has enhanced luminescence relative to an
OgLuc polypeptide of SEQ ID NO: 3 with the proviso that the polypeptide encoded by the

polynucleotide is not one of those listed in Table 47.

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

[0012] In an example, the disclosure relates to an isolated polynucleotide encoding an OgLuc
variant polypeptide having at least 60% amino acid sequence identity to SEQ ID NO: 1
comprising at least one amino acid substitution at a position corresponding to an amino acid in
SEQ ID NO: 1 wherein the OgLuc variant polypeptide has enhanced luminescence relative to a
polypeptide of SEQ ID NO: 29 with the proviso that the polypeptide encoded by the
polynucleotide is not SEQ ID NO: 3 or 15.

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

SEQ ID NO: 1 comprising amino acid substitutions A4E, Q11R, A33K, V441, P115E, Q124K,
Y1381, N166R, 190V, F541, Q18L, F68Y, L.72Q, and M75K corresponding to SEQ ID NO: 1 and

the OgLuc variant polypeptide having luciferase activity.

[0014] In an example, the disclosure relates to an isolated polynucleotide encoding an OgLuc
variant polypeptide having at least 80% amino acid sequence identity to an Ogluc polypeptide of
SEQ ID NO: 1, wherein the amino acid at position 4 is glutamate, at position 11 is arginine, at
position 18 is leucine, at position 33 is lysine, at position 44 is isoleucine, at position 54 is
isoleucine, at position 68 is tyrosine, at position 72 is glutamine, at position 75 is lysine, at
position 90 is valine, at position 115 is glutamate, at position 124 is lysine, at position 138 is
isoleucine, and at position 166 is arginine corresponding to SEQ ID NO: 1 and the OgLuc variant

polypeptide having luciferase activity.

[0015] In an example, the disclosure relates to an isolated polynucleotide encoding an OgLuc
variant polypeptide having at least 80% amino acid sequence identity to an OgLuc polypeptide of
SEQ ID NO: 1 comprising amino acid substitutions A4E, Q11R, A33K, V441, P115E, Q124K,



Y1381, N166R, Q18L, F541, L92H, and Y109F corresponding to SEQ ID NO: 1 and the OgLuc

variant polypeptide having luciferase activity.

[0016] In an example, the disclosure relates to an isolated polynucleotide encoding an OglLuc
variant polypeptide having at least 80% amino acid sequence identity to an OgLuc polypeptide of
SEQ ID NO: 1 comprising amino acid substitutions A4E, Q11R, A33K, V44, A541, F77Y,
I90V, P115E, Q124K, Y138l and N166R corresponding to SEQ ID NO: 1 and the OgLuc variant

polypeptide having luciferase activity.

[0017] In an example, the disclosure relates to an isolated polynucleotide encoding an OglLuc
variant polypeptide having at least 80% amino acid sequence identity to an OglLuc polypeptide of
SEQ ID NO: 1, wherein the amino acid at position 4 is glutamate, at position 11 is arginine, at
position 18 is leucine, at position 33 is lysine, at position 44 is isoleucine, at position 54 is
isoleucine, at position 92 is histidine, at position 109 is phenylalanine, at position 115 is
glutamate, at position 124 is lysine, at position 138 is isoleucine, and at position 166 is arginine

corresponding to SEQ ID NO: 1 and the Ogluc variant polypeptide having luciferase activity.

[0018] In an example, the disclosure relates to an isolated polynucleotide encoding an Ogl.uc

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

==SEQ ID 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 to SEQ ID NO: 1 and the OgLuc

variant polypeptide having luciferase activity.

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

polynucleotide encoding the polypeptide of SEQ ID NO: 19.

[0020] In an example, the disclosure relates to an isolated polynucleotide comprising the
polynucleotide of SEQ ID NO: 18, SEQ ID NO: 24, SEQ ID NO: 25, SEQ ID NO: 42, SEQ ID
NO: 88, or SEQ ID NO: 92.

[0021] In an example, the disclosure relates to an isolated polynucleotide 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

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

6



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

luciferase produces luminescence in the presence of a coelenterazine.

[0022] In an example, the disclosure relates to a synthetic nucleotide sequence encoding an
OgLuc variant polypeptide comprising a fragment of at least 100 nucleotides having 80% or less
nucleic acid sequence identity to a parent nucleic acid sequence having SEQ ID NO: 2 and
having 90% or more nucleic acid sequence identity to SEQ ID NO: 22, SEQ ID NO: 23, SEQ ID
NO: 24, or SEQ ID NO: 25 or the complement thereof, wherein the decreased sequence identity
is a result of different codons in the synthetic nucleotide sequence relative to the codons in the
parent nucleic acid sequence, wherein the synthetic nucleotide sequence encodes a OgLuc variant
which has at least 85% amino acid sequence identity to the corresponding luciferase encoded by
the parent nucleic acid sequence, and wherein the synthetic nucleotide sequence has a reduced

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

[0023] In an example, the disclosure relates to a synthetic nucleotide sequence encoding an
OgLuc variant polypeptide comprising a fragment of at least 300 nucleotides having 80% or less
nucleic acid sequence identity to a parent nucleic acid sequence having SEQ ID NO: 14 and

having 90% or more nucleic acid sequence identity to SEQ ID NO: 22 or SEQ ID NO: 23 or the
;:yyoymplement thereof, Wheremthe decwased :s"eqkuence identity is a result of different codons in the
synthetic nucleotide sequence relative to the codons in the parent nucleic acid sequence, wherein
the synthetic nucleotide sequence encodes a firefly luciferase which has at least 85% amino acid
sequence identity to the corresponding luciferase encoded by the parent nucleic acid sequence,
and wherein the synthetic nucleotide sequence has a reduced number of regulatory sequences

relative to the parent nucleic acid sequence.

[0024] In an example, the disclosure relates to a synthetic nucleotide sequence encoding an
OgLuc variant polypeptide comprising a fragment of at least 100 nucleotides having 80% or less
nucleic acid sequence identity to a parent nucleic acid sequence having SEQ ID NO: 18 and
having 90% or more nucleic acid sequence identity to SEQ ID NO: 24 or SEQ ID NO: 25 or the
complement thereof, wherein the decreased sequence identity is a result of different codons in the
synthetic nucleotide sequence relative to the codons in the parent nucleic acid sequence, wherein
the synthetic nucleotide sequence encodes a Ogluc variant which has at least §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 nucleic acid sequence.



[0025] In an example, 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 example, the disclosure relates to a method of generating a polynucleotide
encoding a Ogluc variant polypeptide comprising: (a) using a parental fusion protein construct
comprising a parental OgLuc polypeptide and at least one heterologous polypeptide to generate a
library of variant fusion proteins; and (b) screening the library for at least one of enhanced
luminescence, enhanced enzyme stability or enhanced biocompatibility relative to the parental

fusion protein construct.

[0027] In an example, the disclosure relates to a method of generating codon-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 commonly used codons used in the

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

[0028] Other examples of the disclosure 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 molecule where modifications were made.

[0030] FIG. 2 shows the chemical structure of novel coelenterazines PBI-3939, PBI-3889,
PBI-3945, PBI-4002, PBI-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 coelenterazines using native coelenterazine as a comparison. FIG. 5B



shows the fold-decrease in luminescence generated by CI+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 OglLuc variants using native coelenterazine (“Coelente™), known coelenterazine-h (“h”),
known coelenterazine-hh  (“h,h™), known Z2-methyl coelenterazine (*2-me”), known
coelenterazine-v (“v™), and novel coelenterazines PBI-3840, PBI-3867, PBI-3889, PBI-3899,
PBI-3900, PBI-3912, PBI-3913, PBI-3925, PBI-3897, PBI-3899, PBI-3889, PBI-3930, PBI-
3933, PBI-3932, PBI-3946, PBI-3897, PBI-3841, PBI-3856, PBI-3925, and PBI-3945 as

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

[00386] FIGS. 8A-B show the luminescence generated from lysed bacterial cells expressing
Ogluc variants listed in FIG. 7 using native coclenterazine (“Coelenterazine™), known
coelenterazine-h (“H”), known coelenterazine-hh (*h,h”), and novel coclenterazines PBI-3840,
PBI-3925, PBI1-3912, PBI-3889, PBI-3939, PBI-3933, PBI1-3932, 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 coclenterazine-hh
{(“h.h™), and novel coclenterazines PBI-3939, PRI-3945, PBI-3840, PBI-.3932, PBI-3925, PBI-
9854, and PBI-3896 as substrates.

[6038] FIG. 10 shows the amino acid substitutions in various OgLuc variants.

[0039] FIG. 11 shows the juminescence generated from lysed bacterial cells expressing
Ogluc variants listed in FIG. 10 using native coclenterazine {(“Coelenterazing™), known
cocienterazine-hh (“h,h”), and novel coslenterazines PBI-3939, PB1-3945, PBI-3840, PB1-3932,
PBI-3925, PBI-3894, and PBI-3896, as substrates.

[0040} FIG. 12 shows the luminescence generated from lysed bacterial cells expressing
OgLuc variants using native coelenterazine (“Coelenterazine”), known coelenterazine-hh (*h,h”),
and novel coclenterazines PBI-3939, PBI-3945, PBI-3889, PBI-3840, PBI-3932, PBI-3925, PBI-
3894, PBI-3R96, and PBI-3897 as substrates.

[6041] FIG. 13 shows the luminescence generated from lysed bacterial cells expressing
Ogluc variants using native coelenterazine (“Coelenterazine™), known coclenterazine-hh
(“H,H”), and novel coelenterazines PBI-3897, PBI-3896, and PBI-3894 as substrates,
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[0042] FIG. 14 shows the amina acid substitutions in various OgLuc variants.

[0043] FI1G. 15 shows the luminescence generated from lysed bacterial cells expressing
QglLuc variants listed in FIG. 14 using native coelenterazine (“Coclenterazing™), known
coelenterazine-hh (“1i,h™), and novel coelenterazines PBI-3897, PBI-3841, PBI-3896, and PBI-
3894 as substrates.

[G044] FIG. 16 shows the luminescence generated from lysed bacterial cells expressing
OgLuc variants using native coelenterazine (“Coelenterazine™), known coelenterazine-b. (“H™),
known coelenterazine-hh (“HH™), and novel coelenterazines PBI-3841 and PBI-3897 as

substrates,

[0045] FIG. 17 shows the luminescence generated from lysed bacterial cells expressing
various OgLuc variants and humanized Renilla luciferase (hRL) using native coelenterazine
(“Coel™), known coelenterazine-hh (“i,h™), and novel coelenterazines PBI-3897 and PBI-3841 as

substrates.

[6046] FIG. 18 shows the luminescence generated from lysed bacterial cells expressing
various OgLuc variants using native coelenterazine {“Coelenterazine™), known coelenterazine-hh

{*h,h"), and novel coclenterazines PBI-3939, PBI-3945, PBI-3889, and PBI-4002 as substrates.

[00471  FIG. 19 shows the luminescence generated from lysed bacterial cells expressing
various OgLuc variants using native coelenterazine (“Coelenterazine™), known coelenterazine-h
(“H”), known coelenterazine-hh (“h,h”™), and novel coelenterazines PBI-3939, PB1-3945, PBI-
3889, and PBI-4002 as substrates,

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

[6043]  FIG. 21 shows the luminescence genecrated from lysed bacterial cells expressing
OgLuc variants listed in FIG. 20 using native coclenterazine (“Coclenterazine’™), known
coelenterazine-it (“H™), known coelenterazine-kh (“h,h™), and novel coelenterazines PBI-3939,

PRI-3943, PBI1-4002, PBI-3932, and PBI-3840 as substrates.
[6050] FIG. 22 shows the amino acid substitutions in varicus Ogluc varianis.

[0051] FIG. 23 shows the luminescence generated from lysed bacterial celis expressing
Ogluc variants listed in FIG. 22 using native coelenterazine (“Coclenterazine™), known
coelenterazine-h (“H”™), known coelenterazine-hh (“h,h™), and novel coclenterazines PBI-3939,
PB1-3945, PRI-3889, PBI-4002, PBI-3932, and PBI-3840 as substrates.
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[00652] FIG. 24 shows the luminescence generated from lysed bacterial cells expressing
various Ogluc variants and hRL (“Renilla”) using native coelenterazine (“Coelenterazine”),
known coelenterazine-h (“H”), known coclenterazine-hh (“F,H), and novel coelenterazines

PBI-3936 and PB1-3945 as substrates,

[6053] FIG. 25 shows the luminescence generated from lysed bacterial cells expressing
various OgLuc variants and &RL (“Renilla”) using native coelenterazine (“Coelenterazine™),
known coelenterazine-hh (“h,h”), and novel coclenterazines PBI-3939, PBI-3945, PBI-3889, and
PBI1-4002 as substrates.

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

[0055] FIG. 27 shows the luminescence generated from lysed bacterial cells expressing
Ogluc variants listed in FIG. 26 using native coelenterazine (“Coelenterazine”), known
coclenterazine-h (“H™), known coelenterazine-hh (*h,h”), and novel coelenterazines PBI-3939,

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

[60568]  FIG. 28 shows the luminescence generated from lysed bacterial cells expressing
various OgLuc variants and hRL (“Reniila™) using native coelenterazine (“Coel.”), known
coelenterazine-h (“H”), known coelenterazine-hh (“H,H”), an¢ novel coelenterazines PB1-3939,
PBI-3945, PBI-3889, and PBI-4002 as substrates.

[2057] FIG. 29 shows the luminescence of 9BE opt and 9BB 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 coelenterazine
(FIG. 30A), coclenterazine-h (FI1G.30B), and PBI-399 (F1G. 30C).

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

where (-} is the machine background.

{06060] FIG. 32 shows the nommalized luminescence gencrated from lysed HEK293 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 novel PBI-3939 as a substrate.
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[00861] FIG. 33 shows the signal stability of TV and 15C1 in bacterial lysates using the novel
coelenterazine PBI-3945 as a substrate and I'V and 9B in bacterial lysates using the novel

coclenterazine PBI-3889 as a substrate.

[0062] FIGS. 34A-B show the higher activity (FIG. 34A) and signal stability (FIG. 34B) of
the Oghuc variant L27V compared to Firefly (Fluc) and Renilia (Riuc) luciferases.

[0063] FI1G. 35 shows the Vinax (RL.U/sec) and Km (uM) vaiues for various Ogl.uc vanants

n bacterial tysates using the novel coelenterazine PBI-3939 as a substrate.

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

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

[06065] FIG. 37 shows the Vmax (RLU/sec) and Km (uM) values for 9B opt and 9B8

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

[0066] FIG. 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

[0087] FIGS. 39A-B show the structural integrity (determined by expression, stability, and
solubiiity as shown by SDS-PAGE analysis) in bacterial lysates of various Ogluc variants at
25°C (FIG. 39A) and 37°C (F1G. 39B) compared to Renilio (hR1L) and firefly luciferase (Luc2).

[o0s8] FIGS. 40A-B show the protein stability at 60°C in bacterial lysates of 9B8 opt and
B8 opt+K33N using the novel coclenterazine PBI-3939 as a subsirate as the natural log (In) of
the luminescence (in RLU) over time (F1G. 40A) and as the half-life in hrs (FIG. 40B).

jo0e9] FIG. 41 shows the percent activity of the Ogluc variants 9BS and L27V at 60°C.

(0070} FIGS. 42A-B show the protein stability of the Ogluc variant 127V at various pH
(FIG. 42A) and salt concentrations (FIG. 42B).

[06071] FIGS. 43A-B shows the gel filtration chromatographic analysis of purified C1+A4E
(FI1G. 43A) and 9B8 (FIG. 43B).

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

OgLuc variant L.27V exists in a monomeric form.
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[0073] FIGS, 45A-B show the protein expression levels of various Ogluc variant-
HALOTAG® (HT7) fusion proteing in undiluted and 1:1 diluted bacterial lysate samples
analyzed by SDS-PAGE (FIG.45A) and the normalized protein expression leveis (F1G. 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] FIG. 47 shows the normalized luminescence in RLUs generated from iysed HEK293
cells expressing TV, 9B8, and hRL (“Renilla”) using native coelenterazine and the novel

coelenterazine PBI-3939 as substrates.

[0076] FIG. 48 shows the normalized iuminescence in RLUs generated from lysed HEK293
cells expressing pF4Ag-Ogluc-9B8-HT7, pF4Ag-Luc2-HT7 and pF4Ag-Renilla-HT7 using PBI-
3939, Luciferin (BRIGHT-GLO™ Agsay Reagent), and native coelenterazine, respectively, as a

substrate.

[0B77] FIG. 49 shows the luminescence generated from iysed HEK293 cells expressing 30 or
100 ng of plasmid DNA encoding either 9BS opt or 9BE opt+tK33N (“K33N") using the novel

coclenterazine PBI-3939 as a substrate.

[007E] FIGS. 50A-E show the luminescence of the Ogluc variant L27V compared to firefly
luciferase (Luc2) in HEK 293 (FIG. 50A) and Hela cells (non-fusion) (FIG. 50B), the
luminescence of HaloTag® fusion compared to the OgLuc variant L27V (FIG. 50C) and firefly
luciferase (Luc2) (FIG. 50D), and the protein expression of HaloTag®-OgLuc L27V compared
to HaloTag®-Firefly tuciferase (Luc2) in HEK 293 (“HEK™) and Hel.a celis (“Hela”).

[0079] FIG. 51 shows inhibition analysis of the OgLluc variants 9B% and L27V against a
LOPAC library to determine their susceptibility to off-target interactions.

[00.801 FIGS. 52A-E show the inhibition analysis of the Ogluc variants 9B and L27V by
Suramin and Tyr ag 835 (FIGS. 52A-C) and the chemical structures of Suramin (FIG. 52D} and
Tyr ag 835 (FIG. 52E}.

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

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

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

reactivity to plastic.
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[0G83] 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 trcatment and the fold induction

(response) due to forskolin treatment (““fold™).

[0084] FIG. 56 shows the normalized lurmmescence generated from lysed HEKZ293 cells
expressing the 9B, 9BS opt, hRL (“Renilla”) or firefly luciferase (“Luc2”y cAMP transcriptional
reporter using PBI-3939 (for 9B8 and 9B8 opt), native coelenterazine (for hRL} or luciferin
{(BRIGHT-GLO™ Assay Reagent; for Luc2) as a substrate with (*““+rFSK”’) or without (“-FSK”)

forskolin treatment and the fold induction (response) duc to forskolin treatment (“FOLD™).

[0085] FIG. 57 shows the luminescence generated from lysed HEK293 cells expressing 9B8
opt and 9B8 opt+K33N (“K33N”) cAMP transcriptional reporters using the novel coelenterazine
PBI-3939 as a substrate with (“Induced™) or without {(“Basal™) forskolin treatment and the fold

induction due to forskolin treatment (“Fold Induction™).

[0086] FIGS. 58A-C show the luminescence of the Ogluc variants 9B8 and L27V Iytic

reporter constructs for muitiple pathways in multiple cell types.

[0087] FIGS. 539A-C show the huminescence of the Ogluc variant L27V reporter constructs

i various cell lines and with various response elements.

[6088] FIGS. 60A-B show the tuminescence 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).

[G089] FIGS. 61A-F show the absolute luminescence (FIGS. 61A and 61B), the normalized
tuminescence (FIGS. 61C and 61D) and the fold response (FIGS. 61E and 61F) of optimized
versions of L27V (L27V01, 1.27V02 and L27V03) compared to L27V (L27V00) expressed in
Hela cells.

[6090] FIGS. 62A-B show the luminescence of seereted Ogluc variant L27V02 (containing
the TL-6 secretion signal) reporter (FIG. 62A) and L2Z7V02 (“L27V(02Y"), L27V02P
(“L27V(02)P(01)") and luc? (“Fluc™) reporters (FIG. 62A) expressed in HepG2 cells treated with
various doses of thTNFe (“TNF¢™).

[6021] FIG. 63 shows the luminescence generated from media and lysate samples of

HEK293 cells expressing the codon optimized variant TV opt with or without the secretion signal
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sequence using the novel PBI-3939 ag a substrate compared to hRL (“Renilla”) with or without

the secretion signal sequence using native coclenterazine as a substrate.

[6082] FIGS. 64A-D show the huminescence of the secreted OgLuc variants 9B8, V2 and
L27V reporters expressed in CHO cells (FIGS. 64A and 64B) and Hela (FIGS, 64C and 64D).

[0093] FIGS. 65A-B show a comparison of the luminescence from the secreted Ogluc
variants 9B and V2 using PBI-3939 as a substrate to that of the secreted luciferase of Mewridia

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

[D094] FIGS. 66A-B show the fold-increase in luminescence over background generated
from HEK293 cells expressing hRL {“Ren”} and 9BE opt using the coelenterazine derivatives
ENDUREN™ (FIG. 66A) and VIVIREN™ (FIG. 66B) and the novel coclenterazine PBI-3939
(F1G. 66B) as substrates.

[0085] FIGS. 67A-D show confocal images of U20S cells transiently expressing L27V-
HaloTap® fusion (FIG. 67A) or IL6-L27V fusion (FIGS. 67B-D). Scale bars = 20pm.

[0096] FIG. 68 shows the luminescence generated from lysed bacterial cells 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 Ogluc variants and hRL
(“Renilla”™) due to the presence of the sandwich background using native coelenterazine as a

subsirate.

[6088]  FIG. 70 shows the fold-decrease in activity of 9B8 opt and 9B opt+K33N in
bacterial lysates due io the presence of the sandwich background using the novel coclenterazine

PBI-3939 as a substrate.
[6099] FIG. 71 shows the spectral profile of the Ogl.uc vartant 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. coli (FIG. 73F-G) and HEK 293
cells (FIG. 73H). FIGS. 73A-D show the basal luminescence of the various CP-TEV protease
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L27V constructs prior to TEV addition. FIG. 73E shows the response of the CP-TEV protease
L27V constructs of FIGS. 73A-D.

[80102] FIG. 74 shows the fold response of various protein complementation L27V pairs,

[00103] FIGS. 75A-C 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 1/4
configuration (FIG. 75A) or a 2/3 configuration (F1G. 75B), and the interaction of FKBP and
FRB monitored in HEK 293 cells. The luminescence of various protein complementation (PCA)

negative controls was also monitored (F1G. 75C).

[66104] FIGS. 76A-H show the luminescence of various protein complementation (PCA)
L27V pairs: one L27V fragment of each pair was fused to cither FKBP or FRB using a 2/3
configuration (FIGS. 76A and 76C) or a 1/4 configuration (FIGS. 76B and 76D), and the
interaction of FKBP and FRB monitored in wheat germ extract (FIGS. 76A and 76B} and rabbit
reticulocyte lysate (RRL) (FIGS. 76C and 76D). The luminescence of various protein
complementation (PCA) negative controls was also measured (FIG. 76E) in cell free system,
The 1/4 configuration was used in a cell free system (FIG. 76F), HEX293 cells {FIG. 76G) and in
a lytic system (FIG. 76H).

[60105] FIGS. 77A-C show the luminescence of various protein compiementation L27V pairs
treated with FK506 and rapamyecin (F1G. 77A) and the chemical structore of FK3506 (FIG. 77A)
and rapamycin (FIG. 77B).

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

treatment.

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

[00108] FIGS. 80A-B show the subcellutar distribution of the Ogluc varant L27V (FIG.
BOA) and control vector pGEM3ZF (F1G. 80B) in U20S cells for various exposure times.

[00108] FIGS. 81A-C show the subcellular location of the Ogluc variant L27V fused fo either
the transcription factor Nrf2 (FIG. §1B) or GPCR (FIG. 81C) compared to an unfused L27V
control (FIG. 81A).
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[00110] FIGS. 82A-C show the use of the OgLuc variant 9B8 opt to monitor intracellular
signaling pathways using PBI-4377 (FIG. 82A). The 9BE& opt luciferase was fused to either kB
(FIG. 82B) or ODD (oxygen-dependent degradation domain of Hif-1a) (FIG. 82C), and foid
response to a stimulus (TNFe for IkB and phenanthroline for ODD) was monitored via

lyminescence.

[00111] FIGS. 83A-C show the monitoring of oxidative stress signal pathways using the
OgLuc variant (FIG. 83A), L27V02 (FIG. 83B), or Renilla luciferase (Rluc) (FI1G. 83C).

[00112] FIGS, 84A-B show the comparison of the Nrf2-L27V02 sensor (FIG. 84A) and
Nri2(ARE)-Luc2P reporter {FIG. 84B).

[60113] FIGS. 85A-B show the emission spectra of IV-HT7 with and without ligand, using 1
uM TMR (FI1G. 85A) or 10 uM Rbodamine 110 (FIG. 85B) as a ligand for HT7 and

coelenterazine-h as a substrate for TV,

[06114] FIG. 86 shows the luminescence generated from [ysed bacterial cells expressing 9B8
opt mixed with (“+ caspase™) or without (“no caspase’) caspase-3 using a pro-coelenterazine

substrate.

[60115] FIGS. 87A-C show the luminescence generated from circularly permuted, straight
sphit L27V variants CP84 and CP103 using PB1-3939 as a substrate with (FIG. 87B} or without
(not shown) rapamycin treatment and the response (FIG. 87C) due to rapamycin treatment. The

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

[06118] FIG. 88 shows percent remaining activity of the L27V variant after exposure fo

Val’iO‘l]S amounts Of urea.,
[00147] FIG. 89 shows the effect of 3M urea on the activity of the 127V variant.

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

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

[60119] FIGS. 91A-B show the bioluminescence imaging of phorbol ester-induced Protein
Kinase C alpha (PKC alpha) translocation of OgLuc fusions using PBI-3939 substrate.

[00126] FIGS. 92A-B show the bioluminescence imaging of autophagosomal protein
translocation of OglLuc fusions using PBI-3939 substrate.
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DETAILED DESCRIPTION

[00121] Before any embodiments of the invention are explained in detail, #t is to be
understood that the invention is not {imited in its application to the details of structure, synthesis,
and arrangement of components set forth in the following description or illustrated in the
following drawings. The invention is described with respect to specific embodiments and
techniques, however, the invention is capable of other embodiments and of being practiced or of

being carried out in various ways.

[00122] In the foliowing description of the methods of the invention, process steps are carried
out at room temperature (about 22°C) and atmospheric pressure unless otherwise specified. It
also is specifically understood that any numerical range recited herein includes all values from
the lower value to the upper value. For example, if a concentration range or bencficial effect
rangg is stated as 1% to 50%, it is intended that values such as 2% to 40%, 10% to 30%, or 1% to
3%, etc. are expressly enumerated in this specification. Similarly, if a sequence identity range is
given as between, e.g., 60% to <100%, it is intended that intermediate values such as 65%, 75%,
85%, 90%, 95%, etc. arc expressly enumerated in this specification. These are only examples of
what is specifically intended, and all possible numerical values from the lowest value fo 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 o indicate that further members may optionally be present in addition fo
the members of the list inroduced by "comprising”. It is, however, contcmplated as a specific
embodiment of the present invention that the term "comprising” encompasses the possibility of
no further members being present, i.e., for the purpose of this embodiment "comprising” is to be

understood as having the meaning of "consisting of".

[60124] The following detailed description discloses specific and/or preferred variants of the
individual features of the invention. The present invention aiso contemplates, as particularly
preferred embodiments, those embodiments which are generated by combining two or more of
the specific and/or preferred variants described for two or more of the features of the present

invention.

[00125] Uniess 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 ferm, it is meant that no other variants
or members covered by the generic term are additionally present such that the total relative
amount of components covered by the generic term exceeds the specified relative amount. More

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

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

[00127] The novel compounds are novel coelenterazines, which can be used as substrates by
proteins that utilize coclenterazines to produce luminescence, including, but not limited to,
luciferases and photoproteins found in various marine organisms such as cnidarians (¢.g., Renilla
luciferase), jellyfish (e.g., aequorin from the Aequorea jellyfish) and decapods luciferases (e.g.,
luciferase complex of Oplophorus gracilirostrisy.  In various embodiments, the novel
coclenterazines of the present invention have at least one of enhanced physical stability {e.g.,
enhanced coclenterazine stability), reduced autoluminescence, and increased biocompatibifity
with cells (e.g., less toxic to cells, including heterologous cell types) relative to native
coclenterazing,

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

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

{00129] Certain combinations of the novel coelenterazines and the novel luciferases provide
significant technical advantages for bioluminescent assays including enhanced luminescence,
wherein enhanced luminescence may be duc 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 smalier than commercially-available and/or known coelenterazines. In some
cases, the novel luciferases of the present invention preferentially utilize the novel, smaller

coclenterazines over the commercially-available and/or known larger coelenterazines.

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

uses coclenterazine as a substrate.

[60131] The term “coelenterazine” refers to naturally-occurring (“native™) coelenterazine as
well as analogs thereof, including coelenterazine-n, coelenterazine-f, coelenterazine-h,
coclenterazine-hcp, coelenterazine-cp, coelenterazine-c, coelenterazine-e, coelenterazine-fop, bis-
deoxycocienterazine (“coclenterazine-hh™), coelenterazine-i, coelenterazine-icp, coclenterazine-
v, and 2-methyl coclenterazine, in addition to those disclosed in WO 2003/040100 and U.S,
Application Serial No. 12/056,073 (paragraph [0086]), the disclosures of which are incorporated
by reference herein. The term “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 “OgLuc” refers to a decapod luciferase protein, or a variant of such a
protein, Whi_ch generates light in the presence of a coelenterazine. The OgLuc protein may, in its
naturally-occurring form, be a monomer or may be a subunit of a protein complex. The Ogl.uc
used in the exemplary embodiments disclosed herein is the 19 kDa subunit from the luciferase
complex of Oplophorus gracilirostris, although comparable polypeptides from other decapod
species (including other Oplophorus species) could also be employed and are encompassed
within the invention {see R.D. Dennell, Observations on the luminescence of bathypelagic
Crustacea decapoda of the Bermuda area, Zool. J. Linn. Soc., Lond. 42 (1955), pp. 393-406; see
also Poupin et al. Sept 1999. Inventaire documenté des espécies et bilan des formes les plus
communes de la mer d'Troise. Rapport Scientifique du Laboratoire d'Océanographie de I'Ecole
Navale (LOEN), Brest (83pgs), cach of which is incorporated by reference herein), examples
include, without limitation, luciferases of the Aristeidae family, including Plesiopenaeus
coruscans, the Pandalidea family, including Heterocarpus and Parapandalus vichardi, 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 cornufus,
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 robusta, 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, Acanthephvra brevirostris, Acanthephyra cucullata, Acanthephyra curtirostris,
Acanthephyra eximia, Acanthephyra gracilipes, Acanthephyra kingsleyi, Acanthephyra media,
Acanthephyra microphthalma, Acanthephyra pelagica, Acanthephyra prionota, Acanthephyra
purpureda, Acanthephyra sanguinea, Acanthephyra sibogae, Acanthephyra stylorostratis,
Ephyrina bifida, Ephyrina figueirai, Ephyrinag koskynii, Ephvrina ombango, Hymenodora
glacialis, Hymenodora gracilis, Meningodora miccyla, Meningodora mollis, Meningodora vesca,
Notostomus gibbosus, Notostomus auriculatus, Oplophorus gracilirostris, Oplophorus grimaldii,
Oplophorus novaezealandiae, Oplophorus spinicauda, Oplophorus jfoliaceus, Oplophorus
spinosus, Oplophorus typus, Systellaspis braueri, Systellaspis cristata, Systellaspis debilis, and
Systellaspis pellucida; and the Thalassocaridac family, including Chiorotocoides spinicauda,

Thalassocaris crinita, and Thalassocarts lucida.

[00133] The polypeptide sequence of the mature (i.e., with no signal sequence) 19 kDa subunit
of the naturally-occurring form of the Oplophorus gracilirostris luciferase (i.e., 169 amino acids,
residues 28 to 196 of BAB 13776} is given in SEQ ID NO: 1. In various embodiments, a
methionine residue and a valine residue are inserted at the beginning of the synthetic Ogluc
sequence (c.g., as indicated in the C1+A4E polypeptide sequence, SEQ ID NO: 3) to facilitate
cloning and expression in heterologous systems. Nevertheless, for consistency, the position
numbers of the various amino acid substitutions referred to herein are specified “relative to” SEQ
ID NO: 1, i.e,, the polypeptide sequence of the mature (with 1o signal sequence), native 19 kDa

subunit of the Oplophorus gracilirostris 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 § of SEQ ID NO: 1 is:

[00135] [GSAIVK]-{FE}-[FYW]-x-[LIVMFSY Q]-x-%-{K}-x-[NHGK]-x-[DE]-x-
[LIVMFY L[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 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)
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according to Table 4. Differences may also include gaps or insertions between the pattern

positions of Table 4.

[60137] 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 18 then modified. The parental sequence is generally used as a reference for the protein
encoded by the resulting modified sequence, e.g., to compare the activity levels or other
properties of the proteins encoded by the parental and the modified sequences. The starting
sequence can be a naturally-occurring (i.e., native or wild-type) sequence. The starting sequence
can also be a variant sequence which is then further modified. A polypeptide sequence is
“modified” when one or more amino acids (which may be naturally-oceurring or synthetic) are
substituted, deleted, and/or added at the beginning, middle, and/or end of the sequence. A
polynucleotide sequence is “modified” when one or more nucleotides are substituted, deleted,
and/or added at the beginning, middle, and/or end of the sequence, 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 frapment of a particular Ogluc or Ogluc variant. A functional
fragment is a fragment which is less than a full-length parental sequence which has the same
functional activity as the fuli-length parental sequence. Functional activity is the ability to
exhibit luminescence. In some embodiments, the modifications produce a variant that is a
permuted sequence of the parental sequence, such as a circularly permuted sequence and

permuted 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, Q11R, A33K, V44], AS4F, PII5E,
Q124K, Y1381, and N166R relative to SEQ ID NO: 1 (SEQ 1D NOs: 2 and 3) (where the format
“x#ty” indicates a parent amino acid ‘x” at a position ‘#’ that is changed to variant amino acid ‘y").
Variants of the C1+A4E Ogluc variant which are presented herein contain at least the amino
acid substitutions found in C1+A4E, unless otherwise indicated. The term “IVY™ refers to a
variant of the C1+A4E OgLuc variant having additional amino acid substitutions F541, 190V, and
F77Y relative to SEQ ID NQ: 1 (SEQ ID NOs: 8 and 9). The term “TV” refers to another variant
of the C1+A4E OglLuc variant having additional amino acid substitutions F541 and 190V relative
to SEQ ID NO: 1 (SEQ 1D NGs: 14 and 15). The term “QC27” refers to yet another variant of
the C1+A4E Ogluc variant having additional amino acid substitutions Q18L, F541, L92H, and
Y109F relative to SEQ 1D NO: { (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, F&68Y, 1720,
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M75K, HIZR, and V158F relative to SEQ ID NO: 1 (SEQ ID NOs: 6 and 7). The term “9BE”
refers to a variant of the IV OgLuc variant with additional amino acid substitutions Q18L, F6RY,
L72Q, and M75K relative to SEQ ID NO: 1 (SEQ ID NOs: 18 and 19). The term “OBS 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 9B® opt variant with additional amino acid substitution
K33N relative to SEQ ID 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 1D NG: 1 (SEQ ID NO: 68 and 69). The terms
“L27VHT39T+K43R+Y68D” and “L27V” refers to a variant of the 9B8 opt+K33N" variant with
additional amino acid substitutions L27V, T39T, K43R, and Y68D relative o SEQ ID NO: 1
(SEQ ID NOs: 88 and 89). The terms “T39T+K43R+Y 68D and “V2” refers to a variant of the
“OB8 opt+K33N” variant with additional amino acid substitutions T39T, K43R, and Y&8D
relative to SEQ 1D NO: 1 (SEQ ID NOs: 92 and 93).

[00139] In general, “enhanced” means that the particular property (e.g., luminescence, signal
stability, biocompatibility, protein stability {c.g., enzyme stability), or protein expression) is
increased relative to that of the reference luciferase plus coelenterazine combination or fuciferase
under consideration, where the increase is at icast 1%, at ledst 5%, at least 10%, at least 20%, at
feast 25%, at least 50%, at kcast 73%, at least 90%, at least 100%, at least 200%, at least 500%, or -
at least 1000% greater than the reference Juciferase plus coelenterazine combination or luciferase

under consideration.

[00140] The term “luminescence” refers to the light output of the Ogluc vanant under
appropriate conditions, e.g., in the presence of a suitable substrate such as a coelenterazine. The
light output may be measured as an instantaneous or near-instantaneous measure of light output
(which 1s sometimes referred to as “T=0" luminescence or “flash’™) at the start of the
luminescence reaction, which may be initiated upon addition of the coclenterazine substrate. The
luminescence reaction In various embodiments is carried out in a solution. In other
embodiments, the luminescence reaction is carried out on a solid support. The solution may
comtain a lysate, for example from the cells in a prokaryotic or cukaryotic expression system. In
other embodiments, expression occurs in a cell-free system, or the luciferase protein 1s secreted
into an extracellular medium, such that, in the latter case, it is not necessary to produce a [ysate.
In some embodiments, the reaction is started by injecting appropriate materials, e.g.,
coelenterazine, buffer, etc., into a reaction chamber (e.g., & well of & multiwell plate such as a 96-
well plate) containing the luminescent protein. In still other embodiments, the Ogluc variant

and/or novel coelenterazing are introduced 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, c.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 haif-life of decay of signal, the sum of the signal over a period of time, or

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

[00141] The “enhanced luminescence” of an OgLuc variant may be due to one or more of the
following characteristics: enhanced light output (i.c., 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 fuminesce, for example, as
measured by the half-lifc of decay of the signal in a time-course. Enhanced luminescence may
be determined relative to the comparable property of a luciferase such as wild-type OgLuc, an
OgLuc variant protein, Renilla luciferase (e.g., hRluc), or firefiy luciferase (e.g., Luc2 luciferase
from Photinus pyralis) combined with a native, known, or novel substrate, as shown in the
Examples below. For exarple, the luminescence of a given OglLuc variant in combination with
a particular coclenterazine (including native, known, or novel coelenierazines) 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 tysates containing Ogluc
variants in question with the substrate, PBI-3939. Measurements are taken in a reagent which
may contain TERGITOL™ o provide Glo-like kinetics, e.g., in which enzyme inactivation is
stowed 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, ¢.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 CI+A4E variant with coclenterazine or coelenterazine-b or Renilla luciferase

with native coelenterazine.

[00142] “Enzyme stability” refers to the stability of enzyme activity (i.c., tolerance of
enzymatic activity to reaction conditions). Enhanced enzyme stability refers to enhanced
stability of enzyme activity {(i.¢., enhanced tolerance to reaction conditions). Enhanced enzyme
stability includes enhanced thermal stability (e.g., stabilify at elevated temperatures) and

chemical stability (e.g., stability in the presence of inhibitors or denaturants such as detergents,
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inciuding, ¢.g., TRITON™ X-100). Enzyme stability can be used as a meagure of protein
stability, particularly under conditions known to Ee 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 eisewhere in the application (e.g., in
Example 28). The luminescence signal may be compared to the reference point of C1+A4E

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

[60143] “Biocompatibility” refers to the tolerance of a cell (e.g., prokaryotic or eukaryotic) to
a luciferase and/or coclenterazine compound, Biocompatibility of a luciferase and/or
coelenterazine compound is related to the stress if causes on the host cell. For example, a
luciferase that is not tolerated by the cell (i.e., onec 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 fransgene containing the gene encoding the luciferase or fragment thereof,
whereby the cells with the transgene do not exhibit manifestations of stress, including induction
of stress response pathways, reduced rate of growth, and/or reduced viability (e.g., reduced
number of living cells, reduced membrane integrity, or increased rates of apoptosis). Other
indications of celi stress may include changes in gene expression, signaling pathways, and/or
regulatory pathways, Enhanced biocompatibility of an OgLuc variant may be due to factors such
as enhanced protein expression and/or reduced cell stress. Enhanced expression of luminescence
for a particular polynucleotide encoding an OgLuc variant may be determined relative to
luminescence expression levels for a polynucléotide encoding wild-type OgLuc or an OgLuc
variant protein, including codon-optimized polynucleotides, where luminescence activity can be

used as a means to monitor protein expression levels.

[00144] In particular, enhanced biocompatibility of the Ogluc variant, novel coelenterazine
compound and/or a combination thereof, may be determined by measuring cell viability and/or
growth rate of cells. For example, enhanced biocompatibility of the OgLuc variants may be
determined by measuring cell viability and/or growth rate of cells containing the OgLuc variants
compared to cells containing firefly or Renilla tuciferase or no luciferase, in the absence of any
coelenterazine compound to determine how compatibie 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
coelenterazine compound compared to npative or known coelenterazines to determine how

compatible and/or toxic the coelenterazine compound is to the cells. Enhanced biocompatibility



of a combination of an Ogluc variant with a novel coelenterazine compound may be determined
by measuring cell viability and/or growth rate of celis containing the OgLuc variant and exposed
to the novel coelenterazine and compared to cells containing firefly or Renilla luciferase or no

luciferase and exposed to native or known coelenterazines.

[60145] In particular, enhanced biocompatibility may be determined using cell wiability
analysis as described eisewhere in the application (e.g., usihg aCELLTITER—GLO@ assay as
described in Example 18 or an apoptosis assay such as one using CASPASE-GLO® technology
according to the manufacturer’s instructions) or one known in the art, The effect of an Ogluc
variant on cell viability or apoptosis may be compared to the effect of a reference fuciferase, such
as the CI+A4E variant, a firefly luciferase or Renmifla luciferase. The effect of the novel
coclenterazine compound on cell viability or apoptosis may be compared to the effect of native

or known coelenterazine compounds on cell viability or apoptosis.

[60146] Enhanced biocompatibility may also be determined by measuring the effect of the
Ogluc variant and/or novel coelenterazine compound on cell growth or gene expression. For
examples, enhanced biocompatibility of the OgLuc variant may be determined by measuring the
cell number after a period of time or by determining the expression of stress response genes in a
sample of cells that contain the Ogluc variant compared to cells that contain another luciferase
or no luciferase. Enhanced biocompatibility of the novel coelenterazine compound may be
determined by measuring the cell number after a period of time or by determining the expression
of stress response genes in a sample of cells that are exposed to the novel coelenterazine
compound compared to cells exposed to native or known coelenterazines or no coelenterazines.
The effect of the OgLuc variant on cell growth or gene expression may be compared to a
reference luciferase, such as CI+A4E variant, a firefly luciferase or Renilla luciferase. The
effect of the novel 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
signat of the luciferase and the small size of the Ogluc gene. The relatively small gene sequence
is expected to reduce the likelihood of genetic instability resulting from the integration of the
foreign DNA into a cell’s genome. As a result of the increased brightness of the OgLuc variants
and/or the novel coelenterazines of the present invention, less protein expression, and thereby
less DNA needed for transfection, may produce a given level of brightness compared 1o other
known luciferases such as native Oglue, firefly, or Renilla luciferase, which contributes to an

enhanced biocompatibility for the Ogluc variants and/or novel coelenterazines. Enhanced
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biocompatibility of the Ogluc variants may be measured by the amount of DNA or reagents,
e.g., transfection chemicals, needed 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, ¢.g., native OgLuc, firefly, or
Renilla luciferase, to generate transfected cells with the same level of luminescence obtained
with the other luciferase. Enhanced biocompatibility of the OgLuc variants may be measured by
the recovery time of the cells after transfection. In some embodiments, the amount of time
needed for recovery after transfection with the OgLuc variant is less than the time needed for

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

[00148] ‘Relative 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, relative specificity may be
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, see FIG. 1 for examples, or a different novel coelenterazine of
the present invention). The test coelenterazine substrate and the reference coelenterazine
substrate that are compared are considered a comparison substrate pair for determining 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 substrate pair. For exampie, a
change in relative specificity may be determined by dividing the relative substrate specificity of a
test luciferase with a novel coclenterazine of the present invention compared fo a different
coelenterazine {(e.g., native or known coelenterazine or a different novel coclenterazine of the
present invention), by the relative substrate specificity-of e reference tuciferase with the.same
novel coelenterazine of the present invention compared to the same different coelenterazine used

for the test luciferase.

[00150] In some embodiments, the luminescence with one novel coelenterazine is compared to
the luminescence 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

coclenterazine 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
coeienterazine is in certain conditions such that it maintains the ability to luminesce when used as
a substrate by a luciferase. -Luminescence that is not dependent on the activity of a luciferase or
photoprotein is termed autoluminescence. Autoluminescence is the luminescence of a substance
produced by energy released in the form of light during decay or decomposttion. For example,
autoluminescence can be caused by spontancous oxidation of the luminogenic substrate

coelenterazine.

[00152] As used herein, "pure" or "purified" means an object species is the predominant
gpecies present (1.¢., on a molar and/or mass basis, it is more abundant than any other individual
species, apart from water, solvents, buffers, or other common components of an acqueous system
in the composition}, and, in some embodiments, a purified fraction is a composition wherein the
object species comprises at least about 50% {on a molar basis) of all macromolecular species
present. Generally, a "substantially pure” composition will comprise more than about 80% of all
macromolecular species present in the composition, in some embodiments more than about 85%,
more than about 90%, more than about 95%, or more than sbout 99%. In some embodiments,
the object species is purified o essential hormogeneity (contaminant species cannot be detected in
the composition by conventional detection methods) wherein the composition consists essentially

of a single macromolecular species.
Coelenterazine Derivatives

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

RS

(Ta)

or

28



RS (T

wherein R? is selected from the group consisting of

e D ) )
/.w . /_L\Z , ! s or {oms

straight chain alkyi,
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

RS
/ . ,J<
R R* . 11 or lower cycloalkytl;

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

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

X is =§-, =0- or -NR*;

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

Z 18 -CH- or -N-;

each R' is independently ~C(O)R”’ or -CH,OC(O)R™’;

R* is H, CH; or CH,CHj
each R is independently C.5 straight-chain alky! or C, 5 branched alkyl,

R’ is Cy7 straight-chain alkyl or Cy.» branched alkyl;

the dashed bonds indicatc the presence of an optional ring, which may be saturated or
unsaturated;
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0,
OH >~R
/—< >~0
with the proviso that when R’ is , , or
R

/—O
/———< >-O .
. R” 18 not

with the proviso that when R® is
cycloalkyl; and

» R3
/J<H
, R® is R* or lower
X
T

X
7z )
T /T
with the proviso that when R is NH,, R® is N/ \ Z or Coes alkyl;
p

or R® is not

[00154] The term “alkyl™, as used hercin, pertains to a monovalent moicty obtained by
removing a hydrogen atom from a hydrocarbon compound, and which may be saturated, partially
unsaturated, or fully unsaturated. The alkyl group may be a straight-chain or branched. An alkyl
group may be optionally substituted with, for example, halo. Examples of straight-chain alkyl
groups include, but are not limited to, cthyl, n-propyl, n-butyl, and n-propyl, 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, etheny! (vinyl,-CH=CH,), 2-propenyl (allyl, -CH-
CH=CH?), and buienyl. Examples of unsaturated alkyl which have one or morce carbon-carbon
triple bonds include, but are not limited to, ethynyl and 2-propynyl (propargyl). Examples of
branched alkyl groups included isopropyl, iso-butyl, sec-butyl, t-butyl and iso-pentyl.

[001551 The term “lower cycloalkyl”, as used herein, pertains to a monovalent moiety
obtained by removing a hydrogen atom from a hydrocarbon compound having from 3 to 5 carbon
atoms. Examples of saturated lower cycloaikyl groups include, but are not limited fo, groups
such as cyclopropyl, cyclobutyl and cyclopentyl. Examples of unsaturated lower cycloalkyl
groups which have one or more carbon-carbon double bonds include, but are not limited to,

groups such as cyclopropenyl, cyclobutenyl and cyclopentenyl.

[00156] The term “halo”, as used herein, pertains to a halogen, such as Cl, F, Bror L.
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X

$

[00157] In some embodiments, R* is ; and X is O or S, In other
. R
P

embodiments, R” is Co.s straight chain alkyl., In certain embodiments, R is R, lower
cycloalkyl or H. In other embodiments, R® is benzyl. In some embodiments, R’ is ~C(CHa)s, -

CH(CHa)y, ~CH,C(CHa)s, or ~CH,CH(CH)s.

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

Formula (I1a) or (Ib):

RE

(Ha}

or
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(1Ib)
wherein X is O or S, R® is H or OH, R is as defined above, and the dashed bonds indicate the

presence of an optional ring.

[00159] In some embodiments, the invention provides compounds according to Formula (Ila)

M—
\
N

R12
N
N
HI

(1TTa)

or
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@]
RH/ »/(1

R1 2
N A N
%
N
(I1Tb)

wherein R' is Cy.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.

[60160] In some embodiments, the invention provides compounds according to Formula (1Va)
or (IVby:

O

\

\X |
NIN

Rag

TZ

(IVa)

or
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I/N
/
R

N
N Rag
H

(IVb)

wherein X is O or S, Ris Hor OH, R"* is H, /I<R4 or lower cycloalkyl, R*, R* and R"" are

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

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

OH

\

N

|

e

N
N
H

(Va)

or
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OH

(Vb)

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

optional ring.

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

R2

)e

N
|
X,
(Vla)
or
R11/ GHRZ
N
N;/LRB
(VIb)
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wherein R* is selected from the group consisting of

X *
e 2 X))
avayav) _ | e

straight chain alkyl;
R’ 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

R3
. R*, H or lower cycloalkyl,

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

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

X i5 -S-, ~0- or —NH-;

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

Z 18 -CH- or ~N-;

each R' s independently —C(O)R”’ or -CH,0C(O)R’’;

each R is independently C,.7 straight-chain alkyl or Cy.7 branched alkyi,
| R’ is C1.y straight-chain alkyt or C,.7 branched alkyl;

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

' 0
OH YR
O
with the proviso that when R” is , 7 C , or

H

with the proviso that when R’ is R* or lower

cycloalkyl; and
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X

with the proviso that when R° is NHo, R” i / K/ d , ot Co-5 alkyl;

or R*is not

{00163}

0,
N\N
I
¥
HC
382

»

]

L}
£

" H

H H

a

Q

q
(Y
G
R
[P

4525

z.r

3833

o O

e

3897

u
5§

Y

/@“\ Y

4541

Isomers, Salts and Protected Forms

[00164]

Certain compounds may exist in

Suitable compounds according to the present mvention include

o
el e
k ¥
Mo M Mo N

53 .

3046 3889
Q. o Ie] R
L |
3841 3842

one or more particular geometric,

optical,

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

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

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

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

combinations thereof, hereinafter collectively referred to as “isomers™ (or “isomeric forms™).

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

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

[08166] 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 ¢, P, 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 methods, in a known manner.

[00168] Uniess otherwise specified, a reference to a particular compound also includes ionic,
salt, solvate, and protected forms of thereof, for example, as discussed below. It may be
convenient or desirable to prepare, purify, and/or handle a corresponding salt of the active
compound, for example, a pharmaceutically-acceptable salt. Examples of pharmaceutically

acceptable salts are discussed in Berge ef al., 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 cations include, but arc 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.c., NH‘“)
and substituted ammonium jons (e.g., NH;R', NH;R;', NHR:", NRy'). Examples of some

suitable substituted ammonium ions are those derived from: ethylamine, diethylamine,
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dicyclohexylaming, triethylamine, butylamine, ethyienediamine, ethanolamine, diethanolamine,
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(CHz)s .

[00170] If the compound is cationic, or has a functional group which may be cationic {(e.g., -
NH; may be —NH{), then a salt may be formed with a suitable anion. Examples of suitable
inorganic anions include, but are not limited to, those derived from the following inorganic acids:
hydrochloric, hydrobromic, hydroiodic, sulfuric, sulfurous, nitric, nitrous, phosphoric, and
phosphorous. Examples of suitable organic anions include, but are not limited to, those derived
from the following organic acids: acetic, propionic, succinic, glycolic, stearic, palmitic, lactic,
malic, pamoic, tartaric, citric, ghuconic, ascorbic, maleic, hydroxymaleic, phenylacetic, glutamic,
aspartic, benzoic, cinnamic, pyruvic, salicyclic, sulfanilic, 2-acetyoxybenzoic, fumaric,
phenylsulfonic, toluenesulfonic, methanesulfonic, ethanesulfonic, ethane disulfonic, oxalic,
pantothenic, isethionic, valeric, lactobionic, and gluconic. Examples of suitable polymeric
amions include, but are not limited to, those derived from the following polymeric acids: tannic

acid, carboxymethyl cellulose.

[00171] 1t may be convenient or desirabie to prepare, purify, and/or handle a corresponding
solvate of the active compound. The term “solvate” is used heremn in the conventional sense to
refer to a complex of solute (e.g., active compound, salt of active compound) and solvent. 1f the
solvent is water, the solvate may be conveniently referred to as a hydrate, for example, a mono-

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

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

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

[00173] For example, a hydroxy group may be protected as an ether (-OR) or an ester (-
OQC(=0)R), for example, as: a t-butyl cther; a benzyl, benzhydryl (diphenylmethyl), or trityl
(triphenylmethyl) ether; a trimethylsilyl or t-butyldimethylsilyl ether; or an acetyl ester (-
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OC(=0)CHa, -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};), by
reaction with, for ¢xample, 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 protecied, for examptle, as an amide or a urethane, for example, as: a methyl
amide (-NHCO-CHs); & benzyloxy amide (-NHCO-OCHCsHs, -NHCbz); as a t-butoxy amide (-
NHCO-OC(CHs)s, -NH-Boc); a 2-biphenyl-2-propoxy amide (-NHCO-OC{CH3),CsHaCeHs, -
NH-Bpoc), as a 9-fluorenylmethoxy amide (-NH-Fmoc), as a 6-nitroveratryioxy amide {-INH-
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(-phenyisulphonyl)ethyloxy amide (-NH-

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

[00174] TFor example, a carboxylic acid group may be protected as an ester for example, as: an
Cy7 alkyl ester (e.g., a methyl ester; a t-butyl ester); a Ci haloalkyl ester (e.g., a Cig
trihaloalkyiester); a triC; 7 alkyisilyl-C,» alkyl ester; or a Cs.y aryl-Ci.7 alkyl ester (e.g., a benzy]

ester; a nitrobenzyl ester); or as an amide, for example, as a methyl amide.

[00178] Tor example, a thiol group may be protected as a thioether (-SR), for example, as: a
benzyl thioether; an acetamidomethy! ether (-S-CH,NHC(=0)CHs).

Synthesis of Coelenterazine Derivatives

[00176] Coclenterazine derivaiives according to the present investion may be synthesized

according those methods detailed in Examples 1-16.
Mutant Oplophorus Luciferases

[08177] In embodimenis of the present mveniion, various techniques as described herein were
used to identify sites for amino acid substitution to produce an improved synthetic OgLluc
polypeptide.  Additional techniques were used to optimize codons of the polynucieotides
encoding the various polypeptides in order to enhance expression of the polypeptides. It was
found that making one or more amino acid substitutions, either alone or in various combinations,
produced synthetic OgLuc-type polypeptides having enhanced luminescence (e.g., enhanced
brightness, enhanced signal stability, enhanced enzyme stability, and/or change in relative
substrate specificity). Furthermore, including one or more codon-optimizing substitutions in the
polynucieotides which encode for the various synthetic Ogluc variant polypeptides produced

enhanced expression of the polypeptides in various eukaryotic and prokaryotic expression
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systems. One embodiment of the present invention is a polynucleotide that encodes a synthetic
OglLuc variant polypeptide which is soluble and active in the monomeric form when expressed in

prokarvotic and/or eukaryotic cells,

[00178] The OglLuc variants of the present invention may be coupled to any protein of interest
or molecule of interest. n 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 varianis that are FaloTag® fusions include ‘HT7’ as part
of the name, e.g., ‘IVY-HT7’. In some embodiments, a signal sequence (e.g., the naturally-
occurring Oplophorus gracilirostris signal sequence) 1s attached to the N-terminus of the fusion
protein to facilitate the secretion 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 mammakan 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.

[06179] 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 CI+A4E, IVY, IV, QC27, QC27-9a, 9BS, 9BR
opt+K33N, 9BR opt+K33N+170G, V2 or “L27V”. In another embodiment, the invention
provides a modified decapod luciferasc which utilizes a novel coelenterazine. In onc
embodiment, the modified decap'od'luciferase has a change in relative specificity for native,
known or novel coelenterazines. In one embodiment, the modified decapod luciferase has a

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

{00180] In some embodiments, the corresponding parental, variant decapod luciferase is a
decapod species, including various species from families within the decapod order including,
without limitation, tuciferases of the Aristeidae family, including Plesiopenaeus coruscans, the
Pandalidea family, inciuding 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 pectinatus, Sergestes sargassi, Sergestes similis, Sergestes vigilax,
Sergia challengeri, Sergia grandis, Sergia lucens, Sergia prehensilis, Sergia potens, Sergia
robusta, Sergia scintillans, and Sergia splendens; the Pasiphaecidae family, including Glyphus
marsupialis, Leptochela bermudensis, Parapasiphae sulcatifrons, and Pasiphea tarda, the
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Oplophoridae family, including Acanthephyra acanthitelsonis, Acanthephyra acutifrons,
Acanthephyra brevirostris, Acanthephyra cucullata, Acanthephyra curtirostris, Acanthephyra
eximia, Acanthephyra gracilipes, Acanthephyvra kingsleyi, Acanthephyra media, Acanthephyra
microphthalma, Acanthephyra pelagica, Acanthephyra prionota, Acanthephyra purpureq,
Acanthephyra sanguinea, Acanthephyra sibogae, Acanthephyra stylorostratis, Ephyrina bifida,
Ephyrina figueirai, Ephvrina koskynii, Ephyrina ombango, Hymenodora glacialis, Hymenodora
gracilis, Meningodora miceyla, Meningodora mollis, Meningodora vesca, Notostomus gibbosus,
Notostomus  auriculatus, Oplophorus  gracilirostris, Oplophorus  grimaldii, Oplophorus
novaezealandiae, Oplophorus  spinicauda, Oplophorus  foliaceus, Oplophorus  spinosus,
Oplophorus typus, Svstellaspis braueri, Systellaspis cristata, Systellaspis debilis, and Systellaspis
pellucida; and the Thalassocaridae family, including Chlorotocoides spinicauda, Thalassocaris
crinita, and Thalassocaris lucida. In certain embodiments, the modified luciferase has increased
luminescence emission, e.g., at least 1.3-fold, at least 2-fold, or at least 4-fold, in a prokaryotic
cell and/or a cukaryotic cell relative to the corresponding wild-type luciferase. In some
embodiments, one or more properties of the modified decapod luciferase is compared to
comparable properties of a luciferase from another species, e.g., & firefly luciferase or a Renilla

huciferase.

[00181] In some embodiments, the Ogluc variant has at least 60%, e.g., at least 65%, 70%,
75%, 80%, 85%, 90%, 95%, 96%0, 97%, 98%, or 99%, or 100%, amino acid sequence identity to
SEQ ID NOs: 3,5,7,9, 11, 13, 15,17, 19, 21, 27, 35, 37, 39, 41, 43, 45, 47, 49, 51, 53, 56, 58,
60, 62, 64, 69, 71, 73, 75, 77, 79, 81, 83, 85, 87, 89, 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 also include gaps or insertions

between the pattern positions of Table 4.

[00182] 1In some embodiments, the OgLuc variant of the mvention has one or more
heterologous amino acid sequences at the N-terminus, C-terminus, or both (a fusion polypeptide
such as one with an epitope or fusion tag), which optionaliy directly or indirectly interact with a
molecule of interest. In some embodiments, the presence of the heterologous sequence(s) does
not substantially alter the luminescence of the OgLuc variant either before or after the interaction
with the molecule of interest. In some embodiments, the heterologous amino acid sequence is an
epitope tag. In some embodiments, the heterologous amino acid sequence is one which, during

or after interaction with a melecule of interest, undergoes a conformational change, which in tumn
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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.

100183] In some embodimenis, a fragment of an OgLuc variant of the invention is fused to &
heterologous amino acid sequence, the fusion thereby forming a beta-barrel, which fusion protein
is capable of generating luminescence from a naturaliy-occurring coelenterazine or an analog
thereof including the various known coelenterazines discussed herein, or a novel coelenterazine

of the present invention.

[00184] Also provided is a polynucieotide encoding an OgLuc variant of the invention or a
fusion thereof, an isolated host cell having the polynucleotide or the OgLuc variant or a fusion
thercof, and methods of using the polynucieotide, OgLluc variant or a fusion thercof or host cell

of the mvention,

[00185] The term “identity,” in the context of two or more nucleic acids or polypeptide
sequences, refers to two or more sequences or subsequences that are the same or have a specified
percentage of amino acid residues or nucleotides that are the same when compared and aligned
for maximum correspondence over a comparison window or designated region as measured using
any number of sequence comparison algorithms or by manual alignment and visua! inspection.
Methods of alignment of sequence for comparison are well-known in the art. Optimal alignment
of sequences for comparison can be conducted by the algorithm of Smith et 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 Lipmaan, (Proc.
Natl. Acad. Sci. USA, 85:2444.2448 (1988)), by computeﬁzed implementations of algorithms
e.g., FASTA, SSEARCH, GGSEARCH (available at the University of Virginia FASTA gerver
by William R. Pearson http://fasta.bioch.virginia.edu/fasta_www2/fasta_intro.shtml), the Clustal
serics of programs (Chenna et al., Nucl. Acids Res. 31{13):3497-3500 (2003); availabic examples
at http://www.ebi.ac.uk or http://www.ch.embnet.org), or other sequence analysis software. It 1s
known in the art that generating alignments with maximum comespondence between polypeptide
sequences with significent sequence alterations (e.g., altered domain order, missing/added
domains, repeated domains, shuffled domains, circular permutation) may invoive the use of
specialized methods, such as the ABA method (Raphael ef al., Genome Res. 14(11):2336-2346
(2004)), other suitable methods, or performing the alignment with two concatenated identical

copies of the ﬁeiypeptide sequences.



[00186] The term "nucleic acid molecule," "polynucleotide” or "nucleic acid sequence” as
used herein, refers to nucleic acid, including DNA or RNA, that comprises coding sequences
necessary for the production of a polypeptide or protein precursor. The encoded polypeptide
may be a full-length polypeptide, a fragment thereof (iess than full-length), or a fusion of either
the full-length polypeptide or fragment thereof with another polypeptide, yielding a fusion
polypeptide.

100187] 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 contro! elements such as enhancers/promoters, splice junctions,
polyadenylation signals, etc. may be placed in close proximity to the coding region of the gene if
needed to permit proper initiation of transcription and/or correct processing of the primary RNA
transcript, Other control or regulatory elements include, but are not limited to, transcription
factor binding sites, splicing signals, polyadenylation signals, termination signals and enhancer

elements.

[00188] By "peptide," "protein™ and “polypeptide" is meant ammo 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 amino acid sequence of the parental protein from which it is
derived, where the parental protein can be a naturally-occurring (native or wild-type) sequence or
a variant sequence which is subsequently modified further. The term "fusion polypeptide” or
"fusion protein" refers to a chimeric protein containing a reference protein (e.g., Ogluc variant)
joined at the N- and/or C-terminus to one or more heterologous sequences (e.g., a non-OgLuc
polypeptide}. The heterologous sequence can include, but is not limited to, reporter proteins such
as the HALOTAG® fusion protein (Promega Corp.), FlasH {fluorescein arsenical helix binder),
and BeAsH {red arsemacal helix ndeny (.., LUMIO™ tag recognition sequence (Invitrogen)),
chloramphenicol acetyitransferase (CAT), P-galactosidase (B-Gal), lactamase (P-gal}, neomycin
resistance (Neo), GUS, galactopyranoside, green fiuorescent protein (GFP), luciferase (e.g., a
Renilla  reniformis luciferase, a firefly iuciferase (e.g., Photinus pyralis or Photuris
pennsvivanica), or a click beetle luciferase (e.g.. Pyrophorus plagiophthalamus or Pyrearinus

termitiliuminans) 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 Ogluc variant joined at the N-terminus to a
HALOTAG® fusion protein (Promega Corp.). In another embodiment, a chimeric protein

containg an Ogluc variant joined at the C-terminus to a HALOTAG® fusion protein.

[00182] Nucleic acids are known to contain different types of "mutations”, which refers to an
alteration in the sequence of a nucleotide at a particular base position relative to the wild-type
sequence. Mutations may also refer to insertion or deletion of one or more bases so that the
nucleic acid sequence differs from a reference, e.g., a wild-type sequence, or replacement with a
stop codon. A "substitution" refers to a change in an amino acid at a particular position i a

sequence, e.g., a change from A to E at position 4.

[00190] The term "vector” refers to nucleic acid molecules into which fragments of DNA may
be inserted or cloned and can be used to transfer DNA segment(s) into a cell and capable of
replication in a cell. Vectors may be derived from plasmids, bacteriophages, viruses, cosmids,

and the like.

[00191] The term "wild-typc" or “native” as used herein, refers to a gene or gene product that
has the characteristics of that gene or gene product isolated from a naturally occurring source. A
wild-type gene is that which is most frequently observed in a population and is thus arbitrarily
designated the "wild-type" form of the gene. In contrast, the term "mutant” refers to a gene or
pene product that displays modifications in sequence and/or .funcﬁonai properties (i.c., altered
characteristics) when compared to the wild-type gene or gene product, 1t is noted that naturally
occurring mutants can be isolated; these are identified by the fact that they have altered

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

[06192] The invention includes an Ogluc variant or protein fragments thereof, e.g., those with
deletions, for instance a deletion of 1 to about 5 residues, and chimeras (fusions) thereof (see
U.S. Patent Publication No. 2009/0253131 and WIPO Publication No. WO 2007/120522, the
disclosures of which are incorporated by reference herein) having at least one amino acid
substitution relative to a wild-type Ogluc, which substitution results in the OgLuc variant having
enhanced stability, enhanced laminescence, e.g., increased luminescence emission, greater
stability of the luminescence kinetics, and/or altered luminescence color. The sequences of an
OglLuc variant are substantially the same as the amino acid sequence of a corresponding wild-

type Ogluc. A polypeptide or peptide having substantially the same sequence means that an
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amino acid sequence is largely, but is not entirely, the same and retains the functional activity of
the sequence to which it is related. In general, two amino acid sequences are substantially the
same if they are at least 60%, c.g., at least 65%, 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%,
98%, or 99%, but less than 100%, amino acid seguence identity. In some embodiments, the
Ogluc variant is encoded by a recombinant polynucleotide. In some embodiments, the OgLuc
variant, or a functional fragment thereof, has no more than 5 differences, or more preferably no
more than 4, 3, 2, or | 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, insertions, or

permutations between the pattern positions of Table 4.

[06193] The Ogluc variant proteins or fusion proteins of the invention may be prepared by
recombinant methods or by solid phase chemical peptide synthesis methods. Such methods are

known in the art.
Methods of Use and Kits

[00194] The compounds and proteins of the invention may be used in any way that tucifcrases
and luciferase substrates, e.g., coclenterazines, 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,
¢.g., redox conditions. The sample may include an animal (e.g., a veriebrate), a plant, a fungus,
physiological fluid (e.g.. blood, plasma, urine, mucous secrctions and the like), a cell, a cell
lysate, a cell supematant, or a purified fraction of a cell (e.g., & subcelinlar fraction). The
presence, amount, spectral disteibution, emission kinetics, or specific activity of such a molecule
may be detected or quantified. The molecule may be detected or quantified in solution, including
multiphasic solutions (e.g., emulsions or suspensions), or on solid supports (e.g., particles,
capillaries, or assay vessels). In some embodiments the OgLuc varant can be used in
luminescence-based assays to detect an enzyme of interest, e.g., CYP450 enzyme, MAO A or B
cnzyme, a caspase, etc. The novel coelenterazines could be used with photoproteins such as
aequorin, obelin, or iPhotina. In some embodiment, the Ogluc variant can be used as an energy

donor to another molecule (e.g., to 2 fluorophore, a chromophore, or a nanoparticle).

[00195] The invention also provides & polynucleotide encoding a transcriptional reporter. In
some embodiments, the Ogluc variant or fragment thereof could be operably linked to

franscription regulatory sequences, e.g., one or more enhancer, a promoter, a transcription
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termination sequence or a combination thereof, to form an expression cassette. For example, the
OgLuc variant could be operably linked to a minimal promoter and a cAMP-response clement
(CRE).

[001968] The proteins of the invention may be used as biosensors, ¢.g., an OgLuc variant,
which, in the presence of another molecule (e.g, one or more molecules of interest), or under
certain conditions, has one or more altered activities. Upon interacting with a molecule of
interest or being subject to certain conditions, the biosensor undergoes a conformational change
or is chemically altered which causes an alteration of the enzyme activity or luminescence, e.g.,
specific activity, spectral distribution, or emission kinctics., For example, the Ogluc variant of
the present invention, for example a circularly permuted variant, can comprise an interaction
domain for a molecule of interest. Alternatively, for example, the Ogluc variant may be coupled
to an energy acceptor, for example a fluorescent protein, and comprise an interaction domain that
alters the efficiency of energy transfer from the enzyme to the energy acceptor. For example, the
biosensor could be generated to detect proteases, kinases, a ligand, a binding protein such as an
antibody, cyclic nucleotides such as cAMP or ¢GMP, or a metal such as calcium, by insertion of
a suitable sensor region into the Ogluc variant sequence. One or more sensor region can be
inserted at the C-terminus, the N-terminus, and/or at onc or more suifable location in the
polypeptide sequence, where the sensor region comprises one or more amino acids. In the case
of a circularly-permuted Ogluc variant, the sensor region may be inserted between the N- and C-
termini of the parent OgLuc variant. In addition, one or all of the inserted sensor regions may
include linker amino acids to couple the sensor to the remainder of the Ogluc variant
polypeptide. Examples of luciferase biosensors arc disclosed in U.S. Pat. Appl. Publ. Nos.
2005/0153310 and 2009/0305280 and PCT Publ. No. WO 2007/120522 A2, each of which is

incorporated by reference herein.

[00197]  In various embodiments, the OgLuc variants disclosed herein may be used to transfer
energy to an energy acceptor, for example in Bioluminescence Resonance Energy Transfer
(BRET) analysis. For exampie, the OgLuc variants used in BRET analysis can be used to
determine if two molecules are capable of binding each other or co-localize in a cell. For
- example, an Ogluc variant can be used as a bioluminescence donor molecule which is combined
with a molecule or protein of interest to create a first fusion protein. In various embodiments, the
first fusion protein contains an OgLuc variant and a protein of interest. In various embodiments,
the first fusion proteins containing the OgLuc variant can be used im BRET analysis to detect
protein/protein interaction in systems including but not limited to cell lysates, mtact cells, and

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

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

[004198] In various embodiments, the Ogluc varianis and/or the novel coelenterazines of the
present invention may be used in protein complementation assays (PCA) to detect the interaction
of two biomolecules, €.g., polypeptides. For example, an Ogluc variant of the preseat invention
can be separated into two fragments at a site(s) tolerant to separation and each fragment of the
separated Ogluc variant can be fused to one of a pair of polypeptides of interest believed to
interact, e.g., FKBP and FRB. If the two polypeptides of interest do in fact interact, the Ogluc
fragments then come into close proximity with each other to reconstitute the functional, active
OglLuc variant. In some embodiments, the activity of the reconstituted Ogluc variant can then
be detected and measurcd using a native or known coelenterazine 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 al, PNAS 72:1254-1257 (1975)) or
ribonuclease S (Levit and Berger, J Biol Chem. 251:1333 -1339 (1976)). In some
embodiments, an OgLuc variant fragment (designated “A”) known fo compiement with another
OglLuc variant fragment (“B”) can be fused to a target protein, and the resulting fusion can be
monitored vie luminescence in a cell or cell lysate containing fragment B. In some
embodiments, the source of fragment B could be the same cell (e.g., if the gene for fragment B is
integrated into the genome of the cell or is contained on another plasmid within the cell) or it
could be a lysate or purified protein derived from another cell. In some embodiments, this same
fusion protein (fragment A) could be captured or immobilized using a fusion between fragment B
and a polypeptide such as HALOTAG® capablie of attachment to a solid support. In some
embodiments, luminescence can be used to demonstrate successful capture or to quantify the

amount of material captured.

[00199] In various embodiments, the Ogluc variants and/or the novel coelenterazines of the
present invention may be used to quantify 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 coelenterazine concentration is coupled to a specific
enzyme activity by a “pro-coelenterazine” or “pro-substrate” that can be acted on by the specific
enzyme of interest. In some embodiments, the pro-coelenterazine is a molecule that cannot
support luminescence directly when combined with luciferase, but can be converted mto
coclenterazine 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,
¢.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’-
O-methy!l. In some embodiments, when incubated with a specific cytochrome P450 enzyme, the
6'O-methyl is cleaved, and the pro-coelenterazine converted to coelenterazine which can be
detected with an OglLuc variant of the present invemtion. In some embodiments, the pro-
coelenterazine can be combined with other components necessary to suppott luminescence, e.g.,
luminescent protein such as an Ogluc variant of the present invention, to provide a single
reagent and & homogeneous assay. For exaraple, when the reagent is added to a sample,
luminescence is generated as pro-coelenterazine is converted to coelenterazine. In various
embodiments, similar assays can be developed for other enzymes, small molecuics, or other
cellular processes‘ that can be linked to the generation of coelenterazines from pro-

coclenterazines.

[60200] In various embodiments, the OgLuc variants and/or the novel coelenterazines of the
present invention may be used as genetic transcriptional reporter systems. In some embodiments,
the Ogluc variants can be multiplexed with a luciferase that emits light at a different wavelength,
e.g., red click beetle luciferase (CHROMA-LUC™; Promega Corp.). For example, if an OglLuc
variant of the present invention is used as a functional reporter, then the red CHROMA-LUC™
fuciferase could be used to control for non-specific effects on genetic regulation or to normalize
for transfection efficiency. In some embodiments, luminescence generated from the Ogluc
variant (approximately 460 nm) and red CHROMA-LUC™ {(approximately 610 nm) can be
casily resolved using a luminometer with wavelength-discriminating filters, cnabling the
measurement of both signals from the same sample. In another example, an Ogluc variant of the
present invention could be used as a transcriptional reporter and paired with a luciferase that
emits light at a different wavelength contained in an assay reagent. For example, an Ogluc
variant of the present invention could be used as transcriptional reporter and paired with either
aequorin or a cAMP circularly-permuted firefly luciferase biosensor, or both simuitaneously, to
detect multiple pathways in a single sample. In such a system, for example, aequorin could be
used for the detection and/or measurement of calcium, the biosensor for the detection and/or
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measurement of cAMP, and an Ogluc variant for monitoring of downstream gene expression. in
another example, an Ogl.uc variant may be used with one or more additional iuciferases, where
the luminescence of each luciferase may be separately measured through the use of selective
enzyme inhibitors. For example, the luminescence of a first luciferase may be measured upon
addition of appropriate substrates and buffers, followed by measurement of a second luciferase
upon a subsequent addition of appropriate substrates and buffers and one or more inhibitors
selective for the first luciferase. In another example, the luciferase contained in an assay reagent
may be used for measuring a specific aspect of cellular physiology, for example ATP to estimate

cell viability, or caspase activity {o estimate cellular apoptosis.

[002061] In various embodiments, the Ogluc variants of the present invention may be used as
reporters in difficult to transfect cell Hines 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 i1s low. In.some
embodiments, the Ogluc variants can 'be.used as reporters in cells that are especially sensitive to
conditions associated with transfection, e.g., which are sensitive to elevated DNA concentrations
or the addition of transfection reagent. Thus, in various embodiments, due to the enhanced
iuminescence of the Ogluc variants of the present invention, an adequate level of luminescence
can be achieved using lower DNA concentratidns, less transfection reagent, and/or shorter post-
transfection times prior to beginning an.assay so that there is a reduced toxicity burden on
sensitive cells, In various embodiments, the enhanced luminescence of the OgLuc variants will
also allow for a signal to be detected at much later time points. In still other embodiments, the

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

{60202} In i;arioﬁs embodiments, the Ogl.uc variants of the present invention may be used as
fusion tags for a target protein of intercst as a way fo monitor intracellular levels of the target
protein. In some embodiments, the Ogluc variants can be used to monitor specific proteins
involved in siress response pathways {e.g., DNA damage, oxidative stress, inflammation) in cells
as a way to probe the role various types of stimuli may play in these pathways. In some
embodiments, the Ogluc variants can also be used as a means to monitor cellular trafficking of a
target protein. For example, the Ogluc variants can aiso be fused to viral genomes (e.g., HIV,
HCV) so that titer levels, t.e., infectivity, can be monitored in celis following treatment with
potential antiviral agents. In some embodiments, the variants can also be fused to green
fluorescent protein (GFP) or HALOTAG® (in-addition to a target protein) for fluorescence

activated cell sorting (FACS) to identify high expression clones.
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[00203] In various embodiments, identification of robust, stable cell lines expressing an
OglLuc variant of the present invention, either in the cytoplasm or as a secreted form, can be
facilitated by the enhanced signal of the OgLuc variant and the small size of the OgLluc gene.
The relatively small gene sequence should reduce the likelihood of genetic mstability resulting

from the integration of the foreign DNA into a cell’s genome.

[00204] In various embodiments, the Ogluc variants of the present invention can be
integrated into a variety of different immunoassay concepts. For example, an Ogluc variant can
be fused to a primary or secondary antibody to provide a method of detection for a particular
analyte. As another cxample, an Ogluc variant can be fused to protein A or protein G, and the
fusion could then be used to detect a specific antibody bound to a particular analyte. As another
example, an OgLuc variant can be fused to streptavidin and used to detect a specific biotinylated
antibody bound to a particular analyte. As yet another example, complementary fragments of an
OgLuc variant can be fused to primary and secondary antibodies, where the primary antibody
recognizes a particular analyte, and the secondary antibody recognizes the primary antibody. In
some embodiments, the Ogluc variant activity would be reconstituted in the presence of analyte.
As still another example, an OgLuc variant can be conjugated to an analyte (e.g., prostaglandins)
and used in a competitive sandwich ELISA format. The OgLuc variant conjugated to an analytc
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 exampie using Renilla
luciferase for quantitatively measuring patient antibody titers to an antigenic target is the
Luciferase Immunoprecipitation System (Burbelo ez al., Expert Review of Vaccines 9(6):367-
578 (2010))

[00205] In various embodiments, the Ogluc variants and novel substrates of the present
invention can be used for detecting luminescence in live cells. In some embodiments, an OgLuc
variant can be expressed in cells {as a reporter or otherwise), and the cells treated with a
coelenterazine, e.g., a novel coclenterazine such as PBI-3939, which will permeate cells in
culture, react with the OgLﬁc variant and generate luminescence, In addition to being cell
permeant, PBI-3939 shows comparable biocompatibility to native coclenterazine in terms of cell
viability. In some embodiments, a version of PBI-3939 containing chemical meodifications
known to increase the stabilliiy of native coelenterazine in media can be synthesized and used for
more robust, live cell Ogluc variant-based reporter assays. In still other embodiments, a sample
(including cells, tissues, animals, etc.) containing an Ogl.uc variant and/or a novel coeienterazine

of the present invention may be assayed using various microscopy and imaging techniques. In
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still other embodiments, a secretable Ogluc variant is expressed in cells as part of a live-cell

reporter system,

[00206] In various embodiments, the OgLuc variants and/or novel coelenterazines disclosed
herein may be provided as part of a kit. The kit may include one or more Ogluc variants as
disclosed herein (in the form of a polypeptide, a polynucieotide, or both) and/or a coelenterazine,
along with suitable reagents and instructions to enable a user to perform assays such as those
disclosed herein. The coelenterazine may be any of the native, known, or novel coelenterazines

disclosed herein. The kit may also include one or more buffers, such as those disclosed herein,
Vectors and Host Cells Encoding the Modified Luciferase or Fusions Thereof

[00207] Once a desirable nucleic acid molecule encoding an OgLuc variant or a fragment
thereof, such as one with lwminescence activity or which may be complemented by another
molecule to result in luminescence activity, or a fusion thereof with luminescence activity, is
prepared, an expression cassette encoding the OgLuc variant or a fragment thereof, ¢.g., one for
complementation, or a fusion thereof with luminescence activity, may be prepared. For example,
a nucleic acid molecule comprising a nucleic acid sequence encoding an Ogluc variant is
optionally operably linked to transcription regulatory sequences, €.g., one or more enhancers, a
promoter, & transcription termination sequence ora combination thereof,' to form an expression
cassetic. The nucleic acid molecule or expression cassette may be introduced to a vector, ¢.g., a
plasmid or viral vector, which optionally includes a sclectable marker gene, and the vector
introduced to a cell of interest, for example, a prokaryotic cell such as E. coli, Streptomyces spp.,
Bacillus spp., Siaphyfococcus spp. and the like, as well as cukaryotic cells including a plant
(dicot or monocot), fungus (including yeast, e.g., Pichia. Saccharomyces or
Schizosaccharomyces), or & mammalian cell, lysates thereof, or to an in wvitro
transcription/translation mixture. Mammalian cells include but are not limited to bovine, caprine,
ovine, canine, feline, non-human primate, ¢.g., simian, and human cells. Mammalian cell lines
include, but are not limited to, CHO, COS, HEK293, Hela, CV-1, SH-SY5Y, and NIH 3T3

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

[06208] The expression of an encoded OgLuc variant may be controlled by any promoter
capable of expression in prokaryotic cells or eukaryotic cells including synthetic promoters.
Prokary.oﬁc promoters include, but are not limited to, SP6, T7, T3, tac, bla, trp, gal, lac or
maltosé 4‘p1'om0ters, including any fragment that has promoter activity. Eukaryotic promoters
include, but are not limited to, constitutive promoters, ¢.g., viral promoters such as CMV, SV40

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 Ogluc variant
may also be controlled by post-transcriptional processes, such as by regulation of RNA
processing or regulation of translation, for example by RNAIL, miRNA, shRNA, siRNA, or by
RNA or protein degradation. The nucleic acid molecule, expression cassette and/or vector of the
invention may be introduced to a cell by any method including, but not limited fo, calcium-

mediated transformation, electroporation, microinjection, lipofection, and the like.
Optimized Sequences, and Vectors and Host Cells Encoding the OgLuc Varignts

[00209] Also provided is an isolated nucleic acid molecule (polynucieotide) 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 sclected host. Optimized
sequences include sequences which are codon optimized, i.e., codons which are employed more
frequently in one organism relative to another organism, e.g., a distantly related organism, as
well as modifications to add or modify Kozak sequences and/or introns, and/or to remove
undesirable sequences, for instance, potential transcription factor binding sites. Such optimized
sequences can provide enhanced expression, e.g., increased levels of protein expression, when
introduced into a host cell. Examples of optimized sequences are disclosed in U.S. Pat. No.
7,728,118 and U.S. Pat. Appl. Publ. Nos, 2008/00702%99, 2008/0090291, and 2006/0068395, each

of which is incorporated by reference herein,

[00210] In some embodiments, the polynucicotide includes a nucleic acid sequence encoding
an Ogluc variant of the invention, which nucleic acid sequence is optimized for expression in a
mammalian host cell. In some embodiments, an optimized polynucleotide no longer hybridizes
to the corresponding non-optimized sequence, e.g., does not hybridize to the non-optimized
sequence under medium or high stringency conditions. The term “stringency” is used in
reference to the conditions of temperature, ionic strength, and the presence of other compounds,
under which nucleic acid hybridizations are conducted. With "high stringency” conditions,
nucleic acid base pairing will occur only between nucleic acid fragments that have a high
frequency of compiementary base sequences. Thus, conditions of "medium" or "low" stringency
are often used when it is desired that nucleic acids that are not completely complementary to one
another be hybridized or anncaled together. The art knows well that numerous equivalent

conditions can be employed to comprise medium or low stringency conditions.
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[00211] In some embodiments, the polynucleotide has less than 90%, e.g., less than 80%,
nucleic acid sequence identity to the corresponding non-optimized sequence and optionally
encodes a polypeptide having at ieast 60%, e.g., at [east 65%, 70%, 75%, 80%, 85%, 90%, 95%,
96%, 97%, 98%, 99%, or 100%, amino acid sequence identity with the polypeptide encoded by
the non-optimized sequence. Constracts, e.g., expression cassettes, and vectors comprising the
isolated 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 & nucleic acid sequence encoding an Ogluc
variant of the invention, a fragment thereof or a fiusion thereof is optionally optimized for
expression in a particular host cell and also optionally operably linked to transeription regulatory
sequences, e.g., one or more enhancers, a promoter, a transcription fermination 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 1s optimized by replacing codons, e.g., at least -

23% of the codons in a parental Ogl.uc sequence with codons which are preferentially empioyed
in a particular {selected) cell. Preferred codons have a relatively high codon usage frequency in a
sclected cell, and preferably their introduction results in the introduction of relatively few
franscription factor binding sites for franscription factors prescnt in the selected host cell, and
relatively few other undesirable structural attn'butés. Examples of undesirable structural
attributes include, but not limited to, restriction enzyme sites, eukarvotic sequence elements,
vertebrate promoter modules and transcription factor binding sites, response elements, £. coli .
- sequence clements, mRNA secondary structure. Thus, the optimized nucleic acid product may
have an improved level of expression due to improved codon usage frequency, and a reduced risk
of inappropriate transcriptional behavior due to a reduced number of undesirable transcription

regulatory sequences.

[002141  An isolated and optivuzed nucleic acid melecule may have a codon composition that
differs from that of the corresponding wild-type nucleic acid sequence at more than 30%, 35%,
40% or more than 45%, e.g., 50%, 55%, 60% or more of the codons. Exemplary codons for use
in the mvention are those which are emploved more frequently than at ieast one other codon for
the same amino acid in a particular organism and, it some embodiments, are also not low-usage
codons in that organism and are not low-usage codons in the organism used to clone or screen for
the expression of the nucleic acid molecule. Morcover, codons for certain amino acids (i.e.,
those amino acids that have three or more codons}, may include two or more codons that arc

employed more frequently than the other (non-preferred) codon(s). The presence of codons m
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the nucleic acid molecule that are employed more frequently in one organism than in another
organism results in a nucleic acid molecule which, when introduced into the cells of the organism
that employs those codons more frequently, is expressed in those cells at a ievel that is greater

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

[66215] 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 htip://www kazusa.or jp./codon/. A particular type of
mammal, ¢.g., a human, may have a different set of preferred codons than another type of
mammal. Likewise, a particular type of plant may have a different set of preferred codons than
another type of plant. In one embodiment of the invention, the majority of the codons that differ
are ones that are preferred codons i a desired host cell. Preferred codons for organisms
mciuding mammals (e.g., humans) and plants are known to the art {e.g., Wada et al., Nucl. Acids
Res., 18:2367 (1990); Murray ef al., Nucl. Acids Res., 17:477 (1989)).

EXAMPLES

Reference Exampie 1 — Synthesis of a-Aminenitrile (Compound 1);

HoN
CHO 2 CHN

' \r’ e HC!
R, R,

H

1

[60216] A flask was charged with sodium bisulfite (71.4 mmol) and 17 mL of water. To this,
a solufion of aldehyde (69.3 mmol) in 14 mL of tetrahydrofuran (THF) was added dropwise at a
rate that kept the internal ternperature below 60°C. The resulting suspension was stirred at
ambient temperature for 40 min, and ammonium hydroxide solution (4.85 mL) added over 2 min.
The resulting solution was magnetically stirred while being heated in an oil bath at 60°C for 1 hr
and then left at ambient temperature overnight. The solution was cooled in an ice/saltwater bath
until the internal temperature measured below 5°C. To this, a solution of sodium cyanide (71.4
mmeol) in 14 mL of water was added dropwise over 30 min. The resulting mixture was stirred 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 portions of diethyl ether, and the combined
extracts dried over anhydrous sodium sulfate. The mixture was filtered, and the solution cooled
in an ice bath for 20 min. To the stirred solution, hydrogen chloride gas was added until

precipitation ceased, and the suspension stirred for 1 hr. The solid was isolated by filtration and
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rinsed with three 50 mL portions of diethyl ether. The material was dried under vacuum, and 6.4
g (47.5 mmol) of a white solid was obtained (69%). Procedure was adapted from: Freifelder and
Hasbrouck, "Synthesis of Primary 1,2-Diamnnes by Hydrogenation of alpha-Ammonitriles,”
Journal of the American Chemical Society, 82(3).696-698 (1960).

Reference Example 2 — Synthesis of 2-ex0-2-phenylacetaldehyde oxime (Compound 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 solution of the appropriate
benzophenone (50 mmol) in 35 mL of tert-butyl alcohol added dropwise over 15 min. The
reaction mixture was stirred for 1 hr, and the neat isoamyl nitrite {75 mmol) added over five min.
The reaction mixture was monitored for completion and then diluted with 100 mL of heptanes.
The resulting solid (38 mmol) was collected via suction filtration and dried to a constant weight

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

Reference Example 3 — Synthesis of Pyrazine derivatives (Compound 3)
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[00218] A 3-neck flask was fitted with a thermometer, septum, and argon line. To this,
aminonitrile (47.5 mmol), dry pyridine (190 mL), and oxime (61.75 mmol) was added. The
mixture was well stirred for 15 min, and tetra-chloro{bis-pyridyDtitanium complex (94.9 mmol)
added in five portions over 35 min making sure the internal temperature rematned below 40°C.
After the addition was complete, the reaction mixture was stirred overnight at ambient
temperature. The reaction mixture was slowly added to a solution of sodium bicarbonate (21.75
g in 174 mL water) in small portions. The resulting mixture was well stirred for 15 min and 80 g
of celite was added. The suspension was stirred for 30 min and filtered through a Buchner
funnel. The filtrate was removed to a separatory funnel, and the filter cake was suspended in 400
mL of methanol. The mixture was stirred for 30 min and filtered again. This process was

repeated a total of four times. The methanolic filtrates were combined and concentrated, and the
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residue dissolved in 200 mL of ethy! acetate (EtQAc). The solution was added to the separatory
funnel containing the original filfrate, and the mixture further extracted with three 100 ml.
portions of EtOAc. The combined extracts were washed with two 100 mL portions of saturated
sodium carbonate and two 100 mL portions of brine solution. The organic solvent was
evaporated, and the crude pyazine-oxide obtained as a brown oil. The material was dissolved in
3 mL of methanol, and 89 mL of dichloromethane (DCM) was added. To this solution, zinc dust
(80.7 mmol) was added, and the mixture cooled in an ice bath until an interna! temperature of
15°C was reached. The mixtare was treated with glacial acetic acid {3 mL} and warmed to an
internal temperature of 30°C in an oil bath for 40 min. The reaction mixture was cooled to room
temperature and filtered through a pad of celite. The filter cake was rinsed with DCM, and the
combined filtrates washed with an aqueous solution of saturated sodium bicarbonate. The crude
product was purified by chromatography over silica gel using a heptane/EtOAc gradient. This
gave 2.9 g {29%) of the pyrazine as a brown solid. Procedure was adapted from: Kishi ez al,
"The structure confirmation of the light-emitting moiety of bioluminescent jellyfish."

Tetraghedron Lett,, 13(27):2747 (1972).
Reference Example 4 — Synthesis of Coelenterazines

[60219] Method 4. (the following compounds can be synthesized by Method A: compounds
PBi-3840, PBI-3886, PBI-3857, PBI-3887, PBI-3913, PBI-3894, PBI-3896, PBI-3897, PBI-3841
and PBI-3842)
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[00220] A flask was charged with pyrazine (8.25 mmol), pyruvic acid (14.0 mmol), camphor
sulfonic acid (0.8 mmol), and anhydrous 2-methyl THF (150 mL). The flask was equipped with
a condenser and soxhlet extractor charged with 4-angstrom molecular sieves, and the reaction

mixture heated in an oil bath at 110°C for 18 hrs. The steves were replaced with fresh ones, and
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reflux continued for 24 hrs. The reaction mixture was filtered and concentrated, and the residue
dissolved in EtOAc (200 mL). This solution was washed with three 25 ml. portions of saturated
sodium bicarbonate solution, 100 mL of 0.1 M sodium acetate buffer, pH 3, and 100 mL of brine
solution. The solution was dried-over magnesium sulfate, filtered, and concentrated to give 2.3 g
(6.2 mmol, 75%) of the crude enamine/acid. This material was dissolved in anhydrons THF (30
mL), and the solution cooled 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. To the reaction
mixture, 50 mL of 0.1 M sodium acetate buffer, pH 5 was added, and the mixture well stirred for
10 min. The biphasic mixture was extracted with three 100 mL portions of EtOAc, and the
combined extracts washed with brine solution. The organic solution was concentrated, and the
residue purified by chromatography over silica gel using 2 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 methano!, and the mixture cooled in an ice bath. To this, sodium
borohydride (100 mg, 2.6 mmol) was added in three portions over 1 hr. The reaction mixture
was stirred for an additional 30 min, and neat glacial acetic acid added drop wise until a pH of 5
was reached. The solution was concentrated, and the residue triturated with 15 mL of water. The
solid was isolated via suction filtration and dried under vacuum for several hours to give 318 mg
(94%) of the crude coelenterazine as a yellow solid. Procedure was adapted from: Kakoi and
Inoue, Chem. Lett. 11(3):299-300 (1980).

[00221] Method B: (the following compounds can be synthesized by method B: compounds
PBI-3882, PBI-3932, PB1-3881)
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[00222] A flask was charged with the glyoxal (2.2 mmotl), aminopyrazine (1.1 mmol), cthanol
(20 mL}, 12N HCI (0.6 mL), and water (! 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 coclenterazine product as
a dark solid. Procedure was adapted from: Inoue er al. "Squid bioluminescence. I Isolation
from Watasenia scintillans and synthesis of 2-(p-hydroxybenzyl)-6-(p-hydroxyphenyl)-3,7-
dihydroimidazo[1,2-alpyrazin-3-one." Chem. Lett., 4(2):141-4 (1975).
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Method C. Synthesis of novel coelenterazines (the following compounds can be synthesized by
method C: PBI-3939, PBI-3945, PBI-3889, PBI-4002)

[060223] 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); Mostin er al.,
Organic Letrers, 11:3406 (20093, Kakoi, Chem. Pharm. Bull., 50:301 (2002)).

[00224]  Synthesis of 2-amino-3-benzyl-5-phenyipyrazine. A round bottomed flask was
charged with 5 g (33.5 mmol) of 2-isonitrosoacetophenone, 6.7 g (36.8 mmol) of 2-amino-3-
phenylpropanenitrile hydrochloride and 100 mL of dry pyridine. The mixture was cooled fo
-20°C and 4.6 mL (40.0 mmol) of TiCls was added dropwise. The reaction was kept at -20°C for
30 min and heated to 80°C for 2.5 hrs. The solvent was evaporated, and the residue taken up in
I L of DCM. This solution was washed with saturated NaHCOs and brine. All volatiles were
evaporated, and the residue rtedissolved in cthanol (400 mL). Raney Ni (2.0 g, aqueous
suspension) was added, and the reaction allowed to stir for 5 days under 1 atm of hydrogen. The
mixture was passed through celite, and volatiles removed. The residue was chromatographed on

sifica get (heptanes/DCM) to give 2.5 g (29%) of 2-amino-3-benzyl-5-phenylpyrazine.

[602251  Synthesis of 2-amino-3-phenyipropanenitrile hydrochioride. A round bottomed flask
was charged with 65 g (0.624 mol) of sodium hydrogensulfite and 150 mL of water. A solution
of 75 g (0.624 mol) of phenylacetaldehyde in 150 mL of THF was added dropwise. After stiring
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 soiution of sodium cyanide (27.5 g, 0.560 mol) m 100 mi 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. Afier 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.

[00228]  Synthesis of 3-(furan-2-vl)-2-oxopropancic acid. To a 100 mL flask, 3-(furan-2-yl)-2-
oxopropanoate (940 mg) along with 23 ml. cold 6N NaOH was added. The insoluble mixture
was stirred in a 90°C bath for 5 min untii dissolved. Cold IN HCI was added until solution was
acidic (approx 120 mL). Solution was extracted 2 x 50 mL EtOA¢. Combined organic layers
were washed with 40 mL brine and dried with Na,S04. Solution was evaporated to yield 540 mg
brown solid. Solid was further purified by reversed-phase high-performance liquid
chromatography (HPLC) ramping from 97% aqueous trifluoroacetic acid (TFA) to acetonitrile
(ACN).
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[00227]  Svnthesis 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%) HCl in 50/50 ethanol/water was added. After 5 hrs, the rcaction was
partitioned between 200 ml. of EtOAc and 30 mL brine. The aqueous layer was extracted 2 x 50
mL FtOAc. Combined organic layers were washed with 1 x 50 mL water, and 1 x 50 mL brine
and dried over Na,SQ4. Organic layers were co-evaporated with 26 g celite and eluted over 80 g
silica gold ramping from heptane to EfOAc. The appropriate combined fractions were

evaporated to yield 2.1 g.

[00228)  Synthesis of (E/Z)-ethyl 2-formamido-3-(furan-2-yljacrylate. To a 500 mL flask, 50
mL diethyl ether, CuyO (320 mg), and furyl aldehyde (5.2 mL) was added. The flasked was
cooled in an ice bath, and ethyl 2-isocyanoacetate (5.3 mL) added. After 1.5 hrs, potassium tert-
butoxide (3 g) was added to the reaction. After 4 hrs, the heterogeneous reaction was filtered. 60
mL 30% citric acid and 20 mL EtOAc was added and stirred for 10 min. Aqueous layer was
extracted with 50 ml. EtOAc. Combined organic layers were dried over anhydrous sodium
sulfate. EtOAc layers were co-cvaporated with 24 g celite and eluted over 80 g silica gold

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

[00229]1 Synthesis of 2-oxo-3-{thiophen-2-ylipropancic acid. To a250 mL flask, (E/Z)-5-
(thiophen-2-ylmethylene)imidazolidine-2,4-dione (5.0 g) and 100 mL of cold 6N NaOH were
added. The mixture was heated to 100°C for 1 hr. Concentrated HMCI was added to the cooled
solution until acidic (pH=1). The mixture was extracted 8 x 50 mi. dicthylether, The combined
ether layers were washed with 50 mL brine, dried over Na,SO. and evaporated to yield 3.36 g

solid. Sample was further purified by recrystalization with .o, e-trifluorotoluene to yield 1.63 g.

1002381  Synthesis of (E/Z)-5-(thiophen-2-vimethyvilenelimidazolidine-2, 4-dione. To a 250 mL
flask, hydantoin (9.8 g) and thiophene-2-carbaldehyde (10 g) were added. To the mixture was
dripped piperidine (9.6 mL). The mixture was heated to 100°C for { hr and then poured into 300
mL of IN HCIL The solid was filtered, washed with water and dried in vacuo to yield 4.9 g solid.
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[002311  Steps I- To & microwave vial (10 mL), the appropriate phenylpyrazin-2-amine (100

9
s
l

mg), the appropriate pyruvic acid (2 Equivalents), DCM (1 mL), and 1,1,1-trifluoroethanol (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 ip vacuo. The celite was loaded on 24 g of spherical silica gel and
eluted with a ramp of heptanes to ethylacetate. Appropriate fractions were combined and

evaporated.

[00232] Step 2 — The material isolated in step 1 dissolved in THF (0.5 mL) was chilled in an
ice bath. Acetic anhydride (25 pL), dimethytaminopyridine (8.5 mg), and triethylamine (25 pL)
were added. After 2 hrs, the majority of THF was removed in vacuo. The product was
precipitated with an agueous 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 1 x 2 mL water followed
by 1 x 2 mL brine. The DCM layer was co-adsorbed on 2 grams of celite, and solvent removed
in vacuo. The celite was loaded on 12 g of spherical silica gel and eluted with a ramp of

heptanes to DCM. Appropriate fractions were combined and evaporated.

[00233] Step 3 - The material from step 2 dissolved in DCM (1 mL) was chilled in an ice bath.
To the solution, methanol (0.5 mL.) and sodium borohydride solution in diglyme (325 pL of 0.5
M) were added. After 2 hrs, acetic acid (10 pL) was added, and the solution quickly partitioned
between an aqueous solution of 30% citric acid (1 mL) and DCM (2 mL). The DCM layer was
co-adsorbed on 1 gram of celite, and solvent removed in vacuo. The celite was loaded on 4 g of
spherical silica gel and cluted with a ramp of DCM to EtOAc. Appropriate fractions were

combined and evaporated.

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

fractions were combined and evaporated.

100235] Method 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
palladium catalyst. The alpha-amino acid produced was purified and subsequently activated for

intramolecular condensation giving rise to the corresponding imidazopyrazinone.
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Example 5 - Synthesis of §-benzyl-6-(4-hydroxyphenyl)-Z-propylimidazo|1,2-a]pyrazin-
3{7H)-one

[00236]  2-((3-benzyi-3-(4-hvdroxyphenyl)pyrazin-2-yl)amino)pentanoic acid.  4-{5-amino-6-
benzylpyrazin-2-yhphenol {100 mg, 0.36 mmol) was mixed with 2-Oxovaleric acid (84 mg, 0.72
mmol) in ethanol (20 ml). Pd/C (10% Palladium m active carbon, 40 mg) was added, and the
reaction mixture heated to 65°C. Air was bubbled out by N; gas, and a hydrogen bafloon applied
to the reaction flask. The reaction was continuously stirred for 4 hrs. After cooling down, it was
filtered, and the resulting soiution purified by flash chromatography (etutmg soivent: 50% EtQAc
in heptanes) to give the product as a yellow powder (70 mg, 52%). 'H NMR (300 MHz, CD,Cl,,
8):8.31 (s, TH), 7.82 (d, 2H, J = 9.0Hz), 7.31 (m, 5H), 6.92 (d, 2H, J = 9.0Hz), 5.34 (s, 2H), 4.20
(m, IH), 1.10 (m, 2H), 0.98 (m, 2H), 0.87 (t, 3H); MS (ESI) m/z 378.3 (M+1).

[00237] | 8-benzvi-6-(4-hvdroxyphenvl-2-propvlimidazof1,2-a] pyrazin-3(7Hj-one. 2-((3-
benzyl-5-(4-hydroxyphenylpyrazin-2-ylamino)pentanoic  acid (49 mg, .13 mmol) was
dissoived in DCM (10 ml).  Pyridine (0.5 ml) was added followed by NN-
Dicyclohexylcarbodiimide (54 mg, 0.26 mmol). The reaction mixiure 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 yeliow powder (40 mg, 86%). 'H NMR {300 MHz, CD-0OD, &) 7.35 (m, 8H), 6.88 (d, J =
9.0Hz, 2H), 4.40 (s, 2H), 2.81 (t, ] = 7.5Hz, 2H), 1.81 (m, 2H), 1.02 (t, ] = 7.5Hz, 3H); MS (ESD)
m/z 359.0.

Example 6 ~ Synthesis of 8-benzyl-2-butyl-6-(4-hvdroxyphenylimidazo[l,2-ajpyrazin-
3(7TH)-one

[00238]  2-((3-benzvi-5-(4-hydroxyphenylpyrazin-2-yl)amino)hexanoic acid,  4-(5-amino-6-
benzylpyrazin-2-yphenol (200 mg, 0.72 mmol) was mixed with 2-Ketohexanoic acid sodium
salt (220 mg, 1.44 mmol) in ethanol (20 mL). Pd/C (10% Palladium in active carbon, 100 mg)
was added with a few drops of acetic acid, and the reaction mixture heated to 65°C. Air was
bubbled out by N, gas, and a hydrogen balloon applied to the reaction flask. The reaction was
continuously stirred for 4 hrs. After cooling down, it was filtered and the resuiting solution was
purified by flash chromatography (eluting solvent: 50% EtOAc in heptanes) to give the product
as a yellow powder (130 mg, 46%). MS (ESI): m/z 392.2 (M+1).

[00239]  S-benzvl-2-butyl-6-(4-hydroxvphenyllimidazof 1, 2-a] pyrazin-3(7H)j-one. 2-({3-
benzyl-5-(4-hydroxyphenyl)pyrazin-2-yDamino)hexanoic  acid (130 mg, 0.33 mmol) was
dissolved i DCM (10 mL). Pyridine (0.5 mlL) was added followed by NN-
Dicyclohexylcarbodiimide (137 mg, ¢.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 (cluting solvent: EtOAc to DCM to 10% methanol in DCM) to give the product
as a yellow powder (110 mg, §9%). 'H NMR (300 MHz, CD;0D, 8): 7.30 (m, 8H), 6.88 (d, 2H),
4.40 (s, 2H), 2.84 (t, 2H), 1.77 (m, 2H), 1.51 (m, 2H), 0.89 (m, 3H); MS (ESI} m/z 3743 (M +
1.

Example 7 ~ Synthesis of §-benzyl-2-ethyl-6-phenviimidazo[1,2-a]pyrazin-3(7H}-one (PBI-
3925) '

[80240]  2-(3-benzyl-5-phenyipyrazin-2-yl)aminojbutancic acid. 3-benzyl-5-phenylpyrazin-2-
arpine (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 for 4 hrs. Afier cooling down, it was filtered, and
the resulting solution purified by flash chromatography (eluting solvent: 56% EtQOAc in heptanes)
to give the product as a yellow powder (90 mg, 34%). 'H NMR (300 MHz, CD,Cl,, 8): 7.72 (s,
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1H), 7.32-7.48 (m, 10H), 4.46 (s, 2H), 4.20 (m, 2H), 2.25 {q, 2H), 0.99 (1, 3H); MS (ESI): m/z
348.3 (M+1).

[00241]  2-((3-benzyl-3-phenylpyrazin-2-yl)aminobutanoic 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 slowly stirred at room temperature for 1 hr. The solvent was
evaporated, and the residue purified by flash chromatography (cluting solvent: EtOAc to DCM to
10% methanol in DCM) to give the product as a yellow powder (110 mg, 89%). "H NMR (300
MHz, CD;0D, 8): 7.26 (m, 3H), 6.84-7.07 (m, 8H), 4.03 (s, 2H)}, 2.47 (q, ] = 9.0Hz, 2H), 0.96 (¢,
J =9 0Hz, 3H); MS (ESI): m/z 330.2 (M+1).

Example 8 — Synthesis of 8-benzyl-6-phenyl-2-(3,3,3-trifluoropropyl)imidazof1,2-ajpyrazin-
3(7H)-one
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[00242]  5.5,5-trifluoro-2-oxopentanoic acid.  Ethyl 4,4 4-trifluorobutyrate (1 g, 5.88 mmol)
and diethyl oxalate (3.87 g, 26.5 mmol) was dissolved in ethanol. Sodium ethoxide (21% in
ethanol, 2.09 g) was added to the solution, and the reaction mixture stirred for 0.5 hrs. Solvent
was distilled, and the residue extracted with EtOAc/water, The organic layers were collected and
dried over sodium sulfate. After filtration, solvent was removed to give a clear liguid. MS (ESI):

m/z 269.1 (M-1). The liquid was then dissolved in 3N HC! (20 mL), and the reaction mixture
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refluxed for 4 hrs. After cooling down, the reaction mixture was extracted with EtOAc. The
organic layers were collected and dried over sodium sulfate. After filtration, solvent was

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

0902431 5,5, 5-wriffuoro-2-{(3-benzyl-5-phenvipvrazin-2-vijamino)butanoic acid.  3-benzyl-5-
phenylpyrazin-2-amine (240 mg, 0.92 mmol) was mixed with 5,5,5-triflucro-2-oxopentanoic acid
{150 mg. 0.88 mmoi} in ethanol (20 mL). Pd/C (10% Paliadium in active carbon, 100 mg) was
added, and the reaction mixture heated to 65°C. Air was bubbled out by N» gas, and a hydrogen
balloon applied to the reaction flask. The reaction was continuously stirred for 4 hrs. After
cooling down, it was filtered, and the resulting solution purified by flash chromatography
(eluting solvent: 50% EtOAc in heptanes) to give the product as a yellow powder (200 mg, 54%).
*H NMR (300 MHz, CD2Cly, 8): 11,45 (s, 1H), 10.20 (s, 1H), 7.94 (s, 1H), 7.34 (m, 10H), 5.34
(s, 2H), 3.96-4.23 (m, 2H), 3.02-3.28 (1, 2H); FNMR: -76.3; MS (ESI): m/z 416.1 (M+1).

[00244]) Coelenterazine (Ry = H, R, = -CHCH,CF3.  3,55-tnfluoro-2-((3-benzyl-5-
phenylpyrazin-2-yiYamino)butanoic acid (100 mg, 0.24 mmol) was dissolved in DCM (10 mL).
Pyridine (0.5 mL) was'added followed by N,N-Dicyclohexyicarbodiimide (100 mg, (.48 mmol).
The reaction mixture was slowly stirred at room temperature for 1 hr. The solvent was
evaporated, and the residue purified by flash chromatography (cluting solvent: EtOAc to DCM to
10% methano! in DCM) to give the product as a yellow powder (80 mg, 87%). "H NMR (300
MHz, CD,Cly, 8): 7.36 (m, 11H), 3.43 (s, 2H), 1.60-1.92 (m, 4H); FNMR: 67.4 (t, J = 18Hz); MS
(ESTY: m/z 398.2 (M+1).

Example 9 - Synthesis of 8-benzyvl-2-(furan-2-ylmethyi)-6-phenylimidazo[l,2-alpyrazin-
3(7TH)-one {PBE-3939)
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[00245)  §-benzyl-2-(furan-2-yimethvlj-6-phenviimidazo[1,2-alpyrazin-3(7Hj-one:

Synthesized from method € using 3-(furan-2-yi)-2-oxopropanoic acid and 3-benzyl-5-
phenylpyrazin-2-amine as starting materials. 'H NMR (300 MHz, dmso) & 8.88 (s, 1H), 8.02 (d,
J=79, 2H), 7.61 - 738 (m, 6H), 7.37 ~ 7.14 (m, 3H), 6.38 (5, 1H), 6.26 (d, J= 3.2, 1H), 4.64 (s,
3H), 4.40 (s, 3H); exact mass calculated for CpaHooN:O," miz+ 382,16, found m/z+ 382.
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Example 10 - Synthesis of 8-benzyl-6-pheryl-2-(thiophen-2-yimethylimidazo[l,2-
ajpyrazin-3(7TH}-one (PBI-388%)

PBJ-3889

[00246]  8-benzyl-G-phenyl-2-{thiophen-2-ylmethyl)imidazof!,2-a[pyrazin-3(7H)-one:

Synthesized from method C using 2-oxo-3-(thiophen-2-yDpropanoic acid and 3-benzyl-5-
phenylpyrazin-2-amine as starting materials. 'H NMR (300 MHz, dmso) 3 8.85 (s, 1H), 7.99 (d,
J=6.8, 2H), 7.63 - 7.02 (m, 10H), 6.94 (dd, J = 3.5, 5.1, 1H), 4.62 (s, 2H), 4.58 (3, 2H), 2.69

{contaminate); exact mass calculated for CyaHygN,OS™ m/z+ 398.13, found m/z+ 398.

Example 11 - Synthesis of 8-cyclopropyl-2-(4-hydroxybenzyl)-6-phenylimidazo|1,2-
alpyrazin-3(7H)-one (PBI-3897)
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(002477  8-cyclopropyl-2-{4-hydroxybenzyi)-6-phenylimidazof1,2-alpyrazin-3(7H)-one:

PBI-3897

Synthesized using method A with 3-cyclopropyl-5-phenylpyrazin-2-amine and 3-(4-
hydroxyphenyl)-2-oxopropanoic acid as starting materials.  Exact mass calculated for

CoHgN: Oy m/z- 356.14, found m/z- 356,

Example 12 — Synthesis of 8-bemzyl-2-methyl-6-phenyiimidazo|l,2-a]pyrazin-3(7H)-one
{PBI-3932)
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K
PBI-3932

(002481  8-benzyl-2-methyl-6-phenviimidazo[l,2-alpyrazin-3(7H)-one: Synthesized using
method B with 1,1-dimethoxypropan-2-one and 3-benzyl-5-phenylpyrazin-2-amine as starting

malerials. .Exact mass calculated for CooHisN2O" 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-ajpyrazin-
3(7H)-one (PBI-3896)

# PBI-389%6

[00249]  2-(4-hvdroxybenzyl)-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-oxopropanoic acid as starting materials. 'H NMR (300 MHz, dmso) & 8.84 (s, 1H), 8.00 (d,.J =
7.6, 2H), 7.47 (dd, J = 8.6, 16.2, 3H), 7.17 (d, J= 7.3, 2H), 6.69 (d, J = 84, 2H), 6.26 (s, 4H),
4.17 (s, 2H), 2.86 (s, 3H), 2.48 (s, 1H).

Example 14 — Synthesis of 8-benzyl-2-(4-hydrexybenzyl)-6-phenylimidazo[l,2-ajpyrazin-
3(7H)-one (PBI-3840)
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[002501  8-benzyl-2-(4-hydroxybenzylj-6-phenylimidazof1,2-afpyrazin-3(7H)-one: Synthesized
using method A with 3-(4-hydroxyphenyl)-2-oxopropanoic acid and 3-benzyl-5-phenylpyrazin-
2-amine as starting matcrials. Exact mass calculated for CosHy N0, miz+ 408.17, found miz+
408.

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

[00251] To a mixture of PBI-3939, potassium carbonate (1.1 equiv) and potassium iodide (1.3
equiv) in dimethylformamide (DMF), under an argon atmosphere, was added one equivalent of
chloromethyl pivalate at room temperature. Reaction progress was monitored by thin layer
chromatography, and upon completion, the reaction mixture was cooled in an ice bath for several
minutes before addition of a volume of water equal to the reaction volume. The resulting
mixture was extracted with a suitable organic solvent (e.g., EtOAc), and the extract was
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-((i-methyi-—lH-imidaédl—l-yl)methyi)—ﬁ-
phenylimidazo{1,2-a}pyrazin-3(7TH)-one (PBI-4515), 8-benzyi-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-yDmethyl)-8-benzyl-6-phenylimidazo[1,2-a]pyrazin-3{7H)-one (PBI-
4541)

PBI-4525 PBI-4540 PBI-4541
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[00252] To a flask containing 10 mmol of 2-methyl imidazole derivative 1 or 2 under an argon
atmosphere, 20 mL of dry THF was added, and the solution was cooleé in a dry ice/acetone bath
to approximately -78°C. To the cold mixture, 9.3 mmol of a soiution of n-butyllithium (2.46 M
in Hexanes) was added dropwise over several minutes. The resulting sohition was stirred at
approximately -78°C for 30 min, and 6.7 mmo} of compound 3 was added via syringe. The
reaction mixture was stirred for 3 hrs and quenched with the addition of 20 ml. saturated
ammonium chloride solution and 20 ml. of saturated sodium bicarbonate solution. The cold bath
was removed, and after warming to room temperature, the mixture was extracted with 3 x 100
mL of EtQAc. The combined extracts were dried (MgSO,), concentrated in vacuo, and the crude

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

[60253] 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 cthanol and 0.25 mL of concentrated
HCI was added. The reaction miixture was heated in a microwave at 100°C for 1.5 hr. The
resulting mixture was added to 50 mL of EtOAc and washed sequentially with 20 mL of

saturated sodium bicarbonate solution and 20 ml of brine. The organic phase was concentrated
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in vacuo, and the residue purified by column chromatography using silica gel

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

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

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

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

[00255] To determine stability, 20 pM of novel coclenterazines PBI-3939, PBI-3889, PBI-
3945, PBI-4002, or PBI-3896, 30 uM native coelenterazine, or 22 pM of known coelenterazine-h
or known coelenterazine-hh, were placed in a reporter reagent buffer containing 56 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. After all the samples were collected and frozen,
they were thawed and mixed with 10 uL of bacterial cell Iysate containing the OgLuc variant IV
in 40 pL of DMEM without phenol red + 0.1% PRIONEX®. The luminescence of the sample

was read at 5 min after I'V addition.

[00256] “To” indicates the amount of time for the luminescent signal to decay by 10% (i.e.,
loss in activity by 10%) at ambient temperature, i.e., 22°C. The rate of decay of the luminescent
signal (“Tgy”") was determined from the stope of the linear fit of the data plotted as In RLU vs.
time, which was calculated from the following equation: t = In (A/Ap) + (k), where A =
intensity at time t, Ay = intensity at time 0, and k = the ratc of decay. As shown in Table 1, the
Ty values for known coelenterazines-h and -hh, novel coelenterazines PBI-3939, PBI-384%9, PBI-
3945, PBI-4002, and PBI-3896 were higher than for native coelenterazine, indicating that these

coelenterazines were more stable compounds than native coelenterazine.

[06257] To determine the auto-luminescence characterization, HEK293 cells were grown
overnight at 15,000 celis per well in DMEM + 10% FBS — pyruvate. Media was removed and
replaced with 20 uM each of the novel coelenterazines shown in FIG. 2, ie., PBL-3939, PBI-
3889, PBI-3945, PBI-4002, PBI-3841, PRI-3897, PBI-3896, PBI-3925, PBI-3894, PBI-3932, and
PBI-3840, native coclenterazine and known coclenterazines, coclenterazine-h and coelenterazine-
hh, diluted into CO, independent media plus 10% FBS. Luminescence was measured shortly
after substrate addition on the GLOMAX® Luminometer (1 sec/well).  Background
luminescence was 134415 RLU. Table 1 shows the auto-luminescence characterization

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

less auto-luminescence,

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

Coelenterazines.
Subsirate TD Stabi!it?/ (pH &) lAutolum (norm to
(Tog in brs) coel)

Coel 1.7 ]

Coelh 21 )

Coel bh 20 K
3939 4.1 0.2
3889 2.9 02
3945 33 05
4002 3.5 0.6
3841 51
3897 o
3896 2.8 0.1
3894 )
3932 57
3840 T3
3925 ' : 53

Example 18 — Texicity 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 after
compound addition using CELLTITER-GLO® assay reagent (Promega Corp.) according to the
manufacturer’s instructions, and luminescence was measured on the GLOMAX® Luminometer
- (1 sec/well). Table 2 shows the toxicity of the native coelenterazine, known coelenterazine-h and
coelenterazine-hh, and the novel coclenterazines PBI-3939, PB1-3889, PBI-3841, PBI-3897, PBI-
3945, PBI-4002, and PBI-3840 in HEK293 cells. With the exception of PBI-3840, the novel
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coclenterazines had at least the same toxicity as coclenierazine-hh. Some of the novel

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

Table 2: Foxicity of Various Coelenterazines in HEXK293 Cells Based on CELLTITER-
GLO®

Subsirate Viability (normaiized to vehicle (DMSO)
control) (%)

Native coelenterazine 100
Coclenterazine h 106
Coclenterazine hh 87
PBI-3939 89
PBI-3889 90
PBI-3841 S 100
PBI-3897 100
PBI-3945 100
PBI-4002 100
PBI-3840 60

Example 19 - Km of PBI-3939

[60256] To determine the Km of PBI-3939, the Ogluc variant L27V (described m Example
26) was purified via HALOTAG® fusion using the HALOTAG® Protein Purification 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 Thiourea, 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 uM.
Example 20 — Characterization of compounds PBI-4525, PBI-4540 and PBI-4541

[00260] Compounds PBI-4525, PBI-4540 and PBI-4541 were screened for their ability to
detect luminescence. For analysis, 20 uM of cach compound was added to assay buffer (100
mM MES pH 6, 35 mM Thiourea, 0.5% TERGITOL® NP-9 (v/v), 1| mM CDTA, 2 mM DTT
and 150 mM KCI) which was adjusted to pH 7 with 100 mM HEPES pH 7 to create an assay
reagent, The assay reagent 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 pM 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 PBJ-4541 can be used to detect luminescence from a

coelenterazine-utilizing luciferase.

Table 3

cmpd gL -
4525 0,655 1,008
4528 | M08t | 5,688
3935 |G.BOREEG! 307365

A5 508 7
£543 365 Bl

Example 21 - Ogluc Pattern Sequence

[00261] Enzymec families, including different classes of luciferases, can be recognized by
having common three-dimensional structures and defined catalytic activity. Because enzyme
families share evolutionary histories with other cnzyme families, they will also exhibit
similarities in their three-dimensional structures. Through various means of structural and
functional analysis, the inventors have determined that OgLuc, as a representative of decapod
luciferases, has a strikingly similar three-dimensional structure to Fatty Acid Binding Proteins
(FARPs), indicating commonality of evolutionary history. Thus, decapod luciferase may be
defined as having a characteristic three-dimensional structure similar to FABPs and utilizing
coelenterazine as a substrate to catalyze the emission of fuminescence. Other luciferases, e.g.,
firefly luciferase, Renilla \uciferase, bacterial luciferase, and so forth, have clearly distinct three-
dimensional structures, indicating that they belong to different enzyme families and do not share
evolutionary histories. Dinoflagellate luciferase has a three-dimensional structure exhibiting
some similaritics 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

faciferases.

[00262] Because amino acid sequences are not as well conserved as three-dimensional
structures, defining enzyme families based only on sequence comparisons can be difficulf. For
example, even though FABPs all have a characteristic barrel-shaped three-dimensional shape,
comparisons of their amino acid sequences often reveal very low levels of sequence identity.
Nonetheless, sequence identity can be used to demonstrate commonality of three-dimensional

structures. Two proteins will have analogous three-dimensional structures if their amino acid

72



sequences can be aligned to reveal > 30% sequence identity, preferably > 40% sequence identity,
and most preferably > 50% sequence identity (Chothia and Lesk, FMBO 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 coclenterazine 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 r.egions can serve as further evidence of a common three-dimensional
structure shared between two proteins. A conserved sequence pattern, also called a signature,
motif, or fingerprint, can be generated by manual or computational methods that are known in the
art. Patterns can be found in public databases such as PROSITE (http://expasy.org/prosite;
Sigrist et al., Nucleic Acids Res. 38(suppl 1):D161-D166 (2010)).

[00264] For example, a pattern of conserved aminoe 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}-[FYW]-x-[LIVMF]-x-x-{K } -x-[NHG-[FY-[DE]x-[LIVMFY]-
[LIVM]-{N}-{GI-[LIVMAKR] (SEQ ID NO: 329) (V1)

[00288] where:

. the standard TUPAC one-ieiter codes for the amino acids are used.
. the symbol 'x' is used for a position where any amino acid is accepted.
° aliernative amino acids at a sife are indicated by listing the amino acids betweesn

square parentheses '| | (for example: [ALT] represents the possibility of an Ala, Leu, or Thr at

the position).

o 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).

cach sequence position (or element in the pattern) is separated from its neighbor by '-'.
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. each sequence position is referred to as a “pattern position”, for example the
[GSAIVK] would be considered pattern position 1 of Formula (VI), {FE} is considered pattern

position 2 of Formula (V1), etc.

[60267] 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.c., FABP protein
family members not picked up by the FABP pattern (UniProt database accession numbers
FBP12_HUMAN, FABP!_FASGI, FABP2 FASHE, FABPL._SCHBI, RET5_BOVIN) and one
protein known to have an FABP fold (Protein Data Bank accession number 2A02). Although
OgLuc shares a closely similar three-dimensional structure with FABPs, the sequence patterns of
the native and variant amino acid sequences also differ slightiy, having differences at 5 positions
from the PROSITE pattern. In various eﬁlbodiments, the pattern in OgLuc begins at a position
corresponding to position 8 of SEQ ID NO: 1. An amino acid substitution, deletion, or insertion

the sequence 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] [GSAIVK]-{FE}-[EYW]-x-[LIVMPSYQ]-x-x-{K}-x-[NHGK}-x-[DE]}-x~
[LTVMFY J{LIVMWF}-x-{G}-[LIVMAKRG] (SEQ ID NO: 330) (VID).

'[602701  The sequence information used to derive this pattern is shown in Table 4. Column 1
identifies the pattern position (listed N- to C-terminus; pattern length is 18 amino acids), and
column 6 identifies the corresponding sequence position in OgLuc (numbering according to SEQ
ID NO: 1), Column 2 shows the PROSITE FABP pattern (Formula (V1)) 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 QgLuc variants that are not represented by the PROSITE pattern. Column 5 lists
the improved pattern (“OgLuc pattern™) (Formula (VII)) created by merging pattern information
from columns 2, 3, and 4. Column 7 lists the amino acids in Ogluc (SEQ ID NO: 1}
corresponding to the PROSITE FABP pattern positions. Column 8 lists the amine acids found in
dinoflageliate luciferase sequences (8 different species) at positions corresponding to the

improved pattern (GenBank accession numbers 2021262A, AAAGB491, AAC36472,
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AAV35379, AAV3IS380, AAL40676, AALA06TT7, AAV3S3T78, AAV35377, AAV35381, 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 commonality of the three-dimensional
structure. From the examples given here, a common three-dimensional structure may exist even
with as many as 5 changes in the pattern. Also, for example, although the dinoflagellate
luciferase has a similar three-dimensional structure to FABPs and Ogluc, it has 4 differences

from the improved pattern.

[80272] Thus, although a protein may be recognized as being a decapod luciferase based on
sequence similarity and utilization of coclenterazine for fuminescence, it can be further
recognized by also having the improved sequence pattern. Specifically, a protein is a decapod
luciferase if, upon alignment of its amino acid sequence with SEQ ID NO: 1 or variants thereof,
the sequence identity 18 > 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 § of SEQ ID NO: 1 is:

[00273] [GSATVK]-{FE}-[FYW]-x-[LIVMFSYQJ-x-%~{K } -x-[NHGK}-x-[DE}-x-
[LIVMEY]-[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, §, 10, 12, 14, 15, 17, or 18 of Formula (VII)
according to Table 4. Differences may also include gaps or insertions between the pattern

positions of Table 4.

Table 4: Protein sequence patierns
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Example 22 - Generation of OgLuc Variants
[00275]  Experimental Details

[00276] Unless otherwise stated, further variants of a starting OgLuc variant sequence with
random substitutions were generated using the error-prone, mutagenic PCR-based system
GeneMorph II Random Mutagenesis Kit (Stratagene;, Daughiery, PNAS US4, 97(5):2029
(2000Y), according to manufacturer’s instructions, and NNK site saturation {(Zheng et al., Nucleic
Acids Research, 32:¢115 (2004)).

[00277] Further variants of a starting Ogluc variant 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.).  Alternatively, the resulting variants were
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constructed in the context of pF4Ag vector (a version of the commercially-avaiiable 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 er gl., 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 vector background. The C1+A4E library was generated
in a pF4Ag vector background with no HT7. The QC27, QC27-9a, and IVY libraries were
generated in a pF4Ag vector background with a C-terminal HT7. The IV-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 Ogl.uc variants are named for the amino acid substitutions identified in the
variant and/or for the £. coli clone that contained the variant, e.g., FIG. 6A shows, among other

results, that E. coli clone 16C35 has the substitution Q20R.
[602801 Screening Details

[00281] Resulting librarics were expressed in E. coli and primarily screened with a robotic
system for Ogluc variants having increased light output (1.¢., 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 foilows:
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, ie.,
autoinduction (Schagat er af., “KRX Autoinduction Protacol: A Convenient Method for Protein
Expression.” Promega Noies, 98:16-18 (2008)). The induction media contained rhamnose and
glucose when novel coelenterazines PBI-3841, PBI-3842, PBI-3857, PR1-3880, PBI-3881, PBI-
3886, PBI-3887, PBRI-3897, PBI-3896, or PBI-3894 were used as substrates in the primary
screen. The induction media did not contain rhamnose or glucose when native coelenterazine,
known coclenterazine-h, or novel coelenterazines PBI-3840, PBI-3889, PBI-3899, or PBI-3900
were used as substrates in the primary screen. The use of the different induction media was
determined based on the luminescence generated between CIl+A4E and the novel
coelenterazines, i.e., the induction media containing rhamnose and glucose were used with novel
coclenterazines that generated less luminescence with CI1+A4E compared to the other novel

coclenterazines with C1+A4E.
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[00282] Ten pl of induced cells were lysed using 60 pl lysis buffer containing 300 mM
HEPES pH 8.0, 300 mM thiourea, 0.3X Passive Lysis Buffer (“PLB”; Promega Corp. Cat. No.
E194A), 0.3 mg/mL lysozyme, and 0.003 U/uL RQ1 DNase and measured for luminescence with
50 pd. assay buffer containing 150 mM KCI, | mM CDTA, 16 mM DTT, 0.5% TERGITOL®
NP-9 (v/v), and 20 uM of a native, known, or novel coelenterazine as a substrate. Luminescence
measurements for cach variant were taken 3 min after reagent addition and relative lumingscence
unit (RLU) values were normalized to an average of 8 control wells of the corresponding starting

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

1062831 Ogluc variants of interest were sequenced using siandard sequencing techniques
known in the art to identify any additional amino acid substitutions in cach such variant. A
secondary screen using a non-robotic (manual) system was performed on the variant clones of
miterest. 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 & multichannel pipette. For each variant, luminescence
was measured, averaged, and normalized to the corresponding starting Ogluc variant.

Luminescence measurements were made using a TECAN® INFINITE® F500 juminometer.
[00284] Determining Change in Relative Specificity

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

considered a comparison substrate pair for determining relative substrate specificity.

[00286] A change in relative substrate specificity was determined by dividing the relative
substrate specificity of a test luciferase using a comparison substrate pair by the relative substrate
specificity of a reference luciferase using the same comparison substrate pair. For example, a
change in relative specificity was determined by dividing the relative substrate specificity of a
test luciferase with a novel coelenterazine of the present invention compared to a different
coclenterazine (e.g., native or known coelenterazine or a different novel coclenterazine 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 nvention compared to the same different coelenterazine used

for the test luciferase.

[80287] The luminescence with one novel coelenterazine was compared to the luminescence
with a different novel coeclenterazine., The luminescence with one native or known
coelenterazine 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.

[00288] An increase in luminescence (RLUs) for the Ogluc variant compared to the
corresponding starting OgLuc template for novel coelenterazine and a decrease or no change in
fuminescence 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 OglLuc, 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 mnovel and reference coelenterazines indicated an  improvement In
activity/stability/expression. If the luminescence of the Ogluc variant with both the novel and
the reference coelenferazines increased, but the Increass in luminescence with the novei.
coelenterazine was greater, it indicated an increase in relative specificity and an improvement in

activity/stability/expression of the Ogluc variant,
[00289] A CI+A4E Variants

[002901 CI1+A4E (SEQ ID NOs: 2 and 3), previously described in U.S. Serial Application No.
12/773,002 (U.S. Published Application No. 2010/0281552), was used as a primary starting
sequence (i.e., the parental sequence) for generating additional, synthetic OgLuc variants,
C1+A4E has the foliowing amino acid substitutions: A4E, QlIR, A33K, V44, A54F, P113E,
Q124K, Y138], and N166R, relative to SEQ ID NO: 1. Luminescence of C1+A4E containing
bacterial lysates, using the novel coelenterazines described in Examples 1-14 (see FIG. 4 for
examples) as substrates, was measured as described previously and compared to the
luminescence using native and known coelenterazines as substrates (FIGS. 5A-G). FIG. 3A
shows the luminescence of C1+A4E using native coelenterazine (“coclenterazine™), known PBI-
3880, and novel coelenterazines PBI-3842, PBI-3857, PBI-3881, PBI-3882, PBI-3886, and PBI-
3887 as subsirates. The luminescence measurements using known and novel coelenterazines
were normalized to the luminescence of CI+A4E using native coelenterazine and the fold-

decrease compared to native coclenterazine (FIG. 5B). FIGS. 5C-E show the Juminescence of
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C1+AA4E using native coelenterazine and novel coelenterazines PBI-39435, PBI-3894, and PBI-
4002, respectively. FIG. 5F shows the luminescence of C1+A4E using native coelenterazine and
novel coclenterazines PRI-3840, PBI-3897, PBI-3889, PRI-3899, and PBI-3900. FIG. 5G shows
the lummescence of C1+A4E using native coclenterazine, known coelenterazine PBI-3912 and
novel coelenterazines PBI-3913, PBI-3925, PBI-3939, PBI-3933, PBI-3932, PBI-3946, PBI-
3841, and PBI-3896. The data indicates the CI+A4E variant can use each of the novel

coclenterazines as subsirates.

[00291] C1+A4E variants were generated that had at least the amino acid substitutions
identified in C1+A4E, unless otherwise indicated. A library (Library 1) of 4400 variant clones of
CI+A4E was generated by random mutagenesis as described previouslty and screened as
* described previously for improvement in relative specificity change and/or activity change, ¢.g.,
brightness.  The wvariants were primarily screened with native coelenterazine, known
coclenterazine-h, known PBI-3880, and novel coelenterazines PBI-3840, PBI-3841, PBI-3842,
PBI-3857, PBI-3881, PBI-3886, PBI-3887, PBI-3889, PBI-3897, and PBI-3900 as substrates. In
addition, half of the variants were screened with novel coelenterazines PBI-3896 and PBI-3894
as substrates. Plates containing variants having known mutations of interest identified from
sereening previous novel compounds were selected. Variants that showed improvement (gither
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.

[60292] In the secondary manual screen, the varianis were tested with known coelenterazines
PBI-3912, 'coelenierazme-h, coelenterazine-hh, 2-methyl coelenterazine, and coelenterazine v;
and novel coclenterazines PBI-3840, PBI-3897, PBI-3889, PBI-3899, PBI-3900, PBI-3925, PBi-
3944, PBI-3932, PBI-3945, PBI-3913, and PBI-3896 as substrates. FIGS, 6A-D summarize the
average tuminescence normalized to Ci+A4E for the variants (“Clone™). FIGS. 6A-D
summarize the substitutions in these variants {(“AA sequence™), which had at least one of the
following additional amino acid substifutions: A14V, GI5R, Q18L, Q20R, L221, E23K, 1.27V,
L27M, K33N, T39I, B49K, F548, F341, D35G, 156V, V58l VSEL, 1597, S66T, G67S, FoRS,
L72¢Q, M75K, 176N, F77T, F77C, K&9E, 190V, 190T, L92H, HO93R, M106K, Y109F, P113T,
I117F, T126R, V127A, L136M, D139G, P145L, S1487, C1648S, or A169V.

I60293] Amino acid substitutions at position 54, 92, and 109 were of interest ag substitutions
at these positions provided greater light output or improved relative specificity, i.e., specificity
away from native coeclenterazine and towards at least onc 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
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(18L in clone 40H11, the amino acid substitution L92H in clone 04A12, and the amino acid

substitution Y109F in clone 43F9 provided improved relative specificity.

[00294] Table 5 lists CI+A4E variants with an additional amine 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.¢., screened for variants that were at least
1.3x brighter than C1+A4E, using native coelenterazine, known coelenterazine-hh, and novel
coelenterazines PBI-3939, PRI-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 CI+A4E: 192G, L92Q, L928, L92A, L92M, L92H, LOZY, F77W, F77Y, F77S, F77T,
F77V,, FT7A, E77G, F77C, F77D, F77M, and Y 109F. As shown in Table 5, L92H, F77W and
F77A substitutions had the most dramatic improvements with PBI-3897, PBI-3896, and PBI -
3932,

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

AA native | hh PBI- PBI- PBI- PBI- PBI-~ PBI-
Change 3939 3894 3896 3897 3932 3925
L92G 2.2

L92¢ 2 1.8 1.6 1.3 1.4 2.8 14 134
1928 2.9 1.5 2.9 2.7 6
LO9ZA 25 1.3

LoZM 1.3

LO92H 22 21 9.1 3.4 59
Loy 2.5
F77TW 14 1.4 1.4 g3 3. 1.7 23
F77Y 1.6 I3 49 6.5
F778 2.6

F77T 2.3

F77v 2.3

FTTA 7.9 2.5
F77G 3.1

F77C 2.3

F77D ' 1.5

F77M 1.5 1.6
Y109F 1.34 14
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[002951 Additional C1+A4E variants (Group A) were generated by site-directed mutagenesis
as described previously to have an additional substitution in at least one of the following amino
acid positions relative to SEQ ID NO: 1: 18, 20, 54, 59, 72, 77, 89, 92, 109, 113, 127, 136, or
164. These amino acid positions were chosen because, based on the primary and secondary
screens of Library 1, substitutions at these positions had increased total light output compared to
C1+A4E using at least one of the following as a substrate: novel coelenterazines PBI-3841, PBI-
3896, PBI-3897, PRI-3894, PRI-3925. or PBI-3932, or known coclenterazines 2-methyl
coclenterazine or PBI-3912. FIG. 7 lists the variants (“Clone™) and the additional amino acid
substitutions contained in each variant. Variant clones were assayed in triplicate as described for
the secondary manual screen as described previously and normalized to C1+A4E. FIGS. 8A-B
and 9 show the normalized average luminescence of the variants listed in F1G. 7 with various
coclenterazines 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 coelenierazine compared to CI+A4E. Clone QC27, which has
additional amino acid substitutions Q18L, F541, L92H, and Y H09F, had a 561.32-fold-increase in
luminescence with PBI-3896, a 392.98-fold-increase with PBI1-3894, and a 283 .85-fold-increase
with PBI-3896 compared to CI+A4E. This data shows that Q]SL, L92H, and Y109F can be
combined with each other and with additional substitutions to result in variants with improved

- relative specificity.

[60296] Other substitutions of interest identified from Library 1 were combined to generate
additional variants (Group B) (FIG. 10). Additional amino aé¢id substitutions were made in at
least one of the following amino acid positions relative to SEQ ID NO: 1: 18, 20, 54, 71, 77, 90,
92, 109, or 127. These substitutions showed improvement with at least one of the following
novel coelenterazines as a substrate: PBI-3841, PBI-3896, PBI-3897, PBI-3894, PBI-3925, or
PBI-3932. These variants were assayed as described for Group A variants using native
coelenterazine, known coelenterazine~-hh, and novel coelenterazines PBI-3939, PBI-3945, PBI-
31840, PBI-3932, PBI1-3925, PBI-3894, and PBI-3896. Variant clones were assaved m triplicate
as described for the secondary manual screen as described previcusly and normalized to
Cl+A4E. FIG. 11 shows the normalized average luminescence of the variants listed in FIG. 10
with the various coelenterazines as substrates. FIG. 11 shows variants with either large increases
in fuminescence for the listed novel coelenterazines compared to Cl1+A4E or no change or a

decrease in luminescence for the native and known coelenterazine compared to C1+A4E.
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[06297] Additional variants were generated with the additional amino acid substitution 190V
and/or Y109F (Group C) and compared to variants generated from Group A or B (see FIG. 12).
Clones containing variants with an 190V substitution (“I90V”), a Y109F substitution (Y 109F”),
or both substitutions (“LE2”) were compared to clones QC #27, QC#2 E7, QC#2 F4, and QC#1
A1l using assays as described for Group A recombinants with native coelenterazine, known
coelenterazine-hh, and novel coelenterazines PBI-3939, PBI-3945, PBI-3889, PBI-3840, PBI-
3923, PBI-3932, PBI-3894, PBI-3896, and PBI-3897 as substrates (FIG. 12). Variant clones
were assayed in triplicate as described for the secondary manual screen as previously described
and normalized to C1+A4E (FIG. 12). FIG. 12 shows variants with either large increases in
luminescence for the listed novel coelenterazines compared to C]+A4E.and no change or a
decrease in luminescence for the native or known coclenterazine compared to C1+A4E. FIG. 12
shows that 190V provided greater light output for native coelenterazine and several of the novel

substrates,
(002981 B. OQC27 Varians

[06299] The variant QC27 (SEQ ID NOs: 4 and 5) from A, which has additional amino acid
substitutions Q18L, F541, L92H, and Y109F, was cloned into a pF4A modified vector as
described previousiy to create a C-terminal HT7 (Promega Corp.) fusion protein (“QC27-HT7”)
(SEQ ID NOs: 44 and 45). 4400 variants of QC27-HT7 (Library 2) were generated by random
mutagenesis as described previously, and primarily screened for increased relative specificity
change as described previously using pative coelenterazine and novel coclenterazines PB1-3896
and PBI-3897 as substrates. Variant clones were selected, sequenced, and assayed in a secondary
manual screen as described previously using native coelenterazine, known coelenterazine-hh, and

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

[00300] FIG. 13 lists the additional amino acid substitutions (“Sequence”) identified in these
variants (“Sample™), and the luminescence of the variants using native coclenterazine, known
coclenterazine-hh, and novel coclenterazines PBI1-3897, 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, R11Q, L18I, L18Q,
V21L, V2IM, L22F, F311, Q32H, V45E, L46Q, S47P, G48R, E49D, G51E, D55E, G678, FOBY,
F68L, Q69H, L72Q, E74K, E741, M75K, 176F, 176V, H86R, 190T, H92Q, H92R, T96A, VIBF,
199V, 199T, V102M, M1061, F109Y, L142V, V1581, T159S, L168F, or G170R (the G170R 18
located in the linker region between HT7 and the Qgluc variant). |
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[00301] The amino acid substitations F6RY in variant 24B12, L72Q m varant 29C4, and
M75K in variant 3H11 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
1B6 provided improved relative specificity. Both of these substitutions were cases where
luminescence signals were down using the novel coelenterazines as substrates, but were down

more using native and known coelenterazines as substrates.

[00302] Additional QC27-HT7 wvariants were generated to have specific amino acid
subsiitutions (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 coelenterazine-hh, and novel coclenterazines PBI-
3897, PBI-3841, PBI-3896, and PBI-3894 as substrates normalized to the corresponding starting
QC27-HT7. Asseen in FIG. 15, combining the three amino acid substitutions F68Y, L72Q, and
M735K with V1381, as for example in variant QC27#1, provided greater light output for each

coelenterazine tested.
1003031 C. QC27-9a Variants

[00304] The variant QC27-9a (SEQ ID NOs: 6 and 7) from B, a QC27-HT7 fusion protein
with additional amino acid substitutions V211, H29R, F68Y, L72¢, M75K, and V158l was used
as a starting sequence to gencrate a library. 4400 variants of QC27-9a (Library 3) were
generated by random mutagenesis as described previously and screened for increased relative
specificity change using native coelenterazine and novel coelenterazines PBI-3841 and PRBI-
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 coclenterazines PBI-3841 and PBI-3897 as substrates. FIG. 16 lists
the additional substitutions (“AA change”) identified in the variants (“Sample”), and the average
luminescence of the variants using native coelenterazine, known coelenterazine-hh, known
coelenterazine-h, and novel coelenterazines PBI1-3841 and PBI-3897 as substrates in the
secondary screen normalized to the corresponding starting QC27-9a. The increase in relative
specificity represents cases where there was a decrease in luminescence for the vanant with the -
novel, native, and known coclenterazines compared to the starting template, but luminescence
with the native and known coclenterazines decreased more. For example, the variant 301312 with
the amino acid substitution L22F had an approximately three-fold loss in activity with the novel

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

down by ten-fold or more.

[060305] FIG. 17 shows a comparison of the luminescence of C1+A4E, QC27-HT7 and QC27-
9a compared to humanized Renilla luciferase (referred herein as “hRL”™) (SEQ ID NOs: 3¢ and
31) using native coelenterazine, known coelenterazine-hh, and novel coelenicrazines PBI-3841
and PBI-3897 as substrates. Although the reaction of QC27-9a with PBI-3897 was brighter than
QC27-9a with PBI-3841 (see FIG. 17), the evolution trend, i.c., magnitude of improvement in
luminescence, was greatest for PBI-3841 (Tabie 6). Combining the improvement in
luminescence (440-fold) with the decrease in luminescence for native coelenterazine (800-foid)
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 PBI1-3897 and PBI-

3841 Compared to Native Coelenterazine and coelenterazine-hh.

Compound Evolution trend: Change in relative specificity (novel
C1A4E to QC27 #9a coelenterazine/native coclenterazine)
coelenterazine DOWN 800X
coelenterazine-hh DOWN 300X
PBI-3897 UP 100X 80,000X
PBI-3841 UP 440X 350,000X

[00306] D. VY Variants

[00307] IVY (SEQ ID NOs: § and 9). a CI1+A4E varient with additional amino acid
substitutions F541, 190V, and F77Y, was cloned into a pF4A modified vector as described
previously fo create a C-terminal HT7 fusion protein (“IVY-HT7”). 4400 variants of IVY-HT7
(Library 4) were generated by random mutagenesis and screened for increased light output (i.e.,
increased brightness) and increased relative specificity using native coelenterazine, known
coelenterazine-hh, and novel coelenterazines PBI-3840, PBI-3889, PBI-3925, PBI-3932, and
PBI-3945 as substrates. Variant clones were selected, sequenced, and assayed in triplicate in a
secondary screen as described previously using native coclenterazine, known coelenterazine-hh,
and novel coelenterazines PBI-3889, PBI-3939, PBI-3943, and PBI-4002 as substrates. FIGS. 18
and 19 lists the additional substitutions (“AA change”) identified in the variants (“Sample”) and
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the average [uminescence of the variants normalized to IVY-HT7 using native coelenterazine,
known coelenterazine-hh, and novel coelenterazines PBI-3889, PBI-3939, PBI-39435, and PBI-
4002 as substrates in the secondary screen. FIG. 18 lists those varianis chosen based on
performance with PB1-3945 (Group A), which had at least one of the following amino acid
substitutions: Q18H, DION, Q20P, Q32P, K33N, V38I, V38F, K43N, 144F, E49G, 160V, Q69H,
176N, Y77N, Y94F, G958, G95D, F1101, V119M, K124M, 1.1491, or R1528. FIG. 19 lists those
variants chosen based on performance with PBI-3889 (Group B), which had at least one of the
following amino acid substitutions: F6Y, Q18L, 1L.27V, S28Y, Q32L, K33N, V36E, P40T, Q42H,
NS50K, G5IR, H86L, N135D, or 11557,

[00308] Additional IVY-HT7 variants were generated to have additional specific amino acid
substitutions using site-directed mutagenesis as described previousty, FIG. 20 lists variants with
at least one of the following additional amino acid positions relative to SEQ 1D NO: 1: 19, 20,
27,32, 38, 43, 49, 38, 77, 95, 110, and 149, as these substitutions were identified in the variants
of FIG. 18, which showed specificity towards PBI-3945 and PBI-4002. FIG. 21 shows the
luminescence of the wvariants listed in FIG. 20 normalized to IVY-HT7 using native
coelenterazine, known coelenterazine-h, known coelenterazine-hh, and novel coelenterazines
PBI-3939, PBI-3945, PBI-4002, PBI-3932 and PBI-3840 as substratcs. Nonc of the variants
showed an improvement over IVY-HT7, but there were instances, such as vartant C5.19 (SEQ 1D
NOs: 12 and 13) where luminescence with native or a known coelenterazine decreased about 3-4
logs, but luminescence with PBI-3945 and PBI-4002 decreased oniy two-fold. Variant C5.19 has
additional amino acid substitutions L27V, V381, and L1491,

[00369] 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, 34, 36, 40, 50, 51, 135, and 155, as these
substitutions were identified in the variants of FIG. 19, which showed specificity towards PBI-
3889 and PBI-3939. FI1G. 23 shows the luminescence of the variants listed in FIG. 21 using
native coelenterazine, known coelenterazine-h, known coelenierazine-hh, and novel
coelenterazines PBI-3939, PBI-3945, PBI-3889, PBI-4002, PBI-3932, and PBI-3840 as
substrates normalized to IVY-HT7. Luminescence decreased for each of the variants compared
to IVY-HT7. Variant C1.3 {(SEQ 1D NOs: 10 and 11) had about 2000-fold more luminescence
with PBI-3939 than with native or known coelenterazine. Variant C1.3 has additional amino acid

substitutions FAY, K33N, N135D, and 1155T.

[00318] The best IVY-HT7 variants for relattve specificity change compared to hRL and IVY-
HT7 were C5.19, which had the best huminescence with PBI-3945, and C1.3, which had the best

lurminescence with PBI-3889. FIG. 24 shows the luminescence of hRL, IVY-HT7, C5.19 (a C-
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terminal HT7 fusion), and C1.3 (a C-terminal HT7 fusion) with native coelenterazine, known

coelenterazine-h, known coelenterazine-hh, and novel coelenterazines PBI-3939 and PBJ-3945.
[00311] E. IV Variants

[00312] IV (SEQ ID NOs: 14 and 15), a Cl+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 TV (SEQ ID
NOs: 14 and 15) using native coelenterazine, known coelenterazine-hh, and novel
coclenterazines PBI-3939, PBI-3945, PRI-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 coclenterazines.

[00313] The data from A, B and D (1.e., screenings of the libraries generated from Ci+A4E,
IVY, and QC27 as the starting sequences) were reviewed fo determine those additional amino
acid substitutions with increased Hght output (i.e., increased brightness) with a variety of
coelenterazines. IV variants were generated as described previously to have additional
substitutions which had reduced specificity for native coclenterazine by two- to ten-fold, As
listed in FIG. 26, the IV wvariants {“clone”) had an additional amino acid substitution
(“Sequence”) of at least one of the following amino acid substitutions: F1I, E4K, Q18L, 127V,
K33N, V38l Fo8Y, M70V, L72Q, M75K, or VIQ2E.

[00314] Sixteen plates of variant clones for all combinations of amino acid substitutions were
primarily screened and assayed using the automated robot method described previously with
native coelenterazine, known coelenterazine-h, known coelenterazine-hh, and novel
coclenterazines PBI-3889 and PBI-3943 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 coelenterazine, known coclenterazine-h,
known coelenterazine-hh, and novel coelenterazines PBI-3889, PBI-3939, PBI-3945, and PBI-

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

[06315] FIG, 26 lists the variants, and the additional amino acid substitutions identified in the
variants. FIG. 27 shows the average luminescence of the variants in the secondary screen
normalized to IV. Variant 8A3 (SEQ ID NOs: 26 and 27), which has additional amino acid

substitutions F1I, L27V, and V38, 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 amino acid
substitutions Q18L, F68Y, L72Q, and M75K, was brighter for all substrates and offered some
relative specificity advantage over native coelenterazine as well. Variant 976 (SEQ ID NOs: 20
and 21), which has additional amino acid substitutions Q18L, L27V, V381, F68Y, L.72Q, and
M75K, showed similar improvements as was seen with 8F2. Variant 15CT (SEQ ID NOs: 16
and 17), which has additional amino acid substitutions E4K, K33N, F68Y, L72Q, and M?SK,
was brighter for all novel coelenterazines, but did not have any improved relative specificity
benefit. The amino acid substitution Q8L in variant 1D6 provided improved relative specificity,
te., away from native coeieﬁferaz;ine and towards novel substrates, in the comntext of IV. In
general, the amino acid substitution L27V provided improved relative specificity in the context

of IV.

[00316] TFIG. 28 shows the luminescence of the 8A3, 9BS, 9F6, and 15C] variants in the
secondary screen using native coelenterazine, known coelenterazine-hh, known coelenterazine-h,
and novel coclenterazines PBI-3939, PBI-3945, PBI-3889, and PBI-4002 as substrates compared
to IV and hRL. Variant 8A3 had 2 logs decrease in brighiness with native coclenterazing
compared to 1V. Variant 9F6 had 1 log decrease m brightness with native coelenterazine
compared to IV. Variant 15C] with PBI-3945 was the brightest, but the signal half-life was short
(see Example 27). '

[066317) F. 9B& Variants

[00318] The 9B8 variant from E was further modified to generate additional vanants with
increased light emission and/or improved relative specificity for PBI-3939.  Amino acid
substitution 1.72Q appeared to be a beneficial amino acid substitution for increased light
emission (1.e., brightness) as this substitution was identified in the variants 9B8, 9F6, and 15C1,
all of which showed improved light emission. To determine if other amino acid substitutions at
position 72 would provide similar increases in brightness, additional variants of 9B& were
generated as described previously by saturating position 72 with alternative residues. Four
replicates of E. coli lysates were prepared and analyzed for brightness as described previously
using PBI-3939 as a substrate except the assay buffer contained 10 mM CDTA, 150 mM KC], 10
mM DTT, 100 mM HEPES, pH 7.0, 35 mM thiourea, and 0.5% TERGITOL® NP-9 (v/v). Table
7 lists 9B8 variants (“Variant”) with similar or improved Iuminescence compared to 9B8 as

indicated by luminescence normalized to 9B8 (“RLU (normalized to 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 @, 1.¢., 1-fold.

Table 7: Variants with Similar Luminescence Compared to Variant 9B8.

Variant RLU (normalized to 9B&)
OB& -+ Q72A 1.1
9B& + Q72G 1
OBR + Q72N 1
9BR + Q72R i
9B8 + Q72M 1

[06319] Additional variants with improved relative specificity to novel PBI-3939 were
generated as described previously by saturating anvine acid positions 18, 68, 72, 75, and 90 in
variant 9B, E. coli bysates were prepared and analyzed for brightness as described previously
using native coelenterazine and novel PBI-3939 as substrates. Relative specificity was
determined from the ratio of the luminescence of the vartant with PBI-3939 to the luminescence
of the variant with native coelenterazine, normalized to the ratio of corresponding luminescence
of 9BR, Table § lists 9BY variants (“Variant™) with at least 1.1X foid-increase in relative
specificity for PBI-3939. The results demonstrate that at least one additional change at each of
the sites provided improved relative specificity for PBI-3939 versus native coelenterazine. 9BR
variants with amino acid substitutions K, D, F, G, Y, W, and H at position 18 had the highest foid

improvement in relative specificity.

Table §: Variants with Improved Relative Specificity for PBI-3939

Relative specificity
Variant
(PBI-3939 RLU/native coclenterazine RLU; normalized to 9B&)
OB8 + L18K. 40.7
9BE + L18D 258
OB8 + L18F 256
9B + L18G 18.2
9B + L18Y 17.8
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B8 + LI8W 11.2
OB% + Li8H 51
OBE T LISR 3.5
B8 + LISM 34
OBS T L1SN 2.5
B8 1 L1%P 36
OBE T 1188 23
OBS + YO8W I
B8 + Q72W 6.1
9BS + Q72Y 25
OBS ~ QT2F 72
9BS + Q72V 22
9BS + Q721 2
B8 1 Q72T 15
OBS + Q72N 18
OBS + Q72R 1.7
ORS + O72P 16
5BS ~ 072G 13
OBR ~ O7T2A T4
OBR + Q72M 13
OB8 + G720 13

OB% - Q720 12
9B8 + Q725 12
OBS + M75F 12
OBS 1 VOOR 24
OBR 1 VO0Y 16
OBS + VOOD T4
9B8 + VO0P 14
958 + VOOK 13
988 - VOO0 T2
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[00326] (. 9B8 + K33N Variants

[00321] An additional variant, 9B 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 tysates containing the variant 9B8 opt or 9BR opt+tK33N were prepared and
analyzed as described previously except the assay buffer contained 0.1% TERGITOL® NP-9
(v/v). Luminescence generated from the lysates was measured using the novel PBI-3939 and
native coelenterazine as substrates. The relative specificity of the variants for PBI-3939 and
native coclenterazine was calculated as described previously. 9BE& opt+K33N (“K33N) had
greater light output (RLU) and a higher relative specificity for PBI-3939 than npative
coclenterazine compared to 9B8 opt (FIG. 29), indicating that the K33N substitution provided

greater light output and improved relative specificity.

[00323] A new OgLuc library was created using 9BBopt+K33N as a starting template. The
random library was created using DIVERSIFY® PCR Random Mutagenesis Kit (ClonTech;
Catalog # 630703). Condition 5 (as listed in the user manual) was used to generate additional
variants, and the average mutation rate was calculated to be 2.6 mutations per gene by compiling
sequence data from 83 randomly selected clones. This PCR library was cloned into the pF4Ag-
based, non-fusion vector background described previously and the sandwich background, i.¢., Id-
Ogluc-HT7 (described in Example 45). Variants in the pF4Ag-basc non-fusion vector
background are designated with (NF). Variants in the sandwich vector background are
designated with (F). In order fo clone the PCR product into both vectors, an amino acid, i.e,, &
glycine, was appended fo the variant sequence in pF4Ag, generating a new position 170 in the
OgLuc variant (“170G”). The 170G is present in the sandwich construct, but in this case is
considered part of the linker between Ogluc and HT7. For each library, 4,400 E. coli clones
were assaved 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
thipurea. The assay buffer contained 100 mM MES pH 6.0 instead of HEPES, and 35 mM
thioureca. The assay volumes were as follows: 10 pL cells, 40 uL lysis buffer, and 50 pL assay
buffer.

[0603241 The PCR library in the pF4Ag-based non-fusion background was screened for
additional variants with increased luminescence compared to 9BR opt+K33N+170G (SEQ 1D
NOs: 68 and 69). Selected variants were then assayed in HEK293 and NIH3T3 cells. For each

91



cell type, 15,00(“). cells were plated and grown overnight at 37°C. The next day, the cells were
transfected 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 celis were lysed
with 100 uL of lysis buffer as described in Example 25 except the lysis buffer contained 100 mM
MES pH 6.0 instead of HEPES, and luminescence measured using a GLOMAX® Luminometer.
For each sample, 10 pL of lysate was assayed with 50 pL of lysis buffer contamning 20 pM PBI-
3939. For the transfection control, 10 uL of lysate was agsayed 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 NOs: 70 and 71), 23D4 (NF) (SEQ ID NOs:72 and 73) and 24C2 (NF) (SEQ 1D NOs:
74 and 75) had at least 1.3 fold-increase in luminescence in £. coli and HEK293 cells.

Table 9: Increase in Luminescence Generated by Oglue Variants Compared to 9BE
opt+K33N+170G in E, coli, HEK293 and NIH3T3 Cells

Fold over 9B8 opt+K33N -+ 170G
Sample Sequence
E. coli HEK293 NIH3T3
27AS5 (NF) T39T, 170G 1.3 1.5 i3
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 abové data, further combination variants were designed and generated
(see Table 10) in the context of the pF4Ag-based non-fusion vector background without the
170G, The variants were analyzed in E. coli, HEK293 and NIH3T3 cells as described above and
compared to 9BE opt+K33N. The variants were also examined for luminescence with native
coclenterazine. Table 10 shows the fold-increase in luminescence of the variants in £ coli,
HEK293, and NIH3T3 cells, and the amino acid substitutions found in the variants (“Sample™).
The variants were named by adding the additional amino acid substitutions in the variant to the
prefix “OB8 opt+K33N.” Table 11 shows the relative specificity of the different variants for PBI-
3939 compared to native coclenterazine in E. coli, NIH3T3, and HEK293 cells. As shown in
Table 10, the variant 9B8 opttK33N+T39T+K43R+Y68D (*V27; SEQ ID NGs: 92 and 93) had
improved luminescence in E. coli and a slight improvement in lunminescence in NIH3T3 cells.

The variant 9BS 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 9B8

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

Table 10: Increase im Luminescence Generated by OgLuc Combination Variants
Compared to 9B8 opt+K33N in E. coli, NIHIT3 and HEK293 Celis

Sample Fold over 9BE opt +K33N
E. coli NIH3T3 HEK293
T30T 18 1.1 11
K43R 12 11 11
T39T, K43R 13 0.9 1.1
Y68D ' 1.0 1.0 12
K43R, Y68D 12 13 12
T39T, K43R, V68D ("V27) T8 I 13
T127v 0.9 0.7 0.8
127V, K43R 0.7 0.6 Y
127V, K43R, Y68D 12 0.8 0.9
157V, V68D 12 0.8 07
S66N, K43R 0.9 11 11
L27V, K43R, S66N 1.0 0.6 0.7
9B opt + K33N 10 10 10

Table 11: Change in Relative Specificity of OglLuc Combination Variants for PBI-3939
Compared to Native Coelenterazine in E. coli, NJH3T3 and HEK293 Cells

Sample Fold over Native Coclenterazine
E. coli NIH3T3 HEK293
T39T 18.2 18 20
K43R 29.5 31 32
T39T, K43R 294 30 32
Y68D 114 10 12
K43R, Y68D 18.6 19 21
T39T, K43R, Y68D (*V2”) 18.5 18 21
L27v ‘ 85.2 85 97
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127V, K43R 120.1 131 147
L27V, K43R, Y68D 98.3 98 101
L27V, Y68D 599 61 64
S66N, K43R 229 23 25
L27V, K43R, S66N - 100.4 97 106
9B8 opt + K33N 19.0 19 19

[00327] Additional OgLluc variants were generated from 9B8 opt+K33N to contain at [east
one of the following additional amino acid substitutions relative to SEQ ID NO: 1: 127V, 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+HK33NHL2ZTV+Y 68D (“L27V, Y68D™), 9BE opt+K33N+L27VH+K43R+Y68D (“L27V,
K43R, Y68D”), 9BY opt+tK33N+L27V+K43R+S66N (“L27V, K43R, S66N”), and 9BS
optFK33NFT3IT+KA3R+YO8D (“T39T, K43R, Y68D”; also known as “V2”) from above, were
examined for brightness, relative specificity, signal stability and thermal stability. The variants

were compared o the variants 9B8 opt (“OB8”) and 9BE opt+K33N (“K33N"),

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

for native coelenterazine,

Table 12: Increase in Luminescence Generated by OgLuce Variants Compared to 9B8 and
Change in Specificity of OgLuc Variants for PBI-393% Compared to Native Coelenterazine

in Bacterial Lysates
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988 1.0 7
K33N 1.1 21
T39T, Y68D 0.9 12
T39T, L27V, K43R 1.2 149
L27V, 7397, K43R, Y68D 1.8 110
T38T, K43R, Y68D 1.6 21
L27V, T39T, K43R, S66N 1.3 114
L27V K43R, YG3D 1.3 110
L27V, Y68D 1.0 63
L27V, K43R, S66N 1.1 114

[oe328] H V2 Varignts

[06330] A set of additional variants were designed using V2 (9B8opt with the additional
amino acid substitutions K33N+T39T+K43R+Y68D) as a template. The substitutions shown in
Table 13 were designed based on either 1) the known diversity according to the structure-based
alignment of 28 fatty acid binding proteins (1VYF, 1FDQ, 2ZA04, 108V, 1BWY, ZANS, 1VIV,
1PMP, IFTP, 2HNX, 1111, 1CBR, 2CBS, 1LPJ, IKQW, ZRCQ, 1EIL, 1CRB, 1IFC, 2PY], 2JU3,
IMVG, 2Q04, 1P6P, 2FT9, IMDC, 101U, 1EIO; See U.S. Published Application No.
2010/0281552), or 2) the probing of alternative residues at positions previously identified to play
a role in substrate specificity. Changes listed under “Consensus” in Table 13 relate to residues
identified in at least 50% of the aligned, above-mentioned fatty acid binding proteins. Changes
listed under “Predominant Minority” relate to residues identified in many of the fatty acid
binding proteins mentioned above, but found in fewer than 50% of the aligned sequences.
Changes listed under “Other” relate to residues were identified less frequently than the
predominant minority residue at a given position in the aligned sequences. Finally, changes
listed under “Specificity™ relate to positions suspected to be invoived in determining a variant’s
specificity for coelenterazine or a coelenterazine analog. For example, the designed specificity
changes at position 27 (leucine residue in the parental sequence, i.e., V2) were changed to other
hydrophobic residues or amino acids representing alternative chemistries (e.g., other hydrophobic
residues containing rings, residues containing uncharged polar side chains, or residues containing
charged side chains); and the designed specificity changes at position 40 (proline in the parental
sequence), were to a sampling of different chemistries (chemistries (e.g., other hydrophobic
residues containing rings, residues containing uncharged polar side chains, or residues containing
charged side chains), note that giycine, glutamine, isoleucine, and leucine are identified at this

position the aligned fatty acid binding proteins).
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[00331] The variants were constructed using standard site-directed mutagenesis protocols (see
previous examples), and the resulting plasmids transformed into E. coli for analysis. Cultures
were grown per standard walk away induction in minimal media as described previouslty. 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/uL RQ1 DNasel and 0.25% TERGITOL® NP-9 (v/v})) was
added foliowed by the additional of an cqual volume (50 pL) of assay reagent (1 mM CDTA,
150 mM KCI, 2 mM DTT, 20 uM PBI-3939 or native coelenterazine, 100 mM MES pH 6.0, 35
mM thiourea, and 0.5% TERGITOL® NP-9 (v/v}). Luminescence was measuréd on a
GLOMAX® 96 Microplate Luminometer (Promega Corp.).

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

3939 with respect to native coeienterazine is also shown.

Tabile 14
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BPBI~3R39 COELENTERRZINE BELATIVE CHAHGE IN
Substitution HURHALI ZED ROEMALLZED SPECIFICITY FOR PRI~3539
0¥ 0.7 9.2 .5
14 8 1.3 1.2 1.1
16 E 0.5 0.2 2.5
23 K 1.3 4 0.3
2B 9.4 0.2 2.6
25 1, 0. 000 8. 000023 4.3
27 & 0.8 ¢.1 8.0
271 6. 008 0,901 6.0
7 & .088 9.005 17.6
21 1 0.2 0924 8.3
2T H 2.2 0.5 2.4
40 1 §.00LT G. HOD2 #.5
40 & 0.0007 0. 0001, 7.0
0 .500% 8. 060028 1.8
81w 1.2 1.3 0.8
817 1.3 1.6 u.H
97 & G014 0o 1.4
190 I 4,002 &.002 1.0
92 71 1.% 11 1.0
Wi w .4 0.6 1.0
113 & 1,2 0.8 2.0
193 & 0.6 6.4 1.5
128 ¢ 0. 6063 6. 00 3.0
130 & L1 8.9 1.2
142 E 0.9 0.3 2.0
142 § 0.9 6.3 3.0
142 W 0.8 6.4 2.0
146 0.2 0. L.1
SR | 0.4 6.4 1.0
149 M 0.7 0.4 1.8
150 % 6.0 4.4 2.3
152 8 6.9 0.5 1.8
152 ¢ 6.5 5.3 3.0

100333] I L27V Varianis

[60334] 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 tuciferase of SEQ
ID NO: 1. The variants were constructed by site-directed mutagenesis as previousiy deseribed.
The variants were then screened as previously described for relative activity with cither native
coelenterazine or PBI-3939. Luminescence was measured on a TECAN® INFINITE®R F500 5
min after substrate/assay reagent (as described in H) was added and normalized to the L27V
variant starting template. SDS-PAGE analysis of the lysates indicates comparabie expression

levels {data not shown).

[060335] Table 15 shows the relative activities of the L27V variants with native coelenterazine

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

position 54 substitutions.

Table 15
Native coelenterazine (50 mM) PBI-3939 (50 mM)
AA Relative activity AA Relative activity
substitution (5 min) substitution {5 min)
721 0.2 721 0.6
44 1.0 4A 1.0
124Q 1.6 124Q 1.0
43K 1.9 43K 1.1
115P 0.6 115P .09
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
S4A 0.6 54A 1.6
901 0.8 901 0.6
33K 4.2 33K 0.8
44V 0.7 _ 44V 1
166K : 2.1 166K 2
11Q 1.6 11Q 13
166F 0.3 166F 0.4
18Q 4.1 18Q 0.6

Example 23 - Mutational Analysis of Position 166
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[60336] 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 previouslty described in the context of a pFdAg vector
(i.e., in the context of the wild-typc Ogluc sequence SEQ ID NO: 1). These position 166

variants were then expressed in E. coli as previousiy described.

[803371 To create lysates, 50 pul 0.5X FASTBREAK™ Cell Lysis Reagent (Promega Corp.)
was added to 950 ul of induced cultures, and the mixtures incubated for 30 min at 22°C. For the
analvsis, 30 ul of lysate was assayed in 50 pL of assay reagent (as previousiy described in
Example 22F) with either 100 pM PBI-3939, 30 uM native coelenterazine, or 22 uM
coclenterazine-h). Luminescence was measured as previously described (FIGS. 30A-C). FIGS.
30A-C show the relative activity of the N166 mutants. Western anaiysis confirmed comparable

expression of all variants (data not shown).

[00338] B. The specific single amino acid substitutions, L27V, A33N, K43R, M75K, T39T,
L72Q and F68D were assessed in the wild-type OgLuc or N166R background. The single ammo
acid substitutions were generated via site-directed mutagenesis as previously described,
expressed in £. coli as previously described, and luminescence measured using the assay reagent
(previousty described in Example 22H) with 22 uM native coelenterazine (FIG. 30D). Western

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

f00339] Delctions to the L27V variant were made as foliows:

Table 16

Deletion # Deletion Made

27 Residues 1-27 and Vali -1
52 Residues 1-52 and Val -1
64 Residues 1-64 and Vai -1
84 Residues 1-84 and Val -1
19 Residues 65-83

23 Residues 65-87

23A1 Residucs 65-87 + Go4D
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[60340] The N-terminus of the Ogluc variant 127V is methionine, valine and phenylalanine,
i.c., MVF. For numbering purposes, the phenylalanine was considered the first amino acid.
“Val-1 indicates that the Valing in “MVF” was deleted. The methionine of “MVE” was
included in these deletions. The 127 deletion variants were cloned in the pF4Ag vector and
expressed in E. coli KRX cells as previously described. Inductions and lysate preparations were
performed as described Lysates were analyzed using the assay reagent (previously described; 100
wM PBI-3939), and luminescence measured as previously described (FIG. 31). The data

demonstrates that smaller fragments of the OglLuc variants can also generate luminescence.
Example 25 — Codon Optimization of OgLuc Variants
[00341] A. Vand 9B8

[00342] The TV and 9B& Ogl.uc 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 scquences, ¢.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
commoniy used codons in cells of £ celi, human, other mammalian, or other eukaryotic

organisms (Wada er al., Nucieic Acids Res., 18:2367 (1990)).

[00343] Two different optimized sequences for IV and 9B, referred to as opt (aka optA) and
optB, were designed for ecach 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 stte
(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, i.e., opt/optA, was used as a
starting template, and cach codon replaced with the other of the two best human codons
identified for this codon-optimization strategy. As an example, the leucine at position 3 in either
the 1V or 9B8 sequence is encoded by the codon TTG. TTG is not one of the two most conmon
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 Coden Oplimization
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Amino acid Choice#l | Choice#2
Gly GGC GGG
Glu GAG GAA
Asp GAC GAT
Val GTG GTC
Ala GCC GCT
Ser AGC TTC
Lys AAG AAA
Asn AAC AAT
Met ATG

Ile ATC ATT
Thr ACC | ACA
Trp TGG

Cys TGC TGT
Tyr TAC TAT
Phe TTC TTT
Arg CGG CcGC
Gln CAG CAA
His CAC CAT
Leu CTG CTC
Pro — |ecec CCT

[00344] Each of the 4 sequences (IV opt, IV optB; 9B8 opt, 9BR 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 wére disrupted via
silent nucleotide changes. In some cases, where there were other non-rare codons for both
human and E. coli, the transcription factor binding sites or other regulatory elements was
removed by changing to one of these codons, even though they are not choice#1 or choice#2 (see
Table 18). In cases, where removing a transcription factor binding site or other regulatory
element would have involved introducing a rare codon, the transcription binding site (or other

regulatory element) was 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 CTT
Pro CCG CCA

[60345] Codon optimized versions of IV (“TV opt” (SEQ ID NO: 22) and “TV optB” (SEQ ID
NQO: 23)) and 9B& (“9B§ opt” (SEQ 1D NO: 24) and “9B& optB” (SEQ ID NO: 25)) were
generated and cloned into pF4Ag by methods known in the art. HEK293 cells were plated in 96-
well plates at 15,000 cells/well and grown overnight at 37°C. The following day, the cells were
transiently transfected in 6 well replicates using TRANSIT®-LT1 Transfection Reagent (Mirus
Bio) with 100 ng of plasmid DNA encoding the codon optimized versions in pF4Ag and grown
overnight at 37°C. HEK293 cells were also transfected with either pGL4.13 (Luc2/S5V40)
(Paguio ef al., “pGL4 Vectors: A New Generation of Luciferase Reporter Vectors” Promega
Notes, 89:7-10 (2005)) or pGL4.73 (hRL/SV40) (/d.) to normalize for differences in transfection
efficiency. Ten ng/transfection or 10% of the total DNA transfected was used. Media was
removed, and cells were lysed with 100 pL lysis buffe.‘; which contained 10 mM CDTA, 150 mM
KCl, 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 sampie was measured on « TECAN®
INFINITE® F500 luminometer as follows: for hRI. and the Ogluc variants, 10 uL of the lysa{e
sample was assayed for luminescence with 50 pL of lysis buffer containing 20 uM of substrate
(native coelenterazine for hRL and PBI-3939 for the Ogluc variants). For Luc2 (SEQ ID NOs:
28 and 29), a firefly luciferase, 10 ul. of lysate sample was assayed for luminescence with 50 uL
of BRIGHT-GLO™ Luciferasc Assay Reagent (Promega Corp.).

[60346] FIG. 32 shows a comparisoh 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 hRI. The OglLuc varianis had higher luminescence compared to Luc2 and
hRL. The codon optimized versions of TV (“IV opt” and “IV optB”) and 9B8 (“9BS opt™)

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

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

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

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

[00350] 1.1L27V01 - 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, 1.¢., parental, sequence, and
as many TFBSs were removed as possible using high stringency match criteria (A higher
stringency involves a better match to the binding site and will thus find fewer matches than a
lower stringency). There were two versions, A (SEQ ID NO: 322) & B ((SEQ ID NO: 318)),
created for L27V02. These two versions were créated by selecting different codons for each
version to remove undesired sequence elements. Both versions were analyzed by scarching for

TFBSs with lower stringency.

603527 3 L27V03 - version 3 (SEQ ID NO: 325) - L27V02B (SEQ ID NO: 318) was used as
the starti_ﬁg sequence. Lower stringency TFBS matches were removed where possible. L27V03

was created to be very codon distinct from L27V02A.
(003531 The following criteria were used to create the L27V optimized variants:

1063541 1. Codon usage: Preferabiy, the best two human codons were used for each amino
acid (as was done for the TV variant), and the use of rare human codons (HS; coding for <10% of
amino acids) was avoided (Table 19). The use of rare E. coli codons (EC) was used, if necessary,

to remove undesired sequence elements.

Table 19
Amine : Best . Avoid Amino | Best | Avoid
acid | Codons | Codons | | acid | Codons | Codons
a2 et N AAT
A iGce N PAAC
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C . TGT P ccT
C TGC P ccc |
D éGAT Q %CAG
D GAC Q  lcaa
E  .GAG | R icag PO
: - . D AGA
E GAA R coc P9
- : : : - COT
- [HS]
E ?TTT S iAGC TCG
| | § [#5]
F CTTC S L TCC
G GGG T TACA
G '%GGC T ?Acc
H §CAT \Y iGTG
H [ CAC | v | GTC
i arT W 166
e
I EATC % _%TAT
K AAG | Y  iTAC
Lo oietg 8
: | [HS]
: CTA
L CTC | [HS.EC
f 3
M ATG

[60355] 2. Undesired sequence elements that were removed where possible

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

cloning and should otherwise not be present in open reading frame (ORE).
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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.

[60358] 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 scquences) were removed where possibie. This applied only

to L27V optimized versions 2 and 3, but not to version 1.
[060360] E. E. coli Sequence Elements: E. coli promoters were removed.

[00361] F. mRNA Secondary Structure: Strong sccondary 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 nucieotide differences).

Table 20

TTL27V00

e

L27V01 98% (12) 98% 94%, (32)
L27V02A 99% (4) 95% (26)
L.27V02B 96%

Example 26 - Signal Stability of OgLuc Variants
[00363] 4. ISCI 9B and IV

[00364] The signal stability of 15C1 with PB1-3945 and 9B8 with PBI-3889 was measured
and compared to IV. E. coli containing plasmid DNA encoding 15C1, 9B8, or IV were grown
and induced as described previously in 8-well replicates. Cells were lysed using a lysis buffer
containing of 300 mM HEPES pH 8.0, 0.3X Passive Lysis Buffer (“PLB”; Promega Corp. Cat.
No. E194A), 0.3 mg/mL lysozyme, and 0.003 U/uL RQ1 DNase. Lysates were diluted 1:1000 m
lysis buffer and measured for luminescence using a TECAN® INFINITE® F500 luminometer.
Measurements were taken immediately after the addition to 10 L of diluted iysate sample of 50

pL of “Glo” 0.5% TERGITOL assay buffer (“0.5% TERGITOL”), which contained 150 mM
135



KCL, 1 mM CDTA, 10 mM DTT, 100 mM thiourea, 0.5% TERGITOL® NP-9 (v/v), and 20 uM
of either novel coelenterazimes PBI-3945 or PBI 3889,

[00365] The signal stability of the variants was determined by re-reading the plate every 30
scconds for a ength of time after the addition of the assay buffer to the sample. The signal half-
life was determined from these measurements using methods known in the art. The average
signal haif-life was compared between the variants and IV. Both 15C1 and 9BR had a signal
half-life of at least 30 min (FIG. 33). Although 15C1, assayed with PBI-3945 had a higher
luminescence at t=0, the signal decayed more rapidiy than variant 9BE assayed with PBI-3889,

At =10 min, luminescence for 15C1 with PB1-3945 and 9B8 with PBI-3889 were equivalent.
[00386] B. 9BSopt + K3I3N

[00387] The signal stability of the 9BS opt + K33N variants was examined. E. coli lysates
containing the variants were prepared and analyzed as described previously except the assay
buffer contained 0.25% TERGITOL® NP-9 (v/v), 100 mM MES pH 6.0, 1 mM CDTA, 150 mM
KECI, 35 mM thiourea, 2 mM DTT, and 20 uM PBI-3939, Table 22 shows the signal half-life i

min of the variants and indicates that the amino acid substitution L27V improves signal stability,

Table 22: Signal stability of OglLuc variants in bacterial lysates

~sample “signal half life (min)
EE 74
K33N | 55
T39T, Y68D 87
T39T, L27V, K43R 139
L27V, T39T, K43R, 68D |114
T39T, K43R, Y68D 61
L27V, T39T, K43R, S66N_ [124
L27V,K43R, Y68D 122
L27V, Y68D 139
L27V, K43R, S66N 124

[00368] The signal activity and stability of the L27V variant
(OBS+K3IINFL27VHTIOT+K43R+Y68D; SEQ ID NO: 88 and £9) was measured and compared
1o that of firefly (Luc2) and Renilla tuciferases. The L27V variant, Luc2 and Renilla luciferases
were fused to HALOTAG® and expressed in E. coli. The luciferases were purified using
HALOTAG® as a purification tag according to the manufacturer’s protocol (pFNISA;
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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agsay reagent (100 mM MES pH 6, 35 mM thiourea, 0.5% TERGITOL® NP-9 (v/v), 1 mM
CDTA, 2 mM DTT, 150 mM KCI, and 100 uM PBI-3939 for the L27V variant; ONE-GLO™
Luciferase Assay System (Promega Corp.) for firefly luciferase; and RENILLA-GLO™
Luciferase Assay System {Promega Corp.) for Renilla luciferase), and hwminescence was
monitored over time (3, 10, 20, 30, 45 and 60 min). FIGS. 34A-B demeonstrates the high specific
activity (F1G. 34A) and signal stability (FIG. 34B) of the 1.27V variant when compared to firefly

and Renifla luciferase.
Example 27 - Enzyme Kinetics of Ogl.uc Variants
[00369] . 4. IV, 15C1, YBS, YF6 and 943

[60370] Using methods known in the art, enzyme kinetic assays measuring luminescence were
performed with the tysates of E. coli containing I'V and the TV variants 15C1, 9Bg, 976, and 9A3.
Cells were induced, lysed, and diluted as described in Example 26 except the lysis buffer had a
pH of 7.5. Two foid serial dilutions of PBI1-3939 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 vartants 15C1, 9BS, 9F6, and 9A3. Variants 9B§
and 9F6 had higher Km values compared to IV while Km values for the other variants were
unchanged. Vartants 15C1, 9B, and 9F6 .all had higher Vmax values, while 8A3 had a lower

Vmax value compared to IV.

[00371] 15C1, which had the highest luminescence with PBI-3945 contained the amino acid
substitution K33N, indicating that K33N provided mcreased luminescence. A 9BR variant was
generated to have this additional substitution to provide improvement in luminescence for this
variant. Additional variants of 9B8 and 9F6 were generated to have at least one of amino acid
substitutions K33N or V381 (“OB&+K33N+V38I” and “OF6+K33N™). Variant 1136 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 Vmeax values calculated using a hyperbolic
fit for IV and the variants 9B§, OBE+K33N+V38L, 9F6, 9F6+K 33N, and 1D6. While the actual
Km values were different between FIGS, 35 and 36 for 9B8 and 9F6, the general trend between

the variants was consistent.

[00372] The enzyme kinetics, i.e., Vmax and Km values, were determined and compared for
the vartants 9B8 opt and 9BE opt+K33N as described above except the E. coli lysates were
assayed with a buffer containing 1 mM CTDA, 150 mM KCl, 2 moM-DTT, 160 mM MES pl 6.0,
35 mM thiourea, 0.25% TERGITOL® NP-O (v/v}, 10 mg/ml 2-hydroxypropyi-f-cyclodextrin,
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and 20 pM PBI-3939. Luminescence was measured on a TECAN® INFINITE® F500
luminometer. As shown in FIG. 37, the Vmax and Km values for 9B% opt+K33N were higher

than 9BS opt, indicating that this clone is brighter and has a lower affinity for substrate.
[8G373] B. 9B8 OPT+K33N VARIANTS

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

Version 1.0.

Tabie 23: Vmax (RELU/B.5 sec) and Km {(upM) values for Oghuc Variants

sample ? Km Km0 Vmax Vmax(+-)
988 7.7 20 86,000,000 74,000,000
KN 125 30 110,000,000 17,000,000
T307, YoaD 7.9 18 74,000,000 10,000,000
TaOT, Lo7V, KAGR 214 54 150,000,000 28,000,000
o7V, T397, K43R YesD | 3.0 29 190,000,000 | 26,000,000
T3OT, KA3R, Y68D 10.5 2.8 140,000,000 1 25,000,000
{27V, 1397, KA3R, SEEN 16.3 48] 130,000,000] 28,000,000
L27V,K43R, Y68D 137 43 130,000006{ 26,000,000
127V, YeD 10.2 3.0 97,000,000 19,000,000
[T K43R, S66N 20.0 6.2 130,000,000 20,000,000

Example 28 - Protein Stability of OgLuc variants

- j00375]  As stability of the hiciferase protein is another factor affecting luminescence, protein

stability, i.¢., thermal stability, of the varianis was determined.
(003761 A. I5CI, 9BS, 9F6, 843 and IV

[003771 Lysates of E. coli containing 15C1, 9BE, 9F6, 8A3 or IV and E. ¢oli expressing hRL
(SEQ ID NO: 30 and 31) were prepared from induced cultures as described previousty. Lysate
samples were diluted 1:1000 with a buffer contaiing 10 mM HEPES pH 7.5 with 0.1% gelatin.
Diluied lysate (100 puL) samples, in replicate 96-well plates, were incubated at 50°C. At different
tiree points, plates were placed at -70°C {minus seventy degrees Celsius). Prior to measuring the
luminescence as described previousty, cach plate was thawed at room temperature, i.c., 22°C, for
10 min. Samples (10 pL of each thawed sample) were assayed using native coelenierazine as a

subsirate. Luminescence was measured immediately after addition of assay buffer for each time
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point plate. The half-life of the protein, which indicated protein stability, was calculated from the

luminescence data for each time point using methods known in the art.

[00378] Table 24 shows the protein stability of variants 15C1, 9B8, 9F6, and 8A3 having half-
lives in min (hrs) of 630.1 (10.5), 346.6 (5.8), 770.2 (12.8) and 65.4 (1.1}, respectively. In
comparison, hRL had a half-life of 9.6 min, while IV had a half-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.

Tabie 24: Protein Stability of Ogluc Variants at 50°C

Sample 14 life (min) Wiife (hrs) | % remaining att =4 hrs
Renilla 9.6
1Y 272
15C1 630.1 10.5 79%
9B8 346.6 5.8 61%
9F6 770.2 12.8 80%
BA3 05.4 1.1

[06379]1 B. 1D6, 988, 9B8+K3I3IN+V3SI, OF6, 9F6+K33N, and IV

[60380] 1Lysates of E. coli containing 1D6, 9BS, IBE+K33N+V3EL, 9F6, 9F6-+K33N, or IV
were prepared frdm 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
coclenterazine as a substrate. The difference between variant 9B8+33+38 and 9F6 was one
amino acid substitation, L.27V, indicating that this amine acid substitution increased stability.
The addition of “activity/expression” substitutions in positions 68, 72, and 75 increased stability.
FIG. 38 shows K33N provided greater thermal stability to variant 9F6 and that variant 9B8 had
greater light output and stability than variant 1D6. The difference between these two varnants,
i.e.. O9B8 contains additional amino acid substitutions F68Y, 1.72Q, and M75K, indicated the

importance of these three substitutions,

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

and solubility can also affect luminescence. As a way to further test the structural integrity of the
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improved variants, KRX E. cofi harboring pF4Ag-based (i.¢., no HT7) Ogl.uc variants N166R
(previously described in U.S, Serial Application No. 12/773,002 (U.S. Published Application No.
2010/0281552)), CI1+A4E, TV, 9BS, and 9F6 were grown at 37°C in Luria broth (LB) to an
ODse=0.6 and then induced for overexpression by the addition of rhamnose (0.2% final
concentration). Duplicate induced cultures were then grown at either 25 or 37°C for 17 hrs at
which time total (T) and soluble (S) fractions were prepared and analyzed by SDS-PAGE using
SIMPLYBLUE™ SafeStain (Invitrogen) to stain the gels (FIGS. 39A-B). hRL and Luc2 were

used as controls.

[60382] The OgLuc variants, hRL. and Luc2 cxpressed well and were soluble when the
induction occurred at 25°C (FI1G. 39A; note the approximately 19 kDa dark band in the “soluble”
fraction for the OgLuc variants, excluding the N166R variant, and the approximately 36 and 64
kDa bands in the “soluble” fraction for hRL and Luc2, respectively). In conirast, although
C1+A4E, IV, 9B&, and 9F6 expressed well at 37°C (significantly better than hRL or LucZ, as
shown in the “total” fraction), only the 9B& and 9F6 variants were soluble when the elevated
induction temperature was employed (see FIG. 39B; note the approximately 19 kDa dark band in
the “soluble” fraction for 9B8 and 9F6). These results tracked with the thermal stability data
shown in Table 24 and FIG. 38.

[00383] C. 98BS OPT AND YBS§ OPT + K35N

[00384] The thermal stability of the variants 9BE opt and 9B8 opt+K33N was compared. £.
coli lysates containing the variant 9BS 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. Aliguots were removed at different time-points and placed on dry ice to freeze the
samples. Frozen lysates were thawed at 22°C and assayed with a buffer containing 20 mM
CDTA, 150 mM KCi, 10 mM DTT, 20 uM PBI-3939, 100 mM HEPES pH 7.0, 35 mM thioures,
and 0.1% TERGITOL® NP-O (v/v). Luminescence was measured on a GLOMAX®
luminometer (Promega Corp.). FIG. 40A shows the light output time course of the natural
logarithm (In) value of luminescence measured in RLU over time in min. As shown in FIG. 40B,
9B8 opt+K33N had a half-life at 60°C of 6.8 hrs, which was longer than the 5.7 hrs half-life of
9B8 opt.

{00385] Table 25 shows the thermal stability at 60°C (“Tyn (60°C)") of 9BE opt and 9BE
opt+K33N, and the luminescence (“RLU™) data at the start of the incubation period (i.e., t=0}.
9B8 opt+K33N was more stable and approximately 1.8-fold brighter than 9BR opt, indicating
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that the amine acid substitution K33N provided both greater light output and higher thermal
stability.

Table 25; Thermal Stability and Luminescence Data for 9BS opt and 9BS opt+K33N

Variant Tl!’Z (600C) RLU
OBS opt 5.7 hrs 23,283,252,000
9BS§ opt+K33N 6.8 hrs 42,278,732,000

[00386] D. 9B8 + K33IN Variants

[66387] The thermal stability of the variants at 60°C was examined as described above, except
the agsay buffer contained 100 mM MES pH 6.0 instead of HEPES. Table 26 and FIG. 41 shows
the half-life in hrs of the variants at 60°C. The data indicates that the amino acid substifution

L27V improves thermal stability.

Table 26: Thermal stability of OgLuc variants at 66°C

: Sample . 1/2 life hours
9Bg 5.1
K33N 8.7
T38T, Y68D 16.3
T39T, L27V, K43R 11.8
L27V, T38T, K43R, Y68D 21.7
T39T, K43R, YB8D : 15.2
L27V, T39T, K43R, S66N 11.8
L27V ,K43R, Y68L 23.2
L27V, Y&68D 28.5
L2Z7V, K43R, S66N 10.7

[00388] The variants 9B8 and V2 (9BE+K33N+TIOT+K43R+Y6ED) were also screened in
HEK293 cells to determine their stability. The variants were cloned into pF4Ag and transfected
into HEK 293 cells (15,000 cells/well) as previously described. After transfection, the cells were
lysed in assay reagent (as previcusly described; no PBI1-3939), and luminescence measured using
the assay reagent with 20 uM PBI-3939. 9BS 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 secen for these variants in E. cofi (Table 26).

{60389] E£. L27Vvariant
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[00390] The activity of the L27V variant (9B&+K3IIN+L27V+T39T+K43R+Y6ED) was
assessed at various pHs and different salt conditions. 9BE 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-3939 and varying amounts of KCl1
or NaCl was mixed with 50 ulL 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, | mM CDTA, and 1 mM DTT titrated to
various pH values. 362 pM L27V in assay reagent was mixed with substrate 100 uM PBI-3939

and luninescence was measured. (F1G. 42A).
Example 29 - Gel filtration Chromatographic Analysis of OgLuc Variants
[00381] 4. Cl+A4E and YBS

[00392] Gel filtration analysis was used to verify the expected molecular weight of the
purified Ogluc proteins based on the theoretical values and consequently to determine their
oligomeric state. A comparison. between the relative hydrodynamic volume of the Ogluc
variants Cl+A4E and 988 was.made by gel filtration chromatography. For this aniilysis, the
nucleotide sequence for the OgLuc variants, C1+A4E and 9B§, were cloned into a HQ-Tagged
FLEXI® Vector (Promega Corp.) to creatc a HQHQHQ N-terminally tagged protein that was
overexpressed in E. coli KRX cells. The overcXpressed proteins were purified using the
HISLINK™ Protein Purification System - (Promega Corp.) according to manufacturer’s
instructions. Sémpi.es of each individual standard and sample protein were analyzed by gel
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.c., running buffer) consisted of 50 mM Tris and 150 mM NaCl, pH 7.5.
Protein elution was momitored 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 proteins were

calculated directly from the calibration curve.

[00383] The relative eiution 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 Myogiobin 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 9B& variant existed as a monomer, whercas CIi+A4E cluted at
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approximately 4.3 min (FIG. 43A), indicating that Cl-+A4E was expressed and exists as

multimer, e.g., possibly as a tetrameric compliex or something larger.
f00394) B, L27V variant

[060395] To demonstrate that the Ogluc variant L27V exists in a monomeric state, gel
filtration analysis was used to verify the expected molecular weight of the purified L27V protein
based on the theoretical value, and consequently to determine its oligomeric state. The relative
hydrodynamic volume of the L27V variant was made by gel filiration chromatography. For this
analysis, the nucleotide sequence for the L27V variant was clored into a HaloTag® vector
pFN18A (Promega Corp.) to create a HaloTag®-terminally tagged protein that was
overexpressed in E. coli KRX cells (Promega Corp.). The overexpressed protein was purified
using the HaloTag® Protein Purification System (Promega Corp.) according to manufacturer’s
mstructions. Samples of each individual standard and sample protein were analyzed by gel
filtration chromatography performed at 24°C on an Agilent 1200 HPLC using a Superdex 200
5/150 GL column {GE Healthcare) with a flow rate of 0.25 ml/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
kDa (Bovine pancreas, GE Healthcare). As shown in FIG. 44, the L27V variant cluted as 2 24

kDa protein {predicted MW is approximately 19 kDa) indicating that it existed as a monomer.
Example 30 - Protein Expression Levels of Ogluc variants
[00396] A. IV, 843, 8F2, 988, 9F6 and 15CI

[00337] Normaiizing for protein expression provides information about potential differences
in specific activity. To provide a means for quantifying protein expression, OgLuc variants were
cloned into a pF4Ag vector containing a C-terminal HT7 to generate Ogluc variant-HT7 fusion
proteins as described previously. The following fusion proteins were generated: IV-HT7 {SEQ
TD NOs: 48 and 49), 8A3-HT7 (SEQ ID NOs: 34 and 35), 8F2-HT7 (SEQ 1D NOs: 50 and 51},
OBS-HT7 {SEQ ID NOs: 36 and 37), SF6-HT7 (SEQ ID NOs: 38 and 39), and 15C1-HT7 (SEQ
ID NOs: 52 and 53). E. coli containing the OgLuc variant-HT7 fusions were grown and induced
as described previousty. 900 pL of cell culture was lysed with 100 pL of 10X FASTBREAK™
Cell Lysis Reagent (Promega Corp.). HALOTAG® TMR-iigand (Promega Corp.) was added to
each bacterial lysate sample to obtain a final concentration of 0.5 pM. Bacterial lysates were

incubated with the HALOTAG® TMR-ligand for 30 min at room temperature according to
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manufacture’s instructions. 10 uL of each sample was diluted 1:1 with 1X FASTBREAK™ ie¢,
10 uL sample to 10 pL 1X FASTBREAX™. 15 pL of the lysate and 15 pL of the 1:1 dilution
for cach sample were analyzed by SDS PAGE. The labeled fusion proteins were resobved by
SDS-PAGE, stained with SIMPLYBLUE™ SafeStain (FIG. 45A) and fluorimaged (GE
Healthcare Typhoon). Bands were quantitated using Imagequant software (GE Healthcare).
FIG. 45B shows the band volume measured from FIG. 45A for IV-HT7 (“IV™), 15CI-HT7
(“15C17), OB8-HT7 (“9BE™), 9F6-HT7 (“9F6™), and 8F2-HT7 (“8F2"), normalized to IV-HT7.

The data shows that the TV variants expressed well compared to IV.
100398] B. 9B8opt VZand L27V

I00399] The expression levels and solubility of 9B8 opt, V2 and L27V were compared. These
three variants, in the context of a pF4Ag background, were used to transform E. cofi KRX celis.
The resulting clones were used for an expression experiment whesc single colonies were grown
overnight at 30°C, diluted 1:100 in LB, grown to an ODgqo approximately 0.5, and then induced
with 0.2% rhamnose for 18 hrs at 25°C. Cells were then incubated for 30 min at room
temperature in the presence of 0.5X FASTBREAK™ Lysis Reagent (Promega Corp.), and the
resulting tysates stored at -20°C. Following a slow-thaw on ice, soluble fractions were prepared
by high-speed centrifugation for 10 min at 4°C. Crude total (T) and soluble (S) fractions were
then analyzed for expression levels using SDS-PAGE + Simply blue staining (FIG. 46A) as well
as by measuring luminescence (F1G. 46B). For luminescence measurement, 50 pL of soluble
lysates in 96-well microtiter plates were mixed with 50 ul. assay reagent (previously described;
40 uM PBI-3939), and luminescence measured using a TECAN® INFINITE® F300 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 > 9B&opt.
Example 31 ~ Brightness of OgLuc Variants Expressed in Mammalian Cells
[006400] A. [Vand 9BS

[06401] The IV and 9BR variant in pF4Ag vector (i.c., no HT7) were evaluated for brightness
in HEK 293 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®-LTT 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-transfected with pGL4.13 (Promega Corp.) as a
transfection control (10 ng/transfection or 10% of the total DNA transfected was used).

Luminescence was measured as described previously using native 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
correcied for transfection efficiency using Luc? luminescence (1.e., measuring lominescence after
the addition of luciferin substrate). The Ogluc variants IV and 9B¥ had greater luminescence

compared to hRL (*Renilia”) (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-OpLuc-9BR-HT7”) described in Exampie 30 was
anatyzed and compared with C-terminal HT7-hRL fusion protein (“pF4Ag-Renilla-HT7”) and C-
terminal HT7- Luc2 fusion protein (“pF4Ag-Luc2-HT7”). HEK293 cells (15,000) were plated
and grown overnight at 37°C. These cells were transfected with 100 ng of DNA from pF4Ag-
Renilla-HT7, pF4Ag-Luc2-HT7, or pF4Ag-OgLuc-9B&-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 LucZ2, 50 puL of 20 uM native
coelenterazine for hRL, and 56 pL of 20 uM PBI-3939 for vanant 9BS.

[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 quantitate 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 cach protein,
i.e., RLUs normalized vsing 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.
(004041 5. 98BS optand 98BS opt+K33N

The brightness of the variants 9B8 opt and 9BE 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 DINA 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 pM PBI-3939 and iuminescence was
measured on a TECAN® GENIOS™ Pro luminometer. As shown in FIG. 49, 9B8 opt+K33N
had greater luminescence compared to 9B8 opt in HEK293 cells, which tracks with the bacterial

expression data in Table 25 and FIG. 29,
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[00405] C. 9BS+K33N Variants

[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 Oghluc combination variants in NIH3T3
and HEK293 cells

K33N 1.8 1.5
T397, Ye8D 1.9 1.5
T39T, L27V, K43R 1.3 0.9
.27V, T39T, K43R, Y68]j 1.6 1.6
T39T, K43R, Y68D 1.9 1.9
127V, T39T, K43R, S66N 1.3 1.2
127V, K43R, Y68D 1.6 1.5
127V, Y68D 1.7 1.4
127V, K43R, 866N i2 1.0

[00467] D, L27V

[00408] A comparison of the luminescence of the 127V variant to firefly luciferase alone and
as a fusion was performed. HEK293 and HelLa celis were plated at 15,000 and 10,000 cells/well,
respectively, into wells of 12-well plates and incubated overnight at 37°C, 5% CO;. The cells
were then transfected with serial dilutions of pF4Ag containing L27V eor LucZ. 20 ng of
pGL4.13 (Promega Corp.) was co-transfected with 127V, 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 repiicates for each
ditution for each ccll 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 10 min at room temperature. 10 ul. of cach cell
lysate was assayed using ONE-GLO™ Luciferase 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 HelLa cells (FIG. 50B).

[00410] Comparison of L27V and Luc? 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 Hel.a cells (FIG.
50D).

[66411] 1In addition to rﬁeasuring luminescence, protein expression was also analyzed. The
transfection was performed as described above., Afier transfection, the media was removed from
the cells, and the cells washed i 1X PBS. 1060 pl 0.1 Mammalian Lysis Buffer (Promega
Corp.y containing 1 uM HALOTAG®TMR ligand (Promega Corp.) and 20 U DNase | was
added, and the cells incubated with slow shaking for 45 min at room temperature. The cell
samples were then frozen at -20°C. For protein analysis, 32.5 ul. 4X SDS loading dyc was
added to each samplie, and the samples heated at 95°C for 2 min. 10 uL of sampie was then
loaded onto an SDS-PAGE gel and imaged on a Typhoon Scanner ag previously described (FIG.
50E).

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

[0804412] The 9B8 Ogluc variant was overexpressed and purified as described in Example 33.
Reactions between diluted enzyme and éuhstrate were performed using the following 2X
buffer/assay reagent: 100 mM MES pH 6.0, 1. mM CDTA, 150 mM KCi, 35 mM thiourea, 2 mM
DTT, 0.25% TERGITOL® NP-9 (v/v), 0.025% MAZU® DF 204, 10 mg/mL 2-hydroxy-f-
cyvclodextrin, and 20 uM PBI-3939. The final assay concentrations of purified enzyme and.
substrate were 0.5 pM and 10 uM, 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 9BE opt
using PBI-3939 (19,200 RLU) was approximatcly 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 9B8 and L27V variants was screened against a LOPAC (library of
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pharmacologically active compounds) library, A LOPAC 1280 library (Sigma} was prepared by
diluting the compounds to 1 mM in DMSO. On the day of the assay, the compounds were
diluted to 20 uM in 1X PBS, and 10 uL transferred to a 96-well, white plate. To each well, 10
ul of purified 9B8, .27V 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
agsay reagent {1 mM CDTA, 150 mM KCL, 2 mM DTT, 100 mM MES pH 6.0, 35 mM Thiourea,
0.5% TERGITOL® NP-9 (v/v) and 60 uM PBI-3939) was added, incubated for 3 min, and
luminescence measured on a TECANE GENIQS™ Pro Luminometer. For assaying firefly
tuciferase, the BRIGHT-GLO™ Agsay reagent (Promega Corp.) was used according to the
manufacturer’s protocol. As a negative control, 8 wells of cach 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 1LOPAC library was screened using the 9B8

variant with a lower substrate concentration of 20 pM) to be an inhibitor of OglLuc,

[00414] The resuits in FIG. 571 indicate a general low frequency. of off-target interactions
between the compounds in the LOPAC library and L27V. This suggests a potential use for L27V
ag a screening tool for large libraries of diverse chemicals and therapeutic candidates, including

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

[00415] To further examune inhibition resistance, purified 9B8 and L27V were screened
against various concentrations of Suramin (Sigma 5-2671) and Tyrphostin AG 835 ("Tyr ag
8357 (Bigma T-5568) (FIGS. 52A-CY. FIGS. 52E-D show the chermcal structures for Suramin
and Tyr ag 833, respectively. Purified 9BE and L27V were prepared as described above. Serial
dilutions (0, 2 uM, 6 pM, 20 uM, 60 uM, 260 uM and 2 mM) of the inhibitors were prepared in
1X PBS with 2% DMSO. To wells of a 96-well, whitc assay plate, 10 uL of diluted enzyme and
10 pL of diluted inhibitor were added and mcubated at room temperature for 2 min. 20 ul. assay
reagent {(described above) was added, and luminescence measured on a GLOMAX®-96
luminometer (FIGS. 52A-C). FIGS. 52A-B show the dose response curves of 9BE and L.27V to
Suramin (FIGS. 52A) and Tyr ag 835 (FIGS. 52B). FIG. 52C shows the half maximal inhibitory
concentration (ICsy) of Suramin and Tyr ag 835 for 9B8 and 1.27V. 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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004161 1. Purified 9BR and .27V enzyme were serial diluted in 1:10 in buffer (1X PBS, 1
mM DTT, and 0.005% IGEPAL® CA-630) with or without 0.5 mg/ml. BSA {4 sets of each
dilution) to 200 uL into PCR strip tubes. The samples were incubated at 60°C wherein at @, 2, 4,

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

[60417] To analyze activity, the samples were thawed to room temperature in a water bath. 50
1L agsay reagent (as previously described with 100 pM PBI-3939) was added, and lurninescence
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 ditutions (FIG. 53).

[66448] 2. To demonstrate the reactivity of the Ogluc variants to plastic, purified 9B8 and

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

[80419] 50 ul purified 9B8 (453 pM) and L27V (85.9 pM) in DMEM without phenol red
with 0.1% PRIONEX® was placed into wells of a 96-well, polystyrene microtiter plate at 60, 40,
20 and 0 min. To the samples, 50 pL assay reagent (described above) containing 20 uM 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 ().
‘Example 35 - Post Translational Modification

[00428] To determine if the Ogluc variants undergo any post translation modifications when
expressed in mammalian cells, the SBR and L27V variants were expressed in both mammalian

cells and E. coli and analyzed via mass spectrometry (MS).

[60421] 9BS8 and L27V variants were expressed as N-terminal HALOTAG® fusions (pFN18K.
for E. coli; pFN21K for HEK293 cells) in HEK293 and F. coli KRX (Promega Corp.) cells and
purified using the HALOTAG® Protein Purification System (Promega Corp.) according to the
manufacture’s instructions. Approximately 5 pmols of purified enzyme was analyzed via LC/MS
using a C4 column (Waters Xbridge BEH300, 3.5um) interfaced to an LTQ Orbitrap Velos mass
spectrometer (Thermo Scientificy, Data was acquired from 600-2000 m/z using the LTQ for
detection and processed using the MagTran v1.03 software (Zhang et al., J. Am. Scc. Mass
Spectrom., $:225-233 (1998)). Both purified enzymes had an expenimentally determined mass
of 19,666 Da, compared to a calculated mass of an un-modified Ogluc variant, 1.e., absent of any

post transtational modifications, of 19,665 Da.
Example 36 — Evaluation of Ogluc Variants as a Transcriptional Reporter

004221 A IV
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[00423] The use of the Ogluc variants as a transcriptional reporter was examined. To
generate a transcriptional reporter of cAMP, hRL and 1V were sub-cloned using methods known
in the art into a modified pGL4 vector (Promega Corp.) containing a barnasc scquence, which
was replaced by the DNA fragment of interest. The leader sequence of the modified pGL4
contained a minimal promoter and a cAMP-response element (CRE; SEQ ID NO: 96), so that
upon. stimulation with a cAMP agonist such as forskolin (FSK), cells accumulating cAMP
activated the reporter and generated iuminescence. In this experiment, 2 ng DNA of either the
hRL or IV wranscriptional reporter construct was used to transfect HEK293 cells as described in
Example 25. At 24 hrs post transfection, the cells were treated with 100 gM FSK. Cells that
were not treated with FSK were used as a control. After 6 hrs, a reporter reagent was added to
treated and control cells. For hRL, the reporter reagent was Renilla-Glo™ reagent (Promega
Corp.). For IV, the reporter reagent contained | mM CDTA pH 5.5, 150 mM KCL, 16 mM DTT,
0.5% TERGITOL® NP-9 (v/v}, 20 uM coelenterazine-h, and 150 mM thiourea. After 10 min,

haminescence was read on a Varioskan® Flash (Thermo Scientific).

[00424] FIG. 55 shows the normalized luminescence of HEK293 cells containing the hRL
{“Renilla™) or IV transcriptional reporter treated (“+FSK’™) or not treated (“-FSK™) with FSK.
The response, i.e., fold-induction or fold-increase (“FOLD™} in luminescence was determined by
dividing the luminescence from the treated cells (+FSK) with the luminescence from the control
cells (-FSK). As shown in FIG. 55, the response for hRL was <50, while for IV it was >300,

demonstrating the use of TV as a transcriptional reporter,
[004251 5. 988 and 9BS opt

[00426] The use of variants 9BE and 9BE opt as a transcriptional reporter was also examined
and compared to BRL and Luc2 transcriptional reporters as previously described for the IV
transcriptional reporter with the following modifications. Transcriptional reporters of cAMP
containing either variants B8 or 9B8 opt were gencrated ag described above. After 6 hrs of FSK
imduction, the media was removed from the cells and replaced with 100 pl of the lysis buffer
described in Example 25 creating a tysate. The lysate of transfected cells treated with or without
FSK were assayed for luminescence as described in Example 25. 10 pl of the Luc2 lysate was
assayed with 50 uL of BRIGHT-GLO™ Luciferase Assay Reapent. 10 pL of the hRL lysate wag
assayed with 50 L of lysis buffer containing 20 uM native coelenterazine. 10 uL of the variants

9BE and 9B opt lysates were assaved with 50 pL of lysis buffer containing 20 uM PBI-3939.

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

9B8 opt, hRL., or Luc2 franscriptional reporter treated (“induced™) or not treated (“basal”™) with
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FSK. Thé response, ie., fold-induction or fold-increase (“fold”) in luminescence, was
determined by dividing the induced luminescence by the basal luminescence (FIG. 56).
Although the fold induction values arc similar for cach of the reporters except Luc2, the
luminescence generated by the induced 9BR opt transcriptional reporter was approximately 2.5
logs higher than the induced Renilla transcriptional reporter and approximately 1.5 logs higher
than the Luc2 transcriptional reporter. FIG. 56 demonstrated the use of 9BR and 9BR opt as

transcriptional reporters.
6e428] C. 988 optand 9B8 opt+E33N

[00429] The variants 9B8 opt and 9B8 opt+tK33N were compared in a lytic transcriptional
reporter assay. The variant 9B opt+K33N was cloned using methods known in the art into a
pGL4.29 vector (Promega Corp.), which contains a cyclic AMP response clement (CRE). The
OB& opt+K33N transcriptional reporter was tested and compared to the 9B opt transcriptional
reporter as described above in HEK293 cells. 30 and 100 ng of plasmid DNA containing the
transcriptional reporter versions of the variants were used to transfect HEK293 cells. The cells
were induced with FSK for 5 hrs prior to measurement for luminescence. Celis were lysed with a
lysis buffer containing 1 mM CTDA, 150 mM KC1, 2 mM DTT, 100 mM MES pH 6.0, 35 mM
thiourea, 0.25% TERGITOL® NP-9 (v/v), and 10 mg/mlL 2-hydroxypropyl-B-cyclodextrin.
Luminescence was measured on a TECAN® GENIOS™ Pro luminometer. The lysatc was
agsayed with the lysis buffer containing 20 uM PB1-393%9. FIG. 57 shows the normalized
iuminescence {transfection corrected) of HEK293 cells expressing the 9B8 opt or $B8 opt+K33N
transcriptional reporter construct treated (“Induced”) or not treated (“Basal”) with FSK. As
shown in FIG. 57, the fold-induction for 9B& opt was 360 when 30 ng of DNA was used for
transfection and 109 when 100 ng was used for transfection, while the fold-induction for 9BR
opt+K33N was 275 and 147, respectively. When higher amounts of DNA were used for

transfection, K33N provided a greater response.
[6o430] D. L27V

[006431] 1. L27V was cloned into & reporter vector as described in C of this Example
containing & 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. Luminescence was
measured as previously described using the assay reagent with 20 uM PBI-3939 (FI1GS. 58A-C).
The reporter constructs were all validated in HEK293, Hela, NIH3T3, U208 and Jurkat cell

Lines (data not shown).
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[00432] 2. L27V02 and L27VO2P (containing a PEST sequence; SEQ ID NO: 323) were
cloned into & reporter vector (pGL4.32 based) as described in C of this Example. Other Ogluc
variants containing a PEST sequence include L27V01-PEST00 and L27V03-PEST02 (SEQ ID
NQOs: 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 uM PBI-3939 (FIGS. 59A-B).
Various other reporter constructs were also created and tested in various cell Iines (FIGS, 59C).
FIG. 59A shows the full dose response for the CRE system in HEK293 cells. FIG. 59B
summarizes FIG. 59B. FIG. 59C summarizes the data in FIGS. 59A-B and shows the same type
of data for the NFkB response element. Both CRE and NFkB report constructs were examined in
HEK293, Hel.a, HepG2, Jurkat, ME180, HCT116, and U208 cell lines,

[00433] 3. HEK293 cells (0.9x106 cells in a T25 flask) were transfected with pNFkB-L27V
secretion construct (SEQ ID NOS: 463 & 464; wherein the IL-6 secretion sequence (SEQ 1D
NOs: 461 and 462) replaced the native OgLuc secretion sequence SEQ TD NO: 54), Metridia
longa (Clontech), pNFkB-L27V (native secretion sequence; SEQ ID NOs: 465 and 466) or firefly
luciferase (Luc2; pGL4.32-based) plasmid DNA uwsing 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 mlL
DMEM with 10% FBS, 1X NEAA and 1X sodium pyruvate. 100 pL 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 our without TNFo. (serially diluted). To assay for secretion, at 3 and 6 hrs, 5
ul. of media (in triplicate) was removed from the cells, brought to 50 pL with PBS and mixed
with 50 nl. assay reagent (as previously described with 100 pM PBI-3939). Luminescence was

measured at 0 and 10 min as previously described (FI1G. 69).

[00435] For measuring Metridia longa luciferase activity, the Ready-To-Glow™ Secreted
Luciferase System (Clontech) was used according to the manufacturer’s protocol. Briefly, 5 ul
Ready-to-Glow™ reagent was added to 5 ul of sample and 45 puL. of PBS. Luminescence was

measured immediately after reagent addition (FIG. 60).
[00436] £ L27V optimized variants.

[00437] Plasmid DNAs (pGL4.32-L27V00, pGL4.32-L27V01, pGL4.32-L.27V02, p(GL4.32-
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.

[60438] 300 ul. of DNA transfectidn mixturc was then mixed with 6 mL of Hela cell
suspension (2x10° cells/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
W TNFo in DPBS with BSA was added to the wells and incubated for 4.5 hrs at 37°C, 5% COs.
Six wells were given vehicle only. The cells were then allowed to equilibrate at room
temperature for 20 min, and then 100 ul. assay rcagent (as previously described with 100 uM
PBI-3939) was added. To cells expressing Luc2 or receiving vehicle only treatment, 100 pL of
the ONE-GLO™ Luciferase Assay Reagent was added. Luminescence was measured 12 min
post-assay reagent addition as previously described. FIGS. 61A-B shows the absolute
luminescence, FIGS. 61C-D shows normalized luminescence and FIGS. 61E-F shows fold

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

[60439] To demonstrate the ability of the Ogl.uc variants of the present invention to be used
as transcription reporters, the Ogluc variant 9B 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

franscriptional reporicrs.

[004401 Forward Transfection

—d FTT

[00441] Transcriptional reporiers containing the cAMP response element (CRE) and 9B8 opt
or 9B& opt further comprising the PEST protein degradation sequence (9B8 opt-P) were prepared
in the pGL4.29 (Promega Corp.) backbone, i.e., the tuc2P gene of the pGL4.29 vector was
replaced with 9B9 opt (SEQ ID NO: 24) or 9BR opt-P (SEQ ID NO: 65). pGL4.29 was used as
a control/benchmark.

[60442] HEK?293 cells were plated at 15,000 cells/well in six 96-well tissue culture plates.
Cells were grown in 100 uL of DMEM + 10% FBS + 1X non-cssential amino acids (NEAA) and
incubated ovérhight at 37°C. The cells were transiently transfected with either 10 ng or 100 ng
plasmid DNA/well of pGL4.29 9BS opt, pGL4.29 9B8 opt-P, or pGL4.29. Plasmid DNA was
mixed with 850 pL of OPTI-MEM® (Invitrogen) and 32.4 puL of FUGENE® HD transfection

reagent {(Promega Corp.) and incubated at room temperature for 10 min, Eight uL 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] Foliowing incubation, 10 nM or 10 pM FSK (from a 10X stock) in OPTI-MEM® was
added to the cells and incubated for 3 hrs at 37°C. A lytic reagent containing 100 mM MES pH
6.1, 1 mM CDTA, 150 mM KCi, 35 mM thicurea, 2 mM DTT, 0.25% TERGITOL® NP-9 (v/v),
0.025% MAZU® DF 204, and 20 pM PBI-3939 was added to the cells containing pG1.4.29 9B8
opt or pGL4.29 9BR opt-P and allowed to incubated for 10 min at room temperature (100 pL.
Iytic reagent added to 100 pL cells). ONE-GLO™ assay reagent (Promega Corp.) was added to
cells containing pGL.4.29 and used according to the manufacturer’s protocol (100 pl. reagent
added to 100 uL cells). Luminescence was measured on a GLOMAX® Luminometer. Tabie 26
shows the luminescence of the HEK293 celis expressing the transcriptional reporters containing
CRE treated with 10 nM (“baseline”) or 10 mM FSK, and the response to FSK (ie., the
luminescence generated by the 10 mM FSK treated cells divided by the luminescence generated
of the 10 nM FSK {reated cells.)

[60444] The results shown in Table 28 indicate that 9BE opt and 9B8 opt-P were brighter than
tuc2P, and that all the luciferase reporters responded to FSK when 100 ng of DNA was used for
the transfection. However, when only 10 ng of DNA was used for the transfection, the

luminescence for the luc2P reporter was below the detection level for the luminometer.

Table 28: Transcriptional Reporters Cantéining CRE in HEEK293 Cells (3 k timepoint)

100 ng DNA for transfection 10 ng DNA for transfection
Reporter
) RLU RLU ,
construct | paseline | Response | baseline Response
' (10 mM FSK) (10 mM FSK)
9B8 opt 3,078,418 | 104,687,723 34 192810 | 12,926,465 67
9B opt-P | 122,071 20,544,753 168 11179 1,353,459 121
luc2P 356 5,293 15 0 0 -
[60445] Reverse Transfeciion
[00446] Transcriptional reporters containing the antioxidant response element (ARE) and 9B8

opt or 9BS opt-P were prepared in the pGL4.29 (Promega Corp.) backbone, i.c., the luc2P gene
of the pGL4.29 vector was replaced with 9B9 opt or 9B opt-P, and CRE was replaced with 2X
ARE (SEQ ID NC: 66) using methods known in the arts.
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[00447] HEK293 cells were trypsinized (T73 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 pl transcription reporter DNA (100 ng) and 36 pl. FUGENE® HD transfection
reagent together and incubated at room temperature for 35 min. Following incubation, 624uL of
the transfection/reporter DNA mixture was added to 12 mL of cell suspension and mixed by
inversion. After mixing, 100 ul. 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; 1 uM (“baseline” or 20 uM) or sulphoraphane, (an organosulfer
antioxidant known to activate Nif2; 1 pM (“baseline”) or 20 uM) in OPTI-MEM® was added to
each well and incubated at 37°C for 24 hrs. Cells were lysed with 100 ulL. lytic reagent as
described above for the forward transfection. Luminescence was measured on a GLOMAX®

Luminometer,

[00448] Table 29 shows the fuminescence of the HEK293 cells expreséing the franscriptional
reporters containing ARE treated with 1 uM (“baseline™) or 20 uM sulphoraphane and the
response to sulphoraphane (i.e., the luminescence generated by the I uM 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 transcriptionai réporters containing
ARFE freated with I pM (“bascling™) or 20 uM tBHQ, and the response to tBHQ (i.e., the
luminescence generated by the 1 uM tBHQ treated cells divided by the luminescence generated
of the 20 uM tBHQ treated cells). Tables 29 and 30 show that 9B8 opt and 9BE opt-P couid
report the presences of two different known stimuli for ARE.

Table 29: Transcriptional Reporters Containing ARE in HEK2923 Cells (24 h time point)

_ 100 ng DNA for tranéfecti.on
Reporter construct
baseline _ RIU (20 mM sulphoraphane) Response
9B8 opt 15,600,000 89,600,600 58
GBSY 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 tBH(Q) Response

GBS opt 15,100,000 120,000,000 8
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OBE& opt-P 317,238 8,460,000 27

[00449]  Bulk Transfection

[004507 The transcriptional reporters containing CRE and 9B% opt or 9B8 opt-P described in
the forward transfection were used in the bulk transfection of HEK293 and NIH3T3 cells.
Transcriptional reporters containing the heat shock response element (HRE; SEQ ID NO: 67) and
9B8 opt or 9B8 opt-P were prepared in the pGL4.29 (Promega Corp.) backbone, .., the luc2P
gene of the pGL4.29 vector was replaced with 9B9 opt or 9BE 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 Hel.a celis

[80451] HEK293, NIH3T3, or Hela celis 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
medium (DMEM + 10% FBS + IX NEAA + 1X sodium pyruvate) for HEK293 cells, 3x10°
celis/well in 3 mL complete medium (DMEM + 10% fetal calf serum (FCS) + 1X NEAA+IX
sodium pyruvate) 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.

004521 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 NIH37T3 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 brs (Hela), Cells were then trypsinized and resuspended in medivm (DMEM +
10% FBS + 1X NEAA + 1X sodium pyruvate for HEK293 cells, DMEM + 10% FCS + 1X
NEAA + 1X sodium pyruvate for NIH3T3 cells, or DMEM + 10% FBS + IX NEAA for Hela
cells), followed by plating to the individual wells of a 96-well plate (20,600 cells/100 sl for
HEK293, 10,000 cells/100 L for NIH3T3, or 13,000 cells/ul. for HeLa) and incubated at 37°C

overnight.

[004531 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 concentration 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. Celis were lysed with 100 pL lytic reagent as described above for the

forward transfection. Luminescence was measured on a GLOMAX® Luminometer.

[00454] Tabie 31 shows the luminescence of the HEK293 celis expressing the transcriptional
reporters containmg 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 responsc to 17-
AAG.

[00455]
presence and stimulatory effects of FSK on CRE in the context of two different cell lines,
HEK293 and NIH3T3, and 2) 9B& optP can report the presence and stimulatory effects of 17-
AAG on HRE in the coniext of HeL.a cells.

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

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

100 ng DNA for transfection
Reporter construct

baseline RLU (10 mM FSK) Response
9BS opt 39,700,000 654,060,000 16
9BE opt-P 3,960,000 460,000,000 116

Table 32: Transcriptional Reperters Containing CRE in NIH3T3 Cells (4 b time point)

100 ng DNA for transfection
Reporter construct

baseline RLU (10 mM FSK) Response
9BE opt 9,187,000 23,600,000 2.6
9BS opt-P 410,461 3,720,000 9

Table 33: Transcriptional Reporters Contaiping HRE in Hel.a Celis (6'h time point)

Reporter construct

100 ng DNA for transfection

baseline

RLU (I mM 17-AAG)

Response

9B opt-P

278,118

3,204,000

12

Example 38 - Lytic and Secretable Reporter in Difficult to Express Cells
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[00456] HepG2 cells, 1x10° cells/ml. in a cell suspension, were reverse transfected with
plasmid DNA (pGL.4.32 backbone; Promega Corp.) containing L27V02, luc2P (Promega Corp.),
tuc2 (Promega Corp.) or L27V02-IL6 (L27V02 with the native secretion sequence replaced with
the [1-6 secretion sequence, (“IL601-L27V02A™;, SEQ ID NO: 324) using FUGENE® HD
according fo the manufacturer’s instructions (1:20 DNA-transfection mixiure to cells). 100 pL
cell suspension was then plated into welis of a 96-well plate and incubated for 22 hrs at 37°C, 3%
€O, Other Ogluc constructs which have the native secretion sequence replaced by the IL-6
secretion sequence include IL601-L.27VO1 and [L602-L27V03 (SEQ ID NOs: 321 and 327,

respectively).

[004577 For secretion analysis, the media was removed from the cells, and the cells washed in
100 pbl. DPBS. 100 uL complete media (DMEM + 10% FBS+ 1X NEAA) was added along with
varying doses (1 pg/ml — 100 ng/mb) of thTNFo (“TNFo”) for 4.5 h. 16 pL of the media was
then removed, added to 90 pl complete media, and 100 ul assay reagent (as previously
described; 100 pM PBI-3939) added. Luminescence was measured as previously described
(F1G. 62A).

[00458] For lytic analysis, following plating, the cells were incubated for 4.5 hrs at 37°C, 5%
CO;. The cells were then allowed to equilibrate to room temperature for 20 min, Assay reagent
(as previously described; 100 uM PBI-3939) was added to the cclls, and [uminescence measured
as previously described (FIG. 62B).

Example 39 - Additional lytic reporter features

[60459] The Ogluc variants of the present invention in the context of a cell-based, Iytic
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 - Maminalian cefl transfections

(004607 The Ogluc variants of the present invenfion were used as reporters in difficult fo
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
hluminescence when transfection efficiency is low. The Ogluc variants can also be used as
reporters in cells that are especially sensitive to conditions associated with transfection, i.e., DNA
concentration, transfection reagent addition., Due to the brightness of the Ogluc variants, an

adequate level of luminescence can be achieved using lower DNA concentrations, less

128



transfection reagent, and perhaps shorter post-transfection times prior to beginning an assay.
This will place less of a toxicity burden on what would otherwise be sensitive cells. The bright
luminescence of the Ogluc variants should also allow for a signal to be detected at very long
time points in the event such an output is desirable. As another example, the OgLuc vanants
could be used as reporters for single copy native promoters, e.g., HSB thyrudylate kiase (TK)
promoter, HOX genes, or LIN2E,

Exampie 41 - Stable cell lines

[004617 The identification of robust, stable cell lines expressing an Ogluc variant of the
present invention, either in the cytoplasm or as a secreted form, can be facilitated by the bright
signal of the luciferase and the small size of the OgLuc gene. The relatively small gene sequence
should reduce the likelihood of genetic instability resulting from the integration of the foreign
DNA.

[00462] To generate stable cell lines using an Ogluc variant of the present invention, plasmid
DNA comprising & nucleotide sequence for an OglLuc variant and a selectable marker gene, e.g.,
neomycin, hygromycin, or puromycin, is used to transfect a cell line of interest, ¢.g., HEK293
cells. Cells of an early passage number, e.g., less than 10 passages, afe plated into T25 (1x10%)
or T75 (3x10°%) tissue culture flasks and allowed to grow overnight to approximately 75%
confluency. Celis are then transfected using the above plasmid DNA and an appropriate
transfection reagent, ¢.g., TRANSIT®-LT1 or FUGENE® HD. Forty-cight hrs post-transfection,
the media is replaced on the cells with selection media containing the selection drug, e.g., G418,
hygromycin or puromycin, at a concentration previously determined to kill untransfected cells.
Selection of cells containing the plasmid DNA occurs over 2-4 weeks. During this time, the cells
are re-plated in selection media at various concentrations into either T25 or T75 tissue culture
flasks. The media on the re-plated cells is replaced every 3-4 days for 2-3 weeks with fresh
sclection media. The flasks are monitored for the formation of live cell colonics. Eventually, the

flasks will contain many large celonies and few dead cells.

{00463] From the pool of stable colonies in the flasks, single colonies are isolated and
expanded into a single 24-well tissue culture plate. Briefly, cells are harvested using the
trypsin/EDTA method, 1.e., cells are harvested by removing media, rinsing with Ca™™ and Mg™
free PBS and detached by treatment with Trypsin/EDTA. The cells are counted using a
hemocytometer and diluted 1x10° in complete media. The celis are then diluted to 100 cells/mL,
33 cells/mE, 10 cells/mL, and 3.3 cells/mL in complete media. 100 pL of cach dilution is plated
into all wells of 96-well tissue culture plate (1 plate for each dilution) and allowed to grow 4-5
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days after which 50 pL of selection media is added fo the cells. 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 arca.
When a colony is ready for expansion and screening, colonies are harvested using the
trypsin/EDTA method. Each colony is transferred to selection media as follows: 1) Dilute 1:10
into 6 wells of a 96-well agsay plate for functional assay, e.g., luminescence detection; 2) Dilute
1:10 into 3 wells of a clear bottorm 96-well assay plate for cell viability assay, e.g., CELLTITER-
GLO® Luminescent Cell Viability Assay (Promega Corp.); and 3) Dilute 1:10 into a 24-well
tissue culture plate for expansion. Cells in the plates for the functional and cell viability assay
are then grown 2-3 days and the functional and cell viability assays performed. Positive clones
in the 24-well plate are further tested with the functional and cell viability assays as weli as for
stability of expression and response for at least 20 passages, normal growth rate morphology, and

frozen for future use at the earliest possible passage.
Example 42 — OgLuc Secretion Signal Analysis
[00484] 4. Vopt

{00465] The wild-type OgLuc is processed after synthesis into a mature protein with the
secretion signal sequence cleaved off. To determine if the secretion signal sequence would
facilitate secretion of the OgLuc variant, the TV opt variant of Example 25 and hRL were cloned
into pF4Ag containing an N-terminal OgLuc secretion signal (SEQ ID NO: 54). HEK293 celis
(15,000) in 100 ;LL Puilbecco's Modiﬁcd Eagle's medium (“DMEM™} with 10% fetal bovine
serum (FBS) were transfected as described in Example 25 with 100 ng of plasmid DNA, iec.,
BRL or IV opt with or without the secretion signal and grown overnight at 37°C. 50 uL 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 gencrate a “lysate” sample. 10 pL of media sample and 10 pL of lysatc sample
were agsaved for luminescence (FIG. 63). Samples for hRIL with (“Renilla sig”) or without
(“Renilla™) the OgLuc secretion signal sequence were measured using 50 pl of lysis buffer
containing 20 uM native coelenterazine. Samples for IV opt with (“IV opt sig”) or without (“TV
opt”) the OgLuc secretion signal sequence were measured using 50 uL of lysis buffer containing
20 uM PBI-3939,

1004661 In FIG. 63, the filled bars represent the amount of light that was detected from the
media in the absence of any Iytic reagent. The open bars represent the total light (secreted + non-

secreted) that was detected upon addition of a Iytic reagent. FIG. 63 shows that IV opt was
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secreted from HEK293 cells mto the growth media and that the secretion signal sequence was
functional in mammalian cells. “IV opt sig” represents the only situation where a significant
amount of Tuciferase was detected in the media. The results also indicate that this particular

signal pepiide did not facilitate secretion of RRL.
[00467] B. 9BS, VZand L27V

[00468] To determine if the secretion signal sequence of OgLluc facilitates its secretion, the
OglLuc variants 9B8, V2 and L27V were cloned into pF4Ag containing an N-terminal Ogluc
secretion signal sequence. The variants were also cloned into vectors without the secretion signal
sequence. CHO or Hela cells were then plates at 100,000 cells/well in 1 mL F12 media with
10% FBS and 1X sodium pyruvate (CHO ceils) or DMEM with 10% FBS and 1X sodium
pyruvate (HeLa cells) into 12-weil plates and incubated overnight at 37°C, 5% CO,.

[00469] After the overnight incubation, the celis were transfected with lpg plasmid DNA
containing 9BR, V2, or L27V with or without the sccrction signal scquence using the
TRANSIT®-LT!] transfection reagent (Mirus Bio) and OPTI-MEM® media (Invitrogen). The

celis were agaiﬁ incubated overnight at 37°C, 5% CO,.

[00470]  After the second overnight incubation, the media was removed and saved for analysis.
To the cells, 1 mL of assayl buffer (1 mM CDTA, 150 mM KCi, 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 uL of cell lysate or saved media from each sample, 50 pL assay buffer with 40 uM PBI1-3939
was added, and luminescence measured as described above. FIGS. 64A-D demonstrates that

OBE&, V2 and 127V variants can be used in a sccretable system.

[00471] To deiermine the stability of the secreted varianis, 156 uL 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 at -20°C until assayed. To assay
for stability, the media aliquots were thawed to room temperature, and 10 gl 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 (tsg) determined (Table 34).

Table 34
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sample . 421fe 37C [days)

988 8
2 10
L2y 17
O sampe 412 fife 50C (hours)
9BS

v

L2V 11

[00472] €. 9B8 and V2 comparison to secreted luciferase of Metridia longa

[00473] The secretion of the Ogluc variants 9B8 and V2 was compared to that of the secreted
luciferase from Metridia longa. CHO cells were plated at 300,000 cells/weli in 3 mL F12 media
with 10% FBS into wells of 6-well plates and incubated overnight at 37°C, 5% COs. The cells
were then transfected with either 10 or 100 ng of each variant or Metridia luciferase (Clontech)
plasmid DNA using TRANSIT®-LTI according to the manufacturer’s instructions and incubated
for 20 hrs at 37°C, 5% 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 PBI1-3939). For Merridia luciferase, the media was assayed using
the Ready-to-Glo™ Secreted Luciferase Reporter System (Clontech) according to the
manufacture’s protocol. Briefly, 5 uL of the 1X substrate/reaction buffer was added to 50 uL. of

media sample. Luminescence was then measured as previously described (FIGS. 65A-B).
Example 43 — Evaluation of OgLuc Variants and Novel Coelenterazine in Live Cells

[00474] A. The use of Ogluc variants and PBI-3939 in live cells was examined. HEK293
cells were plated in 96-well plates at 15,000 cells/weli 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 uM VIVIREN™ Live Cell Substrate
(Promega Corp.), 60 uM ENDUREN™ Live Cell Substrate (Promega Corp.}, or 60 uM PBI-
3939 for both hRL and 9BS& opt transfected cells. Non-transfected cells were used as background
control. The plate was incubated at 37°C during the course of one day and periodically measured
on a TECAN® GENIOS™ Pro luminometer, i.¢., 11 times over the course of 24 hrs. FIGS.
66A-B shows the luminescence of the transfected cells divided by the luminescence of the non-
transfected celis for each of the substrates, i.e., the signal to background ratio. The data shows
that 9B§ opt generated luminescence in & 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 OgLuc variant, and generate luminescence, thus making

it compatible with use in a live cell assay.

[80475] B. To demonstrate live cell analysis using the Ogluc variants, L27V was fused to
HALOTAG® and expressed and monitored in live cells, U20S cells were plated at 40,000
cells/ml. into imaging chamber wells and incubated overnight at 37°C, 5% CO,. Cells were than
transfected using FUGENE® HD according fo the manufacturer’s protocol with the plasmids
pFCI4K, pEN21K or pF4Ag (all Promega Corp.} containing 127V or pF4Ag containing 127V
with the native or 1L-6 secretion scquence. Cells were then incubated for 24 hrs at 37°C, 5%
COs.

[00476] Following incubation, the cells were exposed to HALOTAG® TMR ligand (Promega
Corp.), imaged, and fixed. Immunocytochemistry (ICC) was then performed according to the
ICC protocol in the HALOTAG® Technology: Focus on Imaging technical manual (Promega
Corp.; TM260). The primary antibody used was a polyclonal rabbit, anti-Ogluc 9B& antibody
{(1:1000). The secondary antibody used was an Alexa 485 conjugated secondary antibody {green)
(FIG. 67A). FIG. 67A shows green fluorescent chanmel and FIG. 67B shows the differential
nterference contrast (DIC), Images were acquired using an Olympus Fluoview FV500 confocal
microscope (Olympus, USA) outfitted with a 37°C + CO2 environmental chamber {Solent
Scientific Ltd., UK).

004771  FIGS. 67B-D shows the ICC images with native or IL-6 sccretion sequence. Both
signal sequences dramatically decrease the amount of enzyme in the nucleus. The punctuate
nature of the iabeling in the cytoplasm is mdicative of vesicle formation expected to occur during
the secretion process. The data demonstrates that the presence of 2 gignal peptide reduces the

amount of luciferase in the nucleus.

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

variant, and generate luminescence.

[006479] In 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 modifications known to increase the stability of native coclenterazine 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-
ternminus of an OgLuc 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 - Proteln fusion reporters

[00480] The OglLuc variants of the present invention can be used as fusion tags for a target
protein of interest as a way to monitor intracelluiar levels of that target protein. Specific proteins
involved in stress response pathways, ¢.g., DNA damage, oxidative stress, inflammation, can be
monitored in cells as a way to probe the role various types of stimuli may piay in these pathways.
The variants can also be used as a means to monitor cellular trafficking of a target protein. The
variants can alse be fused to viral genomes (e.2., HIV, HCV) so that titer levels, i.¢., infectivity,
can be monitored m cells following treatment with potential antiviral agents. The variants can
also be fused to green fluorescent protein (GFP) or HALOTAG® (in addition to a target protein)
so that FACS could be used to identify high expression clones and to provide lécélization

mformation.
Examptle 45 - Evaluation of Ogluc Variant in 3-Component Fuasion Protein (“Sandwich™)

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

based on BRET.
[00482] A, Cl+4AE, IV, 9BS and 9F6

[00483] The OgLuc variants C1-++4AE (SEQ 1D NOs: 55 and 56), IV (SEQ 1D NOs: 57 and
58), 9B8 (SEQ ID NOs: 61 and 62), and 9F6 (SEQ ID NOs: 63 and 64), and hRL (SEQ ID NOs:
32 and 33) were cloned into a pF4Ag fusion vector with an N-terminal Id (Benezra ef al., Cell,
61(1):49-59 (1990)), known to be a poor fusion partner, and a C-termunal HT7, whach was used
for normalization. The gene of interest was “sandwiched” between Id and HT7, ie., Id-
Luciferase-HT7. E. coli lysates, containing the variant constructs in pF4Ag or pF4Ag sandwich
background, were prepared as described in Example 26 and then assayed with 20 pM native

coelenterazine in the buffer described in Example 25,
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[00484] FIG. 68 shows the luminescence for cach 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 vanant in pF4Ag by the
luminescence of the variant in the pP4Ag-sandwich. Samples with the largest values showed the
most sensitivity to the poor fusion partner Id. The variant 9B8 was the brightest in the sandwich

context.
[08485] B. 9B8 OPT AND 9B8 OPT+K33N

[00486] The variants 9BR opt and 9BS opi+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 buffer and luminometer as used for generating FIG.
40. FIG. 70 shows the fold-decrease in the presence of a sandwich background indicating that

9BR opt+K33N is less sensitive to the poor fusion partner Id than 9BX opt.
[004871 (. 23D2 and 24C2

[00488] Variants 23D4 (NF) and 24C2 (NF) were subcloned into the 1d-Ogluc-HT7 sandwich
background and assayed i E. celi. The sandwich variants, 23D4 (F) (SEQ 1D NOs: 76 and 77)
and 24C2 (F) (SEQ ID NOs: 78 and 79) were compared to 9B8 opt+K33N in the sandwich
background (SEQ D NO: 59 and 60). Table 35 shows the variants had at least the same

AR

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

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

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

23D4 (F) | G26G, M106L, R112R, 170G | 1.0
24C2 (F) | R11Q, T39T, 170G 1.0

[00489] D. IF7and I5H!

[006490] The PCR library in the Id-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 NIH37T3 cells. Table 36 shows

the fold—inérease in luminescence of the sandwich variants in £. 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 £. cofli. 1F7
(F) was brighter than 9B8 opt+K33N in the sandwich background in HEK293 and WIH3T?3 cells.

Table 36: Increase in Luminescence Generated by OgLuc Variants Compared to 9B8
opt~K33N in Sandwich Background

Fold over 9B8 opt+K 33N sandwich
Sample Sequence

E. coli HEK293 NIH3T3
1F7 (F) K43R, Y68D 1.9 2.4 1.4
15H1 {F) | D19D, S66N 1.5 0.9 1.2

[00491] The sandwich variants were subcloned into the pF4Ag-based non-fusion background
vector to generate 1F7 (NF) (SEQ 1D NOs: 80 and 81) and 15H1 (NF) (SEQ ID NOs: 82 and 83)
and were analyzed as described above and compared to 9B8 opt+K33N. Table 37 shows the
fold-increase i luminescence of the variants in E. coli, HEK293 and NIH3T3 cells. 1F7 (NF)
and 15H1 (F) had at least 1.3 fold-increase in luminescence in E. coli and HEK293 cells.

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

Fold over 9B8 opt+K33N + 170G
Sample . Sequence

E. coli HEK293 NIH3T3
IF7(NF) | K43R, Y68D 1.5 1.5 1.1
15H1 (NF) | D19D, 866N Hd 1.7 1.2

[60492] E. 72, 988 opr+K33IN+L27V+K43R+Y68D, 9B
opt+K3IN+L27V+T39T+K43R+S66N and L27V

[00493] The variants 9B8 opt+tKIZN+TIIT+K43R+Y6EED (“V27, SEQ ID NOs: 92 and 93),
9B8  opt+K33N+L2Z7V+K43R+Y68D (SEQ ID  NOs: 339 and  340), 9BS
opttK33INFL27V+TIOT+HK4A3R+S66N  (SEQ ID NOs: 341 and 342), and 9BS
opt+KANTL2TV+TIITHK43R+Y 68D (“L27V™; SEQ 1D 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 fuminescence generated by the sandwiched variants were

compared to the luminescence generated by the 9B9 opt+K33N sandwich (SEQ ID NOs: 59 and
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60) (Table 38). The L27V sandwich (SEQ ID NOs: 90 and 91) and V2 sandwich (SEQ ID NOs:
94 and 95) had at least 1.3X fold-increase in luminescence in HEK293 and NIH3T3 cells.

Taple 38: Increase im Luminescence Gemerated by Ogluc variants in sandwich

background compared to 9B8 opt+K33N in sandwich background

SampleNIHSBcei!sHEK%S
K33N Sand 1.0 1.0
T39T, K43R, Y6380 Sand 1.6 2.3
L27V, K43R, YB8D Sand 1.4 1.7
L27V, T39T, K43R, S66N Sand 0.7 0.7
.27V, T39T, K43R, Y88D Sand 1.4 1.7

[06494] The sandwich and non-sandwich versions of the wvariants V2, O9BE
opt+K33IN+L27V+K43R+Y68D, 9BE opt+K33N+L27VATIOTHEA3R-+S66N, and L27V were
agsaved in HEX293 and NIH3T3 cells as described in Example 37. The luminescence generated
by the non-sandwiched variants was compared to the luminescence generated by the sandwiched
variants (Table 39). The data shown in Table 39 indicates that the fold-decrease in luminescence

for the 9B8 opt+K33N sandwich was less in mammalian cells than in £. coli cells as shown in
FIG. 70.

Tabie 39: Fold-Decrease in Luminescence of the Ogluc Variants in the Presence of

Sandwich Backgronnd

Gample T i A cellsHEK 288
K33N 29 15
T39T, K43R, Y68D 20 - B
127V, K43R, YB8D 22 8
LZ7V, T38T, K43R, SE6N 25 12
L27V, T39T, K43R, Y&8D 18 8

Exampie 46 - Multipiexing

[00495] A. Lysates of E. coli expressing the variant 9B8 opt were prepared as previously
described in Example 27 and diluted 1000-fold in DMEM without phenol red + 0.1%
PRIONEX®. Luminescence from a sample containing 6.3 pg/ml of purified red chick beetle
luciferase and E. coli lysate expressing the variant 9B8 opt was detected using a modified
DUAL-GLO® Luciferase Assay System (Promega Corp.). DUAL-GLO® STOP&GLO®
Reagent confaining 20 uM 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.

[60496] TLuminescence was detected on a Turner MODULUS™ luminometer. Table 40
shows the average luminescence generated by the red click bectle luciferase (“click beetie™), and
- the luminescence generated by 9B8 opt (“Ogluc™) with coelenterazine-h (“coel 1) or PBI-3939
(“3939”). The standard deviation (*“+/-*) and coefficient of variance (“CV™) are also shown. A
“no 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™ controf yielded a 349-
fold quench. Table 40 shows that large luminescent signals from both the red click beetle and
OgLuc variant 9B8 was detected in a single sample. This demonstrates that cach signal can be
read sequentially in a two-step assay, and the signal from the first ecnzyme can be guenched

enough to not coniribute significantly to the signal from the second enzyme.

Table 40: “Average Luminescence Generated by the Red Click Beetle and 9B8 opt
Luciferases Using a Modified DUAL-LUCIFERASE™ Reporter Assay

1004971 B. To demonstrate that the multiplex reporter assay described above could be done in
reverse, i.e., OgLuc luminescence detected first, quenched and & second luminescence detected,
e.g., red click beetie or firefly luciferase, various Renilla luciferase inhibitors (see U.S. Published
Application No. 2008/0248511) were screened for their ability to also inhibit OgLuc. Two
different, previously identified, Renilla inhibitors, PBI-3077 and 1424, were added at various
concentrations (see Table 41) to E. coli lysate samples expressing the variant 9B (diluted as
above) and a buffer containing 100 mM MES pH 6.0, 1 mM CDTA, 150 mM KCl, 35 mM
Thiourea, 2 mM DTT, 0.25% TERGITOL® NP-9 (v/v), 0.025% MAZU® DF 204, and 20 uM
PBI-3935. Luminescence was measured as described previously except luminescence was
measured using the GLOMAX®-Multi Microplate luminometer (Promega Corp.; also known as
Tumner 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 Ogluc 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

conirol

[00498] (. The spectral resolution between OgLluc Variant L27V and firefly luciferase (Fluc)
was analyzed. Purified L27V (previously described; 9.54 pM) in DMEM without phenol red +
0.1% PRIONEX® was mixcd with assay reagent (previously described) containing 20 pM PBI-
3939, Purified firefly luciferase enzyme (QUANTILUM® Recombinant Luciferase; Promega
Corp.; 271 ng/mL) in the same media was mixed with a test reagent (100 mM HEPES, pH 7.4, 1
mM CDTA, 16 mM MgS0O4, 1% TERGITOL® NP-9 (v/v), 0.1% MAZU® DF 204, 5 mM ATP,
50 mM DTT, 333 uM 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
coclenterazine in Renilla Luciferase Assay Buffer, Luminescence was measured after 3 min for

1.27V and Fluc and after 10 min for Renilla luciferase (FIG. 71)

[00499] D. As another example, an Ogluc variant of the present invention could be used as
transcriptional reporter and paired with either acquorin or a cAMP circularly permuted firefly
huciferase biosensor (or both simultancously) to detect multiple pathways in a single sample, e.g.,
aequorin for the detection and/or measurement of calcium, the biosensor for the detection and/or

measurement of cAMP, and an OgLuc variant for monitoring of downstream gene expression.

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

include:

[06501] i) Transfecting celis with constructs containing an OgLuc variant of the present
invention and Firefly luciferase. After transfection, a first reagent could be added to lyse the
cells as well as provide the substrate to generate luminescence for the first luciferase,
Luminescence from the first luciferase would then be measured. A sccond reagent wouid then be
added to quench luminescence from the first huciferase 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 Ogluc variant could be measured first as high concentrations of

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

[00502] i) Tranmsfecting 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 cell substrate to generate luminescence for the first luciferase. Luminescence
from the first luciferase would then be measured. A second reagent would then be added to lyse
the cells, quench luminescence from the first luciferase and provide the substrate to generate
luminescence from the second luciferase, Luminescence from the second luciferase would then
be measured. This is similar to i) except cell lysis will further limit usage of the live cell

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

[00503] i) Transfecting cells with constructs containing an QglLuc variant of the present
invention and Firefly luciferase. After transfection, one reagent could be added which contamed
substrates to generate luminescence from both luciferases, but the luminescence from each
luciferase is spectralty different. The emission max of the Ogluc variants is approximately 460
nm, and certain substrates for Firefly luciferase, for example 5 -chloroluciferin and 5°-
methylluciferin, can vield an emission max of approximately 610 nm, Thercfore, although there
may be some overlap from the blue emission mto 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 mvolved.

[00504] iv) Transfecting cells with consfructs containing an Ogluc variant bf the present
invention and Firefly luciferase. After transfection, one reégent could be added which contained
live cell substrates to generate luminescence from both Iuciferases. The unique feature of this
example is that firefly luminescence tends to shift to red at live cell assay temperatures, ¢.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 Renilla luciferase. After transfection, a first reagent could be added to lyse the
cells as well as provide the subsirate 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 Iuciferase as well as provide the substrate to
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generate luminescence from the second luciferase. Luminescence from the second luciferase
would then be measured. The choice of which luciferase to measure first would only depend on
the ability to gquench the luminescence from the first luciferase with the sccond reagent. For this
example, inhibitors to guench either the Ogluc variant or Renilla luciferase luminescence would

need to be used.

[00506] i) Transfecting cells with constructs containing an Ogluc variant of the present
invention and click beetle luciferase. After wransfection, one reagent could be added which
contained substrates to generate luminescence from both luciferases, but the luminescence from
cach 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 127V variant were made: CP84 and
CP95. The number designation refers to the N-terminal residue (e.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 ID NOs: 105
and 106)) or a 5 (“CP84 5AA linker” (SEQ ID NOs: 99 and 100) and “CP95 5AA linker” (SEQ
ID NOs: 107 and 108), 10 (“CP84 10AA linker” (SEQ ID NOs: 101 and 102) and “CP95 10AA
linker” (SEQ 1D NOs: 109 and 1103, or 20 (“CP84 20AA linker” (SEQ ID NOs: 103 and 104)
and “CP95 20AA linker” (SEQ ID NOs: 111 and 112) amuno acid linker, {GSSGGn (SEQ 1D
NO: 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
“Hnker” 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 plate. After induction, the 8 wells from each sample were pooled,
and 10 uL kysed in 40 pl lysis buffer (100 mM MES pH 6.0, 6.3X PLB, 0.3 mg/mL lysozymse,
0.003 U/ul DNase 1, and 0.25% TERGITOL® NP-9 (v/v)). The lysates were thes 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 fysates or lysate dilutions were assayed in triplicate in 50 pL assay

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

Example 48 - Identifying Additional Sites fer Circular Permutation
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[00509] To identify additional CP sites, determine the impact of the CP sites on luciferase
activity and investigate the use of a “tether” between fragments, CP constructs were made with a
circular permutation made at approximately every 39 site (i.e., amino acid) of the L27V variant
(See F1G. 73E). One skilled in the art would understand that other sites, e.g., the I* and 2% site,
could also be tested and used in circular permuted Ogluc variants described herein using the

methods described here. For example, the 127V variant has been found to be particularty

tolerant to circular permutation, particularly situations in which a relatively large binding domain
is placed in between the permuted fragments {e.g. cAMP/RIIbB-based sensors). At each site, the

linker GSSGG-GSSGG-EPTT-ENLYFQS-DN-GSSGG-GSSGG (SEQ 1D NO: 328) was added.

The underscored sequence refers to a TEV protease recognition site. The purpose of the finker 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 tecognition 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 protein complementation assays (PCA) or

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

[00510] The activity that is seen prior to TEV cleavage represents how the two halves of the
variant enzyme behaves in a tethered state. TEV binding to the recognition sife causes cleavage,
thereby separating the two halves of the variant'enzyme. Samples that have been cleaved with
TEV would represent the un-induced state and provide an indication of how much background
could be expected. Lower activity after TEV cleavage indicates that the two halves cannot come
together without induction. Samples that show a large loss in activity after TEV cleavage
indicate sites that wﬁuld function in PCA and biosensor applications. In the case of PCA, the
two halves of the variant enzyme would be fused to binding partners that are able to come
together (tether) after an induced binding event. In the case of a biosensor, the two halves would
“tether” after a binding-induced conformational change occurs. One example for PCA would be
to fuse one half of L27V to FRB and the other half to FKBP. The two halves would be brought
into proximity with exposure to rapamycin (Banaszynski ez al., J. Am. Chem. Soc, 127(13):4715~
4721(2005)). One example of a biosensor application would be to insert a Cyclic AMP binding
domain (e.g., RIIbB) between the CP sites and induce a conformational change by binding of

Cyclic AMP to the binding domain.

[00511] Once cach CP L27V .construct was made, the CP enzyme was expressed in wheat
germ, E. coli and mammalian cells and digested with TEV protease to investigate luciferase

activity,
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[00512] 1. For analysis in wheat germ, the CP constructs were expressed using the TnT® 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 pL of TEV reaction reagent (5 uL 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 ull of the digested saraples were then added to 40
ul DMEM to a final volume of 30 pL and assayed in 50 pl assay reagent (as previously
described; 100 uM PBI-3939). Luminescence was measured as previously described (FIGS.
73A-D).

[60513] 2. For analysis in mammalian cells, HEK293 cells were transfected with the CP
L27V variants using a reverse transfection protecol. Briefly, 1 ng CP 127V plasmid DNA was
mixed with 1 pg camrier DNA and added fo cells in a well of a 12-well plate. Cells were then
incubated for 16 hrs at 37°C, 5% CO,.  Cell lysates were then prepared by removing the media
from the cells, washing them in 1X PBS, and adding | mL 1X PLB. Lysates were then diluted
1:10 in 1X PBS with 0.1% gelatin. 40 pL of the diluted lysate was then used in 2 TEV protease
digestion as described above. 10 ul. of the digestion was mixed with 40 ul. 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 E. coli, E. coli cultures expressing the CP L27V variants were
grown overnight at 30°C. These cultures were used (1:100 diluted in LB -+ antibiotic) to make
new starter cultures for eventual induction. The starter cultures were incubated at 37°C with
shaking for 2.5 hrs (ODsgo is approximately 0.5). Rhamnose (final concentration of 0.2%) was
added, the cultures moved to 25°C, and incubated with shaking for 18 hrs.

[00515] To create lysates, 50 pl 0.5X FASTBREAK™ Cell Lysis Reagent (Promega Corp.)
was added to 950 pL of induced cultures, and the mixtures incubated for 30 min at 22°C. 50 pL
of the Iysed culture was then digested with TEV protease as described above and incubated at

room temperature for 2 hrs.

[06516] For analysis, lysates were diluted 1:10,000 in HaloTag® Mammashan Purification
Buffer (Promega Corp.), and 50 puL assayed in 50 pL of assay reagent (as previously described;
100 uM PBI-3939). Basal and TEV induced luminescence wag measured at 5 min time points

(FIG. 73F) and the response (FIG. 73G) was determined as previously described.
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[06517] FIGS. 73A-D show the basal luminescence of various CP-TEV protease L27V
constructs expressed in wheat germ extract. FIG. 73E summarizes the derived CP variants that
responded to TEV protease (response is fold decreased), indicating that the CP variants can be
used as TEV sensors, i.e., they are indicative of “tether dependence.” Variants showing at least a
1.2-fold change were further validated as signification using Student’s Test (unpaired p values;
confidence level of 0.03). These results indicate that each CP variant is capable of generating

luminescence.

[60518] Various CP-TEV protease 1.27V constructs were expressed in HEK293 cells, The
reverse transfection protocol, previously described was used to transfect 1 ng DNA /well with 1
ug 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 T mL of 1X PLB. Samples were diluted
1:10 in 1X PBS+0.1% gelatin. 40 plL of the dilution sample was set up for TEV digestion. 10
uL of the digestion reaction was added to 40 pL of DMEM without phenol red and 50 pL of
PBI1-3939 as previousty described. FIG. 73H shows the fuminescence of the various CP-TEV

protease L27V constructs expressed in HEK293 cells.

[00518] The data in FIGS. 73A-H demonstrates that the L27V variant can be circularly
permuted at various sites, and different sites have different dependencies regarding tether fength.
The mammalian cell data and Wheat Germ data show similar fold reduction with TEV cleavage.
The CP L27V variants that are more dependent on the tether, e, are more sensitive to TEV
protease cleavage, are potential candidates for PCA. CP L27V vanants that are less dependent

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

{00520 Protein complementation assays (PCA) provide a means to detect the interaction of
two biomolecules, e.g., polypeptides. PCA utilizes two fragments of the same protein, e.g.,
enzyme, that when brought into close proximity with each other can reconstitute into a
functional, active protein. An OglLuc variant of the present inveniion can be separated into two
fragments at a site(s) tolerant to separation. Then, each fragment of the separated OgLuc vanant
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 reconsiitute 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

OglLuc variant can be used in a more general complementation system similar to lac-Z (Langley
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ef 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
compiement with another OgLuc variant fragment (“B”) can be fused to a target protein, and the
resulting fusion can be monitored via luminescence 1 a cell or a cell lysate containing fragment
B. The source of fragment B could be the same cell (either in the chromosome or on another
plasmid), or it could be a lysate or purified protein derived from another cell. This same fusion
protein (fragment A) could be captured or immobilized using a fusion between fragment B and a
polypeptide such as HALOTAG® capable of attachment to a solid support. Luminescence can
then be used to demonstrate successful capture or to quantitate the amount of material captured.
Methods for protein complementation can be carried out according to U.S. Published Application

No. 2005/0153310, incorporated herein by reference.
[80521] 1. 9B8 opt PCA constructs were made as follows:

[00522] -p9BSPCA 1/4 = pFSA/Met-[9B§ opt (51-169)]-GGGGSGGGSS-FRB (SEQ ID NOs:
331 and 332) & pF3A/FKBP-GGGSSGGGSG-[9BS opt (1-50)] (SEQ ID NOs: 337 and 338)

[00523] -p9BSPCA 1/2 = pESA/Met-[9BS opt (51-169)]-GGGGSGGGSS-FRB (SEQ ID NOs:
331 and 332) & pF5A/[9BS opt (1-50)]-GGGGSGGGSS-FRB (SEQ ID NOs: 333 and 334)

[00524] -p9BYPCA 2/3 = pF5SA/[9BS opt (1-50)-GGGGSGGGSS-FRB (SEQ 1D NOs: 333
and 334) & pFSA/FKBP-GGGSSGGGSG-[9BS opt (51-169)] (SEQ ID NOs: 335 and 336)

[00525] -p9BRPCA 3/4 = pF5SA/FKBP-GGGSSGGGSG-[9BS opt (51-169)] (SEQ ID NOs:
335 and 336) & pFSA/FKBP-GGGSSGGGSG-[9B8 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 ingtructions. The cells wers
then incubated overnight at 37°C, 5% CO, After wansfection, the media on the cells was
replaced with CO,-independent media with 10% FBS. Assay reagent with 20 uM PBI-3939 was
then added, and Juminescence measured on a Varioskan Flash at 28°C. 100 pM rapamycin was
then added to the wells, and luminescence continuousty measured for T 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).

[60527] 2. To demonstrate the use of the Ogluc variants in PCA, the L27V0O2A variant
fragments were complementated with FKBP or FRB, and the interaction between FKBP and

FRB measured.
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[00528]
“2/37 designates the variant complementation pairs where 1) the “old” C-terminus of L27V02A
{“old"=ortginal C-terminus of 1L.27V02A) is the C-terminal pariner of FKBP; and 2) the “old” N-

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

terminus of L27V02A 1is the N-termunal 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 “oid” C-
terminus of L27V02A is the N-terminal partner of FRB. For all constructs, FKBP was located at
the N-terminus of the 127V02A frapment, and FRB was located at the C-terminus of the
L27V02ZA fragment. For example, PCA constructs were made with split sites at position 157
(see Table 42, “2/3” and “1/4” #s 11 and 12 (SEQ ID NOs: 288-295)), 103 (see Table 42, “2/3”
and “1/4” #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 1D NOs; 343-426 and 428-
440) (See Table 21)

Table 42
-z SE “1/4"
1. FEBP—LZ7V 6-16% FHBPmm 27V 1-5
Z. LZ7V 1-5—FRE 2. L27V 6-169—FRE
3. PFROP—LZ7V 1Z-169 3. THBP—LZ7FV 1-11
4, L27V 1-11—FRR 4. LE7V12-169—FRE
5. FEBP—LZI7V 535-189 5 FRKEP—--LZ7V 1-54
G, L27V 1-B4--FRB & LZ7V BB-16%-wFRE
7. FKEBP—L27V 84-169 7. FRBP—LI?V 1-83
6. LIZITV 1-8§3~-FRA 8, L27V 84-16%--TRE
9. FHBP—LI7V 108-169 5, FHEBP—L27V 1-102
10, LETVY 1-102--FRB 10, LZ7V103-16Y--FRB
11. FRBP—L2Z7V L57-16% 11, FRBP—L2VV 1-156
12. LR7V 1-156—FRB 12, LAV ABR7-169-—FREB
“SZT “f 2
i FRBEP-wl27V &-159 $ FPRBP—L2YV 1-5
2. L27V 1-B-—FRB 2, L27V 6-169—FRB
3. PFKBP—L27V 12-169 % FEKBP—LZ7V 1-11
4. L27V 1-11—FERB 4. LIV 12-169—FREB
5. FEKBP—LZ7V BB-169 5. FEBP—L27V 1-G4
o, L7V L-54—FRB & L2Z7V 55-1l69—KFRH
7. FEBPwwL27V §4-169 7. FEBP-L27V 1-83
], LZ7V 1-853—FRR B L27V 84-169—FRB
4, FKBP—LZ7V 103-16Y% 9. FRBP—L27V 1-182

10, L27V 1-102—[FRE 10, LE7V 103-169-FRE
13, FEKBP— 27V 157-169
12, L27V 1-156—FRB

11, FEBP=L27V 1-15&
32, L27VEB7-16%-—FRB

146



Table 21

pCA constructs

SEQ 1D NO343 (pCA 31 pCA L27V02A 45-169 FRB)

SEQ ID NO344 (pCA 31 pCA L27V02A 45-169 FRB)

SEQ ID NO:345 (pCA 32 FKBP L2TV02A 1-44)

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

SEQ 1D NO:347 (pCA 33 pCA L2TV02A 46-169 FRB)

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

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

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

SEQ ID NO:351 (pCA 35 pCA L27V02A 100-169 FRB)

SEQ ID NQO:352 (pCA 35 pCA L27V02A 100-16%9 FRB)

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

SEQ ID NQO:354 (pCA 36 FKBP L27V02A 1-99)

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

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

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

SEQ ID NO-358 (pCA 38 FKBP 1-100 L27V02A)

SEQ ID NO:359 (pCA 39 L27V02A 102-169 FRB)

SEQ ID NO:360 (pCA 39 L27TV0ZA 102-169 FRB)

SEQ 1D NO:361 (pCA 40 FKBP L27V02A 1-101)

SEQ 1D N(:362 (pCA 40 FKBP L27V02A 1-101)

SEQ ID NOC:363 (pCA 41 L27VO2A 143-169 FRB)

SEQ ID NO:364 (pCA 41 L27V02A 143-169 FRB)

SEQ ID NO:365 (pCA 42 FKBP 1-142 1.27V024A)

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

SEQ ID NQ:367 (pCA 43 L27VG2ZA 145-169 FRB)

SEQ 1D NO368 (pCA 43 L27V02A 145-169 FRB)

SEQ ID NO:369 (pCA 44 FKBP 1-144 L27V(2IA)

SEQ 1D NO370 (pCA 44 FKBP 1-144 L27V02A)

SEQ ID NO:371 (pCA 45 L27TVO2A 147-16%9 FRB)

SEQ ID NO:372 (pCA 43 L27TV0G2A 147-16% FRB)

SEQ I NO:373 (pCA 46 FKBP- 1L.27V0O2A 1-146)

SEQ ID NO:374 (pCA 46 L27VO2A-FKBP 1-146)

SEQ ID NO:375 (pCA 47 L27TV0O2ZA 148-169 FRB)

SEQ ID NO:376 (pCA 47 L27V0ZA 148-169 FRB)

SEQ ID NQO:377 (pCA 48 FKBP- L27V(2A 1-147)

SEQ 1D NO:378 (pCA 48 FKBP- L27TV02A 1-147)
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SEQ ID NO:379 (pCA 49 L27V02A 156-169 FRE)

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

SEQ ID NO381 (pCA 50 FRBP-L2TVO2A 1-155)

SEQ ID NO:382 (pCA 50 FKBP-L27V02A 1-155)

SEQ 1D NO:383 (pCA 51 L27TV02A 158-169 FRB)

SEQ 1D NO:384 (pCA 51 L27V02A 158-169 FRB)

SEQ ID NO:385 (pCA 52 FKBP 1-157 L27V02ZA)

SEQ ID NO:386 (pCA 52 FKBP 1-157 L27V02A)

SEQ ID NO:387 (pCA 53 L27V02A 166-169 FRB)

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

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

SEQ ID NO:390 (pCA 54 FKBP L27V02A 1-165)

SEQ ID NO:391 (pCA 55 FKBP L27V02A 1-47)

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

SEQ ID NO:393 (pCA 56 L27V02A 48-169-FRB)

SEQ D NO:394 (pCA 56 L27V02A 43-169-FRB)

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

SEQ ID NO:396 (pCA 57 FKBP L27V02A 1-4%)

SEQ ID NO:397 (pCA. 58 pCA L27V02A 50-169 FRB)

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

SEQ ID NO:399 (pCA 59 FKBP L27V02ZA 1-82)

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

SEQ 1D NOW401 (pCA 60 L27V02A 83-169-FRE)

SEQ ID N(O:402 (pCA 60 L27V02A 83-16-FRB)

SEQ ID NQ:403 (pCA 61 FKBP L27V02A 1-84)

SEQ ID NO:404 (pCA 61 FEBP 1L.27V02A 1-84)

SEQ ID NO#05 (pCA 62 LITVGIA 85-169-FRLB)

SEQ IDNO:406 (pCA 62 L27V02A 85-169-FRB)

SEQ ID NO:407 (pCA 63 FKBP L27VO2ZA 1-122)

SEQ ID NOw408 (pCA 63 FKBP L27V(2A 1-122)

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

SEQ IDNO:410 (pCA 64 L27V(2A 123-169-FRB)

SEQ IDNCO411 (pCA 65 FKBP L27V0ZA 1-123)

SEQ ID NOw412 {(pCA 65 FKBP L27V02A 1-123)

SEQ ID NO:413 (pCA 66 L27V(2A 124-169 FRB)

SEQ ID N(G:414 (pCA 66 L27TV02A 124-169 FRB)

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

SEQ ID NO416 (pCA 67 L27V02A 1-168)
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SEQ 1D NO#417 (pCA 67 L27V02A 1-168)

SEQ ID NO:418 (*pCA 68 L27V02A 169 FRB)
SEQ ID NO419 (*pCA 68 L27V02A 169 FRB)
SEQ ID NO:420 (pCA 69 FKBP L27VO2A 1-166)
SEQ ID NO:421 (pCA 69 FKBP L27V02A 1-166)
SEQ ID NO#422 (*pCA 70 L27V02A 167-169 FRB)
SEQ ID NO:423 (*pCA 70 L27V02A 167-169 FRB)
SEQ ID NO:424 (pCA 71 FKBP L27V02A 1-164)
SEQ ID NO:425 (pCA 71 FKBP L27V02A 1-164)
SEQ ID NO:426 (pCA 72 L27V02A 165-169 FRB)
SEQ ID NO:428 (pCA 72 L27V02A 165-169 FRB)
SEQ ID NO:429 (pCA 73 FKBP L27V02A 1-162)
SEQ ID NO430 (pCA 73 FKBP L27V02A 1-162)
SEQ ID NOw@31 (pCA 74 L2TVO2A 163-160 FRE)
SEQ ID NO:432 (pCA 74 L27V02A 163-169 FRB)
SEQ 1D NO433 (pCA 75 FKBP L27V02A 1-160)
SEQ ID NO:434 (pCA 75 FKBP L27V02A 1-160)
SEQ 1D NO435 (pCA 76 L27V02A 161-169 FRB)
SEQ ID NO:436 (pCA 76 L27V02A 161-169 FRB)
SEQ ID NO-437 (pCA 77 FKBP L27V02A 1-158)
SEQ ID NO:438 (pCA 77 FKBP L27V(2A 1-158)
SEQ ID NO:439 (pCA 78 L27V02A 159-169 FRB)
SEQ 1D NO:440 {(pCA 78 L27V02A 159-169 FRB)

[00529] The complementation pairs described in Table 42 were cloned into the pF4Ag vector
as previousty described. The PCA constructs (900 pL) were then expressed in rabbit reticulocyte
Iysate (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 uL 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 ul water, and 18 pL transferred to wells of a 96-
well plate. 2 pl of 5 uM Rapamyein (final concentration 0.5 uM) was added and mcubated for

10 min at room temperature.

[e05301 Following incubation, 100 uL of PBI-3939 (50X stock diluted to 1X in assay buffer)
and incubate for 3 min at room temperature. Luminescence was measured as previously
described (FIG. 76A-B: wheat germ; FIG. 76C-D: rabbit reticulocyte; FIG. 76E-F: cell free
system [which system? WG or RRL?]; FIG. 76G: HEK293 celis).
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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 wheat 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 127V using a 1/4 configuration in a cell free system (RRL) (FIG. 76F) and
HEK293 cells (FIG. 76G) was measured. The data in FIGS. 76A-G demonstrates that a variety

of different deletions, i.e., small fragments of the L27V variant, are functional.

[00532] 3. To demonstrate the use of the PCA constructs for cell-based PCA, the constructs
were transfected into HEK293 cells and assayed with PBI-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 uL.
OPTI-MEM® and incubated at room temperature for 5 min. FUGENE® HD (0.15 uL) was then
added and again incubated at room temperature for 15 min. The DNA transfection mixtures were
added to 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]  After transfection, the media was removed and replaced with CO;-independent media
with 20 uM or 50X PBI-4377 and incubated at 37°C without CG; regulation for 2 hrs.
- Luminescence was measured, 10 uL rapamycin added, and lumineséence measured again every 2

min for 2 hrs (FIGS. 76A-C).

[00534] 4. To demonstrate the use of the PCA constructs to identify ighibitors of protein-

protein interactions, the constructs described in #2 of this example were used.

[60535] The compiementation pairs, 103 “2/3”, 157 “2/37, 103 “1/4” and 157 *“1/4” described
in Table 42 were cloned into the pF4Ag vector as previously described. The PCA constructs (25
ul) were then expressed in rabbit reticulocyte lysate (RRI; Promega Corp.) following the
manufacture’s instructions. 1.25 pL of the expression reactions for each PCA pair were mixed
with 10 uL of 2X Binding Buffer (100 mM HEPES, 200 mM NaCl, 0.2% CHAPS, 2 mM EDTA,
20% glyecerol, 20 mM DTT, pH 7.5) and 7.5 uL water, and 16.2 uL transferred to wells of 2 96-
well plate. Rapamycin was examimed with various 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 solution} was added to get a final
concentration of 1.5 nM rapamycin and incubated for 2 hrs at room temperature. Following
mcubation, 100 pl. of PBI-3939 (50X stock diluted to 1X in assay buffer) and incubated for 3
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roin at room temperature. Luminescence was meastred on a GLOMAX® luminometer, FIG. 77
demonstrates that the PCA constructs disclosed herein can be used to identify inhibitors of

protein-protein interactions.

[¢0536] | 5. To demonstratc the use of the PCA constructs in a lytic format, the
complementation pairs”, 103 “2/3”, 157 “2/37, and 103 “1/4” were transfected into HEK293 cells
and assayed with PBI-3939. 0.5 ng plasmid from each PCA pair was mixed with 5 pL OPTI-
MEM® and 49 ng pGEM-3zf (Promega Corp.). The sample mixture was incubated at room
temperature for 5 min. 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 cach sample mixture. The
cell sample was 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 concentration 1 pM) was added to
half of the wells and 11.1 uL 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 pbL 50X PBI-3939 mixed
with 98 ul assay reagent, previously described) was added to each well and the plates were
incubated at 37°C for 4 min. Luminescence was measured on a GLOMAX® luminometer at

37°C with 0.5s integration time and I read. (FIG. 76H).
Example 50 - OgLuc cAMP Biosensor

[00538] The Ogluc variants of the present invention can be linked to light output not only
through concentration, but also through modulation of enzymatic activity. For cxample, a cAMP
biosensor can be developed by incorporating a cAMP-binding domain from Protein Kinase A
into a circularly permuted Ogluc variant. An OgLuc variant of the present invention can be
circularly permuted at a site(s) tolerable to such permutation by methods known in the art (¢.g.,
1J.S. Published Application No. 2005/0153310). The resulting circularly ;ﬁermuted Ogluc
variant chimeric protein can function as an intracellular biosensor for cAMP when expressed in
mammalian cells.  Upon binding of cAMP to the biosensor, the biosensor undergoes a
conformational change that creates an active luciferase enzyme. Treating the cells with
forskolin, an activator for adenylate cyclase, should result in an increase in luminescence with
increasing concentrations of forskolin. Similar biosensors for targets including but not limited to
calcium (C%&Q), cGMP, and proteases such as caspases and tobacco etch virus (TEV) can be
developed by incorporating the appropriate binding domain or cleavage site for each into a

circularly permuted Ogluc variant.

151



[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 RIIPB subunit of
Protein Kinase-A flanked by Ogluc variant sequences were made and expressed in a cell free
system as described in described in PCT application PCT/US2007/008176, except the sites for
circular permutation were chosen as described below. The nascent protein was assayed in the
presence and absence of cAMP. Response to cAMP is defined as the ratio of activity (+) cAMP/
(-) cAMP,

[00540] A structural model for OgLuc has been created, based on similarities to certain fatty
acid binding proteins of known structure, previously described i PCT/US2010/33449. The
model predicts an ordered sequence of the standard protein structural motifs; e-helix and B-sheet,
The regions that transition between these structural elements as circular permutation sites were
chosen (see Table 43).

[60541] 1. The template for expression of the biosensor constructs consisted of: C-terminal
OgLuc sequence-RIIPB sequence-N-terminal Ogluc sequence in plasmid pFS' (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 inciuded 25 pL TNT® Wheat
Germ Extract (L411A), 2 uL TNT® Reaction Buffer (L462A), 1 pL Amino Acid Mixture,
Complete (L446A), 1 pl. RNasin® (40 U/uL) (N2615), 1 pL TNT® T7 RNA Polymerase
(L516A), 1.0 ng DNA template and Nuclease-Free Water to bring the total volume to 50 uL.

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

[00542] An OgLluc activity assay was performed by adding to the 50 uL Ogluc translation
mixture, 50 uL Ogluc Glo Reagent (100 mM MES (pH 6.0}, 1 mM CDTA, 150 mM KCl, 35
mM thiourea, 2 mM DTT, 0.25% TERGITOL® NP-9 (v/v), 0.025% MAZU® DF 204, and 20
uM PBI-3939) with or without 100 pM cAMP, and performing a kinetic read for 30 min
(TECAN® INFINITE® F500 Platc Reader). Response is determined by dividing the
luminescence generated by the biosensor with cAMP by the luminescence generated by the
biosensor without cAMP (Table 43).

Table 43: Response of Circulariy-Permuted OgLuc Biosensors to eAMP

CP-SITE RESPONSE

27 2.6X
51 _ 22X
&4 1.5X
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122 43X
147 1.9X
1587 5.6X

[00543] 2. A cAMP biosensor of 9B8opt circularty permuted at the CP-site 51 was created as
described in 1. The biosensor was then transfected into HEK293 cells (15,000 cells/well) using
FUGENE® HD according to the manufacturer’s instructions into a 96-well plate, and incubated
overnight at 37°C, 5% CO,. After transfection, the media was removed and replaced with CO»-
independent media with 10% FBS. The cells were then incubated for 2 hrs at 37°C, 5% CO,
after which varying amounts of FSK were added. The cells were then again incubated for 3 hrs
at 37°C, 5% 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., SS6 refers to a sensor orientated as follows: Ogluc (1-
6)-RIIBDb binding site (SEQ ID NOs: 441 and 442) -OgLuc (7-169)) versions of 127V were used
as cAMP biosensors (SEQ ID NOs: 467-574). CP (SEQ ID NOs: 467-498 and 555-574) and S5
(SEQ 1D NOs: 499-554) versions of the 127V variant were derived as previously described and
expressed in expressed in rabbit reticulocyte lysate (RRL; Promega Corp.) following the
manufacture’s instructions. The linker sequence between the C-terminus of the RIIPb binding
site and OgLuc luciferase sequence was GGGTCAGGTGGATCTGGAGGTAGCTCTTCT {SEQ
1D NO: 575). The linker sequence between the N-terminus of the RIIBb binding site and GglLuc
luciferase sequence was AGCTCAAGCGGAGGTTCAGGCGGTTCCGGA (SEQ 1D NO: 576)
3.75 ul. of the expression reactions were mixed with 1.25 uL 4X cAMP (final concentration 1
aM-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. 79A-B). Luminescence was
also measured for CP and SS versions of the L27V variant expressed in HEK293 cells and
treated with forskolin as previously described (FIGS. 79C-D). FIGS. 79A-D demonstrates that
circularly permuted and straight split versions of the Ogluc variants disclosed herein can be used

as biosensors.
Example 51 - Subceliular Distribution and Localization

[00545] To analysis subceliular distribution, U208 cells were plated at 2x10% cells/em® into
glass-bottom culture dishes in McCoy’s SA media (Invitrogen) containing 10% FBS. The cells
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were then incubated for 24 hrs at 37°C, 5% CQ,. Celis were then transfected with 1/20 volume
transfection mixture (FUGENE® HD and pFSA-CMV-L27V (the 127V variant (SEQ ID NO:
88) cloned into the pF3A vector with CMV promoter (Promega Corp.)) or pGEM3ZF (Promega
Corp.; negative control)) and incubated for 24 hrs at 37°C, 5% CO,. Following mcubation, the
cell media was replaced with COq-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 L.V200
bioluminescence microscope using a 60X objective (FIGS. 80A-B) for 25, 100, 1000, and 5000

ms.

[00548] To analyze subcellular localization, N-terminal L27V fusions with the GPCR ATIR
{ Angiotensin type 1 receptor (SEQ 1D NOs: 459 and 460)) with IL-6 secretion sequence (SEQ 1D
NOs: 461 and 462) or the transcription factor, Nrf2 (SEQ 1D NO: 317), were made using a GSSG
linker (SEQ ID NOs: 457 and 458) and transfected into U208 ceils as described above (FIGS.
81A-C). FIG. 81C (“GPRC”) shows expression of a construct where the IL6 signal sequence is
upstream of the L27V variant sequence and the ATIR is downstream of the 127V variant
sequence. The 127V variant alone was also transfected (“Unfused”). After 2 24 hr incubation at
37°C, 5% CO,, cell media was replaced with CO,-independent media with 0.5% FBS and
equilibrated for I hr at 37°C in a non-CQs-regulated atmosphere. An equal volume of media +
200 uM ‘PB}-3939 was then added, and unfiltered images were captured immediately on an
Olympus LV200 bioluminescence microscope using a 60X or 150X objective (FIGS. 81A-C).
For cells expressing L27V alone, PBI-3939 was washed off the cells immediately before mage

capture.
Example 52 - Monitoring Intracellular Signal Pathways

1005471 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
cither TkB (Gross et al., Nature Methods 2(8).607-614 (2005)) (at the C-terminus, i.e., N-TkB-
(9BSopt)-C)} or ODD(oxygen-dependent degradation domain of Hif-1-0 (Moroz ef al., PLoS
One 4(4):¢5077 (2009)) (at the N-terminus, i.e., N-(9B8opt)-ODD-C}). TKB is known to be
degraded in cells upon stimulation with TNFuo; therefore, the IKB-(9B8opt) construct could be
used as a live cell TNFa sensor. QDD (Hif-1-¢1) is known to accumulate inside cells upon
stimulation with compounds that induce hypoxia; therefore, the ODD-~(9B8opt) construct could

be used as a live cell hypoxia sensor.
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[00548] Constructs containing fusions with IkB or ODD with 9BRopt (pF5A) were expressed
in HEK293 cells via reverse transfection (5 ng (IkB) or 0.03 ng (ODD) DNA (mixed with carrier
DNA to give a total of 50 ng)) as previously described and incubated for 24 hrs at 37°C, 5% CO,.
After transfection, the media was replaced with fresh CO»-independent media containing 0.5%
FBS and 20 pM PB1-4377 and allowed to equilibrgte for 4 hrs at 37°C, atmospheric CO,. Cells
were then exposed to a stimulus: TNFa for 1kB fusion expressing cells and phenanthroline for
ODD fusion expressing cells, DMSO (vehicle) was added to control celis. For the TNFow/IKB
sampies, 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 normaiization, the REU of each sample at a given
time point were divided by the RLU from the same sample immediately after stimulation. Fold

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

[00549] B. L27V was used to monitor the oxidative stress signal pathways at the protein
level. L27V or Renilla uciferase (Rluc) was fused to Nrf2/NFE2L2 in a pF5K expression vector
(at the C-terminus; i.e., N-Nrf2-(L27V)-C or N-Nrf2-(Riuc)-C}. Keap! is a negative regulator of
Nrf2 (SEQ ID NO: 217). In order to faithfully represent regulation of Nrf2-1.27V02 protein

levels, Keapl, was co-cxpressed to keep Nrf2 levels low (via ubiguitination).

[60550] Nrf2-L27V or Nrf2-Rluc (5 ng, pF5K) and a HALOTAG®- Keapl fusion protein
(pFN21-HT7-Keapl (SEQ ID NO: 316); 50 ng) were expressed in HEK293 cells by transfection
of the cells at the time of seeding into the 96-well plates as previously described and incubated
for 24 hrs at 37°C, 5% CO,. After transfection, the media was replaced with fresh CO»-
independent media with 0.5% FBS and 20 uM PBI-4377 for L27V or 20 uM ENDUREN™
(Promega Corp.) for Renilla luciferase, and the cells equilibrated for 4 hrs at 37°C under
atmospheric CO;. For kinetic analysis, 20 uM D.L sulforaphane or vehicle (DMSQ) were used. |
In FIG. 83A., luminescence was measured as previously described at the mdicated time points
following treatment. For data normalization, the luminescence of each sample at a given time
point was divided by the luminescence from the same samplc immediately after stimulation

(FIGS. 83B-C).

[00551] C. A comparison of the response of the Nrf2 sensor described in B and Nrf2(ARE)-
Luc2P reporter (Promega Corp.) was performed. Both the Nrf2 sensor and reporter were
screened as described in section B above. For the fivefly (Luc2P) reporter gene assay, the ONE-
GLO™ agsay reagent was used. FIGS. 84A-B provides the normalized response of Nrf2-L27V
at 2 hrs and Nrf2(ARE)-Luc2P at 16 hrs
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Example 53 — Evaluation of OgLuc Variant as Bioluminescent Reporter with BRET

[00552] Biolummescence resonance energy transfer (BRET) allows monitoring of protein-
protein interactions. The intramolecular energy transfer was examined between IV and a HT7
fusion partner where HT7 was previously labeled with a fluorophore, i.c., TMR
(excitation/emission (ex/em) wavelength = 555/5%5 nm) or Rhodamine 110 (excitation/emission
wavelength = 502/527 nm}. 50 pL of a bacterial cell lysate containing the IV-HT7 fusion protein
of Example 34 was incubated with or without 0.001-10 pM fluorophore ligand for 1 hr at room
temperature.  After the incubation, 50 pL of RENILLA-GLO™, which contains 22 uM
coclenterazine-h, was added to 50 pl. 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 to the 460 nm luminescent peak of Ogluc, i.c., greater with Rhodamine 110. This
data shows that intramolecular energy transfer can occur between Ogluc variants and a
fluorophore on a fusion protein. Three different controls were used for comparison (dats not
shown): 1) a non-HT fusion, 2) a HT-fusion that was not labeled with a HT ligand, and 3) a
labeled HT-fusion that was proteolytically cieaved at a TEV site between Ogluc and HT (which
indicated the involvement of proximity/distance). BRET was not observed in the three different
controls suggesting that HT was involved to achieve BRET. BRET was greater for C1+A4E and
IV with a C-terminal HT7 compared to N-terminal HT7.

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

[00553] In one example, circularly permuted (CP) or straight split (88) OgLuc fusion proteins
is applied to measurements of protein proximity. Ogluc is permuted or split via msertion of a
profeage substrate amino acid sequence (e.g., TEV) to generate low bioluminescence. The
inactive luciferase is tethered (e.g., via genetic fusion) to a monitor protein. A potential
interacting protein is tethered (e.g., via genetic fusion) to a protease {e.g., TEV). When the two
monitor proteins interact or are in sufficient proximity (e.g., via a constitutive interaction, a drug
stimulus or a pathway response), the luciferase is cleaved to generate increased bioluminescence
activity. The example may be applied to measurements of protein proximity in cells or in
biochemical assays. Furthermore, the high thermal stability of an OgLuc variant luciferase could

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

Exampie 55 - Biolaminescent Assays
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[00554] 1. To demonstrate the use of an Ogluc variant in a bioluminescent assay to detect
caspase-3 enzyme, the 9B8 opt variant was used in a bioluminescent assay using a pro-
coclenterazine substrate comprising the DEVD caspase-3 cleavage sequence. Purified caspasc-3
enzyme was mixed with an £ cofi lysate sample expressing the variant 9B8 opt, which was
prepared as described in Example 27, and diluted 10-fold in a buffer containing 100 mM MES
pH 6.0, I mM CDTA, 150 mM KCl, 35 mM thiourea, 2 mM DTT, 0.25% TERGITOL® NP-9
(v/v), 0.025% MAZU® DF 204, with or without 23.5 pM z-DEVD-coclenterazine-h in 100 mM
HEPES pH 7.5. The caspasc-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 lysate and a sample containing only caspase-3 were
used as controls. Three replicates were used. FIG. 86 and Table 44 demonstrate that 9B8 opt,
and thus other Ogluc variants of the present invention, can be used in a bioluminescent assay

with a pro-coelenterazine substrate to detect an enzyme of interest.

Table 44: Average luminescence in RLU generated from bacterial lysates expressing the
9B8 opt wvariant incebated with or without purified caspase-3 using z-DEVD-

coelenierazine-h as a substrate,

time {min) no caspase (RLU) + caspase (RLU)
5 26,023 25,411
1153 1,767 36,906
29.9 4,013 41,854
60.9 2,305 43,370
190.3 1,155 42,448

[60555] 2. The L27V variant was used in a bioluminescent assay using a pro-cocienterazine
substrate comprising the DEVD caspase-3 cleavage sequence. Purified caspase-3 enzyme (]
mg/mL) in 100 mM MES pH 6 (50 uL) was mixed with 227 nM 1L.27V02 variant and 47 pM
PBI1-3741 (z-DEVD-coclenterazine-h) in assay buffer (50 uL). Reactions were incubated for 3
hrs at room temperature, and luminescence detected as previously described. The assay with the
L27V variant was compared to a firefly luciferase version of the assay, CASPASE-GLO® 3/7-
Assay system (Caspase-Glo; Promega Corp.). Table 45 demonstrate that 1.27V 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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(+) caspase +f- {-) caspase +/-

L27V 11,532 93 803 25

Caspase-Glo 15,156,567 793,981 362 5

Example 56 - Immuncassays

[006556] The Ogluc variants of the present invention are integrated into a variety of different
immunoassay concepts. For example, an OgLuc variant is genetically-fused or chemically
conjugated to a primary or secondary antibody to provide a method of detection for a particular
analyte. As another example, an OgLuc variant is genetically-fused or chemically conjugated to
protein A, protein G, protein L, or any other peptide or protein known to bind to Ig fragments,
and this could then be used to detect a specific antibody bound to a particular analyte. As
another example, an OgLuc variant is genetically-fused or chemically conjugated to streptavidin
and used to detect a specific biotinylated antibody bound to a particular analyte. As another
example, compiementary fragments of an OgLuc variant are geneticaliy-fused or chemically
conjugated to primary and secondary antibodies, where the primary antibody recognizes a
particular immobilized analyte, and the secondary antibody recognizes the primary antibody, all
in an ELISA-like format. The Ogluc variant activity, i.e., luminescence, is reconstituted in the

presence of immobilized analyte and used as a means to quantify the analyte.

[60557] As another example, complementary fragments of an OgLuc variant can be fused to
two antibodics, 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
reconstituted in the presence of analyte. The method would be amenable to measurements of
analyte quantification in a complex milieu such as a celf lysate or cell medium. As another
example, complementary fragments of an OgLuc variant can be fused to two antibodies, where
one antibody recognizes a particular analyte regardless of modification, and the second antibody
recognizes only the modified analyte (for example, following post-translational modification).
The Ogluc variant activity would be reconstituted in the presence of analyte only when it is
modified. The method would be amenable to measurements of modified analyte in a complex
milieu such as a cell lysate. As another example, an Ogluc variant can be conjugated to an

analyte (e.g., prostaglandins) and used in 2 competitive sandwich ELISA format.

Exampie 57 — Dimerization Assay



[00558] This example demonstrates that fuli-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.

[60559] Briefly, the circularly permuted reporter proteins similarly configured for low activity
were fused to both of the fusion protein partners (See FIG. 87A). For example, each fusion
partner may be finked 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.

[065680] Circularly permuted, straight split L27V variants CP84 and CP103 (N-(S8S-169)-(1-
88)-FRB-C and C-(1-88,)-(S8-169)-FKBP) were cloned as previously described and expressed
(25 pL) in rabbit reticulocyte iysate (RRL; Promega Corp.) following the manufacture’s
instructions. 1.25 uL of the expression reactions for each dimerization pair were mixed with 10
ul. 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 gL transferred to wells of a 96-well
plate. To the reactions, 2 pl rapamycin {final concentration 0 and 0.1-1000 nM) was added, and
the reactions incubated at room temperature for 10 min. Following incubation, 100 wL of PBI-
3939 (50X stock diluted to 1X in assay buffer) and incubated for 3 min at room temperature.
Luminescence was measured on @ GLOMAX® luminometer (FIG. 87B8) 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 - Intercellalar Half-Life

[060561] The intracellular half-life of the OgLuc variants 93§, 9B8+K33N, V2, L27V, and
V2+L27M were determined. CHO celis {500,000} in 15-100 mm plates in F12 media with 10%
FBS and 1X sodium pyruvate were transfected with 30 pL 100 ng/ul plasmid DNA containing
9B&, 9B8+K33N, V2, L27V (“V2+L27V™) or V2-+L27M (all in pF4A vector background) using
TRANSIT®-LTI (Mirus) according to the manufacture’s instructions. The cells were then

incubated for 6 hrs.

[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 tirne point measurements,

[00563] After overnight incubation, the media was removed from the cells for =0 samples,
and 100 uL assay buffer (previously described; no substrate) was added. The sample was frozen
on dry ice and stored at -20°C. Cycloheximide (100 mg/ml.) was diluted 1:100 to a final
concentration of 1 mg/mL in OPTI-MEM®. DMSO (100%) was also diluted 1:100 (final
concentration 1%) in QPTI-MEM®. The diluted cycloheximide (1 mg/ml.) was added (17 pL)
to 3 replicates of each transfected variant sample and 11 uL 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 t=0 samples.

[00564] For analysis, the samples were thawed to room temperature, and 10 ul assayed in 50
pL assay reagent. Luminescence was measured on a GLOMAX® luminometer. At each time-
point, luminescence was measured for untreated and cycloheximide-treated samples. The RLU

for the celis treated with cycloheximide was normalized by the RLU for the untreated celis.

[00565] The intracellular half-life of each variant was calculated by measuring the ratio of the
iuminescence 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 6-9 hrs with a full strength
CMV promoter, but the half lives were reduced with a CMV deletion variant (d2). The presence
of a PEST degradation signal combined with the full strength CMV promoter reduces half-life

significantly.

Table 46
Sample CMV no deg. | CMV d2 no deg. | CMV Pest
oB8 6.32 3.87 1.43
K33N 9.24 3.70 1.18
Vi 9.63 4.28 1.61
V2+L27V 6.66 4,78 1.63
V2+1L.2T™M 8.89 0.98 1.63

[00566] Another experiment was completed using the reverse transfection protocol described
in Example 32 with HEK293 cells {data not shown}. The results from this expermment indicate
that the intracellular half-life for the L27V variant with PEST is 10 min. The L27V variant with
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no depradation signal used in this cxperiment did not show a decay over the course of this

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

Example 59 — Exposure of Ogluc Variants to Urea

[00567] Since Firefly luciferase is known to be relatively unstable, it is much more sensitive to
urea exposure. To determine whether this was also the case with the Ogluc variants, the
sensitivity of the OglLuc to urea was determined. 5 ul of 45.3 uM L27V enzyme was mixed with
100 ul of a urea solution (100 mM MOPS, pH 7.2, 100 mM NaCl, 1 mM CDTA, 5% glycerol
and various concentrations of urea) and incubated for 30 min at room temperature. 5 pb of the
ureat+L27V enzyme solution was diluted 10,000-fold into DMEM without phenol red + 0.1%
PRIONEX®, 50 pl. was mixed with 50 ul of assay reagent contaming 100 pM PBI-3939
(previously described) and the luminescence was read at 10 min. (FIG. 88). FIG. 8% indicates
that L27V is either resistant to urea or refolds to a functional enzyme very quickly upon removal
of urea. This suggests that L27V could be used as a reporter enzyme when chemical denaturing
conditions are involved, e.g., multiplexing in conditions where a denaturant is used to stop an

enzymatic reaction prior to the Ogluc variant-based reaction.

[00568] A 031 mg/mL stock of purified L27V variant was diluted 100,000-fold into buffer
(PBS + 1 mM DTT + (.005% lGEPAL) and mcubated with 3 M urea for 30 min at 25°C and
then mixed 1:1 (50 uL + 50 ul.) with an assay reagent containing 100 uM PBI-3939 (previously
described). The reactions were read on a TECAN® INFINITE® F500 luminometer as described
previously {for 100 min; 1 min read intervals) (FIG. 89). The results indicate that 3M urea
reduces the activity of L27V variant by approximately 50%, but, upon diluting out the urea by 2-

fold (to a 1.5 M final concentration) the activity increases, presumably due to refolding.

Example 66 - Imaging of Ogl.uc Fusion Proteins

[60569] This example demonstrates the use of OgLuc and Ogluc variants to monitor protein
translocation in living cells without the need for fluorescence excitation. OgLuc varlants were
fused to human glucecorticoid receptor (GR; SEQ 1D NOs: 451 and 452), human protetn kinase
C alpha (PKCa; SEQ ID NOs: 449 and 450) or LC3 (SEQ ID NOs: 577 and 578)._ To analyze
subcellular protein translocation using bioluminescence imaging, HelLa cells were plated at 2x1 0
cells/em” into glass-bottom culture dishes (MatTek) in DMEM medium (Invitrogen) containing
10% FBS. The cells were then incu"bated.for 24 hrs at 37°C, 5% CO2. Cells were then
transfected with 1/20 volume transfection mixture (FUGENE® HD and DNA encoding L27V(2-
GR (SEQ ID NOs: 453 and 454) or L27V02-PKC alpha (SEQ ID NOs: 455 and 456) cloned into
the pF3A vector (Promega Corp.)). The plasmid DNA for L27V02-GR was diluted 1:20 into
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pGEM-3ZF (Promega Corp.) to achieve appropriate expression levels of L27V02-GR. The
plasmid DNA for L27V02-L.C3 and L27V02-PKC aipha was used undiluted. 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 COp-independent media
containing 100 M PBI1-3939 immediately before imaging. Unfiltered images were immediatety

captured on an Olympus EV200 bioluminescence microscope using a 150X objective.

[60570] Cytosol-to-nucleus translocation of 1L27V02-GR fusion protein was achieved via
stimulation with 0.5 mM dexamethasone for 15 min. Cytosol-to-plasma membrane translocation
of L27V02-PKC alpha fusion protein was achieved via stimulation with 100 nM PMA for 20
min. L27V02-LC3 fusion protein transfected cells were left untreated or treated with 50 mM

Chloroquine in DMEM medium (Invitrogen) containing 10% FBS.
[005711 L27V02-Glucocorticoid receptor

[00572] In the absence of glucocorticoids, glucocorticoid receptor (GR) is complicxed 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 1.27V02-glucocorticoid

receptor {GR) fusion proteins using PBI-3939 substrate in HeLa cells.
[00573] L27V02-PKCea

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

[00575] LIZ7V-L(C3

[60576] Association of processed L.C-3 proteins with autophagosomes represents a halimark
step in autophagy. Chloroquine treatment arrests autophagic flux at this stage, resulting in
accumulation of LC-3 proteins on autophagosomes (producing a punctate subcellular

distribution).  FIGS. 92A-B show the bioluminescence imaging of chloroquine-induced
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autophagosomal protein translocation of Ogluc L27V-LC3 fusions proteins {(SEQ 1D NOs: 592
and 593) using PBI-3939 substrate in two representative HeLa cell samples.

Table 47 — Proviso List

Ci+A4E | Additional Substitutions

Ci+A4E | 1.92G

Cl+A4E | 1.92Q

Cl+A4E | L9258

C1+A4E | LO2A

CI+A4E | 1L72Q

C1-+A4E | 190T

Ci+A4E | Q20R

Ci+A4E | C1645

Ci+A4E | MT5K

CI1+A4E [ V791

CIi+A4E | F541

C1+A4E | KBOE

Cl+A4E | 190V

Cl+A4E | F77TW 1 F68S 190V

Cl1+A4E | F54] M75K

C1+A4E | F541 M75K | 190V

Ci+A4E | F541 F68S MT75K

Ci+A4E | F541 190V

C1+A4E | F54]

C1+A4E | F54T N135K 11167V 1 P104L | D139E

C1+A4E | V45E | L34M G511V 1199V 1143L

C1+A4E | S28P L34M G551V 1199V 11431 | F54T

Cl+A4E | S28P L34M GSI1V. | 199V 1143L | F54T

C1+A4E | S28P
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SEQUENCE LISTING

SEQ ID NO:1 (Natiwve mature OgLuc protein) Oplophorus gracilirostris
FTLADFVGDWOOTAGYNODOVLEGGGLSSLFQALGVSVT PTOKVVLSGENGLKADIHV I IFYREGL
SEFOMGLIEMIFEVYYEPVDDHHFKIILEYGTLVIDGVIPNMIDYFGRPY PGIAVFDGKQITVTGT
LWNGNKIYDERLINPDGSLLFRVTINGVTGWRLCENILA

SEQ ID NO:2 (ClA4E nucleoctide)

ATGGTGTTTACATTGGAGGAT TTCGTTGEAGACTGGCEECAGACAGUTGGATACAACCAAGATCA
AGTGTTAGAACAAGGAGGATTGTCTAGTCTGTTCCARRAGCTCGGAGTGICAGTCACCCCAATCC
AGAAAATTOTGCTGTC TGEGGAGARATGGGTTARAATTTGATATTCATGTICATCATCCCTTACGAG
GGACTCAGTGGTTTTCAAATGEGTCTGATTGAAATGATCTTCAARGTTGT TTACCCAGTGGATGA
TCATCATTTCAAGATTATTCTCCATTATGETACACTICGTTATTGACCGIGIGACACCARACATGA
TTGACTACTTTGGACGCCCTTACGAGGGAATTGCTGTGT TTGACGGCARGAAGATCACAGTTACT
GGAACTCTGTGGARCGGCAACAAGATCATTGATGAGCGCCTGATCAACCCAGATGGTTCACTCCT
CTTCCGCETTACTATCARTSGAGTCACCGGATGGCELCTTTGCGAGCGTATTCTTGCC

SEQ ID NO:3 (ClA4E protein)
MVFTLEDFVEDWROTAGYNODOVLEQGGLASLEQKLEVSVTRIOKIVLSGENGLKFDIBEVIIEYE
GLSGFOMGLIEMIFEVVYPVDDHAFKI ILRYGTLVIDGVTPNMIDYFGRPYEGIAVEDGKKITVT
GTLWNCNRKIIDERLINPDGSLLFRVIINGVIGWRLCERTILA '

SEQ ID NO:4 {QC27 nucleotide)

ATGGETETITACATTGGAGGATTTCGTTGGAGAC TGGLGGCAGACAGCTGGATACAACCTAGATCA
AGTGTTAGRACAAGGAGGATTGTCTAGTCTGTTCCAAARGCTGGGAGTGTCAGTCACCCCAATCC
AGAARATTGTGCTGETCTGREGAGAATGGETTARRAATTGATAT TCATGTCATCATCCCTTACGAG
GGACTCAGTEETTTTCARATGGETCTGATTGARAATGATCTTCAAAGTTGITTACCCAGTGGATGA
TCATCATTTCAAGATTATTCACCATTATGGTACACTCGTTATTGACGGTGTGACACCAAACATGA
TTCACTTCT T TGEACGCCCTTACGAGRGAATTGCTGTS T T TGACGGCAAGAAGATCACAGTTACT
GGAACTCTGTGGAACGGCAACAAGATCATTGATGAGCGCCTGATCAACCCAGATGGTIICACTCCT
CTTCCGCETTACTATCARTGCAGTCACCGGATGGCGCCTTTGCSAGCGTATTCTTGCC

SEQ ID NO:5 {QC27 protein)
MVETLEDEVGDWROTAGYNLDOVLEQGGLSSLEQKLGVSVTPIQKIVLSGENGLKIDIHVIIPYE
GLSGFOMGLIEMIFRVVYPVDDHHFKI THHYGTLVIDGVTIPNMIDFFGRPYEGIAVEDGKEITVT
GTLWNGNXIIDERLINPDGSLLFRVIINGVIGWRLCERILA

SEQ ID NC:6 {QC27 8a nucleotide)
ATGGTGTTTACATTSGGAGGATTTCGTTGEAGACTEGCEGCAGACAGCTGGATACAACCTAGRTCA
ACTCTTAGAACAAGGAGGATTGTCTAGTCTIGTTCCARAAGCTECGAGTGTCAGTCACCCCARTCT
AGAAAATTGTGCTGTCTGEGGAGAATGGGTTARAAATTGATATTCATGTCATCATCCCTTACGAG
GGACTCAGTGGTTATCARATGEGTCAGATTGAMAGATCTTCARAGTTGT I TACCCAGTGGATGA
TCATCATTTCAAGATTATTCGCCATTATGGTACACTCGTTATTGACGGTGIGACACCARRCATGA
TTGACTTCTTTGGACGUCC T TACGAGGGARTTGCTCTGT T GACGECARGAAGATCACAGTTACT
GGRAACTCTGTRGAACGGCARCARGATCATTGATGAGCGCCTGATCAACCCAGATGGTTCACTCCT
CTTCCGCGTTACTATCAATGGAATCACCGGATGGCGCCTTTGCGAGCETATTCTTECC

SEG ID NO:7 (QC27 Sa protein)
MVPTLEDFVEDWROTAGYNLDQLLEOGGLSSLEQRLGY SVIPIQOKIVLSGENGLKIDIHEVIIFYE
GLSGYOMGOIEKIFKVVYPVDDHHFK L IRHYGTLVIDGVTPNMIDFFGRPYEGIAVEDGKKITVT
GTLWNGNKIIDERLINPDGSLLERVTINGITGWRLCERILA

SEQ ID NO:8 (IVY nucleoctide)
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ATGGTGTTTACATTIGGAGGATTTCGTTGCGAGACTGGUGGCAGACAGCTGGATACARCCAAGATCA
AGIGTTAGAACAAGCGAGGATTGTCTAGTCICTICCARAAGCTGGCAGTGTCAGTCACCCCAATCC
AGARAATTGCTGUTGTCTGGGGAGAATGCGTTAARAATTGATATTCATGTCATCATCCCTTACGAG
GGACTCAGTGGTTTTCAAATGGGTCTGATTGAALATGATCTACARAGTTGTTTACCCACTGGATGA
TCATCATTTCAAGGTITATTCTCCATTATGGTIACACTCCTTATTGACGCTGTGACACCARACATGA
TTGACTACTTTGGACGCCCTTACGAGGGAATTGCTGTIGT I TCGACGGCAAGAAGATCACAGTTACT
GGAACTCTGTGGAACGGCAACARGATCATTGATGAGCGCCTGATCAACCCAGATGGTTCACTCCT
CTTCCGCGTTACTATCAATGCGAGTCACCGGATGGCGCCTT TGUGAGCGTATTCTTGCC

SEQ ID NO:9 (IVY protein)
MVFTLEDFVGDWROTAGYNODOVLEQGGLSSLFOKLGVESVIPIQRKIVLSGENGLKIDIEVIIPYE
GLSGFOMGLIEMIYKVVYPVDDHEFKVILHYGTLVIDGVTPNMIDY FGRPYRGIAVEDGEKKITVT
GTLWNGNKIIDERLINPDGSLLEFRVTINGVIGWRLCERT LA

SEQ ID NO:10 {IVY+4Cl.3 nucleotide)
ATGCTETTTACATTGCAGGATTACGTTGGAGACTGGCGGCAGACAGUTGGATACAACCAAGATCA
AGTGTTAGRACAAGGAGGATTGTCTAGTCTGTTCCAARATCTGGGAGTGTCTGTCACCCCAATCC
AGAAAATTOTGCTGTICTGEGGAGAATGGGTTAARAATTGATATTCATGTCATCATCCCTTACGAG
GGACTCAGTGGTTTTCARATGGGTCTGATTGAAATGATCTACAAAGTTGTTTACCCAGTGGATGA
TCATCATTTCAAGGTTATTCTCCATTATGGTACACTCCETTATTIGACGGTGTGACACCAAACATGA
TTCGACTACTTTGCACGCCCTTACGAGGGAATTGCTGTGT TTGACGGCAAGAAGATCACAGTTACT
GGAACTCTGTGGAACGGUGACAAGATCAT TCGATGAGCGCCTGATCAACCCAGATGGTTCACTCCT
CTTCCGCGTTACTACCARTGGAGTCACCGGATGGCGCCTTTGCGAGCGTATTCTTGCC

SEQ ID NO:1l1 (IVY+C1l.3 protein)
MVETLEDYVGDWROTACYNQDOVLEQGGLSSLEQNLGYSVTPIQRKIVLSGENGLKIDIHVIIPYE
GLSGFOMGLIEMIYEVVYDPVDDHHFKVILEYGTLVIDGVI PNMIDYFGRPYEGIAVEDGKEITVT
GTLWNGDRIIDERLINPDGSLLERVTITNGVTGWRLCERILA

RO ID WO:12 (IVY C5.19 nucleoctide)
ATGGTGTTTACATTGGAGGATTTCETTGGAGACTGGCGGCAGACAGCTGLATACAACCAAGATCA
AGTGTTAGAACAAGGAGGAGTGTICTAGTCTGTTCCAAAAGCTGGGAGTGTCAATCACCCCAATCC
AGAAAMATTGTGCTGTCTGGEEGAGAATGEETTAAAAATTGATATTCATGTCATCATCCCTTACGAG
GGACTCAGTGGTTTTCAAATCGETCTGATTGAAATGATCTACAARAGTTETTTACCCAGTGGATGA
TCATCATTTCAAGGTTATTCTCCATTATGGTACACTCGTTATTGACCETGTCGACACCAAACATGA
TTGACTACTTTGGACGCLCCTTACGAGGGAATTGCTGTGTTTGACGGCAAGAAGATCACAGTTACT
GGAACTCTGTGCAACCGGCAACAAGATCATTGATGAGCGCCTCGATCAACCCAGATGGTTCAATCCT
CTTCCGCGTTACTATCAATGGAGTCACCGGATGGCGCCTTTGCGAGCGTATTCTTGCC

SEQ ID NO:13 {(IVY C5.1% protein)
MVEFTLEDFVGDWROTAGYNODOVLEQGGVSSLEFQKLGVSITPIQKIVLSGENGLKIDIBVIIPYE
GLSGFOMGLIEMIYRVVYPVDDHHFKVILHYGTLVIDGVT PNMIDYFGRPYEGIAVEDGRKKITVT
CTLWNGNKIIDERLINPDGS ILFRVTINGVTGWRLCERILA

SEQ ID NO:14 (IV nucleoiide)
ATGETGTTTACATTGGAGGATTTCGTTGGAGACTGGCEGCAGACAGCTGGATACARACCAAGATCA
AGTGTTAGAACARAGGAGGATIGTCTACGTCTCTTCCAARAGCTGGGAGTGCTCAGTCACCCCAATCC
AGRARATTGTGCTGTCTGEGCAGRAATGGETTAAARATTGATATTCATGTICATCATCCCTTACGAG
GGACTCAGTGGTTTTCARATGGGTCTGATTGAAATGATCTTCAAAGTTGTTTACCCAGTGGATGA
TCATCATTTCAAGGTIATTCTCCATTATGGTACACTCGTTATTGACGGTGTGACACCARAACATGA
TTGACTACTTTIGGACGCCCTTACGAGGGAATTIGCTGTIGTITGACGGCAAGAAGATCACAGTTACT
GGAACTCTIGTOCAACGGCARCEAGATCATTGATGAGCGCCTGATCAACCCAGATGGTTCACTCCT
CTPCCGCGTTACTATCAATGGAGTCACCGGATGGCGCCTTTGCGAGCGTATTCTTGCC
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SEQ ID NO:15 (IV protein)
MVFTLEDEVGDRRCTAGYNODOVLEQGGLSSLFQKLGYVSVIPIQKIVLSGENGLEIDIAVIIPYE
GLSGFOMGLIEMIFKVVYPVDDHAFRVILHYGTLVIDGVTI PNMIDYFPGRPYEGIAVEFDGEKKITVT
GTLWNGNKIIDERLINPDGSLLFRVTINGVIGWRLCERILA

SEQ ID NO:16 {(15C1 nucleotide)
ATGETGTTTACATTGAAGGATTTCGTTGGAGACTGGCGGCAGACAGCTGGATACAACTCAAGATCA
ACTGTTAGAACAAGGAGGATTGTCTAGTCTGTITCCARAATCTGGGAGTGTCAGTCACCCCAATCC
AGABALRTTGTGCTGTCTGGGGAGAATGGETTAAAARTTGATATTCATCTCATCATCCCTTACGAG
GGACTCAGTGGTTATCARR TCGGTCAGATTGAAARGATCTTCARAGTTGTTTACCCAGTGGATGA
TCATCATTTCAAGGSTTATTCTCCATTATGGTACACTCGTTATTGACGGTGTGACACCARACATGA
TTGACTACTTTGGACGCCCTTACGAGGGAATTECTGIGT TTGACGGCAAGAAGATCACAGTTACT
GGAACTCTETGGARACGGCAACAAGATCATTGATGAGCGCCTGATCAACCCAGATGGTTCACTCCT
CTTCCGCGTTACTATCAATGGAGTCACCGGATGGECECCTTTGCGAGCGTATTCTTGCC
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SEQ ID NO:17 (15C1 protein)
MVEFTLEDFVGDWROTAGYNCGDOVLEQGGLSSLFQNLGVSVTPIQKIVLSGENGLEIDIHVIIPYE
GLSGYOMGOIEKIFKVVYPVDDHAFKVILEYGTLVIDGVTENMI DYFGRPYEGIAVEDGKKITVT
GTLWNGNKIIDERLINPDGSLLFRVTINGVIGWRLCERILA

SEQ ID NO:18 (9%B8 nucleotide)
ATGGETGTTTACATTGOAGGATTTCGTTGEAGACTGGCEGCAGACAGCTGGATACARCCTAGATCA
ACTGTTAGAACAAGEAGCGATTGTCTAGTOTGTTCCARARAGCTGGGAGTGTCAGTCACCCCAATCC
AGAAAATTGTGCTETCTGEGEGAGAATGGSTTAARAATTGATATTCATGTICATCATCCCTTACGAG
GOACTCAGTGETTATCARATGGETCAGATTGARAAAGATCTTCAAAGTTGTTTACCCAGTGGATGA
TCATCATTTCAAGGTTATTCTCCATTATGGTACACTCGTTAT TGACGGTGTGACACCAAACATGA
TTGACTACTTTGGACGCCOTTACGAGGGAATTGCTGTGT TTGACGGCARGAAGATCACAGTETACT
GCRACTOTGTGGAACGGCAACAAGATCATTGATGAGCGCCTGATCARCCCAGATGGTTCACTCCT
CTTCOGCETTACTATCAATGGAGTCACCGGATGGCGCCTTTGCGAGCETATTCTTGCC

SEQ ID ND:19 (9B8 protein)
MYEFTLEDFVGEDWROTAGYNLEOVLEQGGLESLEQKLGVSVIPIQOKIVLEGENGLEIDIHVIIPYE
GLSGYOMGQIEK I FRVVY PVDDHEFKVILHYGTLVIDGVIPNMIDYFGRPYEGIAVEDGRKRITVT
GTLWNGNKIIDERLINPDGSLLFRVTINGVTGWRLCERILA

SEQ ID N0:20 (9F6 nucleoctide)

ATGOTGTTTACAT TCCAGGAT TTCETTGGAGAC TGECEECAGACAGCTGGATACARCCTAGATCA
AGTCTTAGAACAAGGAGGAGTGTCTAGTCTGTTCCARMAAGCTGGGAGTGTICARTCACCCCAATCC
AGAARATTGTRCTCTCTEGGGAGAATGGGTTAARAATTGATATTCATGTCATCATCCCTTACGAL
GGACTCAGTGGTTATCARATGGETCAGAT TGAAARGATCTTCARAGTTGTTITACCCAGTGGATGA
TCATCATTTCAAGGTTATTOTCCATTATGCTACACTCGTTATTGACGGTGTGACACCARACATGA
TTGACTACTTTGGACGCCCTTACGAGGGAATTGCTGTGT TTGACGGCRAGRAGATCACAGTTACT
GGAACTCTGTCCAALGGCAACAAGATCATTGATGAGCGCCTGATCAACCCAGATGGTTCACTCCT
CTTOCGCGTTACTATCAATGGAGTCACCGGATGGCGCCTTTGCGAGCGTATTCTTGCC

SEQ ID NO:21 (8F6 protein)
MVETLEDFVGDWROTAGYNT.DOVLEQGGEVSSLFOKLGVS ITPTIQKIVLSGENGLKIDIHVIIFYR
GLSGYCMGOIEKIFKVVY PVDDHHPEVILHYGTLVIDGVIPNMIDYFGRPYEGIAVEDGRRITVT
GTLWNGNKIIDERLINPDGSLLERVTINGVIGWRLCERILA

SEQ ID N0:22 (IV opt nucleotide)
atggtgtttacactogaagatttcgtaggggactggeggeagacagecggetacaaccaagacca
agtcettgageagggcggtctgteccagtttgtttcagaaactocggggtgtecgtaacacaegatec
aaaagattgtoctgageyggtgaaaacggeoctgaagatcgacatecatgtcatecatecegtatygaa
ggtctgagogyettocagatgggeoctecattgagatgatetttaaggtggtgtacecctgtggatga
tecatcactttaaggtgattotygcactatggeacactggtaategacgggyttacgocgaacatga
tcgactattteggacggoegtatgaaggecatcgecgtgttcgacggcaaaaagatcactgtaace
gggaccetgtggaacggcaacaaaattatcgacgagegectgatcaacceegacggotcootget
gtteogegtaaccatcaacggagtgaceggctggeggaetgtgegagegecattttggeg

SEQ ID N0:23 (IV optE nucleotide)

atggtattcacactggaggatittgtecggtgatiggcggcaaaccgctigggiacaaccaggacea
ggttctegaacaagggggoctcageteectgtttcaaaaactgggtygttagegttacacctattce
aaaaaatcgtgotctoogygyaaaacygggctcaasatecgataticatgtgattatecctiacgaa
gggctetocgggtttcagatggggetgatecgasatgatetttaaggtegtetatcecgtagatga
rcacoacttcaaggtgatecteccactacgggaceetegtaattgatggegtgaceoccaacatga
togactattttgggeygecocttacgaggggatigetgtettegatggcaaaaaaattacagtgaca
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ggcacactctggaacgggaataagatcattgatgagegectgattaatecegatgggagectget
ctttcgggtgacaatiaacggegtaacaggetggcgectetgtgaacggattctiggeyg

SEQ ID NO:24 (9B8 opt nucleotide)
atggtygtttacactcgaagatttogtaggggactggeggecagacagecggctacaacctggacca
agtccttgagcagggeggtetgtecagtttgtticagaaacteggggigticcgtaacaccgatec
aaaagattgtoctgageggtygaaaacggectgaagategacatecatgtcatecatccegtatygaa
gogtotgageggctatcagatgggecagatcgaaaaaatitttaaggtggtgtaccoctgtggatga
tcatcactttaaggtgattctgeactatgygcacactggtaatcgacggggtiacgeegaacatga
togactattteoggacggecgtatgaaggcategocgtgttcgacggcaaaasagatcactgtaace
gggaccctgtggaacggcaacaaaattatcgacgagegectgatcaaccocgacggetecectgot
gticogegtaaccatcaacggagtgaccygygectggoyggotgtgegagegeattitggcyg

SEQ ID NO:25 (9B8 optR nucleotide)
atggtattcacactggaggattttgtcggtgattggeggoaaaccgctgggtacaaccticgaccs
ggttetegaacaagggggcctecagetecectygtitcaaaaactgggtygttagegttacacctatte
aaasasatogtgctctoocggggaaaacgygygctcaaaatecgatattcatgtgatiatecccttacgaa
gggctotocgogtatcagatggggcagatogaaaaaatecttiaaggtegtetatecegtagatyga
tcaccacttcaaggtgatcctocactacygggaccotegtaattigatggegtgaccoccaacatyga
tegactattttgggegeocttacgagggoattgetgtettecgatggcaaaaaaattacagtgaca
gycacactetggaacgggaataagatcattgatgagegectgattaatececcgatgggageotgct
critocgggtgacaattaacgocgtaacaggctggegectictgtgaacggattectggeg

SEQ ID NO:26 {8A3 nuclectide)
Atggtgattacatiggaggatttegttggagactggeggcagacagetggatacaaccaagatca
agtgttagaacaaggaggagtgtctagtctgttccaaaagotygggagtgtcaatcaceccaatoc
agaaaattgtgctgtctggggagaatgogttasaaattgatattcatgtcatcateccttacygag
ggactcagtggttticasatgggtotgatigaaatgateticaaagttgtitacccagtggatga
teatcatttoaaggttattetecattatgygtacactegttatigacgygtgtgacaccaaacatga
ttgactactittggacgeeccttacgagggaattgetgtigtttgacggraagaagatcacagttact
ggaactctgtggaacggcaacaagatcattgatgagegeotgatcaacccagatggttcacteot
cticcgogttactatcaatggagtecaccggatggegectttgegagegtattotiigee

SEQ ID NO:27 (8A3 protein)

MVITLEDEFVGDWROTAGYNODOVLEQGGVS SLEOKLGVS ITPTOKIVLSGENGLKIDIHVIIPYER
GLSGFOMGLIEMT FKVVY PVDDHEFKVILHYGTLVIDGVTPNMI DY FGRPYEGTAVEDGKKI TVT
GTLWNGNKIIDERLINPDGSLLFRVTINGVTGNRLCERI LA

SEQ ID NO:28 (lLue?2 nucleotide}

atggaagatgecaazaacattaagaagyggcecoccagegecattctaceccactecgaagacgggaccge
cggcgagcagctgcacaaagecatgaagegetacgecctggtgeccggecaccategectttacey
acgcacatatcgaggtggacattacctacgeegagtacticgagatgagegttoggetggeagaa
gctatgaagegcetatgggctgaatacaaaccatoggategtggtgtgcagegagaatagettgea
gttctteocatgeccgtgttgggtgecctgttcateggtgtggectgtgygceccagetaacgacatet
acaacgagcegcgagetgctgaacageatygyggeatcagocageocaccgtegtattegtgageaag
aaagggetgraaaagatcctcaacgtgcaasagaagoctacegatcatacaaaagatcatcatcat
ggatagcaagaccgactaccagggcttccaaageatgtacacoettegtgacttcoccatttigecac
coggeticaacgagtacgacttegtgeccogagagettegaccgggacaaaaccatogoectgate
atgaacagtacgtggcagtaccggatigeccaagggegtageoectaccgecaccgecacegettgtgt
ccgatitcagtcatgecegegaccecatetteggcaaccagatcatceccgacacecgetatectcea
gecgtggtgecatticaccacggettcggecatgttcaccacgetgggetacttgatctgeggettt
cgggtogtgetcatgtacegettegaggaggagetaticitgegeagettgeasgactataagat
tcaatctgccctgotggtgeccacactatttagetticttegectaagagcactctecategacaagt
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acgacctaagcaacttgecacgagatcgecageggoeggggegoecgetecagcaaggaggtaggtgag
gecgtggeoaaacgettccacctaccaggeatecgecagggetacggectgacagaaacaaccayg
cgccatitotyatcaccocogaaggggacgacaageectggegeagtaggcaaggtggtgeoetiet
tecgagoctaaggtggtggactiggacaccggtaagacactgyggtgtgaaccagogcggegagetyg
tgogtecgtggececcatgatcatgageggetacgttaacaaccoccgaggctacaaacgctocteat
cgacaaggacggctggotgecacageggogacategectactgggacgaggacgageacttctica
tcgtggaccggctgaagageotgatcaaatacaagggetaccaggtagecccageecgaactggag
agcatcctgctgcaacaccecaacatettegacgecggggtegocggeetgecegacgacgatge
cggogagotgeccgecgeagtegtegtyctggaacacygtaaaaccatgaccygagaaggagatcg
tggactatgtggorcagecaggttacaaceygcecaagaagetgogoggtggtgttgtgticgtggac
gaggtgcctaaaggactgaccggraagtiiggacgeeegeaagatecgegagattictecattaaggo
caagaagggrggcaagatcgeogtt

SEQ ID NC:29 (Luc2 protein)
medaknikkgpapfypledgtageglhkamkryalvpgtiaftdahievdityvaeyfemsvrlae
amkryglntnhrivvesenslagffmpvlgalfigvavapandiynerellnsmgisgptvvivsak
kglgkilnvgkklpiigkiiimdsktdyggfasmytivtshlppgfneydfvpesfdrdktiall
mnssgstglpkgvalphrtacvrishardpifgngiipdtailsvvefhhgfgmfittlgylicof
ryvimyrfeeelflrslgdykigsallvptlfeffakstlidkydlenlheiasggaplskevyge
avakrfhlpgirggygltettsailitpegddkpgavgkvvpifeakvvdldrgktlgvngrgel
cvrgpmimsgyvnnpeatnalidkdgwinsgdiaywdedehffivdrlikslikykgyavapaele
sillghpnifdagvaglpdddagelpaavvvliehgktmtekeivdyvasgvttakklrggvvivd
evpkgltgkldarkireilikakkggkiav

SEQ ID N0O:30 (HRL (Humanized Renilla) nucleotide)
Atggcttocaaggitgtacgaceccgageaacgcaaacgcatgatcactgggcecteagtggtggac
tocgetgcaagraaatgaacgtgetggactecttecatcaactactatgaticcgagaagcacgecy
agaacgccgtgatitttctgeatggtaacgctgocctecagectacctigtygaggcacgicgtgect
cacatcgageeogtggctagatgeatcatecctgatctgatcggaatgggraagteccggecaagayg
cgggaatggotcatatogootectggatcactacaagtacetcaccgettggttecgagetyctga
accttecaaagaaaatcatctttgtgggecacgactgggggocttgtetggecttticactactec
tacgagcaccaagacaagatcaaggecategtecatgetgagagtgtegtggacgtgatogagte
ctgggacgagtggcectgacatoegaggaggatatcgcectgatcaagagegaagagggegagaaaa
tggrgettgagaataacttettogtegagaccatgoteccaagecaagatcatygeggaaactyggay
cectgaggagttecogctgectacctggagecattcaaggagaagggcgaggttagacggectaccet
cteetggectegegagatocetctegttaaggyuaggcaageccygacgticgticecagattgtocgea
actacaacgcecctacettogggecagegacgatectgectaagatgttcategagtecgaceotiggy
ttottttocaacygotattgtegagggagetaagaagtteecctaacacegagttcgtgaaggtgaa
gggeotccacticagecagygaggacgetccagatgaaatgggtaagtacatcaagagetttcgtgyg
agegegtgctgaagaacgageay

SEQ ID WO:31 {(HRL (Humanized Renilla) protein)
MASKVYDPEQREKRMITGPOWWARCKQMNVLDSFINYYDSERKHAENAVIFLEGNAASSYLWRHVVE
HYEPVARCIIPDLIGMGKSGKSGNGSYRLLDHYEYLTAWFELLNLPEKI IFVGHDWGACLAFHEY S
YEHODK TKAIVHARESVVDVIESWDEWPDIEEDIALIKSEEGERKMVLENNEFFVETMLPSKIMRKLE
PEEFAAY LEPFEKEKGEVRRPTLSWPREIPLVKGGRPDVVQIVRNYNAYLRASDDLPEMEFIESDPG
FESNAIVEGAKKFPNTEFVRVEKGLHESQEDAPDEMGKY IKSEVERVLENED

SEQ ID KWO:32 (Id-HRL-HT7 sandwich fusion nucleotide)

atgcttggtotgteggageaaagegigtoccatetegegetygegetgggacgegoocigoocgectt
gctggacgageagcaggtgaacgtectgetctacgacatgaacggetygetactecacgectecaagy
agotggtgceccacceotgooccagaacogoaaagtgageaaggtggagatertygcageatgtaato
gactacatcagggacctgoagetggagetgaacteggagtoctgaagtegggaccaceyggaggacy
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gggactgecctgtocgegecccgetecageacectgaacggegagatcagtgectiggocggecgagyg
cggeatgtgttccagecgacgategecatecttgtgtegegttitectcttgagaatetttatitteag
gocgtetoggaggtggtggegyagegatecgecatggettccaaggtgtacgaceccecgagcaacgcasa
acgcatgatcactgggectcaghtggtgggctegetgcaageaaatgaacgtgetggactecttica
Lteaactactatgattccgagaagcacgecgagaacgocgtgatotttctgcatggtaacgecigea
tccagctacctgtggaggeacgtogtgectcacatcgagecegtyggetagatgecatcatecectyga
toctgatcocggaatgggtaagtocgacaagagegggaatggectecatategoctoctggatcactaca
agtacotcaccgctiggitcgagetgetgaacoticcaaagaaaatcatetitgtgggecacyac
tggagggcttgtctggectticactactectacgagecaccaagacaagatcaaggeocatcgteca
tgotgagagtgtegtggacgtgatcgagtectygggacgagtggectgacatcgaggaggatateg
cootgatcaagagogaagaggygogagaaaatggtgettgagaataacttottegtegacaccaty
ctececcaagcaagatcatgoggaaactggageotgaggagttcgetgectacctggagocattcaa
ggagaagggcgaggttagacggeoctaccctetectggeectegegagatecctetegttaagggay
grazgeoegacgtegtecagattgtocgeaactacaacgeoctaccttcgggecagegacgatety
cctaagatgtitcategagtoecgacectgggticttiticcaacgectatigtogagggagetaagaa
gttccctaacaccgagttcgtgaaggtgaagggectecacttcagecaggaggacgetocagaty
apatgggtaagtacatcaagagcttogtygagegegtgctgaagaacgageaggitetetegag
Ccaaccactgaggatctgtactttcaqagcgataacgatggatccgaaatcggtactggctttcc
attcgacceccattatgtggaagtectgggegagegeatgeactacgtegatgttggtecgegey
atggeoaccootgtgeigticoctgecacggtaaccegacctectectacgtgtggecgecaacatecate
cocgeatgtigeaccgacccatcgetgecattgctecagacctgateggtatgggcaaatccgacaa
accagacctgggttatttcttcgacgaccacgtecocgettecatggatgecttecatecgaageeotgg
gtcectggaagaggtegtecoctggtcecattcacgactyggyggctocgetetgggtttecactgyggeraay
cgcaatccagagcegegtcaaaggtattgecatitatggagttcatecgeoctateccgacctyggga
cgaatggecagaattigooogeygagaccttoccaggectteecgeaccacecgacgtecggecgraagae
tgatcatcgatcagaacgttttiatogagggtacgetgoecgatgggtgtegtececgeocgetgact
gaagtocgagatggaccattaccgegageegticotgaatectgttgacegegagecactgtggeyg
cttecccaaacgagectgecaatocgoccggtgagecagegaacatcgtecgegetggticgaagaataca
tggactggctgraccagtcceotgteccgaagetgetigtictggggcaceccecaggegttetgato
ccaccggccgaageogetogootggecaaaagoctgectaactygcaaggoetgtggacatecggeoe
ggotctgaatoctgotygcaagaagacaacceocggacctyateggragegagatecgegegetggetgt
ctactctggagatttceggt

SEQ ID NO:33 (Id-HRL-HT7 sandwich fusion protein)
MLGLSEQSVSISRCAGTRLPALLDEQOVNVLLYDMNGCY SRLKELVPTLPONREVIKVE ILOHVI
DYIRDLOLELNSESEVGTTGGRGLPVRAPLSTINGET SALAREAACVPADDRILCRVSLENLYFO
ASGEGGGAIAMASKVYDPEORKRMITGPOWWARCKOMNVLDSFINYYDSERHAENAVIFPLEGNAA
SSYLWRHVVPHIEPVARCTIIPDLIGMGKSGKSGNGSYRLLDHYKY LTAWFELLNLPRKRITIFVGHD
WCACLAFHYSYREHODKIKAIVHAESVVDVIESHDEWPDIEEDI AL TRSEEGEKMVLENNTEVETM
LPSKIMRELEPEEFAAYLEPFEEKGEVRRPTLSWPRE T PLVKGGKPODVVQTVRNYNAY LRASDDL
PRMF IESDPGFEFSNAIVEGAKKFPNTEFVKVEGLHEFSQEDAPDEMGKY IKSFVERVLENEQVSLE
BFTTEDLYFOSDNDGSEIGTGEPRDPHYVEVLGERMHEYVDVGPRDGTPVLFLHGNPTSSYVWRNIT
PHVAPTHRCIAPDLIGMGKS DK PDLGYFFDDEVRFMDAFIEALGLEEVVLVIHDWGSALGEFHWAK
RNPERVKGIAFMEFIRFPIPTWDEWPEFARETFORAFRTTDVGRELIIDONVEIEGTLPMGVVREPLT
EVEMDHYREPFLNPVDREPLWRFPNELPIAGEPANIVALVEEYMDWLHQSPVPKLLFWGTPGVLI
PPAEAARLAKSLPNCRAVDIGPGLNLLQEDNPDLIGSEIARWLSTLEISG

SEQ ID NO:34 (8A3-HT7 fusion nucleotide)

atggtgattacattggaggatitecgtiggagactggcggeagacagetggatacaaccaagatea
agtgttagaacaaggaggagtgtetagtetgticecaaaagetgggagtigtcaatcaceccaatee
agaaaattgtgctgtctggggagaatgoattaaaaattgatattcatgtcatcatceccttacgag
ggactcagtggttttcaaatgggtctgattgaaatgatettcaaagtigtttacccagtggatga
tcatcattteaaggttattctecattatggtacactegttattgacggtgtgacaccaaacatga
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ttgactactttggacgececttacgagggaatigotgtglttgacggcaagaagatcacagttact
ggaactcectgtggaacggcaacaagatcattgatgagegectgatcaacccagatggttcactect
ctitocgegttactatcaatggaglteaccggatggegectiigegagegtaticttgeecggatate
teocgagecaaccactgaggatetgtactttecagagegataacgatgygateccgaaatoggttactgyc
tttocattogacceccattatgtggaagtectggacgagegeatgecactacgtegatgtiggtec
gogogatggeaccectgtactgttectgeacggtaaccegacctiectectacygtgtggegraaca
tcatocoocgeoatgttgeacegacccategetgeattgetocagacotgateggiatgggeaaatceo
gacaaaccagacctgggttatttcttcgacgaccacgtecgettcatggatgectticategaage
cotggototggaagaggtegtectggtcattecacgactogyggetecocgetoctgggttteccactggy
ccaagcgceaatecagagegegtecasaggtattigcatttatggagttecatoecgececctatececocgacc
tgggacgaatggecagaattbgccegegagacetteccaggecttcegeaccaccgacgtcggeeyg
caagctgateoatcegatcagaacgttittatcgagggtacgetygececgatgggtgtegtecgeeoyge
tgactgaagtcgagatggaccattaccgegageoogttcctgaatecctgttgacegegagecactyg
tggocgettceccaaacgagctgecaatogeoggtgagecagoegaacategtegegetggtecgaaga
atacatggactggetgcaccagtocecctygtoccgaagetgetgttotggggecaceccagygegttc
tgatccraccggeogaagecgctecgecctgygecaaaagectgectaactgraaggetgtggacate
gogococgggtotgaatctgctgcaagaagacaaccoggacctigatecgycagegagategegegetg
gectgtectactctggagatttecoggt

SEQ ID HO:35 (BA3-HT7 fusion protein)
MVITLEDFVGEHROTAGYNGDOVILEQGGVSSLFQRLGVEITPIQKIVLIGENGLEIDIHVIIPYE
GLSGFOMGLIEMIFKVVYPVDDHHFEVILHYGTLVIDGVIPNMIDYFGRPYEGIAVEDGRKITVT
CTLWNGNEIIDERLINPDGSLLFRVTINGVIGWRLCERILAGYLEPTTEDLYFOSDNDGSEIGTG
FPFDPHYVEVLGERMHYVDVGPRDGTPVLEFLHGNPTSSYVWRNIIPHVAPTHRCIAPDLIGMGES
DEPDLGYFFDDHVREMDAF IEALGLEEVVLV IHDWGSALGTHWAKRNPERVEGT AFMEFIRPTPT
WDEWPEFARETFOAFRTTDVGREKLIIDONVEIEGTLPMGVVRPLTEVEMDHYREPFLNEVDREPL
WRFPNELPIAGEPANIVALVEEYMDWLHOSPVPKLLFWGTPGVLI PPARAARLAKS LPNCKAVDI
GPGLNLLOEDNPDLIGSETARWLSTLEISG

SEQ ID NHO:36 (9BRE-HT7 fusion nucleotide)
atggtgtttacatiggaggatitegttggagactggeggcagacagetggatacaacooagatca
agtgttagaacaaggaggattgtctagtetgtticcaaaagetgggagtgtcagtcaccocaatec
agasaasattgtgctgtctyggggagaatggygttaaaaattgatattcatgtecatcatecoecttacgay
ggactcagtggttatcaasatgggtcagattgaaaagatctiicaaagttgtttacccagtggatyga
tcatcatttcaagottattctecattatggtacactecgttattgacggtgtgacaccaaacatya
ttgactactitggacgecettacgagggaattgotgtgtittgacggcaagaagatcacagttact
ggaactctgtggaacggcaacaagatcattgatgagegectgatcaaccecagatggitcactcet
ctteococgogttactatcaatggagtcaccggatggegeetttgegagegtattettgocggatate
tegagecaaccactygaggatetgtactttcagagegataacgatggateccgaaateggactgge
tttocattegacceecattatgtggaagtectgggcygagegeatgecactacgtegatgttggtec
gogogatggcacceetgtgetgticctgcacggtaaccegacctecticoctacgtgtggegcaaca
teatccocgeatgttgcacogacccatcgotgeattgectecagacctgateggtatgggecaaatac
gacaaaccagacctgggttattticttcgacgaccacgtocgecttcatggatgoecttocatcgaage
cctgggtctggaagaggtegtectaggteattcacgactggygygctecgetectgggttteocactgay
ccaagograatccagagegeygtecaaaggtattgeatttatggagttecatecegeeoctatecocgace
tgggacgaatggecagaattigececgcgagaccttecaggecticegcaccaceygacgteggeey
caagctgatcategatecagaacgtttttatecgagyggtacgctgecgatgggtgtegtoocgoocge
tgactgaagicgagatggaccattaccgcgagecgticctgaatecctgttgaccgegagecacty
tggcogectitcocaaacgagctgeraatcgecggtgagecagogaacategtegegetggicgaaga
atacatggactggctgecaccagtecectgteccgaagetgoetgttctgygggcaccecaggoegttc
tgatcccacoggccgaagecgctogectggaecaaaageetgectaactgcaaggctgtggacate
ggcoccgggtctgaatctgetygcaagaagacaaccoggacctygatcggcagegagatocgogegety
gectgtcectactetggagatrtteceggt
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SEQ ID N0O:37 (9B8-HT7 fusion protein)
MVEFTLEDFVGDWROTAGYNLDOVLEQGGLSSLEQKLGVSVTPIQRIVLSGENGLKIDIHVIIPYE
GLSGYOMGQIERKIFRKVVYPVDDHEFEVILHYGTLVIDGVTPNMIDYFGRPYEGIAVEDGKRITVT
GTLWNGNKIIDERLINPDGSLLFRVTINGVIGWRLCERILAGYLEPTTEDLYFOSDNDGSEIGTG
FOFDPHYVEVLGERMHYVDVGPRDGTPVLFLHGNPTSSYVWRNI I PHVAPTHRCIAPDL IGMGKS
DEPDLGYFEDDHVRFMDAF IEALGLEEVVLVIHDWGSALGPHWAKRNPERVEGIAFMEFIRPIPT
WDEWPEFARETFOAFRTTDVGRELI IDONVEIEGTLPMGVVRPLIEVEMDHYREPFLNPVDREPL
WRFPNELPIAGEPANIVALVEEYMDWLHOSPVPKLLFWGTPGVLIPPARRARLAR ST PNCKAVDT
GPGLNLLOEDNPDLIGSEIARWLSTLEISG

SEQ ID NO:38 (8F6-HT7 fusion nucleotide)
atggtgtttacattggaggatttogttggagactggeggeagacagectgyatacaacctagatea
agtgttagaacaaggaggagigictagtetgttecaraagelgggagtgtocaatcacceeaatee
agaaaattgigctgtetggggagaatggottaaaaattgatattcatgtecatecateccttacygay
ggactcagtggttatcaaatgggtcagattgaaaagatctteasagttgtttaccecagtggatga
tcatcatttcaaggttattctocattatggtacactegttattgacggtgtgacaccaaacatyga
ttgactactittggacgecccttacgagggaatigetgtgtttgacggcaagaagatcacagttact
ggaactctgtggaacggcaacaagatcattgatgagegectyatcaaccoagatggtticactect
cttecogogttactatcaatggagticaceggatggcgectttgegagegtattcitgeeggatatc
tcgagocaaccactgaggatctgtactticagagegataacgatggatecegaaatecagtactgge
tttccattecgacececccattatgtggaagtectgggegagegeatgeactacgtcgatgttggtec
gogegatggcaceactgtgetgticctgeacggtaaccegacciocctoctacgtgtggecgeaaca
rcatccoccocgcatgttgeaccgaccecatocgoigeattgecteccagaccetgateggtatgggeaaatec
gacaaacragaccotgggttattteticgacgaccacgtecegeticatggatgecticategaage
cotgggtotggaagaggtegtectggicattcacgactggggetocgetotgggtttocactyggy
ccaagcgeaatccagagegogtcaaagotattgeatitatggagitcatocgeectatoccgace
tgggacgaatggoccagaatttgecegegagaccttoccaggectccygcaccaccgacgtecggecy
caagcotgatcatcgatcagaacgtttttategagggtacgetgeccgatgyggtytegtecgoecyge
tgactgaagiogagatggaccattacegogagecgttcotgaatectgttgaccgegageractyg
tggegettecceaaacgagctaccaatcgecggtgagecagegaacategtogegetggicgaaga
atacatggactggctgoaccagtococtgtecegaagetgengttctggggeacoccaggegtc
tgatcccaccggocgaagecgetecgectggecaaaagectgectaactgcaaggetgtggacate
ggecoogggtotgaatectgetgcaagaagacaacecyggacctgateggeagegagatecgegegetyg
gotgtctactetggagatttocoggt

SEQ ID NO:32 (9F6~-HT7 fusion protein)
MVFTLEDEVGDWROTAGYNLDOVLEQGGVSSLEQKLGVSITPIQKIVLSGENGLKIDIHVIIPYE
GLSGYOMGOIEKIFTKVVYPVODHHEFEVILHYGTLVIDGVTPNMIDYFPGREYEGIAVEDGKKITVT
GTLWNGNEIIDERLINPDGSLLFRVTINGVTGHRLCERILAGYLEPTTEDLYFOSDNDGSEIGTG
FPFDPHYVEVLGERMHYVDVGPRDGTPVLFLHGNPTSSYVWRNI IPHVAPTHRCIAPDLIGMGKS
DEPDLGYFFDDHVRFMDAFIEALGLEEVVILVIEDWGSALGFHWARKRNPERVKGIAFMEFIRPIPT
WDEWPEFARETFQAFRTTDVGRKLIIDQNVFIEGTLPMGVVRPLTEVEMDHYREPFLNPVDREPL
WRFPNELPIAGEPANTIVALVEEYMDWLHOSPVPKLLFWGTPGVLIPPARAARLAKSLPNCEAVDT
GPGLNLLOEDNPDLIGSEIARWLITLEISG

SEQ ID NO:40 (Id-9B8 opt-HT7 sandwich fusion nucleotide)

atgcttogtotgteggageaaagegtgtecatectegegetgeygctgggacgegectgeeeygeott
getggacgagecageaggtgaacgtecctgetectacgacatgaacggctgetactcacgectcaagyg
agctggtgeoccaccctgocccagaaccgcaaagtgagecaaggtyggagatectgecageatgtaatc
gactacatcagggacctgcagetggagotgaacteggagtctgaagicgggaccaccggagygecy
gggactgocotgtocgogeooccgetcagraccoctgaacggcgagatcagtgectiggegygecgagygy
cggoatgtgttbocagoogacgatogeatcttgtgtegegtitctecttgagaatetttattttcay
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gegtotggagytggtggoggagegatcgecatggtgtttacactegaagatttegtaggggactyg
gecogcagacagccagctacaacctggaccaagteccttgagecagggeyggtectgtecagtitgttie
agaaactcggggtgtcocgtaacacegatccaaaagattgtectgagoeggtgaaaacyggectgaag
atcgacatccatgtcatcatceceegtatgaaggtetgagogygctatecagatgggecagatcgaaaa
aatttttaaggtgotgtaccetgtggatgatecatcactitaaggtgattctgecactatggcacac
tggtaatcgacggggttacgecgaacatgategactattteggacyggcocgtatgaaggcatcged
gtgttcogacggcaaaaagatcactygtaaceoggacectgtyggaacyggcaacaaaattatcgacya
geygcctgatcaaccocgacggetecctgetgttcegegtaaccatcaacggagtgaccggetgge
ggctgtgcgagegtatteltgoecggatatetegagecaaccactgaggatetgtactttcagage
gataacgatggatccgaaatcggtactggetticcattcgacceecatiatgtggaagtectyggg
cgagogecatgcecactacgtecgatgttggtocgegcgatyggeaccoctgtgetgttectgcacgygta
acccgacctocteoctacgtgtggegeaacatcatcecegeatgttgeaccgacccatecgetgcatt
getecagacotgateggtatgggecaaatcogacasaccagacctgggtitatttcttocgacgacca
cgtecgettecatgoatgectticategaagecctgyggtetiggaagaggicgtectggLecaticacy
actggggctcogotctgggtttecactgggecaagegcaatccagagecgecgtcaaaggtattgesa
tttatggagttcatocgeocctatecececgacetgggacgaatyggecagaatttgececgegagacctt
ccaggocttoogeaccaccgacgteggccgecaagetgatcategatcagaacgittitategagy
gtacgctgeegatgggtgtegtecogeccgetgactgaagicgagatggaccattaccgegagecy
ttcctgaatcoctgttgaccegegagecactgtygegettoecaaacgagetgccaatocgecggtga
gocagogaacatogtegegetggtegaagaatacatyggactggetgecacecagtocococtgteecyga
agctgctgttetggggeaccecaggcgitetgateccaccyggecgaageogotogooiggoraaa
agcctgoctaactgeaaggctgtggacatcggececgggtotgaatectgetgecaagaagacaacce
ggacctgatocggeagegagategegegetggetgtctactetggagatttecggttt

SEQ ID NO:41 (Id-SBR8 opt-HT7 sandwich fusion protein)
MLGLSEQSVSISRCAGTRLPALLDEQQOVNVLLYDMNGCY SRLKELYPTLPONRKVSKVEILQHEVI
DYIRDLOLELNSESEVGTTGGRGLPVRAPLSTINGEISALAAFAACVPADDRILCRVSLENLYFC
ASGGGGGAIAMVETLEDFVGDWROTAGYNLDOVLEQGGLSSLFORLGVSVIPIQKIVLESGENGLE
IDIEVIIPYEGLSGYOMGOIEKIFRYVY PVDDHHFREVILHYGTILVIDGVIPRMIDYFGRPYREGIA
VEDGRKITVTGTLWNGNEIIDERLINPDGSLLFRVT INGVTGWRLCERILAGYLEPTTEDLYFQS
DNDGSEIGTGFPFDPHYVEVLGERMHYVDVGPRDGTPVLEFLHGNPTSSYVWRN I T PHVAPTHRCT
APDLIGMGKSDRPDLGYFFDDHVRIMDAFIEALGLEEVVLVIHDWGSALGFHWAKRNPERVKGTI A
FMEFIRPIPTWDEWPEFARETFQAFRTTDVGRELTIDCNVEFIEGTLPMGVVRPLTEVEMDHYRED
FLNPVDREPLWRFENELPIAGEPANIVALVEEYMDWLHOSPVPKLLEFWGTPGVLIPPAEAARLAK
STPNCKAVDIGPGLNLLQEDNPDLIGSEIARWLSTLEISG

SEQ ID NO:42 (S5B8 opt+K33W nuclectide)
Atggtgtttacactcecgaagatttegtaguggactggcggcagacagceccggctacaacctggacca
agtocttgagragggoggtetgtecagtttgtttcagaateteggggtygtecgtaacaccgatoe
aaaagattgtcctgageggtgaaaacggecctgaagategacatecatgtecatcateccegtatgaa
ggtctgagcggctatcagatgogocagatcgaasaaaatttttaaggiggtgtaccctgtgygatyga
tocatcactttaaggtgattctgeactatggecacactyggtaategacggggttacgecgaacatga
tecgactattteoggacggecgtatgaaggcategecgtgticgacggcaaaaagatcactgtaace
gggaccctgtggaacggcaacaaaattategacgagegectgatcaaccocgacgygctecctget
gtteocgogtaaccatcaacggagtgaceggetggecgotgtgcgagogeattitggey

SEQ ID N0:43 (9B8 opt+K33N protein)
MVFTLEDFVGDWROTAGYNLDOQVLEQGGLSSLEFONLGVSVIPIQRIVLSGENGLKIDIHEVIIPYE
GL3GYOMGOIEKIFRKVVYPVDDERFRVILEYGTLVIDGVTIPNMIDY FGRPYEGIAVEDGRKITVT
GTLWNGNKIIDERLINPDGSLLFRVTINGVIGWRLCERILA

SEQ ID NO:44 {(QC27-HT7 nucleotide)
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atggtgtttacattggaggatttegttggagactggcggeagacagotggatacaacctagateca
agtgttagaacaaggaggatitgtctagtetgttccaaaagetgggagtgtcagtcaceocaatee
agaaaattgtgotgtcoctggggagaatgggttaaaaattgatattcatgtcatcateccttacgag
ggactcagtggttitcaaatgggtectgattgaaatgatcttcaaagtitgtttacccagtygyatyga
tcatcatttcaagatbaticaccattatggtacactegttattgacggtgtgacaccaaacatga
ctgacttottiggacgecocttacgagggaattgctgigtitgacggcaagaagatcacagttact
ggaactctgtggaacggcaacaagatcattgatgagegeetgatcaacccagatggtticactect
cttoocgegttactatcaatggagtcaccggatggegectttgegagegtattcttgecggatate
tegageccaaccactgaggatetgtactttcagagegataacgatggatecgaaatcgygtactgge
tttecattcgaccooocattatgtggaagtectgggegageygecatgeactacgticgatygttgygtee
gogegatggeoacceotgtgetgttectygecacggtaaccegacctectectacgtgtggegeaaca
tcatccocgocatgtigoaccgaccecatogetgeattgetecagacetigateggltatgggecaaatod
gacaaaccagacctgggttatitteticgacgaccacgtocgeticatyggatgecttecategaage
cetggototggaagaggtegtectggteattcacgactggggotecgetotgggtttecactyggy
ccaagogoaatcoccagagogegteaaagotattgeatttatggagticatecgecctatoacgace
tgggacgaatyggccagaatttgeccgcgagacettecaggecttecocgeaccaccgacgtocggecyg
caagetgatcatcgatcagaacgtitttategagggtacgetgecgatgggtgtegtecegooogo
tgactgaagtcgagatggaccattaccgegagecgtitecctgaatectgttgaccygcgagecacty
tggegottcocaasacgagetgoraategeeggtgagecagoegaacategtecgegetyggtegaada
atacatggactggotgraccagtoccoctgticeegaagetgctgttetggggcacceccaggegtte
tgatcocacoggocgaageogotogectgygccaaaagectyertaactgcaaggotgtgygacato
ggcocgggtctgaatctgoigeaagaagacaacccggacctgateggecagegagatecgeygcgetyg
getgtetactctggagatttooggt

SEQ ID HNO:45 (QC27~HT7 protein)

MVETLEDFVGDWROTAGYNLDOVLEQGGLSSLFQRLGVSVT PTI QRIVLSGENGLKIDIHVIIPYE "
GLSGFOMGLIEMIFRVVYPVDDHEFPKIIHHYGTIVIDGVIPRMIDFFGRPYEGIAVEDGKEITVT
GULWNGNEKIIDERLINPDGSLLFRVTINGVIGWRLCERILAGYLEPTTEDLYFQSDNDGSETGTG
PPFDPHYVEVLGERMHYVDVGPRDGTPVLELHGNPTSSYVWRNI IPHVAPTHRCIAPDL TGMGKS
DEPDLGYFFDDEVREMDAFIEALGLEEVVLVIHDWGSALGFHWAKRNPERVEGIAFMEFIRPIPT
WDEWPEFARETFOAFRTTDVGRELI IDONVEIEGTLPMGYVRPLTEVEMDEYREPFLNPVDREPL
WRIPNELPIAGEPANTIVALVEEYMDWLHOS PVPKLLFWGTPGVLIPPAREAARLAKSLPNCKAVDI
GPGLNLLOEDNPDLIGSEIARWLSTLEISG

SEQ ID NO:46 (BFZ)
atggtgtttacattggaggatttegrtggagactggoggcagacagctggatacaaccaagatca
agtgttagaacaaggaggagtgtctagtctgticcaaaagetygggagtgtecagtcaccecaatee
agazaattgtygctoteciggggagaatgggttaaaaattgatattcatgteatcatececcttacgay
ggactcagtggttttcaaatgggtotgattgaaatgatcttcasagttgttitacccagtggatga
toatcatttecaagottatictcecattatggtacactegttattgacggtgtgacaccaaacatga
ttgactactttggacgcoctitacgagggaattgetgigtttgacggraagaagatcacagttact
ggaactotgtggaacggcaacaagateattgatgagegectgatoaacoragatggttcactect
ctteogegttactatcaatggagtcaccggatggegectrtgegagegtattettgeo

SEQ ID NO:47 (BF2 protein)
MYFTLEDFVGDWROTAGYNQDOVLEQGGVSSLFQRLGVSVTPIQKIVLSGENGLKIDIHVEIIPYE
GLSGFOMGLIEMIFRKVVYPVDDHEFKVILHYGTLVIDGVIPNMI DY FGRPYEGIAVFDGEKITVT
GTLWNCGRKIIDERLINPDGSLLFRVIINGVIGHRLCERILA

SEQ ID NO:48 (IV-HT7 nucleotide)

atggtgtttacattggaggatticgttggagactggecgygcagacagctggatacaaccaagatea
agtgttagaacaaggaggattgtetagtectgticcaaaagetygggagtgteagtcaceeeaatec
agaaaattgtgotgtctggggagaatggyuttasaaattgatattcatgtcatcatececttacgayg
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ggactcagtggttticaaatgggtctgatigaaatgatettcaaagttgtittacccagtggatgsa
tcatcatttcaaggttattcteocattatggtacactegttattgacyggtotgacaccaaacatyga
ttgactactttggacgecctiacgagggaattgetgtgtttgacggraagaagatcacagttact
ggaactotgtggaacggcaacaagatcattgatgagegeotgatcaacccagatggttcactect
cttocgegttactatcaatggagtcaceggatggegectitgegagegtattecttgecggatate
tegagecaaccactgaggatetgtactiticagagegataacygatggatccgaaatecggtactgge
tttecattecgaccoocattatgtggaagtoctggugcgagoegcatgecactacgtcgatgttggtee
geacgatggeaccoctgtgetgttectgeacggtaacecgacctectectacgtgtggegcaaca
tcatcecegeatgttgecaccgacccatcgetgeattgetocagacctgatecggtatgggcaaatco
gacaaaccagaccigggttatticticgacgaccacgtocgoitcatggatgecttecategaage
cotgggtetggaagaggteglectggtecattcacgactyggyggotecgetetgggttteccactggyg
ccaagegeaatecagagegegtecaasaggtattgecatttatggagtteatecgeectatecocgace
tgggacgaatggocagaatttgeccocgagacetteccaggecttecgcaccacegacgteggecy
caagcltgatcategatcagaacgittttatecgagggtacgectgeccgatgggtgtegtocgeoecyga
tgactgaagbtegagatggaccattaccgeyagecgttecctgaatecoctgttgacocgegageeacty
tggecgcttcoccaaacgagectgecaatcgecgygtgagoecagegaacategtoegegetggtegaaga
atacatggactggctygcaccagteccctgteccgaagetgetgttctggggcaccoccaggogitc
tgatccocoacoggocgaagecgcicygcctggecaaaagectgectaactgecaaggetgtggacate
ggcccegagtoctygaatctgctgecaagaagacaacocogyacctgatecggecagegagategegegety
gctgtctactoctggagattteoggt

SEQ ID NG:49 (IV-HT7 protein)
MVFTLEDFVGDWRCTAGYNQDOVLEQGGLSSLFQRLGVSVTIPIQKIVLSGENGLKIDIHVIIPYE
GLEGPOMGLIEMIFKVVYPVDDHHFKVILEYGTLVIDGVIPNMIDY FERPYEGIAVEDERKITVT
GTLWNGNKIIDERLINPDGSLLFRVIINGVIGWRLCERILAGYLEPTTEDLYFOSDNDGEEIGTG
FPFDPHYVEVLGERMHYVDVGPRDGTPVLFLEGNPTSSYVWRNI IPEVAPTHRCIAPDLIGMGKS
DKPDLGYFFDDHVRFMDAFIEALGLEEVVLVIHDWGSALGFHWAKRNPERVKGIAFMEFIRPIPT
WDEWPEFARETFOAFRTITLDVGREKLIIDONVE IEGTLPMGVVRPLTEVEMDHYREPFLNPVDREF L
WRFPNELPIAGEPANTIVALVEEYMDWLHQS PVPRKLLEFWGTPGVLIPPARAARLAKSLPNCKAYDI
GPGLNLLOEDNPDLIGSEIARWLETLEISG

SEQ ID NO:50 (8F2-HT7 nucleotide}

atggtgtttacattggaggatttegttggagactggecggeagacagetggatacaaccaagatca
agtgttagaacaaggaggagtgtctagtetgticcaaaagetgggagtgtcagtcacceccaataec
agaaaattgtygctotetggggagaatgggttaaaaattgataticatgteatecatcecettacgag
ggactcagtggtiticazatgggtctgattgaaatgatocttcaaagttgtttacccagtggatyga
tcatcatttcaaggttatictecattatggtacactecgttattgacggtgtgacaccaaacatgsa
ttgactactttggacgeocttacgagggaattgetgtgttitgacggcaagaagatcacagttact
ggaactctgtggaacggcaacaagatcattgatgagcgectgatcaaccecagatggttcacteot
cttocgegttactatcaatggagtcaccugatggeucctttgegageygtattecttgeeggatate
tcgageocaaccactgaggatetgtactiticagagecgataacgatggatcecgaaatocggtactgge
tttocattcgacceccattatgtggaagtectgggegagegeatgeactacgtegatgttggtec
gogcgatggcaccoceectgtgetgttectgracggtaaccogacctoectectacgtgLggegcaaca
tcatccocogcatgttgcacegaccecategetgcattagctecagacctgateggtatgggeaaatec
gacaaaccagacctgggttatttettegacgaccacgteogcttcatggatgecttcatecgaage
coctgggtctggaagaggtegtectggtecaticacgactggggctecgectetgggtttecactgayg
ccaagcgcaatccagagegegticasaggtatigecatitatggagttcatecgeocctatcoccgacc
tgggacgaatggccagaatttgecegegagaccticcaggecticogeaccaccgacgicggecy
caagctgatcatcgatcagaacgtttttatcgagggtacgectgeocgatgggtgtegoecgecege
tgactgaagtecgagatggaccatiaccgegagecgttectyaatectgttgaccgocgagecacty
tggcgoticccaaacgagetgecaatogoeggigagecagodgaacatogtegegetggtcgaaga
atacatggactggctgcaccagtecocctgtecegaagetgetgtictggggeaccocaggagtte
tgatocccacoggecgaageogorcgectggecaaaagectgectaactgcaaggotgtggacate
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ggcecygggtoctgaatctgctygraagaagacaacceyggacctgaticggecagegagategegogotg
gotgtectactecrggagatttooggt

SEQ ID NO:531 (8F2-HT7 protein)

MVFTLEDFVGDWROTAGYNODOVLEQGGVSSLEFQKLGVSVTIPIQKIVLSCGENGLEKIDIRVIIPYE
GLSGFOMGLIEMIFKVVYPVDUDHHFRVILHYGTLVIDGYTPNMIDYFGRPYEGTIAVEDCGKKITVY
GTLWNGNEIIDERLINPDGSLLFRVTINGVTIGWRLCERILAGYLEPTTEDLYFOSDNDGSEIGTG
FPFDPHYVEVLGERMHEHYVDVGPRDGTPVLFLHGNPTSSYVWRNI I PHVAPTHRCIAPDL IGMGKS
DEPDLGYTFDDHEVRFMDAF TEALGLEEVVLVIHDWGSALGFHWAKENPERVRGTAFMEF IRPIPT
WDEWPEFAREIFQAFRTIDVGRKLIIDONVFIEGTLPMGVVRPLTEVEMDHYRE PFLNPVIREPL
WREPNELPIAGEPANIVALVEEYMDWLHQS PVPKLLFWGTEGVLIPPAEAARLAKSLPNCKAVDI
GPGLNLLOEDNPDLIGSEIARWLSTLEISG

SEQ ID NO:52 (15C1-HT7 nucleotide)
atggtgtttacattgaaggatttcgttgragactggecggeagacagctggatacaaccaagatca
agtgttagaacaaggaggattgtetagtctgttecaaaatetgggagtgtcagtcaccccaatce
agaasaattgtgctgictggggagaatgggttaaaaattgatattcatgtcatcateocottacgag
ggactcagtggttatcaaatgggtecagattgaaaagatcticaaagtigtttacccagtggatga
tcatcatttoaaggtitattctceccattatggtacactegttattgacggtygtgacaccaaacatga
ttgactactitggacgceoettacgagggaattgetgtgttigacyggcaagaagatcacagttact
ggaactcigtyggasacggcaacaagaicattgatgagegectgatcaacccagatggttcactect
cttocogegttactatcaatggagtcaceggatggegectitigegagegtattctigeocggatate
tcgagccaaccactgaggatctgtactttcagagegataacgatggatccgaaatcggtactgge
tttecattegacceccatiatgtgogaagtectgggegagegeatgeactacgtogatgttggtec
gcgogatggraccectgtgetgitectgecacggtaacccgacctiectoctacgtgtggegeaaca
ccatcccgeatgttgecacegacceeategetgeattgetocagacctgateggtatgagecaaatcee
gacaaaccagacctgggttatttcticgacgaccacgtecocgeticatggatgecticatcgaasge
cotgggtctggaagaggtegtoctggtcattcacygactggggetecgetoctgggtttccactgay
ceoaagegcaatccagagegegtcaaaggtattgeatitatggagttcatoecgecctateocgace
tgggacgaatggcecagaatttgeccgegagaccttecaggecticogeaccacegacgtecggecy
caagctgatcatogatcagaacgtttttategagggtacgetygecgatggagtgtegtecegeecge
tgactgaagtcgagatggaccattaccygcgageogttcotgaatecctgtitgaccygegageoacty
tggegcttoceccaaacgagetgeccaatcgeeggtgagecagegaacategtegegoetyggtcgaaga
atacatggactggctgcaccagteccecctgteccgaagetgetgttctyggygygcaceecagygegttc
tgatcccaccggocgaagoegetegectggecaaaagectgectaactgecaagygetgtggacate
ggoocgggtotgaatctgotgcaagaagacaaceoggacotgateggragogagatocgogogoty
getgtctactetggagatttcoggt

SEQ ID NO:53 (15C1-HT7 protein)

MVFTLEDFVGDWROTAGYNQODOVLEQGGLSSLEONLGV VI PIQKIVLSGENGLKIDIHVIIPYE
GLSGYCMGOIEKIFKVVYPVDDHHFRVILHYGTLVIDGVTPNMIDYFGRPYEGIAVFDGEK I TVY
CTLWNGNKIIDERLINPDGSLLFRVI INGVTGWRLCERILAGYLEPTTEDLYFQSDNDGERIGTG
FPFDPHYVEVLGERMHYVDVGPRDGTPVLELHGNPTSSYVWRNI IPEVAPTHRCIAPDLIGMGKS
DXPDLGYFFDDHVRFMOAFTEALGLEEVVLVIEDWGSALGFHWAKRNPERVKGIAFMER IRPTFT
WDEWPEFARETFQAFRTTDVGRKLI I DONVEIEGTLPMGVVRPLTEVEMDEYREPFLNPVDREPL
WRFPNELPIAGEFANIVALVEEYMDWLHOS PYPRLLEFWGTPGVL IPPAEAARLARKSLPNCKAVDI
GPCLNLLOEDNPDLIGSEIARWLSTLEISG

SEQ ID NO:54 (Ogluc Secretion Signal Peptide) Oplophorus gracilirostris
atggettactccacactgttcatcattgetotcacageegtogtaacacaagecoctectecacaca

gaaaagcaacctgacsa

SEQ ID NO:55 (Id-ClAR4E-HT7 .sandwich fusion nuclectide)
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atgcttggtctgtecgygagraaagegtgtecatetegeygctycgetgggacgegectygcecgectt
gotggacgagcecagcecaggtgaacgtectgetetacgacatgaacggetgctactcacgoctecaagy
agctggtgeccaccctygceccagaaccygecaaagtgagraaggtggagatectgeageatygtaate
gactacatcagggacctocagctiggagetigaacteggagictgaagiocgggaccacecggagges
gggactgectgtoocgegeecagetcagecacectgaacgygcgagatcagtgecttggeggecygagyg
cggcecatgtgttccagecgacgategeatctigtgicgegtttectettgagaatectittattticag
geotetggaggtggtggeggagegategecatggtgtttacattggaggatttegtiggagacty
geggcagacagctggatacaaccaagatcaagtgttagaacaaggaggattgtctagtctgttee
aazagctgggagtgtcagtcacceccaatecagaaaatigtgoctgtotggogagaatgggttaaasa
tttgatattcatgtcatcateccttacgagggactcagtggtitotcaaatgggtctgattgaaat
gatcttcaaagttgittaccragtggatgatcatcatttcaagattattctecattatggtacac
tegttattgacggtgtgacaccaaacatgattgactactttgoacgeecttacgagggaatiget
gtytttgacggcaagaagatcacagttactggaactctgtggaacggcaacaagatcattgatga
gecgectgatcaaccecagatggttecactecteciteccgegttactatcaatggagtecacecggatgge
goeotttgegagegtattettgeccggatctetegageraaccactgaggatetgtactttcagage
gataacgatggatccgaaatcggtactggectttccattocgaccocececattatgtggaagtectggy
cgagegcatygcactacgtegatgttggtecygegegatggeaccectygtgetygtectgeacgygta
acccgacctectectacgtgtggcgeaacatecatccogeatgttgeaccygacececategetgeatt
goetecagacctygateggtatgggeaaatecgacaaaccagacetgggttattiteticgacgacca
cgtccgcttcatggatgecttecatecgaageecctgggtictyggaagaggtecgtectggtcattcacy
actggggctceogetectgggtttocactggygoccaagecgcaatcecagagegegtecaaaggtatigea
titatggagticatccgeectateccecgacctgggacgaatggecagaatitgeeccgegagaccett
cecaggecticcgcaccaccegacgteggecgecaagetgatcatecgatcagaacgtttttatcgagy
gtacgctgcecgatggolbgtecgtecgeccygetoactgaagtcgagatggaccattaccygegagoeoy
tteotgaatectgttgacegegagecactgtggogeitecccaaacgagetgocaatogoocgygtga
gecagecgaacategtegegetggtogaagaatacatggactggetygeaccagteocctgteececyga
agetgctgtitctggggcaccecaggegtictgateccaceggecgaageegetecgectyggecaaa
agcectgectaactgecaaggctgtggacatcggeccygggtecigaatcigectgcaagaagacaacce
ggacctgatcggcagcgagatcgegegectggetgtctactetggagatttecggt

SEQ ID NO:56 (IA-ClR4AE-HT7 sandwich fusion protein)
MLGLSEQSVSISRCAGTRLPALLDEQOVNVLLYDMNGCY SRLEELVETLPONRKVSEVEILQHVI
DYIRDLOLELNSESEVGTTGERGLPVRAPLSTLNGE I SALAAEAACVPADDRILCRVSLENLYFO
ASGGGGGATIAMVETLEDFVGDWROTAGYNODOVLEQGGLSSLFQELGVSVIPIORIVLSGENGLE
FDIBVIIPYEGLSGFOMGLIEMIFREVVYPVDDHHFEKIILEYGTLVIDGVTPNMIDYFGRPYEGIA
VFDGREITVTGTLWNGNKIIDERLINPDGSLLFRVTINGVIGWRLCERILAGSLEFPTTEDLYFQS
DNDGSEIGTGFPFDPHYVEVLGERMHYVDVGPRDGTPVLFLHGNPTSSYVWRNIIPHVAPTHRCT
APDLIGMGESDRPDLGYFFDDHVRFMDAR TEALGLEEVVILVIHDWGSALGFHWARRNPERVEGIA
FMEFIRPIPTWDEWPEFARETFOAFRTTDVGRELIIDONVEIEGTLPMGVVRFLTEVEMDHEYREP
FLNPVDREPLWRFPNELPIAGEPANIVALVEEYMDWLHQSPVPKLLFWGTPGVLIPPAEAARLAK
SLPNCKAVDIGPGLNLLOEDNPDLIGSEIARWLSTLEISG

SEQ ID NO;57 (Id-IV-HT7 sandwich fusion nucleotide)

atgcecttggtetgtecggageaaagegtgtecatetegegetygcgectgggacgegectgecagectt
getggacgagcageaggtgaacgtectgctetacgacatygaacggctygctactcacgectcaaygg
agctggtgcocaccecetygecccagaaccygcaaagigagcaaggtggaegatecctgcageatgtaate
gactacatcagggacctgcageciggagcbgaactcogygagtectgaagicgggacoaccggadycoy
gggactgectgtocgegecccygctcageaccctgaacygygegagatecagtgecttgocggacgagyg
cggcatgtgttccagecgacgatecgecatecttgtgtecgcotitectettgagaatetttattitcag
gcgtctggaggtggtggeggagegatecgecatggtgtttacattggaggatttegttggagactyg
geggeagacagectggatacaaccaagatcaagigttagaacaaggaggatigtotagtectgttce
aaaagcetyggagtgtecagteaccoocaatocagaaaattgtgotgtetggggagaatgggttaaaa
attgatattcatgtcatcatccettacoagggactcagtggtittcaaatgggtetgattgaaat
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gatcticaaagttgtttacccagtggatgatcatcatttcaaggttaticteccattatggtacac
tcgttatitgacggtgtyacaccaaacatgatigactactttggacgecctiacgagggaattget
gtgtttgacggcaagaagatcacagttactggaactctgtggaacggcaacaagatcattgatga
gegectgatcaaccragatggttcactectettecgegttactatocaatggagtcaccggatrgge
gcoctttgecgagogtattettgocgttictictecgagecaaccactgagygatetgtactttcagage
gataacgatggatccgaaatcggtactggetttceattcgaccecrattatgtggaagicctggg
cgagegeatgractacgtegatgttggtoogegegatggraceocctggetgttectgeacggta
accegacctectoctacgigtggegeaacatecateccgeatgtigeacecgaceccatecgetgeatt
gctcoccagacctgatcggtatgggeaaatocgacaaaccagacectgggttatiteottecgacgaceca
cogtococgottecatggatgecttecategaageectgggiectggaagaggtegtecctggteattcacy
actggggotcocgetctgggtttecactgggeocaagogeaatccagagegegtcaaaggtattgea
tttatggagtitcatceccgeoctatecogacctoggacgaatggeecagaatitgececgegagacctt
ccaggecticogeacecacegacatecggecgcaagetgatcategatcagaacgittttategagy
gtacgctgecgatgggtgtcgtececgeeegetgactgaagltoegagatggaccatitaccgegagocyg
ttectgaatectgttgaccgegageocactgtggegetteccaaacoagetgecaatogoeeggtga
goccagegaacatcgtogegetggtegaagaatacatggactgygctgoaccagtoccctgteccga
agetgeotgtbotggggcacoecaggaegtiotigatcccaceggecogaageogctogectggecaasa
agcctgectaactgcaaggctygtyggacatecggcecgggtctgaatctygctgcaasgaadgacaaceo
ggacctgatoggcagegagatecgegogetggetgtetactetggagatttecggr

SEQ ID NO:58 (Id-IV-HT7 sandwich fusion protein)
MLGLSEQSVSISRCAGTRLPALLDEQOVNVLLYDMNGCY SRLEELVPTLPONRKVEKVETILQHVT
DYIRDLOLELNSESEVGTTGGRGLPVRAPLSTINGEISALAAEAACVPADDRILCRVSLENLYFD
ASGGEGGAIAMVETLEDFVGDWROTAGYNODOVLEQGGLSSLFQKLGVSVIPIOKIVLSGENGLE
IDIRVITIPYREGLSGFOMGLIEMIFKVVY PVDDHHFRKVILHYGTLVIDGVI PNMIDYFGRPYEGIA
VEDGRRITVTGTLWNGNKI IDERLINPDGSLLFRVTINGVIGWRLCERILAVSLEPTTEDLYFQS
DNDGSEIGTGEFPFDPHYVEVLGERMHEYVDVGPRDGTPVLEFLHEGNPTSSYVWRNIIPHVAPTERCT
APDLIGMGKSDKPDLGYFFDDHVRFMDAFIEALGLEEVVLVEHDWGSALGFHWAKRNPERVKGIA
FMEFIRPIPTWDEWPEFARETFQAFRTTDVGRELIIDONVFIEGTLPMGVVRPLTEVEMDHYRED
FLNPVDREPLWRFPNELPIAGERPANIVALVEEYMDWLHQSPVPKLLFWGTPGVLIPPAEAARLAK
SLPNCEKAVDIGPGLNLLOEDNPDLIGSETARWLSTLEISG

SEQ ID NO:59 (I4-9B8 opt+K33N-HT7 sandwich fusion nucleotide)

atgecttggtetgteggagcaaagegtgtecatctegegetgegoetgggacgegectgecegectt
gctggacgagcageaggtgaacygtectgetectacgacatgaacggetgetactcacgectcaasy
agctggtgcocaccctgececoagaacegcaaagigagcaaggtggagatectygcageatygtaate
gactacatcagggacctgcagetggagctgaacteggagictgaagtegggaccaceggagdgccy
gggactgecotgtecgegeccogetcageacectgaacggcgagatecagtgecttggeggcogagy
cggecatgtgticcageegacgategeatecttgtigtegegtttctettgagaatetttattttcag
gegtetggaggtogtggeggagegategeecatggtgtttacactegaagatttegtaggggacty
goggcagacagecggcetacaacctggaccaagtectigageagggeggtetgtocagtitattte
agaatctogggogtgtocgtaacaccgatecaasagattgtectgageggtgaaaacggecctgaay
atcgacatccatgtecatcatcocgtatgaaggtetgageggctatcagatgggecagatcgaasaa
aatttttaaggtggtgtaccctgtggatgatcatcactttaaggtgattctgecactatggeacac
tggtaatogacggggttacgecgaacatgatecgactatttcggacggecgtatgaaggeatcgeo
gtottocgacggraacaagatcactigiaaccygggaccctgtggaacggcaacaaaattatcgacyga
gegectgatcaacoecgacggctecctgetgttecgegtaaccatcaacggagtgaccggctgge
gogctgtgcgagegeattitgocgggatatctcgagecaaccactgaggatetgtacttteagage
gataacqatqgatchaaatcggtactggctttccattcgacccccattatgtggaagtcctggg
cgagcgeatgecactacgtogatygttggtcegegogatggeacecctgtgetgttectgeacyggta
acccgacctectoctacgtgtggegcaacatcateccgecatgttgecaccgacccatogetgeatt
gcectecagacctgateggtatgggcaaatecgacaaaccagacctgggttatttettegacgacea
cgtocgettecatggatgecttecatocgaagecctgggtctggaagaggtegtectggtecattiecacyg
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actggggctcocgetetgggttteccactgggceaagegecaatecagagegegtcaaaggtattgea
tttatggagttcatocgeectatocecgacoctgggacgaatggecagaatttgececcygegagacett
ccaggceottocgeaccacegacateggecgcaagcetygatecategatecagaacgtttttatcgagy
gtacgctgccgatgggtotegtacgecogetoactgaagtegagatggaccattaccgcgageoy
Ltoctgaatectgttgacoygcgagocactgtggegettcccaaacgagetgecaategecggtaa
geocagegaacatogtegegetggtegaagaatacatggactggectgecaccagteccoeoctgtocega
agctgctgttotggggcaccecaggegttetgateccaccggoccgaagecgetcgoctgygecaaa
agecotgectaactgcaaggetgtggacateggeccggytetgaatectgotgraagaagacaacco
ggacctgatcggragegagategegegetggetgtetactetggagattteegygt

SEQ ID NO:60 (Id-SB8 opt+K33N-HT7 sandwich fusion protein)
MLGLSEQSVSISRCAGTRLPALLDEQOVNVLLYDMNGCY SRLEELVPTLPONRKVIEVEILQRVI
DYIRDLOLELNSESEVGTTGGRGLPVRAPLSTINGEISALAARAARCVPADDRILCRVSLENLYFQ
ASGGGGGATAMVETLEDEFVGDWROTAGYNLDOVLEQGGLSSLFONLGVSVIPI QR TVLSGENGLK
IDIHVIIPYEGLSGYOMGQIEKIFKVVY PVDDHHFKVILHYGTLVIDGVT PNMIDYFGRPYEGTA
VFEDGKKITVIGTLWNGNK I IDERLINPDGSLLEFRVTINGVIGWRLCERILAGYLEPTTEDLYFOS
DNDGSEIGTGFPFDPHYVEVLGERMHEHYVDVGPRDGT PVLELHGNPTSSYVWRNIIPHVAPTHRCI
APDLIGMGRSDKPLLGYEFFDDHVREMDAFIEALGLEEVVLVIHDWGSALGFHWAKRNPERVEGEA
FMEFIRPIPTWDEWPEFARETFOQAFRTITDVGRKLIIDONVEIEGTLPMGVVRPLTEVEMDHYREP
FLNPVDREPLWREPNELPIAGEPANIVALVEEYMDWLEQSPVPKLLFWGTPGVLIPPAEAARLAK
SLPNCKAVDIGPGLNLLQEDNPDLIGSEIARWLSTLEISG

SEQ ID NO:61 (Id-9BB-HT7 sandwich fusion nucleotide)
atgottggtetgteggagecaaagegtgtecatetegegetgegetgggacgegectgoececgeott
gctggacgagcageaggtgaacgtectgetctacgacatgaacggetgctactcacgeetcaagy
agrtggtgcecaccotgeocccagaaceygcaaagtgageaaggtggagatecctgeageatgtaatce
gactacatcagggacctgcagetggagetgaacteggagtctgaagtegggaccaccyggaggccy
gggactgectgtoecgegecoogetcageacectgaacggcgagatcagigecttggeggecyagy
cggcatgtgtteocagecgacgatecgeatottgtgtegegtttetettgagaatoctttatttticag
gogtetggaggtagtggeggagegatcgecatyggtgtttacattggaggatttegttggagacty
goggcagacagetggatacaacctagatcaagtgttagaacaaggaggattgtctagictgiice
aaaagctgggagigtcagicacaccaateccagaaaatigtgetgtictguggagaatgggttaaas
attgatattcatgtcatcatccecttacgagggactcagtyggttatcaaatgggtecagattigaaaa
gatcttcaaagttgtttacccagtggatgatcatecatttcaaggttattctecattatggtacac
togttattgacggtgtgacaccaaacatgattgactactttggacgceccitacgagggaatiget
gtgtttgacggcaagaagatcacagttactiggaactctgtggaacgygcaacaagatcattgatga
gogecctgatcaacccagatggitcactectoticecgegttactatcaatggagticaccggatgge
goeetttgogagegtattottgecgtitetetcgagecaaccactgaggatetgtactttcagage
gataacgatggatcocgaaatcggtactggetticcattegacececattatgtggaagteciggg
cgagcgeatgcactacgtegatgttggtecgegegatggecacecctgtgocigticctgcacggta
acocgacctoctectacgtgtgygcgcaacatcatececgeatgtigecaccgacecategetgeatt
gotecagacotygateggtatgggeaaatocgacaasacecagacotgggttatttctitegacgacca
cotcocegetteatggatgocttcatcgaageoetygggtetggaagaggtegtectggteattcacy
actggggcetecgetetgggtttecactoggecaagagecaatccagagegegticaaaggtattagca
tttatggagticatcegeoctatooocgacctgggacgaatggecagaatttgeeccgegagacctt
coaggocttocgecaccacegacgteggecgcaagetygatecatecgatcagaacgtotttategagy
gtacgeotgcogatgggtatcgteccgeccgetgactgaagtecgagatggaccattaccgegagocy
ttococtgaatectgtigacegegagecactgtggegetteccaaacgagetgecaatcgoeocggtga
gcecagcegaacatocgtegegetgygtcgaagaatacatggactggetgcaccagoccecctgicecga
agetagctgttctggggygcaccecaggegttctgateccaccggocgaagoeogetegeoctggecaaa
agcctgcoctaactgeaaggctgtggacatcggecegggtctgaatecigetgcaagaagacaacco
ggacctgatcggcagegagatecgegegetggetgietactctggagattteceggt
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SEQ ID NO:62 (Id-9B8-HT7 sandwich fusion protein)
MLGLSEQSVSISRCAGTRLPALLDEQOVNVLLYDMNGCY SRLKELVPTLPONREKVEKVEILQHV I
DY IRDLOLELNSESEVGTTGGRGLPVRAPLSTLNGEI SALAAEAACVPADDRILCEVSLENLYEQ
ASGGGERATIAMVETLEDFVGDWROTACYNLDOVLEQGGLSSLEFQELGVSVTPIOKIVLSGENGLE
IDIHVITPYREGLSGYOMGOIEKIFKVVYPVDDHAFKVILAYGTLVIDGVTPNMIDYFGRPYEGIA
VPDGKEITVTGTLWNGNEI IDERLINPDGSLLFRVTINGVIGWRLCERILAVSLEPTTEDLYFQOS
DNDGSEIGTGFPFDPEYVEVLGERMHYVDVGPRDGTPVLELHGNPTSSYVWRNTI I PHVAPTHRCT
APDLIGMGKSDKEDLGYFFDDHVRIMDAF I EALGLEEVV LV IHDWGSALGFEWAKRNPERVEGIA
FMEFIRPIPTWDEWPEFARETFOAFRTTDVGRELIIDONVEIEGTLPMGVVRPLTEVEMDHYREP
FLNPVDREPLWREFPNELPIAGEPANTIVALVEEYMDWLHOSPYVPKLLFWGTPGVLIPPAEAARTAK
SLPNCKAVDIGPGLNLLOEDNPDLIGSETARWLSTLETSG

SEQ ID NO:63 (Id-9¥6-HT7 sandwich fusion nuclectide)
atgottggtotyteggagraaagegtgiccatctegegetgogetgggacgegeotgecogectt
getggacgageageoaggtgaacgtectgetctacgacatgaacggoigetactoacgectcaagy
agetggtygcccaccetygeccoagaacegcaaagtgageaaggtggagatectgoagecatgtaatc
gactacatcagggacctgcagetggagetgaacteggagtctgaagtecgggaccaceggaggccyg
gggactgcctgteccgogeccogetcagecaceotgaacgygcgaygatcagtgoottggeggoocgagy
cggcatgtgticoagecogacyategcatecttgtgtegegtitetettgagaatectttatttticay
gegtetggaggtggtggcggagoegatcgocatggtgtttacattggaggatttogttgyagacty
gcoggcagacagetggatacaacctagatcaagtgttagaacaaggaggagtgtetagtetgitec
aaaagctgggagtytcastcacoccaatccagaaaattotgetgictggggagaatgggttaaaa
attgatattcatgtcatcatcecttacgagggactcagtggttatecasaatgggtcagattgaaaa
gatcttcaaagttgtttacccagtggatgateatcatttcaaggtiattctccattatggtacac
tegttattgacggtgtgacaccaaacatgattgactactttggacyeccettacgagggaattget
gtgtttgacggcaagaagaltcacagitactggaacictgtygaacggraacaagatcattgatga
gegoctgatcaacccagatggitcactectettoccgegttactateaatggaglcacocgygatygge
gectttgegagogtattottgeocgtttotctogagecaaccactgaggatetgtactitcagage
gataacgatggatcogaaateggtactyggettiecattegaceeccattatgtggaagtectgygg
cgagegeatgeactacglegatgttggtecgogegatggeaceeetgtgetgttaectgeacggta
acccgaccteotoctacgtgtggogeaacatecatecocgeatgttgeacogacocatogotgeatt
gcteocagacctgatcggtatgggeaaatccgacaaaccagaccgggttattttctiecgacgacea
cgteocgetteatggatgcottcatecgaageectyggtetggaagaggtegtectggteaticacy
actggggctoogoctotgggtttecactggyccaagegcaateccagagegegtcaaaggtattgea
tttatggagttcatcocgooctatoocgacctgggacygaatggecagaatitgooogogagacett
ceaggeothtoogoaccaccgacgtogycegeaagetygatcategatcagaacgtotitategagy
gtacgctgecgatgggbgtcgtecygccecgetgactgaagtiocgagatggaccattacogegagoey
ttoctgaateotgttgacogogagecactgtggegettcccaaacgagoetgecaategoecggtyga
gocagogaacategtegegetggtegaagaatacatggactggetgeaccagicecectgteceyga
agetgeotgttctggggcaccccaggegttoetgatecoccacegygcegaagecgctegertggecaaa
agoetgoctaactgecaaggctgtggacatcggeccgggtctgaatetgotgraagaagacaacce
ggacctgatcggeagegagatcgogegetggetgtoctactetggagattoeccygt

SEQ ID NO:64 (Id-9¥6~HT7 sandwich fusion protein)

MLGLSEQSVSISRCAGTRLPALLDEQOVNVLLYDMNGCY SRLRELVPTLFONREVSKVEILQHVI
DY TROLOLELNSESEVGTTGGRGLPVRAPLSTLNGEI SALAARAACVRADDRILCRVILENLYFQ
ASGOGEGAIAMYVPTLEDFVEDWROTAGYNLDOVLEQGGVSSLFQKLGYVSI TP IQRIVLSGENGLK
IDIHVIIPYREGLSGYOMGOIEKIFKVVYPVDDHRFRVILHYGTLVIDGVTPNMIDYFGRPYREGIA
VFDGKEITVTGTLWNGNE I IDERLINPDGSLLEFRVIINGVTGHRLCERILAVSLEPTTEDLYEFQS
DNDGSEIGTGFPFDPHYVEVLGERMHYVDVGPRDGTPVLFLHGNPTSSYVWRNI I PEVAPTHRCI
APDLIGMGKSDEPDLGYFFDDEVRIMDAF I EALGLEEVVLVIHDWGSALGYHNWAKRNPERVEGIA
FMEFIRPIPTWHEWPEFARETFOAFRTTDVGRELI IDONVFIEGTLPMGVVRPLTEVEMDHYRED
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FLNPYLDREPLWRFPNELPIAGEPANIVALVEEYMDWLHOSPVPRLLEFWGTPGVLIFPPAEAARLAK
SLPNCEKAVDIGPGLNLLOEDNPDLIGSEIARWLSTLEISG

SEQ ID NO:65 (9B8 opt-P nucleotide)
atggtgittacactcecgaagatttegtaggggactggoeggcagacagecggctacaacctggacca
agtootigagecagggeggtctgiccagittgtttcagaaactecggggtigtccgtaacaccgatce
aaaagatigtcctgageggtgaaaacggcctgaagatecgacateccatgtecatcatcoogtatgas
ggtctgagocggectatcagatgggecagatcegaaaaaatititaaggtggtgtaccctgtggataa
tcatcacttiaaggtgatictgecactatggcacactggtaatcgacggggttacgecgaacatga
tegactattteggacggeogtatgaaggeategeegtgttcgacggcaaaaagatcactgtaace
gaggsccctgtggaacyggcaacazaattatcgacgagegectgatcaaccecgacggeteectget
gtteocecgegtaaccateaacggagtgaccggetggeggetgtgegagegeattttggegaattete
acggottocctecocgagygtggagygagcaggeocgeoggecacectgeocatgagetgegeeccaggayg
agcggcatggatagacaccctgetgecttgegecagegecaggatcaacgto

SEQ ID NO:66 (2X ARE)
TAGCTTGGAAATGACAT TGCTAATGGTGACARAGCAACTTTTAGCTTIGGAAATGACATTGCTAAT
GGTGACAAAGCAACTTT

SEQ ID NO:67 (HRE)
CTGGAATTTTCTAGACTGGAATTTTCTAGACTGGAATTTTCTAGA

SEQ ID NO:68 (K33N+170G nucleotide}
atggtgtttacactcgaagatitocgtaggggactggcgygcagacagecggetacaacctggacca
agtocttgageagggoggietygiccagttigtttcagaatoteggggtgtecgtaacaccgatde
aaaagattotcctgageggtgasaacyggectygaagatcgacatecatgtcateateccgtatgaa
ggtctgageggetatcagatgggecagatecgaaaaaatttttaaggtagtgtacectgtggatyga
Lcatcactttaagotygatictgecactatyggcacactggtaatcgacggggtiacgecgaacatga
tecgactatttoggacggcegtatgaaggecategecgtgticgacggeaaaaagatcactgiaaca
gggaccctgtggaacggcaacaaaattatcgacgagecgectgatcaaccoecgacggctocctiget
gttecgogtaaccatcaacggagtgaccggetggegeuctgtgegagegeattttggeggyga

SEQ ID NO:69 (K33N+170G protein)
MVEPTLEDFVGDWROTAGYNLDOVLEQGGLSSLFONLGVSVIPIQKIVLSGENGLKIDIEVIIPYE
GLSGYQMGQOIERIFRVYYPVDDHHFKVILHYGTLVIDGVI PNMIDYFGRPYEGIAVEDGKRITVT
GTLWNGNE I IDERLINFDGSLLFRVIINGVTGWRLCERILAG

SEQ ID NO:70 (2745 (NF) nucleotide)

ATGETGTTTACACTCCARAGAT TTCGTAGGGGACTGGCGGCAGACAGCLGGUTACAACCTGGACCA
AGTCCTTGAGCAGGGCGGTCTGTCCAGT PIGTTTCAGAMATCTCGEGETGTCCGTAACTCCGATCC
AARAGATTGTCCTGAGCGGTGAARRACGGCCTGAAGATCGACATCCATGTCATCATCCCGTATGAR
GGETCTGAGCGRCTATCAGATGGGCCAGATCGAARAAAATTTTTAAGGTGGTGTACCCTIGTGGATGA
TCATCACTTTAAGGTGATTCTIGCACTATGGCACACTGGTAATCGACGGGETTACGCCGAACATGA
TCGACTATTTCGGACGGCCGTATGAAGGCATCACCEIGTTCGACGGCAAAAAGATCACTGTAACC
GEGACCCTGTGGARCGGCAACAARATTATCGACGAGCGCCTGATCAACCCCGACGGCTCCCTGCT
GTTCCGCGTAACCATCAACGGAGTGACCGGLTGGCEGCIGTGCCGAGCGCATTTTIGGCGGGEA

SEQ ID NO:71 (27A5 (NF) protein)
MVETLEDFVGDWROTAGYNLDOVLEQGGLSSLEQNLGVSVTPIQOKIVLSGENGLKIDIHVIIPYE
GLSGYOMGQIEKIFKVVYPVDDHHFKVILHYGTLVIDGVTPNMIDYFGRPYEGIAVFDGREITVT
GTLANGNEIIDERLINPDGSLLFRVTINGVIGHRRLCERILAG
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SEQ ID NO:72 (23D4 (NF) nucleotide}
ATGETGTTTACACTCCARGATTTCGTAGGGGACTGGCGGCAGACAGCCGGECTACAACCTGGACCA
AGTCCTTGAGCAGGGCGGLCTCTCCASTTTIGTTTCAGRAATCTCGGGETGTICCGTAACACCGATCC
AARAGATTGTCCTGAGCGETGARRRACGGCCTGAAGATCGACATCCATGTCATCATCCCETATGAA
GETCTGAGCGGCTATCAGATCGOCCAGATCGAARARRATTTTTAAGGTGCIGTACCCTETGGATGA
TCATCACTTTAAGGTGATTC TGCACTATGGCACACTGETAATCGACGGGGTTACGCCGARCTTGA
TCGACTATTTCGGACGTCCGTATGAAGGCATCGCCCTGTTCGACGGCAARBAGATCACTCTAACCT
GGGACCCTGETCGAACGGCAACAAAATTATCGACGAGCGCCTGATCAACCCCGACGGUTCCCTGCT
GTTCCGCETAACCATCARCGGAGTGACCGGCTGGECGGCTETGCGAGCGCATTT TGGCGEGA

BEQ ID NO:73 (23D4 (NF) protein)
MVFTLEDFVGDWROTAGYNLDOVILEQGGLSSLEFONLGVSVTPI QR IVLSGENGLEIDIHVIIPYE
GLSGYOMGOIRKIFKVVYPVDDHAFRVILHYGTLVIDGVTPNLIDYFGRPYEGIAVEDGRKITVT
GTLWNGNRIIDERLINPDGSLLFEVTINGVIGWRLCERILAG

SEQ ID NO:74 (24C2 (NF) nucleoctide)
ATGETGTTTACACTCGAAGATTTCGTAGGGGACTGGCAGCAGACAGCCGGCTACAACCTGGACCA
AGTCCTTGAGCAGRECGGTCTETCCACTTTESTTITCAGAATCTCGGGETETCCGTAACTCCGATCC
AAAARGATTGTCCTGAGCGGTGAAARCGGCCTGAAGATCGACATCCATGTCATCATCCCGTATGAR
GGTCTGAGCGGO TATCAGATGGGECCAGATCGAARALAAT TTTTAAGGEGGTIGTACCCTGTGGATGA
TCATCACTTTAAGGTGATTCTGCACTATGGCACACTGGTAATCGACGEGGTTACGCCGAACATGA
TCGACTATTTOGGACGGECCETATGAAGGCATCGCCETGTTCGACGGCARARAGATCACTGTARCC
GGGACCOTGTEEAACGGCARACARAATTATCGACGAGCGCCTGATCAACCCCGACGGCTCCCTGCT
GTTCCECGTARCCATCAACGGAGTGACCGGCTGGCGECIGTGCGAGLGCATTTTGGCGGGA

SEQ ID HQ:75 (24C2 (NF) protein)
MVFTLEDIVGEDWOOTAGYNLDOVLEQGGLSSLEFQNLGVSVIPIOKIVLSGENGLRIDIHVIIPYE
GLSGYOMGQIEKIFKVVYPVDDHHFRVILEYGTLVIDGVTPNMIDYFGRPYEGIAVEDGKKITVT
GTLWNGNEIIDERLINPDGSLLFRVTINGVTGWRLCERILAG

SEQ ID HO:76 {Id-23D4-HT7 sandwich fusion nucleotide)

atgocttgotoctotoggageaaagegtigicecatectocgegotygegetgggacgegectgecogectt
getggacgagcagoaggtgaacgtectgctetacgacatgaacggocigetacticacgectcaagy
agotggtgoccaccotgocccagaacegcaaagtigagcaaggtggagatectgeagecatgtaate
gactacatcagggacctgcagetiggagoctgaactoggagtetgaagicgggacocaccggaggeeyg
gggactgocctgtoogegeecegetcagoacoctgaacggegagatecagtgoocttggeggeogagy
cggeatgtgtteocagecgacgategeatettgtgtogegittctettgagaatctttattotcag
gogtetggaggtggtggeggagegategecatggtgtttacactecgaagatttegtagyggactyg
goggeagacageocggotacaacctggaccaagtecttgageagggeggectgtecagtttgttte
agaatctogoggtgtoogtaacaccgateccaaaagatigtectgagegdgtgaaaacggeotgaay
atcgacatccatgtcatecatecocogtatgaaggictgagoggetateagatygggecagategaaaa
aatttttaaggtggtgtaccctgtgqatgatcatcactttaaggtgattctgcactatggcacac
tggtaatogacggggttacgecocgaacttgatcgactatttoggacgtiocgtatgaaggcatcgee
gtgttegacugcaaaaagatcactgtaaccgggaceetgtggaacggcaacaaaattatcgacga
gegootgatcaaccoocgacggctcectgectgtteogegtaaccatcaacggagtgaccyggotgge
ggctgtgocgageogeattttggegggatatetocgagecaaccactgaggatetgtacttticagage
gataacgatggatccogaaateggtactggetticeatticgacococcattatgtggaagtootgag
cgagecgoatgeactacgticgatgtiggtecgegeygatggeaceoctgigetigitectgeacggta
acccgacctectoctacotgtggegecaacatcatececcgeatgttgracegacccategetgeatt
gctccagacctgatcggtatgggcaaatccgacaaaccagaccigggttatttcticgacgacea
cgtocgottocatggatgecttcatecgaageecctygggtictggaagaggicgtectggteattcacy
actggggetoogetotgggtttecactgggecaagegcaateccagagegogicaaaggtatiges
tttatggagttcatccgeectatececgacctgggacgaatgygecagaattrgececgegagacett
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ccaggecttocgeaccaccgacgtegoeogecaagctgatcatecgatcagaacgtitttategagy
gtacgctygccgatgggtgtegtoocgeccgetgactgaagtiegagatggaccattaccgcgagceey
ttectgaatocigtigacogegageecactgiggegettecoccaaacyagetgecaategecggtga
goccagogaacategtcgegetggtecgaagaatacatggactggotgeaccagteccetgtoccga
agetgetgttcltggggecaccecaggegtictgatecoccaccggecgaagocygctcgectggeraaa
agoctgectaactygcaagygchglggacatecggececgggtety

SEQ ID NO:77 (I4-23D4-HT7 sandwich fusion protein)
MLGLSEQSVSISRCAGTRLPALLDEQOVNVLLYDMNGCY SRLEKELVPTLPONREVIKVEILORVI
DY IRDLOLELNSESEVGTTGGRGLPVRAPLSTLNGE I SALAAEAACVPADDRILCRVSLENLYFQ
ASGGEGCATIAMVETLEDEVGDWROTAGYNLDOVLEQGGLSSLECNLGYSVTPIQKIVLSGENGLK
IDIRVIIPYEGLSGYCMGOIEKIFRVVY PVDDHEFKVILHYGTLVIDGVIPNLIDYFGRPYEGIA
VEDGKRITVIGTLWNGNEIIDERLINPDGSLLFRVTIINGVIGWRLCERILAGYLEPTTEDLYEFQOS
DNDGSEIGTGFPFDPHYVEVLGERMEYVDVGPRDGTPVLEFLEGNPTSSYVWRNIIPEVAPTHRCI
APDLIGMGESDKPDLGYFFDDHVRFMDAF IEALGLEEVVLVIHDWGS ALGFHWAKRNPERVKGIA
FMEFTIRPIPTHWDEWPEFARETFOAFRTTDVGRELIIDONVFIEGTLPMGVVRPLTEVEMDHYREP
FLNPVDREPLWRFPNELPIAGEPANIVALVEEYMDWLHQSPVPELLFWGTPGVLIPPAEAARLAK
SLENCRKAVDIGPGL

SEQ ID NO:78B (Id-24C2-HT7 sandwich fusion nucleotide)
atgcttggtetgtcocggageaaagegtgtecatectegegetgegctgggacgcgecigeocgectt
gotggacgageageagglgaacgtectgetectacgacatgaacggetgctactcacgectecaagy
agctggtgeccacoeigeoceagaaccgcaaagtgageaaggtyggagatectgeageatgtaatc
gactacatcagggacctgcagetggagetgaacteggagtctgaagtcgggaccaccggaggecy
gggactgectgtocogeogeoccogetcageacectgaacggegagatecagtgecttggocggoogagyg
cggcatgtgticoocageegacgatcgeatettgtgtegegtitetettgagaatetttatttitcag
gogtctggagotggtyggeggagegatcgocatggtgittacactegaagatttegtaggggacty
gragcagacagecggctacaacctggaccaagtecttgageagggeggtectgtecagtttgttte
agaatctoggogtgtcogtaactcogatecaaaagatigtectgageggtgaaaacggectigasay
atcgacatccatgteatcatececgtatgaaggtotgagegygctatcagatgggecagatcgaaaa
aatttttaaggtggtgtacoctgtggatgatcatcactttaaggtgattctygcactatggeacac
tggtaatcgacggggttacgeecgaacatgatcgactattteggacggecygtatgaaggcategeo
gtgttcgacggraaaaagatcactgtaaccgggacoectgtyggaacggcaacaaaattatcgacyga
gogechgatcaaccocgacggotecctgetgticcgegtaaccatcaacggagtgaccggectgge
gyctgtgogagegeattttggegggatatctegagecaaccactgaggatotgtactttcagage
gataacgatggatccgaaarcggtactgyctttocattcgacceecattatgtggaagiceiggy
cgagcogeatgeactacgtogatgttggtecygegegatggecaccooctgigergttecctgecacgga
acccgacctoctoctacgtgtggcacaacatcatececgeatgtigecaccgacceategetgeatt
getecagacctgatocggtatgggcaaatecogacaaaccagaccttgggttatttettegacgacea
cgtecgettoatggatgecttcategaageoctgggtetggaagaggtegtecectggteattcacy
actggggctoogetotgggtitccactgggecaagegeaatccagagegegcaaaggtattgca
tttatggagttcatoccgococctatecocecgacoctgggacgaatggecagaatttgecocgegagaccett
ccaggocttocograccaccgacgteggecygcaagetgatecategatcagaacgtttttategagy
gtacgctgecgatgggtgtcgtecgecoegetgactgaagtegagatggaccattacogegagoog
ttoctgaatcetgttgaccgegagecactgtggegeticecaaacgadctygecaatogecggtyga
gcecagcecygaacatcgtogogetggtegaagaatacatggactggetgcaccagtecoectgtercga
agertgctgtitctggggcacccecaggegtiectgatoeccaccggecgaagoogetogectggeccaaa
agcectgectaactgeaaggetgtggacatoggeceggygtetgaatctgotygcaagaagacaacee
ggacctgatcggecagegagategegegetggctgtectactetggagatttecggt

SEQ ID NO:79 (Id-24C2-HT7 sandwich fusion protein)

MILGLSEQSVEISRCAGTRLPALLDEQOVNVLLYDMNGCY SRLKELVEPTLPONRKVERVEILOHVT
DY IRDLOLELNSESEVGTTGGRGLPVRAFPLS TLNGELI SALAAEAACVPADDRILCRVSLENLYFQ
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ASGGGGGATAMVETLEDEVGDWOOTAGYNLDOVLEQGGLSSLFONLGVSVTPIQRIVLSGENGLK
IDIHVIIPYEGLSGYOMGOIERIFRYVY PVDDHHFEKVILHYGTLVIDGVT PNMIDYFGRPYEGIA
VEDGKKITVIGTLWNGNKIIDERLINPDGSLLFRVT INGVIGWRLCERILAGY LEFTTEDLYFQS
DNDGSEIGTGFPFDPHYVEVLGERMEYVDVGPRDGTPVLEFLHGNFPTSSYVWRNI I PHVAPTHRCT
APDLIGMGKSDEPDLGYFFDDEVRIFMDAFIEALGLEEVVLVIHDWGSALGPHWARRNPERVEKGIA
FMEFIRPIPTWDEWPEFARETFQAFRTTDVGRELIIDONVEIEGTLPMGVVRPLTEVEMDREYREP
FLNPVDREPLWRFPNELPIAGEPANIVALVEEYMDWLHOQSPVPKLLFWGTPGVLIPPAEAARLAK
SLPNCEAVDIGPGLNLLOEDNPDLIGSEIARWLSTLEISG

SEQ ID NO:B0 {(1F7 (NF) nucleotide)
ATGGTGTTTACACTCGAAGATTTCGTAGGGGACTGGUGGCAGACAGCCGGUCTACAACCTGGACCA
AGTCCTTGAGCAGGGCGETCTGTCCAGTTTGTTTCAGAATCTCGGGGTGICCGTAACACCGATCC
ARAGGATTGTCCTGAGCGGTGAAAACGGCCTGAAGATCGACATCCATGTCATCATCCCGTATGARL
GGTCTGAGCGGCGATCAGATGGGCCAGATCGARAARRTTTTTAAGGTGGTETACCCTGTGGATGA
TCATCACTTTAAGGTGATTCTGCACTATGGCACACTGGTAATCGACGGGGTTACGCCGARACATGA
TCEACTATTTCGGACGGCCETATGAAGGCATCGCCGTGTTCCGACGGCAARLAGATCACTGTAACC
GGGACCCTGTGGAACGGCAACAARATTATCGACGAGCGCCTGATCAACCCCGACGGCTCCCTGOT
GTTCCGCGTAACCATCAACGGAGTGACCGECTGGCGGECTETGCGAGCGCATTTTGGCEGGA

SEQ ID NC:Bl (1F¥F7 (N¥) protein}
MYFTLEDFVGDWROTAGYNLDOVLEQGGLSSLEPONLGVSVTIPIQRIVLSGENGLKIDIHVIIPYE
GLSGDOMGQIEKIFKVVY PVDDHEFKVILEYSTLVIDGVTPNMIDY PGRPYEGIAVEDGER I TVT
GTLWNGNKIIDERLINPDGSLLFRVTINGVTGWRLCERILAG

SEQ ID NO:82 (15H1 (NF) nucleotide)
ATGGTGTITTACACTCGAAGATTICGTAGGGGACTGGCGGCAGACAGCCGGCTACAACCTGGATCA
AGTCCTTEAGCAGGGCGGTCTGTCCAGTTTGTTTCAGARATCTCGEGGTGTCCGTARCACCGATCC
ALAAGATTGTCCTGAGCGETGARAACGGCCTGRAAGATCGACATCCATGTCATCATCCCGTATGAL
GETCTGAACGGCTATCAGATGGGCCAGATCGAARRRATTTTTAAGGTGGETGTACCCTGTGGATGA
TCATCACTTTAAGCGTGATTCTGCACTATGGCACACTGGTAATCGACGGGGTTACGCCGARACATGA
TCGACTATTTCGGACGGLCGTATGARCGCATCGCCGTETTCGACGGCAARAAGATCACTGTAACC
GGGACCCTGTGCAACGGCAACRARATTATCGACGAGCGCCTGATCAACCCTGACGECTCCCTGCT
GTPTCCGCETAACCATCAACGGAGTGACCGGCTGGECGECTGTGCGAGCGCATTTTIGGCGGGA

SEQ ID NO:B3 (15H1 (NF) protein)
MVEPTLEDFVGEDWROTAGYNLDOVLEQGGLSSLFONLGVSVTPIQRIVLSGENGLKIDIHVIIPYE
GLNGYCOMGOTERTIFRVVYPVDDHAFKVILHYGTLVIDGVTPNMIDY FGRPYEGIAVEDGEKKITVT
GTTLWNGNKIIDERLINPDGSLLFRVTINGVIGWRLCERILAG

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

atgcttggtetgteggagecaaagegtigtecatectegegotgegetgggacgegectgeoccgeoctt
gctggacgageagcaggtgaacgtectgetctacgacatgaacggectgetactecacgectcaagy
agctggtgeccaccetgcoeccagaacagcaaagtgagecaaggtggagatcctgecageatgtaate
gactacatcagggacctgcagctggagectgaacticggagtctgaagtcgggaccaccggaggecy
ggoactgoectgicogegeoccgetcagecaceectgaacggegagatcagigecttggoggccgagy
cggratgtgttecagcegacgatogeatettgrgtegegttictoctigagaatetttattttcay
gecgtctggaggtggtggcggagegategecatggtgtttacactegaagatttecgtaggggacty
goggcagacageocggctacaacctygaccaagtecttgagrcaggucaggtetgteccagittgttte
agaatctcggggtgtccgtaacaccgatccaaaggattgtcctgagcggtgaaaacggcctgaag
atecgacatccatgtcatcatecegtatgaaggtctgageggegatcagatgggecagategaaaa
aatttttaaggtggtagtacccoctgtggatgatcatcactttaaggtgattctgcactatggcacac
tggtaatcgacggggttacgeegaacatgategactattieggacggecgtatgaaggeatoegeo
gtgticgacoggcaaaaagatcactgtaaccgggaccctgtggaacggcaacaaaattatocgacga
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gegectgatcaaccoegacggeteectgetgttcegegtaaccatcaacggagtgaccggetgge
ggctgtgegagegeattttgocgggatatctegagecaaccactgaggatetgtactttcagage
gataacgatggatcogaaatoggtactggetttecattcgacceecattatgtggaagtectggyg
cgagegeatgecactacgtcgatgtiggteecgegegatggecaccoctgtgetgttoectgecacggta
acccgaccteoctectacgtgtggegecaacatecateeegeatgttgeacegaccecategetgeatt
gocteccagacctgateggtatgggecaaatcecgacaaaccagacctgyggttattteticgacgacea
cgtecgetteoatggatgecttoategaagooctgggltectggaagaggtegecoctggtecattcacy
actggggctecgetetgagttLecactgggecaagegeaalccagagegegtcaaaggtatogea
Tttatggagttcateegecctateccgacctgggacygaatggecagaattigeccgogagacctt
ccaggcecttecogecaccaccgacghecggecygcaagetygatcatecgatcagaacgtitttatcgagy
gtacgctgccegatgggtgtegtecocgececgetgactgaagtegagatggaccattaccgegagecy
ttectgaatectgttgacogegagocacigtggegecttcccaaacgagetgocaatcgeoggtga
gocagcogaacatogiegegetggtegaagaatacatggactggetycaccagteccetgtoecga
agctgotgttotggggcacccecaggegttetgatececcaccygygccgaagecgectegectggocaaa
agoctgectaactgcaaggetgtggacatecggeccgggtctgaatctgetgcaagaagacaacce
ggacatgateggcagegagategegegetggetgtectactetggag

SEQ ID N0O:85 (Id~1F7-HT7 sandwich fusion protein)
MLGLSEQSVSISRCAGTRLPALLDEQOVNVLLYDMNGCY SRLKELVPTLPONREKVEKVEILOQHVI
DY IRDLOLELNSESEVGTTGGRGLPVRAPLSTLINGEL SALAAEAACVPADDRILCRVSLENLYED
ASGEGEGGATAMVETLEDFVGDWROTAGYNLDOVIEQGGLSSLFOQNLGVSVTIPIQRIVLIGENGLEK
IDIHVIIPYEGLSGDOMGOIEKIFRKVVYPVDDHEFEVILEYGTLVIDGVIPNMIDYFPGRPYEGIA
VEFDGKKITVIGTLWNGNKIIDERLINPDGSLLFRVTINGVIGWRLCERILAGYLEPTTEDLYFQS
DNDGSEIGTGFPFDPHYVEVLGERMHYVDVGPRDGTPVLFLHGNPTSSYVWRNI T PHVARPTHRCT
APDLIGMGKSDEPDLGYFFLDEVRFMDAFIEALGLEEVVLVIHDWGSALGFHWAKRNPERVEGIA
FMEFIRET PTWDERPEFARETFOAFRTTDVGREKLI IDONVIIEGTLPMGVVRPLTEVEMDHYREP
FLNPVDREPLWREPNELPIAGEPANIVALVEEYMDWLEQOSPVPRLLFWGTPGVLIPPARAARLAK
SLPNCKAVDIGPGLNLLOEDNPDLIGSEIARWLETLEISG

SEQ ID N0O:86 (Id-15H1-HT7 sandwich fusion nucleotide)

atgettyggtotgtoggagcaaagegtgtecatetegegetygecgetgggacgegectgoececgectt
gotggacgagcagoaggtgaacgtoctgectctacgacatgaacgygetygctactecacgectcaagy
agectagtygcccaccctgecccagaaccgraaagtgageaaggtggagatectygcageatgtaate
gactacatcagggacctgcagcetggagetgaacteggagtctgaagicgggaccaccggaggecy
gggactgecctgtocgegeccecgetecagraccoctgaacggegagatecagtgecttggeggccgagy
cggcatgtgttecageogacgatecgeatettgtgtegegtttetettgagaatetttattttecag
gegtotagagotaogtyggcggagegategecatggtgtttacactegaagatttegtaggggacty
goggcagacagecggctacaacctyggatcaagtccttgageagggeggtectgtecagtttgttte
agaatctcggggtgtcogtaacaccgatccaaaagatigicctgageggtgaaaacggccigaay
atcgacatccatgtcatecateccegtatygaaggtetgaacggetatcagatgggecagatcgaaaa
aatttttaaggtggtgtaccectgtggatgatcatecactttaaggtgattctgecactatggcacac
tgotaatcogacygggattacgecgaacatgatocgactattticggacggcecgtatgaaggeategeo
gtgttogacggcaaasagatcactigtaaccgggacectgtggaacggcaacaaaattatcgacos
gogoctgatcaacceogacggetecetgetygtteccygegtaacecatcaacggagtgacaeggetgge
ggctgtgecgagegeatttiggegggatatctogagecaaccactgaggatetgtactticagage
gataacgatggatccgaaatcggtactggcttteccattecgaccoeccattatgtggaagtoctaay
cgagogcecatgcactacgtegatgttogtecocgegegatggcaccectgtgctgtitcctgecacggta
accogacctoctoctacgtgtyggegcaacatecateccgcatgrigeaccgacccatecgetgeatt
gctoccagacotgateggtatgggeaaateccgacaaaccagacctygggttattitettecgacgacca
cgteegettcatggatgectteategaagecctgggtctggaagaggtegtectggtecattcacy
actggggetecgetectgggtttccactyggecaagegcaateccagagegogtcaazaggtattgea
tttatggagtitcatcegecoctatcecgacctigggacgaatggeccagaatttgeocegegagacctt
ccaggeottocgeaccacogacgtoggeograagetgatcatcgatcagaacgtttttategagy
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gtacgctgecgatgggtotegtecyccegetgactygaagtecgagatggacecattacocgocgaygecy
ttcectgaatecctgttgacegcgagecactgtggegottoccaaacgagctgecaatocgeocggtga
gecagegaacatcgtcgegetggtegaagaatacatggactyggetgecaccagtecectgtecocega
ageotgotgttotggggeacaeacaggegtictigateccaccggeagaageagetacgenctggecaaa
agcctgcctaactgcaaggetgtggacateggecegggtectgaatctgoctgcaagaagacaacce
ggacctgatcggeagegagategegegotggetgtctactectggagaitieocggt

SEQ ID NO:87 (Id-15H1-HT7 sandwich fusion protein)
MLGLSEQSVSISRCAGTRLPALLDEQOVNVLLY DMNGCY SRLKELVPTLPONRKVSKVETLCOHVT
DY IRDLOLELNSESEVGTTGGRCGLEPVRAPLSTLNGEISALAAREAACVPADDRILCRVSLENLYEFQ
ASGEGEGATIAMVEFTLEDFVGDWROTAGYNLDOVLEQGGLSSLFONLGVEVIPIQKIVLSGENGLK
IDIBVIIPYEGLNGYOMGOIEKIFKVVYPVDDHHFEKVILHYGTLYVIDGVIPNMIDYFGRPYEGIA
VEDGKKITVTGTLWNGNK I IDERLINPDGSLLFRVIINGVTGWRILCERILAGYLEPTTEDLYFOS
DNDGSEIGTGERPFDPHYVEVLGERMHYVDVGPRDGTEPVLFLHGNPTSSYVWRNI I PHVAPTHRC T
APDLIGMGESDKPDLGYFFDDHVRFMDAF IEALGLEEVVLVIHDWGSALGFHWARKRNPERVRGIA
FMEFTIRPIPTWDEWPEFARETFOAFRTTDVGRELIIDONVEIEGTLPMGVVRPLTEVEMDHYRED
FLNPVDREPLWRFPNELPIAGEPANIVALVEEYMDWLHQSPVPELLFWGTPGVLIPPAEAARLAK
SLPNCKAVDIGPGLNLLOEDNPDLIGSEIARWLSTLEISS

SEQ ID NO:88 (9B8 opt+K33N+L27TV4+TI9T+K4A3R+Y68D nucleotide)

Atggtgtttacactcgaagatticgtagoggactggcggeagacagecggctacaacctggaces
agtcettgageagagegotgtgtececagtttgtttcagaatcteggggtgtecgtaactcegatec
aaaggattgtcecctgagecggtgasaacggectgaagartcgacateccatgteatecatecegtatgasa
ggtctgagcggcgatcagatgggeragatocgaaaaaattittaaggtggtigtaccctgtggatga
tcatcactttaaggtgattotgeactatggeacactggtaatogacggggttacgcocgaacatga
tcgactattteggacggecgtatgaaggcategecgtgttcgacggecaagaagatcactgtaace
gggaccctgtggaacggraacaaaattatcgacgagegectgatcaaceocecgacggettecetget
gttoocgcgtaaccatcaacggagtgaccggetggeggetgtgegagegeattttggeyg

SEQ ID NO:83 (9B8 opt+K33N+LZ7V4TIST+K43R+Y68D protein)
MVETLEDFVGDWROTAGYNLDOVLEQGGVSSLEFONLGVSVTPIQRIVLSGENGLKIDIEVIIPYE
GL3GDOMGOIEKIFKVVY PVDDHEFPKVILEYGTLVIDGVTPNMIDYFGRPYEGIAVEDGKKITVT
GTLWNCGNKILIDERLINPDGSLLFRVTINGVIGWRLCERILA

186



SEQ ID NO:90 (9B8 opt+K33N+L27V+T39T4+K43R+¥Y68D sandwich fusion
nucleotide)
atgcttggtCtgtcggagcaaagcqtgtccatctcgcgctgcgctgqgacgcgcctgcccgcctt
gctggacgagcageaggtgaacgtectgetetacgacatgaacggetgetactcacgectcaayy
agctggtgcccaccctgccccagaaccgcaaaqtgagcaaggtggagatcctgcagcatgtaatc
gactacatcagyggacctgcagetggagetgaactcggagtictgaagtcgggaccaceggaqggocy
gggactgcctgtecgegeccegetecageaccectgaacggegagatcagtgecttggeggecgagg
cggcatgtgttecagecgacgategeatettgtgtegegtitetottgagaatetttattttcay
gcgtCtggagqtggtggcggagcgatcgccatggtgtttacactcgaagatttcgtaqgggactg
geggcagacageoggetacaacetggaccaagtioctigagecagggcyggtgtgtccagtttgttte
agaatctoggggtgtecgtaacteccgatecaaaggattgteoctgagoggtgaaaacggectgaag
atcgacatccatgtcatcatcccgtatgaaggtctgagcggcqatcagatgggccagatcgaaaa
aatttttaaggtggtgtacoctgtggatgateatcactitaaggtgattetgecactatggcacac
tggtaatcgacggggttacgeccgaacatgategactattteggacggeegtatgaaggeatogea
gtgttcgacggcaaaaagatcactgtaaccgggaccctgtggaacggcaacaaaattatcqacga
gecgootgatcaaccecgacggeteoctgetgttecgegtaaccatecaacggagtygaccyggotgge
ggctgtgcgagegecattttggecgggatatotegageraaccactgaggatetgtactitecagage
gataacgatggatccgaaatoggtactggotttcecattcgacceecattatgtggaagtocetggy
cgagcegeatgcactacgtegatgttggtecgegegatggcacceotgtgetgtteoctgecacgygta
acccgacctcctcctacgtgtggcgcaacatcatcccgcatgttgcaccqacccatcgctgcatt
gotoccagaccotyatoggtatgggeaaatoogacasaccagacottgggttatttecttegacgacca
cgteegeticatggatgecttcatcgaageocctgyggtectggaagaggticgtectggteatteacy
actgggocteogetetgggtttocactgggecaagegcaatccagagegegtcaaaggtattgea
tttatggagtteatcegeoectateccogacctygggacgaatggeocagaatttgecocygegagacctt
ceaggocttocgoaccacegacgteggoecgcaagctygatcategatcagaacgtititategagy
gtacgcetgecgatgggtgtecgtocgecegotgactyaagtegagatggaccattaccgegagoeeyg
ttcctgaatcctgttgaccgcgagccactgtggcgcttcccaaacgagctgccaatcgdcggtga
gocagcogaacatcglcgegectyggtcgaagaatacatggactyggetgoaccagteoccigiceccyga
agoctgotgttctggggeacccecaggogtictgatoceaceggoegaagocgectegectggceaaa
agcctgectaactgoaaggctgtggacateggeoogygtotgaatotgoetgecaagaagacaaced
ggaccigatcggcagegagatcgegegetggetygtctactectggagattieccgygt

SEQ ID NO:91 (9B8 opt+K33N+L27V+T39T+K43R+Y68D sandwich fusion
protein)
MLGLSEQSVSISRCAGTRLPALLDEQQVNVLLY DMNGCY SRLKELVPTLPONRKVSKVETLOHVI
DYIRDLOLELNSESEVGTTGCRGLPVRAPLSTLNGEI SALAAEAACVPADDRILCRVSLENLYFQ
ASGGGCGATAMYVFTLEDFVGDWROTAGYNLDOVLEQGGVSSLFQNLGVSVTIPIQRIVLSGENGLK
IDIHVITIEYEGLSGDOMGOIEKIFRVVYPVDDHAFKVILHYGTLVIDGYVTPNMIDY FGREYEGIA
VEPDGKEITVIGTLWNGNKT IDERLINPDGSLLFRVTINGVTGWRLCERILAGYLEPTTEDLYEFQS
DNDGSEIGTGFPFDPHYVEVLGERMAYVDVGPRDGTPVLFLHENPTSSYVWRNI IPHVAPTHRCT
APDLIGMGKSDKPDLGYFFDDHVRFMDAFIEALGLEEVVLVIHDWGSALGFHWAKRNPERVKGIA
FMEFIRPIPTHWDEWPEFARETFOAFRTTDVGRELIIDONVEIEGTLPMGYVVRPLTEVEMDHYREP
FLNPVDREPLWRF PNELPIAGEPANIVALVEEYMDWLHOQSPVPKLLFWCTPGVLIPPAEAARLAR
SLPNCKAVDIGPGLNLLQEDNPDLIGSEIARWLSTLEISS

SEQ ID NO:92 (9B8 opt+K33N+T39T+K43R+¥Y68D nucleotide)

Atggtgtttacactogaagatttcgtagyggactggeggragacagooggcacaacctggacea
agtoocttgageagggegostolytecagtttgtticagaateteggggtgtccgtaacteegatec
aaaggattgtcctgagcggtgaaaacggcctgaaqatcgacatccatgtcatcatcccgtatgaa
ggtctgageggcegatcagatgggecagatcgaaaasatttttaaggtggtgtacectgtggatga
tcatcactttaaggtgattctgecactatggeacactggtaategacggggriacygeocgaacatyga
togactatttoggacggocghatgaaggcategoogtgticgacgycaaaaagatcactgtaacc
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gggaccctgtggaacggcaacaaaattatcgacgagegectgatcaaceccgacggeiecectget
gttccogegtaaccatcaacggagtgacecggoctygeggetgtgegagegeattttggeyg

SEQ ID NO:8%3 (9B8 opt+K33N+T39T+K43R+Y68D protedin)
MVFTLEDFVGDWROTAGYNLDQVLEQGGLSSLFONLGVSVIPIQRIVLSGENGLEIDIAVIIPYE
GLSGDOMGOIEKIFRVVY PVDDHHFEVILHYGTLVIDGVT PNMIDYFPGRPYEGIAVFDGEREITVT
GTLWNGNKIIDERLINPDGSLLFRVTINGVTGWRLCERILA

SEQ ID NO:9%4 (9B8 opt+K33N+T39T+R43R+Y68D sandwich fusion
nucleotide)
atgcttggtctgtocggageaaagegtgteccatetogegchgegectgagacygcgectgeocegeett
gctggacgagcagcaggtgaacgtoctygetetacgacatgaacggetgectactcacgectecaagg
agetggtgcccaccectgecococcagaacagcaaadtgagecaagygtggagatecctgcagratgtaate
gactacatcagggacctacagetggagectgaactcggagtctgaagtecgggaccaceggagygoecyg
gggactgoctgtecgegeeecgaeteageracceoctgaacggegagatcagtgecttggoggecygagy
cggcatgtgttccageecgacgatecgecatettgtgtegegtttetettgagaatetttattttecag
gegtetggaggtggtggcggagegategecatggtygtttacactegaagatttegtagggyacty
goggcagacagecggcetacaacctyggaceaagtioctigageagyggeggtetgteccagtttgttte
agaatctcggggtgtccgtaacteogatccaaaggattgtecctgageggtgaaaacggectgasay
atogacatccatgtcatecateccecgtatgaaggrctgageggcgatcagatgggecagatcgaaaa
aatttttaaggtggtigtaccctgtggatgatcatcactttaaggtgattctgecactatggeacac
tggtaatcgacggggttacygcecgaacatgatcgactatttcggacggeegtatgaagygcatcgee
gtgitegacggcasaaagatcactgtaaccgggaccctgtggaacggeaacaaaatiatcgacyga
gocgecoctgatcaaccecgacggetoecctgetgtteocgegtaaccatecaacggagtyaccggetgge
ggctgtgegagegeattttgyecgggatatetecgagecaaccactgaggatetgtactitcagage
gataacgatggatccgaaateggtactggetttecattegaceccoccatiatgtggaagtecctyggy
cgageygcatgeactacgtegatagtiggtecgcygecgatggcacocectigtigetgttectygcacggta
acccgacctectoctacgtgtggegecaacatcatecegeatgttgecacegacccategetgeatt
gotccagacctgatocggtatgggeaaatoccgacaaaccagaccigggttatttettecgacgacca
cgltcoccgettecatggatgecttcategaageecctigggtctggaagaggtegtectggteattecacy
actggggcteccgetetgggttecactgggcecaagegecaatccagagegegtecaaaggtattigea
tttatggagticatecgecatatecegacctgggacgaatggccagaatttgececgeyagacctt
ccaggecticogcaccaccgacgtocggocgcaagctgatcatecgatecagaacgttitratcgagy
gtacgctgeegatgggtgtogteogocogetgactgaagtcgagatggaccattaccgocgagccy
ttectgaatectgtigacegogagecactgtggegeticeccaaacgagetgecaatocgeocggtga
gecagegaacatcgicgegetyggtegaagaatacatggactggetgecaccagtecoetgtoccyga
agotgctgtictggggcaccecaggcgttctgatocccaccggocegaageogectegoctggecaaa
agoctgcectaactgcaaggetgtgygacatcggeccgggtetgaatergetgcaagaagacaacco
ggacctgatcageagegagatogogogetggetgtetactetggagatttecggt

SEQ ID NO:85 (9B8 opt+K33N+T3I9T+K43R+YE8D sandwich fusion
protein)

MLGLSEQSVSISRCAGTRLPALLDEQOVNVLLYDMNGCY SRLKELVPTLPONRKVSKVEILQHVT
DY IRDLOLELNSESEVGTTGGRGLFVRAPLSTLNGEISALAARAACVPADDRILCRVSLENLYEFQ
ASGEGEEATIAMVETLEDFVGDWROTAGYNLDOVLEQGGLSSLYONLGVEVTIPIORIVLSGENGLK
IDIEVIIPYRGLSGDOMGOIEK I FEVVY PVDDHEPKVILEYGTLVIDGVIPNMIDYFGRPYEGIA
VEFDGERITVIGTLWNGNKIIDERLINPDGSLLFRVT INGVIGWRLCERILAGYLEPTTEDLYFQS
DNDGSEIGTGEFPFDPHYVEVLGERMHYVDVGPRDGTPVLFLHGNPTSSYVWRNI I PHVAPTHRCT
APDLIGMGKSDEPDLGYFFDDHVREFMDAF IBALGLEEVVLVIHDWGSALGFHWAKRNPERVKGIA
FMEFPTIRPIPTWDEWPERFARETFOAFRTTDVGRELIIDONVEIEGTLPMGVVRPLTEVEMDHYREP
FLNPVDREPLWRFPNELPIAGEPANTVALVEEYMDWLHOSPVPRLLFWGT PGVLIPPAEAARLAK
SLPNCKAVDIGPGINLLOEDNPDLIGSETARWLSTLEISG
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SEQ ID NO:%6 (CRE)
GCACCAGACAGTGACGTCAGCTGCCAGATCCCATGECCGTCATACTGTGACGTCTTTCAGACALC
CCTTGACGTCAATGGGAGAACA

SEQ ID NO:97 (Nucleotide CP 84 no linker)
Atggatgatcalcactttaaggltgattctgecactatggracactggtaatcgacggggttacgaeo
gaacatgatcgactatttcggacggecgtatygaaggcatcgecgtgitecgacggcaaaaagatca
ctogtaaccgggaccctgtggaacggcaacaaaattatecgacgagegectgatcaacccocgacgge
tocectgotgttocgogtaaccatcaacggagtgaceggetggeyggoetgtgegagegeattttgge
gatggtgtttacacicgaagatttocgtaggggacrggoggeagacagecggetacaacctggace
aagtecttgagragggeggtgtgteccagtitgtttcagaatectegyggtgtecgtaactocgate
caaaggattgtectgagoggtgaaaacggoctgaagategacateccatgtecatecatcoecgtatga
aggtotgageggegatcagatgggecagategaaaaaattbitaaggrggtgtaceetgty

SEQ ID W0:98 (Protein CP 84 no linker)
MDDHHFEVILHYGTLVIDGVTPNMIDYFGREYREGIAVEFDGRKKTITVTGTLWNGNKT IDERLINEDG
SLLFRVTINGVTGWRLCERILAMVETLEDFVGDWROTAGYNLDOVLEQGGVSSLEFONLGVSVTPT
CRIVLSGENGLRIDIBVIIPYEGLSGDOMGQIEKIFRVVYPY

SEQ ID NC:99 (Nucleotide CP 84 5AA linker)
Atggatgatcatcactttaaggtgatictygcactatggeacactiggtaategacggggttacges
gaacatgatcgactatttcggacggccgtatgaaggcatecgecgtgiicgacggcaaaaagatca
ctgtaaccgggaccoctgtggaacggoaacaaaatiatcgacgagcgectgatcaaceocgacgge
tcoctgctgttecygegtaaceatcaacggagigaccggetggcygygctgtgegagegecattitgge
goggagotooggtggaatggtgtttacactcgaagatttogtaggggactggcggcagacagocy
gotacaacctggaccaagticettgageagggeggtgtgtecagtttgtitcagaatetcggggtg
tcegtaacteegatccasaggattgteotgageggtgaaaacggectgaagatecgacatecatgt
catcatcoococgtatgaaggtotgageggegatcagatgggcecagatcgaaaaaatttttaagatgyg
tgtaccctgtyg

SEQ ID W0:100 (Protein CP 84 BAA linker)
MODHEFKVILHYGTLVIDGVTPNMIDYFGRPYEGIAVEDGERITVIGCTIWNGNEKITDERLINPDG
SLLFRVTINGVTGWRLCERILAGSSGGMVETLEDEVGDWRQTAGYNLDQVLEQGGVS SLIFONLGY
SVTPIQRIVLSGENGLKIDIHVI IPYEGLSGDOMGOIEKIFKVVYEY

SEQ ID N0:101 {(Nuclectide CP 84 10aa linker)
Rtggatgatcatcactttaagogtygattctygcactatggcacactggtaatecgacggggitacgeo
gaacatgatcgactattteogacggocygtatgaaggecategecgtgitegacggcaaaaagatca
ctgtaaccgggaccctgtggaacggecaacaaaatiatcgacgagegoctgatcaaccocgacgge
tococtgeotgttocogeogtaaccatcaacggagtgaccyggctggcgygctgtgegagegeattttigge
gagaagtitctyggtyggagggagetecggyggaatggtgtttacactecgaagatttogtaggygact
ggcggcagacagooggetacaacctggaccaagtecttgageagggoggtotgtecagtttgttt
cagaatctcggggtgtoogtaactecgatccaaaggattgtectgageggigaaaacggoectgaa
gatcgacatccatgtcatcatcoecgtatgaaggtctgagegygcyatcagatgggecagatogaaa
asatttttaaggtggtgtacectgty

SEQ ID NO:102 (Protein CP 84 10AA linker)
MDBPHHEFEVILHYGTLVIDGV T PNMI DY FPGRPYEGIAVFDGREITVIGILWNGNEIIDERLINEDG
SLLFRVTINGVTGWRLCERILAGSSGGGSSGEMVIETLEDFVGEDWROTAGYNLDOVLEQGGVSSLE
ONLGVSVTEIQORIVLSGENGLEIDIHVIIPYEGLSGDOMGOIERKIFKVVY PV

SEQ ID HO:103 (Nucleotide CP B4 20AA linker)
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Atggatgatcatcactttaaggtgattctgeactatggcacactyggtaatcgacygggttacgee
gaacatgatcgactattteggacggecgtatgaaggcatogecgtgitegacggcaaaaagatea
ctgtaacogggaccctgtggaacyggeaacaaaattatcgacgagegectgatcaaccocgacgygc
tcectgotgttecgegtaaccatcaacggagtgaceggetggeggetgtgegagegrattttgge
gggaagttotggtggagggagectecggtyggaggaagtictggtygagggagetececggtggaatygy
tgtttacactcogaagatttogtaggggactggcggecagacagceygyetacaacctggaccaagtc
cttoageagggcggtgtgtecagttogtttcagaatcteggggigtecgtaactecgateccaaad
gattgtectgageggtgaaaacggectgaagategacatecatgtcatcateccogtatgaaggto
tgagcggogatcagatgggccagatcgaaaaaattttitaagytggtgtacectgtyg

SEQ ID N0:104 (Protein CP 84 Z0AA linker)

MDDHHFKVILEHYGTLVIDGVT PNMIDYFGRPYEGIAVEDGKK I TVTIGTLWNGNKIIDERLINPDG
SLLFRVIINGVIGWRLCERILAGSSGGGSSGGEGSSGGGISGEMVETLEDFVEDWROQTAGYNLDOV
LEQGGVSSLEFQNLGVSVIPIQRIVLSGENGLKIDIHVI I PYEGLSGDOMGQIEKIFEVVY PV

SEQ ID HO:105 (Nucleotide CP 95 no linker)
Atgggeacactggtaatcegacgeggttacgeagaacatgatcgactattitoggacggeegtatga
aggcatcgoogtgttegacggecaaaaagatcactgtaaccgggaceectgtggaacggcaacaaad
ttatcgacgagegectgatcaaccocgacggetecocigetgtteccgecygtaaccatcaacggagty
accggctggoggotgtgocgagegeatttiggogatggtgtitiacactcgaagattitegtagggga
ctggoggcagacagecggctacaacctggaccaagtocttgagecagggogygtgtgtecagtttgt
ttcagaatctoggggtgtecgtaacteccgatccaasaggatigtectgageggtgaaaacggocty
aagatcgacatcecatgtceatecateccegtatgaaggtotgageyggeygatcagatgggocagatcga
aasaatittttaaggtggtgtaccctgtggatgatcatcactttaaggtgatictygcactat

SEQ ID NO:106 (Protein CP 85 no linker)
MGTLVIDGVTEPNMIDYFPGRPYEGIAVFDGKEKITVTIGTLWNGNRKIIDERLINPDGSLLFRVTINGV
TEWRLCERILAMVETLEDFVGDWROTAGYNLDOVLEQGGVSSLFQONLGVSVTPIQORIVLSGENGL
KIDIBVIIPYEGLSGDOMGQIFKIFEVVYPVDDHRAFKVILHY

SEQ ID NO:107 (Nucleotide CP 95 BAA linker)
Atgggoacactggtaatogacyyggottacgecgaacatgategactattteggacggeogtatga
aggcatogoogtgttcgacggeaaaaagatcactgtaacegggacectgtggaacggcaacaaaa
ttatcgacgagegeotgatcaacccogacggeteeotgetgticcgegtaaccatcaacgygagiy
accggotggoggetgtgcgagogeatttiggegygggagectceggtggaatggtgtitacactcga
agatttogtaggggactggoggecagacagocggetacaaccoggaccaagteotitgageagggeg
gtgtotccagtttotitcagaatctegygggtgteecgtaacteogatocaaaggattgtectgage
gutgaaaacggectgaagatcgacatecatgtcatcateccogtatgaaggtotyageygegatcea
gatgggcecagatogaaaaaattittaaggtgotygtacccotygtggatgatcatcactttaaggtyga
ttctgcactat

SEQ ID NO:108 (Protein CP 95 BAA linker)
MGTLVIDGVTPNMIDYFGRPYEGIAVIDGKRITVIGTLWHNGNK I I DERLINPDGSLLEFRVT INGV
TGWRLCERILAGS SGEMVEFTLEDEVGDWROTAGYNLDQVLEQGGVSSLEQNLGVSVTPIQRIVLS
GENGLEIDIHVIIPYECLSGDOMGOIEKIFKVVYPVDDHHEFEVILEY

SEQ ID NO:109 (Nucleotide CP 95 10AA linker)

Atgggeacactagtaatogacggggttacgecgaacatgatcgactatitcggacggeogtatga
aggcatcgccgtigtticgacggcaaaaagatcactgtaaccgyggacectgtggaacggeaacaaan
Ttatcgacgagegeccigatcaacoecgacggetececctgetagttecgegtaaceatcaacyggagty
accggctggeggctatgogagegeattttggegggaagtictggtggagggagetecygytgyaat
ggtgtttacactcgaagatttoegtaggggactgygcygcagacagecggetacaacctggaccaag
tcocttgageagggeggtgtgtecagtttgtttecagaatetegygggtgicegtaactecgatecas
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aggattgtccoctgagoggtgaasacggccigaagatogacateocatgtcatecatecoccgtatgaayy
tctgagegygegatcagatgggoeagatooaaaaaatitttaaggtggtgtacecetgtggatygate
atcactttaaggtgattotgcactat

SEQ ID NO:110 (Protein CP 95 1l0AA linker)

MGTLVIDGVIT PNMIDYFGRPYEGIAVFDGRKITVICTLWNGNK I IDERLINPDGSLLFRVTINGV
TGWRLCERILAGSSGGGS SCEMVETLEDFVGDWROTAGYNLDOVLEQGGVSSLEFQNLEVSVTRIQ
RIVLSGENGLKIDIHVIIPYEGLSGDOMGQIERIFEVVY PVDDHHFEKVILHY

SEQ ID HNO:111 (Nucleotide CP 85 20AR linker)
Atgggcacactggtaatcegacggyggttacgccgaacatgatocgactatttecggacggecgtataa
aggcatcgoogtgitegacggeaaaaagatcactgtaacogguaccctygtggaacggcaacaaaa
ttatcgacgagcgectgatcaaceocgacggetececctgetgtieccgegtaaccatcaacggagty
accggctggcggctgtgogagegeatitiggecgggaagticiggtggagggagectceggtogacy
aagttoctggtggagggagctococggtggaatggtygtttacactecgaagatttecgtaggggactgge
ggragacagccggcotacaaccectggaccaagtcocttgagecagageggtotgtccagtttgtttcay
aatctoggggtgtocgtaacticagatccaaaggattgtectgageggtgaaaacggectgaagat
cgacatccatgtcatecatecegtatgaagygtetgagcggcgatcagatgggecagatcygaaaaaa
tttttaaggtggtgtacecctgtgygatgatcatcactttaaggtgattctgcactat

SEQ ID NO:112 (Protein CP 95 20A7A linker)}
MGTLVIDGVIPNMIDYFGRPYEGIAVEDGRRKITVIGTLWNGNRK I IDERLINPDGSLLFRVT INGV
TGWRLCERITLAGS SGGGESSGEESSGEGSSGEMVFTLEDFVGDWROTAGYNLDOVLEQGGVSSLEQ
NLGVSVIPIQRIVLSGENGLEKIDIHVIIPYEGLSGDOMGOIEKIFKVVY PVDDHHFRVILEY

SEQ ID NO:113 ({(Linker}
(GSGG) %

SEQ ID WO:114 (L27V CP 5 TEV)
Atggatticgtaggggactggeggcagacagecggetacaaccliggaccaagtecttgageagyag
cggtgtgteccagtttgtttcagaatctecggggtgteccgtaactecgateccaaaggattgteotga
geggtgaaaacyggcctgaagatcgacatccatgtcatecatececogtatgaaggtctgagecgygcgat
cagatgggccagatcgaaaaaatttttaaggtggtgtaccctgtggatgatcatcactittaaggt
gattctgractatggeacactggtaategacggggttacgecgaacatgatcgactatticggac
ggeegtatgaaggeategecgtgticgacageaaaaagatcactygtaacegggacectagtygaac
ggcaacazsaattatcgacgagcgoctgatcaaceocgacyggetececctgetgttcogegtaaccat
caacggagtgaccggetggeggetotgcgagegeattttggegggaagttetgogtggaggaagtt
ctogtggagagectactactgagaacttgtacttecagagegataacggaagttetggtggagyga
agttctyggtygaatggtgtttacactecgaa

S$EQ ID NO:115 (L27V CP 5 TEV)
MDEVGDWROTAGYNLDOVILEQGGVSSLEONLGVSVIPIQRIVLSGENGLEKIDIEVIIPYEGLSGD
CMGOIEKIFREVVYPVDDHHFRVILHYGTLVIDGVTPNMIDYFGRPYEGIAVEDGKKITVTGTLWN
GNKIIDERLINPDGSLLERVT INGVTGHWRLCERILAGS 3GGGSSGGEPTTENLYEFQSDNGSSGGE
S5GGMVFETLE

SEQ ID NO:116 (L27V CP 6 TEV)

atgticotaggggactgacggcagacageoggctacaacctggaccaagtecttgageagsygcayg
Lgtgtccagtttgtttcagaatctecggggtgtecgtaactecgateccaaaggattgtectgagey
gtgaaaacggectgaagatocgacatccatgtcatcatecocegtatgaaggtetgagoaggegatcay
atgggccagatcecgaaaaaatttttaaggtggtgtacectgtggatgatcatcactitaaggtgat
tctgeactatggcacactggtaategacggggttacgecgaacatgatcgactattteggacggc
cgtatgaaggcatcgceccogtgticgacggcaaaaagatcactgtaaccgggacccthgtggaacgyge
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aacaaaattatcgacgagegectgatcaaccoccgacggeteectgetgttecgegtaaccatcas
cggagtgacoggctggoggectgtgegagegeatttiggegggaagttectggtgyaggaagttotyg
gtggagagectactacltgagaacttgtacttccagagegataacggaagtictggtggaggaagt
tLctggtggaatgatgtitacactegaagat

SEQ ID NO:117 (L27V CP & TEV)
MFVGDWRQTAGYNLDQVLEQGGVSSLFONLGVSVTPI QRIVLSuENGLKIDIHVTIPYEGLSGDQ
MGOIEKIPKVVY PVDDHHFRVILHYGTLVIDGVI PNMIDYFCREYEGIAVEDGERITVIGTLWNG
NEKIIDERLINPDGSLLFRVTINGVIGWRLCERILAGSSGGGSSGGEPTTENLYFOSDNGS5GGEGS
SGGMVETLED

SEQ ID NO:118 (L27V CP 7 TEV)
atggtaggggactggeggcagacagoocggctacaacctggaccaagtecttgagecagggcggtot
gteoagtttgtttocagaatctoggggtgtecgtaacticegateccaaaggattgtectgageggty
saaacggcctygaagatogacatccatgteateatecegtatgaaggtictgageggegatcagatg
ggccagatcgaaaaaatttttaaggtyggtgtaccctgtyggatgatcatcactitaaggtgattot
gcactatggcacactggtaatcgacggggttacgecgaacatgatecgactattteggacggocgt
atgaaggeatogoogtgticgacggcasaasagatcactgtaacegagacectatggaacgygcasac
gaaattatcgacgagcegectgatcaaccecgacggeteectygctgttecgegtaaccatcaacgy
agtgaccggctggoggetgtgcgagegeattttggecgggaagttctggtggaggaagttetggty
gagagcctactactgagaacttgtacttocagagecgataacggaagtictggtggaggaagttct
ggtogaatggtgtttacactcgaagatttc

SEQ ID NO:119 (LZ7v CP 7 TEV)
MVGDWRQTAGYNLDOVLEQGGVSSLEONLGVSVIPIQRIVLSCGENGLKIDIHVI I PYRGLSGDOM
GQIEKIFKVVYPVDDHHFKVILEYGTLVIDGVIPNMIDYFGRPYEGIAVIDGKRITVTGTLWNGN
KIIDERLINPDGSLLEFRVTINGVTGWRLCERILAGSSGGGSSGGEPITENLYFOSDNGSSCGGGESS
CCMVETLEDE

SEQ ID NO:120 (L27V CP 8 TEV) _
atggactggoggeagacagcecggetacaacetggaccaagtecttgageagggecggtgtgtecag
trtgrttcagsateoteggggtgicogtaactecgateccaaaggattgicctgagegagtgaaaacy
gcotgaagatcgacatccatgtecateateocegtatgaaggtoctgageggeygatcagatgggecag
atcoaaaaaatttttaaggtggtgtaccetgtggatgatcatcactttaaggtgattctgracta
tggoacactggtaatogacggggttacgccgaacatgategactatttcggacggeegtatgaay
geatogeegtogttogacggroaaaaagatcactgtaaccgggacectgtggaacggcaacaaaatt
atcgacgagcgectgatcaacooccgacggctocctgetgticocgegtaaccatcaacggagigac
cggectggoggetgtgegagegeatittggegygyaagitoctggtiguaggaagticiggiggagage
ctactactgagaacttgtacttccagagegataacggaagttotggtggaggaagiiociggtgyga
atgotgtttacactcgaagatttcgtagygyg

SEQ ID NO:121 (L27V CP 9 TEV)
MDWROTAGYNLDOVLEQGGVSSLEONLGVSVIPIQRIVLSGENGLEIDIHVIIPYEGLSGDOMGD
IEKIFKVVYPVDDHHFKVILAEYGTLVIDGVIPNMIDYFGRPYEGIAVFDGRKRKITVIGTLWNGNKT
TORRLINPDGSLLFRVTINGVTIGHRLCERILAGSSGGGSSGGEPTTENLY FOEDNGS5GGES5GG
MVETLEDEVG

SEQ ID WO:122 (L27V CP 11 TEV)

Atgrggcagacagooggotacaacctggaccaagtecttgageagggeggtgigticcaghittgtt
tcagaatcteggggtgtcocgtaactecgateccaaaggattgtectgagegygtgasaacggectga
agatcgacatccatgtecatcatececegtatgaaggtetgageggeygatcagatgggecagategaa
sasatttttaaggtggtgtaccetgtggatgatcatcactttaaggtgattctigecactatggcac
actggtastcecgacggggttacgocgaacatgategactatitcggacggoecgtatgaaggoatoyg
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cogtgttegacggcaaaaagatcactgtaaccgggacectgtggaacyggcaacaaaattategac
gagcegectgatcaaccoccgacggoctecctgetgttoccgegtaaccatcaacggagtgacoggoetg
geggcetgtgegagegeatittggogggaagttetggtggaggaagitetggtggagagectacta
ctgagaacttgtacttccagagegataacyggaagtictggtggaggaagttectggtggaatggty
tttacactcgaagatticgltagogggactgy

SEQ ID NO:123 {(L27v CP 11 TEV)
MROTAGYNLDOVLEQGGVSSLFONLGVSVIPIORIVLSGENGLEIDIHVIIPYEGLSGDOMGQIE
EITKVVYPVDDHREFRVILHYGTLVIDCVIPNMIDYFGRPYEGIAVEDGRKITVIGTLWNGNKIID
ERLINPDGSLLFRVTINGVIGWRLCER I LAGSSGGESSGCEPTTENLY FQSDNGS 5GGGES SGGMY
FTLEDFVGDW

193



SEQ ID NO:124 (L27V CP 12 TEV)
Cagacageeggectacaacctggaccaagtocttgagcagggeggigigtccagtttgritecagaa
tctecoggaggtgtcegtaactecgateccaaaggattgtectgagoggtgagaacggccligaagatcg
acatccatgtcatcateccgtatgaaggtctgageggegaltcagatgggecagatcgaaaaaatt
tttaaggtggtgraccoctigtggatgatcatcactttaaggtgattictgecactatggcacactggt
aatcgacggggttacgccgaacatgategactattiteggacggeecgratgaaggecatcgeogtgt
tcgacggcaaaaagatcactgtaaccgggacectgtggaacggcaacaaaatiatcgacgagege
clLgatcaacoccgacggoeteocctgetgttecgegtaaccatcaacggagtgaccggoiyggoggct
gtgcgagcgeoatttiageggoaagtictggtggaggaagttctggtggagagectactactgaga
acttgtacttccagageygataacggaagtiictagtggaggaagtitoctggtggaatggrgtttaca
ctcgaagattitcgtaggg

SEQ ID NO:125 (LZ7V CP 12 TEV)
OTAGYNLDQVLEQGGVSSLFONLGVSVIPICRIVLSGENGLEKIDIHVIIPYEGLSGDOMGOIEKT
FRVVYPVDDHEFRVILHYGTLVIDGVTPNMIDYFGRPYEGIAVEDGKKITVIGTLWNGNEI IDER
LINPDGSLLFRVITINGVTIGWRLCERILAGSSCGGGSSGGEPTTENLY FQSDNGS5GCGSSGEMVET
LEDEVG

SEQ ID NO:126 (L27V CP 15 TEV)

atgggctacaacctggaccaagtcecttgageagggecggtgtigtecagtitgtttcagaatetcgyg
gogtgtcogtaactcoogatecaaaggattgicctgageggtgaaaacggecctgaagatcgacatcce
atgtcatcatcecgtatgaaggtcetgageggcgatecagatgggecagatcgaaaaaatttttaag
gtggrgtacccetgtggatgatcatcactiitaaggtgattctgeactatggecacactggtaatcega
cggggttacgecgaacatgatcgactatitcggacggecgtatgaaggecatecgecgtgttegacy
gcaaaaagatcactgtaaccgggaccectgiggaacggcaacanaattategacgagegectgate
aacccegacggeteectgetgitecgegtaaccatcaacguagtgaccgygctggegygctagtgega
gegecattitogegggaacttotgatageggaagtictagtyggagagectactactgagaactigt
acttccagagegataacggaagitctggtggaggaagtictggtggaatggtgtittacactcgaa
gatttogiagugggactggoggcagacagec

SEQ ID NO:127 (L27V CP 15 TEV)
MGYNLDOVLEQGGVSSLFONLGVSVIPIQRIVLSGENGLKIDIHVIIFYEGLSGDOMGOIERIFK
VVYPVDDHHFKVILHYGTLVIDGVIPNMI DY FGRPYEGIAVEDGKRITVTGTLWNGNKTITDERLE
NPDGSLLFRVTINGVIGWRLCERILAGS SGGGSSGEEPTTENLYFOSDNGE SGGGESGEMVETLE
DFVGDWRQTA

SEQ ID MO:128 (L27V CP 18 TEV}
ctggaccaagtcctigagcagggecggtgtgtecagtttgtttcagaatcteggggtgteegtaac
tccgatecaaaggattgtectgageggtgaanacggcctgaagategacatecatgtecatecatee
cgtatgaaggtcetgagecggegatcagatgggccagatcgaaanaattTittaaggtggtgtacect
gtggatgatcatcacttitaaggtgattetgeactatggcacactyggtaatcgacggggttacgee
gaacatgatcgactatticggacggecgtatgaaggcateogecgtgitocgacggcaasaagatca
ctgtaaccgggaccectgtggaacggraacaaaattatcgacgagegectgatcaacceccgacygge
tcectgetgttecgegtaaccatcaacggagtgaccyggetggecggetgtgcgagegeattttgge
gggaagttctyggtggaggaagtictggtggagagectactactgagaacttgtacttccagagoy
ataacggaagttctggtggaggaagttctggtggaatggtgtttacactecgaagatttogtacygyg
gactggcggeagacagooggotacaac

SEQ ID NO:12% (L27V CP 1B TEV)
LDOVLEQGGVSSLEFONLGYVSVIPIQRIVLSGENGLEIDIHVI I PYREGLSGDOMGOIEKIFRVVY P
VDDHHFKVILHYGTLVIDGVIPNMIDYFGREPYEGIAVEDGEKITVIGTLUWNGNE I IDERLINEPDG
SLLFRVIINGVIGWRLCERILAGS SGGGSSGEEPTTENLYFQSDNGSSGGGS SGEMVFTLEDEVE
DWRQTAGYN
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SEQ ID N0:130 (L27V CP 21 TEV)
gtoccttgagecagggcggtatgtccagtttgtttcagaatcteggggtgtecgtaactecgatoca
aaggattgtcoctgagoggtgaaaacggoctgaagatcgacatoccatgicatecatecegtatgaag
gtotgageggogatcagatgggecagatcgaaaaaatitttaaggtggtgtacectgiggatygat
catcactttaaggtgattctgcactatggecacactggtaategacggggtitacgocgaacatgat
cgactatticggacggocgtatgaaggecatecgeegtygttegacgygcaaaaagatcactgtaaceyg
ggaccctgtggaacyggeaacaaaattatecgacgagegectgatcaacccacgacyggeteectyety
ttcecgegtaaccatcaacggagtgaccggetgycgygctgtgegagegeattitggegggaagitc
tggtggaggaagttctggtggagagectactactygagaacttgtacttccagagegataacggaa
gttetgotggaggaagtictggtggaatggtgtttacactegaagatttegtagyggactggegg
cagacagccggctacaacctggaccaa
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SEQ ID NO:131 (L27V CP 21 TEV)
VIEQGGVESLPONLGVSVIPIQRIVLESGENGLKIDIHVI IPYEGLSGDOMGOIERKITKVVYPVDD
HAFKVILHYGTLVIDGVTPNMIDYFGRPYEGIAVEDGKKITVTGILWNGNKIIDERLINEDGSLL
FRVTINGVTGWRLCERILAGSSGGESSGGEPTTENLYFOSDNGS SGGGESGGMVE TLEDFVGDWR
QTAGYNLDQ

SEQ ID NO:132 (L27V CP 24 TEV)
cagggcoggtgtgtccagtttgtttecagaatctoeggggtgtcegtaactcegatccaaaggattgt
cotgagoggtgaaaacygygccigaagatcgacatccatygtcatcateccecgtatgaaggtetgageyg
gegatcagatgggeeagatcgaaaaaatttttaagygtggtgtaccctgtggatgatecatcacttt
aaggtgattctgecactatggcacactggtaatoegacggogttacgecgaacatgategactattt
cggacggccgtatgaaggcatcgeegtgttogacygygcaaaaagatcactgtaacegggaccctat
ggaacgycaacaaaattatcgacgagegoctgatcaacccegacggetecctgetgticogegta
accatcaacggagtgaccggetggeggetgtgegagegecatititggegggaagiteciggiggagy
aagtictggtggagagecctactactgagaacttgtacttecagagegataacggaagitctyggty
gaggaagttctggtggaatggtgtittacactegaagatttegtaggggactyggeggecagacaged
ggctacaacctggaccaagtecttgag

SEQ ID NO:133 (L27V CP 24 TEV)
QGGVSSLEQNLGVSVIPIQRIVLSGENGLR I DIHVIIPYEGLSGDOMGOIERKIFEVVY PVDDHHE
KVILHYGTLVIDGVIPNMIDYFGRPYEGIAVEDCGKKITVTIGTLWNGNKI IDERLINPDGSLLFRY
TINGVTGWRLCERILAGSSGGGSSGGEPTTENLY FQSDNGSSGEGESGEMVETLEDEVGDWROTA
GYNLDQVLE

SEQ ID NO:134 (L27Vv CP 27 TEV)
gtogtoccagtttgtticagaatotecggggtgtecgtaacteccgatccaaaggattgteoctgageygy
tgaasaacggcctgaagatcgacatccatgtcatcateoccgtatgaaggtictgageggegatcayga
Lgggecagategaaaaaatttitaaggtggtgtacectgtggatgatcatcactttaaggtgatt
ctgractatggeacactggtaategacagggttacgecgaacatgategactatticggacggoo
gtatgasggratcgeogtgticgacggraaaaagatcactgtaaccgggacecctgtggaacggaea
acaaaattatcogacgagegertgateaaccocgacggctecctygetgttecgegtaaccatcaac
ggagtgaccggotggoggetgtacgagcgecattttggeggyaagttictggtggaggaagttctgg
tggagagoctactactgagaacttgtacttccagagegataacggaagttotggtggaggaagtt
ctggtgoaatggtgtitacactogaagatttegtaggggactggeggecagacagecgygctacaac
ctggaccaagtccttgagcagggoegygt

SEQ ID NO:135 (L27Vv CP 27 TEV)
VSSLFONLGVSVTPIQRIVLSGENGLEIDIHVITIPYEGLSGDOMGQIERKI FEVVYPVDDHHFKV]
LHYGTLVIDGVTPNMIDYFGRPYEGIAVEDCERK I TVIGTLWNGNKT IDERLINFPDGSLLFRVTIN
GVTGWRLCERTLAGSSGGGESGEEPTTENLYFQOSDNGSSCEES SGEMVETLEDFVGDWROTAGYN
LDOVLEQGG

SEQ ID NO:136 (L27V CP 34 TEV)

atgctcggggtgtcegtaacteegatccaaaggattgtectgageggtgaaaacgagcctgaagat
cgacatocatgtcatcateoecegtatgaagygtetgagoeggegatcagatgggecagatcgaaaaaa
tttttaaggtggtgtaccctgtggatgatcatcacttitaaggtgatictgoactatggcacacty
gtaatcgacgyggttacgecgaacatgategactattteggacggecgtatgaaggeategeegt
gttogacygraaaaagatcactgtaaccgggacectgtggaacggeaacagzaattatcgacgage
gcctgatcaaccecogacggeteoctgetgttecgegtaaccatcaacggagtgaccggctyggeygy
ctgtgcgagegcattitggcgggaagttectggtggaggaagttctggtggagagectactactga
gaacttgtacttccagagecgataacggaagttctgytggaggaagttctggtggaatyggigitta
cactegaagatitogtagoggactggogseagacagecgygctacaacctggaccaagtectigag
cagggcggtgtgtccagtitgtttcagaat
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SEQ ID NO:137 (L27V CP 34 TEV)
MLGVSVIPIQRIVLSGENGLEKIDIEVIIPYEGLSGDOMGOQIEKIFRVVY PVDDHHFKVILEYGTL
VIDGVIPNMIDYFGRPYEGIAVEDGEKITVTGTLWNGNE I IDERLINFDGSLLFRVT INGVTGWR
LCERILAGSSGGGSSGCEPTTENLY FOSDNGS SGGEESGEMVE T LEDFVEDWROTAGYNLDQVLE
QGGVSSLEON

SEQ ID NO:138 (L27V CP 40 TEV)

Atgccgatccasaggattgtectygsgecggtgaaaacggectgaagatcgacateccatgtecatecat
ccegtatgaaggtetgagoggogatcagatggygccagatcgaaaaaattittaaggtggtgtacce
ctgtggatgatcatecactitaaggtgatictgractatggeacactggtaatcgacggggtiacy
ccgaacatgatcgactatticggacggecgtatgaaggecategeecgtgttegacggeaaaaagat
cactgtaacogggaccctgtggaacggcaacaaaattatcgacgagegectgatcaacecccgacy
gotececectgetgtteoogegtaaccatcaacggagtgaccggctggeggetgtgegagegeatttty
grgggaagttctggltggaggaagtictggtggagagectactactgagaacttgtacttecagayg
cgataacggaagttctyggtggaggaagttctggtogaatggtgtttacactecgaagatttogtag
gggactggeggcagacagecggetacaacctggaccaagrecttgagecagggeggtgtgtecagt
ttgtttcagaatcteggaggtgtecgtaact

SEQ ID NO:139 (L27V CP 40 TEV)
MPIQRIVLSGENGLKIDIHVIIPYEGLSGDOMGOIEKIFRKVVY PVDDHHFKVILEYGTLVIDGVT
PNMIDYFGRPYEGIAVEDGKEITVIGTLWNGNKIIDERLINPDGELLFRVT INGVIGWRLCERIL
AGSSGGGSSGEEPTTENLYFQSDNGS SGGES SCGEMVFTLEDFVGDWROTAGYNLDOVLEQGGVES
LEONLGVSVT

SEQ ID NO:140 (L27V CP 43 TEV)

Atgaggattgtcectgageyggtgaaasacggectgaagategacatecatgtecatcatececgtatga
aggtctgagecggcygatcagatgggccagatcgaaaaaatttttaaggtggtgtacecctgtggaty
atcatcactttaaggtgattctgeactatagcacactggtaatecgacggggttacgeecgaacaty
atcgactatttoggacggocgtatgaaggecategeocgtgttcgacggcaaaaagatcactgtaac
cgggaccoelbgtggaacggraacaaaattategacgagegoctgatcaaccocgacgygctceotgce
tottccgegtaaccatcaacggagtgaceggetggegactgigegagogeattitggegggaagt
tctggtggagyaagtictggtyggagagectactactgagaactigtactitccagagegataacgy
aagttctggtggaggaagttctggtggaatggtgtttacactecgaagatttcgtaggggactgge
ggcagacagocggctacaacctggaccaagtecttgagoagggcggtgtgteccagtittgtttcao
aatctcggggtgtcecgtaactcececgatecaa

SEQ ID NO:141 (L27V CP 43 TEV)
MRIVLSGENGLEIDIHVIIPYEGLSGDOMGQIEKIFKVVYPVDDHHFEVILHYGTLVIDGVTIPNM
IDYFGRPYEGIAVEDGKKITVIGTLWNGNE I IDERLINPRDGESLLFRVI INGVIGWRLCERILAGS
SCGGGESSCGGEPTTENLYFQSDNGS3GGGSSCCMVETLEDEVEDWROQTACYNLDOVLEQGGVSSLEFQ
NLGVSVTPIQ

SEQ ID NO:142 (L27V CP 44 TEV)

Atgattgtcectgageggtgaaaacggcctgaagatcgacatecatgtcatecatececgtatgaagy
tctoageggegatcagatyggygccagatcgaaaaaatttitaaggtggtgtacectgtggatgate
atcactttaaggtgattctgecactatggcacactggtaategacyggggtiacgecgaacatgate
gactatttcggacggeogtatgaaggecatcgeogtgttegacggcaaaaagatcactgtaacegy
gaccctgtggaacggcaacaaaattatcgacgagegectgatcaaccocgacggctocctgetigt
teocgegtaaccatecasacggagtgaceggctggeggetgtgegagegcatitiggecgggaagttet
ggtggaguaagttotggtggagagectactactgagaacttgtacticcagagecgataacggaag
ttotggtggaggaagttctggtggaatggrgtittacactegaagatttegtaggggactggegge
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agacagecgactacaacctggaccaagtecttgagecagggeggtgtgtccagtttgtttcagaat
cteggggtgtcococgtaactecgatccaaaga

SEQ ID NO:143 (L27V CP 44 TEV)
MIVLSGENGLEIDIHVIIPYEGLSGDOMGRIEKIFRVVY PVDDHHFRVILEYGTLVIDGYTPNMI
DYFGRPYEGIAVEDGEKITVIGTLWNGNEKIIDERLINPDGELLFRVTINGVIGWRLCERILAGES
GGGSSGREPTTENLYFQSDNGSSCGGESSGEMVFTLEDFVGDWROTAGYNLDOVLEQGGVSSLEFON
LGVSVTPIQR

SEQ ID HO:144 (L27V CP 45 TEV)

htgotoctgageggtgasaacggocigaagatcgacatccatgtcatcateccgtatgaagygtot
gagoggegatcagatgggecagatcgaaaaaatttitaaggtggtigtaccetgtggatgateatc
actttaaggtgattctgoactatggecacactggtaatcgacggggttacygccgaacatgatcgac
tatttoggacggceogtatgaaggeategecgtgttogacggeaaaaagatcactgtaaceggyac
cctgtggaacggcaacaaaattatocgacgagcgcctgatcaacocogacggetecctgetgitaod
gcgtaaccatcaacggagtgacoggctggocggetotgegagegeatttttggegggaagttctgygt
guaggaagttctgotggagagectactactgagaactigtactticcagagegataacggaagitc
tgotggaggaagtitctgotgoaatggtotttacactcgaagatticgtaggggactiggeggeaga
cagooggotacaaccetggaccaagtecttgagcagyggeggtgtgtocagttigittecagaatete
ggogtgtcegtaactcoccgatecaaaggatt

SEQ ID NC:145 (L27V CP 45 TEV)
MVLSGENGLKIDIRVIIPYREGLSGDOMGOIEKIFKVVY PVDDHEFKVILHYGTLVIDGVTPNMID
YRPGRPYEGIAVFDGKEKITVIGTLWNGNR L IDERLINPDGSLLFRVIINGVTGWRLCERILAGSSG
GEESGEEPTTENLYFOSDNGSSGGESSGEMVETLEDEVGEDWROTAGYNLDOVLEQGGVESLEFQNL
GVSVIPIQRI

SEQ ID NO:146 (L27V CP 46 TEV)
Atgrotgagoggtgaaaacggoctgaagatogacatecatgtecatcateccogtatgaaggtetgayg
cggrougatcagatgggccagatcgaaaaaatttttaaggtgygtgtaceetotggatgatcatcact
Ltaaggtgattotgecactatggoacactyggtastecgacggggitacgecgaacatgatcgactat
ttoggacggecgtatgaaggeategoegtattcgacggcaaaaagatcactgtaaccgggacoct
gtyggaacggcaacaaaattatcgacgagegeotgatcaaceccgacgygctocotgetgttocygeyg
taaccatcaacggagtgaccggctggoggetgtgcgagegeattttggegggaagttctggtgaa
ggaagttctggtggagagoctactactgagaactigtacticcagagcgataacggaagttctgg
tggaggaagttotggtggaatggtgtitacactcgaagatttegtaggggactggegygcagacad
coggotacaacctggaccaagtoctigagecagyugeggtgtgtecagtttgtttcagaataeteggy
gtgtceccataacteogatocaaagyatt

SEQ ID NO:147 (L27V CP 46 TEV)
MLSGENGLKIDIEVIIPYEGLSGDOMGOIERIFKVVYPVDDHEFEVILHYGTLVIDGYTPNMIDY
FGRPYEGIAVEDGKKITVTGTLWNGNRK I IDERLINPDGSLLERVTINGVTIGWRLCERILAGSS5GG
GSSEERPTTENLYFQSDNGSSGEGESSGCMVETLEDFVGDWRQTAGYNLDOVLEQGGVSSLEFQONLG
VIVIPIQRI

SEQ ID NO:148 (L27V CP 47 TEV)

atgagcogtgaaaacgycctygaagatogacatecatgteatecatecegtatgaaggtetgageygy
cgatcagatgggocagatogaaaasattittaaggtggtgtaccetgtggatgatcatcactita
aggtgatictgoactatggcacactyugtaategacggggttacgecygaacatgatcgactattic
ggacggocgtatgaaggratecgecgigttegacgygcaaaaagatcactgtaaccgggaccetgty
gaacggcaavaaaattatogacgagecgectgatcaaceccgacggetecetgetgttocgogtasa
ccatcaacggagtgacoggetggeggetgtgegagegeatittggegyggaagttetygtggagyga
agttcotggtggagagectactactgagaacttgtactticcagagegataacggaagttctgygtygy
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aggaagttotagtggaatggtgtttacactcgaagatttegtaggggactggeggcagacagecyg
gctacaacctggaccaagtoctigageagggeggtgtgtecagtittgtttcagaatecteggggty
tcocgtaactceogatccaaaggattgtecty

SEQ ID NO:149 (L27V CP 47 TEV)
MSGENGLEIDIHVIIPYEGLSGDOMGOIEKIFKVVYPVDDHEFKVILHYGTLYIDGVE PNMIDYFE
GRPYEGTIAVEDGKKITVIGILWNGNKIIDERLINPDGSLLFRVTINGVIGWRLCERTILAGSSGGG
SSGEEPTTENLYPOSDNGSSGGEGES SGEMVETLEDFVEDWROTAGYNLDOVLEQGGVESLFQNLGY
SVIPIQRIVL

SEQ ID W0:150 (L27V CP 48 TEV)
atgggtgaaaacggcotgaagatcgacatccatgteatcateecegtatgaaggtotgagocgygcyga
tcagatgggeocagatogaaaaaatttttaaggtggtgtacectgtggatgatcatcactttaagg
tgattctgcactatggeacactggtaategacygggttacgeccgaacatgatcgactatttegga
cggcogtatgaaggoatogeogtgttegacggeaaaaagatcactgtaaccgggaccetygtggas
cggcaacaaaattatcgacgagegectgatcaaccecegacyggeteectgetgttoecgegtaacca
tcaacggagtygacoggotggoggctgtgogagegeattttggegggaagttetygtggaggaagt
tctggtggagagoctactactgagaacttgtacttecagagegataacggaagttectggtggagy
zagttotggtggastggtgtttacactcgaagatttecgtaggggactggoeggcagacagecgyget
acaacctggaccaagtceohtgageagggeggtgtgtecagtttgtttcagaatecteggggtgteo
gtaactccgatccaaaggattgtectgagey

SEQ ID N0O:151 (L27vV CP 4B TEV)
MGENGLEIDIAEVIIPYEGLSGDOMGRIEKIFRVVYPVDDHHFKVILHYGTLVIDGVIPNMIDYEG
REPYEGIAVEDGEKITVIGTLWNGNKIIDERLINPDGSLLEFRVT INGVIGWRLCERILAGS SGGGES
SGEEPTTENLYFQOSDNGSSGGGSSGEMVFTLEDEVEDWROTAGYNLDOVLEQGGVSSLEFQNLGYS
VIPIQRIVLS

SEQ ID NO:152 (L27V CP 49 TEV)

atggaaaacggcctgaagatcgacateccatgteatcatoccecgtatgaaggtetgagoygegatca
gatgggocagatcgaaaaaattttiaagygtggtgtacectgtggatgatcatcactttaaggtyga
ttetgecactatggeoacactggtaategacggyggttacgccgaacatgategactattteggacyy
cegtatgaaggeatcgoeogtgitegacggcaaaaagatcactgtaaccgggaceetgtggaacagg
caacaaaattatcgacygagegectgatcaaccocgacggeteectgetgticegegtaaccatea
acggagtgaccyggotggoggetgtgcgagegeattttggegggaagttctygtagaggaagttet
ggtggagagoctactactgagaactigtacticcagagegataacggaagttctggtgoaggaayg
ttotggtggaatggtgtttacactegaagatttogtaggggactggegygcagacagoecggetaca
acctggaccaagtocttgageoagggegotgtgtecagtttgtttcagaatcteggggtgtocgta
actccgatccaaaggattgtectgageggt

SEQ ID NO:153 (L27V CP 492 TEV)

MENGLKIDIEVIIPYEGLSGDOMGRIEKIFKVVY PVDDHEFKVILHYGTLVIDGVTPNMIDYFGR
PYRCIAVIDGKRT TVTIGTLWNGNKIIDERLINPDGSLLFPRVTINGVTGWRLCERILAGS5GGGSES
GEEPTTENLYFQSDNGSSGGESSGEMVETLEDFVGDWRQTACYNLDOVLEQGGVSSLFONLGVSY
TPIQRIVLSEG

SEQ ID NO:154 (1.27V CP 50 TEV)

atgaacggcctgaagatcgacatccatgtcatecateccecgtatgaagygtctgageggegatcagat
gggocagatcgaaaaaatttttaaggtggtgtaccetgtggatgatcatcactttaaggtgattc
tgeactatggrcacactggtaatcgacggogttacgeegaacatgatcgactatttcggacggceey
tatgaaggcaltogecegtgticgacggcaasaaagatcactgtaaccgggacectgtggaacggcasa
caaaattatcgacgagoegectgatcaacecogacggcteectgetgttecegegtaaccatcaacy
gagtgaccoggetggoggctgtgegagegeattttggecgggaagttctggtggaggaagttetggt
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ggagagectactactgagaacttgtacttccagagegataacggaagttctggtggaggaagtte
tggtaggaatggtgtttacactegaagatttegtaggggactggcggecagacagecggctacaace
tggaccaagtecttgageoagggcgotgtgteccagtttgtttcagaatetcggggtgtocegtaact
cecgatccaaaggatigtoctgageggtgaa

SEQ ID NO:155 (L27V CP 50 TEV)
MNGLEIDIEVIIPYEGLSGDOMGOIERIFRVVYPVDDHHEFKVILHYGTLVIDGVIPNMIDYFGRP
YEGIAVFDGKKITVIGTLWNGNKIIDERLINPDGSLLEFRVIT INGVIGWRLCERILAGSSGGESSG
GEPTTENLYFQSDNGSSGEGSSGEMVEPTLEDFVGDWROTAGYNLEQVLEQGCY SSLEQONLGVEVT
PIQRIVLSGE

SEQ ID NO:15¢ (L27V CP 51 TEV)

atgggcctgaagatecgacatcecatgtecatcateccgtatgaaggtetgageggcgatcagatgygy
ccagatogaasaaatitttaaggtggtgtacectgtggatgatcatecactttaaggtgatictge
actatggracactggtaatcgacggyggttacgeogaacatgatcgactatiteggacggeogtat
gasggeatogeogtgttegacggecaaaaagatcactgtaaccgggaccectgtyggaacggcaacaa
aattatcgacgagcgcectygatcaaccocecgacggcteoctgetgtteogegtaaccatcaacggag
tgaccggotggcggotgtygcgagegeatittogecgggaagtictggiggaggaagrictggtygyga
gagectactactgagaacttgtacttcecagagegataacggaagttctggtggaggaagttctgy
tggaatggtgtttacacicgaagatttegtaggggactyggeggcagacagecggctacaaccngy
accaagtococttgagragugeggtgtgtececagtttgtttecagaatecteggggtgtecgraactccyg
atccaaaggattgtoctgageggtgaaaac

SEQ ID NO:157 (L27V CP 51 TEV)
MGLEIDIEVIIPYEGLSGDOMGQIERKIFKVVYPVDDHHFEVILHYGTLYIDGVTPNMIDY FGRPY
EGIAVFDGEKITVTGTLWNGNKIIDERLINFDGSLLEFRVIINGVIGWRLCERI LAGS SGGGESG6
EPTTENLYFQSDNGSSGEESSEEMVETLEDEVEGDWROTAGYNLDOVLEQGGVESLFONLGVSVIP
TORIVLSGEN

SEQ ID NO:158 (L27V CP 52 TEV)

atgctgaagatcgacatccatgtcatcateccgtatgaaggtctgageggegatecagatgggeca
gatcogaaasaaatttttaaggtagtgtacectgtggatgatcatcactttaaggtgattotgcact
atgygcacactyggtaatcgacggggttacgeecgaacatgategactatiteggacggoeegtatgasa
ggcatcgecogtgttcgacggcaasaagatcactgtaaceygggaccctgtggaacggcaacaaaat
tatcgacgagcgootgatcaaccecgacggetoectgetgttecgegtaaccatcaacggagtga
coggotggecggctgtgogagegeattttagegggaagttetgotggaguaagttetggtogagag
cctactactgagaacttgtacttecagagegataacggaagitoctggtggaggaagtictggtgy
aatggtgtttacactcgaagatttegtaggggactggecggoagacagoecggotacaacetggacc
sagtccttgagcagggoggtgtgtecagtrtgtttecagaateteogoggtgtcogtaactocgatc
caaaggattgtcecctgageggtgaaaacgge

SEQ ID NO:159 (L27V CP 52 TEV)

MLKIDIHEVITPYEGLSGDOMGQIEKIFKVVY PVDDHHEFRVILHYGTLVIDGVTPNMIDYFGRPYE
GIAVFDGKRKITVTGTLWNGNKIIDERLINPDGSLLFRVIINGVTGWRLCERILAGS SGCEGS5GGE
PTTENLYFOSDNGSSGGGESSGOMVETLEDEVGDWROTAGYNLDOVLEQGGVISLFPONLGVSVTPI
QRIVLSGENG

SEQ ID NO:160 (L27V CP 53 TEV)

atgaagatcgacatccatgtcatcatccogtatgaaggtctgageggecgatcagatgggecagat
cgaaaaaatitlitaaggtggtgtacecctgtggatgatecatcactttaaggtgattctgecactaty
gearcactggtaatcgacggggttacgecgaacatgatecgactattteggacggeocgtatgaaggao
atcgcogtgttcgacggcaaaaagatcactgtaacogggacectgtggaacggeaacaaaattat
cgacgagogectgatcaaccocgacggeteectgetgttecocgoegtaaccatcaacggagtgacey

200



gctggcqgctgtgcgagcgcattttggcgggaagttctggtggaggaagttctggtqqagagcct
actactgagaacttgtacttccagachataacggaagttctqgtgqaggaaqttctggtggaat
ggtgtttacactcgaagatttcgtaggggactggcggcagacagccggctacaacctggaccaag
. tccttgagcagggcggtgtgtccagtttgtttcagaatctcggggtgtccgtaactccgatccaa
aggattgtcctgagcyggtygaaaacyggectyg

SEQ ID NO:161 (L27V CP B3 TEV)
MKIDIHEVIIPYEGLSGDOMGQIEKIFKVVYPVDDHEFKVILHYGTLVIDGVIPNMIDYFGRPYEG
TAVFDGEKITVIGTLUNGNK I IDERLINPDGSLLFRVIINGVIGWRLCERILAGS5GGGEEEGCGEP
TTENLYFCSDNGSSGEESSGEMVETLEDEVGDWROTAGYNLDOVLEQGGVSSLFONLGVSVIFIO
RIVLSGENGIL
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SEQ ID NO:162 (L27V CP 54 TEV)

atgatcgacatccatgtcatcatceccegtatgaaggictgagoeggegatecagatoggccagatega
aaasatttttaaggtggigtaccotgtggatgatcatcactitaaggtgattectgecactatgygca
cactggtaatcgacggggtitacgecgaacatygategactattieggacggecgtatgaaggeatc
googtgttegacggeaaaaagatcactgtaaccgggacectgtggaacggcaacaaaatiategsa
cgagcgectgatcaaccecgacggctoecctgetgttececgegtaacecatcaacggagtgaccgget
ggeggctgtocgagegeattttggeggygaagttotggtggaggaagttectggtggagagectact
actgagaactigtactteocagagcgaltaacggaagtictggtggaggaagttectggtggaatggt
gtttacactcgaagatttcgtaggggactggeuacagacagecggetacaacctggaccaagtce
ttgagecagggcggtagtgtccagtttgtttcagaatctecggggtgtecgtaactecgatocaaagy
attgtoctgageggtgaaaacggecigaay

SEQ ID NO:163 (L27V CP 54 TEV)

MIDIHVIIPYEGLSGDOMGOIEKIFKVYVY PVDDHHFKVILEYGTLVIDGVTPNMIDYFGRPYEGT
AVFDGKKI TVTGTLWNGNKT I DERLINPDGSLLFRVT INGVTGRWRLCERT LAGS SGGGSSGGEPT
TENLYFOSDNGSSGGGES SGEMVETLEDFVGDWROTAGYNLDOVLEQGGVS SLIQONLGVSVTPTOR
IVLSGENGLK

SEQ ID N0O:164 (L27V CP 55 TEV)

atggacatccatgtecatcatcocgtatgaaggtetgageggcgatcagatgggcocagatcgaaaa
aatitttaaggtggtgtaccctgtggatgatcatcactttaaggtgattectgecactatggcacac
tggtaatcgacygggygttacgcecgaacatgategactratticggacggeegtatgaaggecatogec
gtottcgacggcaaaaagatcactgtaaccgggacectgtiggaacgygcaacaaaattatcgacyga
gogoctgatcaacceegacggetecctgetgttecgegtaaccatecaacggagtgaccggotgge
ggctgtgegagegeattttggogggaagtictggtggaggaagttctggtggagagectactact
gagaacttgtacttccagagogataacggaagttetggtggaggaagttotyggtggaatggtgtt
tacactcgaagatitogtiaggggactggcgogcagacagoeogactacaacotyggaccaagtcciLyg
ageagggogatgtgiecagtitdgtttcagaatctcggggtgteocgtaactecgatoccaaaggatt
gtcectgageyggtgaaaacyggoctugaagate

SEQ ID NO:1i6b5 (L27V CP 55 TEV)
MDIHEVIIPYEGLSGDOMGCIERKIFKVVYPVDDHHFRVILHYGTLVIDGVIPNMIDYFGRPYREGIA
VFDGKKITVIGTLWNGNKIIDERLINPDGSLLFRVTINGVIGWRLCERILAGE SGGGSSGGEPTT
ENLYFPQOSDNGSSGGEGESSCGMVETLERFVGDWROTAGYNLDOVLEQGGVSSLEFONLGVSVIPIQRT
VLSGENGLKI

SEQ ID NO:166 (L27V CP 56 TEV)

Atgatccatgtcatcatecegtatgaaggtictgagecggegatcagatgggeccagatogaaaaaat
ttttaaggtggtgtacectotggatgatcatcactttaaggtgattectgeactatggcacactgy
taathacggggttacgccqaacatgatcgactatﬁtcggacggccgtatgaaggcatcgccgtg
ttocgacggcaaaaagatcactgtaacegggaccectgtggaacggeaacaaaattatcgacgageg
cctgatcaacoecgacggetecotgotgticegegtaaccatcaacggagtgaccggetggegge
tgtgcgagegcattttggegggaagttetggtyggaggaagttorgogtggagagectactactigad
aactigtacttccagagegataacggaagtictggtggaggaagticiggiggaatggtgtttac
actcgaagatttegtaggggactggcggcagacagecggectacaacctggaccaagtocttgage
agogcggtgtgteccagittigtttcagaatcteggyggtgtecegtaactecgatccaaaggatttgtc
ctgagcogtgaaaacggectgaagatcga

SEQ ID NO:167 (LZ7V CP b TEV)
MIBEVIIPYEGLSGDOMGOIEKIFREVVYPVDDHHFRKVILHYGTLVIDGVTPNMIDY FGRPYEGIAY
FDGKKITVIGTLWNGNKIIDERLINPDGSLLFRVTINGVIGWRLCERILAGSSGGGESGGEPTTE
NLYFOSDNGSSGEGES SGEMVETLEDFVGDWROTAGYNLDQVLEQGGVSSLEQNLGVEVTPIQRIV
LSGENGLEKID
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SEQ ID NO:168 (L27V CP 58 TEV)

atggtcatcatcccegtatgaagatotgageggegatcagatgygecagatcgaaaaaattttitaa
gogtggtgtaccctgtggatgatcatcactttaaggtgattctgecactatggcacactggtaateg
acggggttacgoogaacatgatcgactatticggacggcecgtatgaaggcategeogigtitegac
ggcazaaagatcactgtaaccgggaccectotggaacggeaacaaaattatcgacgagegoctgat
caacccrgacggrtecctgetgticcgegtaacecatcaacggagtygaccggctggeggctgtgeyg
agcgeattttggegggaagttctggtggaggaagtictggtggagagectactactgagaactty
tacttoragagegataacyggaagttetggtggaggaagttctggtggaatggtgittacacticga
agatttegtaggggactgygcggcagacagecgygctacaacctggaccaagtecttgagragyggey
gtgtgtccagtttgtitcagaatcteggagtotecgtaactecgatecaaaggattgtectgage
ggtgaaaacggcctgaagatcgacatccat
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SEQ ID NO:16%2 (L27V CP 58 TEV)
MVIIPYEGLSGDOMGCIEKIFKVVYPVDDHHFKVILEYGTLVIDGYTPNMIDYFGRPYEGIAVED
GREITVITGTLWNGNEIIDERLINPDGSLLFRVTINGVTIGWRLCERILAGES SGGGSSEGEEPTTENL
YEOSDNGSSGEGESSGEMVFTLEDFVGDWROTAGYNLDOVLEQGGV IS LEFONLGVSVTPIQRIVLS
GENGLEIDIE

SEQ ID NO:170 (L27V CP 64 TEV)

atgggtctgagceggocgatcagatgggecagategasaaaatittitaaggtggtgtaccetgtygga
tgatcatcactttaaggtgattcigecactatggcacactggtaatcgacggggtiacgccgaaca
tgatcgactatttcggacggeegtatgaaggcategeccgtgttcgacggcaaaaagatcactgta
acocgggaccotygtggaacggeaacaaaattategacgagegectgatcaaceccgacggeteoct
gotgticcgegtaaccatcaacggagtgaccaygectyggcugetgtgegagegeattiiggegggaa
gttotggtggaggaagitotggtggagagectactactigagaacttgtacticcagagogataac
ggaagttctggtggaggaagtictggtyggaatggtgtttacactcgaagatttegtaggggactyg
goggcagacagecggctacaacctggaccaagtcctigageagggeggtgtgtecagtttgtte
agaatctocggggtgteccgtaactecgateccaaaggatigtoctgageggttgaaaacyggectgaayg
atcgacatccatgtcatecatecegtatygaa

SEQ ID NO:171 (L27V CP 64 TEV)

MGLSGDOMGRIERKIFRVVY PVDDHEFEVILHYGTLYIDGVTPNMIDY FGREYEGIAVEDGEEITV
TCTLWNGNKIIDERLINPDGSLLERVTINGVIGWRLCERILAGS SGGGSSGGREPITENLYFQSDN
G3EGEGEE3GEMVETLEDFVGDWROTAGYNLDOVLEQGGVSSLFQNLGVSVIFIQRIVLSGENGLK
IDIEVIIPYE

SEQ ID NO:172 (L27V CP 67 TEV)

atgggegatcagatgggocagatcgaaaaaatttttaaggtgogtgtaccetgtggatgatcatea
ctttaaggtgattctgractatggecacactggtaategacggggttacgeegaacatgatecgact
atttcecggacggecgtatgaaggcatecgecgtottcgacugcaaaaagatcactataaccgggace
ctgtggaacggcaacaaaattatcgacgagegectgatcaacecogacggetecctygetgttecyg
cgtaaccatcaacyggagtgaccyggectggcggetgtgecgagogeattttggegggaagtictggty
gaggaagttctggtggagagectactactgagaacttgtacticcagagcegataacggaagttet
gatggaggaagttctyggtggaatogtgtttacactocgaagatitegtaggggaciggeggeagac
agccggctacaacctyggaccaagtoctigagcagyggcygatgtgteccagtitgtttcagaateteyg
gggtgtcocgtaactccgateccaaaggatigtoctgageggigaaaacggectgaagatecgacate
catgtcatcatcecgtatgaaggtcoctgage

SEQ ID NO:173 (L27V CP &7 TEV)

MGDOMGOIERIFRVVY PVDDHHFKVILEYGTLVIDGVT PNMIDYFGRPYEGIAVEDGKRITVTGT
LWNGNEIIDERLINPDCSLLFRVTINGVIGWRLCERILAGSSCCGSSGGEPTTENLYFOSDNGSS
GGGESSGEMVETLEDEVGDRROTAGCYNLDOVLEQGGYSSLEONLGVSVIPIORIVLSCGENGLRKIDI
EVITIPYEGLS

SEQ ID NO:174 (L27v CP 70 TEV)
atgatgggecagatcgaaaaaattittaaggtggtygtacecetgtggatgatcatcactitaaggt
gattcetgcactatggcacactggtaatcgacggagttacgeegaacatgatecgactatttcggac
ggccgtatgaaggcatecgecgtgttcgacggcaasaagatcactgtaacegggaccetgtggaac
ggcaacaaaattatcgacgagecgcecctgatcaacccecgacggeLocctgetgttcegegtaaccat
caacggagtgaccggctyggcggcigtgcgagegecatitiggcoggaagtictggtggaggaszgtt
ctggtggagagectactactgagaactitgtactteccagageygataacggaagtitetggtggagaa
agttctggtggaatggtgtttacactegaagatttegtaggggactagegygcagacagoeoeggota
caacctggaccaagtccttgagcagggcggtotgtecagtttgtttcagaateteggugtgtecy
taactccocgatccaaaggattgtoctgagoggtgaaaacyggectgaagatcgacatccatgteatc
atcececgtatgaaggtctgageggegatecayg :
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SEQ ID WO:175 (L27V CP 70 TEV)
MMGOIERIFEVVYPVDDHHFEVILHYGTLVIDGVTPNMIDYFGRPYEGIAVEDGERITVIGTLWN
GNEIIDERLINPDGSLLERVIINGVIGWRLCERILAGSSGGGSSGGEPTTENLYFOSDNGSSGGG
SSGEMVETLEDEFVGEDWRQTAGYNLDOVLEQGGVSSLEQNLGVSVIPIQRIVLSGENGLKIDIRVI
IPYEGLBGDQ

SEQ ID NO:176 (L27V CP 73 TEV)

atgatcgaaaaaatititaaggtggtgtacectgtggatgatcatcactttaaggtgattetgea
ctatggcacactggtaatcgacagggttacgecegaacatgatcgactattteggacggecegtaty
aaggcatcgocgtgttogacggcaaaaagaltcactigtaacegggacectgtggaacggcaacaas
attatcgacgagcgectgatcaacecocgacggetecctgetgticegegtaaccatcaacggagt
gaccggcelbggeggctgtgegagegeatittiggegggaagttetggtggaggaagttetggtggag
agcctactactgagaacttgtactiiccagagegataacggaagtioctggtggaggaagttotggt
ggaatggtgtttacactegasgatticgtaggggactggeggcagacagocoggectacaacctgga
ccaagtocttgagraggygcggtgtgtoccagtttgtttcagaatcteggggtgtcegtaactecga
Tocaaagoatigtectgagegghgaaaacggectygaagategacatccatgreatecateccegtat
gaaggtctgageggegatcagatgggeecag

SEQ ID NO:177 (L27V CP 73 TEV)
MIEKIFRKVVYPVDDHHFRVILHYGTLVIDGVIPNMIDYFGREYEGIAVEDGREITVTCTLWNGNK
TIDERLINPDGSLLFRVTINGVIGWRLCERILAGSSGGGSSGEGEPTTENLYFQSDNGS3GGG83G
GMVETLEDEVGDWROTAGYNLDOVLEQGGVSSLEFONLGVSVIPIQRIVLSGENGLKIDIHVIIPY
GLSGEDOMGO

SEQ ID NO:178 (L27V CP 76 TEV)

atgattittaaggtggtgtacectgtyggatgatcateactttaaggtgatictgecactatggeac
actggtaatcgacaggggttacgecogaacatgatcgactattteggacggecgtatgaaggeatey
cogtgttogacggcaaaaagatcactgtaaccgggaccoctgtggaacggcaacaaaattategac
gagcegcetgatcaacoeocgacggetecetgetgttececgegtaaccatcaacyggagtgaccyggcty
gecggctgtocgagegeattttggegggaagttctggtggaggaagttctggtggagagectacta
ctgagaacttgtacticcagagegataacggaagttictggtggaggaagttctggtggaatyggty
tttacactcgaagatticgtaggggactggecggcagacagocggetacaacctggaccaagtect
Lgagcagggcggtgtgtecagtttgtttocagaatecteggggtgteecgtaactececgatccaaagga
ttgtectgageggtgaaaacggectgaagategacatecatgteatcateccgtatgaaggtety
agcggcgatcagatgggecagatcgaaaad

SEQ Ib HO:172 (L27V CP 76 TEV)
MIFTKVVYPVDDHHFKVILHYGTLVIDGVTPNMIDYFGRPYEGIAVEFDGKEKITVIGTLWNGNEIID
ERLINPDGSLLFRVTINGVTGRRLCERILAGSSGGGESSGGEPTTENLY FOSDNGS5GGGE5GGMV
FTLEDFVGDWROTAGYNLDOVLEQGGVSSLEFONLGVEVTIPIQRIVLSGENGLKIDIHVIIPYEGL
SGDOMGOIEK

SEQ ID NO:180 (L27V CP 79 TEV)

Atggtggtgtaccctgtggatgatecatcactttaaggtgattcigeactatggecacactggtaat
cgacggyggttacgecgaacatgatcgactatticggacggoogtatgaaggecatcgecgtgtteyg
acggcaaaaagatcactgtaacegggacccigtggaacggcaacaaaattatcgacgagogecty
atcaacccocgacggetecoctgetgttecgegtaaccatcaacggagtgaccyggetggeggctgtyg
cgagcgcattttggegggaagttctggtggaggaagttctggtggagagectactactgagaact
tgtacttccagagecgataacggaagtitctggtggaggaagttetggtggaatggtgtttacactc
gaagatttogtaggggactggoggecagacagocggetacaacctggaccargtecttgageagygyg
cggtgbgtcocagtitgtitcagaatctegggatgtocgtaactocgatccaaaggatigtectyga
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gecggtgaaaacggectgaagatecgacatecatgteatcateccgtatgaaggtetgageggegat
cagatgggccagatcgaasaaattittaag

SEQ ID NO:181 (L27V CP 78 TEV)
MYVYPVDDHHFEVILHEHYGTLVIDGVIPNMIDYFGRPYEGIAVEDGREI TVTCTLWNGNKITIDERL
INPDGELLFRVT INGVITGWRLCERILAGSSGGGSSGGEPTTENLYFOSDNGES GGG 5GEMVETL
EDFVGDWREOTAGYNLDOVLEQGGVSSLFONLGYSVTIPIQRIVLSCGENGLEKIDIEVIIPYEGLSGD
OMGOIEEIFK

SEQ ID MNO:;182 (L27v CP 80 TEV)

atggtgtaccctgtggatgatcatcacttiaaggtgattctgeactatggecacactggtaatecga
cggggttacgccecgaacatgategactatttcggacggeccgtatgaaggecategeegtgtttegacy
gcaaaaagatcactgtaaccgggacectygtyggaacggeaacaaaattatcgacgagegoectgate
aacococgacggecteccoctgetgttecgogtaaccatcaacggagtgacecggctggcgygctgtacga
gegeattttggogggaagttctggtagaggaadgttctggiggagagectactactgagaacttgt
acttcecagagcegataacggaagttctgotyggaggaagtictggtggaatggtgtittacactcgaa
gattitcgtaggggactggeggcagacageoggetacaacectggaccaagtecttgagcaggucoy
tgtgtccagttigitticagaatcicggggtgtecygtaaciccgatecaaaggattgtectgagey
gtgaaaacggoctgaagatecgacatecatgtecatcatceegtatgaagygtetgageggcgatcay
atgggccagatcgaaaanatttttaagoty

SEQ ID RO:183 (L27V CP 80 TEV)

MVYPVDDHHEFKVILHYGTLVIDGVIPNMIDY FGRPYEGIAVEDCKKITVICTLWNGNK I IDERLI
NPDGSLLFRVTINGVIGWRLCERILAGSSGGGSSGGEPTTENLYFQSDNGS 5GGEE3GGMVETLE
DFVGDWROTAGYNLDOVLEQGGVSSLEFONLGVEVTPIORIVLSGENGLEIDIBVI IPYEGLSGDD
MGQIEKIFRV

SEQ ID NO:184 (LZ27V CP 81 TEV)

atgtaccctotggatgatcatcactttaaggtgattctgecactatggeacactggtaatcgacgy
gagttacgcogaacatgatcgactattitoggacggecgratgaaggecatocgeegtyttocgacggea
aaaagatcactgtaaccgggacccectgtggaacyggeaacasaattatcgacgagegectgatcaac
coogacgygctooctgetgttecgegtaaccatcaacggagtgacoggotgogcgygetgtygocgagog
cattttggcgggaadttctggtggaggaagttctggtggagagectactactgagaacttgtact
tccagagegataacggaagttctgatggaggaagtictggtaggaatyggtgtitacactecgaagat
ttcgtaggggactggcggragacagecggetacaacctggaccaagtocttgagcagggoggtgt
gtocagtttgtticagaatcteoggoggigtecgtaactecaogatecaaaggatigtectgagogaty
aaaacgoectgaagategacatecatgtcateatececcgtatgaagygtetgagegygcgatcagatyg
ggcragatcgaazaaatttttaaggtggty

SEQ ID NO:185 (L27V Cp Bl TEV)
MYPVDDHHFEVILHYGTLVIDGVTPNMIDYFGRPYEGIAVEDCGKEITVIGTLWNGNKIIDERLIN
PODGSLLEFRVIINGVIGWRLCERILAGSSGGGSSGGEPTTENLYFOSDNGS SGEESSGEMVETLED
FVGDWROTAGYNLDOVLEQGGVSSLFONLGVSVIPIQRIVLSGENGLKIDIHVIIPYEGLSGDOM
GQIEKIFKVV

SEQ ID NO:186 (L27V CP 82 TEV)

atgectgtggatgatcatcactttazggtgatictygcactatgygcacactggtaatecgacgyggygt
tacgecgaacatgatcgactattteggacggecgtatgaaggeatogeegtgtiecgacgygcaaaa
agatcactgtaaccgggaccctgtggaacggcecaacaaaattatcgacgagegecctgatcaaccee
gacggcetcecectgetgttcececgegtaaccatcaacggagtgaceggetggeggctgtygegagegeat
Cttggegggaagtictgotaggaggaagttectggtggagagectactactgagaacttgtacttce
agagcgataacggaagttctgotyggaguaagttctggtggaatgygtgtttacactcgaagattte
gtaggggactggeggcagacagocyggoctacaacctggaccaagtocttgagecagggcgygtgtgte
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cagttitgtttcagaatcteggggtgtcogtaactocgateccaaaggattgiectgagegatgaaa
acggcctgaagatcgacatcecatgteatcatececgtatygaaggtectgageggegatcagatggge
cagatcgaaaaaatttttaaggtggtgtac

SEQ ID NO:187 (L27V CP 82 TEV)
MPVDDHHFEVILHYGTLVIDGVTPNMIDYFGRPYREGIAVIDGRKKITVIGTLWNGNKIIDERLIND
DGSLLFRVTINGVIGWRLCERILAGSSGGGS SGGE PTTENLYFOSDNGSSGEEESGEMVETLEDY
VGDWRQTAGYNLDOVLEQGGVSSLEONLGVSVIPIQRIVLSGENGLKIDIHVIIFYEGLSGDOMG
QIEXKIFRVVY

SEQ ID NO:188 (L27V CP 83 TEV}

atggtggatgatcatcactttaaggtgattectgcactatggracactggtaatecgacggggthac
gccgaacatgatcgactattteggacggecgtatgaaggcategeegtgttcgacggcaaaaaga
tcactgtaaccgggaccctgtggaacygygcaacaaaattatogacgagegeotgatcaacooogac
ggctcecctgetgttecgogtaaccatcaacggagtgaccggetggegygctgtgogagogeatttt
ggegggaagttetggtggagoaagtictggtggagageoctactactgagaactigtactteccaga
gcgataacggaagtictggtggaggaagiictggtggaatggtgtttacactegaagatttogta
gaggactggeggecagacagecggctacaacctggaccaagtectigageagggecggtgtgtecayg
tttgtttcagaatcteggggtgteogtaactecgatecaaagyattgtectgageggtgaaaacy
gectgaagatcgacatccatgtecatcateocgtatgasaggtetgageggcgatcagatgyggoeay
atcgaaaaaatttttaaggtggtgtacect

SEQ ID NC:18% (L27V CP 83 TEV)
MVDDHHEEVILEYGTILVIDGVIPNMIDYFGRPYEGIAVEDGKKITVTIGTLWNGNKI IDERLINPD
GSLLFRVIINGVTGWRLCERILAGSSGGGSSGEGEPTIENLYFOSDNGSSGEGESSGEMVETLEDEV
GDWROTAGYNLDOVLEQGGVSSLEQNLGVSVIPIQRIVLSGENGLEIDIHVI I PYEGLSGDOMGY
IERKIFEVVYP

SEQ ID WNO:180 (L27V CP 84 TEV)

atggatgatcatcactittaaggigatictgcactatggeacactogtaatcgacggggitacgec
gaacatgatcgactatiteggacggrogtatgaaggecategecgtgticgacggecaaaaagatca
ctgtaaccgggacccetgtggaacggcaacaaaattatcgacgagegectgatcaaccococgacygo
Toocctgetgttecgegtaaccatcaacggagtgaceggectggeggctgtgecgagaegeattbtgyge
gggaagttcotggtggaggaagtitetyggtggagagectactactgagaacttgtacttoccagageyg
ataacggaagttctggtggaggaagttctggtggaatggtgtttacactegaagatttecgtagygg
gactggcocggecagacageoggetacaacctggaccaagtecttgageaggagcggtgtgtocaghtt
gtttcagaatctecggggtgtocgtaactecgateccaasaggattgtecctgagcggtgaaaacggoeo
tgaagatcgacatccatgteatcatecegtatgaaggtctgageggegatcagatgggecagatc
gaazaasatttttaaggtggtgtaccctgty

SEQ ID N0:191 (L27V CP 84 TEV)
MDDHHFEVILHYGTLVIDGVIPNMIDYFGRPYEGIAVEDGKKITVTGTLUNGNKT TDERLINPDG
SLLFRVIINGVIGWRLCERILAGSSGGGSSGCEPTTENLYFOSDNGS SGGGSSGEGMVETLEDFVEG
DWROTAGYNLDOVLEOGGVSSLFONLGYSVTPIQRIVLSGENGLKIDIHVIIPYEGLSGDOMGQI
EKIFEVVY PV

SEQ ID ND:192 (L27V CP B85 TEV)

atggatcatcacttitaaggtgattctgeactatggeacactggtaatcgacggggttacgccgaa
catgatcgactatttcggacggccgtatoaaggcatecgeegtgttecgacggcaaaaagateacty
taaccgggaccetgtyggaacggeaacaaasattatcgacgagegectgatcaaceeegacyggehee
ctgctgttecgegtaaccatcaacggagtgaccggetggegygetgtgegagegeat LLiLgoscaggyg
aagttetggtogaggaagtictggtyggagagectactactgagaacttgtacttccagagecgata
acggaagttotggtggaggaagttectyggtggaatggtgtttacactecgaagatttegtaggggac
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tggcggragacageoggctacaacetggaccaagtecttgagecagggeggigtgtecagttigtt
tcagaatctoggggtgtoccgtaactoocgaticcaaaggattgtectgageggtgaaaacggectga
agatcgacatocatgteatcateccgtatgaaggtectgageggegatcagatgggecagatcgaa
aaaatttttaaggtggtgtaccctgtggat

SEQ ID NO:193 (L27V CP 85 TEV)

MDHHFEVILHYGTLVIDGVT PNMIDYFGRPYEGIAVEDGKK I TVTGTLWNGNKI IDERLINPDGS
LLFRVTINGVTGWRLCERILAGSSGGGES SGEEPTTENL Y FOSDNGS SGEES SGEMVE TLEDEVGD
WROTAGYNLDOVLEQGGVSSLFONLGVSVTPTORIVLSGENGLKIDIHVI I PYEGLSGDOMGQIE
KIFRVVYPVD

SEQ ID NO:1%4 (L27V CP B6 TEV)

atgcateoactitaaggtgattctgecactatggcacactggtaatcgacggggttacgeccgaacat
gatcgactatticggacggecgtatgaaggecategecgtgttegacggcasaaagatcactgtaa
cegaggaccctgtggaacggcaacaaaattatecgacgagegectgatcaacceccgacggetooetyg
ctgttcocgogtaaccatcaacggagtgacegagetggeggectgtgegagegeatttiggegggaag
ttctggtggaggaagitectggtggagagectactactgagaacttgtacttecagagegataacy
gaagttotgotggaggaagttectggtyggaatggtgtttacactecgaagatttegraggggactyy
cggeagacagecggctacaacctggaccaagtecttgageaggyeggtgtgteccagtttgtttea
gaatctcgoggtgtecgtaactecgatoccaaaggatigtoctgagegygtgaaaacugectgaaga
tcgacatccatgtcatcatcecgtatgaaggtetgageggegatcagatgggecagatcgaaaas
atttttaaggtggtgtaccctgtggatgat

SEQ ID NO:185 (L27V CP 86 TEV)
MHHFEVILHYGTLVIDGVTPNMIDYFGRPYEGIAVFDGKKITVIGTLWNGNKI IDERLINPDGSL
LFRVTINGVIGWRLCERILAGSSGGGSSGREPTTENLYFQSDNGESGGGS SGEMVETLEDFVGDW
ROTAGYNLDQVLEQGGVESLFONLGVIVIPIQRIVLSGENGLEIDIHVI I PYEGLSGDOMGQIEK
IFRVVYPVDD

SEQ ID NO:186 (LZ27V CP 87 TEV)

atgractitaaggtgattctgeactatggeacactggtaategacggggttacgoogaacatgat
cgactattteggacggeogtatgaaggeatcgecgtgttegacggraaaaagatcacigtaaccy
ggacccotgtggaacggcaacaaaattategacgagegectgatcaaccecgacyygeteecctgety
tteccgegtaaccatcaacggagtgaccggcetggeggetgtgegagegeattitggogggaagtic
rggtyggaggaagttctggtygagagectactactgagaacttgtacticcagagcgataacyggas
gttetggtggaggaaghbtotggtggaatggtgtttacactogaagatitegtaggggactgucgyg
cagacagccggctacaacctggaccaagtectigagecagyugeggtgtgtccagttitgttiticagas
totcgogotgtecgtaactecogatccaaaggattatectgageggtgaaaacggectgaagatey
acatccatgtcatcatccogtatgaaggtetgageggcgatcagatgggocagatogaagaaatt
tttaaggtggtgtaccctgtggatgatcat

SEQ ID RO:187 (L27V CP 87 TEV)
MHFKVILHYGTLVIDGVTPNMIDYFGRPYEGIAVEDGKKI TVIGTLWNGNR I IDERLINPDGSLL
FRVTINGVTGWRLCERILAGSSGEGSSGGEPTTENLYFOSDNGE GGG 5GGMVEFTLEDEFVGDWR
CTAGYNLDOVLEQGGVSSLFQNLGVSVTPIQRIVLSGENGLEIDIHVIIPYEGLSGDOMGQRIERT
FRVVYPVDDH

SEQ ID KWO:198 (L27V CP 88 TEV)

atgtttaaggtgattctgcactatyggecacactggtaatcgacggggttacgecgaacatgatcga
ctatttcggacyggecgtatgaaggeatcgecgtgticgacggecaaaaagatcacigtaaccggga
cococtgtogaacyggraacaaaattategacgagogectgatcaaccoecgacggeteocectygetgtc
cgogtaaccatcaacggagtgacegygctggeggetgtgegagegeattttggcgggaagttictay
tggaggaagttctggtggagagectactactgagaacttgtacttccagagegataacggaagtt
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ctggtggaggaagttctggtggaatggtgtttacactcgaagatttcgtaggggactggeggcag
acagccocogctacaacctggaccaagtecttgagecagggeoggtgtgtecagtttgtitcagaatet
cggogtgtcogtaactecgatecaaaggatigtectgagegygtigaaaacggecctgaagatcgaca
tecatgtecatcatoocgtatgaaggtetgageggegatcagatgggecagategaaaaaattttt
aaggtggtgtacccectaotggatgatcatcac

SEQ ID N0O:199 (L27V CP B8 TEV)
MERKVILHYGTLVIDGVTPNMIDYFPGRPYEGIAVEDGERI TVTIGTLWNGNKI IDERLINPDGSLLE
RVTINGVTGWRLCERILAGSSGGGSSGEEPTITENLYFQSDNGS SGEEESGEMVETLEDEVGDWRO
TAGYNLDQVLEQGGVSSLPONLGVSVTPIQRIVLSGENGLKIDIHVI I PYEGLSGDOMGOIEKIFE
KVVYPVDDHH

209



SEQ ID NO:200 (L27V CP 81 TEV}

atgattctgeactatggcacactggtaatcgacggggttacgeccgaacatgategactatticgg
acggccgtatgaaggecategeecgtgticgacggecaaaaagatcactgtaaccgggacectgigga
acggcaacaaaattatcgacgagegoeotygatcaaccoecgacggetcoctygectgttecgegtaace
atcaacggagtgaccggctggoggctgtacgagegecatttiggegggaagiicLggtggaggaay
ttetggtggagagootactactgagaacitgtacticcagagegataacggaagtictgaotggag
gaagttoctggtggaatggtgtttacactecgaagatticgtaggggactgycggoagacagoogygc
tacaacctggaccaagtecttgageagggegotgtgtccagttigtttcagaatctecggggtgte
cgtaactcecgatccaaaggattgtectgageggtgaaaacggectgaagategacatecatgtea
tcateccogtatgaaggtetgageggegatcagatgggecagategaaaaaatttttaaggtggtyg
taccetgtggatgatcatcactttaaggtyg

SEQ ID NO:201 (L27V CP 91 TEV)
MILHYGTLVIDGVIPNMIDYFGRPYEGIAVFDGKEITVIGTLWNGNKI IDERLINPDGSLLERVT
INGVTGWRLCERILAGSSGGGSSGCEPTTENLY FQSDNGS SGEGS SGEMVE T LEDFVGDWROTAG
¥YNLEOVLEQGGVSSLFCNLGVSVIPIORIVLESGENGLKIDIHVIIPYEGLSGDOMGOIEKIFKVY
YEVDDHHFEY

SEQ ID NO:202 (L27V CP 84 TEV)
atgtatggcacactggtaategacggggttacgceecgaacatgategactattteggacggeagta
tgaaggcatcgecegtgttegacgycaaaaadgatcacigtaaccgggaccctgtggaacggraaca
aaattatcgacgagcgectgatcaacceogacggeteccigetgttecgegtaacecatcaacgga
gtgaccggctggcggctgtgegagegecattitggegygaagttictggtggaggaagttectggtgyg
agagectactactgagaacttgtacticcagagogataacggaagttectggtggaggaagttctg
gtggaatggtgtttacactcgaagatitcgtaggggactggcggcagacagcaeyggctacaacoty
gaccaagtcecttgageagggecyggtotygtecagtttgtttcagaatcticggugtgteccgtaactee
gatccaaaggattgtectgageaggtgaasacggectgaagatcgacatccatgtcatcatecoogt
atgaagotctygageggcgatcagatgggccagatogaaaaaatttittaagatgygtgtacecigty
gatgatcatcactttaaggtgattctgeacy

SEQ ID HO:203 (L27V CP %4 TEV)
MYGTLVIDGVTPNMIDYFGRPYEGIAVEFDCGERITVIGTLWNGNET TDERLINPDGSLLEFRVTING
VIGHRLCERILAGSSGGGSSGGEPTTENLYPCSDNGSSGGGES SGEMVE TLEDEVGDWROTAGYNL
DOVLEQGGEVSSLFONLGVIVIPIQRIVLSGENGLKIDIHVIIPYEGLSGDOMGOIERKIFRVVYPY
DDHHEFEVILH

SEQ ID NO:204 (L27V CP 85 TEV)

atgggcacactggtaatcgacgygggttacgecygaacatgategactattteggacggecgtatga
aggcatcgecocgtgttegacyggecaaaaagatcactgtaaccgggaccetgtggaacggcaacaaaa
ttatcgacgagegectgatcaacccocgacggetocctgetgttecogegtaaccatcaacggagty
accggcetggcggetgtgogagegeatittogecgggaagttctaggtggaggaagttctggtggaga
gootactactgagaacttgtacttecagagegataacggaagttctggtggaggaagttoctggtyg
gaatggtgtttacactogaagatttegtaggggactggeggeagacagecggaetacaacctggac
caagtccttgagcagggeggtgtgtecagtttgtitecagaatocteggggtygtecgtaactcegat
ccazaggattgtectgagoggtgaaaacgygoctgaagatcgacatccatgtcatcatecegtatyg
aaggtectgagecggegatcagatgggccagategaaaaaatttttaaggtggtgtaccctgtggat
gatcatcactttaaggtgattotogcactat

SEQ ID NO:205 (L27V CP 95 TEV)
MGTLVIDGVIPNMIDYFGRPYEGIAVEFDGKKITVTGTLWNGNKI IDERLINPDGSLLEFRVTINGV
TGWRLCERILAGESGGGSSGGEPTTENLYFOSDNGSSGEGSSEEMVETLEDEVGDWROTAGYNLD
QVLEQGGVSSLEONLGVSVIPIQRIVLSGENGLKIDIHVIIPYEGLSGDOMGOIEKIFRKVVYPEVD
DHHFKVILHY
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SEQ IB NO:206 (L27V CP 97 TEV)

atgctggtaatcgacggggttacgccgaacatgatcgactatttcggacggccgtatgaaggcat
Cgccgtgttcgacggcaaaaagatcactgtaaccgqqaccctgtggaacggcaacaaaattatcg
acgagcqcctgatcaaccccgacqgctccctgctgttccgcgtaaccatcaacggagtgaccggc
tggcggctgtgcgagcgcattttggcgggaagttctggtggaqgaagttctggtggagagcctac
tactgagaacttgtacttccagagcgataacggaagttctggtggaggaagttctqgtggaatgg
tgtttacactcgaagatttcgtaggqgactggcggcagacagccggctacaacctggaccaagtc
cttgagcagggcggtgtqtccagtttgtttcagaatctcggggtgtccgtaactccgatccaaag
qattgtcctgagcqgtgaaaacggcctgaagatcgacatccatgtcatcatcccgtatgaaqgtc
tgagcggcgatcagatgggccagatcgaaaaaatttttaaggtggtgtaccctgtggatgatcat
cactttaaggtgattctgcactatggcaca
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SEQ ID NO:207 (L27V CP 97 TEV)
MLVIDGVIPNMIDYFGRPYEGIAVFDGKKITVTIGTLWNGNKI IDERLINPDGSLLFRVT INGVTG
WRLCERILAGSSGGGSS5GGEPTTENLYFOSDNGS SGGES SGEMVFTLEDEVGDWROTAGYNL DOV
LEQGGVSSLEQNLGVSVTIPIQRIVLSGENGLKIDIEVIIPYEGLSGDOMGOIFKIFRVVY PVDDHE
HFKVILHYGT '

SEQ ID NO:208 {L27V CP 100 TEV)

Atggacggggttacgccgaacatgatcgactatttcggacggccgtatgaaggcatcgccqtgtt
cgacggcaaaaagatcactgtaaccgggaccotgtggaacyggcaacaaaattatcgacgagegeo
tgatcaaccccgacggctccctgctgttccgcgtaacc&tcaacggagtgaccggctggcggctg
tgcqagcgcattttggcgggaagttctggtggaggaagttctggtggagagcctactactgagaa
cttgtacticragagecgataacggaagttctggtggaggaagtictagtggaatggtgtttacac
tcgaagatttcgtaggggactggcggcagacagccggctacaacctggaccaagtccttgagcag
~ggcggtgtgtccagtttgtttcaqaatctcggggtgtccgtaactccgatccaaaggattgtcct
gagcggtgaaaacggcctgaaqatcgacatccatgtcatcatcccgtatgaaggtctgagcggcg
atcagatgggccagatcgaaaaaatttttaaggtggtgtaccctgtggatgatcatcaetttaag
gtgattctgcactatggecacactggtaate

SEQ ID NO:208 (L27V CP 100 TEV)
MDGVTPNMIDYFGRPYEGIAVEDGKEI TVTGTLWNGNK I IDERLINPDGSLLFRVT INGVTGHRL
CERILAGSSGEESSGEEPTTENLYFOSDNGSSGEGSSGGMVE T LEDFVGDRROTAGYNLDOVLED
GGVSSLFONLGVSVTPIQRIVLSCENGLKIDIHVIIPYEGLSGDOMGQIEKIFKVVY PYDDHHFK
VILHYGTLVI

SEQ ID WO:210 (Lz27v CP 101 TEV)

atgggggttacqccgaacatgatcgactatttcggacggccgtatgaaggcatcgccgtqttcga
cggcaaaaagatcactgtaaccgggaccctgtggaacggcaacaaaattatcgacqagcgcctga
tcaaccccgacqgctccctgctgttccgcqtaaccatcaacggaqtgaccgqctggcggctgtqc
gagcgeattttggegggaagtictyggtggaggaagttetggtogagagectactactgagaacts
gtacttccagagcgataacggaagttctggtgqaqgaaqttctggtggaatggtgtttacactcg
aagatttcgtaggggactggcggcagacagccggctacaacctggaccaagtccttgagcagggc
ggtgtgtccagtttgtttcagaatctoyggggtgtocgtaactoogatecazaggattgtectgag
cggtgaazacggcctgaagatcgacatecatygteatcateccgtatygaaggtectgageggagata
agatgggccagatcgaaaaaatttitaaggtggtogtacectgtggatgatcatecactttaaggtyg
attctgcactatggeacactggtaategac

SEQ ID NO:211 (L27V CP 101 TEV)
MGVTPNMIDYFGRPYRGIAVFDGRKKITVIGTLWNGNKI IDERLINPDGSLLFRVT INGVTGWRLC
ERILAGSSCGGSSGEEPTTENLYFOSDNGS SGGESSGEMVEFTLEDFVGDWROTAGYNLDOVLEQG
GVSSLFONLGVEVTPIQRIVLSGENGLKIDIHEVIIPYEGLSGDOMGOIEKIFKVVY PVDDHEFKY
ITLHYGTLVID

SEQ ID NO:212 (L27V CP 102 TEV)

..atggttacgccgaacatgatcgactatttcggacggccgtatgaaggcatcgccgtgttcgacgg
Caaaaagatcactgtaaccgggaccctgtggaacggcaacaaaatiategacgagegectoatea
acceccgacggetecctgetgttecgeogtaaccatcaacggagtgaceggotgocyggotgtgegay
cgcattttggcgggaagttctggtggaggaagttctggtggagagcctactactgagaacttgta
cttccagagcgataacggaagttctggtggaggaagztctggtggaatqgtgtttacactcgaag
atttcogtaggggactyggeyggragacagecggctacaacctggaccaagtcecttgageagggeygt
gtgtccagtittgtticagaatctoggggtgtecgtaacteoogatercaaaggattgtoctgagegyg
tgaaaacggcectgaagategacatocatgtcatcateccogtatgaaggtotgageggogatcaga
tgggccagatcgaaaaaaittttaaggtggtgtaccctgtggatgatcatcactttaaggtgatt
ctgcactatggcacactggtaatcgacggy



SEQ ID NO:213 (L27V CP 102 TEV)
MVTPNMIDYFGRPYEGIAVFDGKKI TVTGTLWNGNK I I DERLINPDGSLLFRVTINGVTGHRLCE
RILAGSSGGGSSGGEPTTENLY FOSDNGSSGGEESSGEMVFTLEDFVGDWROTAGYNLDOVLEQGS
VSSLEQNLGVSVTPIORIVLSGENGLKI DT HVI I PYEGLSGDOMGOIEK I FRKVVY PYDDHHTKV T
LEHYGTLVIDG

SEQ ID NO:214 (L27V CP 103 TEV)

atgacgccgaacatgatcgactatttcggacqgccgtatgaaggcatcgccgtgttcgacggcaa
aaagatcactgtaaccgggacectygtyggaacggcaacaaaattatcgacgagegectgateaace
ccgacggctccctgctgttccgcgtaaccatcaacggagtgaccggctggcgqctgtgcgagcgc
attttggcgggaagttctggtggaqgaagttctggtggagagcctactaetgagaacttgtactt
ccagagcgataacggaagttctggtggaggaagttctggtggaatggtgtttacactcgaagatt
tcgtaggggactggcggcagacagccggctacaacctgqaccaagtccttgagcagggcggtgtq
tccagtttgtttcagaatctcggggtgtccgtaactccgatccaaaggattgtcctgagcggtga
aaacggcctgaagatcgacatccatgtcatcatcccgtatgaaggtctgagcggcgatcagatgg
gccagatcgaaaaaatttttaaggtggtgtaccctgtggatgatcatcactttaagqtgattctg
cactatggecacactggtaatcgacagggtt

SEQ ID NO:215 (L27V CP 103 TEV)
MTPNMIDYFGRPYEGTAVFDGKKI TVTGTLWNGNKI IDERLINEDGS LLFRVTINGVTGHRLCER
TLAGSSGGGS SGEEPTTENLY FOSDNGS SGGGS SGEMVE TLE DFVEDWROTAGYNL DOVLEQGGY
SSLFONLGVSVTPIQRIVLSGENGLKIDIHVIIPYEGLSGDOMGOIER T FKVVY PVDDHEFKVIL
HYGTLVIDGY

SEQ ID NO:216 (L27V CP 104 TEV)

atgccgaacatgatcgactatttngacggccgtatgaaggcatcgccgtgttcgacggcaaaaa
gatcactgtaacnggaCCCﬁgtggaacggcaacaaaattatcgacgagcgcctgatcaaccccg
acggctccctgctgttccgcgtaaccatcaacggagtgaccggctggcggctgtgcgagcgcatt
ttggcgggaagtictggtggaggaagttectggtggagagectactactgagaacttgtacttcoa
gagcgataacggaagttctggtggaggaagttctggtggaatggtqtttacactcgaagatttcg
taggggactggcggcagacagccggctacaacctggaccaagtccttgaqcagggcggtgtgtcc
agtttgtttcagaatctcggggtgtccgtaactccgatccaaaggattgtcctgagcggtgaaaa
cggcctgaagatcgaoatccatgtcatcatcccgtatgaaggtctgagcggcgatcagatgggcc
agatcgaaaaaatttttaaggtggtgtaccctgtggatgatcatcactttaaggtgattctgcac
tatggcacactggtaatcgacggggttacy

SEQ ID NO:217 (L27V CP 104 TEV)
MPNMIDYFGRPYEGTIAVFDGKKITVTGTLWNGNK I IDERLINPDGSLLFRVT INGVTGWRLOERT
LAGSSGGGSSGEEPTTENLYFQSDNGS SGGGS SCEMVETLEDFVGDWROTAGYNLDOVLEQGGYS
SLFONLGVSVTPIQRIVLEGENGLKIDIEVIIPYEGLSGDOMGOIEK I FRVYY PYDDHEFKVILE
YGTLVIDGVT

SEQ ID NO:218 (LZ7V CP 105 TEV)

atgaacatgatcgactatttcggacggccgtatgaaggcatcgccgtgttcgacggcaaaaagat
cactgtaaccgggaccctgtggaacggcaacaaaattatcgacgagegoctgatcaacocagacy
gceteectgetgttcogegtaaccatcaacggagtgaceggetogeygyctgigogagoegeatiteyg
gcgggaagttctggtggaggaagttctggtggagaqcctaotactgagaacttgtacttccagag
cgataacgqaagttctggtggaggaagttctggtggaatggtgtttacactcgaagatttcgtag
gggactggcggcagacageeygygctacaacctggaccaagtecttgagoagygeggtotgtocagt
ttgtttcagaatctcggggtgtccgtaactccgatccaaaggattgtcctgagcggtgaaaacgg
cctgaagatcgacatccatgtcatcatcccgtatgaaggtctgagcggcgatcagatgggccaga



tcgaaasaatttttaaggtggtgtaccectgtyggatgatcatcactttaaggtgattotgeactat
ggcacactggtaatcegacgygggttacy

SEQ ID NO:219 (1.27V CP 105 TEV)
MNMIDYFGRPYEGIAVEDGKKITVTGTLWNGNK I IDERLINPDGSLLERVT INGVTGWRLCERIL
AGLSGGESSGEEPTTENLYFOSDNCS5GGEE SGEMVETLEDEVGDWROTAGYNLDOVLEQGGEVSS
LFONLGVSVIPICORIVLICGENGLKIDIHVIIPYEGLSGDOMGOQIEKIFRKVVYPYDDHHFRVILHEY
GTLVIDGVT

SEQ ID N0:220 (L27V CP 106 TEV)

atgatgatcgactatttcggacggecgtatgaaggecategeeygtattcygacggcaaaaagatocac
tgtaaccgggaccetgtggaacggcaacaaaattatecgacgagegectgatcaaccoogacggct
cectgetgttcocogegtaaccatcaacggagtgaccggetggeggetatgegagegeattbiggey
ggaagttctggtggaggaagttectygogtgygagagectactactgagaactigtacttooagagogs
taacggaagttctggtggaggaagttctggtggaatggtgtitacactogasagatttegtagggyg
actggcggcagacagcecggetacaacctggaccaagtioottgagcagggcggigigiccagttty
tttcagaatetcggggtgoeogtaactaecgatecaaaggattgtoctgageggtoaaaacyggact
gaagatcgacatccatgtcatecateccgtatgaaggtctgageggegatcagatgggecagateyg
azaaaatttitaaggtggtotaccctogtggatgatecatcactitaaggtgattotgoactatage
acactggtaatcgacggyggttacgccgasac

SEQ ID NO:221 (L27V CP 106 TEV)
MMIDYEGRPYEGIAVFDGEKEITVIGT LWNGNKI IDERLINPDGSLLFRVTINGVTGWRLCERI LA
GESGEESSGEEPTTENLYFQOSDNGSSGGGS SGGMVETLEDFVGDWROTAGYNLDOVLEQGGVSSL
FONLEGVSVIPIQRIVLSGENGLEIDIHVIIPYEGLSGDOMGOIEKIFKVVY FVDDHEHFKVILHYG
TLVIDGVTIPN

SEQ ID NO:222 (L27V CP 109 TEV)}

atgtatttcggacggccgtatgaagocatecgeegtgttcgacyggecaaaaagatcactgtaaccyg
gaccetgtggaacggcaacaaaattatcogacgagegectgatcaaccecgacggaetocectgetgt
tecgogtaacratcaacggagtgaccggetyggeggctgtgogagogeat ttiggogyggaagttot
gogtggaggaagttctyggtggagagectactactgagaacttgtacttccagagegataacggaag
Ttctggtggaggaagtictggtggaatggtgtttacactegaagatttegtaggggactggogga
agacagccggcotacaacctggaccaagtecttgagcagggegygtgtgtocagtttgtttcagaat
ctecgggotgtocegtaactecgatecaaaggatigtectgageggtgaaaacggaoctgaagatcga
catccatgtcatcatcecogtatgaaggtoctgageggegatcagatgggecagatecgasaaaattt
ttaaggtogtgtaccctgtggatgatcatcactitaaggtgattctgecactatggcacactggta
atcgacggggttacgccgaacatgatcegac

SEQ ID NO:223 (L27V CP 10% TEV)

MYFGRPYEGIAVEDGERITVIGTLWNGNKI IDERLINPDGSLLERVT INGVTGWRLCERTLAGSES
GGGSSGEEPTTENLYFOSDNGS SGGES SGEMVEFTLEDFVGDWROTAGYNLDOQVLEQGGVSSLEQN
LGVSEVTPIQRIVLEGENGLKIDIHVIIPYEGLSGDOMGOIEKI FRVVY PVDDHEFKVILHEYGTLY
IDGVTPNMID

SEQ ID NO;224 {(L27V CP 112 TEV)

atgcggecgtatgaaggcatcgecgtigtiiocgacygygcaaaaagatcacigtaacogggacocigty
gaacggcaacaaaalttategacgagegoctgatcaacccogacggeteccigetgttocgogtasa
ccatcaacggagtgaccggctggeggctgtgegagegeattittggeygggaagtictiggtggagyga
agttectggtggagagectactactgagaacttgtacttieccagagegataacggaagttctggtay
aggaagttctggtggaatggtgtttacactegaagatttogtagoggactggocggcagacagooy
gctacaacctyggaccaagtceocttgagecagggeggtgtgtecagtttgtticagaatoctecggagtyg
tcogtaactecgatccaaaggattgtcotgagoggtgaaaacyggectyaagategacatocatat
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catcatcccgtatgaaggtctgagcggcgatcagatggqccagatcgaaaaaatttttaaggtgg
tgtaccctgtggatgatcatcactttaaggtgattctgcactatggcacactggtaatcgacggg
gttacgccgaacatgatcgactatttcgga

SEQ ID NO:225 (L27V CP 112 TEV)
MRPYEGIAVFDGKKITVTGTLWNGNKIIDERLINPDGSLLFRVTINGVTGWRLCERILAGSSGGG
SSGGEPTTENLYFQSDNGSSGGGSSGGMVFTLEDFVGDWRQTAGYNLDQVLEQGGVSSLFQNLGV
SVTPIQRIVLSGENGLKIDIHVIIPYEGLSGDQMGQIEKIFKVVYPVDDHHFKVILHYGTLVIDG
VIPNMIDYEG

SEQ ID NO:226 (L27V CP 115 TEV)
atggaaggcatcgccgtgttcgacggcaaaaagatcactgtaaccgggaccctgtgqaacggcaa
caaaattatcgacgagcgcctgatcaaccccgacggctccctgctgttccchtaaccatcaacg
gagtgaCcggctggcggctgtgcgagcgcattttggcgggaagttctggtggaggaagttctggt
ggagagcctactactgagaacttgtacttccagagcgataacggaagttctggtggaggaagttc
tggtggaatgqtgtttacactcgaagatttcgtaggqgactggcggcagacagccggctacaacc
tggaccaagtccttgagcagggcggtgtgtccagtttgtttcagaatctcggggtgtccgtaact
ccgatccaaaggattgtcctgagcggtgaaaacggcctgaagatcgacatccatgtcatcatccc
gtatgaaggtctgagcggcgatcagatgggccagatcgaaaaaatttttaaggtggtgtaccctg
tggatgatcatcactttaaggtgattctgcactatggcacactggtaatcgacggggttacgccg
aacatgatcgactatttceggacggcogtat

SEQ ID NO:227 (L27V CP 115 TEV)
MEGIAVFDGKKITVTGTLWNGNKIIDERLINPDGSLLFRVTINGVTGWRLCERILAGSSGGGSSG
GEPTTENLYFQSDNGSSGGGSSGGMVFTLEDFVGDWRQTAGYNLDQVLEQGGVSSLFQNLGVSVT
PIQRIVLSGENGLKIDIHVIIPYEGLSGDQMGQIEKIFKVVYPVDDHHFKUILHYGTLVIDGVTP
NMIDYFGRPY

SEQ ID NO:228 (L27V CP 120 TEV)
atgttcgacggcaaaaagatCactgtaaccgggaccctgtggaacggcaacaaaattatcgacga
gcqcctgatcaaccccgacggctccctqctgttccgcgtaaccatcaacggagtgaccggctggc
ggctqtgcgagcgcattttggcgggaagttctggtggaggaagttctggtggagagcctactact
gagaacttgtacttccagagcgataacggaagttctggtggaggaagttctggtggaatggtgtt
tacactcgaagatttcgtaggqgactggcggcagacagccggctacaacctggaccaagtccttg
agcagggcggtgtgtccagtttgtttcagaatctcggggtgtccgtaactccgatccaaaggatt
gtcctgagcggtgaaaacggcctgaaqatcgacatccatgtcaucatcccgtatgaaggtctgag
cggcgatcagatgggccagatcgaaaaaatttttaaggtggtgtaccctgiggatgatcatcact
ttaaggtgattctgcactatggcacactggtaatcgacggggttacgccgaacatgatcgactat
ttcggacggccgtatgaaggcatcgtggcc

SEQ ID NO:229 (L27V CP 120 TEV)
MFDGKKITV?GTLWNGNKIIDERLINPDGSLLFRVTINGVTGWRLCERILAGSSGGGSSGGEPTT
ENLYFQSDNGSSGGGSSGGMVFTLEDFVGDWRQTAGYNLDQVLEQGGVSSLFQNLGVSVTPIQRI
VLSGENGLKIDIHVIIPYEGLSGDQMGQIEKIFKVVY?VDDHHFKVILHYGTLVIDGVTPNMIDY
FGRPYEGIVA

SEQ ID NO:230 (L27V CP 121 TEV)

atggacggcaaaaagatcactgtaaccgggacCctgtggaacggcaacaaaattatcgacgagcg
cctgatcaaccccgacggctccctgctgttccgcqtaaccatcaacgqagtqaccggctggcggc
tgtgcgagcgoattttggcgggaagttctggtggaggaagttctggtggaqagcctactactgag
aacttgtacttccagagcgataacggaagttctgthgaggaagttctggtggaatggtgtttac
actcgaagatttcgtaggggactggcggcagacagccggctacaacctggaccaagtccttgagc
agggcggtgtgtccagtttgtttcagaatctcggggtgtccgtaactccgatccaaaggattgtc
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Ctgagcggtgaaaacggcctgaagatcgacatccatgtcatcatcccgtatgaaggtctgagcgg
cgaicagatgggccagatcgaaaaaatttttaaggtggtgtaccctgtggatgatcatcacttta
aggtgattctgcactaiggcacactqgtaatCgacggggttacgccgaacatgatcgactatttc
ggacggccgtatgaaggcatcgecgtgtio

SEQ ID NO:231 (L27vV CP 121 TEV)

MDGKKITVTGTLWNGNKI IDERLINPDGSLLFRVT INGVTGWRLCERILAGCSSGAGSSGGEPTTE
NLYFOSDNGS5GGEGE 8GEMVETLEDFVGDWRQTAGYNLDOVLEQGGVSSLEQNLGVSVTPIQRIV
LSCENGLKIDIHVIIPYEGLSGDOMGOIER I FKVVY PVDDHAFKV I LEYGTLV I DGV TPNMIDYF
GRPYEGIAVE

SEQ ID NO:232 (L27V CP 123 TEV)

atgaaaaagatcactgtaachgqaccctgtggaacqgcaacaaaattatcgacgagcgcctgat
caaccceogacggceteectgetgtitecgegtaaccatcaacggagtgaceggotageggetgtgog
agcgcattttggcgggaagttctggtgqaggaagttctggtggagagcctactactqagaacttg
tacttccagagcgataacqgaagttctggtggaggaagttctggtggaatggtgtttacactcga
agatttcgtaggggactggcggcagacagocggctacaacctggaccaagtccttgagcagggcg
gtgtgtccagtttgtttcagaatcicggggtgtccgtaactccgatccaaaggattqtcctgagc
ggtgaaaacggcctgaagatcgacatccatgtcatcatcccgtatqaaggtctgagcggcgatca
gatgggccagatcgaaaaaatttttaaggtggtgtaccctqtggatgatcatcactttaaggtga
ttctgcactatggcacactggtaatcgacggggttacgccgaacatqatcgactatttcgqacgg
cecgtatgaaggcategeegtgticgacgge

SEQ ID NO:233 (L27V CP 123 TEV)

MEKITVIGTILWNGNKI IDERLINPDGSLLFRVTINGVIGWRLCERI LAGS SGGGSSGGEPTTENL
YFQSDNGSSGGGS SGEGMVFTLEDFVGDWRQTAGYNLDQVLEQGGVSSLEQNLGVSVTPIQRIVLS
GENGLEIDIHVITPYEGLSGDOMGQIEKIFKVVY PYDDHEFKVILEYGTLVIDGVTPNMIDYFGR
PYEGIAVEDG

SEQ ID NO:234 (L27V CP 124 TEV)

Atgaagatcactgtaaccgggaccctgtqqaacggcaacaaaattatcgacgagogcctgatcaa
ccccgacggctccctgctgttccgcgtaaccatcaacggagtgaccggctgchgctgtgcqagc
gcattttggcgggaagttctggtggaggaagﬁtctggtggagagcctactactgagaacttgtac
ttccagagcqataacggaagttctggtggaggaagttctggtggaatggtgtttacactcgaaga
tttcgtaggggactggcggcagacagccgqctacaacctqgaccaagtccttgagcagggcggtg
tgtccagtttgtttcagaatctcggggtgtccgtaactccgatccaaaggattgtcctgagcggt
gaaaacggcctgaagatcgacatccatgtcatcatcccgtatgaaggtctgagcggcgatcagat
gggccagatcgaaaaaaﬁttttaaggtggtgtaccctgtggatgatcatcactttaaggtgattc
tgcactatggcacactggtaatcgacggggttacgccgaacatgatcgactatttcggacggccg
tatgaaggcatcgeegtgttogacggeaaa

SEQ ID NO:235 (L27v CPr 124 TEV)
MRITVIGTLWNGNKIIDERLINPDGSLLFRVTINGVICWRLCERILAGSSGGGSSGGERTTENLY
FQSDNGSSGGGSSGGMVFTLEDFVGDWRQTAGYNLDQVLEQGGVSSLFQNLGVSVTPIQRIVLSG
ENGLKIDIHVIIPYEGLSGDOMGQIEKIFKVVYPVDDHHFKYVILHYGTLVIDGVTPNMIDY FGRP
YEGIAVEFDGK '

SEQ ID NO:236 (L2Z7V CP 125 TEV)

atqatcactqtaagcgggaccctgtggaacggcaacaaaattatcgacgagcgcctgatcaaccc
cgacggctccctgctgttccgcqtaaccatcaacggagtgaccggctqgcggctgtgcgagcgca
ttttggcgggaagttctggtqgaggaagttctggtggagagcctactactgagaaettgtacttc
cagagcgataacggaagttctggtggaggaagttctgqtggaatggtgtttacactcgaagattt
cgtaggggactggcggcagacagccggctacaacctggaccaagtccttgagcagggcggtgtgt
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ccagtttgtttcaqaatcthgggtgtchtaactccgatccaaaggattgtcctgagcggtqaa
aacggcctgaaqatcgacatccatgtcatcatcccgtatgaaggtctgagcggcgatcagatggg
ccagatcgaaaaaatttttaaggtggtgtaccctgtggatgatcatcactttaaqgtgattctgc
actatggcacactggtaathacggggttacgccgaacatgatCgactatttcggacggccgtat
gaaggeatcgecgtgttocgacggcaaaaayg

SEQ ID NO:237 (L27V CP 125 TEV)
MITVTGTLWNGNKIIDERLINPDGSLLFRVT INGVTGWRLCERT LAGS SGGGSSGCE PTTENLY F
QSDNGSSGGESSGEMVETLEDFVGDWROTAGYNLDOVLEQGGVSSLFONLGVSVTPIORTVLSGE
NGLKIDIHVIIPYEGLSGDOMGOIEKIFEVVYPVDDEREKVILEYGTLVI DGYTPNMI DY FGREY
EGTAVEDGKEK
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SEQ ID NO:238 (L27V CP 129 TEV)

atggygaccotgtyggaacggcaacaaaattategacgageogoctgatcaacceegacggetecet
getgttcoogegtaaccaltcaacggagtgaccygygctggeggetglygcgagograttttggogggaa
gtictggtggaggaagticltyggtygagagectactactgagaacttgtacttocagagegataas
ggaaglictggtaggaggaagtictggiggaatggtgtttacactecgaagatttocgtaggggacty
gcggragacagecggotacaacciggaccaagtecttgagcagyggeggtgigteccagtttgttte
agaatctceggggtgtoecgtaactocgatecaaaggattgtectgaseyatgaaaacggoctgaay
atcgacatccatgteatcatecegtatgaaggtetgageggegatcagatgggecagatcgaaaa
aattittaaggtggtgtaccctgtggatgatcatcactttaaggtgattctgractatggcacac
tggtaatcgacyggggttacgeogaacatgategactatttoeggacggecgtatgaaggeategae
gtgttcgacggcaaaaagatcactotaacc

SEQ ID NO:23%8 (L27V CP 129 TEV)

MGTLWNGNKI IDERLINPDGSLLERVTINGVTGWRLCERILAGSSGGGSSGGEPTTENLY FQSDN
GESGGEESSEEMVFTLEDFVGDWROTAGYNLDOVLEQGGV SSLEQNLGVSVTPIQRIVLSGENGLE
IDIRVIIPYEGLEGDOMGOIEKIFKVVY PVDDHEFKVILEYGTLVIDGVT PNMIDYFGRPYEGIA
VEDGEEITVT

SEQ ID NO:240 (L27V CP 130 TEV)

atgaccotgtggaacggcaacaaaattatcgacgagegeetgatcaaccecocgacggeneeotget
gttcegegtaaccatcaacggagtgaccgygctggcggoctgtgogagogeattttggogggaagtn
ctggtggaggaagttctggtggagagoectactactgagaactigtacttecagagecgataacgga
agtictggtggaggaagtictgytggaatgytgtttacactcgaagatttegtaggggactggeyg
gcagacagcecggctacaacctggaccaagtcecocttgagecagggoogtgtgtecagtttgittecaga
atcteggggtlylocygtaactocgatoccasaggattgtectgagogytgaaaacggectgaagate
gacatccatgtcatcatoccytatgaaggtotgagegyecgatcagatgggccagatcgaaaaaat
ttttaaggtgygtgtaccotygtggatgateateacttiaaggtgattctgecactatggcacactgg
taatcgacggggttacgecgaacatgategactatticggacgygcagtatgaaggcatcgcogty
ttcgacggeaaaaagatcactgtraaccygogg

SEQ ID WO:241 (L27V CP 130 TEV)
MTLWNGNEIIDERLINPDGSLLEFRVT INGVIGHRLCERI LAGSSGGGESSGGEPTTENLY FOSDNG
S5GGEGESSEEMVEFTLEDFVGEDWROTAGYNLDOVLEQGGV SSLEFQNLGVSVTPIORIVLSGENGLK I
DIRVIIPYEGLSGDOMGOIEKIFKVVYPVDDHHFEVILHYGTLVIDGVEPNMI DYFGRPYEGIAV
FDGEKITVTG

SEQ ID NO:242 (L27V CP 131 TEV)

atgctgtggaacggcaacaaaattategacgageogectgatcaacoccgacggotcoctgetgtt
cecgocgtaaccatcaacygyagtgaccggetggeggetgtgcgagegecatittggegggaagttety
gtggaggaagiictggtyygagagectactactgagaacttgtacttocagagegataacggaagt
tctggtogaggaagtictygtggaatggtgtttacactocgaagatttegtaggggactggeggea
gacagccggcotacaacctyggaccaagticocttgagcagggeggtgtgtccagtttgtttcagaate
tcggggtygtoegtaactongatecaaaggattgiectgageggtyasaaacggcctgaagategac
atccatgtcateatecegtatgaaggtetgageggogatcagatgggecagatecgaaaaaatttt
Taaggtggtgtaccetgtyggatgatecatcactttaaggtgattetgecactatgycacactggtaa
tcgacggggttacgeogaacatgategactatiteogygacggeogtatgaaggratcgoogtgtte
gacggcaaaaagatcactygtaaccgggace

SEQ ID NO:243 {(L27V CP 131 TEV)

MLWNGNE I IDERLINPDGSLLFRVT INGVIGWRLCERILAGES SGGESSGEEPTTENLYFOSDNGS
SCGGESSGEMVFTLEDEVGDWROTAGYNLDOVLEQGEVSSLEQNLGVSVTPTORIVLSGENGLKID
THVITIPYEGLSGDOMGOIEKIFKVVYPVDDHEFKVILHYGTLVIDGVT PNMIDYFCRPYEGIAVE
DGEKITVTGT
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SEQ ID NO:244 (L27V CP 133 TEV)

atgaacggcaacaaaattatcgacqagcgcctgatcaaccccgacggctccctgctgttccgcgt
aaccatcaacggagtgaccggctggcggctgtgcgagcqcattttggcgggaagttctggtggag
gaagttctggiggagagcctactactgagaacitgtacttccagagcgataacqgaagttctggt
ggaggaagttctggtggaatggtgtttacactcgaagatttcgtaggggactggcggcagacagc
cggciacaacctggaccaagtccttgagcagggcggtgtgtccagtttgtttcagaatctcgggg
tgtccgtaactccgatccaaaggattgtcctgagcggtqaaaacggcctgaagatcgacatccat
gtcatcatcccgtatgaaggtctgagcggcqatcagatgggccagatcgaaaaaatttttaaggt
ggtgtaccctgtggatgatcatcactttaaggtqattctgcactatggcacactggtaatcgacg
gggttacgccqaacatgatcgactatttcggacggccgtatgaaggcatcgccgtgttcgacggc
aadaagatcactgtaaccgggacoctgtggg
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SEQ ID KO:245 (L27V CP 133 TEV)
MNGNKIIDERLINPDGSLLFRVTINGVTGWRLCERI LAGSSGGGSSGEEPTTENLYFOSDNGSSG
GGSSGEMVEFTLEDFVGDWROTAGYNLDOVLEQGGVS SLFONLGVSVTPIORIVLSGENGLKIDIH
VIIPYEGLSGDOMGOIEKIFKVVY PVDDHHFKVILHYGTLYI DEVT PNMI DYFGRPYEGIAVIDG
KKITVTGTLY

SEQ ID NO:246 (L27V Cg 136 TEV)

atgaaaattatcgacgagegecltgatcaacoocogacygotococtgotgttccgegtaascoatcaa
cqqagtgaccggctggcggctgtgcgagcgcattttggcqggaagttctggtggaggaagttctg
gtqgagagcctactactgagaacttgtacttccagachataacggaagttctgqtggaggaagt
tetogtggaatggtgtttacactegaagatitegtaggggactggeggcagacagcoggotacaa
cctggaccaagtecttgageagggeggtgtgtecagtttgiticagaatectegogatgtongtaa
ctccgatccaasaggattgtectgagegytgaaaacggoctgaagategacatecatgticateato
ccgtatgaaqgtctgagcggcgatcagatgggccagatcgaaaaaatttttaaggtggtgtaccc
tgtggatgatcatcactttaaggtgattctygcactatggcacactyggtaatecgacggggttacge
cgaacatgatcgactatttcecggacggecgtatgaaggocategocgtgtticgacggeaaaaagato
actgtaaccygggaccctgtggaacggcaac

SEQ ID NO:247 (L27V CP 136 TEV)
MEIIDERLINPDGSLLFRVTINGVIGWRELCERILAGSSGGESSGEEPTTENLYFOSDNGSSEGGS
SGGMVETLEDFVGDWROTAGYNLDOVEEQGEVS SLFQNLGYSVIPIQRIVLSGENGLK I DIBVI I
PYEGLSGDOMGOIEKIFRVVY PVDDHHFRVILEYGTLVIDGVIPNMIDYFGRPYEGIAVEDGKK T
TVTGTLWNGN

SEQ ID NO:248 (L27V CP 139 TEWV)
atggacgagcgcctgatcaaccccgacggctccctgctgttccgcgtaaccatcaacggaqtgac
cggctggcggctgtgcgagcgcattttggcgqgaagttctggtggaqgaagttctggtggagagc
ctactactgagaacttgtactticcagagcgataacggaagtictggtyggaggaagtictygtgga
atqgtgtttacactcgaagatttcgtaggggactggcggcagacagccggctacaacctggacca
agtcottgagcagggeggtgtgtecagtttgtttcagaatctoggggtytlecgtaactocagaton
aaaqgattgtCctgagcggtqaaaacggcctqaagatcgacatccatgtcatcatcocgtatgaa
qgtctgagcggcgatcagatgggccagatcgaaaaaatttttaaggtggtgtaccctgtggatga
tcatcactttaaggtgattctgcactatggcacactggtaatcgacggggttacgecgaacatga
tcgactattteggacggecgtatgaaggcategecgtigtitecgacggcaaasagatcactgtaacs
gggaccctgtggaacggcaacaaaattatcgacgagoge

SEQ ID NO:249 (L27V CP 139 TEV)
MDERLINPDGSLLFRVTINGVIGWRLCERILAGSSGGGSSGGEPTTENLYFQSDNGSSGEGSSER
MVETLEDFVGDWROTAGYNLDOVLEQGGVSSLEQNLGVSVTPIORIVLSGENGLE I DIHVIIPYE
GLSGDOMGQIEKIFKVVY PVDDHHFKVILHAYGTILVIDGVT PNMIDYFGRPYEGIAVIDCKRITVT
GTLWNGNEKIIDER

SEQ ID NO:250 (L27V CP 140 TEV)

atggagcgectgatcaaccceegacggeteecctgetgttecgegtaaccatcaacggagtgaccag
ctggcggctgtgcgagegecattttggegggaagttotggtggaggaagttectggtggagagecta
ctactgagaacttgtacticcagagcgataacggaagttictggtiggaggaagttoctggiggaaty
gtgtttacactcgaagatttcgtaggggactqgcggcagaeaqccggctacaacctggaccaagt
ccttgagcagggcggtgtgtccagtitgtticagaatetcgggatgtocgtaacicogatocaaa
ggattgtcctgagcggtgaaaacggcctgaagatcgacatccatgtcatcatcccgtatgaaggt
ctgagcggcgatcagatqggccagatcgaaaaaatttttaaggtggtgtacCctgtggatgatca
tcactttaaggtgattetgeactatggracactggtaatogacggggttacgeocgaacatgateg
actatttceggacggecgtatgaaggcategeogtgtitecgacggecaaaaagatcactgtaaccggy
accotgtggaacyggcaacaaaattatcgac
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SEQ ID NO:251 (L27V CP 140 TEV)
'MERLENPDGSLLFRVTINGVTGWRLCERILAGSSGGGSSGGEPTTENLYFQSDNGSSGGGSSGGM
VETLEDFVGDWROTAGYNLDOVLEQGGVSSLEFONLGVSVTPIQRIVLSGENGLKIDIHVIIDYEG
LSGDOMGOIEKIFRVVYPVDDHHFKVILHYGTLVIDGVT PNMI DYFGRPYEGIAVEDGRKITVTG
TLWNGNKIID

SEQ ID NO:252 (L27V CP 141 TEV)

atchcctgatcaaccccgacggctccctgctgttccgcgtaaccatcaacggagtgaccggctg
gcggctgtgcgagcgcattttggcgggaagttctggtggaggaagttctggtggagagcctacta
thagaacttgtacttccagagcgataacggaaqttctggtgqaggaaqttctggtggaatggtg
tttacacthaagatttcgtaggggactggcggcagacagccgqctacaacctggaccaagtcct
tgagcagggcggtgtgtccagtttgtttcagaatctcggggtgtccgtaactccgatccaaagga
ttgtcctgagcggtgaaaacggcctgaagatcgacatccatgtcatcatcccgtatgaaggtctg
ageggegatcagatgggceeagatcgaaaaaatttttaaggtggtgtaceotygtggatgateatea
ctttaaggtgattctgcactatggcacactggtaatcgacggggttacgccgaacatgatcgact
atttcggacggccgtatgaaggcatcgccgtqttcgacggcaaaaagatcactgtaaccgggacc
ctgtggaacggcaacaaaattatogacygay

SEQ ID NO:253 (L27V CP 141 TEV)
MRLINPDGSLLFRVTINGVIGWRLCERILAGS SGGGSSGGEPTTENLYFOSDNGS SGGGSSGEMY
FTLEDFVGDWROTAGYNLDOVLEQGSGVSSLEONLGVSVTPTORIVLSGENGLK I DI HVI I PYECGL
SGDOMGQIEKIFKVVY PVDDHHFRV T LEYGTLVIDGVT PNMIDYFGREYEG I AVEDGKK T TVTQT
LWNGNKIIDE

SEQ ID NO:254 {127V CP 142 TEV)

atgctgatcaaccccgacggctccctgctgttccgcgtaaccatcaacggagtgaccggctggcg
gctgtgcgagcgcattttggcgggaagttctggtggaggaaqttctggtggaqagcctactactg
agaacttgtacttccagagcgataacggaagttctggtggaggaagttctqgtggaatggtgttt
acactcgaagatttcgtaggggactggcggcagacagccggctacaacctggaccaagtccttga
gcagggcggtgtqtccagtttgtttcagaatctcggggtgtccgtaactccgatccaaaggattg
tcctgagcggtgaaaacggcctgaagatcgacatccatgtcatcatcccgtatgaaggtctgagc
ggcgatcagatgggecagategaaaaaatttitaaggtggtotacoctytggatgatcatcactt
taaggtgattctgcactatggcacactggtaatcgacggggttacgccgaacatgatcgactatt
tcggacggccgtatgaaggcatcgccgtgttcgacggcaaaaagatcactgtaaccgggaccctg
tggaacggcaacaaaattatecgacgagoge

SEQ ID NO:255 (L27V CP 142 TEV)
MLINPDGSLLFRVTINGVTGWRLCERILAGS SGGGSSGEEPTTENLYFOSDNGS SGGGSSGEMUT
TLEDFVGDWROTAGYNLDOVLEQGGV S SLFONLGVSVT PTORT VL SGENGLKIDIHVT T PYEGLS
GDOMGQTEKIFKVVY PYDDHAFKYV I LHY GTLVIDGVTPNMI DY FGRPYEGT AVFDGRK T TVTGTL
WNGNK I IDER

SEQ ID NO:256 (L27V CP 1432 TEV)

atgatcaaccccgacggctccctgctgttccchtaaccatcaacggagtgaccggctggcggct
gtgcgagcgcattttggcgggaagttctggtggaggaagttctggtgqagagcctactactgaga
acttgtacttccagagegataacggaagtictggtggaggaagttectyggtggaatgotygtttaca
ctcgaagatticgtaggggactggeggcagacageeggetacaacctggaccaagteottgagea
gggcggtgtqtccagtttgtttcagaatcthgggtgtccgtaactccgatccaaaggattgtcc
tgagcggtgaaaacggectyaagategacateccatgtecatcateccgtatgaaggtotgagogga
gatcagatgggccagatcgaaaaaatttittaagotggtgtaccetgtggatgatcatcactttaa
ggtgattctgcactatggcacactggtaatcgacggggttacgccgaacatgatcgactatttcg
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gacggccgtatgaaggcategeegigticgacggcaaaaagatcactgtaaccgggaccetgtygg
aacggcaacaaaattatcgacgagogeoty

SEQ ID NO:257 (L27V CP 143 TEV)
MINPDGSLLEFRVIINGVIGWRLCERILAGSSGEGSSGCEPTTENLY FOSDNGS SGGESSGEMVET
LEDEVGDWROTAGYNLDQVLEQGGVSSLEONLGVSVI PIQRIVLSGENGLKIDIHVI I PYRGLSG
DOMGOIEKIFKVVYPVDDHEFKVILHYGTLVIDGV I PNMIDYFGRPYEGIAVEDGRKI TVTGTLW
NGNKIIDERL

SEQ ID RO:258 (LZ27V CP 144 TEV)

atgaaccccgacggotecctygetgticegegtaaccatcaacygagtgaceggetggecggetygty
cgagcegecattttggegggaagttictggtggaggaagtitectggtggagagectactactgagaact
tgtactteocagagegataacggaagttetggtggaggaagttotggiggaatggtgtitacacte
gaagatttcgtaggggactggeggeagacagoegygetacaacctggaccaagioottyagecagygy
cggtgtgteccagtttgittcagaatectegyggatgtecgtaactecogatecocaasaggattgtoctyga
goggtgaaaacggoctgaagategacatececatgtecatecateccgtatgaaggtotgagoggogat
cagatgggccadgatcgaaaaaatttitaaggtggtgtaccectotggatgatcatcactttaaggt
gattctgcactatygycacactyggtaategacggggttacgecgaacatgategactattteggac
ggccgtatgaaggcategecgtgttcgacggeasaaagatcactgtaacegggacootgtggaac
ggcaacaaaattatcgacgageygcctgate

SEQ ID NO:259 (LZ7V CP 144 TEV)

MNPDGSLLFRVT INGVTGWRLCERILAGS SGGGSSGGEPTTENLYFQOSDNGS 8GGGSSGEMVETT
EDFVGDWROTAGYNLDOVLEQGGVSSLEONLGVSVIPIQRIVLSGENGLKIDIHVI I PYEGLEGD
QMGOIEKIFEVVYPVDDHHFKVILHYGTLVIDGVTPNMIDY FGREPYEGIAVFDGRKKITVTGETLRN
GNKIIDERLI

SEQ ID NO:260 (LZ27V CP 145 TEV)

atgccecgacggetecotgetgticrogegtaaccatocaacggagtgacogygotggoggotgtgoga
gegeattttggogggaagtictoggtggaggaagttetgotggagagectactactgagaacttgt
acilccagagogataacggaagitetggiggaggaagttctogtggaatggtgtttacactogasa
gatttegtaggggactyggeggcagacagoocggetacaacctggaccaagtocttgagoagyggegy
tgtgtocagtttigittecagaatclbeggggtgtocogtaactecgatccaaaggattgtoctgageg
gtgaaaacggcctgaagatcgacatccatgtcatcatcccgtatgaaggtctgagcggcgatcag
atgggceagatcgasaaaatttttaaggtggtgtacectgtggatgatecatcactttaaggtgat
tetgecactatyggeacactggtaategacggggttacgecgaacatgatogactattteggacygyge
cgtatgaaggcatcogcegtgticgacygygcaaaaagatcactgtaacogyggacceectgtggaacggc
zacasaattatcgacgagegectgatcaac

SEQ ID NO:261 (L27V CP 145 TEV)

MPDGSLLFRVT INGVIGWRLCERILAGS SGGGSSGGREPTTENLYFQSDNGSSGGGSIGGMVETLE
DFVGDWROTAGYNLDOVLEQGGVSSLEFONLGVSVIPIQRIVLSGENGLRIDIHVIIPYEGLSGDY
MGQIEKIFRVVYPVDDHHEFEVILEYGTLVIDGVI PNMIDYFGREYEGIAVFDGKRK I TV TCTLWNG
NEKIIDERLIN

SEQ ID NO:262 (L27V CP 146 TEV)

atggacggctecotygctgticegegtaaccatcaacggagtgaccgygeiggoggectgtgegageg
cattttggcgggaagtictgytggaggaagttctggiggagagcectactactgagaactigtact
tocagageyataacggaagttctgygtggaggaagttciggtggaatggtgtitacactcgaagat
ttegtaggggactggcggcagacagcecyggctacaacectggaccaagtocttgagecagggeggtat
gtccagtttgtitoagaatotoggggtotocgtaacicogatecaaaggattgtertyageggty
aaaacggcctgaagatcegacatecatgtecateatecegtatgaaggictoageggegatcagaty
ggccagatcgaaaasaatttttaagotgotgtacectgtugatgateatcactttaaggtgattot
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gcactatggcacactggtaatcgacgqggttacgccgaacatgatcgactatttcggacggccgt
atgaaggcatcgccgtgttcgacggcaaaaagatcactgtaaccgggaccctgtggaacggcaac
aaaattatcgacgagegectgatoaacecc

SEQ ID NO:263 (L27V CP 146 TEV)
MDGSLLFRVIINGVIGWRLCERILAGSSGGGSSGGEPTTENLYFOSDNGS SGGGSSCAMVETLED
FVGDWRQTAGYNLDQVLEQGGVSSLFQNLGVSVTPIQRIVLSGENGLKIDIHVIIPYEGLSGDQM
GOIEKIFKVVYPVDDHHFKVILHYGTLVIDGVTPNMI DY FGREYEGIAVIDGKK I TVTGTLENGN
KIIDERLINP

S5EQ ID NO:264 (L27V CP 147 TEV)

atgggctccctgctgttchcgtaaccatcaacggagtgaccggctggcggctqtgcgagcgcat
tttgchggaaqttctggtggaggaaqttctggtggagagcctactactgagaacttgtacttcc
agagcgataacggaagttctggtggaggaagttctggtggaatggtgtttacactcgaagatttc
gtaggggactggcggcagacagccggctacaacctggaccaagtccttgagcagggcggtgtqtc
cagtttgtﬁtcagaatcthgggtgtccgtaactccgatccaaaggattgtcctgagcggtgaaa
acggcctgaagatcgacatccatgtcatcatcccgtatgaaggtctgagcggcgatcagatggqc
cagatcgaaaaaatttttaaggtgqtgtaccctgtgqatgatcatcactttaaggtgattctgca
ctatggcacactggtaatcgacggggttacgccgaacatgatcgactat%tcggacggccgtatg
aaggeatcgccygtgticgacggcaaaaagatcactgtaaccgggaccctgiggaacyggcaacaasa
attatcgacgagecgectgatcaaccocgac

SEQ ID NO:265 (L27V CP 147 TEV)
MGSLLFRVIINGVIGWRLCERILAGSSGGGSSGOEPTTENLY FOSDNGSSGOGS SGEMVETLEDTE
VGDWRQTAGYNLDQVLEQGGVSSLFQNLGVSV?PIQRIVLSGENGLKIDIHVIIPYEGLSGDQMQ
OIEKIFKVVYPVDDHHEFKVILHYGTLVIDGVT PNMIDYFGREPYEGIAVFDGKK I TVTGT LWNGNK
ITDERLINPD

SEQ ID NO:266 (L27V CP 148 TEV)

atgtccctgctgttchcgtaaccatcaacggagtgaccggctggcggctgtgcgagcgcatttt
ggcgggaagttctggtggaggaagttctggtggagagcctactactgagaacttgtacttccaga
gcgataacggaagttctggtggaggaagttctggtggaatggtgtttacactcgaagatttcgta
ggggactggcggcagacagccggctacaacctggaccaagtccttgagcagggcggtgtgtccag
tttgtttcagaatctcggggtgtccgtaactccgatccaaaggattgtcctgagcqgtgaaaacg
gcctgaagatcgacatccatgtcatcatcccgtatgaaggtctgagcggcgatcagatgggccag
atcgaaaaaatttttaaggtggtgtaccctgtggatgatcatcactttaaggtgattctgcacta
tggcacactggtaatcgacggggttacgccgaacatgatcgactatttcggacggccgtatgaag
gcatcgccgtgttcgacggcaaaaagatcactgtaaccgggaccctgtggaacggcaacaaaatt
atcgacgagegeotgatcaacooogacyygce

SEQ ID NC:267 (L27V CP 148 TEV)
MSLLFRVIINGVTGWRLCERILAGS SGGGSSGGEPTTEN LY FOSDNGS SGGGSSEEMVETLEDEY
GDWRQTAGYNLDQVLEQGGVSSLFQNLGVSVTPIQRIVLSGENGLKIDIHVIIPYEGLSGDQMGQ
LTEKIFRVVYPVDDHHFKVILHYGTLVIDGVTPNMI DY FGRPYEGTAVFDGKK I TVTGTLWNGNK T
IDERLINFDG

SEQ ID NO:268 (L27V CP 149 TEV)

atgctgctgttchcgtaaccatcaacqgagtgaccqgctggcggctgtgcgagcgcattttgqc
gggaagttctggtggaggaagttctggtggagagcctactactgagaacitgtacttccagagcg
ataacggaagttctggtggaggaagttctggtggaatgqtgtttacactcgaagatttcgtaggg
gactggcggcagacagccggctacaacctggaccaagtccttgagcagggcggtgtgtccagttt
gtttcagaatctcggggtgtccgtaactccgatccaaaggattgtcctgagcggtgaaaacggcc
tgaagatcgacatccatgtcatcatcccgtatgaaggtctgagcggcgatcagatgggccaqatc
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gaaaaaatttttaaggtggtgtaccctgtggatgatcatcactttaaqgtgattctgcactatgg
cacactggtaatcgacggggttacgccgaacatgatcgactatttcggacqgccgtatgaaggca
tcgccgtgttcgacggcaaaaagatcactgtaaccgggacccigtggaacggcaacaaaatLatc
gacgagcgcetgatcaacccocgacygygctoo

SEQ ID NO:269 (L2Z7V CP 149 TEV)
MLLERVIINGVTGWRLCERILAGSSGGGSSGGEPTTENLYFOSDNGS SGGGSSGEMVETLEDEVEG
DWRQTAGYNLDQVLEQGGVSSLFQNLGVSVTPIQRIVLSGENGLKIDIHVIIPYEGLSGDQMGQI
ERIFRKVVYPVDDHHFRVILEYGTLVIDGVIPNMIDY FGREYEGIAVFDGKK I TVTGTLHNGNKT I
DERLINPDGS

SEQ ID NO:270 (L27V CP 150 TEV)

atgctgticcgcgtaaccatcaacggagtgaccggctggcggctgtgcgagcgcattttggcggg
aagitctggtggaggaagttctggtggagagcctactactgagaacttgtacttccagagcgata
acggaagttctgqtggaggaagttctggtggaatggtgtttacactcgaagatttcgtaggggac
tggcgqcagacagccggctacaacctggaccaagtccttgagcaggchgtgtgtccaqtttgtt
tcagaatctcggggtgtccgtaactccgatccaaaggattgtcctgagcqgtgaaaacggcctga
agatcgacatccatgtcatcatcccgtatgaaggtctgagcggcgatcagatgggccagatcgaa
aaaatttttaaggtggtgtaccctgtggatgatcatcactttaaggtgattctgcactatggcac
actggtaatcgacggggttacgccgaacatqatcgactatttcggacggccgtatgaaggcatcg
ccgtgticgacqgcaaaaagatcactgtaaccgggaccctqtggaacggcaacaaaattatcgac
gagegoctgatcaaccccgacggctoocty

SEQ ID NO:271 (L27V CP 150 TEV)
MLERVIINGVIGWRLCERILAGSSGGGSSGOEPTTENLYFPOSDNGS SG6GSSEEMVETLEDFVED
WRQTAGYNLDQVLEQGGVSSLFQNLGVSVTPIQRIVLSGENGLKIDIHVIIPYEGLSGDQMGQIE
EIFKVVYPVDDHHFKVILHYGTLVIDGVI ENMI DYFGRPYEGIAVFDCKK I TVTGTLWNGNKIID
ERLINPDGSL

SEQ ID NO:272 (L27V CP 151 TEV)
atgttccgcgtaaccatcaacggagtgaccggctggcggctgtgcgagcqcattttggcgggaag
ttctgqtggaggaagttctggtggagagcctactactgagaacttgtacttccagagcgataacg
gaagttctggtggaggaagttctggtggaatggtgtttacactcgaagatttcgtaggggactgg
cggcagacagccggctacaacctggaccaagtccttgagcagggcggtgtgtccagtttgtttca
gaatctcggggtgtccgtaactccgatccaaaggattgtcctgagcggtgaaaacggcctgaaga
tcgacatccatgtcatcatcccgtatgaaggtctgagcggcgatcagatgggccagatcgaaaaa
atttttaaggtgqtgtaccctgtggatgatcatcactttaaggtgaitctgcactatggcacact
ggtaatcgacggggttacgccgaacatgatcgactatttngacggccgtatgaaggcatcgccg
tgttcgacggcaaaaagatcactgtaaccgggaccctgtggaacggcaacaaaattatcgacgag
Cgoctygatcaaccococgacggotocctgong

SEQ ID NO:273 (L27V CP 151 TEV)
MFRVTINGVTGWRLCERILAGSSGGGSSGCEPTTENLYFOSDNGSSGGGSSGOMVETLEDEVGDY
RQTAGYNLDQVLEQGGVSSLFQNLGVSVTPIQREVLSGENGLKEDIHVEZ?YEGLSGDQMGQIEK
IFEVVY PVDDHHFEVILHYGTLVIDGVT PNMI DYFGRPYEGIAVFDGKK I TVIGTLWNGNK I IDE
RLINPDGSLL

SEQ ID HO:274 (L27V CP 154 TEV)

atqaccatcaacqgagtgacngctgchgctgtgcgagcgcattttggcgggaagttctggtgg
aggaagttctggtggagagcctactactgagaacttgtacttccagagcgataacgqaagttctg
gtggaggaagttctggtggaatggtgtttacactcgaagatttcgtaggggactggcggcagaca
gccggctacaacctggaccaagtccttgagcagggcggtgtgtccagtttgtttcagaatctcgg
ggtgtccgtaactccgatccaaaggattgtcctgagcggtgaaaacggcctgaagatcgacatcc
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atgtcatcatcccgtatgaaggtctgagcggcgatcagatqggccagatCgaaaaaatttttaaq
gtggtgtaccctgtggatgatcatCactttaaggtgattctgcactatggcacactggtaatcga
nggqttacgccgaacatgatcgactatttcgqacggccgtatgaaggcatcgccqtgttcgacg
gcaaaaagatcactgtaaccgggaccctgtggaacggcaacaaaatﬁatcgacgagcgcctgatC
aaccccegacggetececctgetgtteogegta

SEQ ID NQ:275 (L27V CP 154 TEV)
MTINGVTGWRLCERILAGSSGGGSSGGEPTTENLYFQSDNGSSGGGSSGGMVFTLEDFVGDWRQT
AGYNLDQVLEQGGVSSLFQNLGVSVTPIQRIVLSGENGLKIDIHVIIPYEGLSGDQMGQIEKIFK
VVYPVDDHHFKVILHYGTLVIDGVTPNMIDYFGRPYEGIAVFDGKKITVTGTLWNGNKIIDERLI
NPDGSLLFRYV
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SEQ ID NO:276 (L27V CP 156 TEV)
atgaacggagtgaccqgctqgcggctgtgcgagcgcattttggcgggaagttctggtqgagqaag
ttctggtggaqagcctaciactgagaacttgtacttccagachataacggaagttctggtggag
gaagttctgqtggaatggtgtttacactcgaagatttcgtagqggactggcggcagacagccgqc
tacaacctqgaccaagtccttgagcagggcggtgtgtccagittgtttcagaatctcgggqtgtc
cgtaactccgatccaaaggattgtcctqagcggtgaaaacggcctgaagatcgacatccatgtca
tcatcccgtatgaaggtctgagcggcgatcagatgggccagatcqaaaaaatttttaaggtggtg
taccctgtggatgatcatcactttaaggtgattctgcactatggcacactggtaatcgacggggt
tacgccgaacatgatcgactatttcggacggccgtatgaaggcatcgccgtgttcgacggcaaaa
agatcactgtaaccqggaccctgtggaacggcaacaaaattatcgacgagcgcctgatcaacccc
gacggetecectgetgttocgegtaaccat

SEQ ID NO:277 (L27V CP 156 TEV)
MNGVIGWRLCERILAGSSGGGSSGGEPTTENLYFQSDNGS SGGGSSGEMVETLEDFVGDWROTAG
INLDOVLEQGGVSSLFCNLGVSVIPIQRIVLSGENGLKIDIHVI I PYEGLSGDOMGOTER I FKVY
YPVDDHHFRVILHYGTLVIDGVIPNMIDYFGRPYEGIAVFDGKE I TVTGTLWNGNK T TDERLIND
DGSLLFRVTI

SEQ ID NC:278 (L27vV CP 157 TEV)

atgggagtgaccggctggcggctgtgcgagcgcattttggcgggaagttctggtggaggaagttc
tggtggagagcctactactgagaacttgtacttccagachataacggaagttctggtggaggaa
gttctggtggaatggtgtttacactcgaaqatttcgtaggggactqgcgqcagacagccggctac
aacctggaccaagtccttgaqcagggcggtqtgtccagtttgtttcagaatctcggggtgtccgt
aactccgatccaaaggatigtectgageggtgaaaacggootgaagatecgacatecatgteatoa
tcccgtatgaaggtctgagcggcgatcagatgggccagatcgaaaaaatttttaaggtggtgtac
cctgtggatgatcatcactttaaggtgattctgcactatggcacactggtaatcgacggggttac
goccgaacatgatcgactatttoggacggecgtatgaag catcgcoogtgticgacggcaaaaaga
tcacigtaaccgggaccctgtggaacgqcaacaaaattatcgacgagcgcctgatcaaccccgac
ggcteectgoctgttecgegtaaccatcaac

SEQ ID WO:278 (LZ7V CP 157 TEV)
MGVTGWRLCERILA@SSGGGSSGGEPTTENLYFQSDNGSSGGGSSGGMVFTLEDFVGDWRQTAGY
NLDOVLEQGGVSSLFQNLGVSVTPIQRIVLSGENGLKIDIHVI IPYEGLSGDOMGOIER IFKVVY
PVDDHHFKVILHYGTLVIDGVTPNMIDYFGRPYEGIAVFDGRKITVIGTLWNGNKI IDERLINDD
GSLLFRVTIN

SEQ ID NO:280 (L27V CP 158 TEV)

atggtgaccggctggdggctgtgcgagcgcattttggcgggaagttctggtggaggaaqttctgg
tggagagcctactactgagaacttgtacttccagagcgataacggaagttctgqtggaqgaagtt
ctggtggaatggtgtttacactcgaagatttcgtaggggactggcggcagacagccggctacaac
ctgqaccaagtccttgagcagggcggtgtgtccagtttgtttcagaatctcggggtgtccgtaac
tccgatccaaaggattgtcctgagcggtgaaaacggcctgaagatCgacatccatgtcatcatcc
cgtatgaaggtctgagcggcgatcagatgggccagatcgaaaaaatttttaaggtggtgtaccct
gtggatgatcatcaCtttaaggtgattctgcactatggcacactggtaatcgacggggttacgcc
gaacatgatcgactatttcggacgqccgtatgaaggcatcgccgtgttcgacggcaaaaagatca
ctgtaaccgggaccctgtggaacggcaacaaaattatcgacgachcctgatcaacCccgacggc
teoctgectgttecgecgtaaccatcaacogga

SEQ ID NO:281 (L.27V CP 158 TEV)
MVIGWRLCERILAGSSGGGSSGGEPT TENLYFQSDNGS SGGGS SGEMVETLEDFVGDWROTAGYN
LDOVLEQGGVSSLFONLGVSVIPIQRIVLSGENGLKIDIHVIIPYEGLSGDOMGQIERKIFKVVY D
VODHHFKVILHYGTLVIDGVTPNMIDYFGRPYEGTAVFDGKKI TVTGTLWNGNK I IDERLINEDG
SLLFRVTING
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SEQ ID NO:282 (L27V CP 160 TEV)

atgggctggcgqctgtgcgagcgcattttggcgggaagttctggtggagqaagttctggtggaga
gcctactactgagaacttgtacttccagagcgataacggaagttctggtggaggaagttctggtg
gaatggtqtttacactcgaagatttcgtaggggactggcggcagacagccggctacaacctggac
caagtccttgagcagggcggtgtgtccaqtttgtttcagaatctcggggtgtccgtaactccgat
ccaaaggattgtcctgagcggtgaaaacqgcctgaagatcgacatccatgtcatcatcccgtatg
aaggtctgagcggcgatcagatgggccagatcgaaaaaatttttaaggtqgtgtaccctgtqgat
gatCatcactttaaggtgattctgcactatgqcacactggtaatcgacgggqttacgccgaacat
gatcgactatttcggacggccgtatgaaggcatcgccgtgttcgacggcaaaaagatcactgtaa
chqgaccctgtggaacggcaacaaaattatcgacgagcgcctgatcaaccccgacggctccctg
ctgttcegegtaaccatcaacggagtgace
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SEQ ID NO:283 (L27V CP 160 TEV)
MGWRLCERILAGSSGGGSSGGEPTTENLYFOSDNGSSGGGS SGEMVETLEDFVGDWROTAGYNLD
QVLEQGGVSSLFQNLGVSVTPIQRIVLSGENGLKIDINVI I PYEGLSGDOMGOIRKT FKVVY BVD
DHHFKVILEYGTLVIDGVTPNMIDY FGRPYEGIAVFDGKK I TVTGTLUNGNK I IDERLINPDGSL
LFRVTINGVT

SEQ ID NO:284 (L27V CP 163 TEV)

atgctgtgcgagcegeattttgygcgggaagttictggtggaggaagttctggtggagagectactac
tgagaacttgtacttecagagegataacggaagtictggtygaggaagttoctggtggaatggtgt
ttacactogaagatttcgtaggggactggoggragacagecgygctacaacctyggaccaagtectt
gJagcagggcggtgtgtecagttigittcagaatcteggggtgtecegtaacteecgatocaaaggat
tgtectgagoggtgaasacggoclygaagategacatecatgleatoatcoccgtatgaaggtetga
geggcgatcagatygggecagatcgaaaaaattittaaggtggtgtaceetgtggatgatcatcac
tttaaggrgattctgecactatggeacactgglaatcgacggggttacgoceygaacatgatogacta
ttteggacggecgtatgaaggeatecgoogtgttegacggeaaaaagatcactgtaacegggacac
tgtggaacggcaacaaaattategacgagegectgatecaacecegacggotecotgotgtteoge
gtaaccatcaacggagtgaccggetyggcyyg

SEQ ID NO:285 (L27V CP 163 TEV)
MLCERILAGSSGGGESGGEPTTENLYFOSDNGSSGGGESSGEMVPTLEDFVEDWROTAGYNLDOVL
EQGGVESLEONLGVSVTPIQRIVLSGENGLEIDIHVIIPYEGLSGDOMGOIERIFKVVY PVDDHEH
FEVILRYGTLVIDGVTPNMIDYFGRPYEGIAVFDGRRITVISTLWNGNK I IDERLINPDGSLLIR
VTINGVTIGWR

SEQ ID NO:286 (L27V CP 166 TEV)

Atgcgeattttggegggaagttictyggtggagyasgtictggtggagagectactactgagaactt
gltacttecagagegataacggaagttctggtggagoaagttetggtggaatggtgtttacacteg
aagatttcgtaggggactggoggragacageooggctacaacclgyaceaagtocttgageaggga
ggtgtgtecagtttgtttcagaatoctoggggtoteagtaactocgatccaaagygattghiactgag
cggtgaaaacyggcctyaagategacatecatgtcatcatoccgtatgaaggtetgageggegate
agatggygccagatcgaaaaaatttttaaggtgetgtaccctgtggatgateatcactttaaggty
attctgcactatggeacactyggtaatcgacggggttacgecgaacatgategactattteggacy
gceegtatgaaggcatogoecgtgticgacgeraasaagatecactgtaacoygggacectgtggaacy
gcaacaaaattatcgacgagcgectgatcaacccegacggoteoctgotgtocgegtaacrate
sgacggagtgaccggetggcggetatgegag

SEQ ID NCQ:287 (L27V CP 166 TEV)
MRILAGSSGGGS5GEEPTTENLY FQSDNGS SGGGSSGEMVE TLEDFVGDWROTAGYNLDOVLEQG
GVSSLEQNLGVSVIPIQRIVLEGENGLEIDIHVIIPYEGLSGDOMEOIEKIFKVVY PVDDHEEFKY
ILHYGTLVIDGVT PNMIDYFGRPYEGIAVEDGKKITVTIGTLWNGNKI IDERLINEDGSLLERVT T
NGVTGWRLCE

SEQ ID NHO:288 (pCA 9 FEBP-L27V02A 157-169)

gagtgcaggtggaaaccatctoocccaggagacggocgoaccttoccccaagogeggecagacetge
grtggtgcactacaccygggatgettgaagatgyaaagaaatttgattecteocyygacagaaacaa
gecetttaagtttatgotaggraageaggagytgatecgaggetgggaagaaggggttgoccaga
tgagtgtygggtoagagagecasactgactatatectiocagattatgoctatggtgocastgggoac
Ccaggcatcatcccaccacatgccactectegtettogatgtggagotictaaaactggaaggags
agggagcteegglogaggrageggtggagtgaceyggctyggeggectgtgegaacgoatioctggeg

SEQ ID NO:289 (pCh 9 FKBP-L27V02A 157-169)
GVQVETISPGDGRTIFPKRGOTCVVHY TGMLE DGKEFDS SRDRNKPFKIFMLGKQEV IRGWEEGVAD
MSVGORAKLTISPDYAYGATGHPGIIPPHATLVFDVELLKLEGGGESSGGGRGGVTEGWRLCERILA
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SEQ ID NO:290 (pCA 10 L27V02A 1-156-FRB)
atggtcttcacactcgaagatttcgttggggactggcgacaqacagccggctacaacctggacca
agtccttgaacagggaggtgtgtccagtttgtttcagaatctcggggtgtccgtaactccgatcc
aaaggattgtectgageggtygaaaatgggetgaagategacatccatgtecatcateocegtatgaa
ggtctgagcggcgaccaaatggqccagatcgaaaaaatttttaaggtgqtgtaccctgtggatga
tcatcactttaaggtgatectgeactatggcacactggtaategacgygggttacgecgaacatga
tcgactatttcggacgqccgtatgaaggcatcgccgtgttcgacggcaaaaagatcactgtaaca
gggaccctgtggaacggcaacaasattatcgacgagegectgatcaaccocgacggotieectyot
gttccgagtaaccatcaacggaglygaccggaggaggtgygctcaggtggagggagetoegtggeca
tcctctggcatgagatgtggcatgaaggcctggaagaggcatctcgtttgtactttggggaaagg
aacgtgaaaggcatgtttqaggtgctggagcccttgcatgctatqatggaacggggcccccagac
tctqaaggaaacatcctttaatcaggcctatggtcgagatttaatggaggcccaagagtggtgca
ggaagtacatgaaatcagggaatgtcaaggacctcacccaagcctgggacctctattatcatgtg
ttccgacgaatctca

SEQ ID NO:281 (pCA 10 L27V0R2& 1-156-FRRB)
MVFTLEDFVGDWROQTAGYNLDQVLEQGGVSSLEONLGVSVTPIQRIVLSGENGLEIDIAVI I PYE
GLEGDOMGOIEKIFKVVYPVDDHHEKV ILHYGTLVIDGVTENMI DY FGRPYEGT AVEDGKKITYT
GTLWNGNKIIDERLINPDGSLLFRVTINGVTGGGGESGGGSSVAILWHEMWHEGLEEASRLYFGER
NVRGMFEVLEPLHAMMERGPQTLEKETSFNQAYGRDLMEAQEWCRKYMESGNVKDLTQAWDLY YHY
FRRIS

SEQ ID NO:282 (pCA 26 FKBP-L27V02A 1-156)
ggagtgcaggtggaaaccatcteceoaggagacgggcgeaccttooccaagegeggecagacoty
cgtggtgeactacaccgggatgettgaagatggaaagaaatitgattcctecegggacagaaaca
agccctttaagtttatgctaggcaagcaggaggtgatccgaqgctgggaagaaggggttgcccag
atgagtgtgggtcagagagccaaactgactatatectecagattatgoctatggtgecactgggea
cccaggcatcatcccaccacatgccactctcgtcttcgatgtggagcttctaaaactggaaggag
gagggagctccggtggaggcagcggtatggtcttcacactcgaagatttcgttggggactggcga
cagacageeggctacaacctyggaccaagtocttigaacagggaggtgtgtccagtttgtttcagaa
tctcggggtgtccgtaactccgatccaaaggattgtcctgagcggtgaaaatgggctgaagatcg
acatccatgtcatcateecygtatgaaggtotygageggogacoaaatgggecagatogaaaaaatt
tttaaggtggtgtaccctgtggatgatcatcactttaaggtgatcctgcactatggcacaciggt
aatcgacggggttacgecgaacatgatcgactatitcggacggoogtatgaaggcategoogtgt
tcgacggcaaaaagatcactgtaaCagggaccctgtggaacggcaacaaaattathacgachc
ctgatcaacccegacggcteactgetgttccgagtaaccatcaac

SEQ ID NO:2923 (pCR 26 FEKBP-L27V0O2A 1-156)
GVOVETISFGDGRTFPRRGOTCVVHY TGMLEDGKKI DS SRORNEPFRKFMLGKQEV IRGWEEGVAQ
MSVGORAKLTISPDYAYGATGHPGI IPPHATLVFDVELLKLEGGGS SGEGSGMVETLEDFVADWE
QTAGYNLDOVLEQGGVSSLEFONLGVSVIPIQRIVLSGENGLKIDIHVIIPYEGLSGDOMGQIEKT
FPEVVY PYDDHHFKVILHYGTLYVI DGV T PNMIDYFPGRPYREGIAVEDGRRITVTSTLWNGNK I IDER
LINPDGSLLFRVIIN

SEQ ID NO:294 (pCA 25 L27V02R 157-169-FRB)
atgggagtgaccggetggeggetgtgcgaacgeattctogogygaggagatggotcagotggagy
gagctecegtggecatcetetggeatgagatgtggeatgaaggecctyggaagaggeatctegttogt
actttggggaaaggaacqtgaaaggcatgtttgagqtgctggagcccttgcatgctatgatggaa
cggggccCccaqactctgaaggaaacatcctttaatcaggcctatgqtcqagatttaatggaggc
ccaagagtggtgcaggaagtacatyaaatcagggaatgtcaaggacctcacccaagcctgggace
tctattatcatgtgttccgacgaatctea
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SEQ ID NO:295 (pCh 25 L27V0O2A 157-169-FRR)
MGVTGWRLCERILAGGGGSGGGES SVAILWHEMWHEGLEEASRLY FGERNVKGMFEVLEPLHAMME
RGPQTLEETSFNQAYGRDLMEAQEWCRKYMESGNVKDLTQAWDLYYHVERRIS

SEQ ID NO:296 {(pCAR 3 FKBP-L27V02A 103-169)
atgggagtgcaggtggaaaccatcltecocagyagacgggegeacet teooccaagcgoguCragac
ctocgtggtgeactacaccgggatgrttgaagatggaaagaaatttgattcoctococecgggacagaa
acaagcectitaagtitatgetaggecaageaggaggtgatccgagygeigggaagaaggggttgee
cagatgagtigtgggtcagagagecaaactgactatatctecagattatgectatggtgecactgy
gcacccaggcatcatoccaccacatgecactetegtettegatgtggagettctaasactiggaag
gaggagggagctcecggtggaggcageggtacgeecgaacatgatogactattitcggacggeogtat
gaaggcatcgeccegtgticgacggcaaaaagatcactgtaacagggaccctgtgyaacyggoaacaa
aattatcgacgagegectgatcaacccoegacggetecctgetygttcecgagtaaccatcaacggag
tgaccggctyggeggctgtgecgaacgeatictgge

SEQ ID NC:297 (pCA 3 FRBP-L27V02A 103-169)
MGVOVETISPGDGRTFPRKRGOTCVVHY TGMLEDGKKFDSSRDRNEXPFRFMLGKQOEVIRGWEEGVA
OMSVGORARLTISPDYAYGATGHPCIIPPEATLVEDVELLEKLEGGGSSGGGSGTPNMIDYFGRPY
EGIAVFDGKKITVIGTLWNGNRKIIDERLINPDGSLLFRV T INGVIGWRLCERIL

SEQ ID NO:298 (pCA 4 LZ27VG2A 1-102-FRRB)

atggrcttcacactcygaagatitegttiggggactggegacagacagecggotacaacctggacca
agtccttgaacagggaggtgtgtecagttigtttecagaatctecggaggtgtecgtaactacgatac
aaaggattgtccetgageggtgaaaatgggetgaagatcgacatecatgtecateateoogtatgas
ggtotgagegygcgaccaaatgggccagategaaaaaatttttaaggtggtgtaccctgtggatga
teatcactitaagytgatectgecactatggcacactiggtaatecgacggggttggaggaggtgget
caggtggagggagetoogtggoecatectotggecatgagatgtggecatgaaggootggaagaggca
toctegtttgtactttggggaaaggaacgtgaaaggecatgtttgagstygctyggagoectigeatyge
tatgatggaacggggecoecccagactetgaaggaaacatoctttaateaggectatggtogagatt
taatggagygccraagagtyggtgcaggaagtacatgaaatcagggaatygtcaaggacoctcacccaa
geoctgggacctetattatcatgtgtteccgacgaatatea

SEQ ID NO:298 (pCh 4 L27V02A 1-102-FRRE)
MGVQVETISPGDGRTFPERGQTCVVHY TGMLEDCKEKFDS SRODRNKEPFEKFMLGKQEVIRGHWERGVA
QMSVGORAKLTISPDYAYGATGHPCL IPPHATLVEFDVELLKLEGGGS SGGGSGTPNMIDYFCRPY
EGIAVEDGERITVIGTLWNGNKI IDERLINPDGSLLFRVT INGVTGWRLCERIL

SEQ ID MNO:300 (pCh 19 L27V02A 103-169-FRB)
atgacgcCgaacatgatcgactatttcggacggccgtatgaaggcatcgccgtgttcgacggcaa
aaagatcactgtaacagggaccctygtggaacgygcaacaaaattatogacgagecgocctgatcaacao
ccgacggctooctgetgttcogagtaaccatcaacggagtgacecggectggeggctigtgcgaacge
attctggcgggaggaggtggetcaggtggagggageteccgtggecatectetggeatgagatgtyg
gecatgaaggectggaagaggeatetegtttgtactttggggaaaggaacgtgaaaggcatygtttyg
aggtgctggageccttgeatgotatgatyggaacggggcecccagactetgaaggaaacatocttt
aatcaggoctatggtegagatttaatggaggcecaagagtgotgecaggaagtacatgaaatcagg
gaatgtcaaggacctcacccaagectggoacctctattatcatgtgttecgacgaatctea

SEQ ID NO:301 (pCA 19 L27V02A 103-169-FRB)
MIPNMIDYPFGREPYEGIAVEDGRKKITVIGTLWNGNKIIDERLINPDGSLLFRVTINGVTGWRLIER
ILACGGCE3GEGSSVAILWHEMWHEGLEEASRLY FGERNVKGMFEVLEPLHAMMERGPOTLKETSF
NOAYGRDLMEAQEWCRKYMKSGNVKDLTOAWDLYYHVERRIS

SEQ ID NO:302 (pCh 20 FKBEP-L27V0O2A 1-102)
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atgggagtgcaggtggaaaccatctecccaggagacgggegeaccttocccaagogoggaoragan
ctgcgtggtgeactacaccgggatgettgaagatggaaagaaatibgaticctococcgggacagasa
acaagecectttaagtttatgctaggraageaggaggtgatcecgaggoctgggaagaaggggtiges
cagatgagtgtgggtcagagagcecaaactgactatatctocagattatgoctatggtgccactgyg
gcacccaggcatcatcocaccecacatgecactectogtecttegatgtggagettctagaactggaayg
gaggagugagciccggliggaggeageggtatggtcttcacactogaagatitegttggggactgy
cgacagacagccggctacaacctggaccaagtectigaacagggagatgigtccagtitgtitca
gaatcicggyggtgteogtaacticcgateccaaaggattgtectgageggtgaaaatygygotgaaga
tcgacatccatgtcatcatcocogtatgaaggtictgageggegaccaaatyggocagatogaaaan
atttttaaggtyggtgtaccetgtggatgatcatcactttaaggtgatectgecactatggecacact
ggtaatcgacggggtt

SEQ ID NO:303 (pCh 20 FKBP-L27V02A 1-102)

MGVOVET ISPGDGRTFPRRGOTCVVHY TGMLEDGKKFDS SRDRNKPFEFMLGKOEVIRGWEEGVA
OMSVGORAKLTISPDYAYGATGHPGIIPPEATLVEFDVELLKLEGGGSSGGESEMYFTLEDFVGDW
ROTAGYNLDOVLEQGGVESLFONLGVSVIPIORIVLSGENGLKIDIEVIIPYEGLSGDOMGCIEK
IFRKVVYPVDDHHEFRVILHYGTLVIDGV

SEQ ID N0O:304 (pCA 11 FEKBP-L27V02AR 84-169)
atgggagtgcaggtggaaaccatcticcoragyagacgggegcaccticcocaagcygcgygcragac
ctgcgtggtgeactacaccyggyatgettgaagatggaaagaaattigattectoccgggacagaa
acaagccclttiaagtttatgectaggraagcagygaggtgatecocgaggetiyygaagaaggggitgeo
cagatgagtglgygrcagagagecaaactgactatatctoccagattatgoctatggtgccactgg
gcacccaggcatcatcecccaccacatgecactetlegtettegatgtggagettectaaaactggaag
gaggaggdgagetccggtggagygcageggtgatgatcatcacttiaaggtgatectgecactatygsce
acactggtaatcgacggggttacgceecgaacatgatecgactattteggacggecgtatgaagygcat
cgecgtottegacyggeaaaaagatcactgtaacagggaceectgtggaacogeaacaaaattateyg
acgagcgectgatcaaccecgacggetecctogectgticogagtaaccatcaacggagtgacocgyge
tggcggectgtgegaacgeattetggcy

SEQ ID NO:305 (pCA 11 FKBP-L27V02A 84-169)
MGVQVETISPGDGRTFPRREQTCVVHY TGMLEDGKKFDS SRDRNK PFKFMI.GKOEV I RGWEEGVA
OMSVGQRAKLTISPDYAYGATGHPGI IPPHATLVFDVELLKLEGGGS SGGGSGDDHEFKVILEYG
TLVIDGVTPNMIDYFGRPYEGIAVFDGKKI TVTGTLWNGNKI IDERLINPDGSLLFRVT INGVTG
WRLCERILA
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SEQ ID NC:306 (pCA 12 L27V022 1-83-FRB)
atgqtcttcacactcgaagatttcgttggggactggcgacaqacagccggctacaacctggacca
agtecotitgaacagggaggtgtgtecagtttgtttcagaatcteggugtgtcegtaacteogatee
aaaggattgtcctgagcggtgaaaatgggctgaagatcgacatccatgtcatcatcccgtatgaa
ggtctgagcggcgaCcaaatgggccagatcgaaaaaatttttaaggtggtgtaccctgtggqagq
agqtggctcaggtggagqgaqctccgtggccatcctctqgcatgagatgtggcatgaaggcctgg
aagaggcatctegtitgtactttggggaaaggaacytgaaaggeatgtttgaggtgctggageace
ttgcatgctatgatggaacggggcocccagactctgaaggaaacatectttaatcaggectatgy
tcgagatttaatggaggcccaagagtggtqcaggaagtacatgaaatcagggaatgtcaaggacc
tcaccecaageoctgggacetetattatecatgtgttocgacgaatotea

SEQ ID NO:307 {pCA 12 L27V02A 1-83-FRB)
MVETLEDFVGDWRQTAGYNLDOVLEQEGYSSLFONLEVSVTPTORIVLSGENGLKIDIHVT T PYE
GLSGDOMGQIEKIFKVVYPVGGGGSCEGSSVAI LWHEMWHEGLEEASRLY FGERNVKGMFEVLE D
LHAMMERGPQTLKETSFNQAY GRDLMEAQEWCRKYMK SGNVKDLTOAWDLY Y EVFRRI S

SEQ ID NO:308 (pCA 14 L27V02A 1-83 (no fusion))
atggtcticacactegaagatttcgtiggggactggegacagacageeggctacaacotggacca
agtcecttgaacagggaggtgtgtecagtitgtttcagaatctoggggtgtecgtaactecgatee
aaaggattgtcctgagcggtgaaaatgggctgaagatogacatecatgtoatcatooegtatygas
ggtctgagcggcgaccaaatgggccagatcgaaaaaattittaaggtggtgtaceotgty

SEQ ID HQ:3209 (pCA 14 L27V02A 1-83 (no fusion))
MVETLEDEVGDWROTAGYNLDOVLEQGGVS SLFONLEVEVTPICRIVLSGENGLKIDIEVIIPYE
GLSGDOMGQIEKIFRKVVY PV

SEQ ID NO:310 (pCA 13 LZ7V02A B4-169 {(no fusion))
atggatgatcatcactttaaggtgatectigeactatggcacactgytaategacggggttacgen
gaacatgatcgactatttcggacggccgtatgaaggcatcgccgtgttcgacggcaaaaagatca
ctgtaacagggacccetygtggaacggcaacaaaattatcgacgagegeotgatcaacooogacygo
tccctgctgttccgagtaaccatcaacggagtgaccqgctggcggctgtgcgaacgcattctggc
g

SEQ ID HO:31l1 (pCA 13 L27V02A 84-16% (no fusion))
MDLHHFRV I LHYGTLVIDGVIPNMIDY FGREYEGIAVEDGKEI TV GTLWNGNK I IDERLINEDG
SLLERVTIINGVTGWRLCERILA

SEQ ID WO:312 (pCA 2B FKRP 1-83)
atgggagtocaggtggaaaccatctecccaggagacygggogcaccttcocccaagegoggacagac
ctgcgtggtgcactacacegyggatycttgaagatggaaagaasatttgattecteccggygacagaa
acaagccctttaagtttatgctaggcaagcaggaggtgatccgaggctgggaagaaggggttgcc
cagatgagtgtgggtcagagagccaaactgactatatctecagattatgeotatggtgeccactayg
gcacccaggcatcatcccaccacatgcecactictegtettegatgtggagottctasaactggaay
gaggagggagciceggtggaggcageyggtatggtetteacactecgaagatttegttggggactgyg
Cgacagacagccggctacaacctggaccaagtoecttgaacagggaggtgtaotecagtttgtitea
gaatctcggggtgtccgtaactccgatccaaagqattgtcctgagcggtgaaaatgqgctgaaga
Lecgacatecatgteatoatecegtatgaaggtctgageggogaccaaatgggocagatcgaaaaa
attittaaggtogtgtaccctgty

SEQ ID NO:313 (pCA 28 FKRP 1-83)

MGVOVETISPGDGRTFPRRGOTCVVHY TGMLEDGEKFDS SRDRNKPFRFMLGKOEVIRGWEEGVEA
OMSVGORAKLTISPDYAYGATGHPGIIPPHATLVEDVELLKLEGGGS SGGGSGMVETLEDEVGDW
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RQTAGYNLDQVLEQGGVSSLFQNLGVSVTPIQRIVLSGENGLKIDIHVIIPYEGLSGDQMGQIEK
IFKVVYPV

SEQ ID NO:314 (pCA 27 L27VO2A 84-169 FRB)
atqgatgatcatcactttaaggtgatcctgcactatggcacactggtaatcgacggggttacgcc
gaacatgatcgactatttcggacggccgtatgaaggcatcgccgtgtthacggcaaaaagatca
ctgtaacagggaccctgtggaacggcaacaaaattatcgacgagcgcctqatcaaccccgacggc
tccctgctgttccgagtaaccatcaacgqagtgaccggctggcggctgtgcgaacgcattctggc
qggaggaggtggctcaggtggaqggagctccgtgqccatcctctggcatgagatgtggcatgaag
gcctggaagaggcatctcgtttgtactttggggaaaggaacgtgaaaggcatgtttgaggtgctg
gagcccttgcatgctatgatggaacggggcccccaqaCtctgaaggaaacatcctttaatcaggc
ctatggtcgagatttaatqgaggcccaagagtggtgcaggaagtacatgaaatcagggaatgtca
aggacctcacccaagcctgggaectctattatcatgtgttccgacgaatctca

SEQ ID NO:315 (pCA 27 L27V0O2R 84-169 FRB)

MDDHHFKVILHYGTLV IDGVTPNMIDYFGRPYEGIAVIDGKKI TVIGTLWNGNK T IDERLINPDG
SLLFRVIINGVIGWRLCERILAGGGGSGGGS SVAI LWHEMWHEGLEEASRLY FGERNVKGMFEVT,
EPLHAMMERGPQTLKETSFNQAYGRDLMEAQEWCRKYMKSGNVKDLTOAWDLYYHVFRRI §

SEQ ID NO:316 (HT7-Keapl)

atggcaqaaatcqgtactggctttccattcgacccccattatgtggaagtcctgggcgagcgcat
gcactacgtcgatgttggtccgcgcgatggcacccctgtgctgttcctgcacgqtaacccgacct
cctcctacgtgtggcgcaacatcatcccgcatgttqcaccgacccatcgctgcattgctccagac
ctqatcggtatgggcaaatccgacaaaccagacctgggttatttcttcgacgaccacgtccgctt
catggatgccttcatcgaagccctgggtctggaagaggtcgtcctggtcattcacgactggggct
ccgctctgggtttccactgggcCaagcgcaatccagagcgcgtcaaaggﬁattgcatttatggag
ttcatccgccctatcccgacctgggacqaatggccagaa%ttgcccgcgaqaccttccaggcctt
ccgcaccaccgacgtcggccgcaagctgatcatcgatcagaacgtttttatcgaqggtaegctgc
cgatgggtgtcgtccgcchctgactgaagtcgagatggaccattaccgcgagccgttcctgaat
cctgttgaccgcgagccactgtggcgcttcccaaacgagctgccaatcgccggtgagccagcgaa
catcgtcgcgctggtcgaagaatacatggactggctgcaccaqtcccctgtcccgaagctgctgt
tctggggcaccccaggcgttctgatcccaccggccgaagccgctcgcctggccaaaagcctgcct
aactgcaaggctgtqgacatcggcccgggtctgaatctgctgcaagaagacaacccggacctgat
cggcagcgagatcgcgcgctggctgtcgacgctcgagatttccggcgagccaaccactgaggatc
tgtactttcagagcgataacgcgatcgctttcgaaggagatagaaccatgcagccagatcccagg
CctagcggqqctggggcCtgctgccgattcctgcccctgcagtcacagtgccctgagggggcagg
ggacgcggtgatqtacgcctccactgagtgcaaggcggaggtgacgccctcccagcatggcaacc
gcaccttcagctacaccctggaggatcataccaagcaggcctttggcatcatgaacgagctgcgg
ctcagccagcagctgtgtgacgtcacactgcaggtcaagtaccaggatgcaccggccgcccagtt
catggcccacaaggtggtgctggcctcatccagccctgttttcaaggccatgttcaccaacgggc
tgcggqagcagqgcatggaggtggtgtccattgagqgtatccaccccaaggtcatggagcgcctc
attgaattcgcctacacggcctccatctccatgggcgagaagtgtgtcctccacgtcatgaacgg
cgctgtcatgtaccagatcgacagcgttgtccgtgcctgcagtgacttcctggtgcagcagcﬁgg
accccagcaatgccatcggcatcgccaacttcgctgagcagattggctgtgtgqagttgcaccag
cgtgcccgggagtacatctacatgcattttggggaqgtggccaagcaagaggagttcttcaacct
gtcccactgccaactggtgaccctcatcagccgggacgacctgaacgtgcgctgcgagtcCgagg
tcttccacqcctgcatcaactgggtcaagtacgactgcgaacagcqacqgttctacgtccaqgcg
ctgctgcgggccgtgcgctgccactcgttqacgccgaacttcctgcagatgcagctgcagaagtg
cgagatcctgcagtccgactcccgctgcaaggactacctggtcaagatcttcgaqgagctcaccc
tgcacaagcccacgcaggtgatgccctgccgqgcgcccaaggtgggccgcctgatctacaccch
ggcggctacttccgacagtcgctcagctacctggaggcttacaaccccagtaacggcacctqgct
chgttggcggacctgcaggtgccgcggagcggcctggccggctgcgtggtgggcgggctgttgt
acgccgtgggcggcaggaacaactcgcccgacggcaacaccgactccagcgccctggactgttac
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aaccccatgaccaatcagtggtaogeectgegececcatgagegtgecceghaacogeatogggyt
gggggtcatcgatggecacatctatgcegtegygcgygcteccacggotygocatccaccacaacaygly
tggagaggtatgagccagagcgggatqagtggcacttggtggccccaatgctgacacqaaqgatc
ggggtgggcgtggetgtoctecaategtetgetttatgecegtggggggctttgacgyggacaaaccy
ccttaattcagctgagtgttactacccagagaggaacgagtggcgaatgatcacagcaatgaaca
ccatccgaageggggcaggegtctgegtectygcacaactgtatotatgotgectggggygetatgat
ggtcaggaccagctqaacagcgtggagcgctacgatgtggaaacagagacgtggactttcgtagc
Ccccatgaagcaccqgcgaaqtgccctggggatcactgtccaccaggggagaatctacgtccttg
gaggctatgatggtcacacgttcctyggacagtgtggagtgttacgaccocagatacagacacctgy
agcgaggtgacccgaatgacategggceggagtggggtygggegtyggetgtoaccatggageooty
ccggaagcagattgaccageagaactgtacctgttacgtagtt

SEQ ID NO:317 (Nrf2)

TCARTATTGGCCATTAGCCATATTATTCATTGGTTATATAGCATAAATCARTATTGGCTATTGGE
CATTGCATACGTTGTATCTATATCATAATATGTACATTTATATTGGCTCATGTCCAATATGASCS
CCATGTTGGCATTGATTATTGACTAGTTATTAATAGTAATCAATTACGEGETCATTAGT TCATAG
CCCATATATGGAGTTCCGCGTTACATAACTTACGGTARATGGCCCGCCTGRCTGACCGCCCAALG
ACCCCCGUCCATTGACGTICAATAATGACGTATGT TCCCATAGTAACGLCAATAGGGACTTTCCAT
TGACGTCAATGGGETGGAGTATTTACGETAARACTGCCCACTTGGCAG TACATCARGTGTATCATAT
GCCAAGTCCGCCCCCTATTGACGTCAATGACGGETRAAATGGCCCGCCTEGCAT TATGCCCAGTACE
TGACCTTACGGGACTTTCCTACTTGGUAGTACATCTACGTAT TAGTCATCGCTATTACCATGETS
ATGCGGTTTTGCECACTACACCAATGGGCGTIGGATAGCGGTTTGACTCACGEGEGATTTCCAAGTLT
CCACCCCATTGACGTCAATGGGAGT T TG T T T TGGCACCARAATCAACGGGACTTTCCARRATGTC
GTRATAACCCCGCCCCGTTGACGCARAATGGGCEETAGGCGTGTACGETGERAGGTCTATATAAGC
AGRGCTGGIITAGTGAACCGTCAGATCACTAGAAGC TTTATTGCGGTAGTTTATCACAGT TAAAT
TGCTARCGCAGTCAGTGCTTCTGACACARACAGTCTCGAACTTARGC TGCAGAAGTTGGTCETGAG
GCACTGGGCAGGTAAGTATCARAGCTIACAAGACAGGTTTAAGGAGACCAATAGARACTGGECTTG
TCGAGACAGAGAAGACTCTIGCET T CTGATAGGCACCTATTGGTCTTAC TEGACATCCACTTTGE
CTTICTCTCCACAGGTGTCCACTCCCAGTTCAATTACAGC T TTAAGGC TAGAGTATTAATACGA
CTCACTATAGGGCTAGCCATCGCCATGATGGACTTGEAGCTGLLGCOGLCGEGACTCOCGTOCCA
GCAGGACATGGATTTGATTGACATACT I TGGAGGCAAGATATAGATC T TGGAGTARGTCGAGAAS
TATTTGACTTCAGTCAGCGACGGARAGAGTATEAGCTGGARAAACAGAABAARCTTGAAMAGSRA
AGACAAGAACAACTCCAARAGGAGCAAGAGAAAGCCTTITTTCGUYCAGTTACAACTAGATGAAGA
GACAGGTGARTTTCTCCCAATTCAGCCAGCCCAGCACATCCAGTCAGAAACCAGTTCTCTCGGTSE
GTTCAGGTGGTGGCEGEAGCGCTGCAGGGAGCAGCGETGGAGTGT T TACACTCGAAGATTTCGTA
GGGGACTGECEECAGACAGCCGGCTACAACCIGGACCAAGTCCTTGAGCAGGGCEETETETCCAS
TTTGTTTCAGAATCTCGGGETIGTCCETAACTCCGATCCAAAGGAT TETCCTGAGCGETGAABALG
GCCTGAAGATCGACATCCATGTCATCATCCCGTATGAAGGTU TGAGCGGCCATCAGATEGECOAG
ATCGAAAAAATTTTTAAGGTGGTGTACCCTGTGGATGATCATCACTTTAAGGTGATTCTGCACTA
TGGCACACTGGTAATCCACGEGGETTACGCCGRACATGATCGACTATTTCGGACGECCGTATGRAAG
GCATCGCUGTGITCGACGECARRARGATCACTGTARACCGGGACCE TG T GGAACGCGCARCAARATT
ATCGACGAGCGCCTGATCAACCUCGACGGCTCCCTIGCTGTTCCGUGTAACCATCAALGEAGTGAC
CGGECTGGCGECTETGCGAGCGCAT T TTCGCGTAAGECCGUGACTCTAGAGTCGACCTGCAGGCAT
GCAAGCTGATCCGGCTGOCTAACAARGCCCGABAGGRAGC TGAGTTGRC TGO TGCCACCGCTGAGT
LATAACTAGCATAACCCCTTGGGGCGGCCGCTICGAGCAGACATGAT AACATACAT TGATGAGTT
TGGACARACCACARACTAGAATGCAGTGAAAAMBATGCTTTATTTGTIGAARTTTGTGATGCTATTG
CTTTATTTGTAACCATTATAAGCTGCARTAARCARGTTARCAACRACARTTGCATTCATTTTATG
TTTCAGGTTCAGGGGGAGATGIGGCGAGGTIT T I TTTAAGCAAGTARAACCTCTACAAA TG PTGGTAR
AATCGAATTTTARCARRATATTAACGCTTACAATTTCCTGATGCGGTAT T T TCTCCTTACGCATC
TGCTGCGGTATTTCACACCGCATACGUGGATCTGCGCAGCACCATGGUC TGARATARACC TCTGAAA
GAGGAACTTIGGTTAGGTACCTTCTGAGGCGGARAGRACCAGCTGTGGAATGTGTETCAGT TAGGS
TGTGGAARGTCCCCAGGCTCCCCAGCAGGCAGAAGTATGCARAGCATGCATCTCART TAGTCAGC
AACCAGGTGTGGARARGTCCCCAGGCTCCCCAGCAGGCAGAAGTATGCAAAGCETGCATCTCAATT
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AGTCAGCRACCATAGTCCCGCCCCTAACTCCGCCCATCCOGCCCCTAACTCOGCCCAGTTOCGCC
CATTCTCCGCCCCATGGCTGACTAATTTTTTITITAT T TATGCAGAGGCCGAGGCCGCCTCGGCCT
TGAGCTATTCCAGAAGTAGTGAGGAGGCTTTT TTGGAGGCCTAGRC T TT TGCARAARGC TTAATT
ARCTGTTGACAATTAATCATCGGCATAGTATATCGGCATAGTATAATACGACAAGGTGAGGAACT
ARACCCAGGAGGCAGATCATGATTGAACAAGATGGATTGCACGCAGETTCTCCEGCCECTTGGGT
GGAGAGGCTATTCGGCTATGACTGGECACAACAGACAATCGGCTECTCTGATGCCGOCETGTTCC
GGCTGTCAGCGCAGGGGCGCCCEETICTTITTTGTCAAGACCGACCTGTCCGETGCCCTEAATGAR
CTGCAGGACGAGGCAGCECGECTATCGTIGGCTEECCACGACGGGCGTTCCT TECGLAGC TETEOT
CGACGTTGTCACTGAAGCGGGAAGGGACTGGCTGCTATTGGOCGAAGTGCCGGGECAGGATCTCC
TGTCATCTCACCTTGCTCCTGCCGAGARAGTATCCATCATGECTGATGCARTGCGGCAECTGOAT
ACGCTTGATCCGGCTACCTGCCCATTCGACCACCAAGCGARACATCGCATCCAGCGAGCACGTAL
TCGCEATGGAAGCCGGTCTTGTCGATCAGGATGATCTGCACGAAGAGCATCAGGGECTCECECCAG
CCGRAACTGTTCGCCAGGCTCAAGGCGCGCAT GCCCGACGGLGAGGATCTCATCGTGACCCATGEC
GATGCCTGCTTGCCGRATATCATGGIGGARAATGGCCGCTTTTCTGGATTCATCGACTETGECOG
GCTGGGTGTGGCEEACCGCTATCAGGACATAGCGTTGECTACCCGTGATATTCCTCGAAGAGCTTS
GCGGCGAATGEGCTGACCGCTTCCTCGTGCTTTACGGTATCECCGCTCCOGATTCOCAGCGCATC
GCCTTCTATCGCCTICTTGACGAGTTCTTCTGAGCGGGACTCTGEGGTTCGARATGACCGACCAR
GCGACGCCCAACCTGCCATCACGATGGCCGCAATARAATATC TTIATTTTCATTACATCTGTGTG
TTGETTITTIGTGTGAATCGATAGCGATAAGGATCCTCTTTGCGCTTGCET T TTCCCTTGTCCAG
ATAGCCCAGTAGCTGACATTCATCCGGGETCAGCACCGTTTCTGCGGACTGGOTTTC TACCCGGT
ATCAGCTCACTCARAGGCGGTARTACGGTTATCCACAGAATCAGGGGATAACGCAGGARAGAACA
TGTGAGCARAAGGCCAGCAAAAGGCCAGGAACCGTARAAAGGCCOCGTTGCTGECETTTT TCCAT
AGGCTCCGCCCCCCTGACGAGCATCACARRRAATCGACGC TCAAGTCAGAGGTGGCGARACCCGAL
AGGACTATARAGATACCAGGCGTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCOTGTTCCGACCE
TGCCGCTTACCGGEATACCTGICCGCCTTICTCCCTICGGRGARGCGTEGCGC T TTC TCATAGO TOR
CGCTGTAGGTATCTCAGTTCGGTGTAGCTCGTTCGL TCCAAGCTEGGTTGTGTGCACGAACOOCD
CGTTCAGCCCGACCGCTGCGCCTTATCCGGTAACTATCGTCT TCGAGTCCARCCCGGTAAGACACS
ACTTATCGCCACTGGCAGCAGCCACTGETAACAGGATTAGCAGAGCGAGGTATGTAGECGRTGAT
ACAGAGTICTTGAAGTGGTGGCCTAACTACGGCTACACTAGAAGGACAGTATTTGGTATCTGCGE
TCTGCTGAAGCCAGTTACCTTCGGARRAAGAGTTGGTAGCTCTTGATCCGECARRACARACCACCS
CTGGTAGCGEIGGTITTTTTIGT T TGCAAGCAGCAGATTACGUGCAGAARRAAAGGATTTCAAGAR
GATCCTTTGATCTTTTCTACGGGGTCTGACGCTCAGTGGAACGAARACTCACGT TAAGGGATTTT
GGTCATGAGATTATCARARAGGATCTTCACCTAGATCC I PTTATAG TCCEGARATACAGRAACGE
ACGCTGGATGGCCCTTCGCTGGGATGETGARACCATGAAARLATGGCAGCTTCAGTGGATTAAGTG
GGGGETAATGTIGGCCTGTACCCTCIGGTTGCATAGCTAT TCATACGGTTARAATTTATCAGGCGCG
ATTGCGGCAGITTITTCGGGTGCTTTETTGCCATTITTACCTGTCTGCTGCCGTGATCGOGCTGAL
CGCCTTITAGCGGTGCGTACAATTAAGGGATTATGGTARATCCACTTACTGTCTGCCCTCGTAGS
CATCGAGATAAACCGCAGTACTCCGGCCACGATGCGTCCOGCETAGAGGATCGAGATCT

SEQ ID NO:318 (L27V02B)
ATGGTCTTCACACTCGAAGATTTCGTAGGTGACTGGCGACAGACAGCCGGCTRCAACCTGGACCA
AGTCCTTGAACAGGGTGGTGTG T CCAGT I TGTTTCAGAA T CTCAGGE TG TCCGTAACTCOGATCE
AAAGGRATTGTCCTGAGCGGTGAARATGGEC TGAAGATCGACATCCATGTCATCATCCOGTATGAR
GGTCTGAGCGGCGACCARATCGGCCAGATCGARAAAAAT TTTTAAGGTGGTGTACCC TGTEGATGA
TCATCACTTTAAGGTGATCCTIGCACTATGGCACACTGETAATCGACGGGETTACGCCGAACATGR
TCGACTATTTCGGACGGCCGTATGAAGGCATCGCCGTG T TCGACGGCARAAAGATCACTGTAACT
GGGACCCTCTIGGARCGGCAACAAAATTATCGACGAGCGUCTGATCARCCLCGACGEC TCCCTGOT
GTTCCGAGTAACCATCAACGGAGTGACCGGCTGGCGGCTGTGCGARCGCATTCTGGCG

SEQ ID NO:319 (L27V01)
ATGGTGTTTACACTCGRAGATTTCGTAGGGCGACTGGCGGCAGACAGCCEGCTACAACCTGGACCA
AGTCCTITGAACAGGGCGGTIGTGTCCAGTITGTTTCAGAATCTCAAEGTGTCCETRAACTCOGATCC
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AARAGGATTGCTICCTGAGCGGTGAARACGGCCTGAAGATCCGACATCCATGTCATCATCCCGTATGAR
GGICTGAGCGGCGATCARATGGEGCCAGATCGAARARATTTTTAAGGTGETGTACCCTGTGGATGA
TCATCACTTTAAGGTGATCCTGCACT AT GGCACACTGCTAATCGACGGEGGTTACGCCGAACATGA
TCGACTATTTICGGACGCGCCGTATGAAGECATCOCCETETTCGACGGCARARAGATCACTGTAACC
GGGACCCTGTGEAACGGCAACAAAATTATCCACGAGCGCCTGATCAACCCCGACGGCTCCITGET
GTTCCGCETAACCATCAACGGAGTGACCGECTGGCGECTCTECGAGCGCATTTTGGECG

SEQ ID NO:320 (L27V01-PESTOQ)
ATGGTGTITTACACTCGAAGATTTCGTAGCGGACTGGECGGCAGACAGCCGGCTACAACCTGGACCA
AGTCCTTGRAACAGGGCGGTGTGTCCAGTTTGTTTCAGRATCTCGGGEETGTCCGETAACTCCGATLC
AAAGGATTGTCCTGAGCGGETGAAAACGGLCCTCAAGATCGACATCCATGTCATCATCCCGTATGAR
GGTCTGAGCGGCUGATCRAAATGGGECCAGATCCGARAARATTTTTAAGGTGGTGTACCCTGTGGATGA
TCATCACTTTAAGGTGATCCTGCACTATGGCACACTGGTAATCEACGGGGTTACGCCGRACATGA
TCGACTATTTCGGACGGCCGTATGAAGGCATCGCCETETTCCGACGGCARRARGATCACTGTAACC
GGGACCCTGTGGAACGGCARACAAAATTATCGACGAGCGCCTGATCAACCCCGACGGCTCCCTGCT
GITTCCGCGTARCCATCAACGGAGTGACCGECTGGCGECTEIGCGAGCECATTITTIGGCGARTTCAL
ACGGCTTTCCGUCCGAGGTTGAAGAGCAAGCCGCCGETACATIGCCTATGTCCTGCGCACAAGRAR
AGCGGTATGGACCGGECACCCAGCCGCTTGTGCTTCAGCTCGCATCAACGTEC
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SEQ ID NO:321 (IL601-L27V01l)
ATGAACTCCTTCTCCACAAGCGCCTTCGGTCCAGTTGCCTTCTCCCTEGGCCTGCTCCTGGTETT
CCCTGCTGCCTTICCCTGCCCCAGTGT T TACACTCGAAGAT T TCETAGGGGACTGGCGGCAGACAG
COGCTACAACCTGGACCAAGTCCTTGAACAGGGCGETGTGTCCAGTTTGTTTCAGARTC TCGGE
GTGTCCGTAACTCCGATCCARAGGATTGTCCTGAGCGGTGAAAACGGCCTGAAGATCGACATOCA
TGTCATCATCCCGTATGARGGTCTGAGCGGUGATCAAATGGGCCAGRTCGARAARATTTTTARGG
TGGIGTACCCIGTGGATGATCATCACT TTAAGGTGATCCTGCACTATGGCACACTGGTARTCGAC
COGGTTACGCCGAACATGATCGACTAT TTCGGACGGUCGTATGARGGCATCGCCGTGTTOGACGES
CARARAGATCACTGTAACCGGGACCCTGTGGAACGGLARCARAATTATCGACGAGCGCCTGATCA
ACCCCGACGGCICCCTGCTGTTCCGCGTAACCATCAACGGAGTGACCGGCTGGCGECTETGCGAS
CGCATTITGGLG

SEQ ID NC:322 (L27V02A)
ATGGTCTTCRCACTCGAAGATTITCGTTGGGGACTGGCGACAGACAGCUGGCTACAACC TGGACCE
AGTCCTTGARCAGGGAGGTGTGTCCAGTTTGT TTCAGAATCTCGGEGTETCCGTAACTCCGATCE
AARAGGATTGTCCTGAGCGET GAARATGGGCTGAAGATCGACATCCATCTCATCATCCCGTATCRA
GCTCTGAGCGGCGACCARATGGECCAGATCGARAAAATT T T T AAGGTGETETACCCTETGOATCA
TCATCACTTTAAGGTGATCCTGCACTATGGCACACTGGTAATCGACGGGGTTACGCCGAACATGA
TCGACTATTICGGACGGCCCTATGAAGGCATCGCCETGTTCGACGGCARARAGATCACTGTAACA
GGGACCCTGIGGAACGGCAACRAAATTATCGACGAGCGCCTGATCAACCCOGACGGC TCCCTGOT
GITTCCGAGTAACCATCAACGGAGTGACCGGCTGGCGEC TG TGCGAALGCATTCTGGCE

SEQ ID NO:323 (L27V02A-PESTO1)
ATGGTCTTCACACTCGARGATTTCGTTGGGGACTGECGACAGACAGCCOGCTACAACCTGCACCA
AGTCCTTGAACAGGGAGGTGTETCCAGT TTGT TTCAGAATC TCGGGETGTCCGTARCTCCGATCC
AAAGGATTGTCCTGAGCGETGRARATGEGCTGAAGATCGACATCCATGTCATCATCCOGTATCRAR
GGTCTGAGCGGCGACCARATGGECCAGATCGARARARTT TTTAAGETGGTGTACCCTGTGGATCR
TCATCACTTTAAGGTGATCCTGCACTATGGCACACTGETARATCGACGGGGTTACGCCGAACATGA
TCGACTATTTCGGACGGCCGTATGAAGGCATCGCOGTETTCCACGGCARAAAGATCACTGTAACA
GGGACCCTGTCEEAACGGCAACARAATTATCGACGAGCGCCTGATCAACCCCGACGGCTCCOTGET
GTTCCGAGTAACCATCARCGGAGTGACCGECTGECEGCTGTGOGARCGCATTOTGGCGAATTCTC
ACGGCTTTCCGCCTGAGGTTGRAGAGCAAGCCGCCGETACAT TGCCTATGTCCTGCGCACARGAR
AGCGGTATGGACCGGCACCCAGCCGEOTTGTGCTTCAGCTCGUATCARCGTC

SEQ ID NO:324 (IL.601-L27V02R)
ATGAACTCCTTCTCCACAAGCGCCTTCGGTCCAGTTGCCTTCTCCCTGGECCTGCTOCTGETETT
GCCTGCTGCCTTCCCTGCCCCAGTCTTCACACTCGAAGAT T TCGT TEGGEACTGGCGACAGACAR
CCGGCTACAACCTGGACCAAGTCCT TGAACAGGGAGETGTGTICCAGTTTGT T TCAGRATCTCEGS
GTGTCCGTARCTCCGATCCAARGGAT TGTCCTGAGCGGTGAMATCGGCTGAAGATCGACATCCA
GTCATCATCCCGTATGRAGGTCTGAGCGGCGACCAAAT GGG CAGATCCARARAATTTTTAAGE
TGGTGTACCCTIGTGGATGATCATCACT TTAAGGTGATCCTGCACTATGGCACACTGETARTCGAL
GGGGTTACGCCGARCATGATCGACTATTTCGGACGGCCGTATGARGGCATCGCCETGTTCGACGS
CARRRAGATCACTGTAACAGGGACCCTGTGGAACGGCAACARRATTATCGACGAGCGCCTGATCA
ACCCCGACGGCTCCCTGCTCITCCGAGTAACCATCAACGGAGTGACCGELTEGUGGO TG TGCGAR
CGCATTCTGGCG

SEQ ID NO:325 (L27V03)
ATGGTCTTCACACTCGRAGATTTCGTAGGTGACTGGCGACAGACAGCCGGUTACAACCTGGACCA
AGTTCTITGAACAGGGTGEICTGTCCAGTTTCT I TCAGAATCTCGGGGTGTCOGTAACTCCAATCC
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AGAGGATAGTCCTGAGTGGTGAARATGGGCTGARGATCGACATCCATGTCATCATCCCTTATGAA
GGETCTGAGCGGECGATCAGATGGECCAGATCGAARRAAATT TTTAAGGTGGTGETACCCTGTGGATGA
TCATCACTTTAAGGTGATCCTGCACTATGECACACTGGTARTCGACGGTIGTTACGCCGAACATGA
TCGACTATTTCGGACGGCCGTATGAAGGCATCGCCGTGITCCACGGCAARAAGATTACTGTCACT
- GGARCCCTGIGGAATGGEGARCARRAATTATCGACGAGCGCCTEATCARCCCCGACGGC TCACTGCT
GITCCGAGTAACCATCAATGGTCTTACCGECTGGCGECTICTGCGARCGCATTCTAGCA

SEQ ID NO:326 (L27V03-PEST02)
ATGGETCTTCACACTCGAAGATTTCGTAGGTGACTGGCGACAGACAGCCGGCTACAACCTGGACCA
AGTTCTTGAACAGGGTGETGTETCCAGT T TG TTTCAGAATCTCAGEETETCCGTAACTCCAATCC
AGAGGATAGTCCTGAGTGGTGAARATGEGCTGAAGATCGACATCCATGTCATCATCCCTTATGAR
GOTCTGAGCGGCEATCAGATGEGECAGATCGARRARATTTTTAAGGTGETGTACCCTGTGGATGA
TCATCACTTTAAGGTGATCCTGCACTATGGUACACTGGTAATCGACGETGTTACGCCGARCATGA
TCGACTATTTCGGACGGCCGTATGAAGGCATCGCCGTGT TCGACGGCAAAAAGATTACTGTCACT
GGAACCCTGTGGAATGGGAACAAAATTATCGACGAGCGCCTGATCAACCCCGACGGCTCACTGET
GTTCCGAGTAACCATCAATGGTGTTACCGEGCTEECEECTCTGOGARCGCATTC TAGCARATAGTE
ACGRCTTTCOGCCTGAGETTGAAGAGCAAGCCGOCGETACATTGCCTATETCC TGCGCACAAGAA
AGCGETATGGACCGGCACCCAGCCGUTTGTECTTCAGCTCGCATCAACGTO

SEQ ID NO:327 (IL602-L27V03)
ATGAARCTCCTTCTCCACAAGCECCTTCGETCCAGTCGCCTTCTCCCTGEGOCTGCTCCTGETGTT
GCOCECTECCTTTCCTGCCCCAGTCTTCACACTCGAAGAT TTCGTAGGTGACTGGCCACAGACAG
COGGCTACARCCTGGACCAAGT TCTTGAACAGGETGGTGTETCCAGTITCT T TCAGAATCTOGGS
GTGTCCGTAACTCCARTCCAGAGGATAGTCCTGAGTGCTGARAAATGGGC TGAAGATCGACATCCA
TGTCATCATCCCTTATGAAGGTCTGAGCGGCGATCAGAT GGGGCAGATCGAARAAAT TTTTARGS
TGGTGTACCCTGTGGATGATCATCACT TTARGETGATCC TGCACTATGGCACACTGGTARTCGAC
GGIGTTACGCCGAACATGATCGACTATTTCGGACGGCCG TATGAAGGCATCGCCGTGTTCGACGE
CABAARGATTACTGTCACTGGAACCCTGTGGAATGGGAACAAAATTATCGACGAGCGCCTGATCA
ACCCCGACGGCTCACTGOTETTCCGAGTARCCATCAATGGTGTTACCGGCTGS

SEQ ID NO:328 (Linkern)
GSSGGGSSGGEPTTENLYFQSDNGSSGGGSSGG

SEQ ID NO:32% (FABP Consensus Segquence)
[GSAIVK] ~{FE}-[FYW]-x- [LIVMF] -x-x~{K}~x- [NHG)-[FY] - [DE]-x-
[LIVMEFY - [LIVM]~-{N}I~{G}-{LIVMAKR]

SEQ ID NO:330 (OGLUC Consensus Sequence)
[GSAIVK]-{FE} - [FYW] -x- [LIVMEFSYQ] ~x~x- {K}-x- [NHGRK] -x- {DE] - x-
[LIVMEY] - [LIVMWF] -x-{G}~- [ LIVMAKRG]

SEQ ID NO:331 (9B8 PCAl (pFbA/Met-[%B8 opt (51-169)]1-GGEGSGGEGESS-
FRB)
Atgggcctgaagatogacatcecatgtcatcateceogtatgaaggtotgageggctatcagatyggy
ccagalcgaaaaaatititaaggtgygtgtaccoctygtggatgatcatecactttaaggtgattotge
ectatggcacactggtaatcgacggggttacgecgaacatgategactatttcggacggeegtat
gaaggcatogecgtgttogacgygeaaasagatcactigtaaccygggaccctgtggaacggoaacas
aattatcgacgagcgcctgatcaacceccgacggctecctgetgttecgegtaaccatcaacggay
tgaccggctggeggetgtgegagegeattitygecgggaggaggtggetcagatggagggagetec
gtggeccatcocctetggecatgagatgtggcatgaaggectggaagaggcatetogtttgtactttgg
ggaaaggaacgigasagycatgtitgaggtgetggageccttgecatygetatgatyggaacgagggec
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cccagactctgaaggaaacatcctttaatcagqcctatggtcgaqatttaatggaggcccaagag
tggtgcaggaagtacatgaaatcagggaatgtcaaggacctcacccaagcctgggacctctatta
tcatgtgttcegacgaatctea

SEQ ID NO:332 (9B8 PCAl (pFBA/Met-[9B8 opt (51-169)]-GGECSGEGSS-
FRB)
MGLKIDIHVIIPYEGLSGYQMGOIEKIFKVVYPVDDHHFKVILHYGTLVIDGVTPNMIDYFGRDY
EGIAVFDGKKITVIGTLWNGNKI IDERLINPDGSLLFRVT INGVT GWRLCER T LAGGGGESGGGRSS
VAILWHEMWHEGLEEASRLYFGERNVKGMFEVLE PLEAMMERGPQTLKETS FNOAYGRDLMEAQE
WCRKYMKSGNVEDLTOAWDLYYHVFRRI S

SEQ ID NO:333 (9BB PCAZ (pF5A/[9B8 opt (1-50) ] ~GGGESGEGES-FRR)
Atggtgtttacactcgaagatttcgtaggggactggcggcagacagccggctacaacctggacca
agtccttgagcagggcggtctgtccagtttgtttcagaaactcggggtgtccgtaacaccgatcc
aaaagattgtcctgagcggtgaaaacggaggaqgtggctcaggtggagggagctccgtggccatc
ctctggcatgagatgtggcatgaaggcctggaagaggcatctcgtttgtaCtttggggaaaggaa
cgtgaaaggcabgtttgaggtgctggagcccttgcatgctatgatggaacggggcccccagactc
tgaaggaaacatcctttaatcaggcctatqgtcgagatttaatggaggcccaaqagtggtgcagg
aagtacatgaaatcagggaatgtcaaggacctcacccaagcctgggacctctattatcatgtgtt
ccgacgaatctca

SEQ ID NO:334 (9B8 PCA2 (pF5A/[9B8 opt {1-50) ] -GGGESGEESS-FRB)
MVETLEDFVGDWROTAGYNLDOVLEQGGLSSLFQOKLGVSVIPICK IVLSGENGECGSGGESSVAT
LWHEMWHEGLEEASRLYFGERNVKGMFEVLEPLHAMMERGPQTLKETSFNQAYGRDLMEAQEWCR
EYMKSCGNVEDLTOAWDLYYHVFRRIS

SEQ ID NQ:335 (9BB PCA 3 (& PFEA/FKBP~GGGSSGEGSG~ [ 9R8 opt (51-
169)
atgggagtgcaggtggaaaccatctccccaggagacgggcgcaccttccccaagcgcggccagac
ctgcgtggtgcactacaccgggatgcttgaagatggaaagaaatttgattcctcccgggacagaa
acaaqccCtttaagtttatgctaggcaagcaggaggtgatccgaggctgqgaagaaggggttqcc
cagatgagtgtgggtcagagagccaaactgactatatctccagattaigcctatggtgccactgg
gcacccaggcatcatcccaccacatqccactctcgtcttcgatgtggagcttctaaaactggaag
gaggagggagctcngtggaggcagcggtggcctgaagatcgacatccatgtcatcatcccgtat
gaaggtctgagcggctatcagatgggccagatcgaaaaaatttttaagqtggtgtaccctgtgga
tgatcatcactttaaggtgattctgcactatggcacactggtaatcgacggggttacgccgaaca
tgatcgactatttcggacggccgtatgaaggcatcgccgtgttcgacggcaaaaagatcactgta
accgggaccctgtggaacggcaacaaaattatcgacgachcctgatcaaccccgacggctccct
gctgttcogcgtaaccatcaacggagtgaccggctggcggctgtgcgagcgcattttggcg

SEQ ID NO:336 (9B8 PCA 3 (& pFGA/FKBP-GGGSSGGGSG-[9BS opt (51-
1569)
MGVOVETISPGDGRTFPKRGOTCVVHY TGMLEDGKKFDS SRDRNKPFKFMLGKQEVIRGWERGVA
OMSVGORAKLT ISPDYAYGATGHPGI I PPHATLVFDVELLKLEGGGSSGGGSGGLEIDIBEVITRY
EGLEGYQMGQIEKIFKVVYPVDDHHFKVILHYGTLVIDGVT PNMI DY FGRPYEGIAVFDGKKI TV
TGTLWNGNKIIDERLINPDGSLLFRVTINGVTGWRLCERILA

SEQ ID NO:337 (9B8 PCA 4 (pF5A/FKRP-GGGSSGGGESG~[9BS8 opt (1-350}

atgggagtgcaggtggaaaccatctccccaggagacgqgcgcaccttccccaagcgcggccagac
ctgcgtggtgcactacaccgggatgcttgaagatgqaaagaaatttgattcctcccgggacagaa
acaagccctttaagtttatgctaggcaagcaggaggtgatccgaggctgggaagaaggggttgcc
cagatgagtgtgggtcagagagccaaactgactatatctccagattatgcctatggtgccactgg
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gcacccaggcatcateccaccacatgccactetegtettegatgtggagettectaaaactggaag
gaggagggageteccggtyggagygcageggtatggtgtitacactcegaagatttogtaggggactygy
cggragacagecggcetacaacctggaccaagtiectigageagggecggtetgtececagtttgtttea
gaaactcggggtgtecgtaacaccgatecaaaagattgtoctgageggtgaaaad

SEQ ID NO:338 (9BB PCA 4 (pF5SA/FRBP-GGGSSGGGSG-[9B8 opt (1-50)
MGVOVET I SPGDERIFPEKRGQTCYVVHY TGMLEDGKEFDS SRDRNK PFREMLGEQEVIRGWEEGVA
OMSYGORAKLIISPDYAYGATGHPGI I PPHATLVFDVELLRLEGGGS 8GGGSCMVE TLEDFVGDW
ROTAGYNLDOVLEQGGLSSLEFQRLEVSVIPIQKIVLSGEN

SEQ ID NO:339 (H3I3N+L2TV+K4A3R+Y6BD)
Atggtgtttacactegaagatttestagaggactggcggcagacagecggetacaacetggacca
agtcottgageagggeyglygtygtocagtitgitteagaatotegyygigtcegtaacaccgatoe
aaaggattgtectgageggtgaaaacggectgaagategacatecatgtoatecatoceghatgaa
ggt.ctygageygegatcagatgggecagatcgaaaaaatttttaaggiggtgtacectgtggatga
tcatcactittaaggtgattctgeactatyggeacactggtaatcgacyggggttacygecgaacatga
tegactattteggacggeegtatgaaggcateygecgigitcgacggraaaaagatcactgtaace
gggacccigtggaacgygraacaaaattatcgacgagegectygatcaacceocgacggotecotget
gttcegegtaaccatcaacggagigacecggctggeggetatgegagogeattttgang

SEQ ID NG:340 (K33N+L27V+R43R+Y68D)
MYETLEDFVGDWROTAGYNLDOVLEQGGVSSLEQNLGVSVIFIQRIVLSGENGLKIDIHVIIEYE
GLSGDOMGOIEKIFPRKVVYPVDDHHFEVILHYGTLYVIDGVTPNMIDY FGREPYEGIAVEDGEKITVT
GTLWNGNKIIDERLINPDGSLLERVTINGVIGHRLCERILA

SEQ ID NO:341 (K33H+ L27V+T39T+K43R+866N)
Atggtglittacactegaagatitegtaggggactggegycagacagooggoctacaacctggacaa
agtcecttgageagggeggtagtgteocagtitgtttcagaatctoggggigtocagtaactececgatec
aaaggattgtoctgageggtgaaaacggectgaagatecgacatocatgtoatcatecegtatgaa ™
ggtctgaacggetatcagatgggecagategasazaatttitaagglyggtgtacecctgtggatga
Tcatcactttaaggtgattctgecactatggcacactggtaatcgacyggggttacgecgaacatga
tcgactattteggacggecgtatgaaggeategeecgtgttegacggeaaaaagatcactgtaace
gggaccctgtggaacggcaacaaaattatcgacgagegoctgatcaacocogacggetoeocctgot
gttcogegtaaccatcaacggagtgaccggetggeggotgtgogagegeatittggeg

SEQ ID NO:242 (K33N+ LZ2T7TV4+T3ST+K43R+SE66H)
MVETLEDEFVGDWROTAGYNLDOVLECGGV S SLEQNLGYVSVTIPIQRIVLEGENGLEIDIRVIIEPYE
GINGYOMGQIEKIFKVVYPVDDHHFKVILEYGTLVIDGVTPNMIDYFGRPYEGIAVEDGEK I TV
GILWNGNEIIDERLINPDGSLLFRVTINGVIGWRLCERILA

SEQ ID NO:343 (pCA 31 pChA L27V02a 45-169 FRB)
atggtcctgageggtgaaaatgggetgaagategacatecatgtcateatooogtatgaaggtot
gagcggcgaccaaatgggccagatcgaaaaaatttttaaggtggtotacectgtggatgatcate
actttaaggtgatcctygcactatggcacactggtaategacggggttacgoegaacatgategac
tattteggacagcegtatgaaggcategecgtgttcgacgygcaaaaagatcactgtaacaggygac
cctgtggaacdgcaacaaaattatecgacgagegectgatcaaceccogacggctococtgetgtteo
gagtaaccatcaacggagigaccggrtagcggctotgegaacgoattecligyoyygaggagygtgyc
tcaggtggagyggagetecegtggecatectetggeatgagatgtggeatgaaggectggaagaggn
atctegtttgtactityygggaaaggaacgtgaaaggcatgtttgaggtgectggageecttgeatg
ctalgatggaacgygggcccccagactctgaaggaaacatcetttaatcaggectatggtcgagat
ttaatggaggoccaagagtggigcaggaagtacatgaaatcagggaatgtocaaggacetcaceea
agcctgggaccictattatecatgtgttccgacgaatetoa



SEQ ID NO:344 (pCA 31 pChA LZ7V02A 45-169 FRB)
MVLSGENGLEIDIEVIIPYEGLSGDOMGOIERI FRVVY PVDDHHFKVILEYGTLVI DGV TPNMID
YFGRPYEGIAVEFDGREITVIGTLIWNGNKI IDERLINPDGSLLFRVTINGVTGWRLCERILAGGGS
SGEEESSVALLWHEMWHEGLEEASRLYFGERNVKGMFEVLEPLHAMMERGPCTLRKETSENQAYGRD
IMEAQEWCRKYMESGNVKDLTQAWDLYYHVERRIS

SEQ ID NQ:345 (pCA 32 FKBP L27V02Aa 1-44)
atgggagtycagytyggaaaccatctccococaggagacggocgeacocttoocoaagageggecagac
ctgcgtggtgcactacacegggatygcttgaagatggaaagaaalttlgattocticocgggacagaa
acaagceccetttaagittatgctagycaageaggaggtgatocgaggctyggaagaagaggtiges
cagatgagtgtgggtcagagagccazactgactatatotocagattatgoctatggtgecactag
gcacccaggcatcatoccaccacatgecactetegtettegatgtggagettectaaaactggaayg
gaggagggagctocggtggaggeageggtatggicttcacactogaagat tiogttygggactagg
cgacagacagccggctacaacctyggaccaagteecttgaacagggaggtgtigtocagtttgtitea
gaatctcggggtgtecgtaactocgatoccasaggatt

SEQ ID NC:346 {pCA 32 FKBP L27V02A 1-44)
MGYOVETISPGDCRTFPRRGOTCVVRY TGMLEDGKKF DS SRDRNKPFRFMLGKQREVIRGWEEGVA
OMSVGORAKLTISPDYAYGATGEPGII PRPHATLVFDVELLKLEGGGS SGCGSCMVFTLEDFVGDW
ROTAGYNLDOVLEQGGVSSLEONLGVSVTIPIQRI

SEQ ID NO:347 {(pCA 33 pCA L27VO2A 46-169 ¥RB)
atgetgageggtgaaaatgggclygaagategacatecatgteatecatecogtatgaaggtetgay
cggcgaccaaatgggecagategaaaaaattititaaggtagtgtaccctgtggatgatecatcact
ttaagygtgatcctygcactatggecacactggtaatcgacggggttacgecgaacatgatcgactat
ttecggacgycogtatgaaggoatogeogtgttcgacggcaaaaagatcactgtaacagggaccct
gtggaacggraacaaaattatcgacgagegectgatecaacecocgacyggetocctgotatteogag
taaccatcaacggagtygaccgygctggcggctgtgegaacgeattetggcgggaggaggtggetca
ggtggagggagcelcegtggeratectetgygcatgagatgtgygcatgaagygocctggaagaggoate
tegtttygtactityggggaaaggaacgtgaaaggcatgtttgaggtgetggageecttgeatgeta
tgatggaacggggccceccagactetgaaggaaacatcectttaateaggootatggtogagattta
atguaggcccaagagtggtgeaggaagtacatgaaatcagggaatgicaaggacchcacccaage
ctgggacctctattatcatgtygttcocgacgaatctca

SEQ ID NO:348 (pCA 33 pCh L27V02A2 46-16% FRB)
MLSGENGLEKIDIHVIIPYEGLSGDOMGOIEKIFKVVYPVDDHHFKVILEYGTLYI DGVTPNMIDY
FGRPYEGIAVFDGEKRITVIGTLWNGNKIIDERLINPDGSLLFRVT INGVTGWRLCERILAGGGGS
GGGSSVAILWHEMWHEGLEEASRLY FCERNVKGMFEVLEPLHAMMERGPOTLKETSFNQAYGRDL
MEAQEWCREYMESGNVEDLTQAWDLYYHVFRRIS

SEQ ID NO:349 (pChA 34 pCA FKBP 1-45 L27V02a)
atgggagtgcaggtyggaaaccatctccecaggagacgggograccttocoocaagogagygeccagac
ctgcgtggtgeactacaccgyygatgettgaagatggasagaaatttgattocteccocgggacagaa
acaagccectttaagtitatgetaggraagcaggaggtgatecogaggeigggaagaagugygtiges
cagatgagtgtgggtcagagagecaaactgactatatectecagattatgoctatggtgecactgg
gcacccaggcatcatcccaceacatygcractctegtecttegatgtggagettctaaaactggaag
gaggagggadgotecggtaggagygcagcyggtatggteticacactegaagatttogttggggactag
cgacagacageoggcetacaacctyggaccaagtoctigaacagogaggtgtgtoragtitgtitca
gaalctcggggtgtoogtaacticcgaltccaaaggattgte

SEQ ID NO:350 (pCA 34 pCA FKBP 1-45 L27V023)
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MGVOVETISPGDGRTFPKRGOTCVVHY TGMLEDGKKFDS SRDRNKPFRFMLGEQEVIRGWEEGVA
OMSVGORARLTISPDYAYGATGHPGI I PPHATLVIDVEL LKLEGGGS SGGESEMVETLEDTVGEDW
ROTAGYNLDOVLEQGGVSSLEFONLGVSVTPIQRIV

SEQ ID NO:351 (pCA 35 pCA L27V02A 100-169 FRRB)
atqgacggggttacgccqaacatgatcgactatttcggacggccgtatgaaggcatcgccgtgtt
Cgacggcaaaaagatcactgtaacagggacectgtggaacgygcaacaasattatogacgagogea
tgatcaaccccgacggctccctgctgttccgagtaaccatCaacggagtqaccggctggcggctg
tgcgaacgcattctggcgggaqqaggtqgctcaggtggagggagctccgtggccatcctctggca
tgagatgtggcatgaaggcctggaagaggcatctcgtttgtactttggggaaaggaacgtgaaaq
gcatgttﬁgaggtgctgqagcccttgcatgctatgatggaacggggcccccagactctgaaggaa
acatcctttaatcaggectatggtegagatttaatyggaggoccaagagtggtgcaggaagtacat
gaaatcagggaatgtcaaggacctcacccaagcctgggacctctattatcatgtgttccgaogaa
tctea

SEQ ID NO:352 (pCA 25 pCA L2Z7VOZ2A 100-169 FRRB)
MDGVTPNMIDYFGRPYEGIAVFDGKKITVTGTLWNGNKI TPERLINPDGSLLEFRVT TNGVTEWRL
CERILAGGGGEGGGEBVAILWHEMWHEGLEEASRLY FGERNVRCGMFEVLEPLHAMMERGPOTLKE
TEEFNQAYGRDLMEAQEWCRKYMKSGNVEDLTOAWDLYYHVFRRIS

SEQ ID NO:353 (pCA 36 FRKBP L27V02A 1-99)
atgggagtgcaggtggaaaccatctCcccaggagacgggcgcaccttccccaagcgcggccagac
cﬁgcgtggtqcactacaccgggatgcttgaaqatggaaagaaatttgattcctcccgggacagaa
acaagccectttaagtttatgctaggcaageaggagotgatecgaggetgggaagaaggggttaoe
cagatgagtgtgggtcagagagccaaactgactatatctccagattatgcctatggtgccactgq
geaccceaggcatcatcccaccacatgecactotegtettegatgtggagettectaaaactggaag
gaggagggagcrceggiggaggcageggtatggteticacactcgaagatitogttggggactag
cgacagacageeggctacaacctggaccaagtectigaacagggagutgtgtccagtttgtittca
gaatctcggggtgtceogtaactocgatocaaaggattgtectgagegytgaaaatgggetgaaga
tcgacatccatgtcatcatcccgtatgaaggtctgagcggcqaccaaatgggccagatcgaaaaa
atttttaaggtggtgtaccctgtgqatgatcatcactttaagqtgatcctgcactatggcacact
cggtaatc

SEQ ID NO:354 (pCR 36 FKBP L27V022 1-99)
MGVOVETISPGDCRIFPEKRGOTCVVHY TGMLEDGKEFDS SRDRNK PFEFMLGKQEVIRGWEEGVA
OMSVGORAKLTISPDYAYGATGHPGIIPPHATLVFDVELLKLEGGGES SCECECMVEFTLEDFVGDW
ROTAGYNLDOVLEQGGVSSLFONLGVSVI PIQRIVLSGENGLKIDIHVI IPYEGLSGDOMGOIER
ITFRVVYPVDDHEFKVILHYGTLVI

SEQ ID NO:355 (pCa 37 L27VO2A 101-16% FRB)
atgggggitacgecogaacatgatogactattteggacggecgtatgaaggeategeegtagttega
cggcaaaasagatcactgtaacagyggacoctgtygaacggcaacaaaattatcgacgagegeotyga
tcaaccccgacqgctccctgctqttccgaqtaaccatcaacggagtgaccggctggcggotgtgc
gaacgcatictggcgggaggagygtggctecaggtggaggyagetocygtggecatecteiggecatga
gatgtggcatgaaggcctggaagaggcatcthtttgtactttggggaaaggaacgtgaaaggca
tgtttgaggtgctggagcccttgcatgctatgatggaacggggcccccagactctgaaggaaaca
tcctttaatcaggcctatqgtcgagatttaatggaqgccCaagagtggtgcaggaagtacatgaa
atcagggaatgtcaaggacctcacccaagcctgggacctctattatcatqtgttccgacgaatct
ca

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



MGVTENMI DY FGRPYEGIAVEDGKRITVIGTIWNGNKI IDERLINPDGSLLFRVTINGVTGRRLC
ERILAGGGGEGGEESVAILWHEMWHEGLERASRLY FGERNVKGMFEVLEPLAAMMERGROTLEET
SFNQAYGRDLMEAQEWCREYMKSEGNVEDLTQAWDLYYHVERRIS

SEQ ID NO:357 (pCA 38 FKBP 1-100 L27V(023)
Atgggagtgcaggtygaaaccatctcoccaggagacgggogeancttococoaagocgaggocagac
ctgcgtogtgcactacaccgggatgoettgaagatggaaagaaatttgattoctocecgggacagaa
acaagccctttaagtttatgetagygcaagcaggaggtgatcogaggetygggaagaaggyggttgeo
caqatgagtgtgggtcagagagccaaactgactatatctccagattatgcctatggtgccactgg
gecaccoaggeatcatoccaccacatgocactetegtettegatgtggagettctaaaactggaay
gaggagggagetooggtggaggeagegotatggtcttecacactegaagatttogttaggggactgy
cgacagacagcoggetacaacctggaccaagtectitgaacagggaggtgtgtececagtitgtitoa
gaatctecggggtgtocegtaactecgatecaaaggattgtoctgageggtyaaaatggygctgaaga
tcgacatccatgtcatecatcecgtatgaaggtctgageggegaccaaatgggocagatcgaaaaa
atttttaaggtggtgtacecotgiggatgateateactttaaggtgatoctgoactatggcacact
ggtaatcgac

SEQ ID NO:358 (pCA 38 FRBP 1-100 L27v02a)

MGVOVET I SPGDGRTFPKREGOICVVHY TGMLEDGKKF DS SRURNK PFKFMLGKQEVIRGWEEGVA
QMEVGORAKLI IS PDYAYCATGHPGIIPPHATLVFDVELLKLEGGGS SGGGSGMVETLEDFVGDW
ROTAGYNLDOVLEQGGVSELFONLGVSVIPIQRIVLSGENGLEIDIHVIIPYESLSGDOMGOIEK
IFKVVYPVDDHHFRVILHYGTLVID

SEQ ID NO:358% (pCh 39 L27v02a 102-169 FRB)

Atggttacgccgaacatgatcgactatticggacggocgtatgaaggeatogeogigttegacayg
caaaaagatcactgtaacagggaccectgtggaacggcaacaaaattaltcgacgagegectgatea
accccgacggetecctygctgttcocgagtaaccatcaacggagtgaccyggetggeggotatgogas
cgoattotageyygaggaggtyggcteaggtgeagggagetecgtggecatectectggcatogagat
gtogcatgaaggcctggaagaggcatetogitigtactttggggaaaggaacgtgaaaggeatgt
ttgaggtoctggagecctigratgetatgatggaacggggoooocagacthotgaaggaaacateo
tftaatcaggectatggtegagatttaatguaggoceaagagtggtgeaggaagtacatgaaate
agyggaatygtcaaggaccicacccaagoctgggacctetattatoatgtgtteccgacgaatetea

SEQ ID NO:360 (pCA 39 L27V02A 102-16% FRB)
MYTENMIDYFGRPYEGIAVEDGEKITVIGTLWNGNKIIDERLINPDGSLLFRVTINGVTGWRLCE
RILAGGGGSGGGESSVAILWHEMWEEGLEEASRLY FGERNVEGMFEVLEPLHAMMERGPOTLKETS
FRQAYGRDLMEACEWCRKYMKSGNVEDLTQAWDLYYHVERRIS

SEQ ID NO:361 (pCh 40 FKBP LZ7V02A 1-101)
atgggagtgcaggtggaaaccatctecccaggagacgggogecaccttoocccaagegeggocagac
ctgegtyggtygcactacaccgggatgcttgaagatyggaaagaaattitgatteciceogyggacagaa
acaagecctttaagtttatgctaggeaagecaggaggtgatecgaggctgggaagaaggggttgec
cagatgagtgtgggtcagagagecaaactgaciatatctoccagattatgectatoggtgecactgg
cacccaggcatcatooccaccacatgecactictegtettegatgtggagetictaaaactggaag
gaggagggagctceggtyggaggcageggtatggticttcacactecgaagatttecgttggggactgg
cgacagacageeggctacaacctggaccaagtoccttygaacagugagygtgtgtecagtttgtttes
gaatcteggggtgiccgtaactecgatceccaaaggattgtectgageggtgaaaatgggctgaaga
tegacatecatgtecatecateccegtatgaagytetgageggegaccasatgggeoagatogaaaaa
atttttaaggtggtgtaccectgtggatgatcatcactttaaggtgatoectgeactatggecacact
ggtaatcgacyggy

SEQ ID NO:36Z (pCA 40 FKBP L27V02a 1-101)
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MGVOVETISPGDGRTFPERGOTCVVHY TGMLEDGREFDS SRORNKPFKFMLGKQEVIRGWEEGVA
OMSVGORAKLTISPDYAYGATGHPGITPPEATLVFDVELLELEGGGS SGGGSGMVETLEDFVGDW
ROTAGYNLDOVLEQGGVSSLEFONLGVSVIPIQRIVLSGENGLKIDIHVIIPYEGLSGDOMGQIEK
IFKVVYPVDDHHFEVILEYGTLVIDG

SEQ ID NO:363 (pCAR 41 L27V0O2A 143-16% FRB)
atgatcaacccecgacggehecoctgectgttecocgagtaaccatcaacggagtgaccggoctggeggct
gtgcgaacgeattctggecgggaggagagtggetecaggtggagggagctecgtggecatecotectgge
atgagatgtggecatgaaggcectggaagaggeatetegtttgtactitgoggasaggaacgtgasa
ggcatgtttgaggtgectggageecttgeatgotatgatggaacggggececcagacttectgaagga
aacatcctttaatecaggectatggtegagatttaatyggaggeccaagagtggtgecaggaagtaca
Lgaaatcagggaatglcaaggacctcaccecaagectgggacctctattatecatgtgttecgacyga
atctca

SEQ ID NO:364 (pCA 41 L27VO2A 143-169% FRB)
MINPDGSLLERVTINGVIGWRLCERILAGGGGSGGGS SVAILWHEMWHEGLEEASRLY FGERNVK
GMEEVLEPLEAMMERGEOTLEKETSENQAYGRDLMEAQEWCRKYMKSGNVEDLTOAWDLY YHVERR
Is

SEQ ID NO:365 (pCA 42 FXBP 1-142 L27V023)
atgggagtgcaggtggaaaccatctocccaggagacyggecgeacctitecccaagogoggecagac
ctucgtggtgcactacaccgggatgctigaagatggaaagaaattigatteccteoccyggacagaa
acaagcoctttaagtttatgctaggecaageaggaggtgatccgaggelLgagaagaaggggtigeo
cagatgagtgltgggtcagagagecaaactgactatatctecagattatgectatggtgocactgg
gcacccaggcatcatoccaccacatgeocactectegtettegatgtggagettectaaaactggaag
gaggagggagetecggtggaggcageggtatggtettcacactegaagatttecgttggggactygyg
cgacagacagcocggetacaacctggaccaagtectigaacagggaggtgtgtecagtttottica
gaatctcggggtogteegtaactecgateccaaaggattigtoctgageggtgaaaatgggotgaaga
tocgacatcococatgteatcateccgtatgaaggtetgageggegaccaaatgggocagatogaaaaa
atttttasaggtggtgtaccectgtggatgatcatcactttaaggtgatectgecactatggcacact
ggtaatcgacggggttacgeogaacatgategactatttcggacygeegtatgaaggeatogeey
tgttcgacggcaasaagatcactgtaacagggacectgtggaacggcaacaaaattatcgacgas
cgectg

SEQ ID NHO:366 (pCh 42 FEBP 1-142 L27V(02A)
MGVOVETISPGDGRTFPEKRGOTCVVHY TGMLEDGKKEFDS SRDRNEPFREMLGKOEVIRGWEEGVA
OMSVGORARKLTISPDYAYGATGEPGIIPPHATLVEDVELLKLEGGGSSGGGSCGMVFTLEDFVGDW
ROTAGYNLDOVLEQGGVESLFONLGVIVIPIQRIVLSGENGLKIDIHVI I PYEGLSGDOMGOIER
IFPKVVYPVDDHHFEYVILHYGTLVIDGVTPNMIDYFCRPYEGIAVEFDGKKITVIGTLWNGNKIIDE
RI

SEQ ID NO:367 (pCh 43 L27V02A 145-169 FRB)

atgcoccgacggctocctgctgttocgagtaaccatcaacggagtgaceggetggeggectygtgega
acgcattctggegggaguaggtyggctcaggtggagggagetecgtggccatectetyggeatgaga
tgtggcatgaaggectggaagaggecatctegttigtactttggggasaggaacgtgaaaggeatyg
Lttgaggtgctggageectigecatgetatgatggaacggggeoceccagactctgaaggaaacatc
ctttaatcaggectatggtegagatttaatggaggocccaagagtggtgcaggaagtacatgaaat
cagggaatgtcaaggacctcacccaagoctgggacctetattateatgtgtitecgacgaatetea

SEQ ID NO:2368 (pCh 43 LZ7V02A 145-169 FRB)
MPDGSLLFRVT INGVTIGWRLCERILAGGGGSGEESSVAI LWHEMWHEGLEEASRLY FGERNVEGM
FEVLEPLHAMMERGPOTLKETSFNQAYGRDLMEAQEWCRKYMKSGNVEDLTQAWDLYYHVFRRIS
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SEQ ID NO:36% (pCA 44 FKBP 1~144 LZ7V02ZA)
atgogagtgraggtggaaaccatctoocccaguagacgggoygcaccticoocaagogoggooagac
ctgcgtggtgractacaccygggatgcttgaagatggaaagaaatttgatteccteececagggacagaa
acaagcoccctttaagtttatgectaggcaageaggagotgatccoagygctgggaagaaggggtigec
cagatgagtotgggtecagagagcecaaactgactatatctccagattatgectatggtgecactgg
gcacccaggceatcatcccacracatgeccactetegtctitegatgtggagettctaaaactggaay
gaggagggagctocoggtggaggcageggtatggteticacactegaagattiecgttygggactag
cgacagacageoggotacaacctggaccaagtectitgaacagyggaggtgtgtccagtitgtitea
gaatcteggggtgtecgtaactecegatccaaaggattgtectgageggtgaaaatgggctgaaga
tegacatecatgteatecatecegtatgaaggtetgageggcygaccaaatgggocagatcgasasas
atitttaaggtggtgtaccctgtiggatgatcatcacttitaaggtgatectgecactatggeacact
ggtaatcgacggggttacgcogaacatgategactatttocggacggeogtatgaaggecatogocy
tgttecgacggcaaaaagatcactgtaacaggoacaectygtggaacggecaacaaaattatecgacgag
cgcctgatcaac

SEQ ID NO:370 (pCA 44 FRBP 1-144 L27V02A)
MGVOVETISPGDGRIFPRRGOTCVVHY TGMLEDGKRKEFDS SRORNKPFREMLGROEVIRGWEEGVA
CMEVGORARKLTISPDYAYGATGHPGII PPHATILVEDVELLKLEGGGSSGGEIGMVETLEDEVGEDW
ROTAGYNLDOVLEQGEVSSLEONLGVSVIPIQRIVLSGENGLEIDIHVIIPYEGLSGDOMGRIEK
ITFRVVY PYDDHHEKVILHYGTLVIDGVIPNMIDYFGRPYEGIAVEDGKRKITVTGTLWNGNRITIDE
RLIN

SEQ ID NO:371 (pCh 45 L2Z27V02A 147-163 FRB}
atgggcteccctgetgttocgagtaaccatcaacyggagtgaccogetggecyggetgtgegaacgeat
tctggcgggaggaggtggotcaggtggagggagctecgtggecatectctggosatgagatgtgoo
atgaaggcctggaagaggcatctiegttigtactitgggygasaggaacgtgaaaggoatgtttgag
gtgctggagccectiigecatgetatgatggaacggggeccccagactctgaaggaaacateattitaa
tcaggecoctatggtogagatttaatggaqggeccaagagtggtgcaggaagtacatgaaatcaggga
atgtcaaggacctcacccaagectgggacctetattatcatgtgitecgacgaatetea

SEQ ID NO:372 (pCA 45 L27V02A 147-16% FRB)
MGSLLERVTINGVTIGWRLCERILAGGGGSGGGS SVAL LWHEMWHEGLEEASRLYFGERNVKEGMEE
VLEPLHAMMERGPOTLRETSFNQAYSGRDLMEAQEWCRKYMEKSGNVEDLTQAWDLYYHVERRIS

SEQ ID NO:373 (pCh 46 FEBP- L27TV02A 1-146)
atgggagtgcaggtggaaaccatctcocococaggagacgggegeaceticcoccaagegoggecagac
ctgcgtogtgecactacaccegggatgettgaagatggaaagaaatttgaticotecogggacagasa
acaagcactttaagtttatgctaggraagecaggaggtgatcocgaggetgggaagaaguggtitgos
cagatgagtgtgggtcagagagecaaactgactatatcteccagattatgectatggtaccactgyg
gcacceaggeatcateoccaccagatgacactetegtettegatgtggagettectaaaactggaag
gaggagggagcetocggtggaggecagoggtatggtcttcacactcgaagatttegttggggactygg
Cgacagacagccyggctacaacctggaccaagtecttgaacagggagetgtgteccagtttgtttca
gaatctcgaggtgtecgtaacticcgatceccaaaggattigtectgagegatoasaatygggetgaaga
tecgacatccatgtcatcateccgtatgaagotetgageggeygaccaaatgggecagatcgaaaaa
atttttaaggrgotgtacectagtggatgatcatcactttaaggtgatocctgcactatggoacact
ggtaatcgacggggttacgecogaacatgatcgactatticggacggcegtatgaagagcatocgcey
tgttcgacggoaaaaagatcactgtaacagggaccctgtggaacggcaacaaaattatcgacygay
cgcctgatcaacccogac

SEQ ID NO:374 (pCaA 46 L27VOZA-FKBP 1-146)
MGVOVETISPGDGRTFPERGOTCVVHY TGMLEDCGKKF DS SRDRNKHFKEFMLGRKQEVIRGHWEEGVA
OMSVGORAKLTISPDYAYGATGHPGIIPPEATLVEDVELLKLEGGGSSGGESGMVFTLEDFVEDW
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ROTAGYNLDOVLEQGGVSSLEQNLGVSVIPIQRIVLSGENGLKIDIHVIIPYEGLSGDOMGQIEK
IFRKVWYEPVDDHHFKVILHYGTLYIDGVI PRMIDYFGRPYEGIAVEIDGREI TVTGTLWNGNKI I DE
RLINPD

SEQ ID WO:375 (pCh 47 L27V02A 148-169 FRRB)
atgtceoctygctgttccgagtaaccatcaacggagtgaccggotggcggotgtgcgaacgeattot
gacgggagyaggtggctcaggtggagggagetecegtggecatectetggcatgagatgtggeatg
aaggccltggaagaggecatctegtitgtactttgoggaaaggaacgtgaaaggeatgtttgaggty
ctggagececctigcatgetatgatggaacggggoeocccagactectgaaggaaacatecctttaatea
ggcctatggicgagatttaatggaggeccaagagtiggtygcaggaagtacatgaaatcagggaatyg
tcaaggacctcacccaagectgggacctetattatcatgtagttocgacgaateteoa

SEQ ID NO:376 (pCA 47 LZ7V02A 148-169 FRB)
MSLLFRVIINGVIGWRLCERILAGGGGSGECESVAILWHEMWHEGLEEASRL Y PFGERNVKGMIEY
LEPLEHAMMERGPQTLAETSFNQAYGRDLMEAQEWCRKYMESGNVEDLTOAWDL Y YHVFRRI S

SEQ ID NO:377 (pCA 4B FRBP- L27V0O2A 1-147)
atgggagtygcagotggaaaccatctocccaggagacggacgeaccttccocaagogoguocaygac
ctgcgtygtgcactacaccgggatgeottigaagatggaaagaaattitgattocteccogggacagaa
acaagcecctttaagtttatgctaggeaagcaggagygtgatecgagygctgggaagaaggggttgec
cagatgagtgtgggtcagagagocaaactgactatatcteccagattatgectatggtgecactyy
gcacccaggeatcatceccaccacatgecactectegtettagatgltggagettectaaaactygaag
gaggagggagelicoyggtyggaggeageggtatggtcttecacactegaagatttegttggggactgy
Cgacagacagccggctacaacctggaccaagtccttgaacagggaggtgtqtccagtttgtttca
gaatotoggggtgtocgtaacticegatcraaaggattgtcotgagoggtgaaaatgggetgaaga
tegacatcecatgtocatecateecegtatgaaggtetgagegygcgaccaaatygggocagatcgasaaa
atttttaaggtggtgtaccetgtggatgatecatcactitaaggtgatoctigractatyggocacact
ggtaatcgacgggottacgecgaacatgatcgactattteggacggeegtatgaaggecatogeoyg
tgttegacggeaaasagatcactgtaacagggaccctygtggaacggecaacaaaattatogacgag
cgcctgatcaacccoccgacggce

SEQ ID N0O:378 (pCR 48 FEBP~ L27V0O2A 1-147)
MGVOVETISPGDGRTFPEKRGCTCVVHY TGMLEDGREFDS SRDRNKPFRAMLGKOEVIRGWEEGVA
OMSVGORAKLTISPDYAYGATGHPGIIFPPHATLVEFDVELLRLEGGGSSGEGSGMVETLEDFVGDW
ROTACYNLDOVLEQGGVSSLEONLGVSVTIPIQRIVLSGENGLEKIDIHVIIPYEGLIGDOMGQIEK
ITFRVVYPVDDHHFEKVILHYGTLVIDGVI PNMIDYFGRPYEGIAVEDGKKITVTCTLWNGNKIIDE
RLINFPDG

SEQ ID WO:379 (pCA 49 L27V0Z2A 156-169 FRE)
atgaacyggagtgacoygctyggegygctgtgegaacgeattetggooagaggaggtggetcaggtag
agggagciccogtyggeocatectoctggecatgagatgtggecatgaaggectagaagaggeatotogtt
tgtactitggggaaaggaacgtgaaagycatgtttgaggtgctggageecettgoatgotatgatg
gaacggggccococcagactectgaaggaaacatocetttaatcaggcctatggtegagatttasatgga
ggCccaagagtggtgcagyaagtacatgaaatcagggaatgtcaaggacctcacccaagootggg
acctctattatcatgtgttecgacgaatctca

SEQ ID HO.380 (pCh 49 L27V02A 156-16% FRB)
MNGVIGWRLCERILAGGGGEGEGSSVATI LWHEMWHEGLEEASRLY FGERNVEGMEEVLEPLEAMM
ERGPOTLEETSFNQAYCGRDLMEAQEWCREKYMKSGNVEDLTQAWDLYYHEVIRRES

SEQ ID NO:381 (pCh 50 FKBP-L27V0O2A 1-155)
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atgggagtgcaggtggaaaccatctccccaggagacgaggegraccticcocaageyagyceagac
ctgcgtggtgcactacaccgggatgcttgaagatggaaagaaatttgattecteccegggacagaa
acaagccctttaagttiatygctagygcaageaggagotgatecyaggetgougaagaagyggttgee
cagatgagtgtgggtcagagagecaaactgactatatctocagattatgeotatggigecactgg
gcacccaggeatcateccaccacatgecacteticgtetteogatgtggagotiictaaaactggaay
gaggagggageicoggtggagecaygeygtatggicticacactegaagatttogttggggactyy
Cgacagacagccoggcetacaacctyggaccaagtocttgaacagggaggtagtgteccagtitgtittca
gaatctcgggygtgtocygtaactecgatecaaaggattgtectgageagtgasaatygggectoaaga
tcgacatccatgtcatcatcccgtatgaaggtCtgagcqgcgaccaaatgggccagatcgaaaaa
attttisaggtggtgtaccectgtggatgatcatcactttaaggtgatoctgecactatggoacact
ggtaatcgacgqggttacgccgaacatgatcgactatttcgqacggccgtatqaaggcatcgccg
tgttcgacggcaaaaagatcactygtaacagggacectgtiggaacggoaacaaaattategacgay
cgcctgatcaacccecgacgygcteoctgetgticogagtaaccate

SEQ ID RO:382 (pCh 50 FKBP-L2T7V02A 1-155)

MGVOVET IS PGRGRTFPRRGOTCVVHY TGMLEDGKRFDS SRDRNKPFKFMLEKOEVIRGWEEGVA
COMSVGORAKLTISPDYAYCATGHPGI IPPHATLVFDVELLKLEGGGS SGEGSGMVETLEDEVGDW
ROTAGYNLDOVLEQGGVSSLFONLGVSVIPIQRIVLSGENGLKIDIHVIIPYEGLSGDOMGOIER
IFEVVYPVDDHHFKVILHYGTLVIDGVTPNMIDYFGRPYEGIAVFDGKKITVIGTLWNGNK I IDE
RLINPDGSLLFRVTI

SEQ ID NO:3B3 (pCA 51 L27V02A 1B8-169 FRB)
atggtgaccggetggeggctgtgegaacgeattectggegggaggaggtagetcaggtggagggag
ctcegtggecatcectetggeatygagatgtggecatgaaggectggaagaggecatotegittgtact
ttggggaaaggaacgtgaaaggcatgtttgaggtgctggagcccttgcaﬁgctatgatggaacgg
ggcceccecagactetgaaggasacatoctttaatcaggectatggtogagatitaatggaggocceoa
agagtggtgcaggaagtacatgaaatcagggaatgtcaaggacctecacceaagectgggacctet
attatcatgtgtteccgacgaatctea

SEQ ID NO:384 (pCA 51 L27V02A 158-~162 FRB)
MVTGWRLCERILAGGGGESGEGGISVAILWHEMWHEGLEEASRLYFGERNVEGMPEVLEPLHAMMER
GEQTLEETSFNQAYGRDLMEAQEWCREYMKSGNVEDLTOAWDLYYHVFRRI S

SEQ ID NO:385 (pCa 52 FRBP 1-157 L27V02A)
atgggagtgcaggtggaaaccatctccccaggagacgggcgcaccttccccaagcgcggccagac
ctgcgtggtgcactacacecgygatygctiigaagatggaaagaaattitgattectecogggacagaa
adcaagccctttaagttitatgctaggoaagecaggaggtgatecgaggotgggaagaagggygiogec
cagatgagtgtgggtcagagagccaaactgactatatctecocagattatgecectatggtgecactygy
gcacccaggcatcatccocacracatgccactetegtettaogatgtggagettctaaaactggaag
gaggagggagctocyggtogaggcageyggtatggteticacactogaagatttegttggoygactgg
cgacagacagccggctacaaccetggacraagtecttgaacagggagatgtgtecagttigtttca
geatctcggggtygtecgtaactecgatccaaaggattgtootgagoggigaaaatgagetgaaga
tcgacatcecatgteateateccgtatgaaggtetgageggogaccaaatgggocagategasaaa
atﬁtttaaggtggtgtaCcctgtggatgatcatCactttaaqgtgatcctgcactatggcacact
ggtaatcgacggggttacgecgaacatgategactatttieggacyggecygtatgaaggeataegacy
tgttcgacggcaaaaagatdactgtaacagggaccctgtggaacggcaacaaaattatcgacgag
cgectgatcaaccecgacggrtococtgetgttcogagiaacocatcaacgga

SEQ ID NO:386 (pCA 52 FEKRP 1~157 L2Z7V02A)

MGVOVETISPGDGRTFPKRGRTCVVHY TGMLEDGREKFDS SRDRNKPFRFMLGEOEVIRGWEEGVA
QMSVGORAKLTISPDYAYGATGEPGIIPPHATLVFDVELLELEGGGSSGGESGMVETLEDFVGEDW
ROTAGYNLDOVLEQGGVSSTFONLGVSVIPIQRIVLSGENGLRIDIHVIIPYEGLSGDOMGOIEK
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IFRVVYPVDDHAFKVILHYGTLVIDGVIPNMIDYFGRPYEGIAVEDGKKI TVTGTLWNGNK TIDE
RLINPDGSLLFRVTING

SEQ ID NO:387 (pCh 53 L27V022 166-169 FRB)
atgcgcattctggcgggaggaggtyggctecaggtggagggagetecgtggoecatecteiggeatga
qatgtggcatgaaggcctggaagaggcatctcgtttgtactttggggaaaggaacgtgaaaggca
tgtttgaggtyctyggageocttgeatgectatgatggaacgygggooeccagactetgaaggaaaca
tcctﬁtaatcaggcctatggtcgagatttaatggaggcccaagagtggtgcaggaagtacatqaa
atcagqqaatgtcaaggacctcacccaagcctgggacctctattatcatgtgttccgacgaatct
ca

SEQ ID NO:388 (pCh 53 L2Z7V0O2A 166~169 FRB)
MRILAGGGCSGGGSSVAILWHEMWHEGLEEASRLY FGERNVECGHMFEVLE PLEAMMERGPOTLKET
SENQAYGRDLMEAQEWCRRYMKSGNVEDLTQAWDLYYHVFRRI S

SEQ ID WO:389 (pCi 54 FKBP L27V02A 1-165)
atgggagtgcaggtggaaaccatctccccaggagacgggcgcaccitccccaagcgcggccagac
ctgcgtggtgcactacaccyggyatgcttgaagatggaaagaaatttgattocteccgggacagaa
acaagccctttaagtttatgetaggeaagecaggaggtgatecgaggctyggaagaaggagttgen
cagatgagtgtgggtcagagagecaaactyactatatcteccagattatgectatyggtgccactag
gceacccaggcatcateccecaccacatgecactetogtettegatgtggagettctaaaactggaay
gaggagggagcrceggtggaggcageggtatggtottcacactogaagattiogttogggactag
cgacagacagccggcetacaacctggaccaagtocttgaacagogagatiglytocagtttgtttca
gaatctcogggtgteocgtaactoecgatecaaaggattgtectgagrggtgaaaatgggetgaaga
tcgacateccatgteatcatecegtatgaaggtetgagoggegaccaaatgggecagatogaaaaa
atttttaaggtggtgtaccctgtggatgatcatcactttaaggtgatcctgcactatggcacact
ggtaatcgacggggttacgccgaacatgatcgactaittcgqacggccgtatgaaggcatcgccg
tgttcgacggcaaaaagatcactgtaacagggaccetgtggaacgycaacaaaattatecgacgag
ogcctgatcaaccccgacggctccctgctgttccgagtaaccatcaacggagtgaccggctggcg
getgtgegaa

SEQ ID NO:390 {pCA 54 FEBP L27V02R 1-16%)
MGVOVETISPGDGRTFPRRGOTCVVEY TGMLEDGKKFDS SRDRNKPFRFMLGKOEVIRGWEEGVA
OMSVGORAKLTISPDYAYGATGHPGI T PPHATLVFDVELLKLEGGGSSGGGESGMVETLE DFVGE D
RQTAGYNLDOVLEQGGVSSLFONLGVSVTPIQRIVLSGENGLKIDIHVIIPYEGLSGDOMGOIEK
IFKVVYPVDDHHFRVILHEYGTILVIDGVIPNMIDYFGRPYREGIAVEDGREI TVYGTLWNGNK T TDE
RLINPDGSLLERVTINGVTGWRLCE

SEQ ID NO:391 (pCh 55 FKBP L27V02A 1-47)
atgggagtgcaggtggaaaccatctccccaggagacgqgcgcaccttccccaagcgcggccagac
ctgcgtggtgcactacaccgggatgcttgaagatggaaagaaatttgattcctecegggacagaa
acaagccctttaagtttatgetaggcaageaggaggtgatecgaggetgggaagaaggggtogoc
cagatgagtgtgggtcagagagccaaactgactatatetecagattatgectatggtgocactyg
gcacccaggcatcatcccaccracatgeccactetegtettegatgtggagettectaaaactggaay
gaggagggagctecggtggaggcageggtatggteticacactegaagatitogtitggygactgyg
Cgacagacagcoggetacaacctggaccaagtecttgaacagggaggrgtigteccagtttgtttaa
gaatctcggyggtgtocgtaactergateccaaaggattgtoctygage

SEQ ID NO:392 (pCA 55 FKBP L27V02a 1-47)

MGVOVETISPGDGRTF PKRGOTICVVHY TGMLEDGEXFDS SRDRNKPFRFMLGKOEVIRGWEEGVA
OMSVGEORAKLT IS PDYAYGATGHPGIIPPHATLVFDVELLELEGGGS SGGASCMYVFTLEDFVGDW
RQTAGYNLDOVLEQGGVSSLFONLGVSVTPIQRIVLS
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SEQ ID KO:383 (pCA 56 L2ZT7TV02A 48-169%-~FRB)
Atgggtgaaaatggoctgaagatcegacatccatgtecatoatecegtatgaaggtetgagoggega
ccaaatgggccagatcgaaagaatttitaaggigytgtaccotgtyggatgatecatcactttaagy
tgatcctgeactatggeacactggtaatcecgacggygttacygocyaacatgategactatttegga
cggcogtaltgaagyeategeogtgttogacggcaaaaagatcactgtaacagggacerctgtggaa
Cggcaacaaaattategacgagegectygatecaacocogacyggetecclyotgttecgagtaacca
tcaacggagtgaccggetyggcggctygtygcygaacgecattetggegggaggaggtggetcaggigga
gggagctoecglggcecatecotetygeatgagatgtggcatgaaggeotggaagaggeatetegttt
gtactttgyyyeaaggaacgtgaaaggeatgtttgaggtactggagecctigeatgctatgatgg
aacggggeccccagactctgaaggaaacateotitaatecaggectatyggtcgagatttaatogag
gceccaagagtogtgcaggaagtacatgaaatcagggaatgtcaaggacctoacccaagectagyga
cctctattatcatgtgticecgacgaatetea

SEQ ID NO:394 (pCA 56 L27V02A 48-169-FRB)
MGENGLEIDIHVI I PYEGLSGDOMGOIRKIFKVVYPVDDHEEFKVILEYGTLVIDGVTENMIDYFG
REYEGIAVFDGERITVIGTLWNGNK I IDERLINPDGSLLFRVT INGVTCWRLOERTI LAGGGGEIGS
GSSVAILWHEMWHEGTEEASRLYFGERNVKGMFEVLE PLHAMMERGPOTLKETS FNOAY GRDIME
AQEWCREYMKSGNVKDL TQAWDLY YHVFRRIS

SEQ ID RO:395 (pCA 57 ¥FKBP L27VO2A 1-49)
atgggagtgcaggtyggaaacratctecceccaggagacgggogcaccticoceaagecgeggocagac
ctgcgtggtgcactacaccgggatgcttgaagatggaaagaaatttgattcctcccgggacagaa
acaagcectttaagittatgctaggcaageaggagytgatecgaggotgggaagaaggggteges
cagatgagtgtgggtcagagagecaaactgactatatctecagattatgoctatggtgecactygg
gcacccaggcatcatceccaccacatgecactetegtettegatgtggagottetaasactygaag
gaggagggagecteecggtggaggcageggtatggtcttcacactecgaagatttogttggggactgg
cgacagacagccggctacaacctggaccaagtecttgaacagggaggtgtgiocagtttgtttca
gaatctoggggtgtoecgtaactcecgateccaaaggattgtectgagoygtgaa

SEQ ID NC:396 (pCA 57 FEBP L27V02A 1-49)
MGVOVETISPGDGRTFPERGOTCVVEY TGMLEDGKKFDS SRDRNEPFKFMLGKOEVIRGWEEGVA
QMSVGORAKLTISPDYAYGATGHPGIIPPHATLVFIVELLELEGGGSSGEGSGMVETLE DFVGDW
ROTAGYNLDOVLEQGGVSSLEFONLGVSVTPIQRIVLSGE

SEQ ID NO:397 (pCA 38 pCA L27V0O2A 50-169 FRB)
atgaatgygctgaagatcgacatccatgtcatcatecogtatgaagogtctgageggegaccaaat
gggccagatcgaaaaaatttttaaggragtgtacectgtggatgatcatecactttaaggtgatee
tgeactatggracactyggtaatoegacgogygttacgecgaacatgatogactatttoggacygeay
tatgaaggcatcgergtygttogacggcaaaaagatcactgtaacagggacootgtggaacggcas
caaaattatcegacygagcygoctgatcaaccecogacggctocctgctgttcogagtaaccatcaacy
gagtgaccggetggecggctgtgegaacgeatiectggegggaggaggtggetcaggtggagggagc
tcegtggecatoctotggeatgagatgtggeatgaaggectggaagaggeatoctegtttgtactt
tggggaaaggaacgtgaaagycatgtittgaggtgctggageccttgeatgectatgatggaacyggy
gcccecagactoctyaaggaaacatectttaatcaggectatggtcgagatttaatggaggeccaa
gagtggtgcaggaagtacatgaaatcagggaatgticaaggacctcacecaagoctgggaccicta
ttatcatgtgttccgacgaatctca

SEQ ID NO:398 (pCa 58 pChA L27V02A 50-169% FRRB)
MNGLEKIDIHVIIPYEGLSGDOMGOIEKIFKVVYPVDDHHFKVILHYGTLVIDGVTEPNMIDYFGRE
YEGIAVEDGEKITVIGTLWNGNKIIDERLINPDGSLLFRVTINGVTGWRLOERILAGGGGSGEGES
SVATLWHEMWHEGLEEASRLYFGERNVEGMEFEVIEPLHAMMERGPQTLRKETSEFNCAYGRDLMEAD
EWCRKYMKSGNVEDLTOQAWDLYYHVERRIS
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SEQ ID NO:389 (pChA 59 FKBP L27V022 1-82)
atgggaqtgcaggtgqaaaccatctccccaggagacqggcgcaccttccccaagcgcggccagac
ctchtggtgcactacaccgggatgcttgaagatgqaaagaaatttgattcctcccgggacagaa
acaagccctttaagtttatgctaggcaagcaggaggtgatccgaggctgggaagaagggqttgcc
cagatgagtgtgggtcagagagccaaactgactatatctccagattatqcctatggtgccactgg
gcacccaggcatcatcccaccacatgccactcthtcttcgatgtggagcttCtaaaactggaag
gaggagggagctccggtggaggcagcggtatggtcttcacactcgaagatttcgttggggaetgg
cgacagacagccggctacaacctggaccaaqtcctigaacagggaggtgtgtccagtttqtttca
gaatctcggggtgtccgtaactccgatccaaaggattqtcctgagcggtgaaaatgggctgaaga
tcgacatccatgtcatcatcccgtatgaaggtCtgagcggcgaccaaatgggccagatcgaaaaa
atttttaagotggtgtaceet

SEQ ID NO:400 (pCA 59 FKBP L27V02A 1-82)
MGVQVETESPGDGRT?PKRGQTCVVHYTGMLEDGKKFDSSRDRNK?FKFMLGKQEVIRGWEEGVA
OMSVGORAKLTISPDYAYGATGHPGI I PPHATLV I DVELLKLEGGGSSGAGSEMYVETLEDFVADW
RQTAGYNLDQVLEQGGVSSLFQNLGVSVTPIQRIVLSGENGLKIDIHVIIPYEGLSGDQMGQZEK
IFRVVYP

SEQ ID NO:401 (pCA 60 L27V02A B3~169%-FRB)
atggtggatgatcatcactttaaggtgatcct Cactatggcacactggtaategacggggttac
gccgaacatgatcgactatttcggacgqccgtatgaaggcatcgccgtgttcgacggcaaaaaga
tcactgtaacagggaccctgtggaacgqcaacaaaattatcgacgagcgcctgatcaaccccgac
ggctccctgctgttscgagtaaccatcaacggagtgaccggctggcggctgtgcgaacgcattct
ggcgggaggaggtggctcaggtggagggaqctchtggccatcctctggcatgagatgtggcatg
aaggcctggaaqaggcatctcgtttgtactttggggaaaggaacgtgaaaggcatgtttgaqgtg
ctggagcccttgcatgctatgatggaacggggcdcccagactctgaagqaaaoatcctttaatca
ggcctatggtcgagatttaatggaggcccaagagtggtgcaggaagtacatgaaatcagggaatg
tcaaggacctcacccaagcctgggacctctattatcatgtgttccgacgaatctca

SEQ ID NO:402 (pCA 60 L27V02A B3-16-FRB)
MVDDHHFKVILHYGTLVIDGVTPNMIDYFGRPYEGIAVFDGKKITVTGTLWNGNKIIDERLINPD
GSLLFRVTINGVTGWRLCERILAGGGGSGGGSSVAILWHEMWHEGLEEASRLYFGER&VKGMFEV
LEPLHAMMERGPQTLKETSFNQAYGRDLMEAQEWCRKYMKSGNVKDLTQAWDLYYHVFRRIS

SEQ ID NO:403 (pCA 61 ¥FKRP L27V02A 1-84)
Atgggagtgcaggtggaaaccatctccccaggagaegggcgcaccttcccoaagcgcggccagac
ctgcgtggtgcactacaccgggatgcttgaagatggaaagaaatttgattcctcccgggacagaa
acaagccctttaagtttatgctaggcaagcaggaggtgatccgaggctgggaagaaggqgttgcc
cagatgagtgtgggtcagagagccaaactgactatatctccaqattatgcctatggtgccactgg
gcacccaggcatcatcccaccacatqccactctcgtcttcgatgtggagcttctaaaactggaag
gaggagggagctccggtggaggcagcggtatggtcttcacactcgaagatttcgttggggactgg
cgacagacagccggctacaacctgqaccaagtccttgaacagggaggtgtgtccagtttgtttca
gaatctcggggtgtccgtaactccgatccaaaggattgtcctgagcggtgaaaatgqgctgaaga
tcgacatccatgtcatcatcccgtatgaaggtctqagcggcgaccaaatgggccagatcgaaaaa
atititaaggtggtagtacoctgtyggat

SEQ ID NO:404 (pCA 61 FKBP L27V022 1-84)
MGVQVETESPGDGRTFPKRGQTCVVHY?GMLEDGKKFDSSRDRNKPFKFMLGKQEVIRGWEEGVA
QMSVGQRAKLTISPDEAYGATGHPGIIPPHATLVFDVELLKLEGGGSSGGGSGMVFTLEDFVGDW
RQTAGYNLDQVLEQGGVSSLFQNLGVSVTPIQRIVLSGENGLKIDIHVIEPYEGLSGDQMGQIEK
IFRVVYPVD

SEQ ID RO:405 (pCA 62 L27VO2A 85-169-FRB)
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atggatcatcactttaaggtgatcctgcactatggcacactggtaatcgacggggttacgccgaa
catgatcgactatttcggacggccgtatgaaggcatcgccgigttcgacqgcaaaaagatcactg
taacagggaccctgtggaacggcaacaaaattatcgacgagcgcctgatcaaccccgacggctcc
ctgctgttcoogagtaaccatcaacyggagtgaccggctygoggotagtygcgaacgoaticiggoeggy
aggaggtggctcaggtggagygagctecgtgyccatectotggecatgagatgtggcatgaaggoo
tggaagaggcatctcgtttgtactttggggaaaggaacgtgaaaqqcatgtttgaqgtgctggag
cccttgcatgctatgatggaacggggcccccagactctgaaqgaaacatcctttaatcaggccta
tggtcgagatttaatggaggcccaagagtggtgcaggaagtacatgaaatcagggaatgtCaagg
acctcacccaagcectgggacctetattatecatgtgtteccgacgaatctoa

SEQ ID NO:406 (pCa 62 LZ7VO2A 85-169-FRB)
MDHEHFKVILHYGTLVIDGVIPNMIDYFGRPYEGIAVFDGKEITVTSTLWNGNEI IDERLINPDSS
LLERVIINGVIGWRLCERILAGGGGSGGESSVAI LWHEMWHEGLEEASRL Y FGERNVKGMFEVLE
PLEAMMERGPQILEETSFNQAYGRDLMEAQEWCREKYMES GNVKDL TOAWDLYYHVEFRRIS

SEQ ID NO:407 (pCR 63 FEBP L27V02Aa 1-122)
atgguagtgcaggtggaaaccatctccoccaggagacgggegcacctteccraagogeggeoagad
ctgcgtagtgcactacaccagggatgcettigaagatyggaaagaaatitgattecteeegggacagaa
acaagccctttaagtttatgctaggcaagecaggagygtoatocgaggotgggaagaaggyyttges
Cagatgagtgtgggtcagagagccaaactgactatatctccaqattatgcctatggtgccactgg
gcacccaggeatcatccecacracatgecactotegtettegatgtggagettetaaaactggaag
gaggagggagetecggtggaggeageggtatggtetticacactegaagatttogttggggactag
cgacagacagecggctacaacotggacraagtcottgaacagggaggtgtgtccagtttgtttoa
gaatcicgggqtgtccgtaactchatccaaaggattgtcctgagcggtgaaaatgggctgaaga
tcgacatccatgtcatcatcccgtatgaaggtctgagcggcgaccaaatgggccagatcgaaaaa
atttttaaggtggtgtaccctgtggatgatcatcactttaaggtgatcctgcactatggcacact
ggtaatcgacggggttacgeogaacatygatecgactattteggacggecgtatgaaggoategecy
tattcgacgge

SEQ ID NO:408 (pCAR 63 FKRP L27V02A 1-122)
MGVOVETISPGDGRTFPRRGOTICVVHY TGMLEDGKKFDS SRERNKPFRKFMLGKOEYV IRGWEEGVA
QMEVGORARLTISPDYAYCGATGHPGI IPPHATLVFDVELLRKLEGOGS SGEGESGMVETLEDFVEDRW
ROTAGYNLDOVLEQGGVSSLFONLGVSVIPIQRIVLSGENGLK I DIHVIIPYEGLSGDOMGOTER
IFRVVY PYVDDHHFEVILHYGTLVIDGVI PRMIDYFGRPYEGIAVEDG

SEQ ID NO:409 (pCA 64 L27V02A 123-169-FRB)
atgaaasagatcactgtaacagggaccecotgtggaacggeaacasasattatcgacgagogoctgat
caaccccgacggcteoctgetgttecgagtaaccatcaacyggagtgaceggetggeggetgtgeg
aacgcattctggcgggaggaggtggctcaggtggagggagctccgtggccatcctctqgcatgag
atgtggcatgaagqcctggaagaggcatctcgtttgtactttggggaaaggaacgtgaaaggcat
gtttgaggtgctggageocttgeatgotatgatggaacggggeccocagactetgaaggaaacat
cctitaatcaggectatggtegagatttaatggaggeccaagagtyggtgcaggaagtacatgaaa
tcagggaatgtcaaggacctcacceaagectgggacotctattatcatgtgttecgacgaatote
&

SEQ ID NO:410 (pCh 64 L27V02A 123-169-FRB)
MEKKITVIGILWNGNKIIDERLINPDGSLLFRVTINGVTGWRLCERI LAGGGGSGGGSSVALLWEE
MWHEGLEEASRLYFGERNVKGMFEVLEPLEAMMERGPQTLKETSFNQAY GRDLMEAQEWCREKYMK
SGNVEDLTQAWDLYYHVERRIS

SEQ ID NO:411 (pCA 65 FKBP L27V(2Aa 1-123)

atgggagtgcaggtggaaaccatctocccaggagacyggograccttcectcaagcgoggocagac
ctgcgtggtgeactacaccgggatyctigaagatgoaaagaaatttgattcocteccgggacagaa
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acaagccctttaagtitatgctaggcaagecaggaggigateogagactgggaagaagaggatigoec
cagatgagtgtgggtcagagagccaaactgactatatcteoccagattatgectatggtgecactgg
gcacccaggcatcatoocaccacatgeccactotegtettegatgtgyagettetaaaactggaag
gaggagggagctcogglyggaggeaygoggtatggtettcacactcgaagatttegttggggactgg
cgacagacagccggetacaacctyggaccaagtocttgaacagyggaggtgtgtbecagtitgtttea
gaatcicggggtgtccgtaactccgatCcaaaggattgtcctgagcggtgaaaatgggctgaaga
tcgacatcocatgteateateocgtatgaaggtctgageggegaccasatgggocagatogaaaaa
atttttaaggtggtgtaccetgtggatgatecatecactittaaggtgatectgeactatggoacact
ggtaatcgacggggttacgecgaacatgategactatttocggacggecygtatgaaggecategeoy
tgticgacggeaaa

SEQ ID NO:412 (pCA 65 FKBP L27V02A 1-123)
MGVOVETISPGDGRIFPERGQTCVVHY TGMLEDGKEFDS SRDRNEPFKFMLGKOEV I RGWEEGVA
QMSVGORARLTISPDYAYCATGHPGIIPPHATLVFDVELLKLEGGGS SGGESGMVFTLEDFVGDW
ROTAGYNLDQVLEQGGVSSLEQNLGVSVTPIQRIVLSGENGLKIDIHVI I PYEGLSGDOMGOITK
TFRVVYPVDDHHFEVILHYGTLVIDGVTPNMI DYFCRPYEGIAVEDGK

SEQ ID NO:413 (pCh 66 L27V02A 124-169%9 FRB)
atgaagatcactgtaacagggaccotgtggaacggcaacaaaattategacgagegactgatcaa
cececgacggctecetgoetgtucogagtaaccatcaacggagtgaccggctggeggetatgegaac
gcattctggcgggaggaggtgygcteaggtggagggagetocgtggeccatectoctggeatgagatg
tggcatgaaggcctggaagaqqcatctcgtttgtactttqgggaaaggaacgtgaaaggcatgtt
tgaggtgctggagcecttgecatgctatgatogaacggyggococcagachotgaaggaaacatoot
ttaatcaggcCtatqgtcgagatttaatggaggcccaaqagtggtgcaggaagtacatgaaatca
gggaatgtcaaggacctcacccaagoctgyggacctctattatecatgtgttcegacgaatotoa

SEQ Ib NO:414 (pCR 66 L27V02A 124-16% FRB)
MEITVIGTLWNGNKIIDERLINPDGSLLEFRVT INGVTGWRLCERILAGGGGSGEGSSVAI LWHEM
WHEGLEEASRLYFGERNVKGMFEVLE PLEAMMERGPFQTLKET SFNQAYGRDLMEAQEWCREKYMKS
GNVEKDLTQAWDLYYHVFRRIS

SEQ ID NO:41E (pCA 67 L27V02A 1-168)
atgggagtgcaggtggaaaccatctccccaggagacgggcgcaccttccccaagcgcggccagac
clgcgtggtgecactacacegggatycttgaagatggaaagaaatttgattcotececgggacagaa
acaagccctttaagtttatgctaggcaagcaggaggtgatccgaggctgggaagaaggggttgcc
cagatgagtgtqggtcagagagccaaactgactatatctccagattatgcctatggtgccactgg
gcacccaggcealcateccaccacatgecactetegicttegatgtggagettctaaaactggaag
gaggagggagctccggtggaggcagegytatggicticacactegaagatttogttggggactay
cgacagacagccggctacaacctggaccaagtecttgaacagggaggtgtgtecagtttgtttea
gaatcteggggtgtecgtaactecgatccaaaggattgtectgageggtgaaaatgggectgaaga
thacatccatgtcatcatcccgtatgaaggtctgagcggcgaccaaatgggccagatcgaaaaa
attrttaaggtggtgtaccetytggatgateatcactitaagytgatcctgeactatggeacact
ggtaatcgacggggttacgccgaacatgatcgactatttcgqaeggccgtatgaagqcatcgccg
tgttcgacggcaaaaagatcactgtaacagggaccctgtyggaacggcaacaaaattategacgag
cgcctgatcaaccecgacggetecetgotgttecgagtaaccatcaacggagtgaceggatggog
gctogtgogaacgeaticty

SEQ ID NO:416 (pCh 67 L27V0O2A 1-168)

atgggagtgcaggtyggaaaccatctecccaggagacgggegeaccttececaagegeggacagac
ctgcgtggtgeactacaccgggatgettgaagatogaaagaaatitgattccteoccgggacagaa
acaagccctttaagtttatgctagygcaagcaggaggtygatecgaggotyggaagaaggagttges
cagatgagtgtgggtcagagagecasaactgactatatetecagattatgectatyggtgecactygy
gcacccaggcatcatcecaccacatgecactetogtettogatgtggagettctaaaactggaag
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gaggagggagcltcagygtyggaggcageggtatggtottcacactcgaagatttegttggggactgyg
cgacagacagecggcetacaacctiggaccaagtccttgaacagggaggtgtgtocagtttgtttea
gaatcteggggtgtecgtaactecegateocaaaggattgtectgageggtgaaaatgggctgaaga
tcgacatccatgteatcateecgtatgaaggtctgageggegaccaaatgggecagatcgaaaas
attittaaggtgotgtacccigtggatgatcatcactttaaggtgatectgocactatggoacact
ggtaatcgacggggtiacgecgaacalgategactatttoggacggoecgtlatgaaggeatecgocy
tgttogacggcaaaaagatcactgtaacagggacoectgtggaacggraacaaaattatcgacgag
cgcetgatcaaccocgacygygctecctgetgttecgagtaaceatcaacggagtgaceggetggeg
gctgtgcgaacgecattetyg

SEQ ID NO:417 (pChA 67 L27V02A 1-168)
MGVOVETISPGDGRTIFPRKRGOTCVVHY TGMLEDGRKFDS SRDRNKPFKFMLGROEV IRGWEEGVA
QMSVGORARKLTISPDYAYGATGHPCGI I PPHATLVEDVELLKLEGGGS SGGGSGMVETLEDFVGDW
ROTAGYNLDOVLEQGGVSSLEONLGVSVIPIQRIVLEGENGLKIDIEVIIPYEGLSGDOMGOTES
IFKVVYPVDDHHFKVILHYGTLVIDGVT PNMIDYFGREYEGIAVEDGKK I TVTGTLWNGNK I T DE
RLINPDGSLLFRVTINGVIGWRLCERIL

SEQ ID NO:418 (*pCA 6B L27V0O2A 169 FRB)
Atggegggaggaggtggcteagotggaggoagctoecgtggoccateotctogeatgagatgtggea
tgaaggcctggaagaggcatetegtttgtactttggggaaaggaacgtgaaaggecatgtttgagyg
tgctggagococttigratgetatgatggaacggggeccecagacictgaaggaaacatectttaat
caggectatggtecgagatitaatggaggoeccaagagtgygtoraggaagtacatgaaatcagggas
tgtcaaggacctcacccaagectgggacctectattatcatgtgtticogacgaatetea

SEQ ID NO:418 (*pChA 68 L27V02A 169 FREB)
MAGGGGSGEGS SVAILWHEMWHECLEEASRLY FGERNVEGMPEVLE PLHAMMERGPOTLKETSEN
QAYGRDLMEAQEWCRKYMESGNVEDLTQAWDLYYHVFRRIS

SEQ ID NC:420 {(pCa 6% FRKBP L27V0O2A 1-166}
atgggagtygcagyglygaaaccatctococcaggagacgggegeaccttcooccaagegeggacagac
ctgcgtggtgecactacaccgggatgcttgaagatggaaagaaattitgattectecocgggacagaa
acaaggeccttiaagtitatgctaggcaagcaggagatgatecgaggctgggaagaaggyggttgeo
cagatgagtgtgggtoagagagocaaactgactatatctocagattatgoctatggtgecactagg
gcacccaggcatcatoccacraratgccactetegtettegatgtggageottctaaaactggaag
gaggaggyagctocogytggaggeagoggtatggtettecacactogaagatttcgttggugactagg
cgacagacagecgygctacaacotggaccaagtccttgaacagggaggtgtgtocagtttgtttea
gaatctcggggtgtcogtaactecygatccaaaggattigtectgagegytyaaaatgggctgaaga
tcgacatccatgteoatcatecegtatgaaggtctgageggegaccaaatgggoragatcgaaaaa
atttttaagotggtygtacectgtggatgatecatcactttaagotgatectgecactatyggeacact
ggtaatcgacgygggttacgecygaacatgatcgactattteggacgecogtatgaaggeategcay
tgttegacggeaaaaagatcactigtaacaggyaccotgtggaacggcaacaaaattatcgacgag
cgectgatcaaccoocgacggotecctgotgttcogagtaaccatcaacggagtyacoygotggoyg
gctgtgcgaacyc

SEQ ID NO:421 (pCA 69 FKBP L27V02A 1-166)
MGVOVETISPGDGRTFPRKRGOTCVVHY TGMLEDGKKE DS SRDENKPFRKFMLGKOREVIRGWEEGVA
OMSVGORAKLTISPDYAYGATGHPGI I PPHATLVEDVELLELEGGGS SGGESGMVETLEDEVGEDW
ROTAGYNLDOVLEQGGVSSLFONLGVSYVIPIQRIVLSGENGLKIDIBEVI I PYEGLSGDOMGEQIEK
IFKVVYPVDDHHFEVILHYGTLVIDGEVT PNMIDYFGRPYEGIAVEDSKKITVTGTLWNGNKIIDE
RLINPDGSLLFRVTINGVIGWRLCER

SEQ ID NG:422 (*pCA 70 L27V02A 167-169% FRE)
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Atgattctggcgggaggaggtggetcaggtggagggagetocgiggecatectetggcatgagat
gtggcatgaaggcctggaagaggcatctegtttgtacttitggggaaaggaacgtgaaaggratgt
ttgaggtgctggageoccttgeatgetatgatggaacggyggeccecagactetgaaggaaacatoo
tTttaatcaggectatggtecgagatttaatggaggeccaagagtggtycaggaagtacatgaaate
agggaatgtcaaggacctcacccaagecigyggacctctattatcatgtgttccgacgaatctca

SEQ ID NO:423 (*pCh 70 L27V02A 167-169 FRB)
MILAGGGESGECSSVAI LWHEMWHEGLEEASRLY FGERNVEGMFEVLEPLHAMMERGPQTLKETS
FNQAYGRDLMEAQEWCREYMKSGNVEDLTOAWDLYYHVEFRRIS

SEQ ID NO:424 (pCA 71 FKBP L27V0Q2A 1-164)
atgggagtgcaggtggaaaccatctoocccaqgagacgggegeacetioccraagocgoggooagad
ctgecgtggtgcactacaccgggatgcttgaagatggaaagaaatttgattcctecogggacagasa
acaagcccttiaagttitatgctagygcaagcaggaggtgatecgagygcigggaagaagggygttgoe
cagatgagtgtgggtcagagagcoccaasactgactatatctecagattatgectatggtgeccactyy
geacccaggeatcateccaccacatgecactotegtettegatgtyggagettctaaaactggaag
gaggagggagctecggtggaggcagecggtatggtettcacactecgaagatticgttggggactgy
cgacagacagcecggcectacaacctggaccaagtectigaacagggaggtgtgtocagtttgtttca
gaatctcggugtgteogtaactcecgatceccaaaggattgtectgageggtgaaaatygggetgaags
tcgacatccatgtecatcatecegtatgaaggtctgageggagaccaaatgggocagatocgaaasa
atttttaagotggtgtaccetgtggatyatcatcactttaagetgatecctgeactatggecacact
ggtaatcgacggggttacgcegaacatgategactattteggacggecgtatgaaggeatogooyg
tgttcogacggeaaaaagatcactgtaacagggaccetgtggaacggcaacaaaattatcgacygay
cgceceltgatcaacoocgacggetoectgetgttocgagtaaccatcaacggagtgacoggotggoy
gctgtge

SEQ ID NO:425 (pCA 71 FEBP L27V022 1-164)
MGVOVETISPGDGRTEFPKRGOTCVVHY TGMLEDGKKFDE SRDRNKPFEFMLGRQEVIRGWERGVA
OMEVGORAKLTISPDYAYGATGHPGIIPPHATLVFDVELLKLEGGGS SGGESGMVEFTLEDFVGDW
ROTAGYNLDOVLECGEVEELFONLGVEVTIPIQRIVLSGENGLKIDIHVI IPYEGLSGDOMGOIEK
IFRKVVYPVDDHEFRVILHYGTLVIDGVIPNMIDY FGRPYEGIAVEDGKKITVTGTLWNGNKIIDE
RLINPDGSLLFRVTINGVTIGWRLC

SEQ ID NO:426 (pCa 72 L27V0Q2A 165-169 FRB)
atggaacgcattcotggegyggaggagstggctecaggtagagggagctecgtggecatectetggea
tgagatgtggeatgaaggcctyggaagaggcatetegttitygtactttggggaaaggaacgtgaaag
gcatgtttgaggtgctggageectigecatgetatgatggasacggyggeocccagactoctgaaggaa
acatcctttaatcaggectatggtegagatttaatggaggeccaagagtagtgcaggaagtacat
gaaatcagggaatgtcaaggacctcacccaagectgggacctetattatcatgtgtteccgacgaa
tctea

SEQ ID NO:427 (pattern sequence}
GSAIVK

SEQ ID NO:428 (pCA 72 L27V02A 165-169% FRB)
MERILAGGGGSGGGSSVAILWHEMWHEGLEEASRLY FCERNVKGMFEVLEPLHAMMERGFOTLEE
T3FNQAYGRDLMEAQEWCRKYMESGNVEDLTQAWDLYYHVERRIS

SEQ ID NO:429 (pCh 73 FKBP L27V0OZ2A 1-162)

atgggagtgcaggtggasaccatctoerocaggagacggygcgcaccitcooccaagogaeggoCagac
ctgcgtggtgractacaccgggatoctigaagatyggaaagaaattitgatteotocegggacagaa
acaageectttaagtttatgectagygcaagcaggaggtgatccgaggcigggaagaaggggitgec
cagatgagtgtgggtcagagagccasactgactatatetccagattatgoctatggtgecactygy
gcacccaggcatcateccaccacatgecacteteglicticgatgtyggagettctaaaactggaayg
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gaggagggagctccggtggaggcagcggtatggtcttcacactcgaagatttcgttggggactgg
cgacagacagccggctacaacctggaccaagtccttgaacagggaqgtgtgtccaqtttgtttca
gaatctcggggtgtccgtaactccgatccaaaggattgtcctgagcggtgaaaatgggctgaaga
tcgacatccatgtcatcatcccgtatgaaggtctgagcggcgaccaaatgggccagatcgaaaaa
atttttaaggtggtgtaccctgtggatgatcatcactttaagqtqatcctgcactatggcacact
qgtaatcgacggggttacqccgaacatqathactatttcggacggccgtatgaaggcatcgccg
tgttcgacggcaaaaagatcactgtaacagggaccctgtggaacggcaacaaaattatcgacgag
Cgcctqatcaaccccgacggctccctgctqttccgagtaaccatcaacggagtgaccggctggcg
g

SEQ ID NO:430 (pCA 73 FKBP L27V02A 1-162)
MGVQVETISPGDGRTFPKRGQTCVVHYWGMLEDGKKFDSSRDRNKPFKFMLGKQEVIRGWEEGVA
OMSVGORAKLTISPDYAYGATGHPGI IPPHATLVFDVELLKLEGGGS SGGGSGMVFTLEDFVEDR
RQTAGYNEDQVLEQGGVSSLFQNLGVSVTPIQRIVLSGENGLKIDIHVIIPYEGLSGDQMGQIEK
[FKVVYPVDDHHFKVILAEYGTLVIDGVTPNMI DY FGRPYEGIAVEDGKK I TVT GTLWNGNK T T DE
RLINPDGSTLFRVTINGVTGWR

SEQ ID NO:431 (pCaA 74 L27V022a 163-169 FRB)
atgctgtgcgaacgcattctggcgggaggaggtggctcaggtggagggagctccgtggccatcct
ctggcatgagatgtggcatgaaggcctggaaqaggcatctcgtttgtactttggggaaaggaacg
tgaaaqgcatgtttgagqtgctggaqcccttgcatgctatgatggaacgqggcccccaqactctg
aaggaaacatcctttaatcaggcctatggtcgagatttaatggaggcccaagagtggtgcaggaa
gtacatgaaatcagggaatqtcaaggacctcaeccaagcctgggacctctattatcatgtgttcc
gacdaatctea

SEQ ID NO:432 (pCA 74 L27V0O2A 163-16% FRR)
MLCERILAGGGGSGGGSSVAILWHEMWHEGLEEASRLYFGERNVKGMFEVLEPLHAMMERGPQTL
KETSENQAYGRDLMEAQEWCRKYMKSGNVKDLTQAWDLY YHVFRRIS

SEQ ID NO:433 (pCA 75 FKBP L27VO2A 1-160)
atgggagtgcaggtggaaaccatctccccaggagacgggcgcaccttccccaagcgcggccagao
ctgcgtggtgcactacaccgggatgcttgaagatggaaagaaatttgattcctcccgggacagaa
acaagccctttaagtttatgctaggcaagcaggaggtgatccgaggctgggaagaaggggttgcc
cagatgagtgtgggtcagagagccaaactgactatatctccagattatgcctatggtgccactgg
gcacccaggcatcatcccaccacatgccactctcgtcttcgatgtggagcttctaaaactggaag
gaggagggagctccggtqgaggcachgtatggtcttcacactcgaagatttcgttggggactgg
cgacagacagccggctacaacctgqaccaagtccttgaacagggaggtgtgtccagtttgtttca
gaatctcggggtgtccgtaactccgatccaaaggattgtcctgagcggtgaaaatgggctgaaga
tcgacatccatgtcatcatcccgtatgaaggtctgagcggcgaccaaatgggccagatcgaaaaa
atttttaaggtggtgtaccctgtggatgatcatcactttaaggtgatcctgcactatggcacact
ggtaatcgacggggttacgccgaacatgatcgactatttcggacggccgtatgaaggcatcgccg
tgttcgacggcaaaaagatcactgtaacagggaccctgtggaacggcaacaaaattatcgacgag
cgcCtgatcaaccccgacggctccctgctgttccgagtaaccatcaacggagtgaccggc

SEQ ID NO:434 ({pCA 75 FKBP L27V02A 1-160)
MGVQVETISPGDGRTFPKRGQTCVVHYTGMLEDGKKFDSSRDRNKPFKFMLGKQEVlRGWEEGVA
CMSVGORAKLTISPDYAYGATGHPGI I PPHATLVFDVELLKLEGGGS SGEGSEMVEFTLE DFVEDK
RQTAGYNLDQVLEQGGVSSLFQNLGVSVTPIQRIVLSGENGLKIDIHVIIPYEGLSGDQMGQIEK
IFKVVYPVDDHEFKVILHYGTLVIDGVTPNMIDYFGRPYEGIAVEDGKKI TVTGTLWNGNK I I DE
RLINPDGSLLFRVIINGVTG

SEQ ID NO:435 (pCA 76 L27V02A 161-169 FRB)
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atgtggcggctgtchaacgcattctggcgggaqgaggtggctcaqgtggaqggagctccgtqgc
catcctctggcatgagatgtggcatgaaggcctgqaagaggcatctcgtttgtactttggggaaa
ggaacgtgaaaggcatqtttgaggtgctggaqcccttgcatgctatgatqqaacggggcccccag
actctgaaggaaacatcctttaatcaggcctatggtcgagatttaatggaggcCcaagagtqgtg
caggaagtacatqaaatcagggaatqtcaaggacctcacCcaagcctggqacctctattatcatg
tgttecgacgaatctea

SEQ ID NO:436 (pCA 76 L27V022a 161-169% FRB)
MWRLCERILAGGGGSGGGSSVAI LWHEMWHEGLEEASRL Y FGERNVKGMFEVLEPLHAMMERGP(
TLEETSFNQAYGRDLMEAQEWCRKYMKSGNVEDLTOAWDLYYHVFRRIS

SEQ ID NO:437 (pCA 77 FKBP L27V02a 1-158)
atgggagtgcaggtggaaaccatciccCcaggagacgggcgcaccttccccaagcgcggccagac
ctgcgtggtgcactacaccgggatgcttgaagatggaaagaaatttgattcctcccgggacagaa
acaagccctttaagtttatgctaggcaagcaggaggtgatccgaggctgggaagaaggggttgcc
cagatgagtgtgqgtcagagagccaaactgactatatctccagattatgcctatggtgccactgg
gecacccaggcatcatcccaccacatgeractetegicttegatgtggagettctaaaactggaag
gaggagggagctccggtggagqcagcqgtatggtcttcacactcgaagatttcgttggggactgg
cgacagacagccggctacaacctyggaccaagtecttgaacagggaggtgtgtocagtttgtttea
gaatctcqgggtgtccgtaactccgatccaaaggattgtcCtgagcggtgaaaatgggctgaaga
tcgacatccatgtcatcatcccgtatgaaggtctgagcggcgaCcaaatgggccagatcgaaaaa
atttitaaggtggtgtacectytggatgatcatcactttaaggtgatectgcactatggeacact
ggtaathacgqggttacgccgaacatgatcgactatttcggacggccgtatgaaggcatcgccg
tgticgacggcaaaaagatcactgtaacagggaccctqtggaacggcaacaaaattatcgacgag
cgcctgatcaaccocgacggctocctgetgttecgagtaaccatcaacggaghy

SEQ ID NO:438 (pCA 77 FKBP L27V02A 1-158)
MGVOVETISPGDGRTFPEKRGOTCVVHYTGMLEDGKKFDS SRDRNKPFKFMLGKOEVIRGREEGVA
OMEVGOURAKLTT 3PDYAYGATGHPGI IPPHATLYFDVELLKLEGGGSSGEGSGMVFTLEDFVGDW
ROTAGYNLDOVLEQGGVSSLFQNLGVSVIPIORIVLSGENGLKIDIHVIIPYEGLSGDOMGOIEK
IFKVVYPVDDHHFKVILHYGTLVIDGVTPNMIDYFGRPYEGIAVEDGEK T TVTIGTLWNGNE I IDE
RLINPDGSLLEFRVTINGV

SEQ ID HO:432 (pCk 78 L27V02A 159-1639 FRB)
Atgaccggctggcggctgtgcgaacgcattctggcgggaggaggtggctcaggtggagggagctc
cgtggccatcctctggcatgaqatgtggcatgaaggcctggaagaggcatctcgtttgtactttg
gggaaaggaacytgaaaggocatgtitgagytgctggagecetigeatgotatgatyggaacgggoa
ccccagactctgaaggaaacatcctttaatcaqgcctatggtcgagatttaatggaggcccaaga
gtoggtgcaggasagtacatgaaatcagggaatgtcaaggacctcacccaagectgggacctotatt
atcatgtottecgacgaatctesa

SEQ ID NO:440 (pCA 78 L27V02A 159-169 FRRB)
MIGWRLCERILAGGGGSGGGSSVAILWHEMWHEGLEEASRLY FGERNVKGMFEVLEPTLHAMMERG
FOTLKETSFNQAYGRDLMEAQEWCRKYMKSGNVKDLTQAWDLY YHVFRRIS

SEQ ID NO:441 RIIbB (nt seq)

ATGTATGARAGCTTTATTGAGTCACTGCCAT TCCTTAAA T T P TGGAGT T TTCTGCACGC O TGAR
AGTAGTACATCIGATAGGCACCAARMGTATACAACGATGOAGAACARATCAT TGUTCAGEGACATT
CGGCTGATTCTTITTTTCATTAT TGAATCTGGAGAAGTGAAARTTACTATGARRAGRAAAGGGTAAA
TCAGRAGTGGAAGAGAATGGIGCAGTAGRARTCGCTCGATGC TCECGEEGCACACTACTTTGGAGA
GCTTGCCCTGGTAACTARCARACCTCGAGCAGC T TC TG CCACGOCATTGEGACTGTCARAATGTT
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TAGCAATGGATGTGCAARGCATTIGAAAGGCTICTGEGACT T TGCATGGRAARTTATGAMAAGGAAL
ATCGCTACCTATGAAGAACAGTTAGTTGCCCTGTATGCAACGAACATGCGATATTGTA

SEQ ID NO:442 RIIbB (aa seq)
MYESFIESLPFLKSLEFSARLKVVDVIGTKVYNDGEQT IAQGDSADSFFI TESGEVK I TMKRKGK
SEVEENGAVETARCSRGOYFGELALVTNKPRAASAHAIGTVKCLAMDVOAFERT LG PCME IMKRN
TATYEEQLVALYGTNMDIV

SEQ ID NO:443 (L27V CP 13 TEV)

atgacagceggctacaaccoiggaccaagtcotigageagggoggtgtgloragtttgtttcagaa
tcteggggtygtecgtaacteocgatccaaaggattgtectgagogotgaaaacggectgaagateyg
acatcecatgteatcateecgtatgaaggtetgagoggegatcagatgggecagatcgaaaaaatt
tttaaggtygtgtaccotgtggatgatcatecactttaaggtgattotgecactatgygcacactggt
aatcgacggggitacgocgaacatgatogactattteggacggoegtatyaaggeategoegtgt
tcgacggraaaaagateactgtaaccygggacectgtyggaacgycaaraasaattatogacgagoge
ctgatcaaccoegacygyetooctgotgttecgegtaaceatcaacggagtyaceggotyggoggot
gtgcgagcgcattttygygegyggaagttctggiggaggaagtitotgytggagagectactactgaga
acttgtacttccagagecgataacggaagttetggtiggaggaagttictggtggastggtgtttaca
ctegaagatttcygtaggggactyaggoggcayg

SEQ ID NO:444 (LZ27V CP 13 TEV)
MTAGYNLDOVLEQGGVSSLFONLGVSVIPIQRIVLSGENGLKIDIAVIIPYEGLSGDOMGQIEK T
FRVVY PVDDHHFRKVILHYGTLVIDGVIPNMI DY FGREYEGIAVEDGKEITVIGTLWNGNKIIDER
LINPDGSLLFRVTINGVIGWRLCERILAGSSGGGSSGEEPTTENLY FOSDNGSSGEGSSGEMVET
LEDEVGDWRO

SEQ ID NO:445 (L27V CP 37 TEV)

Atgcatgtcatcatecogtatgaaggtetygageggoyatcagatggyccagatcgaaaaaatttt
taaggtggtgtaccotygtygatygatocatcacttitaaggtgattotgoactatyggecacactyggtaa
tcgacggggttacgccgaacatgatcgactatttngacggccgtatgaaggcatcgccgtgttc
gacggcaaaaagatcactgtaaccgggaccotgtggaacggcaacaaaattatcgacgagogeot
gatcaaccccgacggoetecctgetgttecgegtaaccatocaacggagtgaccyggotygoggctat
gcgagcgcattttggegygygaagttoctgotggaggaagttectggtggagagoctactactgagaac
ttgtacttocagagegataacggaagttectggtggaggaagtictggtggaatyggtygtttacact
cgaagatttegtagygggactggoggoagacagcoyggcotacaacctggaceaagtocttgageagg
geggtgtgtecagtittgtttcagaatetoggggtgtcogtaactocgatecaaaggattgocty
agoggtgaaaacgycctgaagatcgacate

SEQ ID NCO:446 (L27V CP 57 TEV)
MHVIIPYEGLSGDOMGOIEKIFKVVYPVDDEHFRKVILEYGTLVIDGVTPNMIDYFCRPYEGIAVE
DGREITVIGTLWNGNKI IDERLINPDGSLLFRVTI INGVTGWRLCERILAGSSGGGS SGEEPTTEN
LYPQSDONGSSGEGSSGEMVETLEDFVGDWROTAGYNLDOVLEQGGV S SLFONLGVSVTPIQRIVL
SGENGLKIDI

SEQ ID NO:447 (L27V CP 98 TEV)

atggtaatcgacggggttacygcegaacatgatcgactatticggacggcogtatgaaggcatege
cgtgttogacgygraaaaagatcactgtaaccgggaccectgtggaacggcaacaaaattategacy
agcegectgatcaacoececygacggctocctgetgttcegegtaacecatcaacggagtgaccgyctgg
cggctgtgcgagcgcattttggcgggaagttctggtggaqgaagttctggtggagaqcctactac
tgagaacttgtacttcecagagegataacggaagitectggtggagyaagttctgytggaatggtygt
ttacactegasgatttcgtaggggactggeoggeagacagecggetacaacctggaccaagtectt
gagcagogeggtgtgtecagitigtittcagaatetegygggtgtcocgtaactoogatecaaaggat
tgtectgageggtgaaasacgyoctgaagatogacatececatgteateateccoygtatgaaggtetya
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geggcgatcagatgggccagatcgasaaaattitttaaggtggtgtacectgtggatgatecateac
tttaaggtgattctgcactatggcacacty

SEQ ID NO:448 (L27V CP 98 TEV)
MYIDGVIPNMIDYFGRPYEGIAVEDGKKITVIGTLWNGNRKI IDERLINPDGSLLFRVTINGYTGH
RLCERITAGESGGGSSGCEPTTENLYFQSDNGS SGGGSSCEMVETLEDFVGDWROTAGYNLDOVL
EQGGVSSLEFONTLGYSVIPIQRIVLSGENGLKIDIHVI IPYEGLSGDOMGQIERIFKVVY PYDDHE
FRVILHYGTL

SEQ ID NO:449 (Human Protein Kinase C alpha (PKCa) (nt sequence)
ATGGCTGACGTTTTCCCGEECAACGACTCCACGGCETCTCAGGACGTGGECCAACCGCTTCGRCOG
CARAGGGGCGCTGAGGCAGAAGAACGTGCACGAGGTGAAGGACCACAARTTCATCGCGOGO TTCT
TCAAGCAGCCCACCTICTGCAGCCACTGCACCGACTTCATCTGGGGET T TEGGRAAACRAGGCTTC
CAGTGCCAAGTTTGCTIGTTTIGTGGTCCACARGAGETGCCATGAATTTGTTACTTTETCTTGTCC
GGGTGCGGATAAGGGACCCGACACTGATGACCCCAGGAGCAAGCACAAGTTCARRAATCCACACTT
ACGGAAGCCCCACCTTCTGCGATCACTGTIGGGTCACTGC TCTATGGACT TATCCATCAAGGGATG
ARATGTGACACCTGCGATATGAACGTTCACAAGCAATGCGTCATCAATGTCCCCAGCOTCTGUGS
ARTGGATCACACTGAGAAGAGGGGGUGGATTTACCTAAAGGCIGAGCGT TGO TGATGAARAGCTCD
ATGTCACAGTACGAGATGCAREAAATCTAATCCCTATGGATCCAARCGRGCTTTCAGATCCTTAT
GIGAAGCTGAAACTTATTCCEGATCCCAAGAATGARAGCAAGCAAARAACCAAAACCATOCECTC
CACACTAAATCCGCAGTGGAATGAGTCCTTTACATTCARATTGAALCCT TCAGACARAGACCGAC
GACTGTCTGTAGAAATCTGCGACTGECGATCGAACAACAAGGAATCACTTCATGGRATCCCTTTCD
TTTGGRAGTTTCGGAGCTGATGARGATGCCGGCCAGTGGATGETACAAGTTgC TTAACCAAGRAGA
AGGTGAGTACTACAACGTACCCATTCCGGAAGGGGACGAGGAAGGAAACATGGAACTCAGGCAGA
AATTCCAGAAAGCCARACTTGGCCCTGCTEGCAACARAGTCATCAGTCCUCTCTGAAGACAGGARR
CRACCTTCCAACARCCTTIGACCGAGTGRAAACTCACGGACTTCAAT T PCOTCATGGTGT TGGGARR
GGEGAGTTITTICGRAAAGGTGATGCTTGCCGACAGGAAGGSGCACAGALGARC TG TATGCAATCALAR
TCCTGAAGAAGGEATGIGETGATTCAGGATGATGACGTGCAGTGCACCATGS TAGARAAGCGAGTC
TTGGCCCTGCTTGACARACCCCCGTTCT TGACGCAGCTGUACTCO TGCTTCCAGACAGTGGATOG
GCIRGTACTTCGTCATGGAATATGTCARCGGTGGEGGACCTCATGTACCACATTCAGCAAGTAGGRAL
ARTTTAAGGAACCACAAGCAGTATICTATGOGGCAGAGATTTCCATCGEATTGTTCTTTCTTCAT
ARDAGAGGAATCATTTATAGGGATC TGAAGTTAGATARCGTCATCTTGGATTCAGRAAGGACATAT
CARAATTGCTGACT I TGGGATGTGCARAGGAACACATGATGGATGCGAGTCACGACCAGGACCTTCT
GLGGGACTCCAGATTATATCGCCCCAGAGATAATCGCTTATCAGCCETATGGARARAATCTGTGEAC
TGGTGEGCCTATGGCETCCTGTTGTATGARATGCTTGCCGEECAGCCTCCATTTGATGSTEARGA
TGAAGACGAGCTATTTCAGTCTATCATGGAGCACAACCTTTCCTATCCARRATCCTTGTCCARGS
AGGCTCTTTCTATCTGCAARGGACTGATGACCAAACACCCAGCCAAGCGGLTGGECTETGGGCOT
GAGGGGGAGAGGBCACGTGAGAGAGCATGCCTTCTICCGGAGGATCEGACTGGGARAAAAC TGGAGAR
CAGGCAGATCCAGCCACCATTCAAGCCCAARGTCTGTGGCARAGGAGCAGAGAACTTTGACAAGT
TCTTCACACGAGGACAGCCCGTCTTAACACCACCTGATCAGC TG T TATTGCTAACATAGACCASG
TCEGATTTTGAAGGGTTCTCGTATGTCAACCCCCAGTTTGTGCACCCCATC TTACAGAGTGCAGT
AGTT

SEQ ID NO:450 (Human Protein Kinase C alpha (PKCa) (aa sequence)

MADVEPGND3ITASQDVANRFARKGALROKNVHEVEDHEKF IARFFKOPTFCSHCTDRIWGFGKOGE
QCOQVCCEFVVHERCHEFVIFSCPGADKGPDTDDPRSKHK PR IHTYGSPTFCDHCGSLLYGL THOGM
KCDTCDMNVHKQCVINVPSLCGMDHTERRGRI Y LKAEVADERKLEVTVRDAKNL I PMDPNGLSDPY
VELEKLIPDPENESKQRTKTIRSTLINPQWNESFTFKLKPSDEDRRLSVE IWDWDRTTRNDFMGSLS
PEVSELMKMPASGWYKLLNQERGEYYNVP I PEGDEEGNMELROKFERKAKLGPAGNKVISPSEDRK
QPSNNLDRVELTDEFNFPLMVLGKGSFGEVMLADREKGTEE LYAIKI LKKDVVIODDDVECTMVERRY
LALLDKPPFLTOLHSCFOTVDRLYFVMEYVNGGDLMYH I OOVGKFKEPOAVEYAAR T STGLFFLHE
KRGITYRDLKLDNVMLDSEGHIKIADFGMCKEHMMDGVTTRTFCGTEDY TAPEITAYQPYGKSVD
WWAYGVLLYEMLAGOPPFDGEDEDELFQS IMEHNVSY PKSLSKEAVS ICKGILMTKHPAKRLGCRP
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EGERDVREHAFFTRRIDWEXKLENREIQPPFKPRKVCGKGAENFDKFFTRGOPVLTPEDQLVIANIDO
SDFEGESYVNPOFVHPILOSAVV

SEQ ID NO:451 (Human Glucocorticoid receptor (GR) (nt sequence)
ATGGACTCCARAGARTCATTAACTCCT GG TAGAGAAGAR A ACCCCAGCAG TG TGO TTEC TCAGRR
GAGGGGAGATGTCGATGGACT TCTATAARACCC TAAGAGGAGGAGC TAC TG TGAAGETTTC TGOET
CTTCACCCTCACTGGCTGTCGCTTCTCAATCAGACTCCAAGCAGCGAAGACTTTTGEETTGATTTT
CCAAAAGGCTCAGTAAGCAATGCGCAGCAGCCAGATC TG TCCAAAGCAGTTTCACTCTCAATOGE
ACTGTATATGGGCAGAGACAGARRCARARGTGATGGGAAATGACCTGEGATTCOOACAGCAGGGRC
AAATCAGCCTTTCCTICGGGGGAAACAGACTTARAGC T TT TGGAAGAAAGCAT TGCARRCCTCAAT
AGGICGACCAGTCTICCAGAGAACCCCAAGAGTICAGCATCCAC TGO TETGTCTACTGCCCCCAD
AGAGAAGGAGTITCCARAAACTCACTCTGATGTATC TTCAGAACAGCARCATTTGAAGOGGCCAGA
CTGGCACCAACGGTIGGCAATGTGAAAT TG TATACCACAGACCARAGCACC T TYGACATTTTGOAG
GATTIGGAGTTTTICTTCTGGGTCCCCAGGTARAGAGACGAATGAGAGTCCTTCGAGATCAGACOT
GTTGATAGATGARRACT GTTTIGC T I TCTCCTCTGGCEEGAGAAGACGATTCATTCCTTTTEGAAG
GAAACTCGAATGAGCACTGCAAGCC TCTCAT T T ACCEGACACTAAACCCARAATTAAGGATART
GGAGATCTGGTTTTGTCAAGCCCCAGTAATGTAACACTECCCCARAGTGARAACAGAARADAGARGE
TTTCATCGAACTCTGCACCCCTGGGGTAATTAAGCARAGAGAAACTGGGCACAGTTTACTGTCAGEH
CAAGCTTTCCIGGAGCAAATATAAT TGGTAATARAA TS TCTGCCAT T IC TG TTCATGE TG TGAGT
ACCTCTGGAGGACAGATGTACCACTATGACATGAATACAGCATCCCT T TICTCARCAGOAGGATCA
GAAGCCTATTEITTAATGTCATTCCACCAATTCCCET GG TTCCGRARAATTGGAATAGGTGCCAAG
GATCTGGAGATGACAACTTGACTICTCTGGGGACTCTGAACTTCCCTGGTCGAACAGTTT TTTCT
AATGGCTATTCAAGCCCCAGCATGAGACCAGATGTAAGC TCTCCTCCATCCAGC TCOTCAACAGD
ARCAACAGGACCACCTCCCAAACTCTGCCTGGTEGTGCTC TGATGAAGC TTCAGGATETCATTATS
GAGTCITAACTIGTGGAAGC TG rARRGTTTTC T TCAAAAGAGCAGTGGAAGGACAGCACRATTAC
CTATGTGCTGGAAGGAATGAT TGCATCATCGATARAAT TCCARGALAAAACTECCCAGCATECCG
CTATCGAAAATGICTITCAGGCTGGAATGAACCTGGRAGC TCGAAAAACARACGAARARRAATARAAG
GAATTCAGCAGGCCACTACAGGAGTCTCACARGARACCTCTGARAATCCTGGTAACARRRACAATA
GTTCCIGCAACGT TACCACAACTCACCCCTACCCTOGTGTCAC TGTTGGAGGTTATTCGAACC TG
AGTGTTATATGCAGCGATATGATAGCTCTGTTCCAGACTCARCTTGGAGGATCATGACTACGOTCA
ACATGTTAGGAGGGCGGCAAGTGAT TGCAGCAGTGAAAT GGGCAAAGGCAATACCAGGTTTCAGS
AACTTACACCTGGATGACCARATGACCCTACTGCAGTACTCCTGGATGTTTCT TATGGCATTTES
TCTGGEETGGAGATCATATAGACARTCAAGTGCARACCTGC TG TETT T TECTCCTGATCTGAT TA
TTAATGAGCAGAGAATGACTCTACCCTGCATGTACGACCAATG TARACACATGCTETATE T TTCC
TCTGAGT TACACAGEC T TCAGGTATC T TATGAAGAGTATCTCTGTATGARAAACC TTACTGC TTOT
CTCTTCAGTTCCTAAGGACGGTCTGAAGAGCCAAGAGC TATT TGATGAAATTAGAATGACCTACA
TCAAAGAGCTAGGARRRGCCATTGTCAAGACGGAAGGAAACTCCAGCCAGRACTCRCAGCGGTTT
TATCARCTGACARAACTCTTGGATTCTATGCATGAAGTGRTTGAARATCTCCTTAAC TAT TECTT
CCAAMACATTTTTGGATAAGACCATCAGTATTGAATTCCCCEAGATE T TAGC TGAMATCATCACCA
ATCAGATACCAAAATAT TCARAATGGARLTATCAAARAAACTTC TS T TTCATCARARACGTT

SEQ ID NO:452 (Human Glucocorticoid receptor (GR) (aa segquence)

MDSKESLTPGREENPSSVLAQERGDVMDEYKTLRGGATVKVSASSPSLAVASQSDSKQRRLLVDE
PRGSVENAQOPDLSKAVSLEMGLYMGE TETKVMGNDLGFPOOGOISLSSCGRETDLKLLEES IANLN
RSTSVPENPKSSASTAVSAAPTEKEFPKTHSDVSSEQQHLKGQTGTNGGNVKLYTTDQSTFDILQ
DLEFSSGSPGKETNESPWRSDLL I DENCLLSPLAGEDDSFLLEGNSNEDCKPLILPDTEKPR IKDN
GRLVLESSPSNVILPQVKIERKEDF IELCT PGV IKQERLGTVY COASFPGANI IGNKMSAT SVHGYS
TSGEOMYHYDMNTASLSOQODOKPIFNVIPRPIPVGSENWNRCOGSGDDNLTSLETLNFPGRTVES
NGYSSPSMRPDVSSPPSSSSTATTGPPPKLCLVCSDEASGCHYGVLTCGSCKVFFKRAVEGQHNY
LCAGRNDCIIDKIRRENCPACRYRKCLOAGMNLEARKTRKK IKGICQOAT TGVSOETSENEGNKTI
VPATLPOLIPTLVSLLEVIEPEVLY AGYDSSVPDSTHRIMT T ILNMLGEROVIAAVKWAKA T PGFR
NLHLEDDOMTILLOY SWMF LMAFALGWRSYROSSANLLCPAPDLI INEQRMTLPCMY DOCKHMLYVS
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SELHRLOVSYEEYLCMKILLLLSSVPKDGLKSQELFDEIRMTY IKELGKAIVEREGN S SONWORE
YOLTRLLDSMEEVVENLINYCFQTFLDKTMSIEFPEMLAE I ITNQ I PKY SNENIRKKLLFEQKY

SEQ ID NO:453 (L27V02-GR/L27V02-PKCa linker (nt sequence)
GGTGGTTCAGGTGGTGGCGEEAGCGELGGAGGGAGCAGCGGTGRAGCGATCGELC

SEQ ID NO:454 (L27V02-GR/L27V02-PKCa linker (aa segquence)
GGSGGEGSEGESSGGEATA

SEQ ID NO:455 (GR-L27V02/PRCa~L27V02 linker (nt seguence)
TCTCTCGGTGETICAGGTGGTOGCGEGAGCGETGGAGGCAGCAGCGETGGA

SEQ ID NO:456 (GR-L27V02/PKCa-127V02 linker (2a sequence)
SLGGSGGGGEGGEESSGE

SEQ ID NQO:457 (GSSG linker {(nt segquence)
GCTCGAGCGGA

SEQ ID NO:458 (GSSG linker {aaza sequence)
GSS5G

SEQ ID NO:45% (ATIR (nt sequence)
ATGATTCTCAARCTCTTICTACTGAAGATGETATTARAAGAATCCAAGATGATTGTCCCARAGC TGS
ALGGCATAATTACATAT I TGT CATGATTCCTACT TTATACAG TATCATC T T TG TGS TGEGAATAT
TTGGAARCAGC T TGGTGETGATAGTCAT TTACT T TTATATGAAGC TGAAGACTGTGGECCAGTETT
T CT T T T GAAT T TAGCACTGGECTGACTTATGC T T T TTACTGACTTTGCCACTATGEECTGTOTA
CACAGCTATGGAATACCGCTGGUCCT T TGGCAATTACCTATGTAAGAT TECTTCAGCCAGCETCA
CTTTCAACCTGTACGCTAGTGTGTTTCTACTCACGTGTC TCAGCATTGATCGATACCTGECTATT
GTTCACCCAATGAAGTCCCGCCTICGACGCACAATGCTTGTAGCCARAGTCACCTGCATCATCAT
TTGGCTGCTGGCAGCGCTTGGCCAGT TTGCCAGCTATAATCCATCGARA TG TATT T TTCATTGAGA
ACACCAATATTACACTTITGTGCTTTCCATTATGAGTCCCARARATTCAACCOTTCCGATAGGGOTG
GGCCTGACCAAAARATATACTGGGTTTCCTGTTTCCTTT T TCATCATTCT TACAAG T TATASTOT
TATTTGGAAGGCCCTAAAGAAGGCTTATGARATTCAGAAGAACARACCAAGRAATGATGATATT
TTAAGATARATTATGGCAATTGIGCTTITCTTTTTCTTTTCCTGEAT TCCCCACCARATATTCACT
TTTCTGGATGTATTGATTCAACTAGGCATCATACGTCAC TETAGRATTGCAGATAT TG TGGACAC
GGCCATGCCTATCACCATTTIGTATAGCTTAT T TTAACAATTGCCTGAATCCTCTT T TTTATGGOT
TTCTGGGGAARRRATTTARAAGATATTTTCTCCAGCTTCTARRATATATTOCCCCARRAGCCALA
TCCCACTCAAACCTTTCAACAAARATGAGCACGCTTTCCTACCSGCCCOTCAGATAATSTAAGCTE
ATCCACCAAGAAGCCTGCACCATGTTTTGAGGTTGAGTGA

SEQ ID NO:460 (ATIR {(aa sequence}

MILNSSTEDGIKRIODDCPKAGRHNY IFVMIPTLYSIIFVVGIFGNSLVVIVIYFYMKLETVASY
FLLNLALADLCELLT L PLWAVY TAME Y RWPFGNY LCR IASASYSFNLYASVELLTCLS I DRYLAT
VHPMRSRLRRIMLVARVICI I IWLLAGLASLPATI THRNVFFIENTNITVCAFHYESONS TLPIGL
GLTKNILGFLFPFLIILTSYTLIWKALKKAYEIQKNKPRNDDIFKIIMAIVLFFFFSWZPHQIFT
FLDVLIQLGIIRDCRIADIVDTAMPITICIAYFNNCINPLEYGEFLGRRFERYFLQLLKYIPPKAK
SHSNLSTEMSTLSYRPSDNVSSSTKEPAPCEFREVE
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SEQ ID NO:461 (IL6-00 signal peptide {nt sequence)
ATGAACTCCTICTCCACAAGCGCCTTCGGTCCAGTIGCCTTCTCCCTGGGGCTGCTCCTGGTGTT
GCCIGCTGCCITCCCTGCCCCA

SEQ ID NO:462 (IL6-00 signal peptide (aa sequence)
MNSFSTSAFGPVAFSLGLLLVLPAAFPAP

SEQ ID NO:463 (IL&6-00 L27V-00 {(nt sequence)
ATGAACTCCTTCTCCACAAGCGCCTTCGGICCAGTIGCCTITCTCCOTGGGGCTGCTCCTGETETT
GCOTGCTGCCTTCCCTGCCCCAGTGTTTACACTCGAAGATTTCGTAGGGGACTGECGGCAGACAS
CCGGUTACAACCTGGACCAAGTCCTTGAGCAGEGCGETGTGTCCAGTYTIGTTTCAGAATC TCEGE
GITGTCCOTAACTCCGATCCAAAGGATTGTCCTGAGCGETGARAACGGLCTGRAGATCGACATCCA
TGTCATCATCCCGTATGAAGGTCTGAGCGECGATCAGATGGGCCAGATCGARAAAAT TTTTAAGG
TGGTGTACCCTGIGGATGATCATCACT TTAAGGTGATTCTGCACTATGGCACACTEGTARATCGAC
GGGGTTACGCCGAACATGATCGACTATTTCGGACGGCCGTATGAAGCSCATCGCCGTATTCGACGS
CARARAGATCACTGTARCCGGGACCCTETGGAACGGCARCAAAATTATCCGACGAGCACCTGATCA
ACCCCGACGGCTCCCTGCTGTITCCGUGTAACCATCAACGGAGTGACCGGCTGGCGGL TG TGCGAG
CGCATTTTGGCG

SEQ ID NO:464 (IL6-00 L27V-00 (aa sequence)
MNSFETSAFGPVAFSLGLLLVLPAAF PAPVET LEDFVGDWROTAGYNLDOVLEQGGVSSLFONLG
VSVIPIQRIVLSGENGLKIDIEVIIPYEGLSGDOMGQIEKIFKVVYPVDDHHFKY I LEYGTLVID
GVIPNMIDYFGRPYEGIAVFDGKRITVIGTLWNGNKI IDERLINPDGSLLFRVTINGVTIGWRLCE
RILA

SEQ ID NO:465 (Native secretion signal + L27V (nt sequence)
atggettactecacactgttcatcattgetetecacagecygtegtaacacaagoctootccacaca
gaazagcaacctgacaGlGCTTTACACTCGAAGATTTCGTAGGGGACTGGCGGCAGACAGCCGGCT
ACARCCTGGACCAAGTCCTTGAGCAGGGCEGTGTGICCAGTTTGTTTCAGAATCTCGGEGETETCC
GTAACTCCGATCCARAGGATTCTCCTIGAGUGGIGARAACGGCCTGAAGATCGACATCCATGTCAT
CATCCCGTATGAAGGTCTGAGCGEGLGATCAGATGGGCCAGATCGAMAAAATTTTTAAGGTGGTGT
ACCCTGTGCATGATCATCACTTTAAGGTGATTICTGCACTATGGCACACTGGTAATCGACGGEGTT
ACGCCCAACATGATCGACTATTITCGGACGGCCGTATGAAGGCATCGCCCTGTTCCALGGCARAAA
GATCACTGTAACCGGGACCCTGTGCARACGGCAACARRAT TATCGACGAGCGCCTGATCAACCCCG
ACGGCTCCCTGCTETICCGCGTAACCATCAALCGCAGTGACCEGCTGGCGGCTGTGUGAGCECATT
TTGGCG

SEQ ID NO:466 (Native secretion signal + L27V (aa sequence)
MAYSTLFITALTAVVIQASSTORSNLIVETLEDFVEDWROQTAGYNLDOVLEQGGVSSLFONLGYS
VIPIQRIVLSGENGLRIDIEVIIPYEGLSGDOMGOIERIFRVVY PVDDHHFEVILEHYGTLVIDGY
TPNMIDYFGRPYEGIAVFDGRKITVTGTLWNGNEIIDERLINPDGSLLFRVTINGVTGWRLCERT
LA

SEQ ID NO:467 (CP 6 L27V (RIIbB) (nt sequence) (nt sequence)

Atgttcgttggggactyggegacagacageoggctacaacctggaccaagiocttgaacagggagy
tgtgtccagtitgtttcagaatctcggggtgtecgtaactocgatecaaaggatigtaoctgageg
gtgaaasatgggctygaagatcgacatccatgtecatecatecegtatgaaggtictgageggogaccaa
atgggecagatcgasaaaatitttaaggtggtgtacectgiggatgatcatcactttaaggtgat
cctgcactatggcacactggtaatcgacgygggttacgececgaacatgategactattieggacgaa
cgtatgaaggcatcgecgtygttcgacyggecaaaaagatcactgtaacagggacectgtggaacgge

261



gacaazaattatcgacgagecgoctgatcaaccocgacggetecctygetgttccgagtaaccatcaa
cggagtgaccggetygegactgtGUGARACGCATTCTGGCLAGCTCAAGCGGAGETTCAGGCGGETT
CCGGAATGTATGAAAGCTTTATTGAGTICACTGCCATTCCTTARAATCTTTGGAGT I T T CTGCACGC
CTGARAGTAGTAGATGTGATAGGCCACCAARGTATACAACGATGGAGRACAARTCATTGCTCAGGGE
AGATTCGGCIGATTICTTTTTTCATTATTGAATCTGGAGAAGT GARRATTACTATGARAACAAAGE
GCTAAATCAGAAGTGGAAGAGAATGGETGCAGTAGARATCGCTCGATGCTCGCGGGGACAGTACTTT
GGAGAGCTTGCCCIGETAACTAACAAACCTCGAGCAGCTTCTGCLCACGCCATTGGGACTGTCAA
ATGTTTAGCAATGGATCTCCAACCATTTGAAAGGCTTCTGEGACCTTGCATGGAAATTATGARRR
GGAACATCGCTACCTATGAAGAACAGTTAGT IGCCCTGFATGGAACGAACATGGATATTESTAGGS
TCAGCTGCATCTGGAGGTAGCTCITCTatggtecttcacactcgaagat

SEQ ID NO:468B (CP 6 L27V (RIIbB} (aa seq)
MEVGDWROTAGYNLDOVLEQGGVESLEONLGVSVIPIQRIVLSGENGLEIDIHVIIPYEGLIGDY
MGOIEKIFKVVYPVDDHEFEVILEYGILVIDGVI PNMIDYFGRPYEGIAVEDGKEITVTGTLWNG
NEIIDERLINPDGESLLFRVTINGVTGWRLCERILASSSGGSGGSCMYESFIESLPFLKSLEFSAR
LEVVDVIGTKVYNDGEQITAQGDSADSFFITESGEVEI TMRREKGKSEVEENGAVE TARCESREQY F
GELALVINRKPRAASAHAIGTVECLAMDVQAFERLLGPCMEIMERNTATYEEGLVALYGTNMDIVE
SCGESGESSSMVETLED

SEQ ID NO:469 (CP 12 L27V (RIIbR) (nt sequence) (nt sequence)
ATGcagacagccggctacaacciggaccaagtoctigaacagggagatgtgtecagtttgtttca
gaatctoggggtgticocgtaactcececgatccaaaggattgtectgageggtgaaaatggyotgaaga
tecgacatcocatgteatcatceogtatgaagogtetgageggogaccaaatyggocagatcgaasas
attittaaggtggtgtacectgtggatgatcatcactttaagetygatcctgeocactatggcacact
ggtaatcgacggggttacygccgaacatgatcgactatttoggacggecgtatgaaggcategeayg
tgticgacggraaaaagatcactgtaacagguaccetgtyggaacggcaacaaaattatcgacgag
cgoctgatcaaccoegacggetecctgectgticcgagtaaccatcaacggagtgacoggotggey
gotgtGCGRACGCATTCTGGCLAGCTCAAGCGGAGETTCAGGCGGTTCCGGAATGTATGAAAGCT
TTATTGAGTCACTGLCATTCCTTAAATCTTTGGAGTTITTCTGCACGCCTGARAAGTAGTAGATGTG
ATAGGCACCAAAGTATACARCGATGGAGARCARATCATTGCTCAGGGAGATTCGGCTGATTCTTT
TTTCATTATTGARTCTGGAGAAGTGAAAATTACTATGAAARAGARAGGGTARATCAGAAGTEGAAG
AGAATGGTGCAGTAGAAATCGCTCCGATGCTCGCEGGEGACAGTACTTTLGEAGAGCTTGLCCTGGTA
ACTAACAAACCTCGAGSCAGCTTCTGCCCACGCCATTGGGACTGTCARATGTTTAGCAATGGATGT
GCAAGCATTTGARAGGCTTCTGGGACCTTGCATGGARARATTATGAAAAGGAACATCGCTACCTATG
ARGAACAGTTAGTTGCCCTGTATGGAACGAACATGGATATTGTAGGGTCAGETGEATCTGGAGCT
AGCTCTITCTatggtoettcacactcgaagatitegttyggggactggcga

SEQ ID NO:470 (CP 12 L27V (RIIbB) {(aa seq)
MOTAGYNLDOVLEQGGVESLEFQNLGVSVIPIQRIVLSGENGLKIDTHVI IPYEGLSGDOMGQIEK
ITFRVVYPVDDHHFEVILHYGTLVIDGVT PNMI DY FGRPYEGIAVIDGKKITVTGTLWNGNK I I DE
RLINPDGSLLFRVIINGVTGWRLCERILASSSGCSGGSGMYRESFIESLPFLESLEFSARLRVVDY
GITRVYNDGEQITAQGDSADSFF L IESCEVRKITMRREKGKSEVEENGAVE TARCSRGOYIGELALY
TNKPRAASAHAIGTVRCLAMDVOAFERLLGPCME IMKRN I ATYEEQLVALYGTNMDIVGSGGSGE
SSEMVFTLEDEFVGDWR

SEQ ID NO:471 (CP 48 L27V (RIIbB) {(nt seguence)

ATGggtgaaaatgggetgaagategacatccatgtecatecateccgtatgaaggtotgageggega
ccaaatgggccagatcgaaaaaatitttaagotggtgtaccectgtggatgatecatcactttaagy
tgatcctgecactatggeacactyggtaategacggggttacgeogaacatgatcgactatttogga
cggecgtatgaaggecatcgecogtgtitogacggeaaaaagateactgtaacagggacoctgtggaa
cggcaacaaaattategacgagegectgatcaaccoccgacggctecctgotgttocgagtaacea
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tcaacggagtgaceggetggoggoctgtGCGAACGCAT T TGGC LAGC TCAAGCGGRAGG T TCAGED
GGTTCCGGRATGTATGAAAGCTTTATTGAGTCACTGCCATTCCTTARATCTTTGGAGTTTTCTGC
ACGCCTGAAAGTAGTAGATGTGATAGGCACCARAGTATACARCGATGGAGAACARATCATTGCTC
AGGGAGATTCGGECTGATICTT T I TTCATTAT TGAATC I GCAGRAGTGARAA D TACTATGARAAGH
AAGGGTAAATCAGARCTGGAAGAGARATGETGCAGTAGAA AT COUTCGATSCTCECGGEGACAGTA
CTITGGAGAGUTTGCCCIGETAACTAACAAACCTCGAGUAGCTTCTECCCACGCCATTGGGACTS
TCAARATGTTTAGCAATGGATGIGCAAGCATTTGARAGGL T ICTGGGACCTTGCATGRARAATTATS
AAAAGGAACATCGCTACCTATGAAGAACAGTTAGTTGCCCTGTATGGAACGAACATGGATATTGT
AGGGTCAGGTGGATCTGGAGGTAGCTCTIICTatggtet teacactcgaagattLegt tggggact
ggcgacagacagceggctacaacctyggaccaagtecttgaacagggaggtgtgteccagtttgttt
cagaatcteggggltgtocgtaactecgateccaaaggattgtoctgage

SEQ ID NO:472 (CP 48 L27V (RIIbB) (aa seq)
MGENGLKIDIHVIIPYEGLSGDOMGOTEKIFKVVY PVDDHEFKVILEYGTLYIDGYT PNMIDYFG
RPYEGIAVFDGKKITVTGTLWNGNK T I DERLINPDGSLLFRVT INGVTGWRLCERT LASSSGESE
GSGMYESFIESLPFLESLEFSARLKVVDVIGTEVYNDGEOI IAOGDSADSFEF T TESGEVK I TMKR
KGKSEVEENGAVE IARCSRGQY FGELALVTNKPRAASAHATGTVKCLAMDVOAFERLLGPCME TM
KRNIATYEEQLVALYCTNMDIVGSGGSGESSSMVETLEDFVGDWROTAGYNLDOVLEOGGYSSLE
ONLGVSVTPIQRIVLS

SEQ ID NO:473 {(CP 52 L27V (RIIbB) (nt sequence)
ATGCTGAAGATCGACATCCATGTCATCATCCCGTATGAAGGTCTGAGCEGCGACCARATGEGOCA
GATCGAAARRATTTITTAAGGTGGTGTACCCTGIGGATGATCATCACTTTAAGGTGATCCTGCACT
ATGGCACACTGGTAATCCACGGGGTTACGCCGAACATGATCGACTATTICGGACGECCGTATGAR
GGCATCGCCGTGTTCCACGGCARRAAGATCACTGTAACAGGRACCCTGTGGAACGGCAACAAMAT
TATCGACGAGCGCCTGATCAACCCCGACGEUTCCCTGC TG T ICCGAGTARCCATCAACGGAGTGA
CCGGCTGECEGUTETGCGAACGCATICTGGCTAGCTCAAGCEGAGG T TCAGGCEETTCCGGRATS
TATGAAAGCTITATTGAGTCACTGCCATTCCTTARATC I TTGGAGT T TTCTGCACGOC TGARAGT
AGTAGATGTGATAGGCACCARAGTATACAACGATGGAGAACARATCATTGUTCAGGGAGATTCGE
CIGATTCTTTTTTCATTATTGAATCT GGAGAAGTGARAATTACTATGARARAGAARGGETARATCA
GAAGTGGAAGAGAATGGTGCAGTAGAAATCGCTCGATGC TCGCOGGEACAGTACTTTGGAGAGET
TGCCCTGGTAACTAACARACCTCGAGCAGCTTCTGCCCACGCCATTGGGACTGTCARATGTTTAG
CAATGGATGTGCAAGCATTITGARAGGCTICTGGGACCTTGCATGGAAATTATGARAAGGAACATC
GCTACCTATGAAGAACAGTTAGTTGCCCTIGTATGCAACGAACATGGATATTCTAGGGTCAGGTGS
ATCTGGAGGTAGCTCTTCTATGGTICTTCACACTCGAAGATTICETTGEGGACTGGCEACAGACAG
CCOGCTACAACCTGGACCAAGTCCTTGRACAGGGAGGTGTGTCCAGTTIGT T TCAGAATCTCGGE
GTGTCCGTAACTCCGATCCARAGGATTGTCCTGAGCGGTGARAATGGES

SEQ ID NO:474 (CP 52 L27V (RIIbB) (aa seq)
MLKIDTHEVIIPYEGLSGDOMGQIEK I FRVVY PVYDDHHFKY I LHYGTLY I DGVTPNMT DY FGREYE
GIAVFDGKKITVTGTLWNGNKI I DERLINPDGSLLFRVT INGVTGHRLCER T LAS SSGGSEGESAM
YESFIESLPFLKSLEFSARLXVVDVIGTEVYNDGEQT TAQGDSADSFFT TESGEVE I TMKRKGKS
EVEENGAVEIARCSRGQYFGELALVTNKPRAASAHATGTVKCLAMDVOAFERL LGPCME T MKRN T
ATYEEQLVALYGTNMDIVGSGGSGGSS SMVETLEDFVGDWROTAGYNLDOVLEQGGVSSLEONLG
VSVTPIQRIVLSGENG

SEQ ID NO:475 (CP 55 L27V (RIIbB) (nt sequence)

Atgqacatccatgtcatcatcccgtatgaaggtctgagcggcgaccaaatgggccagatcgaaaa
aatttttaaggtggtgtacoctytyggatgatcatcactttaaggtgatectygcactatggeacas
tggtaatcgacggggttacgecgaacatgategactattteggacggecgtatgaaggcatogee
gtgttcgacggcaaaaagatcactgtaacagggaccctgtggaacggcaacaaaattatcgacga
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gcgcctgatcaaccccgacggctccctgctgttccgagtaaccatcaacggagtgaccggctggc
gootgtGCGAACGCATICTGGCLAGCTCAAGCGGAGCTTCAGGCGGT Y CCGERATGTATGALAGD
TTTATTGAGTCACTGCCATTCCTTAAATC TT TGGAGTTT TCTGCACGCCTGARAAGTAGTAGATGT
GATAGGCACCAAAGTATACAACGATGGAGAACAAATCATTGCTCAGGGAGATTCGGCTGATTCTT
TTTTCATTATTIGAATCTGGAGAAGTGAAAATTACTATGAARAGAAAGGGTARATCAGAAGTGGAA
GAGAATGGTIGCAGTAGARATCGCICGATGCTCGCGGEEACAGTACT TTGGAGAGC TTGCCCTGGT
ARCTAACAAACCTCGAGCAGCTITCTGCCCACGCCATTGGGACTGTCARAATETTTAGCAATGEATG
TGCAAGCATTTGAARAGGCUTTCTGGGACCTTGCATGGAART TATGARAARGGAACATCGCTACCTAT
GAAGAACAGTTAGTTGCCCTGTATGGAACGRAACAT GGATATTGTAGGG TCAGGTGCATCTERAGS
TAGCTCTTCTatggtcttcacactcgaagatttcgttggggactggcgacagacagccggctaca
acctqgaccaaqtCcttgaacaqggaggtgtgtccagtttgtttcagaatctcggggtgtccgta
actcegatocaaaggattgteoctgagogotyaaaatgggetgaagate

SEQ ID NO:476 (CP 55 L27V (RIIbB) (aa seq)
MDIHVIIPYEGLSGDOMGOIEKIFKVVY PVDDHHEFKV I LHYGT LY I DCVTPNMIDYFGREYEGTA
VFDGKKITVTGTLWNGNKIIDERLINPDGSLLFRVTINGVTGWRLCERILASSSGGSGGSGMYES
FIESLPFLRSLEFSARLEVVDVIGTKVYNDGEQI IAQGDSADS P TESGEVE I TMERKGK SEVE
ENGAVEIARCSRGQYFGELALVTNKPRAASAHAIGTVKCLAMDVQAFERLLGPCMEIMKRNIATY
EEQLVALYGTNMDIVGSGGSGGSSSMVFTLEDFVGDWRQTAGYNLDQVLEQGGVSSLFQNLGVSV
TPIQRIVLSGENGLKI

SEQ ID NO:477 (CP B3 L27V (RIIbB) (nt seguence)
ATthggatgatcatcactttaaggtgatcctqcactatggcacactggtaatcgacgggqttac
gccgaacatgatcgactatttcggacggccgtatgaaggcatcgccgtgttcgacgqcaaaaaga
tcactgtaacaqggaccctgtggaacggcaacaaaattatcgacgagcqcctgatcaaccccgac
ggcteectgetgttecogagtaacratcaacygagtgacogygetageggetgtGCGAACGCATTCT
GGCLAGCTCAAGCGGAGGTTCAGGUGGTTCCGGAATGTATGAAAGC T TTATTGAGTCACTGCCAT
TCCTTAAATCTTTGGAGTTTTICTGCACGCCTGARAGTAGTAGATGTGATAGGCACCAAAGTATAC
AACGATGGAGAACAAATCATTGCTCAGGGAGAT TCGGCTCAT TCTTTTTTCAT TATTGAATCTEG
AGAAGTGARAATTACTATGAAAAGARAGGGTAAATCAGRAGTGGRAGAGAATGOTCCAGTAGALL
TCGCTCGATGCTCGUGGGGACAGTACTTTGGAGAGC T TGCCCTGGTAAC TAACAAACC TCGAGCA
GCTTCTGCCCACGCCATTGGGACTGTCARATG T TTAGCAATGGATGTGCAAGCATTTGAAACGCT
TCTGGGACCTTGCATGGAAATTATGARAAGGAACATCGC TACCTATGAAGRAACAGT TAGTT OO
TGTATGGAACGAACATGGATATTGTAGGGTCAGGTGGATCTGGAGGTAGCTCTTCTatgqtcttc
acactcgaagatttcgttggggactggcgacagacagccggctacaacctggaccaagtccttga
acagggaggtgtgtccagtttgtttcagaatctcgggqtgtccgtaaotccgatccaaaggattg
tcctgagcggtgaaaatgggctgaagatcgacatccatgtcatcatcccgtatgaaggtctgagc
gucgaccaaatgggecagatcgazaaaattittaaggtggtgtacect

SEQ ID NO:478 (CP 83 L27V (RIIbB) (aa seq)
MVDDHHFKVILHYGTLVIDGVTPNMI DY FGRPYEGIAVFDGKK I PVTGTLWNGNK T T DERT.INDD
GSLLFRVTINGVTGWRLCERILASSSGGSGGSGMYESFIESLPFLKSLEFSARLKVYDVT GTKVY
NDGEQITAQGDSADSFFIIESGEVKI TMKRKGKSEVEENGAVE TARCSRGOY FCELALVTNKPRA
ASAHATIGTVECLAMDVQAFERLLGPCME IMKRN T ATYEEQLVALY GTNMD IVGSGGSGGS S SMYT
TLEDFVGDWROTAGYNLDOVLEQGGVSSLEONLGVSVTPTQRIVLAGENGLKIDIHVI T PYEGLS
GDOMGQIEKIFKVVYP

SEQ ID NO:479 (CP 84 L27V (RIIbB) (nt segquence)

atggatgatcatcactttaaggtgatcctgcactatggcacactggtaatcgacggggttacgcc
gaacatgatcgactatttcggacggccgtatgaaggcatcgcCgtgttcgacggcaaaaagatCa
ctgtaacagggaocctgtggaacggcaacaaaattatcgacgagcgcctgatcaaccccgacggc
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teectgetgitecgagtaaceatcaacggagtyaceggetggeggct gt GUGAACGCATTCTGGT
LAGCTCAAGCGGAGGTTCAGGCGET ICCGGAATGTATGARAGCTTTATYGAGTCACTGCCATTCC
TTARATCTTIGGAGTTTTCTIGCACGCCTGARAAGTAGTAGATG TCATAGRCACCARAGTATACAAC
GRATGGAGAACARATCATTGCTCAGGGAGATTCGGCTGATTCT T TTTTCATTATTGAATCTGGAGA
AGTGAALATTACTATGAARAGAAAGCGTAAATCAGAAGTGGAAGAGAR TGO TGCAGTAGARLTCS
CTCGATGCTCGCGGGGACAGTACTTIGGAGAGCTTIGCCCTGGT AR TAACARACCTCGAGCAGCT
TCTGCCCACGULAT TGGGACTGICAAATGTTTAGCAATGGATG TGCAAGCATTTGARAGGCTTCT
GGGACCTTGCATGGAAATTATGAAARGGAACATCGCTACCTATGAAGAACAGTTAGTTCCCOTGT
ATGGAACGAACATGGATATIGTAGGGTCAGETGGATCIGGAGGTAGCTCTTCTatggtcttcaca
ctcgaagatttegttggygactyggogacagacageeggotacaacoiggaccaagtecttgaaca
gggaggiglgtecagtttgtticagaatctegygggtgtcegtaactocgatocaaaggattgten
tgagcgytygaaaatygyctgaagategacatccatgicatcatecoogtatgaaggtctgagegge
gaccaaatgggccagatcgaaaaaatttttaaggtggtgtacectgty

SEQ ID W0:480 (CP 84 L27V (RIIbRBR) (sa seq)
MDDHHFEVILHYGTLVIDGVTPNMIDYFGREPYEGTAVFDGKK I TVTGTLWNGNKI IDERLINPDG
SLLERVIINGVTGWRLCERILASSSGGSGESGMYESFIESLPFLESLEFSARLEVVDVIGTEVYN
DGECITAQGDSADSFFI IESGEVEITMKRKGKSEVEENGAVEIARCSRGOY FGELALVTINKPREA
SAHAIGTVKCLAMDVOAFERLLGPCMEIMKRNIATYEEQLVALYGTNMDIVGSGEGSGESSSMVET
LEDFVGDWROTAGYNLDOVLEQGGVSSLEFONLGVSVIPIQRIVLSGENGLKIDIAVI IPYEGLSG
POMGQIERIFKVVY PV

SEQ ID NO:481 (CP 103 L27V (RIIbB) (nt sequence) .
ATGacgccgaacatgatogactat Lteggacggcecgtatgaaggeategecgtgttecgacggcaa
aaagatcactgtaacagggaccctgtggaacggeaacaaaattatocgacgagogectgatcaaca
ccgacggetecectgectgtitcecgagtaaccatcaacggagtigacegyotyggcggetgtGCGAACGE
ATTCTGGCTAGCTCAAGCGCAGOTTICAGGCGETTCCGGAATGTATGAAAGCTTTATTGAGTCACT
GCCATTCCTTAAATCTTTGGAGTTITCTGCACGCCTGAAAGTAGTAGATGTGATAGGCACCARAG
TATACAACGCATGGAGAACAARTCATTGCTCAGGGAGAT TCGGCTGATTCTT T TTTCATTAT TGAR
TCTGCAGAAGTGAARATTACTATGARAAGAALGGGTAAATCAGAAGTGGAAGAGRAATGGTGCAGT
AGABATCGCTCGATGCTCGCGEGGACAGTACTTTGGAGAGCTTGCCCTGETAACTARCARRDCTC
GAGCAGCTICTGCCCACGCCAT PEGCACTGTCAARTGT TTAGCAATGCATCTGCAAGCATTTGAR
AGGUTTCTGGGACCTTGCATGGARAATTATGAAAAGGAACATCGCTACCTATGAAGAACAGTIAGT
TGCCCTGCTATGCAACGAACATGGATATTGTAGGGTCAGGTGGATCTGGAGGTAGCTCTTC Tatgy
tettecacactegaagatttegttyggggactggogacagacagecgyctacaacciggacoaagte
cttgaacagggagygtygtgtecagttigtticagaatctagygutygtocgtaactocgatccaaag
gattgtectgageygtgaaaatgggctgaagatcgacatecatgtoatcatecegtatgaagyte
tgagegygcgaccaaatgggecagategaazaastttittaaggtggtgtacectgtggatgateat
cactttaaggtgatcctgcactatogecacactggtaatogacggggtt

SEQ ID NO:482 (CP 103 L27V (RITLB) (za saqg)
MTPNMIDYFGRPYEGIAVEDGEKITVIGTLWNGNEIIDERLINPDGSLLFRVTINGVTGWRLCER
TLABSSGESCGCESGMYESFIESLPFLKSLEFSARLKVVDVIGTKVYNDGEQI TAQGDSADSEFFIIR
SGEVEITMEREGKSEVEENGAVE TARCSRGOYFGELALVTNKPRAASAHAIGTVKC LAMDVOAFE
RLLGPCMEIMERNIATYEEQLVALYCTINMDIVGSGGSGGSSSMVETLEDFVGDWROTAGYNLDOV
LEQGGVSSLFONLGVEVIPIQRIVLSGENGLKIDIEVI I PYEGLSGDOMGQIEKIFKVVY PVDDHE
HEFEVILEYGTLVIDGV '

SEQ ID NO:483 (CP 120 L27V (RIIbR) {nt seguence)

ATGttcgacggeaaaaagatcactgtaacagygyacectotggaacgygcaacaaaattategacya
gegectgatcaaccocgacggeteoctgetgttcogagtaaccatcaacgyagtyaccggoctgge
ggCctgLGCCAACGCATTCTGGCTAGCTCAAGCGCEAGCGT TCAGGCGGTTCCEGAATGTATGAAAGC

265



TTTATTGAGTCACTGCCATTCCTIARATCT TTGGAGT T TTCTGLACGLCTGARAGTAGTAGATGT
GATAGGCACCARAGTATACAACGATGGAGRACARAATCAT TGCTCAGGGAGAT TCGGCTGATTOTT
TTTTCATTATTGAATCTGCAGRAGTGAAAATTACTATGAAAAGARAGGETAAATCAGAACTGGAR
GAGRATGGTGCAGTAGARAATCGUTICGATGC TCECEGGGACAGTAC T TTGGAGAGCTTECCCTERT
AACTAACAAACCTCGAGCAGCITCTGCCCACGUCATTGGGACTETCAARTGT TTAGCAATGGATG
TGCAAGCATTTGAAAGGCY TCTGGGACCTTGUATGGARA T TATGARAAGGAACATCGCTACCTAT
GRAGAACAGTTAGTTGCCCTGTATGGAACGAACATGGATAT TGTAGGGTCAGG TCCATC TGGAGS
TAGCTCTTCTatggtettcacactecgaagatttegttggggactggcgacagacagecggctaca
acctggaccaagtocttgaacaegggaggtgtgtecagtttgtttcagaatctcggggtgtecgta
actccgatccaaaggattgtectgageggtgazaatgggotgaagatcgacatecatgicatoat
ccegtatgaaggtctgageggogaccaaatgggecagatogaaaaaatttttaaggtggtotace
ctgtggatgatcatcactttaaggtgatcctgcactatggcacactgqtaatcgacggggtiacg
tcgaacatgategactatitegygacggecgtatgaaggeatogoooty

SEQ ID NO:484 (CP 120 L27V (RIIbB) {aa seq)

MEDGEEITVTGTLWNGNKI IDERLINPDGSLLFRVI INGVTGWRLCERI LASSSGGESGGSGMYES
FIESTLPFLESLEFSARLKVVDVIGTRKVYNDGEQIIAQGDSADSFFI IESGEVK Y TMEKRKGK AEVE
ENGAVELARCSRGOYFGELALVINEPRAASAHATGTVKCLAMDVOAFERLLGPOME IMKRNIATY
EEQLVALYGTNMDIVGSGGEEGESSSMVE TLEDFVGDWROTAGYNLDOVLEQGGVSSLFONLGVSV
TPIQORIVLEGENGLEKIDIHVIIPYEGLSGDOMGOIEKI FKVVYPYDDHHEFEVILEYGTLVIDGEVT
PNMIDYFGRPYEGIAV

SEQ ID NO:485 (CP 123 L27V (RIIbB) (nt sequence)

ATGaaaaagatcactgtaacaggqaccctgtggaacqgcaacaaaattatcgacgagcgcctgat
caaccccgacggoteoctgetgttoogagtaaccatcaacggagtgaccggotggoaggetgtGCs
AACGCATTCTGGCLAGUTCAAGCGGAGGT TCAGGUGET TCCGGRAATGTATGARAGC TTTATTGAG
TCACTGCCATTCCTTAAATCTTTGGAGTITTCTGCACGCC TGAAAGTAG TAGATGTGATAGROAC
CAAAGTATACAACGATGGAGAACAAATCATTGCTCAGGGAGAT TCGGCTGAT TCTTTTTTCATTR
TTGAATCTGGAGAAGTGAAARTTAC TATGARAAGARAGGGTAAATCAGRAGTGEAAGAGAATGGT
GCAGTAGRAATCGCTCGATGCTICGCGGEEGACAGTACT T TGGAGAGCTTGCCCTGETAACTARCER
ACCTCGAGCAGCTTCTGCCCACGCCAT TCECACTGTCARATCT TTACCRATGGATGTGCAAGCAT
TTGAAAGGCTICTGGGACCT TGCATGGARAATTATGAAAAGCARCATCGCTACC TATGAAGARCAG
TTAGTTGCCCTCTATGCARCGRACATGGAT AT TETAGGGTCAGGTGGATCTGGAGETAGC T TTS
TatggtcttCacactcgaagatttcgttggggactggcgacagacagccgqctacaacctggacc
aagtccttgaacagggaggtgtgtcoagtitgttteagaatecteggugtgteoytaactaecgato
casaggattgtcctgageggigaasatggyctgaagatcgacatecatyteatcatooccgtatga
aggtctgagcggcgaccaaatgggccagatcgaaaaaatttttaaggtggtgtaccctgtggatg
atcatcactttaaggtgatcetgoactatggcacactggtaatcgacyggggttacgacgaacaty
atcygactatttoggacyggecgtatgaagucategoegtgttegacage

SED ID NO:486 (CP 123 L27V (RIIbB) (aa seaq)

MERITVIGTLWNGNKI IDERLINPDGSLLFRVTINGVTGWRLCERILAS SSGGSGGSGMYESEIE
SLPFLKSLERSARLKVVDVIGTKVYNDGEQITAQGDSADSFFI TESCGEVKI TMKREGKSEVERNG
AVEIARCSRGQYFGELALVINKPRAASAHAIGTVKCLAMDVOAFERLLGPCME IMKRNIATYEED
LVALYGINMDIVGEGGSGESSSMVETLEDEVGDWROTAGYNLDOVLEQGGVSSLFONLEGVSVTEI
QRIVLSGENGLKIDIHVIIPYEGLSGDOMGOIEKIFKVVY PVDDHHFKVILEYSPLVIDGVTENM
IDYFGRPYEGIAVEDG

SEQ ID NO:487 (CP 124 L27V (RIIbB} (nt sequence)
ATGaagatcactgtaacagggaccetgtyggaacggcaacaaaattatcgacgagegoctgatcaa
cceecgacggotecctgotagttecyagtaaccatcaacggagtyacoggotggogget gt GCGARC
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GCATTCTGGCEAGCTCAAGCGGAGGTTCAGGCGETTCCGGAATGTATGARAGCTTTATTGAGTCA
CRGCCATTCCITAAATCTTTIGGACTTTITCTGCACGCCTGARAGTAGTAGATGTGATAGECACCAA
AGTATACAACGATGGAGAACARATCATTGCTCAGGGAGAT TCGGCTGATTCTTITTITCATTATTG
AATCTGGAGAAGTGARARATTACTATGAAARGAMAGGGTAAATCAGAAGTGGAAGAGRAATGGTGCA
GTAGAAATCGCTCGATGCTCGCGGGEACAGTACTTTGEAGAGCTTGCCCTGGTAACTAACARRACC
TCGAGCAGCTTCTIGCCCACGCCATTGGGACTGTCAAATGT TIAGCAATGGATGTGCAAGCATTTS
ABAGGCTTCTGGGACCTTGCATGGRAAATTATGAAAAGGAACATCGCTACCTATGARAGAACAGTTA
GTTGCCCTGTATGGAACGAACATGGATATTGTAGGGTCAGGTIGGATCTGGAGGTAGCTCTTCTat:
ggtcttcacactcecgaagatttogttggggactgygcgacagacagecggetacaacctggaccaay
tcettgaacagggaggtgtgtecagtttgttteagaatetocggagtgtecgtaactocgatecaa
aggattgtectgagegygtgaaaatgggetgaagategacateccatgtecatecatcecgtatgaagy
tectgageggegaccaaatgggecagatcgaaaaaatttttaaggtggtgtacecctgtggatgate
atcactttaaggtgatectgeactatggcacactggtaategacggggttacgecgaacatgatc
gactatttcggacggecogtatgaaggcategeegtgttegacyggeaas

SEQ ID NO:488 (CP 124 L27V {(RIIDB) (aa seqg)

MEITVIGTLWNGNKT IDERLINPDGSLLFRVT INGVTGWRLCERILASSSGGSGGSGMYESFIES
LPPLESLEFSARLEKVVDVIGTEVYNDGEQI IAQGDSADSFFIIESGEVK ITMERKGKSEVEENGA
VEIARCSRGOYFGELALVTNEPEAASAHATIGTVECLAMDVOAFERLLGPCME IMKRNIATYEEQL
VALYGTNMDIVGSGGSGGSSSMVETLEDFVGDWROTAGYNLDOVLEQGGVSSLFQNLGVSVTPRPIQ
RIVLIGENGLEIDIEVIIPYEGLSGDOMGQIBKIFRVVYPVDDHHFKVILHYGTLVIDGVTPNMI
DYFGRPYEGIAVEDGK

SEQ ID NO:489 (CP 125 L27V (RIIbB) (nt segquence)
ATGatcactgtaacagggaccctgtggaacggeaacaaaattatocgacgagegectgatcaacce
cgacggctccctgotgttocgagtaaccatcaacggagtgaceggectggoggetgtGCGAACGCA
TTCTGGCLAGCTCAAGCGGAGGTICAGGUGGTICCGGAATGTATGAAAGCTT TATTGAGTCACTG
CCATTCCTTARATCTTTIGGAGTTITCTGCACGCCTGAAAGTAGTAGATGTGATAGGCACCAARAGT
ATACARCGATGGAGARACAAATCATTGCTCAGGGAGATT CEGGCTGATTCTTTTITTCATTATTGAAT
CTGGAGAAGTCGAARATTACTATGAARAGARRGGGTARATCAGAAGTGGAAGAGAATGGTGLAGTA
GAAATCGCTCGATGCTCGCGEOGACAGTACTTTGGAGAGCTTGCCCTGGETAACTAACAAACCTCE
AGCAGCTTCTGCCCACGCCATTGGGACTGTCAAATGTTTAGCARTGGATGTGCARGCATTTGAAA
GGCTTCTGGGACCTTGCATGGAAATTATGAAAAGGAACATCGUTACCTATGAAGAACAGTTAGTT
GCCCTGTATGGAACGAACATGGATATTGTAGGETCAGGTGGATCTGGAGGTAGCTCTTC Tatggt
cttcacactogaagatttocgttggggactggegacagacagecggotacaacetggaccasgtac
tLgaacagggaggtgtgtccagttigtttcagaateticggggtgtcogtaactocgatccaaagg
attgtcotgageggtgaaaatgggetgaagatcgacatecatgtcatcateccegtatgaaggict
gagcggogaccaaatgggccagatcgaaaaaatttttaaggtggtgtaccecigtggatgatcate
actrtaaggtygatcetgractatygygcacactggtastogacggggttacgecgaacatgategac
tatttcggacggcogtatgaaggecategecgtgtiicygacggcaaaaag

SEQ ID NO:490 (CP 125 L27V (RIIbR)} {(aa seq)
MITVIGILWNGNKIIDERLINPDGSLLERVTINGVIGWRLCERILASSSGGSGESGMYESFIRESL
PFLESLEFSARLEVVDVICTRKVYNDGEQIIAQGDSADSEFFITIESGEVRKITMKRKGKSEVEENGAY
EIARCSRGOYFGELALVINKPRAASAHAIGTVKCLAMDVOAFERLLGPCME IMEKRNIATYEEQLV
ALYGTNMDIVGSGGSGGSSSMVETLEDEVGDWRQTAGYNLDOVLEQGGVSSLFONLGVSVTRPIQR
IVLSGENGLKIDIHVIIPYEGLSGDOMGOIERIFRVVY PVDDHHIKVILHYGTLVIDGVTPNMID
YFGRPYEGIAVEDGEK

SEQ ID WO:491 (CP 130 L27V (RIIbB) (nt segquence)
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ATGaccctgtggaacggcaacaaaattatcgacgagcqcctqatcaaccccgacggctcccigct
gttccgagtaaccatcaacggaghgaccggctyggeggetgtGCGAACGCATTOTGGOLAGD TORAL
GCGGAGGTTICAGGCGET I CCGEAATGTATGARAGCTTT AT TCGAGTCACTGCCATTCCTTARATCT
TTGGAGTTITCTCCACGCCTGARAGTAGTAGATGTGATAGGCACCRAAGTAT ACAACGATGGAGR
ACARATCATTIGCTCAGGGAGAT TCGECTGA T T O P T T TC AT T AT TGAATC TGEAGARGTGARAR
TTACTATGAAAAGAAAGGGTARATCAGAAGT GGAAGAGAA TG TGCAGTAGRRAT GO TCGATGE
TCGCGGGGACAGTACTTTGGAGAGC TTGCCC TGO TAAC TARCAAACCTCGAGCAGC TTOTGOCCA
CGCCATTGGGACTGICARATGT TTAGC AATGGATGTGCAAGCATTTGAAAGGC TTCTEGGACCTT
GCATGGAAATTATGARBRAGGAACATCGCTACCTATGAAGARCAGT TAGTTGCCCTGTATGGAACS
AACATGGATATTGTAGGGTCAGGTGGATCTGGAGGTAGCTCTTCTatggtet tecacactcgaaga
tttcgttggggactggcgacagacagccggctacaacctggaccaagtccttgaacaggqaggtg
tgtccagtttgtttcagaatctcggggtgtccgtaactccgatccaaaggattgtcctgagcggt
gaaaatgggctgaagatcgacatccatgtcatcatcccgtatgaaggtctgagcggcgaccaaat
gggccagatcgaaazaatttttaaggtggtgtacectgtggatgatcatcactttaagytgatoo
tgcacﬁatggcacactggtaatcgacggggttacgccgaacatgatcgactatttcggacggccg
tatgaaggcatcgecgtygttegacggcaaaaagateactgtaacaggy

SEQ ID NO:492 (CP 130 L27V (RIIbB) (aa seq)

MTLWNGNE L IDERLINPDGSLLEFRV I INGVTGWRLCERILASSSGGSGGSGMYESFIESLDFLES
LEFSARLEVVDVIGTRVYNDGCEQIIAQGDSADSFFI IESGEVK ITMKREKGE SEVEENGAVE TARC
SRGQYFGELALVTNKPRAASAHAIGTVKCLAMDVQAFERLLGPCMEIMKRNKATYEEQLVALYGT
NMDIVGSGGSGGSSSMVFTLEDFVGDWRQTAGYNLDQVLEQGGVSSLFQNLGVSVTPIQRIVLSG
ENGLKIDIHVIIPYEGLSGDOMGOIER IFRYVYPVDDHHFEVI LEYGTLVI DEVTENMIDY FERE
YEGIAVEFDGKKITVTG

SEQ ID NO:493 (CP 145 L27V (RIIbB) (nt seguence)

ATGcccgacggctccctgctgttccgaqtaaccatcaacggagtqaccggctggcggctthCGA
ACGCATTCTGGCEAGCTCAAGCGGAGGTTCAGGLGETTCCGGAATGTATGRARAAGCTTTAT TAAST
CACTGCCATTCCTTAAA T CT T TGEAGT T T TC TGCACGCC T GARAG TAS TAGATGTCGATAGGCACS
ARAGTATACAACGATGGAGAACARARTCATTGC TCAGGGAGATTCGGCTGATTCTTTTTTCATTAT
TCAATCTGGAGRAGTGARAART TACTATGAARAGARAGGGTARATCAGAAGTGGRAAGRAGAATEETC
CAGTAGAAATCGCTCGATGCTCGCGGGEGACAGTACTTTGGAGAGC T TECCC TGETAAC TAACARR
CCTCGAGCAGCTTCTGCCCACGCCATTGGGAC TG TCAARTGTTTAGCAATGGATCTGUAAGCATT
TGARAGGCITCTGGGACCTIGCAT GGARATTATGAARAGGARCATCGCTACCTATGAACAACAGT
TAGTTGCCCTIGTATGGAACGAACATGGATATTGTAGGG T CAGSTGGATC TEGAGCTAGC TCTTCT
atggtcttcacactcgaagatttcgttggggactqgcgacagacagccgqctacaacctggacca
agtecttgaacagggaggtgtygtocagttitgtitcagaatcteggggtgtecgtaacteogatae
aaaggattgtcctgagcggtgaaaatgggctgaagatcgacatccatgtcatcatcccgtaigaa
ggtctgagcggcqaccaaatgggccagatcgaaaaaatttttaaggtggtgtaccctgtggatga
tcatcactttaaggtgatcctgcactatggcacactggtaatCgacggggttacgccgaacatqa
tcgactatttcggacggccqtatgaaggcatcgccgtgtthacggcaaaaagatcactgtaaca
gagacccigtogaacgycaacaaaattatogacgagegectgatecaas

SEQ ID NO:484 (CP 145 L27V (RIIbB) (aa seq)

MPDGSLLEFRVY INGVIGHWRLCERI LAS SSGESGGSGMYESFIESLPFLESLEFSARLEVYVDVIGT
KVYNDGEQIIAQGDSADSFFIIESGEVKITMKRKGKSEVEENGAVEIARCSRGQYFGELALVTNK
PRAASAHAIGTVECLAMDVQOAFERLLGPCME IMKRN T ATYEEDLYALYGTNMDIVGSGESGESSS
MVETLEDEVGDWROTAGYNLDOVLEQGGVSS LFONLGVSVTRPIORIVLSGENGLKIDIHVIIEYE
GLEGDOMGOIEKIFRVVY PVDDHHETRV I LBYGTLVIDGVT PNMI DYFGRPYEGIAVEDGEK I TVT
GTLWNGNKIIDERLIN
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SEQ ID NO:495 (CP 148 L27V (RIIbB) (nt sequence)

ATGtccctgctgttccgagtaaccatcaacggagtqaccggctggcggctthCGAACGCATTCT
GGCtAGCTCAAGCGGAGGTTCAGGCGGTTCCGGAATGTATGAAAGCTTTATTGAGTCAGTGCCAT
TCCTTAAATCTTTGGAGTTTTCTGCACGCCTGAAAGTAGTAGATGTGATAGGCACCAAAGTATAC
AACGATGGAGAACAAATCATTGCTCAGGGAGATTCGGCTGATTCTTTTTTCATTATTGAATCTGG
AGAAGTGAAAATTACTATGAAAAGAAAGGGTAAATCAGAAGTGGAAGAGAATGGTGCAGTAGAAA
TCGCTCGATGCTCGCGGGGAGA@TACTTTGGAGAGCTTGCCCTGGTAACTAACAAACCTCGAGCA
GCTTCTGCCCACGCCATTGGGACTGTCAAATGTTTAGCAATGGATGTGCAAGCATTTGAAAGGCT
TCTGGGACCTTGCATGGAAATTATGAAAAGGAACATCGCTACCTATGAAGAACAGTTAGTTGCCC
?GTATGGAACGAACATGGATATTGTAGGGTCAGGTGGATCTGGAGGTAGCTCTTCTatggtcttc
acactcgaagatttcgttggggactggcgacagacagccggctacaacctggaccaaqtccttqa
acagggaggtgtgtccagtttgtttcagaatctcggggtgtccgtaactccgatccaaaggattg
tcctgagcggtgaaaatggqctgaagatcgacatccatgtcatcatcccqtatgaaggtctgagc
ggcgaccaaatgggccagatcgaaaaaatttttaaggtggtgtaccctgtggatgatcatcactt
taaggtgatcctgcactatggcacactggtaatcgacggggttacgccgaacatgatcgactatt
tcggacggccgtatgaaggcatcgccgtgttcgacggcaaaaagatcactgtaacagggaccctg
tggaacggcaacaaaattatcgacgagcgcctgatcaaccccgacggc

SEQ ID WO:496 (CP 148 127V (RIIbB) (aa seq)
MSLLFRVTINGVTGWRLCERILASSSGGSGGSGMYESFIESLPFLKSLEFSARLKVVDVIGTKVY
NDGEQIIAQGDSADSFFIZESGEVKETMKRKGKSEVEENGAVEIARCSRGQYFGELALVTNKPRA
ASAHAIGTVKCLAMDVQAFERLLGPCMEIMKRNIATYEEQLVALYGTNMDIVGSGGSGGSSSMVF
TLEDFVGDWRQTAGYNLDQVLEQGGVSSLFQNLGVSVTPIQRIVLSGENGLKIDIHVIEPYEGLS
GDQMGQIEKIFKVVYPVDDHHFKVILHYGTLVIDGVTPNMIDYFGRPYEGIAVFDGKRITVTGTL
WNGNEILIDERLINPDG

SEQ ID RO0:497 {CP 157 L27V (RIIbRB) {nt sequence)

AtGGGAGTGACCGGCTGGCGGCTGTGCGAACGCATTCTGGCTAGCTCAAGCGGAGGTTCAGGCGG
TTCCGGAATGTATGAAAGCTTTATTGAGTCACTGCCATTCCTTAAATCTTTGGAGTTTTCTGCAC
GCCTGAAAGTAGTAGATGTGATAGGCACCAAAGTATACAACGATGGAGAACAAATCATTGCTCAG
GGAGATTCGGCTGA&TCTTTTTTCATTATTGAATCTGGAGAAGTGAAAATTACTATGAAAAGAAA
GGGTAAATCAGAAGTGGAAGAGAATGGTGCAGTAGAAATCGCTCGATGCTCGCGGGGACAGTACT
TTGGAGAGCTTGCCCTGGTAACTAACAAACCTCGAGCAGCTTCTGCCCACGCCATTGGGACTGTC
AAATGTTTAGCAATGGA?GTGCAAGCATTTGAAAGGCTTCTGGGACCTTGCATGGAAATTATGAA
AAGGAACATCGCTACCTATGAAGAACAGTTAGTTGCCCTGTATGGAACGAAOATGGATATTGTAG
GGTCAGGTGGATCTGGAGGTAGC;CTTCTATGGTCTTCACACTCGAAGATTTCGTTGGGGACTGG
CGACAGACAGCCGGCTACAACCTGGACCAAGTCCTTGAACAGGGAGGTGTGTCCAGTTTGTTTCA
GAATCTCGGGGTGTCCGTAACTCCGATCCAAAGGATTGTCCTGAGCGGTGAAAATGGGCTGAAGA
TCGACATCCATGTCATCATCCCGTATGAAGGTCTGAGCGGCGACCAAATGGGCCAGATCGAAAAA
ATTTTTAAGGTGGTGTACCCTGTGGATGATCATCACTTTAAGGTGATCCTGCACTATGGCAGACT
GGTAATCGACGGGGTTACGCCGAACATGATCGACTATTTCGGACGGCCGTATGAAGGCATCGCCG
TGTTCGACGGCAAAAAGATCACTGTAACAGGGACCCTGTGGAACGGCAACAAAATTATCGACGAG
CGCCTGATCAACCCCGACGGCTCCCTGCTGTTCCGAGTAACCATCAAC

SEQ ID NO:498 (CP 157 L27V (RIIbB) (aa seq)
MGVTGWRLCERILASSSGGSGGSGMYESFIESLPFLKSLEFSARLKVVDVIGTKVYNDGEQIIAQ
GDSADSFFIIESGEVKITMKRKGKSEVEENGAVEIARCSRGQYFGELALVTNKPRAASAHAIGTV
KCLAMDVQAFERLLGPCMEIMKRNIATYEEQLVALYGTNMDIVGSGGSGGSSSMVFTLEDFVGDW
RQTAGYNLDQVLEQGGVSSLFQNLGVSVTPIQRZVLSGENGLKIDIHVIIPYEGLSGDQMGQIEK
IFKVVYPVDDHHFKVILHYGTLVIDGVTPNMIDYFGRPYEGIAVFDGKKITVTGTLWNGNKZIDE
RLINPDGSLLFRVTIN
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SEQ ID NO:499 (S8 6 L27V (RIIbB) (nt sequence)

ATGgtcttcacactcgaagatAGCgetAGCGGAGGTTCAGGCGEETTCCGGAatgtatgaaagett
tattgagtcactgecatticcttaaatettiggagttttctgcacgectgaaagtagtagatgtga
taggcaccaaagtatacaacgatygygagasacaaatcattgetcagggagattcgoctgattotttt
Ltcattattgaatctggagaagtgaaaattactatgaaaagasagggtaaatcagaagtggaaga
gaatggtgragtagaaatcgotcgatgetogeggggacagtacttiggagagettgeecctaggtaa
ctaacaaacctcgagcagettotgeccacgecattgggactgtcaaatgtttagecaatggatatyg
caagratttgaaaggcttictgggacettgecatgganattatygaaaaggaacategetacctatyga
agaacagttagttgeccctgTATggaacgaacatggatattgtaggGTCAGETGGATCTGGAGGLA
GCTCttcTttegttggggactggegacagacageaggectacaaccigyaccaagtecttgaacag
ggaggtgtgteocagtttgtttecagaatcteggggtgteegtaacteceogatecagaggattgtect
gagcggtgaaaatgggcetgaagatecgacatecatgtecatecatececgtatgaaggtctgageggeyg
accaaatgggccagaltcgaaaaaatttttaaggtggtgtacectgtygatgatcatcactttaag
gtgatccotgcactatggeacactggtaatecgacggggttacgecgaacatgategactatttogy
acggccgtatgaaggcatcgecgtgttecgacggecaaaaagatcactgtaacagggacecctgtgyga
acggcaacaaaattatcgacgagegectgatcaaccecogacggeteocectgetgttecgagtaace
atcaacggagtgaccyggctyggegygctgtGCGAACGCATTCTGGECE

SEQ ID NO:500 (88 6 L27V (RITIbB} (aa seq)
MVEPTLEDSASGGSGESGMYESFIESLPFLKSLEFSARLKVVDYVIGTRVYNDGEQI IAQGDSADSFEF
FIIESGEVRITMEREGEKSEVEENGAVE IARCSRGOYFGELALVINKPRAASAHATIGTVKCLAMDV
QAFERLLGPCMEIMERNIATYEEOLVALYGTNMDIVGSGGSGESSSFVGDWROTAGYNLDOVLED
GGVSSLEFCNLGVSVTIPIQRIVLSCENGLEIDIHVIIPYEGLSGDOMGOIEKIFRVVY PVDDHHFK
VILHYGTLVIDGVT PNMIDYFGRPYEGIAVEDGRKITVTGTLWNGNEK I IDERLINPDGSLLEFRVT
INGVTGWRLCERILE : :

SEQ ID W0:501 (S8 12 L27V {(RIIbB) (nt sequence)
ATGgtcttcacactegaagatticgitggggactogcgaAGCgotAGUGGAGGTTCAGGCGETTC
CGGRatgtatgaaagetttattgagtcactgecattccttaaatoctttggagitttctigeacges
tgaaagtagtagatgtgataggcaccaaagtatacaacgatyggagaacaaatecattgoicagyga
gattcggctgattcttttttcattattgaateiggagaagtgaaaattactatgaasagasaggy
taaatcagaagtyggaagagaatggtocagtagaaategetegatgectogeggggacagtactity
gagagcttgccctggtaactaacaaacctecgageagettetgeecacgocattgggactgtcaaa
Lgtttageaatggatgtycaageattitgaaaggetictgggacettgcatggasattatgaaaag
gaacatogetacctatygaagaacagttagttgecctglATggaacygaacatggatattgtaggGT
CAGGTGGATCTGGAGGLAGCTICtteTcagacagecggetacaacctggaccaagtcottgaacay
ggaggtgtgtccagtttgtttcagaatctoggggtoteagtaactocgatccaaaggattgtect
gagcggtgaaaatgggctgaagatecgacatecatgtcatcatecogtatgaaggtctgageggey
accaaatgggccagatcgaaaaaatttttaaggtggtotaccetgtggatgatcatecactttaag
gtgatcotygcactatggracactggtaatogacggggttacoecgaacatgategactatttcgg
acggeegtatgaaggcatogeocogtgitcgacggcaaaaagatcactgtaacagggaccecctgtgga
acggcaacaaaattatcgacgagcgcctgatcaaccccgacggctccctgctgttccgagtaacc
atcaacgyagtoaccggctyggcygygciogtGUGAACGCATTCTGGCE

SEQ ID NO:502 (S8 12 L27V (RIILE) (aa saqg)
MVEPTLEDEFVGDWRSASGGSGGSGMYESFIESLPFLKSLEFSARLEVVDVIGTRVYNDGEQI TAQG
DSADSFIITESGEVRKITMKRKGKSEVEENGAVE IARCSRGOYFEGELALVTNEPRAASAHAIGTVK
CLAMDVOAFERLLGPCMEIMERNIATYEEQLVALYGTNMDIVGSGGSGGESSSOTAGYNLDOVLED
GEVSELFONLGVSVTPIQRIVLSCGENGLKIDIHVIIPYEGLSGDOMGOIERIFRVVY PVDDHEHEFK
VILHYGTLVIDGV I PNMIDYFGRPYEGIAVEDGERITVIGTLWNGNEI IDERLINPDGSLLFRVT
INGVTGWRLCERILA
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SEQ ID NO:503 (88 26 L27V (RITbB) (nt sedquence)
ATGgteticacactcgaagatttogitggggactggeygacagacagooggctacaacctggacca
agtcecttgaacagggaAGCgetAGCGGAGGTTCAGGCGGTTCCGGRAaLgtatgaaagetttatty
agtcactgeccattcocttazatetttggagttitectgecacgectgaaagtagtagatgtgatagge
accaaagtatacaacgatggagaacaaatcattgctcaggyagattoggetgattotttttteat
tattlgantctggagaagtgaaaattactatgaaaagasagggtaaatcagaagtggaagagaaty
gtgcagtagasatcgctegatgetegcggggacagtactttggagagettgoocectggtaactaac
aaacctcgagcagcettctgeccacgecattgggactgtcaaatgtttageaatggatgtgeaage
atttgasaggettictygyggaccttgecatggaaattatgaaaaggaacatcgectacctatgaagaac
agttagtigecctgTAlggaacgaacatggatattgtaggGTCAGGTGGATCTGCAGGLAGCT
tetggtgtgtocagtttgittcagaatecteggggtgtoccgtaactoogatccaaaggattgtect
gagcggtgaaaatggyctyaagatcgacatcecatgteatecateecegtatgaaggtoctgageggeg
accaaatgggccagatcgaaaaaatitttaaggtggtgtaceectgtagatgatcatcactttaag
gtgatcctgcactatggcacactggtaatcgacggggttacgecgaacatgatogactatticgy
acggccecgtatgaaggecatcgececgtgiicgacggcaaaaagatcactygtraacagggacectgtgoga
acggcaacaaaattatcgacgagegeetgatcaaceocecgacggetooctgetgtteogagtaaco
atcaacggagtgaccggotgucggCctgt GCGARCGCATTCTGG

SEQ ID NO:504 (58S 26 L27V (RIIbB) (aa seq)
MVETLEDEFVGDWRQTAGYNLDOVLEQGSASGGSGESGMYESPIESLPFLKSIERSARLKVVDVIS
TEVYNDGEQIIAQGDSADSFFIIESGEVREI TMERKGKSEVEENGAVEIARCSRGOYFGELALVIN
KPRAASAHATIGTVECLAMDVOAFERLLGPCME IMERNIATYEEQLVALYGTNMDIVGSGESSEGSS
SGVSSLFQNLGVSVTPIQRIVLSGENGLKIDIHVIIPYEGLSGDQMGQIEKIFKVVYPVDDHHFK
VILEYGTLVIDGVIPNMIDYFGRPYEGIAVFDGERITVTGTLWNGNKI IDERLINPDGSLLEFRVT
INGVTGWRLCERILA

SEQ ID NO:505 (S8 45 127V (RIIbB) (nt sequence)
ATGgtcttecacactogaagattiogttyggggactggogacagacagecggetacaanctggacca
agtcctigaacagggaggtgtgtecagtttgtittcagaatotoggygtotoogtaactoagateo
2aaggattAGCgCtAGLGEAGGTTCAGGCGGITCCGEAatgtatysaagrtttattgagtcacty
crcattoecttasatectitoggagittictgecacgectgaaagtagtagatgtgataggecaccasagt
atacaacgatggagaacaaatcattgctecagggagattcgygctgattottttttcattattgaat
ctggageagtgaaaattactatgaaaagaaagggtaaatcagaagtggaagagaatygygtgcagta
gaastcgctegatgctogeggggacagtactttggagagettgcocectggtaactaacaaacctog
agcagcettctygeccacgecattgggactgtcaaatgtttagecaatggatotgoaagecatttgaaa
ggettetgggaccttygcatggaaattatgasaaggaacategetacctatgaagaacagttagtt
geectgTATggaacgaacatggatattgtaggGTCAGGTGEATCIGGAGGLAGCTCEteTgtect
gagcggtgaaaatggygctyaagategacatccatgtecateateccgtatgaaggtetgageggey
accaaatgggecagatcgasaaaaititttaaggtggtgtacectgtggatgatecatoactttaag
gtgatcctgcactatggeacactggtaategacggggttacgoogaacatgategactatttegy
acggcegtatgaaggcatogeegtgttcgacggcaaaaagatcactgiaacagggacectygtgyga
acggcaacaasattatcgacgagegectgatcaaccececgacggetcactoctgtteccgagtaace
atcaacggagtgaccggctgacggctgtGUGAACGCATTCTGG

SEQ ID NO:506 (88 45 LZ7V (RIIbB) (aa seq)

MVEFTLEDFVGEDWROTAGYNLDOVLEQGGVSSLEQNLGVSVTPIQRISASGESGESCMYESFIRST,
PFLESLEFSARLEKVVDVIGTKVYNDGEQI IAQGDSADSFFIIESGEVKI TMERKGK SEVEENGAY
EIARCSRGQYFGELALVINKPRAASAHATGTVECLAMDVOAFERLLGPCME IMRRN T ATYEEQLV
ALYGTNMDIVGSGGSGGESSSVLSGENGLEIDIBVIIPYEGLSGDOMGOIRKIFEVVY PVDDHEHEFK
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VILAYGTLVIDGVIPNMIDYFGRPYEGIAVEDGKKITVTGTLWNGNK I IDERLINPDGSLLFRYT
INGVIGWRLCERILA

SEQ ID NO:507 (S5 48 L27V (RIIbB)} (nt sequence)
atggtcttcacactcgaagatttegttggggactggegacagacagecggetacaacctggacaa
aqtccttgaacagggagqtgtgiccagtttgtttcagaatctcggggtgtccgtaactccgatcc
aaaggattgtcctgagcAGCYctAGCGCAGCTTCAGGCGGTICCGGRatgtatgaaayctttatt
gagtcactqccattccttaaatctttggagttttctgcacgcctgaaagtaqtagatqtgatagg
caccaaagtatacascyatggagaacaaatcattygoctcagggagatteggetgattetitttica
ttattgaatctggagaagtgaaaattactatgaaaagaaagggtaaatcagaagtggaagagaat
ggtgcagtagaaatcgctegatgetogeggyggacagtactttygagagocttgecctggtaactaa
Caaacctcgagcagcttctgececacygccattgggactgtcasatgtttageaatggatgtgcaag
Catttgaaaggcttctgggaccttgcatggaaattatgaaaaggaacatcgctacctatgaagaa
cagtragttgcoctgTATggaacgaacatggatattgtagyGTCAGGTEGATCTGGAGGLAGCTC
ttchgtgaaaatgggctgaagatcgacatccatgtcatcatcccgtatgaaggtctgagcggcg
accaaatgggccagatcgaaaaaatttttaaggtggtgtaccctgtggatgatcatcactttaag
gtgatcctgeactatggeoacactgygtaategacgggyttacgecgaacatgategactatttegy
acggccgtatgaaggecategeogigttegacageaaaaagateactgtaacagyggaccototgga
acggcaacasaattategacgagegoectgatezacococgacggcicectyctygtteccgagtaacc
atcaacggagtgaccyggctggegget gt GCGAACGCATTCTGGC

SEQ ID NO:508 (SS 48 L27V (RIIbB) (aa seqg)
MVETLEDEVGDWROTAGYNLDOVLEQGGVSSLFONLGVSVTIPIORIVLSSASGGSGESEMYESFT
ESLPFLESLEFSARLEVVDVIGIRVYNDGEQIIAQGDSADSFFI IESSEVK I TMKREGKSEVEEN
GAVEITARCSRGQYFGELALVTNEPRAASAHAIGTVKCLAMDVOAFERLLGPCMEIMERNIATYER
QLVALYGTNMDIVGSGGSGGESSSCENGLEIDIEVIIPYEGLSGDOMGOIEK I FRVVY PVDDHEFK
VILHYGTLVIDGVIPNMIDYFGRPYEGIAVEDGKKITVTGTLWNGNK I ITDERLINPDGSLLFRYT
INGVTGWRLCERILA

SEQ ID NO:309 (88 52 L27V (RIIbB} {(nt sequence)
ATthcttcacactcgaagatttcgttggggactggcqacagacagccggctacaacctggacca
agtccttgaacagggeggtgtgtecagtttgttteagaatoctcggggtgteogtaactecgatao
aaaggattgtectgagoggtgaaaatggghAGCgotAGCGGAGETTCAGGUGCTTCCGGRatgtat
gaaagctttattgagtcactgccattccttaaatctttggaqttttctgcacgcctgaaaqtagt
agatgtgataggcaccaaagtatacaacgatggagaacasatcattgecteagggagattcggety
attcttttttcattattgaatotggagaagtygaaaattactatgaasagaaagggtazatcagaa
gtqgaagagaatggtgcagtagaaatcgctcgatgctcgcggggacagtactttggagagcttgc
cctggtaactaacaaacctogageagetictgoeccacgecattygggactgtcaaatgtttageaa
tggatgtgcaageatttgaaagocttctogggacettgcatggaaattatgaaaaggaacateget
acctatgaagaacagttagttgecctgTATggaacgaacatggatattgtaggGTCAGETGRATC
TGGAGGLAGCTCrtecletgaagategacatccatgteatcatocegtatgaaggtetgageggcy
accaaatgggccagatcgaaaaaatttttaaggtggtgtaccetgtggatgatecatcactttaag
gtgatcctgcactatggeacactggtaategacggggttacgecgaacatygatcgactatttegg
acggccgtatgaaggcatcgeogtgtiogacyggoaaaaagatcactgtaacagggacectgigga
acggcaacaaaattatcgacgagegectgatcaaccecgacggotoooctygcigttecgaghaaco
atcaacggagtgaccygctggeggctgtGCGRACGCATTOTGG

SEQ ID NO:510 (Ss 52 L27V (RIIbB) {aa seq)

MVEFTLEDFVGDWRQTAGYNLDOVLEQGGVSSLEONLEVSVIPIQRIVLSGENGSASGGSGEIGMY
ESFIESLPFLKSLEFSARLKVVDVIGTIRKVYNDGEQIIAQGDSADSFFIIESGEVE I TMERKGKSE
VEENGAVEIARCSRGOYFGELALVINKPRAASAHATGTVRKC LAMDVOAFERLLGPCME IMKRNIA
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TYEEQLVALYGTNMDIVGSGGSGGSSSLKIDIEVIIPYEGLSGDOMGOIEK I FXVYY PVDDHHFK
VILEYGTLVIDGVIPNMIDY FGRPYEGIAVEDGRKITVTGTLWNGNK I IDERLINPDGSLLEFRYT
INGVIGWRLCERILA

SEQ ID NO:511 (8S 55 L27V (RIIbB) (nt sequence)
ATthcttcacactcgaagatttcgttggggactggcgacagacagccggctacaacctggacca
aqtccttgaacagggagqtgtqtccagtttgtttcagaatctcggggtgtccgtaactccgatcc
aaaggattgtootgagoyggtgaaaatgoyotyaagatcAGCctAGCEGAGGTTCAGGLGETTCD
GGAatgtatgaaagctttattgagtcactgccattccttaaatctttggagttttctgcacgcct
gaaagtagtagatgtgatagqcaCCaaagtatacaacgatggaqaacaaatcattgctcagggaq
attcggctgattcttttttcattattgaatctggagaagtgaaaattactatgaaaagaaagggt
aaatcagaagtggaagagaatggtgcagtagaaatcgctcgatgctcgcggggaoaqtactttgg
agagcttgccctggtaactaacaaacctcgagcaqcttctgcccacgccattgggactgtcaaat
gtttagcaatggatgtgcaagcatttgaaaggcttctgggaccttgcatggaaattatgaaaagq
aacatcgctacctatgaagaacagttagttgcccthAngaacgaacatggatattgtaggGTC
AGGTGGATCTGGAGGtAGCTCttchacatccatgtcatcatcccgtatgaaggtctgagcggcg
accaaatgggccagatcgaaaaaatttttaaggtggtgtaccctgtggatgatcatcactttaag
gtgatcctgcactatggcacactggtaatcgacggqgttacgccgaacatgatcgactatttcgg
acgqccgtatgaaggcatcgccgtgttcgacggcaaaaagatcactgﬁaacagggaccctqtgga
acggcaacaazattatcgacgagegectgatcaacceegacggetcectyctgttecgagtaace
atcaacyggagtgaccggetggeggetgtGCGAACGCATTOTGGECL

SEQ ID NO:512 (Ss 55 L27V (RIIbB) (aa seq)
MVFTLEDFVGDWRQTAGYNLDQVLEQGGVSSLFQNLGVSVTPIQRIVLSGENGLRISASGGSGGS
CMYESFIESLPFLKSLEFSARLRKVVDVIGTKVYNDGEQIIAQGDSADSFFITIESCEVKITMERKG
KSEVEENGAVEIARCSRGQYFGELALVTNKPRAASAHAI GTVKCLAMDVOAFERLLG PCME IMKR
NIATYEEQLVALYGTNMDIVGSGGSGGSSSDINVIIPYEGLSGDOMGOIEK I FRKVVYPVDDEHFK
VILHYGTLVIDGVT PNMIDYFGRPYEGIAVIDGKKITVTGTLWNGNEI IDERLINPDGSLLFRVT
INGVIGWRLCERILA

SEQ ID NO:513 (SS 83 L27V (RIIbB) (nt sequence)
ATthcttcacactcgaagatttcgttggggactggcgacagacagccggctacaacctggacca
agtccttgaacagggaggtgtgtccagtttgtttcagaatctcggggtgtccgtaactccgatcc
aaaggattgtcctgagcggtgaaaatgggctgaagatcgacatccatgtcatcatcccgtatgaa
ggtctgagcggcgaccaaatgggccagaicgaaaaaatttttaaggtggtgtaccctA@CgctA@
CGGAGGTTCAGGCGGTTCCGGAatgtatgaaagczttattgagtcactgocattccttaaatctt
tggagttttctgcacgcctgaaagtagtagatgtgataggcaccaaagtatacaacgatggagaa
caaatcattgctcagggagattcggctgattcttttttcattattgaatctggagaagtgaaaat
tactatgaaaagaaagggtaaatcagaagtggaagagaatggtgcagtagaaatcgctcgatgct
cgcggggacagtactttggagagettgecctggtaactaacasacctcgagcagettetgoocac
gccattgggactgtc&aatgtttagcaatggatgtgoaagcatttgaaaggcttctgggaccttg
catggaaattatgaaaaggaacatcgctacctatgaagaacaqttagttqcccthAngaacga
acatggatattgtaggGTCAGGTGGATCTGGAGGtAGCTCttchtggatgatcatcactttaag
gtqatcctgcactatggcacactggtaatcgacggggttacgccgaacatgatcgactatttcgg
acggccgtatqaaggcatcgccgtqttcgacggcaaaaagatcactgtaacagggaccctgtgga
acggcaacaaaattatcgacgagcgCctgatcaaccccgacggctccctgctgttccgagtaacc
atcaacgygagtgaccggctogeygetgtGCGAACGCATTCTEGCE

SEQ ID NO:514 (S8 83 L27V (RIIbB) (aa seq)

MVETLEDEVGDWROTAGYNLDOVLEQGEVSSLEQNLGVSVTPIQRIVLSGENGLEIDIHVI I BYE
GLSGDOMGQIEKIFKVVYPSASGGSGGSGMYESFIESLPFLKSLEPSARLKVYDVIGTRYYNDGE
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CIIAQGDSADSFFIIESGEVKITMKRKGKSEVEENGAVE IARCSRGOYFGELALVINKPRAASAH
AIGIVEKCLAMDVOAFERLLGPCMEIMKRNIATYEREQLVALYGTNMDIVGESGGSGGSSSVDDEAFK
VILHYGTILVIDGVIPNMIDYFGRPYEGIAVFDGKKITVTGT LWNGNK I IDERL INPDGSLLFRYT
INGVIGWRLCERILA

SEQ ID NO:515 (SS 84 L27V (RIIbB) (nt sequencea)
ATthcttcacactcgaagatttcgttggggactggcgacagacagccggctacaacctggacca
agtccttgaacagqgaggtgtgtccagtttgtttcaqaatctcggggtgtccgtaactccgatcc
aaaggattgtcctgagcggtgaaaatgggctgaagatcgacatccatgtcatcatcccgtatgaa
ggtctgagcggcgaccaaatgggccagatcgaaaaaatttttaaggtggtgtaccctgtgAGCgc
tAGCGGAGGTTCAGGCGGTTCCGGAatgtatgaaagctttattgagtcactgccattccttaaat
Ctttggagttttctgcacgcctgaaagtagtaqatgtgataggcaccaaagtatacaacgatgga
gaacaaatcattgctcagggagattcggctgattcttttttcattattgaatctggagaagtgaa
aattactatqaaaagaaagggtaaatcagaagtggaagagaatggtgcagtagaaatcgctcgat
gctcgcggggacagtactttggagagcttgccctggtaactaacaaacctcgaqcagcttctgcc
cacqccattggqactgtcaaatgtttagcaatggatgtgcaagcatttgaaaggcttctgggacc
ttgcatgqaaattatgaaaaggaacatcgctacctatgaagaacaqttagttgcccthAngaa
cgaacatggatattgtaggGTCAGGTGGATCTGGRGGtAGCTCttchatgatcatcactttaag
gtgatcctgcactatggcacactggtaatcgacggggttacgccgaacatgatcgactatttcgg
acggccgtatgaaggcatcgccgtgttcgacggcaaaaagatCactgtaacagggaccctgtgga
acggcaacaaaattatcgacgagegectgatecaacceegacggcteccigetgttecgagtaace
atcaacyggagtgaccyggotggeggctgtGCGARCGCATTCTGGCT

SEQ ID NO:516 (SS 84 L27V (RIThB) (aa seq)
MVETLEDFVGDWROTAGYNLDOVLEQGGVSSLPONLGVSVTPIQRIVL SGENGLKIDIEVI TEYE
GLSGDOMGOIEKI FKVVYPVSASGGSCGSGMYESFIESLPFLEKSLEFSARLKVVDVIGTRVYNDG
EQIIAQGDSADSFFIIESGEVKI TMKRKGKSEVEENGAVEIARCSREGOYFGELALVTNKPRAASA
HATGTVRCLAMDVCAFERLLGPCME IMERN IATYEEQLVALYGTNMDIVGSGGSGESSSDDHEFE
VILHYGTLVIDGVTPNMIDYFGRPYEGIAVFDGKKITVTGTLWNGNK I I DERLINPDGSLLFRVT
INGVIGWRLCERILA

SEQ ID NQ:517 (88 85 127V (RIIbB) (nt sequence)
ATthcttcacactcgaagatttcgttggggactggcgacagacagccggctacaacctggacca
agtccttgaacagggaggtgtgtccagtttgtttcagaatctcggggtgtccgtaactccgatcc
aaaggattgtcctgagcggtgaaaatgggctgaagatcgacatccatgtcatcatcccgtatgaa
ggtctgagcggcgaccaaatgggccagatcgaaaaaatttttaaggtggtgtaccctgtggatAG
CgctAGCGGAGGTTCAGGCGGTTCCGGAatgtatgaaagctttattgagtcactgccattcctta
aatctttggagttttctgcacgcctgaaagtagtagatgtgataggcaccaaagtatacaacgat
ggagaacaaatcattgctcagggagattcggctgattctttttﬁcattattgaatctggagaaqt
gaaaattactatgaaaagaaagggtaaatcaqaagtqgaagagaatggtgcagtagaaachctc
gatgctCgcggggacagtactttggagagcttgccctggtaactaacaaacctcgagcagcttct
gcccacgccattgggactgtcaaatgtttagcaatggatgtgcaagcatttgaaaggcttctggg
accttgcatggaaattatgaaaaggaacatcgctacctatgaagaacagttagttgcccthATg
gaacgaacatggatattgtaggGTCAGGTGGATCTGGAGGtAGCTCttchatcatcactttaag
gtgatcctgcactatggcacactggtaatcgacggggttacgccgaacatgatcgactatttcgg
acqgccgtatgaaggcatcgccgtgttcgacggcaaaaagatcactgtaacagggaccctgtgga
Cggcaacaazattatcgacgagegectgateaaccregacggetecctgetgttecegagtaace
gtcaacggagtgaccggctogcogot gt GCGAACGCATTCTGG L

SEQ ID NO:518 (SS 85 L27V (RIIbB) (aa seq)

MVETLEDFVGDWRQTAGYNLDQVLEQGGVSSLFQONLGVSVIPIQRIVLSGENGLEKIDIHVIIPYE
GLSGDOMGQIERKIFKVVY PVDSASGESGESGMYESFIESLPFLKS LEFSARLEVVDV I GTKVYND
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GEQITAQGDSADSFFIIESGEVKITMKREKGKSEVEENGAVEIARCSREGOYFCELALVTNKPREAS
AHAIGIVECLAMDVOAFERLLGPCMEIMKRNIATYEEQLVALYGTNMDIVGSGGSGGESSSDHAFK
VILEYGTLVIDGVIPNMIDYFGRPYEGIAVEDGKKI TV TGTLWNGNKI I DERLINPDGSLLIRYT
INGVIGWRLCERILA

SEQ ID NO:512 (S§ 100 L27V (RIIbB) (nt sequence)
ATthcttcacactcgaagatttcgttggggactggcgacagacagccqgctacaaCctgqacca
agtccttqaacagggaggtgtgtccagtttgtttcagaatctcggqgtgtccgtaactccqatcc
aaaggattgtcctgagcgqtgaaaatgggctgaagatcgacatccatgtcatcatcccgtatgaa
qgtctgagcqgcgaccaaatgggccagatcgaaaaaatttttaaggtggtgtaccctgtgqatga
tcatcactttaaggtgatectgcactatggcacactogtaatcAGCoct AGCECAGETTCAGGCS
GTTCCGGAatgtatgaaagctttattgagtcactgccattccttaaatctttggagttttctgca
cgcctgaaagtagtagatgtgataggcaccaaagtatacaacgatggagaacaaatcattgctca
gggagattcggctgattcttttttcattattgaatctggagaagtgaaaattactatgaaaaqaa
agggtaaatcagaagtggaaqagaatggtgcagtagaaatcgctcgatgctcgcggggacagtac
tttggagagcitgccctggtaactaacaaacctcgagcagcttctgcccacgccattgggactgt
caaatgtttagcaatggatgtgcaagcatttgaaaggcttctgggaccttgcatggaaattatga
aaaggaacatcgctacctatgaagaacagttagttgcccthAngaacgaacatggatattgta
ggGTCAGGTGGATCTGGAGGtAGCTCttchacggggttacgccgaacatgatcgactatttcgg
acggcthatqaaggcatcgccgtqttcgacgqcaaaaagatcactgtaacagggaccctgtqqa
acggcaacaaaattatcgacgagcgcctgatcaaccccgacggctccctgctgttccgagtaacc
atcaacggagtgaceygygetggoggotgtGCGARCGCATTCTGGCE

SEQ ID NO:520 (SS 100 L27V (RIIbB) (aa seq)
MVFTLEDFVGDWRQTAGYNLDQVLEQGGVSSLFQNLGVSVTPIQRIVLSGENGLKIDIHVIIPYE
GLSGDQMGQIEKIFKVVYPVDDHHFKVELHYGTLVISASGGSGGSGMYESFEESLPFLKSLEFSA
RLKVVDVIGTKVYNDGEQIIAQGDSADSFFIIESGEVKITMKRKGKSEVEENGAVEIARCSRGQY
FGELALVTNKPRAASAHAIGTVKCLAMDVQAFERLLGPCMEIMKRNIATYEEQLVALYGTNMDIV
GSGGSGGSSSDGVTPNMIDYFGRPYEGIAVFDGKKITVTGTLWNGNKIIDERLINPDGSLLFRVT
INGVTGWRLCERILA

SEQ ID NO:521 (8S 101 L27V {(RIIbRB) (nt segquence)
ATthcttcacactcgaagatttcgttggggactggcgacagacagccggctacaacctgqacca
agtccttgaacagqgaggtgtgtccagtttgtttcagaatctcggggtgtccgtaactccgatcc
aaaggattgtcctgagcggtgaaaatgggctgaagatcgacatccatgtcatcatcccgtatgaa
ggtctgagcggcgaccaaatgggccagatcgaaaaaatttttaaggtggtgtaccctgtggatga
tcatcactttaaggtgatcctgcactatggcacactgqtaatcgacAGCgctAGCGGAGGTTCAG
GCGGTTCCGGAatgtatgaaagctttattgagtcactgccattccttaaatctttggagttttct
gcacgcctgaaagtagtagatgtgataggcaccaaagtatacaacgatggaqaacaaatcattgc
tcagggagaﬁtcggctgattcttttttcattattgaatctggagaagtgaaaattactatgaaaa
gaaagggtaaatcagaagtggaagagaatggtgcagtagaaatcgctcgatgctcgcggggacag
tactttggagagcttgccctggtaactaacaaacctcgagcagcttctgcccacgccattgggac
tgtcaaatgtttagcaatggatgtgcaagcatttgaaaqgcttctgggaccttgcatggaaatta
tgaaaaggaacatcgctacctatgaagaacagttagttgcccthAngaacgaacatggatatt
qtaggGTCAGGTGGATCTGGAGGtAGCTCttchgggttacgccgaacatgatogactattzcgg
acggccgtatgaaggcatcgccgtgttcgacggcaaaaaqatcactgtaacagggaccctgtqga
acggcaacaaaattatcgacgagcgcctgatcaaccccgacggctccctgctgttccgagtaacc
atcaacggagigaccggctggeggetgtGOEARCGCATTCTGG L

SEQ ID NO:522 (SS 101 L27V (RIIbB) (aa seq)



MVETLEDEVGDWRQTAGYNLDOVLEQGGVSSLEONLGYSVIPIORIVLSGENGLKIDIHAVI I PYE
GLSGDOMGOIEKIFKVVY PVDDHHFKVILHYGTLVIDSASGESGGSGMYESTIESLPFLESLERS
ARLEVVDVIGTEVYNDGEQITAQGDSADSEFIIESGEVR I TMKRKGKSEVEENGAVE IARCSRAG0
IFPGELALVINKPRAASAHATGTIVKCLAMDVQAFERLLGPCME IMEKRNIATYEEQLVALYSTNMD T
ViEEGGEEGEESSGVIPNMIDYFGRPYEGIAVEDGRE I TVIGTLWNGNEIIDERLINPDGSLLFRVT
INGVIGWRLCERILA

SEQ ID NO:523 (85 102 LZ7V {(RITbB) (nt sequence)
ATGgtotteacactogaagatticgttggggactggegacagacagecggetacaacetggacca
agtcecttgaacaggyuaggigtygtecagtttgtttcagaatotoggggtgteogtaactoacgatoa
aaaggattgtoectgagegytyaaaatgggetgaagategacatecatgicatcatcoccgtatgaa
ggtctgageggegaccaaatgggecagatcgaaaaaatttttaaggtggtgtacectgtggatyga
LeatcacttitaaggtgatectgcactatggracactggtaatcgacgugAGlgotAGCGGAGGTT
CAGGCGGTTCCGGAatgtatgaaagetttattgagtcactgeccattecttaaatetttggagttt
tetgecacgectgaaagtagtagatgtgataggeaccaaagtatacaacgatggagaacaaatcat
tgctcagggagattoggotgattecttttttcattattgaatotggagaagtgazaattactatga
aaagaaagggt&aatcagaagtggaagagaatggtgcagtagaaatcgctcgatgctcgcgggga
cagtactttggagagctigeectggtaactaacaaacctegagoagottictgeccacgooattgy
gactgtcaaatgtitagcaatggatgtgcaageatttgaaagycttectgggacecttgeatggasa
ttatgaaaaggaacatoygctacctatgaagaacagttagttgoectgTATggaacyaacatggat
attgrtaggGICAGGTGGATCTIGGAGGLAGCTCttcTgttacygccgaacatgategactatttegy
acggeegtatgaaggeategecgtgitegacggeraaaaagatcactygtaacagggacoctgtaga
acggcaacaaaattatcgacygagegecotgatcaacecegacggetecctgetgttocgagtaace
atcaacggagtgaceggetagoyggot gt GCGAACGCATTCTEGCE

SEQ ID NO:524 (SS 102 L27V (RIIbB) (aa seq)
MVETLEDFVGDWRQTAGYNLDOVLEQGEVS SLEONLGVSVTPIORIVLSGENGLKIDIHVIIPYE
GLSGDOMGQIEKIFKVVY PVDDHHFKVILHYGTLVIDGSASGGSGESOMYESFIESLPFLKSLEF
SARLEKVVDVIGTKVYNDGEQI IAQGDSADSFFI IESGEVK I TMKRKGK SEVEENGAVE T ARCSRG
QYFGELALVTNKPRAASAHAIGTVKCLAMDVQAFERLLGPCME IMKRN IATYEEOLVALY GTNMD
IVGSGGSGGSSSVTPNMIDYFGRPYEGTAVEDGKR I TVTGTLWNGNK T IDERLINPDGSLLFRVT
INGVTGWRLCERILA

SEQ ID NO:525 (88 103 L27V (RIIbB) {(nt sedquence)
ATthcttcacactcgaagatitcgttggggactggcgacagacagccggctacaacctggacca
agtccttgaacagggaggtygtygtecagttigtttcagaatotoggggtgtocgtaacteegaten
aaaggattgtoctgageggtgaaaatgggctgaagategacateccatgtecatcateoegtatgaa
ggtctgagcggcegaccaaatgggecagatcgaaaazatttttaaggtggtgtaccotgtggatyga
tcatcactttaaggtgatectgeactatggracactggtaategacgyggttAGCgotAGUGGAL
GTTCAGGCGGTTCCGGRAatgtatgaaagotttattgagtcactgecattccttaaatcttiggay
ttttetgeacgectgaaagtagtagatgtgataggcaccasaytatacaacgatggagaacaaat
cattgctcagggagactoggctgaticttttttcattattgaatectggagaagtgaaaattacta
tgaaaagaaagggtaaatcagaagltygaagagaatggtgcagtagasatogetogatgotegogyg
ggacagtacttiggagagcttgecctggtaactaacaaacctogagecagottctgeccacgeeat
tgggactgtoaaatgtttageaatggatgtgcaageatttgasaggotiotgggaccttgeatag
aaattatgazaaggaacaltlogctacctatgaagaacagttagtigocectgTATggaacgaacatyg
gatattglaggGTCAGCTGGATCTGGAGGLAGCTCttcTacygcogaacatgatecgactatttegy
acggecgtatgaaggcategecgtygttogacggraaaaagatcactytaacagggaceotgtaga
acggcaacaaaattatcgacgagegectgatcaacceegacggetocctgetgttcegagtaace
atcaacggagtgaceggetagegactgtGCGAACGCATTCTGGCE
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SEQ ID NO:526 (SS 103 L2Z7V (RIIbB) (aa seq)
MVFTLEDFVGDWRQTAGYNLDQVLEQGGVSSLFQNLGVSVTPIQRIVLSGENGLKIDIHVIIPYE
GLSGDQMGQIEKIFKVVYPVDDHHFKVILHYGTLVIDGVSASGGSGGSGMYESFIESLPFLKSLE
FSARLKVVDVIGTKVYNDGEQIIAQGDSADSFFIIESGEVKITMKRKGKSEVEENGAVEIARCSR
GQYFGELALVTNKPRAASAHAEuTVKCLAMDVQAFERLLGPCMEEMKRNIATYEEQLVALEGTNM
DIVGSGGSGGSSSTPNMIDYFGRPYEGIAVFDGKKITVTGTLWNGNKEEDERLIN?DGSLLFRVT
INGVTGWRLCERILA

SEQ ID NO:527 (Ss 120 L27V (RIIbB} (nt sequence)
ATthcttcacactcgaagatttcgttqgggactggcgacagacagccggctacaacctggacca
agtccttgaacagggaggtgtgtccagtttgtttcagaatCtcggggtgtccgtaactccgatcc
aaaggattgtcctgagcggtgaaaatgggctgaagatcgacatccatgtcatcatcccgtatgaa
ggtctgagcggcgaccaaatgggccagatcgaaaaaatttttaaggtggtgtaccctgtggatga
tcatcactttaaggtgatcctgcactatggcacactggtaatcgacgggqttacgccgaacatga
tcgactattteggacggeegtatgaaggoatcgecgtghGCyct AGCGCAGGTTCAGGCGETTCC
GGAatgtatgaaagctttattgagtcactgccattccttaaatctutggagttttctgcacgcct
gaaagtagtagatgtgataggcaccaaagtatacaacgatggagaacaaatcattgctcagggag
attcggctgattcttttttcattattgaatctggagaagtgaaaattactatgaaaagaaagggt
aaatcaqaagtggaagagaatggtgcaqtagaaatcgctCgatgctcgcgqggacagtactttgg
agagcttgccctgqtaactaacaaacctcgagcagcttctqcccacgccattgggactgtcaaat
gtttagcaatggatgtgcaagcatttgaaaggcttctgggaccttgcatggaaattatgaaaagg
aacatcgctacctatgaagaacagttagttgcccthAquaacgaacatggatattgtaquTC
AGGTGGATCTGGAGGtAGCTCttc?ttcgacggcaaaaagatcactgtaacagggaccctgtgga
acggcaacaaaattatCgacgagcgcctgatcaaccccgacggctccctgctgttccgagtaacc
atcaacggagtgaccggctggcggctthCGAACGCATTCTGGCt

SEQ ID NO:528 (88 120 L27V (RIIBB) (aa seq)
MV?TLEDFVGDWRQTAGYNLDQVLEQGGVSSLFQNLGVSVTPIQRIVLSGENGLKIDIHVIIPYE
GLSGDQMGQIEKIFKVVYPVDDHHFKVILHYGTLVIDGVTPNMIDYFGRPYEGIAVSASGGSGGS
GMYESFIESLPFLKSLEFSARLKVVDVIGTKVYNDGEQIIAQGDSADSFFIIESGEVKITMKRKG
KSEVEENGAVEIARCSRGQYFGELALVTNKPRAASAHAIGTVKCLAMDVQAFERLLGPCMEZMKR
NEATYEEQLVALYGTNMDIVGSGGSGGSSSFDGKKI?VTGTLWNGNKIIDERLENPEGSLLFRVT
INGVIGHRILLERILA

SEQ ID NO:529 (88 123 L27V (RIIbR) (nt sequenca)
ATthcttcacactcgaagatttcgttggggactggcgacagacagccggctacaacctggacca
agtccttgaacagggaggtgtgtccagtttgtttcagaatctcggggtgtccgtaactccgatcc
aaaggattgtcctgagcggtgaaaatgggctgaagatcgacatccatgtcatcatcccgtatgaa
ggtctgagcggcgaccaaatgggccagatcgaaaaaatttttaaggtggtgtaccctgtggatga
tcatcactttaaggtgatcctgcactatggcacactqgtaatcgacggggttacgccgaacatga
tcgactatttcggacggccgtatgaaggcatcqccgtgttcgacggcAGCgctAGCGGAGGTTCA
GGCGGTTCCGGAatgtatgaaagctttattgaqtcactgccattccttaaatctttggagttttc
tgcacgcctgaaagtagtagatgtqataggcaccaaagtatacaacgatgqagaacaaatcattg
ctcagggaqattcggctgattcttttttcattattgaatctggagaagtgaaaattactatgaaa
agaaaqggtaaatcagaagtggaagagaatggtgcagtagaaatcgctcgatgctcgcggggaca
gtactttggagagcttgccctggtaactaacaaacctcgagcagcttctgcccacgccattggga
ctgtcaaatqtttagcaatggatgtgcaagcatttgaaaggcttctgggaccttgcatggaaatt
atgaaaaggaacatcgctacctatgaagaacagttagttgcccthAquaacgaacatggatat
tgtaggGTCAGGTGGATCTGGAGGtA@CTCttcTaaaaagatcactgtaacagggaccctgtgga
acggcaacaaaattatcgacgagcgcctgatcaaccccgacggctccctgctgttccgagtaacc
atcaacggagtgaccgygctggoggetgtGCGRAACGCATTCTGGCE
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SEQ ID NO:530 (SS 123 L27V (RIIbB} (aa seq)
MVFTLEDEVGDWRQTAGYNLDQVLEQGGVS SLFONLGVSVTPIQORIVLSGENGLE I DIHVIIPYE
CLSGDOMGOIEKIFKVVY PVDDHHFKVILAYGTLVIDGVT PNMI DY FGRPYEGIAVIDGEASGES
GGSGMYESFIESLPFLEKSLEFSARLEVVDYIGTRKVYNDGEGT TAQGDSADSFII IESGEVK ] TMK
REGKSEVEENGAVE TARCSRGQYFGELALVINKPRAASAHAIGTVKC LAMDVOAFERLLGEPCME T
MERNIATYEEQLVALYGTNMDIVGSGGSGGSSSKKITVTGTLWNGNK L IDERLINPDGSLLFRYT
INGVTGWRLCERILA

SEQ ID NO:B31 (88 124 127V (RIIbB) (nt sequence)
ATthcttcacactcgaagatttcgttggggactggcqacagacagccggctacaacctggacca
agtccttgaacagggaggtgtgtccagtttgtttcagaatctcggggtgtccgtaactccgatcc
aaaggattgtcctgagcggtgaaaatgggctgaagatcgacatccatgtcatcatcccgtatgaa
ggtCEgagcggcgaccaaatgggccagatcgaaaaaatttttaaggtggtgtaocctgtggatga
tcatcactttaaggtgatcctgcactatggcacactggtaatcgacggggttacgccgaacatga
tcgactatttcggacggccgtatgaaggcatcgccgtgttcgacggcaaaAGCgctAGCGGAGGT
TCAGGCGGTTCCGGAatgtatgaaagctttattgagtcactgccattccttaaaLctttggagtt
ttctgcacgcctgaaagtagtagatgtgataggcaccaaagtatacaacgatggagaacaaatca
ttqctcagggagattcggctgattcttttttcattattgaaﬁctggagaagtgaaaattactatg
aaaagaaagqgtaaatcagaagtqgaagagaatggtgcagtagaaatcgctcgatgctcgcgggg
acagtactttggagagcttgccctggtaactaacaaacctcgagcagcttctgcccacgccattg
ggactgtcaaatgtttagcaatggatgtgcaagcatttgaaaggcﬁtctgggaocttgcatggaa
attatgaaaaggaacatcgctacctatgaagaacagttagttgcccthAngaacgaacatgga
tattgtaggGTCAGGTGGATCTGGAGGtAGCTCttcTaagatcactgtaacagggaccctgtgga
acggcaacaaaattatcgacgachcctgatcaaccccgacggctccctgctgttccgagtaacc
atcaacggagtgaceggotguoggctytGUGRACGCATTCTGROE

SEQ ID NO:532 (SS§ 124 L27V (RIIbB) (aa seq)
MVETLEDFVGDWRQTAGYNLDOVLEQGGVSSLFONLGVSVTPIORIVLSGENGLKIDIEVI I PYE
GLSGDOMGOIEKIFKVVY PVDDHHEFKVILHYGTLVIDGVTENMI DYFGRPYEGIAVEDGK SASGE
SGGSGMYESFIESLPFLKSLEFSARLKVVDY IGTKVYNDGEQI TAOGDSADSFFI TESGEVR T TM
KRKGKSEVEENGAVEIARCSRGQY FGRLALVTNKPRAASAHAT GTVKC LAMDVOAFERLLGPCME
IMKRNIATYEEQLVALYGTNMDIVGSGESGESSSKITVTGTLWNGNKI IDERL INPDGSLLFRVT
INGVTGHWRTL.CERILA

SEQ ID NOC:333 (85 125 127V (RIIbB) {(nt sequernce)

ATthcttcacactcgaagatttcgttggggactggcgacagacagccggctacaacctggacca
agtccttgaacagggagqtgtgtccagtttgtttcagaatctcggggtgtccgtaactccgatcc
aaaggattgtcctgagcggtgaaaatgggctgaagatcgacatccatgtcatcatcccgtatgaa
ggtctgagcggcgaccaaatgqgccagatcgaaaaaatttttaaggtggtgtaccctgtggatga
tcatcactttaaggtgatcctgcactatggcacactggtaatcgacggggttacgccgaacatga
tcgactatttcggacggccgtatgaaggcatcgccgtgttcgacggcaaaaagAGCgctAGCGGA
GGTTCAGGCGGTTCCGGAatgtatgaaagetttattgagtcactgccattccttaaatctttgga
gttttctgcacgCctgaaagtagtagatgtgataggcaccaaagtatacaacgatggagaacaaa
tcattgctcagggagattcggctgattcttttttcattattgaatctggaqaagtgaaaattact
atqaaaagaaagggtaaatcagaaqtggaagagaatggtgcagtagaaatcgctcgatgctcgcg
ggqacagtactttggagagcttgccctggtaactaacaaacctcgagcagcttctgcccacgcca
ttgggactgtcaaatgtttagcaatggatgtgcaagcatttgaaaggcttctgggaccttqcatq
gaaattatgaaaaggaacatcgctacctatgaagaacagttagttgcccthAngaacgaacat
ggatattgtaggGTCAGGTGGATCTGGAGGtAGCTCttcTatcactgtaacagggaccctgtgga
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acggceaacaaaattatcgacgagegectgatecaacecegacggecteocctgetgttecgagtaace
atcaacggagtgaccyggctggeggetgtGCGAACGCATTCTGGC

SEQ ID NO:534 (85 125 L27V (RIIbB) (aa seq)

MVE T LEDEVGDWROTAGYNLDOVLEQGGVSSLFONLGYSVTPIQRIVLSGENGLKIDIHVITEYER
GLSGDOMGIERIFRVVY PVDDHHFKV I LHYGTLVIDGV T PNMIDYFGRPYEGIAVFDGKKSASG
GOGGSGMYESFIESLPFLKSLEFSARLKVVDVIGCTEVYNDGEQI TAQGDSADSEFFIIESGEVEIT
MKRKGKSEVEENGAVEIARCSRGOYFGELALVINEPRAASAHAIGTVKCLAMDVOAFERLLGEOM
EIMKRNIATYEEQLVALYGTNMDIVGSGGSGGSSSITVIGTLWNGNRI IDERLINPDGSLLFRYT
INGVTGWRLCERILA

SEQ ID NO:535 (88 130 L27V (RIIbB} (nt sequence)
ATGgtcotteacactcgaagatttogttggggactggegacagacagecggotacaacctyggacea
agtccttgaacagggaggtygtygtecagtttgtttcagaateteggggtgtocgtaactecegatoe
aaaggattgtectgageggtgaaaatgggetgaagategacatecatgtecatcateccgtatgaa
ggtctgagecggcgaccaaatgggecagatcgaaaaaatttttaaggtggtgtacectgtggatgs
tcatcactttaaggtygatectgcactatggcacactggtaatogacggggttacgcogaacatga
tcgactatttcggacgygceygtatgaaggeatecgecgigttogacggcaaaaagatcacigtaaca
gggAGCYCtAGCGGAGGTTCAGGCGETICCGGAatgtatgasagetittattgagtcactgocatt
cettaasstctitggagtttictgcacgectgaaagtagtagatgtgataggcaccaaagtataca
acgatggagaacaaatcattgctcagggagatteggetgattettttticattatigaatctgyga
gaagtgazaattactatgaaaagaaaggytaaatcagaagtggaagagaatyggligcagtagaaat
cgctegatgoteygegygyggacagtactttggagagettgocoetggtaactaacaaaccticgageag
clLtctgrecacgccattgggactgtcasatgtittageaatggatgtgcaageattitgaaaggett
ctgggaccttgeatggaaattatgasaaggaacategetacctatgaagaacagttagtigeoct
gTATggaacgaacatggatattgtaggGTCAGETGEATCTGGAGELAGCTCtteTaccctgtgga
acggcaacaaaattaicgacgagegectgatcaaceeegacggetecctgetgttoogagtaace
atcaacggagltgaccyggetggcggctgtGCGAACGCATTCTGG

S5EQ ID NO:536 (S8 130 L27V (RIIDB) (aa seq)
MVETLEDFVGDWRQTAGYNLDOVLEQGGVSSLEONLGVSVIPIQRIVLSGENGLEIDIHVIIPYE
GLSGDOMGQIERIFRVVYPVDDHHEFKVILHYGTLVIDGVIPNMIDYFGRPYEGIAVEFDGEKITVT
GOASGGSGGSGMYESFIESLPFLKSLEFSARLEKVVDVIGTRVYNDGEQI IAQGDSADSFFIIESG
EVEITMKRKGKSEVEENGAVEIARCSRGOYFGELALVTNRKPRAASAHATIGTVECLAMDVOAFERL
LGPCMEIMERNIATYEREQLVALYGTNMDIVGSGGESGESSSTLWNGNKI IDERLINPDGSLLFRYT
INGVTGWRLCERTILA

SEQ ID NO:537 (88 136 L27V (RIIbB) (nt sequence)

ATGgtcttcacactegaagatttegttggggactggecgacagacagecggctacaacctggacca
agtecttgaacagggaggtgtgteccagtttgttteagaatotogyggotgtcogtaactecgatec
aaaggattgtectgageggtgaaaatgggectgaagatecgacateccatgteatecatecegtatgaa
ggtctgageggcgaccaaatgggecagatecgaaaaaatttttaaggtggtgtaccetgtggatyga
tcatcactttaaggtgatectygeactatggcacactggtaategacgggettacgecgaacatyga
tcgactatttoggacggecgtatgaaggcategecgtgttcgacggcaaaaagatcactgtaaca
gggacccotgtggaacggeaacAGCgetAGUGGAGGTTCAGGCGGTTCCGGAatgtatgaaagot
tattgagtcactgcecattccttaaatecttiggagtiittoctgcacgectgaaagtagtagatgtga
taggcaccaaagtatacaacgatggagaacaaatcattgectcagggagattcggotgattotttt
ttcattattgaatctygagaaygtygasaattactatgaaaagaaagogtaaatcagaagtggaaga
gaatggtgcagtagaaatcgetegatgetegeggggacagtactitggagagettgoectyggtaa
ctaacaaacctoegagcagettotgcccacgeoocattgggactgtcaaatgtttagcaatggatgty
caagcatttgaaaggotictgggaccttgecatogaaattatgasaaggaacatcgctacoctatyga
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agaacagttagttgeccctgTATggaacgaacatggatat tgtaguGTCAGCTEGATCTGGAGGEA
GCTCttcTaaaattatecgacgagegectgatcaaccocegacggetocootgotgttcegagtaace
atcaacggagtgaccggctggeggetgtGUGAACGCATTCTGGECL

SEQ ID NO:538 (85 136 L27V (RIIbR) (aa seq)
MVETLEDEVEDWROTAGYNLDOVLEQGGVS SLEQNLGVSVTPI ORI VLSGENGLKIDIEVIIPYE
GLSGLOMGOIERIFRKVVYPVDDEEFKVILEYGILVIDGYTPNMI DY FGRPYEGIAVEDGERKITVT
GILWNGNSASGGSGGSGMYESFIESLPFLKSLEFSARLEKVVDVIGTKVYNDGEQI TAQGDSADSE
FITESGEVRITMERKGRSEVEENGAVEIERCSRGQYFGELALVINKPRAASAHATGTVKCLAMDY
CAFPERLLGPCMEIMEKRNIATYREQLVALYGTNMDIVGSGGSGGSSSKIIDERLINPDGSLLEFRVT
INGVTGWRLCERILA

SEQ ID NO:539 (85 143 L27V (RIIhB} {(nt seguence)
ATGgtettecacactegaagatttegttggggactggegacagacagecggoctacaacetggacea
agtccttgaacagygaggtgtgtccagtttgtttcagaatectoggggtgtecegtaactecgatea
asaggattgtccigageggtgaaaatgggctgaagatcgacatececatgtcatecateccgtatgaa
ggtctgageyggogaccasatgggecagatcgaaaaaatttttaaggtggtgtacecotgtggatga
tcatcactttaaggtgatcctgecactatggecacactggtaategacggggttacgccgaacatga
tcgactattticggacggoogtatgaaggeatogoecgigttcgacggcaaaaagatcactgtaaca
gggaccctgtggaacggcaacaaaattatecgacgagegoctgAGCgoiAGCGGAGETTCAGGLGS
TTCCGGRAatgtatgaaagetttattgagtocactgecattecttaaatotttggagttttctgeac
geotgasagtagtagatgtgataggcaccaaagtatacaacgatgygagaacaaatcattgetcag
ggagattcggctgattcttittttcattattgaatetggagaagtgaaaattactiatgaaaagaasa
gggtaaatcagaagltggaagagaatggtgcagtagaaategetecgatgolbcgoggggacagtact
ttggagagcttgooctyggtaactaacaaacctegageagettetgeccacgeeattgggactgto
aaatglttageaatggatgtgcaageattitgasagycttctgggaccttgecatggaaattatgaa
aaggaacatcgogctacctatgaagaacagttagitgecctglATggaacgaacatggatattgtag
gGTCAGGTIGGATCTGGAGGLAGCTCLteTatcaaccoogacyggotecotgotgttecegagtaacs
atcaacggagtgaccoggetagegygetgtGUGAACGCATTCTGGCE

SEQ ID NO:540 (88 143 L27V (RIIbR)} (a=z seq)

MYFTLEDFVGDWROTAGYNLDOVILEQGGVSSLFONLGVSVTPIORIVLSGENGLEIDIEVIIEYE
GLSGDOMGQIERKIFEKVVYPVDDHHFKVILHYGTLVIDGVIPNMIDYFGRPYECIAVEDGEKEITVT
GTLWNGNEIIDERLSASGGEGGESGMYESFIESLPFLKSLEFSARLEVVDVIGTEKVYNEGEQI TAD
GDSADSFFIIESGEVKImMKRKGKSEVPENGAVEIARCSRGQYPGELALVWNKPRAASAHA:GTV

INGVTGWRLCER.

SEQ ID NO:541 (S8 145 L27V (RIIbB} {(nt sequence)
ATGgtcttcacactegaagatttegttggggactgygcgacagacagecgygctacaacetggacea
agtcocttgaacagggaggtgtgtecagtttgtttcagaatctcogggtgtocgtaacteogatea
aaaggattgtectgageggtgaaaatgggctgaagategacateccatgteateatocegtatgan
ggtctgagegygcgaccaaatgggecagatcgaaaaaattittaaggtogtgtaccetgtggatga
tcatcactitaaggtgatcectgeactatggecacactggtaatcgacggggttacgecegaacatga
tcgactatttcoggacggoegtatgaagygcatcgecgtgttcgacyggcaaaaagatcactgtaaca
gggaccctgtggaacggeaacaaaattategacgagegecotgatcaacAGlgot AGCGGAGGTT
AGGCGGTTCCGGAatgtatgaaagctttattgagtecactgocatiocttaaatotttggagttet
ctgcacgeectgaaagtagtagatygtgataggcaccaaagtatacaacgatggagaacaaatcatt
getcagggagattcggetgattottttticattattgaatetggagaagtgaaaattactatgaa
aagaaagggtaaatcagaagtyggaagagaatgygtygcagtagaaatogetogatgctcgogoggac
agtactttggagagcttgcectggtaactaacaaacctegagecagettctgeocacgecatigygy
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actgtcaaatgtttagcaatgqatgtgcaagcatttqaaaggcttctgggaccttgcatggaaat
tatgaaaaggaacatcgctacctatgaagaacaqttagttgcccthAngaacgaacatggata
ttgtaggGTCAGGTGGATCTGGAGGtAGCTCttcTcccgacggctccctqctgttccgaqtaacc
atcaacggagtgaccggetggeyggetghtGCGAACGCATTOTGGOL

SEQ ID NO:542 (8S 145 L27V (RIIbB) (aa seq)
MVETLEDFVGDWRQTAGYNLDOVLEQGGVSSLFONLGYVSVTPIQRIVLSGENGLKIDIRVIIFYE
GLSGDOMGOIERIFKVVY PVDDHHFKVILHYGTLVIDGV T PNMI DY PFGRPYEG T AVFDGKKITVT
GTLWNGNKIIDERLINSASGGSGGSGMYESFIESLPFLKSLEFSARLKVVDVIGTKVYNDGEQII
AQGDSADSFFITESGEVKITMKRKGKSEVEENGAVEIARCSRGOYFGELALVTNKPRAASAHATG
TVKCLAMDVQAFERLLGPCMEIMKRNIATYEEQLVALYGTNMDIVGSGGSEGSSSPDGILLFRVT
INGVTGWRLCERILA

SEQ ID NO:543 (SS 147 L27v (RIIbB! {(nt seguence)
ATthcttcacactcgaagatttcgttggqgactggcgacagacagccggctacaacctggacca
agtccttgaacagggaggtgtgtccagtttgtttcagaatcthgggtgtccgtaactccgatcc
aaaggattgtcctgagcggtgaaaatgggctgaagathacatccatgtcatcatcccgtatgaa
ggtctgagcqgcgaccaaatgggccagatcgaaaaaatttttaaggtggtgtaccctgtggatqa
tcatcactttaaggtgatcctgcactatggcacactggtaatcgacggggttacgccgaacatga
tcgactatttcggacggccgtatgaagqcatcgccgtgt_cgacggcaaaaagatcactgtaaca
gggaccctgtggaacggcaacaaaattatcgacgagcgcctgatcaaecccgacAGCgctAGCGG
AGGTTCAGGCGGTTCCGGAaigtatgaaagctttattgagtcactgccattccitaaatctttgg
agttttctgﬁacgcctgaaagtagtagatgﬁgataggcaccaaagtatacaacgatggagaacaa
atcattgctcagggagattcggctgattcttttttcattattgaatctqgagaaqtgaaaattac
tatgaa&agaaagggﬁaaatcagaagtggaagagaatgqtgcagtaqaaatcgctcgatgctcgc
ggggacagtactttggagagcttgccctgqtaactaacaaacctcgagcagcttctgcccacgcc
attgggactgtcaaatgtttagcaatqgatgtgcaagcatttgaaaggcttctgggaccttgcat
ggaaattatgaaaaggaacatcgctacctatgaagaacagttagttgcccthAngaacgaaca
tggatattgtangTCAGGTGGATCTGGAGGtA@CTCttchgctccctgctgttccgagtaacc
atcaacggagtgacecgoctggoeggotgtGCGARCGCATTOTGGC

SEQ ID NO:544 (S8 147 L27V (RIIbB) (aa seq)
MVEFTLEDFVGDWRQTAGYNLDQVLEQGGVSSLFONLGVSVTPIQORIVLSGENGLEKI DIHVI IPYE
GLSGDOMGOIEKIFKVYY PVDDHHFKVILEYGT LV IDGVTPNMI DY FGRPYEGIAVEDGKKITYT
GTLWNGNKEIDERLINPDSASGGSGGSGMYESFIESLPFLKSLEFSARLKVVDVIGTKVYNDGEQ
TIAQGDSADSFFITRSGEVKI TMKREKGK SEVEENGAVEI ARCSRGOYFGELALVTNKPRARSAHA
LGTVKCLAMDVOAFERLLGPCME IMKRNIATYERQLVALYGTNMD T VESGGSGGSSSGSLLERVT
INGVIGWRLCERILA

SEQ ID NO:545 (SS 148 L27V (RIIbB)} (nt seguence)

ATthcttcacactcgaagatttcgttggggactggcgacagacagccggctacaacctggacca
agtccttgaacagggaggtgtgtccagtttgtttcagaatctcggggtgtccgtaactccgatcc
aaaggattgtcctgagcggtqaaaatgggctgaagatcgacatccatgtcatcatcccgtatgaa
ggtctgagcggcgaccaaatgggccagatcgaaaaaatttttaaggtggtgtaccctgtggatga
tcatcactttaaggtgatcctgcactatggcacactggtaatCgacggggttacgccgaacatga
tcgactatttcggacggccgtatgaaggcatcgccgtgttcgacggcaaaaagatcaetgtaaca
gggacCctgtggaacggcaacaaaattatcgacqagcgcctgatcaaccccgacgchGCgctAG
CGGAGGTTCAGGCGGTTCCGGAatgtatgaaagctttattgagtcactgccattccttaaatctt
tggagttttctgcacgcctgaaagtagtagatgﬁgataggcaccaaagtatacaacgatggaqaa
caaatcattgctcagggagattcggctgattcttttttcattattgaatctggagaagtqaaaat
tactatqaaaagaaagggtaaatcagaagtggaagagaatggtgcagtagaaatcgctcgatgct
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cgcgggqacagtactttggagaqcttgccctggtaactaacaaacctcgagcaqcttctgcccac
gccattgggactgtcaaatgtttaqcaatggatgtgcaagcatttgaaaggcttctgggaccttg
catggaaattatgaaaaggaaoatcgctacctatgaagaacagttagttgcccthAngaacga
acatggatattgtaggGTCAGETECATCTGGAGGLAGCTCLLcTtcectgatgttoogagtaace
atcaacqggagtgaccygetggeggotgtGCGARCGCATTCTGGO

SEQ ID NO:546 (SS 148 L27V (RIIbR} {aa seq)
MVETLEDIVGDWROTAGYNLDOVLEQGGVSSLEQNLGVSVTIPIORIVLSGENGLK I DIHVIIPYE
GLSGDOMGQIER I FKVVY PVDDHEFKVILEYGTLVIDEVTPNMIDYFGRPYEGIAVFDGRKITYVT
GTLWNGNKIIDERLINPDGSASGESGGSGMYESFIESLPFLKSLEFSARLEKVYDVIGTEVYNDGE
QIIAQGDSADSFFIIESGEVKITMKRKGKSEVEENGAVE IARCSRGOYFGELALVTNKPRAASAE
AIGTVKCLAMDVOAFERLLGPCMEIMKRNIATYEEQLVALYGTNMD I VGSGESGGSSSSLLFRYT
INGVIGWRLCERILA

SEQ ID NO:547 (Ss 156 L27V (RIIbB) (nt sequence)
ATthcttcacactcgaagatttcgttggggactggcgacaqacagccggctacaacctggacca
agtccttgaacagggaggtgtgtccaqtttgtttcagaatcthgqgtgtccgtaactccgatcc
aaaqqattqtcctgagcggtgaaaatgggctgaagatcgaeatccatgtcatcatcccgtatgaa
ggtctgagcggcgaccaaatgggccagatcgaaaaaatttttaaggtggtgtaccctgtggatga
tcatcactttaaggtgatcctgcactatggcacactggtaatcgacggggttacgccgaacatga
tcgactatttcggacggccqtatgaaggcathccgtgttcgacggcaaaaagatcactgtaaca
gggaccctgtggaacggcaacaaaaitatcgacgagcgcctgatcaaccccgacggctccctgct
gttccgagtaaccatcAGCgctAGCGGAGGTTCAGGCGGTTCCGGAatgtatqaaagctttattg
agtcactgccattccttaaatctttggagttttctqcacgcctgaaagtagtagatgtgataggc
accaaagtatacaacgatggagaacaaatcatigeteagggagattoggetgattottttttoat
tattgaatctggagaagtqaaaattactatgaaaagaaagggtaaatcaqaagtggaagagaatg
gtgcagtagaaatcgctcgatqctcgcqgggacagtactttggagagcttgccctggtaactaac
aaacctcgagcagcttctgcccacgccattgggactgtcaaatgtttagcaatggatgtgcaagc
atttgaaaggcttctgggaccttgcatggaaattatgaaaaggaacatcgctacctatgaagaac
agttagttgecotgTATggaacgaacatggatat tglaggGlCAGETGRATCTGEAGREAGETCL
teTaacggagtgacoyggotyggegectgtGCCARCGCATTCTCGO

SEQ ID NO:548 (88 156 L27V (RIIBRB) {aa seq)
MVFTLEDFVGDWROTAGYNLDOVLEQGGVSSLFONLEVSVTPTIORIVLEGENCLEI DI HVI IBYE
GLSGDQMGQIEKIFKVVY?VDDHHFRVILHYGTLVIDGVTPNMZDYFGRPYEGIAVFDGKKITVT
GTLWNGNKIIDERLINPDGSLLFRVTISASGGESGGSCMYESFIESLPFLKSLEFSARLKVVDVIG
TKVYNDGEQIIAQGDSADSFFIIESGEVKITMKRKGKSEVEENGAVEIARCSRGQYFGELALVTN
KPRAASAHATGTVKCLAMDVOAFERLLGPCME IMERNI ATYEROLY ALY CTNMDTVESGESAGSS
SNGVTGWRLCERILA

SEQ ID NO:549 (Ss 157 L27V (RIIbB) (nt sequence)

ATthcttcacactcgaagatttcqttggggactqgcgacagacagccggctacaacctggacca
agtccttgaacagggaggtgtgtccagtttgtttcagaatctcggggtgtccgtaactccgatcc
aaaggattgtCctgagcggtgaaaatgggctgaagatcgacatccatgtcatcatcccgtatgaa
ggtctgagcggcgaccaaatgggccagathaaaaaatttttaaggtggtgtaccctgtggatga
tcatcactttaaggtgatcctgcactatggcacactqqtaatcgacggggttacgccgaacatqa
icgactatttcggacggccgtatgaaggcatcgccgtqttcgacgqcaaaaagatcactgtaaca
gggaccctgtggaacggcaacaaaattatcgacgagcgcctgatcaaccccgacggctccctgct
gttccgagtaaccatcaacAGCgctAGCGGAGGTTCAGGCGGTTCCGGAatgtatgaaagcttta
ttgagtcactgccattccttaaatctttgqagttttctgcacgcctgaaagtagtagatgtgata
ggcaccaaagtatacaacgatggagaacaaatcattgctcagggagatteggetgattotttttt
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cattattgaatctggagaagtgaaaattactatgaaaagaaagggtaaatcagaagtggaagaga
atggtgcagtagaaatcgctcgatgctcgcggqgacagtactttggagagcttgccctggtaact
aacaaacctcgagcagcttctgcccacgccattgggactgtcaaatgtttagcaatggatgtgca
agcatttqaaaggcttctgggaccttgcatggaaattatgaaaaggaacatcgctacctatgaag
aacagttagttgeectgTATggaacgaacatggatattgtaggGTCAGGTGGATCTGGAGGEAGT
TCtteTggagtgaccggrtggogyelgt GCGAACGCATTOTGRO L

SEQ ID WO:550 (SS 157 L27V (RIIbLB) (aa seq)
MVFTLEDFVGDWRQTAGYNLDQVLEQGGVSSLFQNLGVSVTPIQRIVLSGENGLKIDIHVII?YE
GLSGDQMGQIEKIFKVVYPVDDHHFKVILHYGTLVIDGVTPNMIDYFGRPYEGIAVFDGKKITVT
GTLWNGNKIIDERLINPDGSLLFRVTINSASGGSGGSGMYESFIESLPFLKSLEFSARLKUVDVI

TKVYNDGEQIIAQGDSADSFFIIESGEVKITMKRKGKSEVEENGAVEIARCSRGQY?GELALVT
NKPRAASAHAIGTVKCLAMDVQAFERLLGPCMEEMKRNIATYEEQLVALYGTNMDIVGSGGSGGS
SEGVTGWRILCERILA

SEQ ID NO:551 (SS 158 L27V (RIIbB} {(nt saquence)
ATthcttcacactcgaagatttcgttggggactqgcgacagacagccggctacaacctgqacca
agtceccttgaacagggaggtotygtcoagttt tttcagaatctegggotgtocgtaactecgatac
aaaggattgtcctgagcqgtgaaaatgggctgaagatcgacatccatgtcatcatcccgtatgaa
ggtctgagcggcgaccaaatqggccagatcgaaaaaatttttaaggtggtgtaccctgtggatqa
tcatcactttaaqgtgatCctgcactatggcacactggtaatcgacggggttacgccgaacatqa
tcgactattthgacggccgtatgaaggcatcgccgtgttcgacggcaaaaagatcactgtaaca
gggaccctgtgqaacggcaacaaaattatcgacgagcgcctgatcaaccccgacggctccctgct
gttccgagtaaccatcaacggaAGCgctAGCGGAGGTTCAGGCGGTTCCGGAatgtatgaaagct
ttattgagtcactgccattccttaaatctttggagttttctgcacgcctgaaagtagtagatgtg
ataggcaccaaagtatacaacgatggagaacaaatcattgctcagggagatthgctgaitcttt
tttcattattgaatctggagaagtgaaaattactatgaaaagaaagggtaaatcagaagtggaag
agaatggtgcagtagaaatcgcﬁcqatgctcgcggggacagtactttggagagcttgccctgqta
actaacaaacctcgagcagcttctgcccacgccattgggactgtcaaatqtttagcaatggatgt
gcaagcatttgaaaggcttctgqqaccttgcatgqaaattatgaaaaggaacatcgctacctatg
aagaacagttagttgecectgTAlggaacgaacatggatattgtaggCTCAGETGGATCTGGACSE
AGCTCttcTgtgaccgyctgueygetgtGUGAACGCATTO TEACT

SEQ ID NO:552 (55 158 L27V (RIIbR) (aa seq)
MVFTLEDFVGEDWROTAGYNLDQVLEQGGVSSLEQONLGYVSVTPIORIVLSGENGLKIDTHV I IBYE
GLSGDOMGOIEKIFKVVY PVDDHEFKVI LHYGTLVIDGVTPNMI DY FGRPYRCIAVEDGKK TTVT
GTLWNGNKIIDERLINPDGSLLFRVTINGSASGGSGESGMYESFIESLPFLKSLEFSARLRVYDY
IGTKVYNDGEQZIAQGDSADSFFIIESGEVKITMKRKGKSEVEENGAVEZARCSRGQYFGELALV
TINKPRAASAHATIGTVKCLAMDVQAFERLLGPCME TMERN IATYEEQLVALYGTNMD I VGSGRSGG
SESVTGWRLCERILA

SEQ ID NO:5583 (8§ 166 L27V (RIIbB) (nt sequence)

ATthcttcacactcgaagatttcgttggqgactggcgacagacagccggctacaacctggacca
agtccttgaacagggaqgtgtgtccagtttgtttcagaatctcggggtgtccgtaactccgatcc
aaaggattgtcctqagcggtgaaaatgggctgaagatcgacatccatgtcatcatcccgtatgaa
ggtctgagcggcgaccaaatgggccagatcgaaaaaatttttaaggtggtgtaccctgtggatga
tcatcactttaaggtqatcctgcactatggcacactggtaatcgacggggttacgccgaacatga
tcgactatttcgqacggccgtatgaagqcathccqtgttcgacggcaaaaagatcactgtaaca
gggaccctgtggaacggcaacaaaattatcgacgagcgcctgatcaaccccgacggctccctgct
gttccgagtaaccatcaacggagtgaccggctggcggctgtGCGAAAGCgctAGCGGAGGTTCAG
GCGGTTCCGGA&tqtatgaaagctttattgagtcacigccattccttaaatctttggagttttct
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gcacgcctgaaagtagtagatqtgataggcaccaaagtatacaacgatgqagaacaaatcattgc
tcagggagattcggctqattcttttttcattattgaaﬁctggagaaqtgaaaattactatgaaaa
gaaagggtaaatcaqaagtggaagagaatggtgcagtagaaatcgctcgatgctcgcggggacaq
tactttggagagcttgccctggtaactaacaaacctcgagcagcttctgcccacgccattgggac
tgtcaaatgtttagcaatggatgtgcaagcatttgaaaggcttctgggaccttgcatqqaaatta
tgaaaagqaacatcgctacctatgaagaacaqttagttgcccthAngaacgaacatggatatt
gLaggGTCAGGTGGATCTIGEAGGLAGC TCL Lo TCECATTOTEG

SEQ ID NO:554 (SS 166 L27V (RIIbB) (aa seq)
MVETLEDEVGDWROTAGYNLDOVLEQGGVSSLFQONLGVSVTPIQORIVLSGENGLKIDIHVIIFYE
GLSGDOMGOIEKIFKVVYPVDDHHEFKVILHYGTLVIDGVTPNMIDY FGRPYEGIAVFDGKKITVT
GILWNGNRKIIDERLINPDGSLLFRVTINGVIGWRLCESASGGSGGSEMYESFIESLPFLESLEFS
ARLKVVDVIGTKVYNDGEQIIAQGDSADSFFIIESGEVKITMKRKGKSEVEENGAVEIARCSRGQ
YFGELALVINKPRAASAHAIGTVRCLAMDVOAFERLLGPCME IMKRN IATYEEQLVALY GTNMDT
VGBGGEGGS3SRITA

SEQ ID NO:555 (CP 26 L27V (RIIbB) (nt sequence)
ATGgqtgtgtccagtttgtttcagaatctcggggtgtccgtaactccgatccaaaggattqtcct
gagcggtgaaaatgggctgaagatcgacatccatgtcatcatcccgtatgaaggtctgagcggcg
accaaatggqccagatcgaaaaaatttttaaqgtggtqtaccctgtggatgatcatcactttaag
gtgatcctgcactatggcacactqgtaatcgacggggttacgccgaacatgatcgactatttcgg
acggchtatqaaggcatcgccgtgttcgacggcaaaaagatcactgtaacagggaccctgtgga
acggcaacaasattatcgacgagegectgateaacecegacggetecctgetgtteagagtaace
atcaacygyagtgaccguotogoguct gtGUGAACGLAT TCTGGCLAGL TCAAG  GGAGCTTCAGS
CGETTCCEGAATCTATGAAAGCTTTATTGAGTCACTGCCATTCCTTARATC T T TGGAGTTTTCTE
CACGCCTGARAGTAGTAGATGTGATAGGCACCARAGTATACAACGATGGAGAACARATCATTGCT
CAGGGAGATTCGGCTCAT TCTTT T I TCAT TAT TGARTC T GGAGAAGTGAAAAT TACTATGARAAG
ARRGGGTAARATCAGARGTGCAAGAGAATGETGCAGTAGAALTCGCTCGATGO TCGOGRRGACAGT
ACTTTGGAGAGCTIGCCCTGGTARCTAACARACCTCGAGCAGC T T TGCCOACGECAT TCGCACT
CTCAAATCITTAGCAATGGATGTGCAAGCAT TTGAARGGCTTC TGERACC TTGCATGGAALTTAT
GAAAAGGAACATCGCTACCTATGARGAACAGTTAGTTGCCC TG TATGRAACGRAACATGGATATTSG
TAGGGTCAGGTGGATCTGGAGGTAGCTCTTCTatggtcttcacactcgaagatttcgttggggac
tggcgacagacagccggctacaacctggaccaaqtccttgaacaggga

SEQ ID NO:556 (CP 26 L27V (RIIbB) (aa seq)
MGVSSLEONLGVSVTPIQRIVLSGENGLKIDTHVI I PYEGLSGDOMGOTEKIFKVVY PVDDHEFK
VILHYGTLVIDGVTPNMIDYFGRPYEGIAVFDGEKITVTGTLWNGNK T IDERL INPDGSLLFRVT
INGVTGWRLCERILASS3GGSGESCMYESFIESLPFLKSLEFSARLKVVDVIGTKVYNDGEQT IA
QGDSADSFFEIESGEVKITMKRKGKSEVEENGAVEIARCSRGQYFGELALVTNKPRAASAHAIGT
VECLAMDVOAFERLLGPCME IMKRNTATYERQLVALYGTNMD I VGSGESGGSSSMYFTLEDFVGD
WROTAGYNLDOVLEQG

SEQ ID NO:557 {(CP 45 L27V (RIIbB) {nt sequence)

ATthcctgagcggtgaaaatgggctgaagatcgacatccatgtcatcatcccgtatgaaggtCt
gagcggcgaccaaatgggccagatcgaaaaaatitttaaggtggtgtacectgtggatgatcatao
actttaaggtgatcctgcactatggcacactggtaatcgacggggttacqccqaacatqatcgac
tatttcggacqgccgtatgaaggcatcgccgtgttcgacggcaaaaagatcactgtaacagggac
Cctgtggaacggcaacaaaattatcgacgachcctgatcaaccccgacqgctccctgctgttcc
gagtaaccatcaacggagigaceogotyggogyctglGCGAACGCAT IO TGGCLAGS TOAAGOGOA
GCTICAGGCGGTTCCEGAATGTATGARAGC T TTATTGAGTCAC TG CATT OO T TARATC T T IEGA
GTTTTCTGCACGCCTGAAAGT ACTAGATGTGATAGECACCAAAGTATACAACGATGGACARCARR
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TCAT T GCTCAGEGAGAT I CGGCTGAT TSI T P T T TCAT P A T TGAATC TEGAGAAGTGARARTTACT
ATGAAARGARAGGGTARATCAGARGTGGAAGAGAATGETGCAGTAGAAATCECTOGATGOTORC0
GGGACAGTACTTTGGAGAGCTTGCCCTGRTARC TAACARACC TCGAGCAGCTTC TGO CCACGCCA
ITTGGGACTGTCAAATGTTTAGCAATGGATG TGCAAGCAT TTGAAAGGC TTCTGGGACCTTGCATS
GARATTATGARRAGGAACATCGCTACCTATGAAGAACAGTTAGTTGCCCTATATGGARACGARCAT
GGA?ATTGTAGGGTCAGGTGGATCTGGAGGTAGCTCTTCTatggtcttcacactcgaagatttcg
ttgggqactggcgacagacagccggctacaacctggaccaagtccttqaacagggaggtgtgtcc
agtttgtttcagaatctcggggtgtccqtaactccgatccaaaggatt

SEQ ID NO:558 (CP 45 L27V (RIIbB) (aa seq)
MVLSGENGLRIDIHVIIPYEGLSGDOMGOIEKIFKVVY PVDDHAFKVILEYGTLVIDGVTEPNMID
YFGRPYEGIAVFDGRKITVTGTLWNGNKI I DERLINPDGSLLFRVT INGVTGWRLCERILASSSE
GCSGGEGMYESFIESLPFLKSLEF SARLKVVDVIGTRVYNDGEQI IAQGDSADSFFIIESGEVKIT
MKRKGKSEVEENGAVEIARCSRGOYFGELALVTNKPRAASAHAIGTVKCLAMDVOAFERLLGECM
EIMKRNIATYEEQLVALYGTNMDIVGSGGSGGSSSMVFTLEDFVGDWRQTAGYNLDQVLEQGGVS
SLPONLGVSVTPIQRI

SEQ ID NO:559 (CP 100(+1) L27V (RIIbB) (nt sequence)

ATGgacggggttacgccgaacatgatcgactatttcggacggccgtatgaaggcatcgccgtgtt
Cgacggcazaaagatcactgtaacagggaccotgtggaacyggcaacaaaattategacgagegoo
tgatcaaccccgacggctccctgctgttccgagtaaccatcaacggagtgaccggctggcggctg
tGCGAACGCATTCTGGCLAGCTCAAGCGGAGG T TCAGGCGGTTCCGGAATGTATGAARGOTTTAT
TGAGTCACTGCCATTCCTTARATCTTTGGAGT T TTCTGCACGC CTGARAGTAGTAGATGTGATAG
GCACCAAAGTATACAACGATGGEAGAACARATCATTGLTCAGGGAGATTCGGCTGAT TOTT TP o
ATTATTGARTCTGGAGARAGTGAARATTACTATGARAAGAAAGGGTARATCAGAACTGGARGAGAR
TGGTGCAGTAGARATCGCTCGATGCTCGCGGGGACAGTACT T TGGASAGC TTRCCCTEGTARCTA
ACARAACCTCGAGCAGCTTCTGCCCACGCCATTGGGACTGTCAAATGT T TAGCAATGGATGTGCEA
GCATTTGAAAGGCTTCTGGGACCTTGCATGGAAAT TATGRAAALGCAACATCGCTACCTATGAAGR
ACAGTTAGTITGCCCIGTATGGAACGAACAT GGATATTGTAGGG TCACGETGEATCTCGAGETAGCT
CTTCTatggtcttcacactcgaagatttcgttggggactqgcgacagacagccggctacaacctg
gaccaagtccttgaacagggagotgtgtecagtttgrttecagasteteggggtgtecgtaacton
gatccaaaggattgtcctgagcggtgaaaatgggctgaagatcgacatccatgtcatcatcccgt
atgaaggtctgagcggcgaccaaatgggccaqatcgaaaaaatttttaaggtggtgtaccctgtg
gatgatcatcactttaaggtgatcctgcactatggcacactggtaatcGAC

SEQ ID WO:560 (CP 100(+1) L27V (RIIbB) (aa seaq)

MDGVT PNMIDYFGRPYEGIAVFDGKKI TVTGTLWNGNKI IDERLINPDGSLLERVT INGVTGWRL
CERILASSSGGESGGSGMYESFIESLPFLKSLEFSARLKVVDVIGTRVYNDGEQI TAOGDSADSEY
IIESGEVKITMKRKGKSEVEENGAVEIARCSRGQYFGELALVTNKPRAASAHAIGTVKCLAMDVQ
AFERLLGPCMEIMKRNIATYEEQLVALYGTNMDIVGSGGSGGESSSMVFTLEDFVGDWROTAGYNL
DOVLEQGGVSSLFONLGVSVTPIORIVLSGENGLKIDIHVI I PYEGLSGDOMGO L EK I FKVVY PV
DRDHHFKVILHYGTLVID

SEQ ID NO:561 (CP 101{+1) L27V (RIIbB) (nt sequence)

ATGggqgttacgccgaacatgatcgactatttcggacqgccgtatgaaggcatcgccgtgtﬁcga
cgqcaaaaaqatcactqtaacagggaccctgtggaacgqcaacaaaattatcgacgagcgcctga
tcaaccccgacggctccctgctgttccgagtaaccatcaacggagtgaccggctggcggctthC
GARCGCATTCTGGCLAGL ITCAAGCGRAGG T TCAGGCEETTCCGGAATGTATGARAGCTT TATTGA
GTCACTGCCATTCCTTARAT CT I TGGAGTT T CTGCACGCCTGAAAGTAGTAGATC T GATAGGCE
CCAAAGTATACAACGATGGAGRACAAATCATTGCTICAGGGAGAT TCEGCTGATTCTTTTT PCATT
ATTGAATCTGGAGAAGTGARAATTACTATGARALAGARAGGGTAAATCAGAACTCCAAGAGALTGE
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TGCAGTAGAAATCGCTCGATGCTCGCGGGGACAGTACTTTGGAGAGCTTGCCCTGGTAACTAACA
AACCTCGAGCAGCTTCTGCCCACGCCATTGGGACTGTCAAATGTTTAGCAATGGATGTGCAAGCA
TTTGAAAGGCTTCTGGGACCTTGCATGGAAATTATGAAAAGGAACATCGCTACCTATGAAGAACA
GTTAGTTGCCCTGTATGGAACGAACATGGATATTGTAGGGTCAGGTGGATCTGGAGGTAGCTCTT
CTatggtcttcacactcgaagatttcgttggggaCtggcgacagacagccggctacaacctggac
caagtccttgaacagggaggtgtgtccagtttgtttcagaatctcggggtgtccgtaactccgat
ccaaaggattgtcctgagcggtgaaaatgggctgaagatcgacatccatgtcatcatcccgtatg
aaggtctgagcggcgacCaaatgggccagatcgaaaaaatttttaaggtggtgtaccctgtggat
gatcatcactttaaggtgatcctgcactatggcacactggtaatcgacGGG

SEQ ID NO:562 (CP 101(+1) L27V (RIIbB] (aa sedq)
MGVTPNMIDYFGRPYEGIAVFDGKKITVTGTLWNGNKIIDERLINPDGSLLFRVTINGVTGWRLC
ERILASSSGGSGGSGMYESFIESLPFLKSLEFSARLKVVDVIGTKVYNDGEQIIAQGDSADSFFI
EESGEVKITMKRKGKSEVEENGAVEEARCSRGQYFGELALVTNKPRAASAHAIGTVKCLAMDVQA
FERLLGPCMRIMKRNIATYEEQLVALYGTNMDIVGSGGSGGSSSMVFTLEDFVGDWRQTAGYNLD
QVLEQGGVSSLFQNLGVSVTPIQRIVLSGENGLKIDIHVIIPYEGLSGDQMGQIEKIFKVVYPVD
DHEFKVILHYGTLVIDG

SEQ ID NO:563 (CP 102(+1) L27V (RITbB} (nt sequence)

ATthtacgccgaacatqatcgactattthgacggccgtatgaaggcatcgccgtgttcgacgg
Caaaaagatcactgtaacagggaccctgtggaacggcaacaaaattathacgagcqcctgatca
accccgacggctccctgctgttccgagtaaccatcaacggaqtgaccggctggcggetthCGAA
CGCATTCTGGCtAGCTCAAGCGGAGGTTCAGGCGGTTCCGGAATGTATGAAAGCTTTATTGAGTC
ACTGCCATTCCTTAAATCTTTGGAGTTTTCTGCACGCCTGAAAGTAGTAGATGTGATAGGCACCA
AAGTATACAACGATGGAGAACAAATCATTGCTCAGGGAGATTCGGCTGATTCTTTTTTCATTATT
GAATCTGGAGAAGTGAAAATTACTATGAAAAGAAAGGGTAAATCAﬁAAGTGGAAGAGAATGGTGC
AGTAGAAATCGCTCGATGCTCGCGGGGACAGTACTTTGGAGAGCTTGCCCTGGTAACTAACAAAC
CTCGAGCAGCTTCTGCCCACGCCATTGGGACTGTCAAATGTTTAGCAATGGATGTGCAAGCATTT
GAAAGGCTTCTGGGACCTTGCATGGAAATTATGAAAAGGAACATCGCTACCTATGAAGAACAGTT
AGTTGCCCTGTATGGAACGAACATGGATATTGTAGGGTCAGGTGGATCTGGAGGTAGCTCTTCTa
tggtcttcacactcgaagatttcgttgggqactggcgacagacagccggctacaacctggaccaa
gtccttgaacagggaggtgtgtccagtttgtttcagaatctcggggtgtccgtaactccgatcca
aaggattqtcctgagcggtgaaaatgggctgaagatcgacatccatgtcatcatcccgtatgaag
gtctgagcggcgaccaaatgggccagatcgaaaaaatttttaaggtggtgtaccctgtggatgat
catcactttaaggtgatcctgcactatggcacactggtaatcgacgggGTT

SEQ ID NO:564 (CP 102 (+1) L27V (RITbB} (aa seq)
MVTPNMIDYFGRPYEGIAVFDGKKITVTGTLWNGNKIIDERLINPDGSLLFRVTENGVTGWRLCE
RILASSSGGSGGSGMYESFIESLPFLKSLEFSARLKVVDVIGTKVYNDGEQIIAQGDSADSFFII
ESGEVKITMKRKGKSEVEENGAVEIARCSRGQYFGELALVTNKPRAASAHAIGTVKCLAMDVQAF
ERLLGPCMEIMKRNIATYEEQLVALYGTNMDIVGSGGSGGSSSMVFTLEDFVGDWRQTAGYNLDQ
VLEQGGVSSLFQNLGVSVTPIQRIVLSGENGLKIDIHVIIPYEGLSGDQMGQIEKIFKVVYPVDD
HHFRVILHYGTILVIDGV

SEQ ID NO:565 (CP 143(+1) L27V (RIIbB) (nt sequence)

ATGatcaaccccgacggctccctgctgttchagtaaccatcaacggagtgaccggctggcggct
thCGAACGCATTCTGGCtAGCTCAAGCGGAGGTTCAGGCGGTTCCGGAATGTATGAAAGCTTTA
TTGAGTCACTGCCATTCCTTAAATCTTTGGAGTTTTCTGCACGCCTGAAAGTAGTAGATGTGATA
GGCACCAAAGTATACAACGATGGAGAACAAATCATTGCTCAGGGAGATTCGGCTGATTCTTTTTT
CATTATTGAATCTGGAGAAGTGAAAATTACTATGAAAAGAAAGGGTAAATCAGAAGTGGAAGAGA
ATGGTGCAGTAGAAATCGCTCGATGCTCGCGGGGACAGTACTTTGGAGAGCTTGCCCTGGTAACT
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AACAAACCTICGAGCAGCTTCTGCCCACGCCATTGGGACTGTCARATGTTTAGCAATGCATGTGCA
AGCATTTGAAAGGCTTCTGGGACCTTGCATGGAAATTATGAAAAGGAACATCGCTACCTATGAAG
AACRGTTAGTTGCCCTGTATGGAACGAACATGGATATTGTAGGCETCAGGTGGATC TEGAGGTAGE
TCTTCTatggtcttcacactcgaagattthttggggactggcgacagacagccqgctacaacct
ggaccaagtccttgaacagggaggtgtgtccagtttgtttcagaatctcggggtgtccgtaactc
cgatccaaaggattgtcctgagcggtgaaaatgggctgaagatcgacatccatgtcatcatcccq
tatgaaggtctqagcggcgaccaaatgggccagatcgaaaaaatttttaaggtggtgtaccctgt
ggatgatcatcactttaaqgtgatcctgcactatggcacactggtaatcgacggggttacgccga
acatgatcgactatttcggacggccgtatgaaggcatcgccgtgttcgacggcaaaaagatcact
gtaacagggaccctgtggaacggcaacaaaattatcgacgagcgcctgATC

SEQ ID NO:566 (CP 143(+1) L27V (RIIbB) (aa seq)
MINPDGSLLFRVTINGVTGWRLCERILASSSGGSGGSGMYESFIESLPFLKSLEFSARLKVVDVT
GTKVYNDGEQI IAQGDSADSFFI IESGEVKI TMKRKGK SEVEENGAVE IARCSRGOY FGELALYT
NKPRAASAHAIGTVKCLAMDVOAFERLLGPCME IMKRN IATYRROLVALY GTNMD TVGSQGSGES
SSMVFTLEDEVGDWROTAGYNLDOVLEQGEVSSLFONLGVS VT PTORIVLSGENGLKI DIV I P
YEGLSGDOMGQIERIFKVVY PYDDHAFKVILHYGTLVI DGV T PNMI DY FGRPYEGT AVFDCKK T T
VTGTLWNGNKT I DERLI

SEQ ID NO:567 (CP 147(+1) L27V (RIIbB) (nt sequence)

ATGggctccctgctgttccgaqtaaccatcaacggagtgaccggctggcggctgﬁGCGAACGCAT
TCTGGCtAGCTCAAGCGGAGGTTCAGGCGGTTCCGGAATGTATGAAAGCTTTATTGAGTCACTGC
CATTCCTTAAATCTTTGGAGTITTCTGCACGCC TGAAAGTAGTAGATGTGATAGECACCAARGTA
TACAACGATGGAGARCARATCATTGCTCAGGGAGATTCGGCTGAT TC TP T T T TCAT TAT TGAATC
TGGAGAAGTGRAARTTACTATGAAAAGARAGGGTAA AT CAGRAGTGGAACAGAATGGTGCAGTAG
AAATCGCTCGATGCTCGCGGGGACAGTACTTTGGAGAGCTTGCCCTGGTAACTAACAAACCTCGA
GCAGCTTCTGCCCACGCCAT TGGGACTGTCARATGTTTAGCAATGGATGTGCAAGCATTTGAAAG
GCTTCTGGGACCTTGCAT GGAAATTATGAAAAGGARCATCGCTACCTATGAAGAACACT TAGTTG
CCCTGTATGGAACGAACATGGATATTGTAGGGTCAGGTGGATCTGGAGGTAGCTCTTCTatggtc
ttcacactcgaagatttcgttggggactggcgacagacagccggctacaacctggaccaagtcct
tgaacagggaggtgtgtccaqtttgtttcagaatctcggggtgtccgtaactccgatccaaagga
ttgtcctgagcggtgaaaatgqgctgaagatcgacatccatgtcatcatcccgtatgaaggﬁctg
agcggcgaocaaatgggccagatcgaaaaaatttttaaggtggtgtaccctgtqgatgatcatca
ctttaaggtgatcctgcactatggcacactggtaatcgacggggttacgccgaacatgatcgact
atttcggacggccgtatgaaggcatcgccgtqttcgacggcaaaaagatcactgtaacagggacc
ctgtggaacggcaacaaaattatcgacygagegeotgatcaaccoagacGGe

SEQ ID NO:568 (CP 147(+1) L27V (RIIbB) ({(aa seq)
MGSLLFRVTINGVTGWRLCERILASSSGGSGGSGMYESPEESLPFLKSLEFSARLKVVDVIGTKV
YNDGEQ;EAQGDSADSFFIIESGEVKITMKRKGKS&VEENGAVEEARCSRGQYFGELALVTNK?R
AASAHAIGTVKCLAMDVQAFERLLGPCMEIMKRNIATYEEQ&VALYGTNMDEVGSGGSGGSSSMV
FTLEDFVGDWRQTAGYNLDQVLEQGGVSSLFQNLGVSVTPEQRIVLSGENGLKIDIHVIIPYEGL
SGDQMGQIEKIFKVVYPVDDHHFKVILHYGTLVZDGVTPNMIDYFGRPYEGEAVFDGKKETVTGT
LWNGNEIIDERLINPDG

SEQ ID NO:569 (CP 156(+1l) L27V (RIIbB) (nt sequence)

ATGaacggaglgaccggotggogygctatGLGRAACGLAT TCTGGCLAGOTCAAGCGEAGGT TOAGS
COGITCCGGAATGTATGAARGCTTTATTGAGTCACTGCCATTCC T TARATC T TTGGAGTTTTCTS
CACGUCTGAAAGTAGTAGATGTGATAGGCACCAAAGTATACAACGATGRAGAACAARTCATTGCT
CAGGGAGATTCGGCTGATICTTTTTTCAT AT TGAATC TECAGAAGTGAAAATTACTATCAARLG
AAAGGCTARATCAGAAGTGGARAGAGARTGGTGCAGTAGARRTCGLTCGATGC TOGCCGGGACAGT
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ACTTTGGAGAGCTTGCCCTGETAACTAACARAACCTCGAGCAGC TTCTGCCCACGCCATTGGGACT
GICAAATGTTTAGCAATGGATGTGCARAGCATTTGARAGECTTCTGGGACCTTIGCATGGARATTAT
GAAAAGGAACATCGCTACCTATGAAGRAACAGTTAGTTGCCCTIGTATGGAACGAACATCGATATTG
?AGGGTCAGGTGGATCTGGAGGTAGCTCTTCTatggtcttcacactcgaagatttcgttggggac
tggcgacagacagccggctacaacctggaccaagtccttgaacagggaggtgtgiccagtttgtt
tcagaatctcggggtgtecgtaactecgatccaaaggattgtoctgagogytgaaaatyggetga
agatcgacatccatgtcateatececgtatgaaggtectgagegygegaccaaatgggecagatogas
aaaatttttaaggtggtgtaccctgtggatgatcatcactttaaggtgatcctgcactatggcac
actggtaatcgacggggttacgccgaacatgatcgactatttcggacggccgtatgaaggcatcg
ccgtgticgacggraaaaagatcactgtaacagggacceigtggaacggcaacaaaattategac
gagcygcctgatcaaccecgacggecteecctgetgttecogaygtaaccatcAAl

SEQ ID NO:570 (CP 156(+1) L27V (RIIbB) (aa seq)
MNGVTGWRLCERILASSSGGSGGSGMYRSFIESLPFLESLEFSARLEVVDVIGTKVYNDGEQIIA
QGDSADSFFI IESGEVEITMEREGKSEVEENGAVE IARCSRGQYFGELALVINKPRAASAHATGT
VECLAMDVOAFERLLGPCMEIMKRNIATYEEQLVALYGTNMDIVGSGESGESSSMVETLEDFVGD
WROTAGYNLDOVLEQGGVSSLEQNLGVSVTPIQRIVLSGENGLKIDIHVIIPYEGLSGIOMGO T &
KIFKVVYPVDDHHFKVILEYGILVIDGY T PNMIDYFGRPYEGIAVEDGKR I TVTIGTLWNGNELID
ERLINPDGSLLEFRVTIN

SEQ ID NO:571 (CP 158(+1) L27V (RIIbB) {(nt sequence)

ATGgtgaccggctogeggot gt GCGAACGCAT TCTGECLAGC TCARGCGGAGGTTCAGGCGGTTC
CGGARATGTATGAAAGCTTTAT TGAGTCACTGCCATTCCTTARAATC TTTGGAGTTTTC TGCACGCC
TGARAGTAGTAGATGTGATAGGCACCARAGTATACAACGATGGAGAACRARATCATTGCTCAGGGA
GAITCGGCTGATTCT T I I T TCAT TAT TGAATC TGGACAAGTGAAA R TTAC TATGAARLGAAAGER
TARATCAGARCTGCAAGAGAATGGTGCAGTAGARAATCGCTCGATGCTCECGEGHACAGTACTITGS
GAGAGCTITGCCCTGCTAACTAACAAACCTCGAGCAGLTTCTGCCCACGCCATTGGEGACTGTCARR
TGTTTAGCAATGGATGTGCAAGCAT T TGARARGGCTTCTGGGACCT TGCATGGAAAT TATGARRAG
GARACATCGCTACCTATGAAGARCAGTTAGTTGCCCTGTATGGAACGAACATGGAT AT TCTAGGET
CAGGTGGATCTGEAGGTAGCICTTCTatggtcttcacactcgaagatitecgttggggactggaaa
Cagacagccggctacaacctggaccaagtcotigaacaggyaggtgigtecoagtitgtttecagas
tctcgggqtgtccgtaactcCgatccaaaggattgtcctgagcggtgaaaatggqctgaagatcg
acatccatglcatcateccgtatgaaggtctgageggecgaccasatgggecagatogaaaaaatt
ttteaggtggtgtaccotgtggatgatcatecactttaaggtgatectgcactatyggcacactggt
aatcgacggggttacgoogaacatgategactatttcggacggeogtatgaaggcategoogtat
tcgacggcaaaaagatcactygtaacagggacectgtggaacggcaacasaattategacgagegs
ctgatcaaccceogacggoteoctgectgttocgagtaaccatcaacggaGTs

SEQ ID NO:572 (CP 158 (+1) L27V (RIIbB) (aa seq)
MVTGWRLCERILASSSGGSGGSGMYESFIRSLPFLKSLEFSARLEVVDVIGTKVYNDGEGT TAOG
DSADSFFIIESGEVKI TMKRKGKSEVEENGAVE IARCSRGOY FGELALVTNKPRAASAHA IGTVK
CLAMDVQAFERLLGPCME IMKRNIATYEEQLVALYGTNMD T VGSGGS GG S SMVFTLE DEVGDWR
OTAGYNLDQVLEQGGVSSLFONLGVSVTPIQRTVLSGENGLXIDIEVI I PYEGLSGDOMGOTEKT
FRYVY PVDDHHFKVILHYGTLVIDGVT PNMIDY FGREYEGTIAVFDGKK I TVTGTLHNGNK T T DER
LINPDGSLLFRVT INGV

SEQ ID NO:573 (CP 166(+1) L27V (RIIbB) (nt sequence}

ATGCGCATTCTGGCLAGCTCAAGCGGAGE TTCAGGCGETTCCGGAATGTATGAAAGC TTTATTGA
GTCACTGCCATTCCTTARRTCTTTGGAGTTTTCTGCACGCCTGAAAGTAGTAGATGTGATAGECA
CCAARGTATACAACGATGGAGAACARATCATTGCTCAGGGAGATICEGGCTGATTCTTTTT TCATT
ATTGAATCTGGAGARGTGARARTTACTATGAAAAGAAAGGETAAATCAGAAGTGCAAGAGALTGE
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TGCAGTAGAAATCGCTCGATGCTCECEEEGACAGTAC TT TGGAGAGC TTGCCCTGETRAAC TAACA
AACCTCGAGCAGCTITCTGCCCACGLCATTGGGACTGTCARATGTT TAGCAATGGATGTGCARGCE
TTIGARAGGCTTICTGGGACCT IGCATGGARATTATGARRAGGAACATCGCTACCTATGAAGAACA
GITAGTTGCCCTGTATGGAACGARCATGGATATTCTAGGGTCAGGTGGATCTGGAGGTAGCTOTT
CTatggtettcacactcgaagatttogtigggoactggogacagacagocggoetacaacotggac
cCaagtccttgaacagyggagatgtgtecagtttotttcagaatcteggugtgtecgtaacteogat
Ccaaaggattgtocotgagegytygasaatgggetgaagatogacatecatgtcatcatecogtaty
aaggtoetgagcyggeygaccaaatgggocagategaaagaatttttaaggtggtgtacectgtggat
gatcaltcactitaaggtgatcctgeactatggeacactggtaatogacgoggttacgoogaacat
gatcgactatttocggacggeoegtatgaagygcategecgtgttegacygoaaaaagatecactgtaa
cagggaccoctgtyggaacygygcaacaaaattatecgacgagegectgatcaaccecogacggcteooty
ctgttecgagtaaccatcaacyggagtgacoggotggeggetgtGCGAACGT

SEQ ID NO:574 (CP 166(+1) L27V (RIIbB) (aa seq)
MRILASSSGGSGGSGMYESFIRSLEFLKSLEPSARLKVVDVIGTRVYNDGEQT TAQGDSADSFFT
TESGEVKT TMKRKGKSEVEENGAVE I ARCSRGQYFGELALVTNKPRAASAHAT GTVKCLAMDVOA
FERLLGPCMEIMKRNIATYEEQLVALYGTNMDIVGSGGSGGS S SMVFTLEDFVGDWROTAGYNLD
QVLEQGGVSSLFQONLGVSVTPIQRIVLSGENGLKIDTHVI I PYEGLSGDOMGOTEK T FKVVYPVD
DHHFKVILHYGTLVIDGVTPNMIDY FGRPYEGIAVFDGKKI TVTGTLWNGNKI I DERLTNPDGSL
LFRVTINGVTGWRLCER

SEQ ID NO:575 {linker)
GGGTCAGGTGGATCTGGAGGTAGCTCTTCT

SEQ ID NO:B876 {linker)
AGCTCAAGCGGAGGTTCAGGCGGTTCCGGA

SEQ ID NO:577 (LC3 (nt sequence))

ATGCCGICCGAGRAGACCTITCAAACAGCGCCGGAGCTTCGAACARAGAGTGCARGATGTCCGGOT
CATCCGGGAGCAGCACCCCACCAAGATCCCAGTGAT TATAGAGCGATACAAGGETGAGARGCAGT
TGCCCETUCTGGACAAGACCAGTTCCTTGTACCTGATCACGTGARTATGAGCGAACTCATCAAGH
TAATTAGARGGCGCCIGCAGCTCAATGCTAACCARGLCTTCTTCCTCOTGETGAATGGECACAGT
ATGGTGAGTGTGTCCACACCCATCTCIGAAGTGTACGAGAGCGAGAGAGATGAAGACGGECTTCLT
GTACATGGTCTATGCCTCCCAGGAGACGTTCGEGACAGCACTGGLTGTGTAR

SEQ ID RO:578 (LC3 (aa sequence))
MPSEKTFRORRSFEQORVEDVRLIREQHPTKIPVIIERYKGERQLPVLDKTKFLVPDHVNMSELIK
ITRRRLOLNANQAFFLLVNGHSMVSVSTRPISEVYESERDEDGFLYMVYASOETFGTALAY

SEQ ID NO:579 (pattern sequence)

GSAIVE

SEQ ID NO:580 (pattern segquence)
NHGK

SEQ ID NO:581 (pattern sequence)
SILM

SEQ ID NO:582 (pattern sequence)
AVTK
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SEQ ID NO:B583 (pattern sequence)
LIVMEY

SEQ ID NO:584 (pattern seguence)
LIVMEY

SEQ ID NO:585 (pattern sequence)
LIVM

SEQ ID NO:586 (pattern seéuence)
LIVMWE

SEQ ID NO:587 (pattern sequence)
EKTQ

SEQ ID NO:588 (pattern seqguence)
LIVMAER

SEQ ID NO:589% (pattern sequence)
LIVMAERG

SEQ ID NO:5%0 (pattern sequence)
LIVMFE

SEQ ID ND:581 (pattern seguence)
LIVMFSYQ

SEQ ID NO: 592 OgLuc L27V-LC3 fusions proteins (Nt seq)

ATGGTGTTTACACTCGAAGATTTCGTAGGGGAC TGGCGGCAGACAGCCGECTACAACCTGGACCARAGTCCTTGAGCAG
GGCGEIGTGTCCAGTTTGTTICAGARTCTCGGGGTGTCCGTARCTCCGATCCAAACGATTGTCCTGAGCGGTGAARAC
GGCUIGARGATCGACATCCATG TCATCATCCCG TATGAAGG T CTGAGCGGCGATCAGATGGGCCAGATCGARARARTT
TTTAAGGTGGTGTACCCTGTGEATGATCATCAC TTTAAGGTGATICTGCACTATGGCACACTGGTAATCGACGGEGTT
ACGUCGARCATGATCGACTATT TCEGACGGCCGTATGARGECATCCCCETETTCGACGRCARAAAGATCALTETAACC
GGGRCCCTETEGARCGGCARCARRATTATCGACGAGCSCCIGATCARCCCCGACGGCTCCCTEL TG TTCCECETAACT
ATCARACGGAGTGACCEGUTGGCEECTCTGCCAGAGRATT TTGGCGGGCTCEAGCGEAGE TGEAGG TTCAGETGGTGGEE
GGGRAGLGGTGEAATGCCGTCCGAGAAGACCT TCARACAGCGCLGEAGC TTCGARCAARGAGTGGAAGATGTCCEGLTS
ATCCGGGAGCAGCACCCCACCAAGATCCCAGTGATTATAGAGCGATACARGGETGAGAAGCAGCTGCCCGTCCTGGAS
ERGRCCAAGTTCCTTGTACCTGATCACGTGAATATGAGCGAACTCATCAAGATAAT T AGAAGGCGCCTGUAGCTCART
GCTAACCAAGCCTTCTTCCTCCTGETGARTGEGCACACCATGETGAGTGTGICCACACCCATC TCTGARG TG TACGAS
EGCGAGAGAGATGAAGACGECTICCTGTACATGETCTAT GCCTCCCAGGAGACET TCGGEACAGCACTGGCTETG TAR

SEQ ID NO: 583 Ogluc LZ7V-LC3 fusions proteins (aa seq)

MVFTLEDFVGEDWROTAGYNLDOVLEQGGVSSLEQNLGVSVIPIQORI VLEGENGLKIDIHVI IPYEGLSGDOMGOIER T
FEVVYPVDDHHFKVILEYGTLVIDGVT PHMIDY FGRPYEGIAVFDGRR I TVIGTIMNNGNE L I DERLINPDGS LLFRVT
INGVTGWRLCERI LAGESGGGESGGEGSGEMPSEX T FEORRSFEQRVEDVRLIREQHPTKIPVI IERYKGEXKQLPVLD
KTKFLVPDHVNMSELIKI IRRRLOLNANOAFFLLVNGHSMVSVSTPISEVYESERDEDGE LYMVY ASQETFGTALAY
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Claims

1. A compound of formula (Ib):

RG

wherein R? is selected from the group consisting of

i X*Z h/x/>
VANV

or

C,.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

X is -S-, -O- or -NR?%;

Z is -CH- or -N-;

each R"" is independently-C(O)R" or-CH,OC(O)R";

R%js H, CH; or CH,CHj:

each R is independently C, straight-chain alkyl or C,.; branched alkyl,

R" is C4.7 straight-chain alkyl or C,; branched alkyl,

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

2. A compound according to claim 1,
wherein R? is
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AN

and
XisOorS.

A compound according to claim 1, wherein R%is C,.s straight-chain alkyl.

A compound according to any one of the preceding claims, wherein Ry4 is -
CH,OC(O)C(CHa)s.

A compound according to any one of claims 1-4, wherein R" is -C(CHjs)s, -CH(CHj3),, -
CH,C(CHj3)3, or -CH,CH(CHj5),.

A compound of formula

A kit comprising a compound according to any one of claims 1-6 or a compound of
formula (la):

(la)

wherein R? is selected from the group consisting of
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10.

11.

X
AV o

C,-5 straight chain alkyl;

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

R8s

X is =S-, —O- or —=NR?%-;

Z is =CH- or =N-;

each R" is independently -C(O)R” or -CH,OC(O)R";

R*is H, CHz or CH,CHj;

each R is independently C,.z.straight-chain alkyl or C;.; branched alkyl;
R” is C4.7 straight-chain alkyl or C4; branched alkyl;

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

The kit of claim 7 further comprising a luciferase.

The kit of claim 8, wherein the luciferase is an Oplophorus or Renilla luciferase.
A kit of any one of claims 7-9, further comprising a buffer reagent.

A method for detecting luminescence in a sample comprising

contacting a sample with a compound according to any one of claims 1-6 or a
compound of formula (la):
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R6

(la)

wherein R? is selected from the group consisting of

T rX/>
/7‘\//,/7szor

C,-5 straight chain alkyt;

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

R%is

X is —S-, —O- or -NR%-;

Zis —CH- or —N-:

each R" is independently ~C(O)R” or -CH,OC(O)R”;

R*is H, CH; or CH,CHs;

each R is independently C,_; straight-chain alkyl or C,; branched alkyi;

R"” is C4.7 straight-chain alkyl or C,.; branched alkyl;

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

contacting the sample with a coelenterazine-utilizing luciferase, if it is not present in

the sample; and detecting luminescence.

The method of claim 11, wherein the sample contains live cells.
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13.

14.

The method of claim 11, wherein the sample contains a coelenterazine-utilizing
luciferase.

A method for detecting luminescence in a transgenic animal comprising
administering a compound according to any one of claims 1-6 or a compound of
formula (1a):

(la)

wherein R? is selected from the group consisting of

'KX\Z “/x/>
VAV SN

C,-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

X is =S-, —O- or -NR%;

Z is —=CH- or ~N-:

each R is independently —C(O)R” or —-CH,OC(O)R”;

R* is H, CH; or CH,CH;

each R is independently C,_; straight-chain alkyl or C,_; branched alkyl;

R"” is C4.7 straight-chain alkyl or C4; branched alkyl;
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the dashed bonds indicate the presence of an optional ring, which may be saturated

or unsaturated;
to a transgenic animal; and detecting luminescence;
wherein the transgenic animal expresses a coelenterazine-utilizing luciferase.
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