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(57) ABSTRACT 
New cytokine polypeptides, and nucleic acids encoding 
them, are provided. Compositions including these polypep 
tides and nucleic acids, recombinant cells comprising said 
polypeptides and nucleic acids, methods of making the 
polypeptides and nucleic acid, antibodies to the polypep 
tides, and methods of using the polypeptides and nucleic 
acids are provided. Integrated systems comprising the 
sequences of the nucleic acids or polypeptides are also 
provided. 
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CYTOKINE POLYPEPTIDES AND NUCLEC 
ACDS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a continuation-in-part applica 
tion of and claims the benefit of and priority to U.S. Patent 
Application Ser. No. 60/169,035, filed Dec. 2, 1999, the 
disclosure of which is incorporated herein by reference in its 
entirety for all purposes. 

COPYRIGHT NOTIFICATION 

0002 Pursuant to 37 C.F.R. 1.71(e), a portion of this 
patent document contains material which is subject to copy 
right protection. The copyright owner has no objection to the 
facsimile reproduction by anyone of the patent document or 
the patent disclosure, as it appears in the Patent and Trade 
mark Office patent file or records, but otherwise reserves all 
copyright rights whatsoever. 

FIELD OF THE INVENTION 

0003. The present invention relates to the generation of 
new cytokine polypeptides and nucleic acids which encode 
them. 

BACKGROUND OF THE INVENTION 

0004 T helper (T) cells, key regulators of the immune 
system, are divided into two Subsets, T1 and T2, based 
upon their pattern of cytokine synthesis (Paul and Seder 
(1994) Cell 76: 241-251). T1 cells predominantly produce 
high levels of interleukin-2 (IL-2) and interferon-gamma 
(IFN-Y). T1 cells also activate antigen-presenting cells 
(macrophages and dendritic cells) and enhance the cytotoxic 
activity of CD8"Cytotoxic T-lymphocyte (CTL) and Natural 
Killer (NK) cells. In contrast, T2 cells produce elevated 
levels of IL-4, IL-5 and IL-13, and mediate allergic 
responses as a result of inducing IgE isotype Switching and 
differentiation of B cells into IgE secreting cells (De Vries 
and Punnonen (1996) In Cytokine regulation of humoral 
immunity: basic and clinical aspects. Eds. Snapper, C. M., 
John Wiley & Sons, Ltd., West Sussex, UK, p. 195-215). 
0005. It is desirable to modify the relative populations of 
T1 and T2 cells in various circumstances. Modulators 
which up-regulate T1-mediated responses by, for example, 
directing the differentiation of naive T cells into T1 cells, 
inducing T1 cell proliferation, and increasing IFN-Y pro 
duction and macrophage activation, are useful in promoting 
cell-mediated immunity to infectious agents such as bacte 
rial, protozoan, intracellular parasitic and viral infections. 
Modulators which down-regulate T1-mediated responses 
are useful in situations where a decreased cell-mediated 
immune response in desired, for example, in treatment of 
autoimmune diseases such as multiple Sclerosis. 
0006 The discovery of novel cytokine polypeptides 
which modulate T1-mediated responses, and nucleic acids 
encoding them, satisfies a need in the art by providing new 
compositions useful in modifying host immune responses 
and in treating disease. 

SUMMARY OF THE INVENTION 

0007. The invention provides modified cytokine polypep 
tides (also referred to herein as “modified p40 polypeptides’ 
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and as "modified p35 polypeptides'), nucleic acids encoding 
the polypeptides and complementary nucleotide sequences 
thereof, fragments of said polypeptides and nucleic acids, 
antibodies to the polypeptides, and uses therefor, a computer 
or computer readable medium comprising a sequence record 
comprising one or more data sets containing character 
strings of new cytokine sequences, and automated systems 
for using the character Strings. 

0008. In one aspect, the invention includes an isolated or 
recombinant nucleic acid encoding a modified cytokine 
polypeptide of the invention. Included are polynucleotide 
sequences comprising a mature polypeptide coding region of 
a sequence selected from SEQID NO:1 to SEQID NO:7, or 
SEQ ID NO:16 to SEQ ID NO:35, and complementary 
polynucleotide sequences thereof. Polynucleotide sequences 
encoding a polypeptide comprising a mature polypeptide 
region of an amino acid sequence selected from SEQ ID 
NO:8 to SEQ ID NO:14 or SEQ ID NO:26 to SEQ ID 
NO:35, and complementary polynucleotide sequences 
thereof, are also a feature of the invention. Similarly, a 
polynucleotide sequence which hybridizes under at least 
highly stringent conditions over Substantially the entire 
length of any one of the preceding polynucleotide sequences 
is a feature of the invention. A polynucleotide sequence 
which encodes a polypeptide comprising an amino acid 
sequence having at least about 90% sequence identity to a 
mature polypeptide region of a sequence selected from SEQ 
ID NO:8 to SEQ ID NO:14 and SEQ ID NO:39, or to a 
mature polypeptide region of a sequence selected from SEQ 
ID NO:26 to SEQ ID NO:35 and SEQID NO:40, is also a 
feature of the invention. In various embodiments, the poly 
nucleotide sequence encodes a polypeptide comprising an 
amino acid sequence having at least about 90%, 92%. 95%, 
96%, 97%, 98%, or 99% identical to a mature polypeptide 
region of a sequence selected from SEQID NO:8 to SEQID 
NO:14 and SEQ ID NO:39, or to a mature polypeptide 
region of a sequence selected from SEQ ID NO:26 to SEQ 
ID NO:35 and SEQID NO:40. In addition, a polynucleotide 
sequence comprising a nucleotide fragment of any of the 
preceding polynucleotide sequences, which nucleotide frag 
ment encodes a polypeptide having T-cell proliferative activ 
ity and/or IFN-gamma induction activity in T-cells (e.g., 
human T-cells) in the presence of a p35 polypeptide or a p40 
polypeptide is also a feature of the invention. 

0009 Any of the polynucleotides described above may 
optionally include a leader peptide coding region, which 
encodes a leader peptide region. In one embodiment, the 
optional leader peptide coding region encodes a leader 
peptide region comprising an amino acid sequence at least 
about 90% identical to the amino acid sequence set forth as 
the leader peptide region of any one of SEQID NO:8 to SEQ 
ID NO:14, or SEQID NO:26 to SEQID NO:35. In various 
embodiments, the optional leader peptide coding region 
encodes a leader peptide region comprising an amino acid 
sequence at least about 90%, 92%. 95%, 96%, 97%, 98%, or 
99% identical to the amino acid sequence set forth as the 
leader peptide region of any one of SEQID NO:8 to SEQ ID 
NO:14, or SEQ ID NO:26 to SEQ ID NO:35. In another 
embodiment, the optional leader peptide coding region 
encodes a leader peptide region comprising an amino acid 
sequence set forth as the leader peptide region of any one of 
SEQID NO:8 to SEQID NO:14, or SEQID NO:26 to SEQ 
ID NO:35. 
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0010. The invention also includes an isolated or recom 
binant nucleic acid, comprising a polynucleotide sequence 
encoding a modified p40 polypeptide comprising an amino 
acid modification located at an amino acid position equiva 
lent to (i.e., an “equivalent position' to) that in the amino 
acid sequence of a naturally-occurring or wild-type p40 
polypeptide (SEQID NO:15). The modification can include: 
(a) a substitution of the specified amino acid for a different 
amino acid at one or more equivalent position to that of SEQ 
ID NO:15 selected from Leu62, Ser71, GlnT8, His99, 
Thr127, Arg130, Lys185, Glu186, Tyr187, Glu188, Ser190, 
Asp196, Met211, Val289, Ser305, Ser307, Arg309, and 
Gln311; (b) a deletion of one or more amino acid residues 
at equivalent position Arg181 to Asn184 inclusive, or a 
Substitution, of the amino acid residues at equivalent posi 
tions Arg181 to Asn184 inclusive, for the amino acid resi 
dues Ser-(Leu or Met)-(Glu or Asp)-His-Arg; (c) a deletion 
of one or more amino acid residues at equivalent positions 
Asp287 and Arg288. The modified p40 polypeptide may 
optionally include two or more of modification (a), (b) or (c). 
The modified p40 polypeptide sequence encoded by the 
nucleic acid of the invention may be a modified sequence of 
a naturally-occurring (i.e., wild-type) p40 polypeptide 
sequence of a mammal (e.g., human, a non-human primate, 
a ruminant, or a rodent), preferably a primate, more prefer 
ably human. The modified p40 polypeptide sequence 
encoded by the nucleic acid of the invention may be a 
modified sequence of a polypeptide selected from the group 
consisting of p40 polypeptides encoded by nucleic acids 
having the GenBank accession numbers: M65272, M65290, 
U19841, U19834, Y11129, U83184, Y07762, AF054607, 
U49100, AF091134, U57752, U10160, AF007576, 
AF004024, U11815, U08317, X97019, AF082494, 
AF133197, U16674, M86671, S82426, AF097507, and 
AF046211. A modified polypeptide of the invention may 
comprise at least one of the substitutions Leu62Ser; 
Ser71Thr, GlnT8His; His99(Argor Gln); Thr127(Ser or Ile); 
Arg130Lys: Lys185Glu: Glu186Tyr; Tyr187(Lys or Asn): 
Glu188Lys; Ser190(Arg or Thr); Asp196Gly; Met211 Val; 
Val289(Ile or Leu): Ser305Lys: Ser307 Arg: Arg,309Gln; and 
Gln311 Arg. A modified polypeptide of the invention may 
also comprise at least one of the substitutions Lys27Glu; 
Asp29ASn; Asp40Asn; Met45Thr; Thr49Ala; Glué7Gly, 
His91Arg: Glu95(Ala or Thr), Val96Ala; Glu122Lys: 
Asn125Ala; Asn135Asp; Arg139His; Thr147 Ala: 
Thr153Lys; Ser155Thr; Ser163Thr, Gln166(Arg or His), 
Alal 72Thr: Alal 73Val; Thr174Leu: Ala177Glu; 
Glu178Asp; Arg179Leu: Val180Gly: Ala201Ser; 
Val212Leu: Asp213Glu; Val215Ile: Ser226Arg; Lys244Arg; 
Gln251 His; Val254Ile: Ser255ASn; Glu257Gly: Thr264(Ala 
or Ile); Thr272Met: Cys274Gly; Val275Ile: Lys280Arg: 
Ser281Asn; Lys285Asp; Lys286Arg; Phe290Ser: 
Thr291 (Met or Val); Lys293Gln: Thr297Lys: Ile299(Thr or 
Val); Arg,301 His; ASn303 Asp; Ser318Phe: Glu321Asp; 
Pro326Ser: Cys327Leu; and Ser328(Gly or Gln). 

0011. The invention also includes an isolated or recom 
binant nucleic acid, comprising a polynucleotide sequence 
encoding a modified p40 polypeptide, wherein the modified 
p40 polypeptide comprises an amino acid sequence having 
at least about 90% amino acid sequence identity to the amino 
acid sequence identified herein as the mature polypeptide 
region (amino acid residue positions 23-328) of SEQ ID 
NO:39: IWEL-X-K-X-VYVVELDWYP-X-APGE 
Xs-VVL-X-CDTPEEDGITWT-X-DQSS-X-VLG 
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X-GKTLTI-X-VKEFGDAGQYTC-X-KGG-Xss 
X-LS-X-SLLLLHKKEDGIWSTDILKDQK-X-PK 
Xs-K-X-FL-Xo-CEAK-Xs-YSG-Xo 
FTCWWLT-Xa-ISTDL-X-F-X-VKSSRGS-X- 
DP-X-GVTCG-X72-X17-X74-LS-X77-X78-X 79 
X1so-X1st-X1s2-X iss-X184-Xss-X186-X187-X iss-Y-Xoo 
VECQE-X-SACP-Xo-AEESLPIEV-X-X-X- 
A-X-HKLKYENYTS-X-FFIRDIIKPDPPKNLQL 
X-PLKNSR-X-VE-X-X-W-X-YPDTWS 
X-PHSYFSLTF-X-X-7s-QVOG-Xso-Xs-KRE 
X2ss-X2s6-X287-X2ss-X289-F-X29-D-X29s-TSA-X297-V- 
Xoo-C-Xo-K-Xo-A-Xos-I-Xoz-V-Xoo-A-X11-DRY 
Xs-SS-X-WS-X-WASV-X-X-X-2s, or a 
conservatively substituted variation thereof, where X, is K 
or E: X is D or N; Xao is D or N; Xas is Mor T. Xa is T 
or A: X is S, X, is E or G; X, is T. X-7s is H. X is H 
or R: Xos is E, A, K, or T. X is V or A: Xoo is R or Q: X 
is E or K: X is N or A, X, is S or I; X is K., Xs is 
N or D., X is R or H. Xa, is T or A, Xss is T or K., Xss 
is S or T. X is S or T. X is Q, R, or H; X7 is A or T. 
X7 is A or V: X is T or L., X77 is A or E; X7s is E or 
D; X 79 is R, L, or K, Xso is V or G., Xs to Xs inclusive 
is deleted, or is replaced with the sequence S-(L or M)-(E or 
D)-H-R, Xss is E. Xse is Y; X87 is K or N; Xss is K, Xoo 
is R or T. X is G., X is A or S: X is V: X is V or 
L., X-1 is D or E. X2 is is V or I; X-2 is S or R, X2 is K 
or R, Xs is Q or H; Xsa is V or I; Xss is S or N; Xs, is 
E or G., X2 is T or A, X274 is C or G, X-27s is V or I; X2so 
is K or R, Xs is S or N; Xss is K or D., Xse is K or R; 
Xs, is D or is deleted; Xss is R or is deleted; Xs, is I or 
L. X29 is T or M. X29s is K or Q. X297 is T or K. X299 is 
I, T, or V: X is R or H. X is N or D: Xos is K. Xo, 
is R; X-soo is Q: X-1 is R. X is is Y or H. X-1s is S or F: X 
is E or D., X is P or S, X, is C or L; and Xs is S. G. 
or Q. As used herein and throughout the specification, each 
of the single letters in the amino acid sequences presented 
above represents a particular amino acid residue, according 
to standard practice known to those of ordinary skill in the 
art. In various embodiments, the modified p40 polypeptide 
encoded by the nucleic acid of the invention comprises an 
amino acid sequence having at least about 90%, 92%. 95%, 
96%, 97%, 98%, or 99% amino acid sequence identity to the 
mature polypeptide region (amino acid residue positions 
23-328) of SEQ ID NO:39. In another embodiment, the 
nucleic acid of the invention encodes a modified p40 
polypeptide comprising an amino acid sequence identified 
herein as the mature polypeptide region (amino acid residue 
positions 23-328) of SEQ ID NO:39. 
0012. The modified p40 polypeptide encoded by a 
nucleic acid of the invention may further comprise a leader 
peptide sequence having at least about 90%, 92%. 95%, 
96%, 97%, 98%, or 99% amino acid sequence identity to the 
amino acid sequence M-X-X-QQLV-X-SWFSLV-Xs 
LASPL-X-A, identified herein as the leader peptide region 
(amino acid residue positions 1-22) of SEQ ID NO:39, 
where X is C or H; X is H or P: X is I or V: Xs is For 
L; and X is V or M. 
0013 The invention also includes an isolated or recom 
binant nucleic acid, comprising a polynucleotide sequence 
encoding a polypeptide comprising a leader peptide 
sequence having at least about 90% amino acid sequence 
identity to the amino acid sequence M-X-X-QQLV-Xs 
SWFSLV-Xs-LASPL-X-A, identified herein as the leader 
peptide region (amino acid residue positions 1-22) of SEQ 



US 2006/0264615 A1 

ID NO:39, where X is C or H; X is H or P: Xs is I or V: 
Xs is F or L., and X is V or M. In various embodiments, 
the leader peptide sequence encoded by the nucleic acid of 
the invention comprises an amino acid sequence having at 
least about 90%, 92%, 95%, 96%, 97%, 98%, or 99% amino 
acid sequence identity to leader peptide region (amino acid 
residues 1-22) of SEQ ID NO:39. 
0014. The invention also includes an isolated or recom 
binant nucleic acid, comprising a polynucleotide sequence 
encoding a modified p35 polypeptide comprising an amino 
acid modification located at an amino acid position equiva 
lent to (i.e., an equivalent position to) that in the amino acid 
sequence of a naturally-occurring (i.e., wild-type) p35 
polypeptide (SEQID NO:36). The modification can include: 
(a) a substitution of the specified amino acid for a different 
amino acid at one or more equivalent position to that of SEQ 
ID NO:36 selected from Thr91, Met 120, Ala121, Val212, 
Thr213, and Ala218; (b) a insertion of one or more amino 
acids Phe-His-Leu between equivalent positions Leu19 and 
Ser20; (c) a deletion of the amino acid at equivalent position 
Pro36. The modified p35 polypeptide may optionally 
include two or more of modification (a), (b) or (c). The 
modified p35 polypeptide sequence encoded by the nucleic 
acid of the invention may be a modified sequence of a 
naturally-occurring (i.e., wild-type) p35 polypeptide 
sequence of a mammal (e.g., human, a non-human primate, 
a ruminant, or a rodent), preferably a primate, more prefer 
ably human. The modified p35 polypeptide sequence 
encoded by the nucleic acid of the invention may be a 
modified sequence of a polypeptide selected from the group 
consisting of p35 polypeptides encoded by nucleic acids 
having the GenBank accession numbers M65271, M65291, 
U19842, U19835, U83185, Y07761, AF054605, U49085, 
L35765, Y11130, U14416, U57751, AF173557, AF003542, 
X97018, AF 177031, M86672, and S82419. Preferred sub 
stitutions include ThrS1 (Ala or Ile); Met120Thr; Alal21Thr: 
Val212Met; Thr213Met; and Ala218Ser. 
0.015 The invention also includes an isolated or recom 
binant nucleic acid, comprising a polynucleotide sequence 
encoding a modified p35 polypeptide, wherein the modified 
p35 polypeptide comprises an amino acid sequence having 
at least about 90% amino acid sequence identity to the amino 
acid sequence identified herein as the mature polypeptide 
region (amino acid residue positions 23-219) of SEQ ID 
NO:40: R-X-LP-X7-Xs-T-X-X-PG-X-X-X- 
CL-X-X-SQNLL-X-A-Xas-SN-Xs-LQ-Xs-A-Xs 
Q-Xss-LEFY-X-CTSEE-X-DHEDIT-X7-DKT 
STVEACLPLEL-X-X-NESCL-X-SR-X-X-S- 
X-ITNGSCLASRKTSFM-X-X-LC-X-X- 
SIYEDLKMYO-X-EFK-X-MNAKLLM-Xas 
PKRQIFLDQNML-X-X-I-X-EL-X-QALN 
X7-NSET-X77-PQK-X-SLEE-Xse 
DFYKTKIKLCILLHAFRIRAVTI-X-R-X-X- 
SYLN-Xs-S, or a conservatively substituted variation 
thereof, where X is N or S: X, is V or T. X is A or T. 
X is P or A: X is D, S, or G., X is M or R, Xs is F. S. 
or L., X is P or is deleted; X is H or D, Xao is H or Y; X 
is R or K, Xas is V or A: Xs is M or T. Xsa is K or R. Xs 
is K or R, Xss is T or I; X is P or S: X is I or T. X7 is 
K or Q: X is A or I; X is K or T: Xos is N or A: X is 
E or G., Xio is T or I; Xoa is F or L., X2 is T. X2 is T. 
X2 is L or H. X is S or G., X is V or M: Xiao is T or 
A: Xas is D or N; X is A or T. X is V or A: X is D 
or A, X, is M or L., X7 is F or V: X77 is V or A, Xs 
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is S or P; Xse is P or L., X is D or N; X is M: X is 
M; and X is S. In various embodiments, the nucleic acid 
of the invention encodes a modified p35 polypeptide com 
prising an amino acid sequence having at least about 90%, 
92%, 95%, 96%, 97%, 98%, or 99% amino acid sequence 
identity to the mature polypeptide region (amino acid resi 
due positions 23-219) of SEQID NO:40. In another embodi 
ment, the nucleic acid of the invention encodes a modified 
p35 polypeptide comprising an amino acid sequence iden 
tified herein as the mature polypeptide region (amino acid 
residue positions 23-219) of SEQ ID NO:40. 
0016. The modified p35 polypeptide encoded by a 
nucleic acid of the invention may further comprise a leader 
peptide sequence having at least about 90%, 92%. 95%, 
96%, 97%, 98%, or 99% amino acid sequence identity to the 
amino acid sequence M-X-P-X-R-X-LLL-X-X- 
TLVLL-X-HLSL-X, identified herein as the leader pep 
tide region (amino acid residue positions 1-22) of SEQ ID 
NO:40, where X is C or Y; X is A. L or P: X is S or G: 
X is V or I; X is A or S: X, is D or H; and X is A or 
G, and optionally includes an insertion of the amino acids 
P-H-L between positions 18 and 19. 
0017. The invention also includes an isolated or recom 
binant nucleic acid, comprising a polynucleotide sequence 
encoding a polypeptide comprising a leader peptide 
sequence having at least about 90% amino acid sequence 
identity to the amino acid sequence M-X-P-X-R-X-LLL 
Xo-X-TLVLL-X-HLSL-X, identified herein as the 
leader peptide region (amino acid residue positions 1-22) of 
SEQ ID NO:40, where X is C or Y; X is A, L, or P: X is 
S or G; X is V or I; X is A or S: X is D or H; X is 
A or G, and optionally includes an insertion of the amino 
acids P-H-L between positions 18 and 19. In various 
embodiments, the leader peptide sequence encoded by the 
nucleic acid of the invention comprises an amino acid 
sequence having at least about 90%, 92%. 95%, 96%, 97%, 
98%, or 99% amino acid sequence identity to leader peptide 
region (amino acid residue positions 1-22) of SEQ ID 
NO:40. 

0018. The invention also provides nucleotide fragments 
of any of SEQ NOS:1-7. In one aspect of the invention, such 
a nucleotide fragment encodes a polypeptide comprising an 
amino acid sequence comprising at least 10 contiguous 
amino acid residues of any one of SEQ ID NOS:8-14. The 
polypeptide sequence encoded by the nucleotide fragment 
typically comprises one or more amino acid Substitution, at 
an equivalent position to that of SEQ ID NO:15, selected 
from: Leu62Ser; Ser71Thr, GlnT8His; His99(Arg or Gln): 
Thr127(Ser or Ile); Arg130Lys: Lys185Glu: Glu186Tyr; 
Tyr187(Lys or Asn); Glu188Lys: Ser190(Arg or Thr); As 
p196Gly; Met211 Val; Val289(Ile or Leu): Ser305Lys: 
Ser307 Arg: Arg309Gln; and Gln2311 Arg. The polypeptide 
may optionally comprises one or more substitution, at an 
equivalent position to that of SEQID NO:15, selected from: 
Cys2His; His3Pro; Ile8Val; Phel5Leu; Val21Met: 
Lys27Glu: Asp29ASn; Asp40Asn; Met45Thr; Thr49Ala: 
Glué7Gly, His91Arg: Glu%5(Ala or Thr), Val96Ala: 
Glu122Lys; Asn125Ala; Asn135Asp; Arg139His: 
Thr147 Ala: Thr153Lys: Ser155Thr: Ser163Thr: 
Gln166(Arg or His), Alal 72Thr; Alal 73Val; Thr174Leu: 
Ala177Glu: Glu178Asp; Arg179Leu; Val180Gly: 
Ala201Ser; Val212Leu: Asp213Glu; Val215Ile: Ser226Arg: 
Lys244Arg: Gln251 His; Val254Ile: Ser255ASn; Glu257Gly: 
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Thr264(Ala or Ile); Thr272Met: Cys274Gly; Val275Ile: 
Lys280Arg: Ser281Asn; Lys285Asp; Lys286Arg; 
Phe290Ser; Thr291 (Met or Val); Lys293Gln: Thr297Lys: 
Ile299(Thr or Val); Arg301 His; ASn303 Asp; Ser318Phe: 
Glu321Asp; Pro326Ser: Cys327Leu; and Ser328(Gly or 
Gln). In various embodiments, the nucleic acid of the 
invention encodes a polypeptide comprising at least 10, at 
least 15, at least 20, at least 30, at least 50, at least 75, at least 
100, at least 150, at least 200, or at least 250 contiguous 
amino acid residues of any one of SEQ ID NOS:8-14. In 
other embodiments, the polypeptide encoded by the nucleic 
acid of the invention comprises at least 270, 280, 285, 290, 
295, 300, 305, 310, or 320 contiguous amino acid residues 
of any one of SEQ ID NOS:8-14. In another embodiment, 
the encoded polypeptide comprises at least 290, 300, or 305 
contiguous amino acid residues of the mature polypeptide 
region of any one of SEQ ID NOS:8-14. In other embodi 
ments, the invention provides a nucleic acid that comprises 
a polynucleotide sequence selected from SEQ ID NO:1, 
SEQID NO:2, SEQID NO:3, SEQID NO:4, SEQID NO:5, 
SEQ ID NO:6, and SEQ ID NO:7. 
0019. The invention also provides nucleotide fragments 
of any of SEQ NOS:16-25. In one aspect of the invention, 
Such a nucleotide fragment encodes a polypeptide compris 
ing an amino acid sequence comprising at least 10 contigu 
ous amino acid residues of any one of SEQID NOS:26-35. 
The polypeptide typically comprises one or more amino acid 
substitution, at an equivalent position to that of SEQ ID 
NO:36, selected from: Thr91 (Ala or Ile), Met120Thr, 
Alal 21Thr, Val212Met, Thr213Met, and Ala218Ser. The 
polypeptide optionally comprises one or more substitution, 
at an equivalent position to that of SEQID NO:36, selected 
from: Cys2Tyr; Ala4(Leu or Pro); Ser6Gly; Val10Ile: 
Alal 1 Ser: Asp17His: Ala22Gly; ASn24Ser; Val27Thr: 
Ala28Thr; Pro30Ala: Asp31(Ser or Gly); Met34Arg: 
Phe35(Ser or Leu); Pro36(deleted); His39Asp: His40Tyr; 
Arg46Lys; Val48Ala; Met51Thr; Lys34Arg: Thr58Ile: 
Pro63Ser: Ile69Thr; Lys76Gln: Lys92Thr; ASn98Ala: 
Glu101Gly; Thr102Ile; Phel04Leu: Leu124His: Ser125Gly: 
Val136Met: Thr140Ala: Asp148ASn: Ala 161 Thr: 
Val162Ala; Asp164Ala; Met167Leu: Phel 72Val; 
Val177 Ala: Ser181Pro; Pro186Leu: Asp210Asn; and inser 
tion of one or more of 220Leu; 221Glu; 222Ser; and 223Ser. 
In various embodiments, the nucleic acid of the invention 
encodes a polypeptide sequence comprising at least 10, at 
least 15, at least 20, at least 30, at least 50, at least 75, at least 
100, at least 150, at least 170, or at least 180 contiguous 
amino acid residues of any one of SEQ ID NOS:26-35. In 
another embodiment, the encoded polypeptide sequence 
comprises at least 185, 190, 195, 200, or 205 contiguous 
amino acid residues of the mature polypeptide region of any 
one of SEQ ID NOS:26-35. In other embodiments, the 
invention provides a nucleic acid that comprises a poly 
nucleotide sequence selected from SEQID NO:16, SEQ ID 
NO:17, SEQ ID NO:18, SEQ ID NO:19, SEQ ID NO:20, 
SEQ ID NO:21, SEQ ID NO:22, SEQ ID NO:23, SEQ ID 
NO:24, and SEQ ID NO:25. 
0020. An isolated or recombinant polypeptide having a 
sequence encoded by any nucleic acid of the invention, Such 
as nucleic acids embodied in SEQID NOS:1-7 and SEQID 
NOS:16-25, is also a feature of the invention. 
0021. An isolated or recombinant polypeptide having any 
of the preceding sequences, such as those embodied in SEQ 
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ID NOS:8-14, SEQ ID NO:39, SEQ ID NOS:26-35, and 
SEQ ID NO:40, is also a feature of the invention. 
0022. The invention also provides polypeptide fragments 
of any of SEQ NOS:8-14, SEQ ID NO:39, and SEQ ID 
NOS:26-35, SEQID NO:40. In one aspect of the invention, 
such a polypeptide fragment exhibits T-cell proliferative 
activity or interferon-gamma induction activity in a T-cell 
based assay (such as, e.g., a human T-cell based assay). The 
T-cell proliferation assay and the interferon-gamma induc 
tion assay are described in greater detail below. In yet 
another aspect, the invention provides a polynucleotide 
sequence comprising a nucleotide fragment of any nucleic 
acid of the invention described above and below, wherein 
said nucleotide fragment encodes a polypeptide fragment 
that exhibits T-cell proliferative activity or interferon 
gamma induction activity in a T-cell based assay (such as, 
e.g., a human T-cell based assay), as is described in greater 
detail below. 

0023. In other embodiments, the modified p40 polypep 
tide of the invention can form a dimer (i.e., the polypeptide 
“dimerizes”) with a p35 polypeptide to form a modified 
p40/p35 heterodimer, or can dimerize with a p40 polypep 
tide to form a modified p40/p40 homodimer. In various 
embodiments, the modified p40 polypeptide of the invention 
(hetero-)dimerizes with a polypeptide comprising a natu 
rally-occurring or “wild type' p35 polypeptide sequence 
(e.g., a human p35 polypeptide, such as SEQ ID NO:36; a 
primate p35 polypeptide; or a mammalian p35 polypeptide). 
or a fragment thereof. In other embodiments, the modified 
p40 polypeptide of the invention (hetero-)dimerizes with a 
modified p35 polypeptide of the invention, such as, for 
example, one comprising a sequence selected from SEQID 
NOS:26-35, SEQ ID NO:40, or a fragment thereof. In 
various other embodiments, the modified p40 polypeptide of 
the invention (homo-)dimerizes with a polypeptide compris 
ing a naturally-occurring or wild-type p40 polypeptide 
sequence (e.g., a human p40 polypeptide, such as SEQ ID 
NO:15, a primate p40 polypeptide, or a mammalian p40 
polypeptide), or a fragment thereof. In other embodiments, 
the modified p40 polypeptide of the invention (homo 
)dimerizes with itself, or with another modified p40 
polypeptide of the invention, Such as, for example, one 
comprising a sequence selected from SEQ ID NOS:8-14 or 
SEQ ID NO:39, or a fragment thereof. 
0024. In other embodiments, the modified p35 polypep 
tide of the invention forms a dimer (i.e., the polypeptide 
“dimerizes”) with a p40 polypeptide to form a modified 
p40/p35 heterodimer, or with a p35 polypeptide to form a 
modified p35/p35 homodimer. In various embodiments, the 
modified p35 polypeptide of the invention (hetero-)dimer 
izes with a polypeptide comprising a naturally-occurring or 
wild-type p40 polypeptide sequence (e.g., a human p40 
polypeptide, such as SEQID NO:15, a primate p40 polypep 
tide, or a mammalian p40 polypeptide), or a fragment 
thereof. In other embodiments, the modified p35 polypeptide 
of the invention (hetero-)dimerizes with a modified p40 
polypeptide of the invention, Such as, for example, one 
comprising a sequence selected from SEQID NOS:8-14 and 
SEQ ID NO:39, or a fragment thereof. In various other 
embodiments, the modified p35 polypeptide of the invention 
(homo-)dimerizes with a polypeptide comprising a natu 
rally-occurring or wild-type p35 polypeptide sequence (e.g., 
a human p35 polypeptide, such as SEQID NO:36, a primate 
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p35 polypeptide, or a mammalian p35 polypeptide), or a 
fragment thereof. In other embodiments, the modified p35 
polypeptide of the invention (homo-) dimerizes with itself, 
or with another modified p35 polypeptide of the invention, 
Such as, for example, one comprising a sequence selected 
from SEQID NOS:26-35 and SEQID NO:40, or a fragment 
thereof. 

0.025 The invention also includes a cell comprising any 
nucleic acid of the invention described herein, or which 
expresses any polypeptide of the invention noted herein. In 
one embodiment, the cell expresses a polypeptide encoded 
by the nucleic acid of the invention as described herein. 
0026. The invention also includes a vector comprising 
any nucleic acid of the invention described above and below. 
The vector can comprise a plasmid, a cosmid, a phage, or a 
virus; the vector can be, e.g., an expression vector, a cloning 
vector, a packaging vector, an integration vector, or the like. 
The invention also includes a cell transduced by a vector of 
the invention. The invention also includes compositions 
comprising any nucleic acid of the invention described 
above and below, and an excipient, preferably a pharma 
ceutically acceptable excipient. Cells and transgenic animals 
which include any polypeptide or nucleic acid of the inven 
tion described above and below, e.g., produced by transduc 
tion of vector, are a feature of the invention. 

0027. The invention also includes compositions produced 
by digesting one or more nucleic acid described above with, 
e.g., a restriction endonuclease, an RNAse, or a DNAse: 
compositions produced by fragmenting one or more nucleic 
acid described above by mechanically shearing, by UV, or 
by chemical methods; and compositions produced by incu 
bating one or more nucleic acid described above in the 
presence of ribonucleotide or deoxyribonucelotide triphos 
phates and a nucleic acid polymerase, e.g., a thermostable 
polymerase. 

0028. The invention also includes compositions compris 
ing two or more nucleic acids described above. The com 
position may comprise a library of nucleic acids, where the 
library contains, e.g., at least 2, 3, 5, 10, 20 or 50 nucleic 
acids. 

0029. In another aspect, the invention includes an iso 
lated or recombinant polypeptide encoded by any nucleic 
acid of the invention described herein. In one embodiment, 
the polypeptide may comprise a mature polypeptide region 
of a sequence selected from SEQID NO:8 to SEQID NO:14 
and SEQ ID NO:39, or SEQ ID NO:26 to SEQ ID NO:35 
and SEQID NO:40. Longer polypeptides; e.g., which com 
prise leader peptide sequences, purification tags, or the like, 
are also contemplated. Such polypeptides may display T-cell 
proliferative activity and/or interferon-gamma induction 
activity in a T-cell based assay (Such as, e.g., a human T-cell 
based assay). 

0030 The invention also includes a polypeptide which 
specifically binds polyclonal antisera raised against at least 
one antigen, the at least one antigen comprising a polypep 
tide sequence selected from an amino acid sequence set forth 
in SEQ ID NO:8 to SEQ ID NO:14 or SEQ ID NO:26 to 
SEQ ID NO:35 or a fragment thereof. In particular, the 
invention provides polypeptides which bind a polyclonal 
antisera raised against at least one antigen, wherein said at 
least one antigen comprises at least one amino acid sequence 
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set forth in SEQID NO: 8 to SEQID NO:14, or a fragment 
of any of these amino sequences, wherein the polyclonal 
antisera is Subtracted with one or more known p40 polypep 
tides or proteins, including, e.g., a polypeptide or protein 
encoded by a nucleic acid having or corresponding to one or 
more of the following GenBankTM accession numbers: 
M65272 and M65290 (human), U19841 (Macaca mulatta, 
rhesus monkey), U19834 (Cercocebus torquatus, Sooty 
mangabey), Y11129 (Equus cabalus, horse), U83 184, 
Y07762 and AF054607 (Felis catus, cat), U49100 and 
AF091134 (Canis familiaris, dog), U57752 and U10160 
(Cervus elaphus, red deer), AF007576 (Capra hircus, goat), 
AF004024 (Ovis aries, sheep), U11815 (Bos taurus, cow), 
U08317 (Sus scrofa, pig), X97019 and AF082494 (Marmota 
monax, woodchuck), AF133197 and U16674 (Rattus nor 
vegicus, rat), M86671 and S82426 (Mus musculus, mouse), 
AF097507 (Cavia porcellus, guinea pig), and AF046211 
(Mesocricetus auratus, goldenhamster), and other similar or 
homologous p40 nucleic acid sequences presented in, e.g., 
GenBank 

0031. The invention also provides polypeptides which 
bind a polyclonal antisera raised against at least one antigen, 
wherein said at least one antigen comprises at least one 
amino acid sequence set forth in SEQID NO:26 to SEQID 
NO:35, or a fragment of any of these amino sequences, 
wherein the polyclonal antisera is subtracted with one or 
more known p35 polypeptides or proteins, including, e.g., a 
polypeptide or protein encoded by a nucleic acid having or 
corresponding to one or more of the following GenBank 
accession numbers: M65271, M65291 (human); U19842 
(Macaca mulatta, rhesus monkey), U19835 (Cercocebus 
torquatus, sooty mangabey), U83185, Y07761, AF054605 
(Felis catus, cat), U49085 (Canis familiaris, dog), L35765 
(Sus scrofa, pig), Y11130 (Equus cabalus, horse), U14416 
(Bos taurus, cow), U57751 (Cervus elaphus, red deer), 
AF173557 (Ovis aries, sheep), AF003542 (Capra hircus, 
goat), X97018 (Marmota monax, woodchuck), AF 177031 
(Rattus norvegicus, rat), and M86672, S82419 (Mus mus 
culus, mouse), and other similar or homologous p35 nucleic 
acid sequences presented in, e.g., GenBank. 
0032. As described above, a polypeptide of the invention 
may form a dimer (e.g., a heterodimer or a homodimer) with 
either a p35 polypeptide or a p40 polypeptide; A composi 
tion comprising a polypeptide of the invention (alone or in 
combination with an additional p35 polypeptide or p40 
polypeptide) may exhibit at least one of the following 
activities: (a) T-cell proliferative activity, (b) IFN-Y induc 
tion activity, (c) enhancement of NK cell-mediated toxicity. 
The p35 polypeptide may comprise a naturally-occurring or 
wild-type sequence, such as SEQ ID NO:36 or a fragment 
thereof, or may comprise a modified sequence. Such as, for 
example, one of SEQ ID NO:26 to 35, SEQ ID NO:40, or 
a fragment thereof. Likewise, the p40 polypeptide may 
comprise a naturally-occurring or wild-type sequence. Such 
as SEQ ID NO:15 or a fragment thereof, or may comprise 
a modified sequence. Such as, for example, one of SEQ ID 
NO:8 to 14, SEQ ID NO:39, or a fragment thereof. 
0033. In other embodiments, any polypeptide described 
above may further include a secretion/localization sequence, 
e.g., a leader (or signal) peptide sequence, an organelle 
targeting sequence, a membrane localization sequence, and 
the like. Any polypeptide described above may further 
include a sequence that facilitates purification, e.g., an 
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epitope tag (Such as, a FLAG epitope or an E-Tag epitope), 
a polyhistidine tag, a GST fusion, and the like. The polypep 
tide optionally includes a methionine at the N-terminus. Any 
polypeptide described above optionally includes one or 
more modified amino acid, such as a glycosylated amino 
acid, a PEG-ylated amino acid, a farnesylated amino acid, an 
acetylated amino acid, a biotinylated amino acid, a carboxy 
lated amino acid, a phosphorylated amino acid, an acylated 
amino acid, or the like. 

0034. The invention also includes compositions compris 
ing any nucleic acid or polypeptide described above in an 
excipient, preferably a pharmaceutically acceptable excipi 
ent. 

0035. The invention also includes an antibody or antisera 
produced by administering one or more of the polypeptides 
of the invention described herein to a mammal, wherein the 
antibody or antisera does not specifically bind to a known 
p40 polypeptide or protein, including, e.g., any polypeptide 
or protein encoded by a nucleic acid having or correspond 
ing to one or more of the following GenBank accession 
numbers: M65272 and M65290 (human), U19841 (Macaca 
mulatta, rhesus monkey), U19834 (Cercocebus torquatus, 
sooty mangabey), Y11129 (Equus cabalus, horse), U83184, 
Y07762 and AF054607 (Felis catus, cat), U49100 and 
AF091134 (Canis familiaris, dog), U57752 and U10160 
(Cervus elaphus, red deer), AF007576 (Capra hircus, goat), 
AF004024 (Ovis aries, sheep), U11815 (Bos taurus, cow), 
U08317 (Sus scrofa, pig), X97019 and AF082494 (Marmota 
monax, woodchuck), AF133197 and U16674 (Rattus nor 
vegicus, rat), M86671 and S82426 (Mus musculus, mouse), 
AF097507 (Cavia porcellus, guinea pig), and AF046211 
(Mesocricetus auratus, goldenhamster), and other similar or 
homologous p40 sequences presented in, e.g., GenBank. 
The invention also includes antibodies or antisera produced 
by administering one or more of the polypeptides of the 
invention described herein to a mammal, wherein the anti 
body or antisera does not bind to a known p35 polypeptide 
or protein, including, e.g., any polypeptide or protein 
encoded by a nucleic acid having or corresponding to one or 
more of the following GenBank accession numbers: 
M65271, M65291 (Homo sapiens); U19842 (Macaca 
mulatta, rhesus monkey), U19835 (Cercocebus torquatus, 
sooty mangabey), U83185, Y07761, AF054605 (Felis catus, 
cat), U49085 (Canis familiaris, dog), L35765 (Sus scrofa, 
pig), Y11130 (Equus cabalus, horse), U14416 (Bos taurus, 
cow), U57751 (Cervus elaphus, red deer), AF173557 (Ovis 
aries, sheep), AF003542 (Capra hircus, goat), X970 18 
(Marmota monax, woodchuck), AF177031 (Rattus norvegi 
cus, rat), and M86672, S82419 (Mus musculus, mouse), and 
other similar or homologous p35 sequences presented in, 
e.g., GenBank. 

0036) The invention also includes antibodies which spe 
cifically bind a polypeptide comprising a sequence selected 
from SEQID NO:8 to SEQID NO:14 or SEQ ID NO:26 to 
SEQID NO:35. The antibodies are, e.g., polyclonal, mono 
clonal, chimeric, humanized, single chain, Fab fragments, 
fragments produced by an Fab expression library, or the like. 

0037 Methods for producing the polypeptides of the 
invention are also included. One such method comprises 
introducing into a population of cells any nucleic acid of the 
invention described above, operatively linked to a regulatory 
sequence effective to produce the encoded polypeptide, 
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culturing the cells in a culture medium to produce the 
polypeptide, and optionally isolating the polypeptide from 
the cells or from the culture medium. The nucleic acid may 
be part of a vector, such as a recombinant expression vector. 
0038. The invention also includes compositions compris 
ing a nucleic acid of the invention, and optionally, further 
comprising a second nucleic acid encoding a p35 polypep 
tide or a p40 polypeptide. The second nucleic acid may 
encode a p35 polypeptide having a naturally-occurring p35 
sequence, such as a nucleic acid encoding SEQ ID NO:36, 
or may encode a modified p35 polypeptide sequence, Such 
as, for example, one of nucleic acids SEQ ID NOS:16-25 
encoding SEQ ID NOS:26-35, respectively. The second 
nucleic acid may encode a p40 polypeptide having a natu 
rally-occurring sequence, such as a nucleic acid encoding 
SEQID NO:15, or may encode a modified p40 polypeptide 
sequence. Such as, for example, one of nucleic acids SEQID 
NOS:1-7 encoding SEQ ID NOS:8-14, respectively. 
0039 The invention also includes compositions compris 
ing a polypeptide of the invention, and optionally, further 
comprising a second p35 polypeptide or a second p40 
polypeptide. The second p35 polypeptide or the second p40 
polypeptide may have a naturally-occurring or wild-type 
sequence, or may have a modified sequence, such as a 
modified p35 polypeptide or a modified p40 polypeptide of 
the invention. 

0040. The invention also includes a method of inducing 
proliferation of T-cells comprising contacting the T-cells 
with a composition comprising a polypeptide of the inven 
tion, thereby inducing proliferation of the T-cells. In one 
embodiment, the T-cells are in culture. In another embodi 
ment, the T-cells are human T-cells. 

0041. The invention also includes a method of inducing 
production of IFN-Y in T-cells, the method comprising 
contacting the T-cells with a composition comprising a 
polypeptide of the invention, thereby inducing production of 
IFN-Y in the T-cells. In one embodiment, the T-cells are in 
culture. In another embodiment, the T-cells are human 
T-cells. 

0042. In general, nucleic acids and proteins derived by 
mutation of the sequences herein are a feature of the 
invention. Similarly, those produced by diversity generation 
methods or recursive sequence recombination (“RSR) 
methods (e.g., DNA shuffling) are a feature of the invention. 
Mutation and recombination methods using the nucleic acids 
described herein are a feature of the invention. For example, 
one method of the invention includes recursively recombin 
ing one or more nucleic acid sequences of the invention as 
described above and below with one or more additional 
nucleic acids (including, but not limited to, those noted 
herein), each sequence of the one or more additional nucleic 
acids encoding a modified p40 polypeptide or modified p35 
polypeptide or an amino acid Subsequence thereof. The 
recombining steps are optionally performed in Vivo, ex vivo, 
in silico or in vitro. Said diversity generation or recursive 
sequence recombination produces at least one library of 
recombinant modified p40 or modified p35 nucleic acids. 
Also included in the invention are a recombinant modified 
p40 nucleic acid produced by this method, a recombinant 
modified p35 nucleic acid produced by this method, a cell 
containing the recombinant modified p40 nucleic acid or 
recombinant modified p35 nucleic acid, a nucleic acid 
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library produced by recursive sequence recombination or 
other diversity generation methods, a composition compris 
ing two or more of recombinant modified p40 or modified 
p35 nucleic acids, and a population of cells comprising Such 
recombinant modified p40 or modified p35 nucleic acids or 
containing the library. In one embodiment, the library com 
prise at least ten such recombinant nucleic acids. 
0043. The invention also provides a method of producing 
a modified or recombinant modified p40 or modified p35 
nucleic acid that comprises mutating a nucleic acid of the 
invention as described herein. 

0044) These and other objects and features of the inven 
tion will become more fully apparent when the following 
detailed description is read in conjunction with the accom 
panying figures. 

BRIEF DESCRIPTION OF THE FIGURES 

0045 FIGS. 1A-1B show an alignment of a naturally 
occurring or wild-type human p40 polypeptide sequence 
(SEQ ID NO:15) and exemplary modified p40 polypeptide 
sequences according to the invention (SEQ ID NOS:8-14). 
Equivalent amino acid residue positions which differ from 
those of SEQ ID NO:15 are shaded. The arrow and the 
dashed horizontal line, located between the amino acid 
residue positions equivalent to amino acid residues 22 and 
23 of SEQ ID NO:15, indicate the predicted boundary 
between the leader peptide region and the mature polypep 
tide region. The alignment was prepared using the CLUST 
ALW multiple sequence alignment algorithm, a part of the 
Vector NTI version 6 sequence analysis Software package 
(Informax, Bethesda, Md.). The CLUSTALW program ini 
tially performs multiple pairwise comparisons between 
groups of sequences and then assembles the pairwise align 
ments into a multiple alignment based on homology. For the 
initial pairwise alignments, Gap Open and Gap Extension 
penalties were 10 and 0.1, respectively. For the multiple 
alignments, Gap Open penalty was 10, and the Gap Exten 
sion penalty was 0.05. The protein weight matrix employed 
was the BLOSUM62 matrix. 

0046 FIG. 2 shows T-cell proliferative activity of two 
fold serial dilutions of culture media of mammalian cell 
cultures expressing a modified p40 nucleic acid of the 
invention (SEQ ID NO:7 encoding R16-51) co-expressed 
with a nucleic acid comprising a wild-type human p35 
(“wt-p35°) coding sequence (SEQID NO:38), as compared 
to equivalent serial dilutions of a control culture co-express 
ing nucleic acids comprising wt-p35 and wild-type human 
p40 (“wt-p40) coding sequences (SEQID NO:38 and SEQ 
ID NO:37, respectively). The X-axis (“Fold-Dilution') indi 
cates the n-fold serial dilution of culture Supernatant, and the 
Y-axis (“CPM) indicates the amount of H-thymidine 
incorporated into T-cells, expressed as counts per minute. 
For this and the following figures, the data bars represents 
the average, and the error bars represent the standard devia 
tion, of at least three data points per assay. 
0047 FIG. 3 shows T-cell proliferative activities of two 
fold serial dilutions of culture media of mammalian cell 
cultures expressing the following modified p40 nucleic acids 
of the invention: SEQ ID NO:6 encoding A16-94: SEQ ID 
NO:2 encoding B8-96; and SEQ ID NO:1 encoding C2-22, 
all co-expressed with a nucleic acid comprising a wt-p35 
coding sequence (SEQ ID NO:37), as compared to equiva 
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lent serial dilutions of a control culture co-expressing 
nucleic acids comprising wt-p35 and wt-p40 coding 
sequences (SEQ ID NO:38 and SEQ ID NO:37, respec 
tively). X- and Y-axes are as described for FIG. 2. 
0.048 FIG. 4 shows T-cell proliferative activity of two 
fold serial dilutions of culture media of mammalian cell 
cultures expressing a modified p40 nucleic acid of the 
invention (SEQ ID NO:5 encoding A3-48) co-expressed 
with a nucleic acid comprising a wt-p35 coding sequence, as 
compared to equivalent dilutions of a control culture co 
expressing nucleic acids comprising wt-p35 and wt-p40 
coding sequences (SEQ ID NO:38 and SEQ ID NO:37, 
respectively). X- and Y-axes are as described for FIG. 2. 
0049 FIG. 5 shows T-cell proliferative activities of two 
fold serial dilutions of culture media of mammalian cell 
cultures expressing a modified p40 nucleic acid of the 
invention (SEQ ID NO:3 encoding B2-52) co-expressed 
with a nucleic acid comprising a wt-p35 coding sequence 
(SEQ ID NO:38), as compared to equivalent dilutions of a 
control culture co-expressing nucleic acids comprising wt 
p35 and wt-p40 coding sequences (SEQID NO:38 and SEQ 
ID NO:37, respectively). X- and Y-axes are as described for 
FG, 2. 

0050 FIG. 6 shows T-cell proliferative activity of two 
fold serial dilutions of culture media of mammalian cell 
cultures expressing a modified p40 nucleic acid of the 
invention (SEQ ID NO:4 encoding B1-81) co-expressed 
with a nucleic acid comprising a wt-p35 coding sequence 
(SEQ ID NO:38), as compared to equivalent dilutions of a 
control culture co-expressing nucleic acids comprising wt 
p35 and wt-p40 coding sequences (SEQID NO:38 and SEQ 
ID NO:37, respectively). X- and Y-axes are as described for 
FG, 2. 

0051 FIG. 7 shows an immunoblot, probed using an 
anti-p35 monoclonal antibody (mAB), of equal volumes of 
cell culture Supernatant from a control cell culture express 
ing wt-p40/wt-p35 nucleic acids, and from test cell cultures 
expressing A16-94/wt-p35, A3-48/wt-p35, B1-81/wt-p35, 
B2-52/wt-p35, B8-96?wt-p35 and C2-22/wt-p35 nucleic 
acids. Bands corresponding to ~70 kilodalton (kDa) het 
erodimeric proteins are indicated by the arrow labeled “p70 
and bands corresponding to -35 kDa p35 polypeptides are 
indicated by the arrow labeled “p35”. “MW indicates 
molecular weight markers. 
0052 FIG. 8 shows an immunoblot, probed using an 
anti-p35 mAB, of dilutions of purified C2-22/wt-p35 and 
wt-p40/wt-p35 heterodimers. The X-axis shows the volume 
of purified protein solution applied to the gel, and the Y-axis 
shows the approximate molecular weight (in kDa). 
0053 FIG. 9 shows the T-cell proliferative activity of 
varying concentrations of purified C2-22/wt-p35 and 
wt-p40/wt-p35 heterodimers. The X-axis indicates the con 
centration of heterodimer assayed, in nanograms per milli 
liter (ng/ml). The Y-axis (“CPM) indicates the amount of 
H-thymidine incorporated into T-cells, expressed as counts 
per minute. 
0054 FIG. 10 shows the IFN-Y induction activity of 
varying concentrations of purified C2-22/wt-p35 and 
wt-p40/wt-p35 heterodimers and a commercially available 
cytokine protein. The X-axis indicates the concentration of 
heterodimer assayed, in nanograms per milliliter (ng/ml). 
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The Y-axis indicates the amount of IFN-Y produced in 
T-cells, expressed as picograms per milliliter (pg/ml). 
0055 FIGS. 11A-11B show an alignment of a naturally 
occurring or wild-type human p35 polypeptide sequence 
(SEQ ID NO:36) and exemplary modified p35 polypeptide 
sequences according to the invention (SEQID NOS:26-35). 
Equivalent amino acid positions which differ from those of 
SEQ ID NO:36 are shaded. The arrow and the dashed 
horizontal line, located between the amino acid residue 
positions equivalent to amino acid residues 22 and 23 of 
SEQID NO:36, indicate the predicted boundary between the 
leader peptide region and the mature polypeptide region. 
The alignment was prepared using the CLUSTALW algo 
rithm and Vector NTI software as described in FIG. 1. 

0056 FIG. 12 shows the T-cell proliferative activity of 
varying concentrations of purified “fully modified het 
erodimer C2-22/R2-571-EHtag and control heterodimer 
wt-p40/wt-p35-EHtag. X- and Y-axes are as described in 
FIG 9. 

0057 FIG. 13 shows the IFN-Y induction activity of 
varying concentrations of purified fully modified het 
erodimer C2-22/R2-571-EHtag and control heterodimer 
wt-p40/wt-p35-EHtag. X- and Y-axes are as described in 
FIG 10. 

0.058 FIG. 14 shows a Western blot, probed using an 
anti-E tag maB (Pharmacia-Amersham), of purified het 
erodimers produced by co-expressing a modified p40 
nucleic acid of the invention comprising the C2-22 poly 
nucleotide sequence SEQ ID NO: 1 plus a modified p35 
nucleic acid of the invention comprising the R2-571 poly 
nucleotide sequence SEQ ID NO:21, and purified het 
erodimers produced by co-expressing wt-p40 and wt-p35 
nucleic acids comprising the polynucleotide sequences SEQ 
ID NO:37 and SEQ ID NO:38, respectively. The modified 
p35 nucleic acid sequence and the wt-p35 nucleic acid 
sequence each further comprised a C-terminal EH-tag cod 
ing sequence. The modified heterodimer preparation, indi 
cated on the figure as “C2-22/R2-571, was loaded onto the 
gel in serial dilutions as indicated over each lane. The 
wt-p40/wt-p35 heterodimer preparation, indicated on the 
figure as “wt', was loaded at a single dilution. Bands 
corresponding to ~70 kDa heterodimeric proteins are indi 
cated by the arrow labeled “p70 and bands corresponding 
to -35 kDa p35 polypeptides are indicated by the arrow 
labeled “p35”. Higher molecular weight proteins which 
immunoreact with the anti-E tag antibody are indicated by 
the bracket labeled “multimeric forms”. “MW’’ indicates 
molecular weight markers. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Definitions 

0059) Unless otherwise defined herein or below in the 
remainder of the specification, all technical and Scientific 
terms used herein have the same meaning as commonly 
understood by those of ordinary skill in the art to which the 
present invention belongs. 
0060 A “polynucleotide sequence' is a nucleic acid 
(which is a polymer of nucleotides (A.C.T.U.G., etc. or 
naturally occurring or artificial nucleotide analogues) or a 
character string representing a nucleic acid, depending on 
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context. Either the given nucleic acid or the complementary 
nucleic acid can be determined from any specified poly 
nucleotide sequence. 
0061 Similarly, an "amino acid sequence' is a polymer 
of amino acids (a protein, polypeptide, etc.) or a character 
string representing an amino acid polymer, depending on 
context. Either the given nucleic acid or the complementary 
nucleic acid can be determined from any specified poly 
nucleotide sequence. 
0062) A nucleic acid, protein, peptide, polypeptide, or 
other component is "isolated when it is partially or com 
pletely separated from components with which it is normally 
associated (other peptides, polypeptides, proteins (including 
complexes, e.g., polymerases and ribosomes which may 
accompany a native sequence), nucleic acids, cells, synthetic 
reagents, cellular contaminants, cellular components, etc.), 
e.g., Such as from other components with which it is 
normally associated in the cell from which it was originally 
derived. A nucleic acid, polypeptide, or other component is 
isolated when it is partially or completely recovered or 
separated from other components of its natural environment 
Such that it is the predominant species present in a compo 
sition, mixture, or collection of components (i.e., on a molar 
basis it is more abundant than any other individual species 
in the composition). In preferred embodiments, the prepa 
ration consists of more than 70%, typically more than 80%, 
or preferably more than 90% of the isolated species. 
0063. In one aspect, a “substantially pure” or "isolated” 
nucleic acid (e.g., RNA or DNA), polypeptide, protein, or 
composition also means where the object species (e.g., 
nucleic acid or polypeptide) comprises at least about 50, 60, 
or 70 percent by weight (on a molar basis) of all macromo 
lecular species present. A Substantially pure or isolated 
composition can also comprise at least about 80, 90, or 95 
percent by weight of all macromolecular species present in 
the composition. An isolated object species can also be 
purified to essential homogeneity (contaminant species can 
not be detected in the composition by conventional detection 
methods) wherein the composition consists essentially of 
derivatives of a single macromolecular species. 
0064. The term "isolated nucleic acid may refer to a 
nucleic acid (e.g., DNA or RNA) that is not immediately 
contiguous with both of the coding sequences with which it 
is immediately contiguous (i.e., one at the 5' and one at the 
3' end) in the naturally occurring genome of the organism 
from which the nucleic acid of the invention is derived. 
Thus, this term includes, e.g., a cDNA or a genomic DNA 
fragment produced by polymerase chain reaction (PCR) or 
restriction endonuclease treatment, whether such cDNA or 
genomic DNA fragment is incorporated into a vector, inte 
grated into the genome of the same or a different species 
than the organism, including, e.g., a virus, from which it was 
originally derived, linked to an additional coding sequence 
to form a hybrid gene encoding a chimeric polypeptide, or 
independent of any other DNA sequences. The DNA may be 
double-stranded or single-stranded, sense or antisense. 
0065. A nucleic acid or polypeptide is “recombinant 
when it is artificial or engineered, or derived from an 
artificial or engineered protein or nucleic acid. The term 
“recombinant' when used with reference e.g., to a cell, 
nucleotide, vector, or polypeptide typically indicates that the 
cell, nucleotide, or vector has been modified by the intro 
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duction of a heterologous (or foreign) nucleic acid or the 
alteration of a native nucleic acid, or that the polypeptide has 
been modified by the introduction of a heterologous amino 
acid, or that the cell is derived from a cell so modified. 
Recombinant cells express nucleic acid sequences (e.g., 
genes) that are not found in the native (non-recombinant) 
form of the cell or express native nucleic acid sequences 
(e.g., genes) that would be abnormally expressed under 
expressed, or not expressed at all. The term “recombinant 
nucleic acid (e.g., DNA or RNA) molecule means, for 
example, a nucleotide sequence that is not naturally occur 
ring or is made by the combatant (for example, artificial 
combination) of at least two segments of sequence that are 
not typically included together, not typically associated with 
one another, or are otherwise typically separated from one 
another. A recombinant nucleic acid can comprise a nucleic 
acid molecule formed by the joining together or combination 
of nucleic acid segments from different sources and/or 
artificially synthesized. The term “recombinantly produced 
refers to an artificial combination usually accomplished by 
either chemical synthesis means, recursive sequence recom 
bination of nucleic acid segments or other diversity genera 
tion methods (such as, e.g., shuffling) of nucleotides, or 
manipulation of isolated segments of nucleic acids, e.g., by 
genetic engineering techniques known to those of ordinary 
skill in the art. “Recombinantly expressed' typically refers 
to techniques for the production of a recombinant nucleic 
acid in vitro and transfer of the recombinant nucleic acid into 
cells in vivo, in vitro, or ex vivo where it may be expressed 
or propagated. A “recombinant polypeptide' or “recombi 
nant protein' usually refers to polypeptide or protein, 
respectively, that results from a cloned or recombinant gene 
or nucleic acid. 

0.066 A“subsequence' or “fragment' is any portion of an 
entire sequence, up to and including the complete sequence. 
0067. Numbering of a given amino acid or nucleotide 
polymer “corresponds to (the) numbering of a selected 
amino acid polymer or nucleic acid when the position of any 
given polymer component (amino acid residue, incorporated 
nucleotide, etc.) is designated by reference to the same 
residue position in the selected amino acid or nucleotide, 
rather than by the actual position of the component in the 
given polymer. 
0068 A vector is a composition for facilitating cell 
transduction by a selected nucleic acid, or expression of the 
nucleic acid in the cell. Vectors include, e.g., plasmids, 
cosmids, viruses, YACs, bacteria, poly-lysine, etc. An 
“expression vector” is a nucleic acid construct, generated 
recombinantly or synthetically, with a series of specific 
nucleic acid elements that permit transcription of a particular 
nucleic acid in a host cell. The expression vector can be part 
of a plasmid, virus, or nucleic acid fragment. The expression 
vector typically includes a nucleic acid to be transcribed 
operably linked to a promoter. 
0069. “Substantially an entire length of a polynucleotide 
or amino acid sequence” refers to at least about 50%, at least 
about 60%, generally at least about 70%, generally at least 
about 80%, or typically at least about 85%, 90%, 92%. 95.9%, 
96%, 97%, 98%, or 99% or more of a length of an amino 
acid sequence or nucleic acid sequence. 
0070 “Naturally occurring as applied to an object refers 
to the fact that the object can be found in nature. For 
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example, a polypeptide or polynucleotide sequence that is 
present in an organism, including viruses, that can be 
isolated from a source in nature and which has not been 
intentionally modified by man in the laboratory is naturally 
occurring. 

0071. As used herein, an “antibody” refers to a protein 
comprising one or more polypeptides Substantially or par 
tially encoded by immunoglobulin genes or fragments of 
immunoglobulin genes. The recognized immunoglobulin 
genes include the kappa, lambda, alpha, gamma, delta, 
epsilon and mu constant region genes, as well as myriad 
immunoglobulin variable region genes. Light chains are 
classified as either kappa or lambda. Heavy chains are 
classified as gamma, mu, alpha, delta, or epsilon, which in 
turn define the immunoglobulin classes, IgG, IgM, IgA, Ig|D 
and IgE, respectively. A typical immunoglobulin (e.g., anti 
body) structural unit comprises a tetramer. Each tetramer is 
composed of two identical pairs of polypeptide chains, each 
pair having one “light” (about 25 kD) and one “heavy chain 
(about 50-70 kD). The N-terminus of each chain defines a 
variable region of about 100 to 110 or more amino acids 
primarily responsible for antigen recognition. The terms 
variable light chain (VL) and variable heavy chain (VH) 
refer to these light and heavy chains, respectively. Antibod 
ies exist as intact immunoglobulins or as a number of well 
characterized fragments produced by digestion with various 
peptidases. Thus, for example, pepsin digests an antibody 
below the disulfide linkages in the hinge region to produce 
F(ab)'2, a dimer of Fab which itself is a light chain joined to 
VH-CH1 by a disulfide bond. The F(ab')2 may be reduced 
under mild conditions to break the disulfide linkage in the 
hinge region thereby converting the (Fab') dimer into an 
Fab' monomer. The Fab' monomer is essentially an Fab with 
part of the hinge region (see Fundamental Immunology, W. 
E. Paul, ed., Raven Press, N.Y. (1993), for a more detailed 
description of other antibody fragments). While various 
antibody fragments are defined in terms of the digestion of 
an intact antibody, one of skill will appreciate that such Fab' 
fragments may be synthesized de novo either chemically or 
by utilizing recombinant DNA methodology. Thus, the term 
antibody, as used herein also includes antibody fragments 
either produced by the modification of whole antibodies or 
synthesized de novo using recombinant DNA methodolo 
gies. Antibodies include single chain antibodies, including 
single chain Fv (sFv) antibodies in which a variable heavy 
and a variable light chain are joined together (directly or 
through a peptide linker) to form a continuous polypeptide. 

0072 An “antigen-binding fragment of an antibody is a 
peptide or polypeptide fragment of the antibody which binds 
an antigen. An antigen-binding site is formed by those amino 
acids of the antibody which contribute to, are involved in, or 
affect the binding of the antigen. See Scott, T.A. and Mercer, 
E. I., CONCISE ENCYCLOPEDIA: BIOCHEMISTRY 
AND MOLECULAR BIOLOGY (de Gruyter, 3d ed. 1997) 
hereinafter “Scott, CONCISE ENCYCLOPEDIA and 
Watson, J. D. et al., RECOMBINANT DNA (2d ed. 1992) 
hereinafter “Watson, RECOMBINANT DNA”), each of 
which is incorporated herein by reference in its entirety for 
all purposes. 

0073. An “immunogen refers to a substance that is 
capable of provoking an immune response. Examples of 
immunogens include, e.g., antigens, autoantigens that play a 
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role in induction of autoimmune diseases, and tumor-asso 
ciated antigens expressed on cancer cells. 
0074 An “antigen” is a substance that is capable of 
eliciting the formation of antibodies in a host or generating 
a specific population of lymphocytes reactive with that 
Substance. Antigens are typically macromolecules (e.g., pro 
teins and polysaccharides) that are foreign to the host. 
0075. The term “immunoassay” includes an assay that 
uses an antibody or immunogen to bind or specifically bind 
an antigen. The immunoassay is typically characterized by 
the use of specific binding properties of a particular antibody 
to isolate, target, and/or quantify the antigen. 
0.076 The term “homology” generally refers to the 
degree of similarity between two or more structures. The 
term "homologous sequences' refers to regions in macro 
molecules that have a similar order of monomers. When 
used in relation to nucleic acid sequences, the term "homol 
ogy” refers to the degree of similarity between two or more 
nucleic acid sequences (e.g., genes) or fragments thereof. 
Typically, the degree of similarity between two or more 
nucleic acid sequences refers to the degree of similarity of 
the composition, order, or arrangement of two or more 
nucleotide bases (or other genotypic feature) of the two or 
more nucleic acid sequences. The term "homologous nucleic 
acids’ generally refers to nucleic acids comprising nucle 
otide sequences having a degree of similarity in nucleotide 
base composition, arrangement, or order. The two or more 
nucleic acids may be of the same or different species or 
group. The term "percent homology' when used in relation 
to nucleic acid sequences, refers generally to a percent 
degree of similarity between the nucleotide sequences of 
two or more nucleic acids. 

0077. When used in relation to polypeptide (or protein) 
sequences, the term "homology” refers to the degree of 
similarity between two or more polypeptide (or protein) 
sequences (e.g., genes) or fragments thereof. Typically, the 
degree of similarity between two or more polypeptide (or 
protein) sequences refers to the degree of similarity of the 
composition, order, or arrangement of two or more amino 
acid of the two or more polypeptides (or proteins). The two 
or more polypeptides (or proteins) may be of the same or 
different species or group. The term "percent homology’ 
when used in relation to polypeptide (or protein) sequences, 
refers generally to a percent degree of similarity between the 
amino acid sequences of two or more polypeptide (or 
protein) sequences. The term "homologous polypeptides' or 
“homologous proteins' generally refers to polypeptides or 
proteins, respectively, that have amino acid sequences and 
functions that are similar. Such homologous polypeptides or 
proteins may be related by having amino acid sequences and 
functions that are similar, but are derived or evolved from 
different or the same species using the techniques described 
herein. 

0078. The term “subject as used herein includes, but is 
not limited to, an organism; a mammal, including, e.g., a 
human, non-human primate (e.g., monkey), mouse, dog, cat, 
pig, cow, goat, rabbit, rat, guinea pig, hamster, horse, 
monkey, sheep, or other non-human mammal; a non-mam 
mal, including, e.g., a non-mammalian vertebrate. Such as a 
bird (e.g., a chicken or duck) or a fish; and a non-mammalian 
invertebrate. 

0079 The term “pharmaceutical composition” means a 
composition Suitable for pharmaceutical use in a Subject, 
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including an animal or human. A pharmaceutical composi 
tion generally comprises an effective amount of an active 
agent and a pharmaceutically acceptable carrier. 
0080. The term “effective amount’ means a dosage or 
amount sufficient to produce a desired result. The desired 
result may comprise an objective or Subjective improvement 
in the recipient of the dosage or amount. 
0081. A “prophylactic treatment” is a treatment admin 
istered to a subject who does not display signs or symptoms 
of a disease, pathology, or medical disorder, or displays only 
early signs or symptoms of a disease, pathology, or disorder, 
such that treatment is administered for the purpose of 
diminishing, preventing, or decreasing the risk of develop 
ing the disease, pathology, or medical disorder. A prophy 
lactic treatment functions as a preventative treatment against 
a disease or disorder. A “prophylactic activity” is an activity 
of an agent, such as a nucleic acid, vector, gene, polypeptide, 
protein, Substance, composition thereof that, when admin 
istered to a subject who does not display signs or symptoms 
of pathology, disease or disorder, or who displays only early 
signs or symptoms of pathology, disease, or disorder, dimin 
ishes, prevents, or decreases the risk of the subject devel 
oping a pathology, disease, or disorder. A "prophylactically 
useful' agent or compound (e.g., nucleic acid or polypep 
tide) refers to an agent or compound that is useful in 
diminishing, preventing, treating, or decreasing develop 
ment of pathology, disease or disorder. 
0082. A “therapeutic treatment” is a treatment adminis 
tered to a subject who displays symptoms or signs of 
pathology, disease, or disorder, in which treatment is admin 
istered to the subject for the purpose of diminishing or 
eliminating those signs or symptoms of pathology, disease, 
or disorder. A “therapeutic activity” is an activity of an 
agent, such as a nucleic acid, Vector, gene, polypeptide, 
protein, Substance, or composition thereof, that eliminates or 
diminishes signs or symptoms of pathology, disease or 
disorder, diminishes when administered to a subject suffer 
ing from Such signs or symptoms. A “therapeutically useful” 
agent or compound (e.g., nucleic acid or polypeptide) indi 
cates that an agent or compound is useful in diminishing, 
treating, or eliminating Such signs or symptoms of a pathol 
ogy, disease or disorder. 
0083. The term “gene' broadly refers to any segment of 
DNA associated with a biological function. Genes include 
coding sequences and/or regulatory sequences required for 
their expression. Genes also include non-expressed DNA 
nucleic acid segments that, e.g., form recognition sequences 
for other proteins. 
0084 Generally, the nomenclature used hereafter and the 
laboratory procedures in cell culture, molecular genetics, 
molecular biology, nucleic acid chemistry, and protein 
chemistry described below are those well known and com 
monly employed by those of ordinary skill in the art. 
Standard techniques, such as described in Sambrook et al., 
Molecular Cloning A Laboratory Manual (2nd Ed.), Vols. 
1-3, Cold Spring Harbor Laboratory, Cold Spring Harbor, 
N.Y., 1989 (hereinafter “Sambrook”) and Current Protocols 
in Molecular Biology, F. M. Ausubel et al., eds. Current 
Protocols, a joint venture between Greene Publishing Asso 
ciates, Inc. and John Wiley & Sons, Inc. (Supplemented 
through 1999) (hereinafter “Ausubel'), are used for recom 
binant nucleic acid methods, nucleic acid synthesis, cell 
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culture methods, and transgene incorporation, e.g., elec 
troporation, injection, and lipofection. Generally, oligo 
nucleotide synthesis and purification steps are performed 
according to specifications. The techniques and procedures 
are generally performed according to conventional methods 
in the art and various general references which are provided 
throughout this document. The procedures therein are 
believed to be well known to those of ordinary skill in the 
art and are provided for the convenience of the reader. 

0085. A variety of additional terms are defined or other 
wise characterized herein. 

Polynucleotides of the Invention 

0086) Modified Cytokine Nucleic Acids 

0087. The invention provides isolated or recombinant 
modified p40 polypeptides and modified p35 polypeptides, 
collectively referred to herein as “modified cytokine 
polypeptides, and isolated or recombinant polynucleotides 
encoding the polypeptides. 

0088 As described in more detail below, in accordance 
with the present invention, polynucleotide sequences which 
encode modified cytokine polypeptides, nucleotide 
sequences (e.g., Subsequences) that encode fragments of 
modified cytokine polypeptides, and nucleotide sequences 
that encode related fusion polypeptides or proteins, or func 
tional equivalents thereof, are referred to herein as “modified 
cytokine nucleotides”, “modified p40 nucleotides” or 
“modified p35 nucleotides, and more generally as poly 
nucleotides of the invention. Fragments of each of the 
preceding terms are also intended to be included. The term 
“nucleic acid' is used interchangeably with the term “nucle 
otide. 

0089. A “corresponding partner polypeptide' or a “cor 
responding partner Subunit is defined herein as a polypep 
tide which associates with another polypeptide to form a 
heterodimeric protein (also referred to herein as a “p40/p35' 
or a “p70 heterodimer) comprising a p40 polypeptide and 
a p35 polypeptide. Thus, a p35 polypeptide is considered a 
corresponding partner polypeptide to a p40 polypeptide, and 
a p40 polypeptide is considered a corresponding partner 
polypeptide to a p35 polypeptide. Nucleic acids encoding 
the corresponding partner polypeptides (i.e., a p40 polypep 
tide and a p35 polypeptide) were generally co-transfected 
into mammalian cells to express and secrete biologically 
active p40/p35 heterodimers into the cell culture media. 
0090. In examples provided herein, wild-type p40 nucleic 
acid (designated herein as “wt-p40) comprises the nucleic 
acid sequence SEQ ID NO:37, encoding a p40 subunit 
polypeptide comprising the amino acid sequence SEQ ID 
NO:15. Likewise, wild-type p35 nucleic acid (designated 
herein as “wt-p35') comprises the nucleic acid sequence 
SEQ ID NO:38, encoding a p35 subunit polypeptide com 
prising the amino acid sequence SEQ ID NO:36. 

0.091 Culture supernatants (also referred to herein as 
“test culture supernatants') from cells which comprise a 
modified p40 nucleic acid and/or a modified p35 nucleic 
acid of the invention, were generally assayed in comparison 
to culture supernatant (also referred to herein as “control 
culture supernatant”) from cells (also referred to herein as 
“control cells') which comprise both wt-p40 and wt-p35 
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nucleic acids. Such "control cells' express and secrete 
control wild-type (“wt-p40/wt-p35') heterodimers. 
0092. In some examples provided herein, a nucleic acid 
of the invention, encoding a polypeptide of the invention, 
was co-transfected into mammalian cells with a nucleic acid 
encoding a corresponding wild-type (wt) partner polypep 
tide (e.g., a modified p40 nucleic acid of the invention was 
co-transfected with a wt-p35 nucleic acid, and a modified 
p35 nucleic acid of the invention was co-transfected with a 
wt-p40 nucleic acid). In other examples provided herein, a 
nucleic acid encoding a polypeptide of the invention was 
co-transfected into mammalian cells with another nucleic 
acid of the invention encoding a corresponding modified 
partner polypeptide (e.g., a modified p40 nucleic acid of the 
invention was co-transfected with a modified p35 nucleic 
acid of the invention). 
0093 Modified p35 nucleic acids of the invention and the 
wt-p35 nucleic acid were in some instances modified to 
contain a sequence encoding a combined E tag-polyhistidine 
sequence (“EHtag') at the extreme 3' end of the coding 
region (prior to the stop codon). The resulting fusion pro 
teins comprised a p35 polypeptide (e.g., comprising a modi 
fied p35 polypeptide sequence or a wt-p35 polypeptide 
sequence) plus an EHtag sequence (AAAGAPVPYPD 
PLERAAAHHHHHH, identified herein as SEQ ID NO:44) 
fused to the C-terminus. Control experiments showed no 
significant difference in T-cell proliferative activity in the 
culture media of cells comprising p35 nucleic acids with and 
without the EHtag modification (see, for example, Table 3). 
0094) Culture supernatants from mammalian cell trans 
fectants expressing and secreting heterodimers comprising a 
modified polypeptide of the invention and its corresponding 
wild-type subunit partner, also referred to herein as “(modi 
fied/wt) heterodimers', were initially screened in a high 
throughput human T-cell based proliferation assay as 
described in Example 1. Clones corresponding to culture 
Supernatants expressing (modified/wt) heterodimers having 
a T-cell proliferative activity approximately equal to or 
greater than that of a control culture Supernatant expressing 
a control (wt-p40/wt-p35) heterodimer were selected for 
further analysis. The modified p40 nucleic acids and modi 
fied p35 nucleic acids so selected were re-transfected into 
mammalian cells with the corresponding wild-type (wt) 
subunit nucleic acid as described above for more detailed 
activity and expression analyses. 

0095 Generally, serial dilutions of test culture superna 
tants containing secreted heterodimers comprising modified 
p40 and/or modified p35 polypeptides of the invention were 
assayed for proliferative activity in the human T-cell based 
assays as described in Example 1, and compared to activities 
obtained from serial dilutions of control culture supernatants 
(containing secreted heterodimers comprising wt-p40 and 
wt-p35 polypeptides). 

0096) The “EC50', which is the effective concentration 
of heterodimer required to achieve 50% of the maximum 
proliferative activity measured as, e.g., CPM (counts per 
minute) of H-thymidine incorporated into T-cells, was 
estimated from plots of serial dilution versus CPM. First, the 
serial dilution of control culture Supernatant (comprising 
wt-p40 and wt-p35 polypeptides, i.e., wild-type het 
erodimer) needed to attain 50% of the maximum prolifera 
tive activity was determined from the plot of serial dilution 



US 2006/0264615 A1 

versus CPM, where the maximum proliferative activity was 
defined as the maximum amount of H-thymidine incorpo 
ration (expressed as CPM) at the highest concentrations 
(lowest dilutions) of control culture supernatant. The serial 
dilution of test culture Supernatant required to attain the 
same amount of H-thymidine incorporation (50% of the 
maximum CPM) was then estimated from the plot. The 
n-fold difference in dilution of test culture supernatant 
compared to dilution of control culture Supernatant required 
to achieve the same amount of H-thymidine incorporation 
(50% of the maximum CPM) provides the “relative EC50” 
between the test culture supernatant and the control culture 
Supernatant. 

0097 T-cell proliferative activities of test culture super 
natants of cells co-expressing various exemplary modified 
p40 nucleic acids of the invention plus wt-p35 nucleic acid, 
in comparison to culture Supernatants of control cells co 
expressing wt-p40 plus wt-p35 nucleic acids, are shown in 
FIGS. 2-6. The relative T-cell proliferative activities, 
(expressed as relative EC50) of test culture supernatants as 
compared to control culture Supernatants are presented in 
Table 1. The data show that cells co-expressing a modified 
p40 nucleic acid of the invention together with a wt-p35 
nucleic acid secrete biologically active protein into the 
culture media which, on a Volume basis, has from about 
4-fold to as much as 64-fold higher T-cell proliferative 
activity than culture media from cells co-expressing wt-p40 
plus wt-p35 nucleic acids. 

TABLE 1. 

Relative EC50 values for T-cell proliferative activities 
of culture Supernatants comprising modified p40?wt-p35 heterodiners 

Relative 
p40 subunit p35 subunit EC50 Figure 

wt-p40 wt-p35 1(1) 
(SEQ ID NO:37) (SEQ ID NO:38) 
R1-6-51 wt-p35 ~4 FIG. 2 

(SEQ ID NO: 7) 
A16-94 wt-p35 -8 to 16 FIG. 3 

(SEQ ID NO: 6) 
B8-96 wt-p35 -16 to 32 FIG. 3 

(SEQ ID NO: 2) 
C2-22 wt-p35 -32 to 64 FIG. 3 

(SEQ ID NO: 1) 
A3-48 wt-p35 -8 FIG. 4 

(SEQ ID NO: 5) 
B2-52 wt-p35 ~4 FIG. 5 

(SEQ ID NO:3) 
B1-81 wt-p35 -8 FIG. 6 

(SEQ ID NO: 4) 

relative EC50 of control (wt-p40?wt-p35) heterodimer culture superna 
tant is 1 by definition 

0.098 Culture supernatants of cells co-transfected with 
modified p35 nucleic acids of the invention plus wt-p40 
nucleic acid also showed significantly enhanced T-cell pro 
liferative activities over the control (wt-p40?wt-p35) culture 
supernatant (Table 2). 
0099 Modified p40 nucleic acids and modified p35 
nucleic acids were also co-transfected into mammalian cells 
to generate (modified/modified) heterodimers (also referred 
to herein as “fully modified heterodimers'). Test culture 
Supernatants of cells expressing and secreting fully modified 
heterodimers were assayed for proliferative activity in the 
human T-cell based assay in comparison with control Super 
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natants of cells expressing and secreting wt-p40/wt-p35 
heterodimers (Table 2). 

TABLE 2 

Relative EC50 values for T-cell proliferative activities 
of culture supernatants comprising fully modified heterodiners 

Relative 
p40 subunit p35 subunit EC50 

wt-p40 wt-p35 1(1) 
(SEQ ID NO:37) (SEQ ID NO:38) 
wt-p40 R1-4-87 -2 

(SEQ ID NO:25) 
B8-96 wt-p35 -16 to 32 

(SEQ ID NO: 2) 
B8-96 R2-146 -32 

(SEQ ID NO: 27) 
B8-96 R2-162 -32 

(SEQ ID NO. 23) 
C2-22 wt-p35 -4 to 64? 
(SEQ ID NO: 1) 
C2-22 R2-42 -8 

(SEQ ID NO: 16) 
C2-22 R2-157 -8 

(SEQ ID NO: 24) 
C2-22 R2-63 -64 

(SEQ ID NO: 19) 
C2-22 R2-796 -64 

(SEQ ID NO: 18) 
C2-22 R2-555 -64 to 128 

(SEQ ID NO: 22) 
C2-22 R2-57 -64 to 128 

(SEQ ID NO: 21) 
C2-22 R2-63 -64 

(SEQ ID NO: 19) 
C2-22 R2-796 -64 

(SEQ ID NO: 18) 

Relative EC50 of control (wt-p40?wt-p35) heterodimer culture superna 
tant is 1 by definition. 
‘’Typically, a 32- to 64-fold enhancement was observed for C2-22?wt-p35 
heterodimer culture Supernatants; the 4-fold enhancement reflects a possi 
bly aberrant result from a single experiment. 

0.100 Addition of an EHtag sequence to the C-termini of 
p35 polypeptides resulted in no significant difference in 
T-cell proliferative activities of the culture supernatants of 
cells comprising modified p35 nucleic acids with and with 
out the added EHtag (Table 3). Furthermore, addition of four 
amino acids Leu-Glu-Ser-Ser (LESS in single-letter amino 
acid designation) to the C-terminus of the p35 polypeptide 
sequence also resulted in no significant difference in T-cell 
proliferative activities (Table 3). 

TABLE 3 

Effect of addition of C-terminal amino acids LESS and or 
C-terminal EHtag on relative EC50 values for T-cell proliferative 

activities of culture Supernatants 

Relative 
p40 subunit p35 subunit EC50 

wt-p40 wt-p35 1(1) 
C2-22 R2-555 - LESS (2) -64-128 
C2-22 R2-555 + LESS + EHtag -64 
C2-22 R2-555 + EHtag -128 
C2-22 R2-571 - LESS -64-128 
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TABLE 3-continued 

Effect of addition of C-terminal amino acids LESS andfor 
C-terminal EHtag on relative EC50 values for T-cell proliferative 

activities of culture Supernatants 

Relative 
p40 subunit p35 subunit EC50 

C2-22 R2-571 + LESS + EHtag -128 
C2-22 R2-571 + EHtag -128 

Relative EC50 of control(wt-p40?wt-p35) heterodimer culture superna 
tant is 1 by definition. 
’“+LESS indicates addition of the amino acids Leu-Glu-Ser-Ser, and 
“+EHtag indicates addition of EHtag sequence to the C-terminus of the 
p35 polypeptide sequence, in the order indicated 

0101 The relative amounts of modified heterodimeric 
protein and wild-type heterodimeric protein secreted into the 
cell culture media was quantitated by Western blotting of 
culture Supernatant dilutions as described in Example 1. 
FIG. 7 shows that a significantly larger amount of p40/p35 
heterodimer (labeled “p70 in the Figure) is consistently 
produced by cells expressing modified p40 plus wt-p35 
nucleic acids as compared to control cells expressing wt-p40 
plus wt-p35 nucleic acids. Thus, modified nucleic acids of 
the invention appear to promote enhanced production (i.e., 
expression and/or secretion) of modified heterodimers as 
compared to wild-type (wt-p40?wt-p35) heterodimers. 

01.02 As noted above and shown in FIG. 3, culture 
media from cells expressing and secreting the modified 
C2-22/wt-p35 heterodimer showed on average the highest 
overall proliferative activity, with an up to 64-fold increase 
in relative proliferative activity over that of control culture 
Supernatant from cells expressing and secreting the wild 
type (wt-p40/wt-p35) heterodimer (that is, up to a 64-fold 
lower Volume of culture Supernatant from cells expressing 
the modified heterodimer was required to achieve an EC50 
activity level equivalent to that of a 1x volume of culture 
media from cells expressing the wild-type (wt-p40/wt-p35) 
heterodimer). 
0103) To estimate the relative contributions of het 
erodimer production and activity to the overall proliferative 
activity observed in culture Supernatants, heterodimers were 
first quantitated by immunoblot, using an anti-p35 mono 
clonal antibody (mAB), of equivalent dilutions of purified 
heterodimer from C2-22/wt-p35 and wt-p40?wt-p35 cul 
tures. From densitometery analysis, an estimated 16-fold 
enhancement of expression of C2-22/wt-p35 heterodimer 
over that of the control wt-p40/wt-p35 heterodimer was 
observed (FIG. 8). 
0104 Based on this quantitation, purified C2-22/wt-p35 
heterodimer exhibited about a four-fold higher proliferative 
activity compared to an equivalent concentration of purified 
control wt-p40/wt-p35 heterodimer in the human T-cell 
proliferation assay, after normalizing for protein concentra 
tion (FIG. 9). This result suggests that the up to 64-fold 
enhancement of proliferative activity in culture Supernatants 
of cells expressing C2-22/wt-p35 heterodimers as compared 
to wild-type heterodimer is consistent with about a 16-fold 
greater concentration of active heterodimer produced, 
together with about a four-fold higher proliferative activity 
of the isolated C2-22/wt-p35 heterodimer over that of the 
isolated control wild-type heterodimer. 
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0105 The ability of purified heterodimers comprising 
modified p35 and/or modified p40 polypeptides of the 
invention to induce production of the T1-specific cytokine 
interferon-Y in human T-cells was determined in the human 
T1-differentiation/IFN-Y induction assay. FIG. 10 shows 
the concentrations of human IFN-Y produced by human 
T-cells incubated in the presence or absence of purified 
C2-22/wt-p35 heterodimer, purified wt-p40?wt-p35 het 
erodimer, or a commercially available purified interleukin 
12 cytokine standard, followed by activation with anti-CD3 
and anti-CD28 antibodies. The concentration of IFN-Y pro 
duced by human T-cells incubated with ~1 nanogram/mil 
liliter (ng/ml) of partially purified p40C2-22/wt-p35 het 
erodimer was significantly greater than that of cells treated 
with ~1 ng/ml of partially purified control wt-p40/wt-p35 
heterodimer. 

0106 A fully modified heterodimer of the invention, 
designated C2-22/R2-571-EHtag, comprising a modified 
p40 polypeptide of the invention comprising a sequence 
identified as the mature polypeptide region (amino acid 
residues 23-324) of SEQ ID NO:8, plus a modified p35 
polypeptide of the invention comprising a sequence identi 
fied as the mature polypeptide region (amino acid residues 
23-219) of SEQ ID NO:31, plus the C-terminal EHtag, was 
purified and quantitated by absorbance at 280 nanometers 
(nm) as described in Example 1. FIG. 12 shows that the 
T-cell proliferative activity of the purified fully modified 
heterodimer is about 8 times greater than that of purified 
wild-type (wt-p40/wt-p35-EHtag) heterodimer, after nor 
malizing for protein concentration. FIG. 13 shows that the 
purified fully modified heterodimer induced a concentration 
level of IFN-Y production in human T-cells than that of the 
purified wild-type heterodimer. Because the maximum con 
centration of IFN-Y production could not be derived from the 
data, an EC50 value could not be estimated for either the 
purified fully modified or wild-type heterodimer prepara 
tions. However, FIG. 13 shows that a concentration of ~10 
ng/ml of purified, fully modified heterodimer induces a 
similar concentration of IFN-Y production in the T-cell based 
assay as ~50 ng/ml of purified, wild-type heterodimer, 
Suggesting that the fully modified heterodimer exhibits an 
estimated three-fold to five-fold greater IFN-Y induction 
activity than the wild-type heterodimer. 
0.107 Co-expressing in mammalian cells a modified p40 
nucleic acid of the invention plus a modified p35 nucleic 
acid of the invention produces a Substantially more homog 
enous heterodimeric protein than the heterodimeric protein 
produced by co-expressing a wt-p40 nucleic acid and a 
wt-p35 nucleic acid. FIG. 14 shows a Western blot, probed 
using an anti-E tag mAB (Pharmacia-Amersham), of puri 
fied heterodimers produced by co-expressing a modified p40 
nucleic acid of the invention (comprising the C2-22 poly 
nucleotide sequence SEQ ID NO: 1) plus a modified p35 
nucleic acid of the invention (comprising the R2-571 poly 
nucleotide sequence SEQ ID NO:21), and purified het 
erodimers produced by co-expressing wt-p40 and wt-p35 
nucleic acids (comprising the polynucleotide sequences 
SEQ ID NO:37 and SEQID NO:38, respectively). Both the 
modified p35 nucleic acid and the wt-p35 nucleic acid also 
comprised a C-terminal EHtag coding sequence. As seen in 
the Figure, co-expression of the wt-p40 and wt-p35 nucleic 
acids produced protein which electrophoresed in multiple 
bands with apparent molecular weights (MW) of ~70 kDa or 
greater, while co-expression of the exemplary modified p40 
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and modified p35 nucleic acids produced protein which 
electrophoresed as essentially a single band with an apparent 
molecular weight of approximately 70 kDa. 
0108). Without being limited by theory, the observed 
enhancement of production (i.e., expression and/or secre 
tion) of modified heterodimers from cells expressing nucleic 
acids of the invention over that of cells expressing wt-p40 
plus wt-p35 nucleic acids may be attributable to one or more 
of a number of factors, including, but not limited to, e.g., 
increased expression (e.g., increased mRNA production), 
more efficient secretion of expressed polypeptide, more 
optimal folding of expressed polypeptide, more efficient 
processing of expressed polypeptide to mature polypeptide, 
enhanced dimerization affinity of expressed polypeptides, 
etc. For example, modified p40 and/or modified p35 
polypeptides of the invention may exhibit enhanced dimer 
ization affinity with the corresponding Subunit polypeptide, 
resulting, for example, from an increased amount of one or 
both polypeptide subunits in the culture media (thus shifting 
monomer-heterodimer equilibrium towards heterodimer for 
mation in Solution) and/or from more favorable protein 
protein interactions at the Subunit interfaces. Such enhanced 
dimerization affinity may be manifested, for example, in a 
more favorable subunit association constant (K), and/or 
a decreased dissociation rate constant (k). Enhanced 
dimerization affinity may shift the monomer-heterodimer 
equilibrium towards heterodimer, resulting in the increased 
production of biologically active molecules. Furthermore, 
from FIG. 14, it is apparent that expression of nucleic acids 
of the invention results in the production of a highly homo 
geneous biologically active heterodimeric protein. 
0109) An isolated heterodimer comprising a modified 
p40 polypeptide and/or a modified p35 polypeptide of the 
invention thus exhibits proliferative activity and/or IFN-y 
induction activity in human T-cells. In various embodi 
ments, an isolated heterodimer comprising a modified p40 
polypeptide and/or a modified p35 polypeptide of the inven 
tion has at least about 1.5-fold, 2-fold, 4-fold or 8-fold 
greater T-cell proliferative activity than an isolated het 
erodimer comprising a wt-p40 polypeptide and a wt-p35 
polypeptide, wherein the wt-p40 polypeptide comprises the 
mature polypeptide sequence identified as amino acid resi 
dues 23 to 328 of SEQID NO:15 and the wt-p35 polypep 
tide comprises the mature polypeptide sequence identified as 
amino acid residues 23 to 219 of SEQ ID NO:36. 
0110 Modified p40 nucleic acids and modified p35 
nucleic acids of the invention, compared to wt-p40 and 
wt-p35 nucleic acids, show enhanced production of highly 
homogenous, biologically active heterodimeric cytokine 
molecules when expressed in mammalian cells. This feature 
renders the modified p40 nucleic acids and the modified p35 
nucleic acids of the invention particularly useful in, e.g., 
gene therapy or other applications where genetic delivery of 
localized amounts of highly active molecules is an important 
consideration. 

0111) Modified p40 Nucleic Acids 
0112 Exemplary nucleic acids which encode modified 
p40 polypeptides of the invention having proliferative activ 
ity and/or IFN-Y induction activity in a T-cell based assay 
(such as, e.g., a human T-cell based assay) are identified 
herein as SEQID NO:1 to SEQID NO:7, encoding modified 
p40 polypeptides identified herein as SEQID NO:8 to SEQ 
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ID NO:14, respectively. These nucleic acids comprise the 
following mature polypeptide coding regions: nucleotides 
67 to 972 of SEQ ID NO:1; nucleotides 67 to 981 of SEQ 
ID NO:2: nucleotides 67 to 981 of SEQ ID NO:3: nucle 
otides 67 to 981 of SEQ ID NO:4, nucleotides 67 to 966 of 
SEQID NO:5; nucleotides 67 to 972 of SEQ ID NO:6; and 
nucleotides 67 to 987 of SEQ ID NO:7, which encode the 
mature polypeptide regions identified as: ammo acid resi 
dues 23-324 of SEQ ID NO:8; amino acid residues 23-327 
of SEQ ID NO:9, amino acid residues 23-327 of SEQ ID 
NO:10, amino acid residues 23-327 of SEQ ID NO:11, 
amino acid residues 23-322 of SEQ ID NO:12, amino acid 
residues 23-324 of SEQID NO:13, and amino acid residues 
23-329 of SEQID NO:14. These nucleic acids also comprise 
the following leader peptide coding regions: nucleotides 1 to 
66 of SEQID NO:1-SEQID. NO:7, which encode the leader 
peptide regions identified as amino acid residues 1-22 of 
SEQ ID NOS:8-14. 
0113. In one aspect, the invention provides an isolated or 
recombinant nucleic acid that comprises a polynucleotide 
sequence selected from the group of: (a) the mature polypep 
tide coding region of SEQ ID NO:1 to SEQ ID NO:7, or a 
complementary polynucleotide sequence thereof; (b) a poly 
nucleotide sequence encoding a polypeptide sequence 
selected from the mature polypeptide region of SEQ ID 
NO:8 to SEQID NO:14, or a complementary polynucleotide 
sequence thereof; (c) a polynucleotide sequence which 
hybridizes under at least Stringent or at least highly stringent 
hybridization conditions (or ultra-high stringent or ultra 
ultra-high stringent hybridization conditions) over Substan 
tially the entire length of polynucleotide sequence (a) or (b). 
or with a 30, 50, 100, 200, 300, 400, 500, 600, 700, 800, 850, 
880, 890, 900, 910, 920, 930, 940, 950, 960, 970, or 980 
nucleotide base Subsequence or fragment of a polynucle 
otide sequence of (a) or (b); (d) a polynucleotide sequence 
which encodes a polypeptide comprising an amino acid 
sequence having at least about 90%, 92%. 95%, 96%, 97%, 
98%, or 99% amino acid sequence identity to a mature 
polypeptide region of a sequence selected from SEQ ID 
NO:8 to SEQID NO:14; and (e) a polynucleotide sequence 
comprising a fragment of (a), (b), (c), or (d), which fragment 
encodes all or a part of a polypeptide having proliferative 
activity or interferon-gamma induction activity in a T-cell 
based assay (Such as, e.g., a human T-cell based assay), in 
the presence of a p35 polypeptide (such as, e.g., a wt-p35 
polypeptide or a modified p35 polypeptide). 
0114. The invention also includes an isolated or recom 
binant nucleic acid, comprising a polynucleotide sequence 
encoding a modified p40 polypeptide sequence, the modified 
p40 polypeptide sequence comprising an amino acid modi 
fication located at an amino acid position equivalent to (i.e., 
an “equivalent position' to) that in the amino acid sequence 
of a wild-type p40 polypeptide (SEQ ID NO:15). The 
modification can include: (a) a Substitution of the specified 
amino acid for a different amino acid at one or more 
position, equivalent to that of SEQID NO:15, selected from 
Leu62, Ser71, GlnT8. His99, Thr127, Arg130, Lys185, 
Glu186, Tyr187, Glu188, Ser190, Asp196, Met211, Val289, 
Ser305, Ser307, Arg,309, and Gln2311; (b) a deletion of one 
or more amino acid residues at equivalent position Arg181 
to Asn184 inclusive or a substitution of the amino acid 
residues at equivalent positions Arg181 to Asn184 inclusive 
for the amino acid residues Ser-(Leu or Met)-(Glu or Asp)- 
His-Arg; (c) a deletion of one or more amino acid at 
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equivalent positions Asp287 and Arg288. The modified p40 
polypeptide may optionally include two or more of modi 
fication (a), (b) or (c). The modified p40 polypeptide 
sequence encoded by the nucleic acid of the invention may 
be a modified sequence of a naturally-occurring or wild-type 
p40 polypeptide sequence of a mammal (e.g., human, pri 
mate, ruminant, or rodent), preferably primate, more pref 
erably human. Preferred substitutions include Leu62Ser; 
Ser71Thr, GlnT8His; His99(Argor Gln); Thr127(Ser or Ile); 
Arg130Lys: Lys185Glu: Glu186Tyr; Tyr187(Lys or Asn): 
Glu188Lys; Ser190(Arg or Thr); Asp196Gly; Met211 Val; 
Val289(Ile or Leu): Ser305Lys: Ser307 Arg: Arg,309Gln; and 
Gln311 Arg. The invention also includes a polynucleotide 
sequence encoding said polypeptide or a fragment of said 
polypeptide having proliferative activity or IFN-Y induction 
activity in a T-cell based assay (Such as, e.g., a human T-cell 
based assay), in the presence of a p35 polypeptide (such as, 
e.g., a wt-p35 polypeptide or a modified p35 polypeptide). 
0115 The modified p40 polypeptide sequence encoded 
by a nucleic acid of the invention optionally comprises an 
amino acid modification, located at an amino acid residue 
position equivalent to that in the amino acid sequence of a 
p40 polypeptide (SEQ ID NO:15), selected from: Cys2His: 
His3Pro; Ile8Val; Phel5Leu; Val21Met; Lys27Glu: 
Asp29ASn; Asp40Asn; Met45Thr; Thr49Ala; Glué7Gly, 
His91Arg: Glu95(Ala or Thr), Val96Ala; Glu122Lys: 
Asn125Ala; Asn135Asp; Arg139His; Thr147 Ala: 
Thr153Lys; Ser155Thr; Ser163Thr, Gln166(Arg or His), 
Alal 72Thr; Alal 73Val; Thr174Leu: Ala177Glu; 
Glu178Asp; Arg179Leu: Val180Gly: Ala201Ser; 
Val212Leu: Asp213Glu; Val215Ile: Ser226Arg; Lys244Arg; 
Gln251 His; Val254Ile: Ser255ASn; Glu257Gly: Thr264(Ala 
or Ile); Thr272Met: Cys274Gly; Val275Ile: Lys280Arg: 
Ser281Asn; Lys285Asp; Lys286Arg; Phe290Ser: 
Thr291 (Met or Val); Lys293Gln: Thr297Lys: Ile299(Thr or 
Val); Arg,301 His; ASn303 Asp; Ser318Phe: Glu321Asp; 
Pro326Ser: Cys327Leu; and Ser328(Gly or Gln). 
0116. The invention also includes an isolated or recom 
binant nucleic acid, comprising a polynucleotide sequence 
encoding a modified p40 polypeptide, wherein the modified 
p40 polypeptide comprises an amino acid sequence having 
at least about 90% amino acid sequence identity to the amino 
acid sequence identified herein as the mature polypeptide 
region (amino acid residue positions 23-328) of SEQ ID 
NO:39: IWEL-X-K-X-VYVVELDWYP-X-APGE 
X-VVL-X-CDTPEEDGITWT-X-DQSS-X-VLG 
X-GKTLTI-X-VKEFGDAGQYTC-X-KGG-Xs 
X-LS-X-SLLLLHKKEDGIWSTDILKDQK-X-PK 
Xs-K-X-FL-Xo-CEAK-Xs-YSG-Xo 
FTCWWLT-X-ISTDL-X-F-Xss-VKSSRGS-X- 
DP-X-GVTCG-X7-X-Xa-LS-X77-X7s-Xo 
X1so-X1st-X182-Xss-X184-Xss-X86-X187-Xss-Y-X190 
VECQE-X-SACP-X-AEESLPIEV-X-X-X- 
A-X-HKLKYENYTS-X-FFIRDIIKPDPPKNLQL 
Xaa-PLKNSR-Xs-VE-X-Xss-W-X7-YPDTWS 
X-PHSYFSLTF-X-X-7s-QVOG-Xso-Xs-KRE 
X2ss-X2s6-X287-X2ss-X289-F-X29-D-X29s-TSA-X297-V- 
X-C-Xo-K-X-A-Xos-I-Xoz-V-Xoc-A-X-DRY 
Xs-SS-X-1s-WS-X-WASV-X-X-27-X-2s, or a 
conservatively substituted variation thereof, where X, is K 
or E: X is D or N; X is D or N; Xas is Mor T. Xa is T 
or A: X is S, X, is E or G; X, is T. X-7s is H. X is H 
or R: Xos is E, A, K, or T. X is V or A: Xoo is R or Q: X 
is E or K., X is N or A, X, is S or I; Xiao is K., Xss is 
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N or D., X is R or H. Xa, is T or A, Xss is T or K., Xss 
is S or T. X is S or T. X is Q, R, or H; X7 is A or T. 
X7 is A or V: X is T or L., X77 is A or E; X7s is E or 
D., Xzo is R, L, or K, Xso is V or G., Xs to Xs inclusive 
is deleted, or is replaced with the sequence S-(L or M)-(E or 
D)-H-R, Xss is E. Xse is Y; Xs, is K or N; Xss is K, Xoo 
is R or T. X is G., X is A or S: X is V: X is V or 
L., X-1 is D or E. X2 is is V or I; X-2 is S or R, X2 is K 
or R. Xs is Q or H; Xsa is V or I; Xss is S or N; Xs, is 
E or G., X2 is T or A, X274 is C or G, X-27s is V or I; X2so 
is K or R. Xs is S or N; Xss is K or D: Xs is K or R: 
Xs, is D or is deleted; Xss is R or is deleted; Xso is I or 
L., X is T or M: X-9 is K or Q: X-97 is T or K, Xoo is 
I, T, or V. X is R or H: Xos is N or D: Xos is K; Xo, 
is R; X-soo is Q: X-1 is R. X is is Y or H. X-1s is S or F: X 
is E or D: X is P or S: X, is C or L. and X is S. G. 
or Q. In various embodiments, the modified p40 polypeptide 
encoded by the nucleic acid of the invention comprises an 
amino acid sequence having at least about 90%, 92%. 95%, 
96%, 97%, 98%, or 99% amino acid sequence identity to the 
mature polypeptide region (amino acid residue positions 
23-328) of SEQ ID NO:39. The invention also includes a 
polynucleotide sequence encoding said polypeptide or a 
fragment of said polypeptide having proliferative activity or 
IFN-Y induction activity in a T-cell based assay (such as, 
e.g., a human T-cell based assay), in the presence of a p35 
polypeptide (such as, e.g., a wt-p35 polypeptide or a modi 
fied p35 polypeptide). 

0.117 The modified p40 polypeptide encoded by a nucleic 
acid of the invention may further comprise a leader peptide 
sequence having at least about 90%, 92%. 95%, 96%, 97%, 
98%, or 99% amino acid sequence identity to the amino acid 
sequence M-X-X-QQLV-X-SWFSLV-Xs-LASPL-X- 
A, identified herein as the leader peptide region (amino acid 
residue positions 1-22) of SEQID NO:39, where X is C or 
H; X is H or P: X is I or V: Xs is F or L; and X is V or 
M. 

0118. The present invention also includes a modified p40 
polypeptide comprising a conservatively modified variation 
of the amino acid sequence identified herein as the mature 
polypeptide region (amino acid residue positions 23-328) of 
SEQ ID NO:39, and, optionally, a conservatively modified 
variation of the leader peptide region (amino acid residue 
positions 1-22) of SEQ ID NO:39 and a polynucleotide 
sequence encoding said polypeptide or a fragment of said 
polypeptide having proliferative activity or IFN-Y induction 
activity in a T-cell based assay (such as, e.g., a human T-cell 
based assay), in the presence of a p35 polypeptide (such as, 
e.g., a wt-p35 polypeptide or a modified p35 polypeptide). 

0119) The invention also includes a modified p40 
polypeptide comprising the amino acid sequence identified 
herein as the mature polypeptide region (amino acid residue 
positions 23-328) of SEQ ID NO:39, and, optionally, com 
prising the leader peptide region (amino acid residue posi 
tions 1-22) of SEQ ID NO:39, and a polynucleotide 
sequence encoding said polypeptide or a fragment of said 
polypeptide having proliferative activity or IFN-Y induction 
activity in a T-cell based assay (such as, e.g., a human T-cell 
based assay), in the presence of a p35 polypeptide (such as, 
e.g., a wt-p35 polypeptide or a modified p35 polypeptide). 

0.120. The invention also includes an isolated or recom 
binant nucleic acid, comprising a polynucleotide sequence 
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encoding a polypeptide comprising a leader peptide 
sequence having at least about 90% amino acid sequence 
identity to the amino acid sequence M-X-X-QQLV-Xs 
SWFSLV-X-LASPL-X-A, identified herein as the leader 
peptide region (amino acid residue positions 1-22) of SEQ 
ID NO:39, where X, is C or H; X is H or P: X is I or V: 
Xs is F or L., and X is V or M. In various embodiments, 
the leader peptide sequence encoded by the nucleic acid of 
the invention comprises an amino acid sequence having at 
least about 90%, 92%, 95%, 96%, 97%, 98%, or 99% amino 
acid sequence identity to leader peptide region (amino acid 
residues 1-22) of SEQID NO:39. In other embodiments, the 
leader peptide sequence comprises the sequence identified as 
the leader peptide region (amino acid residue positions 1-22) 
of SEQ ID NO:39, or conservatively modified variations 
thereof. 

0121 Modified p35 Nucleic Acids 
0122 Exemplary nucleic acids which encode modified 
p35 polypeptides having proliferative activity and/or IFN-y 
induction activity in the T-cell-based assay are identified 
herein as SEQ ID NO:16 to SEQ ID NO:25, encoding 
modified p35 polypeptides identified herein as SEQ ID 
NO:26 to SEQID NO:35, respectively. These nucleic acids 
comprise the following mature polypeptide coding regions: 
nucleotides 76 to 663 of SEQ ID NO:16; nucleotides 76 to 
663 of SEQID NO:17; nucleotides 67 to 657 of SEQID NO: 
18; nucleotides 67 to 657 of SEQID NO:19, nucleotides 67 
to 657 of SEQID NO:20; nucleotides 67 to 657 of SEQID 
NO:21; nucleotides 67 to 657 of SEQID NO:22; nucleotides 
67 to 657 of SEQ ID NO:23; nucleotides 67 to 657 of SEQ 
ID NO:24; and nucleotides 67 to 657 of SEQ ID NO:25, 
which encode the mature polypeptide regions identified as: 
amino acid residues 26-221 of SEQ ID NO:26, amino acid 
residues 26-221 of SEQ ID NO:27, amino acid residues 
23-219 of SEQ ID NO:28, amino acid residues 23-219 of 
SEQ ID NO:29, amino acid residues 23-219 of SEQ ID 
NO:30, amino acid residues 23-219 of SEQ ID NO:31, 
amino acid residues 23-219 of SEQ ID NO:32, amino acid 
residues 23-219 of SEQ ID NO:33, amino acid residues 
23-219 of SEQ ID NO:34, and amino acid residues 23-219 
of SEQ ID NO:35. These nucleic acids also comprise the 
following leader peptide coding regions: nucleotides 1 to 75 
of SEQID NO:116-SEQID NO:17, and nucleotides 1 to 66 
of SEQID NO:18-SEQ ID NO:25, which encode the leader 
peptide regions identified as: amino acid residues 1-25 of 
SEQID NOS:26 to 27, and amino acid residues 1-22 of SEQ 
ID NOS:28 to 35. 

0123. In one aspect, the invention provides an isolated or 
recombinant nucleic acid that comprises a polynucleotide 
sequence selected from the group of: (a) the mature polypep 
tide coding region of SEQ ID NO:16 to SEQ ID NO:35, or 
a complementary polynucleotide sequence thereof; (b) a 
polynucleotide sequence encoding a polypeptide sequence 
selected from the mature polypeptide region of SEQ ID 
NO:26 to SEQ ID NO:35, or a complementary polynucle 
otide sequence thereof (c) a polynucleotide sequence which 
hybridizes under at least Stringent or at least highly stringent 
hybridization conditions (or ultra-high Stringent or ultra 
ultra-high stringent hybridization conditions) over Substan 
tially the entire length of polynucleotide sequence (a) or (b). 
or with a 30, 50, 100, 200, 300, 400, 500, 550,580,590, 600, 
610, 620, 630, 640, 650, 660, or 670 nucleotide base 
Subsequence or fragment of a polynucleotide sequence of (a) 
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or (b); (d) a polynucleotide sequence which encodes a 
polypeptide comprising an amino acid sequence having at 
least about 90%, 92%, 95%, 96%, 97%, 98%, or 99% amino 
acid sequence identity to a mature polypeptide region of a 
sequence selected from SEQ ID NO:26 to SEQ ID NO:35: 
and (e) a polynucleotide sequence comprising a fragment of 
(a), (b), (c), or (d), which fragment encodes all or a part of 
a polypeptide having proliferative activity or IFN-Y induc 
tion activity in a T-cell based assay (such as, e.g., a human 
T-cell based assay), in the presence of a p40 polypeptide 
(such as, e.g., a wt-p40 polypeptide or a modified p40 
polypeptide). 

0.124. The invention also includes an isolated or recom 
binant nucleic acid, comprising a polynucleotide sequence 
encoding a modified p35 polypeptide comprising an amino 
acid modification located at an amino acid residue position 
equivalent to (i.e., an equivalent position to) that in the 
amino acid sequence of a wild-type p35 polypeptide (SEQ 
ID NO:36). The modification can include: (a) a substitution 
of the specified amino acid for a different amino acid at one 
or more equivalent position to that of SEQ ID NO:36 
selected from Thr91, Met120, Alal 21, Val212, Thr213, and 
Ala218; (b) a insertion of one or more amino acid residues 
Phe-His-Leu between equivalent positions Leu19 and 
Ser20; (c) a deletion of the amino acid at equivalent position 
Pro36. The modified p35 polypeptide may optionally 
include two or more of modification (a), (b), or (c). The 
modified p35 polypeptide sequence encoded by the nucleic 
acid of the invention may be a modified sequence of a 
naturally-occurring or wild-type p35 polypeptide sequence 
of a mammal (e.g., human, primate, ruminant, or rodent), 
preferably primate, more preferably human. Preferred sub 
stitutions include ThrS1 (Ala or Ile); Met120Thr; Alal21Thr: 
Val212Met; Thr213Met; and Ala218Ser. The invention also 
includes a polynucleotide sequence encoding said polypep 
tide or a fragment of said polypeptide having proliferative 
activity or IFN-Y induction activity in a T-cell based assay 
(such as, e.g., a human T-cell based assay), in the presence 
of a p40 polypeptide (such as, e.g., a wt-p40 polypeptide or 
a modified p40 polypeptide). 
0.125 The modified p35 polypeptide sequence encoded 
by a nucleic acid of the invention optionally comprises an 
amino acid modification, located at an amino acid position 
equivalent to that in the amino acid sequence of a p35 
polypeptide (SEQ ID NO:36), selected from: Cys2Tyr; 
Ala4(Leu or Pro); Ser6Gly; Val10Ile: Alal 1 Ser; Asp17His: 
Ala22Gly: Asn24Ser; Val27Thr; Ala28Thr; Pro30Ala: 
Asp31(Ser or Gly); Met34Arg; Phe35(Ser or Leu): 
Pro36(deleted); His39Asp; His40Tyr; Arg46Lys; Val48Ala: 
Met51Thr; Lys54Arg: Thr58Ile: Pro63Ser: Ile69Thr: 
Lys76Gln: Lys92Thr; ASn98Ala; Glu101Gly: Thr102Ile: 
Phel04Leu: Leu124His: Ser125Gly: Val136Met: 
Thr140Ala: Asp148ASn; Alal 61Thr: Val162Ala: 
Asp164Ala; Met167Leu: Phel72Val; Val177 Ala; 
Ser181 Pro; Pro186Leu: Asp210Asn; and insertion of one or 
more of 220Leu: 221 Glu; 222Ser; and 223 Ser. 

0.126 The invention also includes an isolated or recom 
binant nucleic acid comprising a polynucleotide sequence 
encoding a modified p35 polypeptide, wherein the modified 
p35 polypeptide comprises an amino acid sequence having 
at least about 90% amino acid sequence identity to the amino 
acid sequence identified herein as the mature polypeptide 
region (amino acid residue positions 23-219) of SEQ ID 
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NO:40: R-X-LP-X7-Xs-T-X-X-PG-X-X-X- 
CL-X-X-SQNLL-X-A-Xas-SN-Xs-LO-Xsa-A-Xse 
Q-Xss-LEFY-X-CTSEE-X-DHEDIT-X7-DKT 
STVEACLPLEL-X-X-NESCL-X-SR-X-X-S- 
X-ITNGSCLASRKTSFM-X-X-LC-X-X- 
SIYEDLKMYO-X-EFK-X-MNAKLLM-X- 
PKRQIFLDQNML-X-X-I-Xa-EL-X7-QALN 
X7-NSET-X77-PQK-X-SLEE-Xse 
DFYKTKIKLCILLHAFRIRAVTI-X-R-X-X- 
SYLN-Xs-S, or a conservatively substituted variation 
thereof, where X is N or S: X is V or T. X is A or T. 
X is P or A: X is D, S, or G., X is M or R, Xs is F. S. 
or L., X is P or is deleted; X, is H or D: Xao is H or Y; X 
is R or K, Xas is V or A, Xs is Mor T. Xsa is K or R. Xse 
is K or R, Xss is T or I; X is P or S: X is I or T. X7 is 
K or Q: X is A or I; X is K or T: Xos is N or A: X is 
E or G., Xio is T or I; Xoa is F or L., X2 is T. X2 is T. 
X is L or H. Xs is S or G., X is V or M: Xiao is T or 
A: Xas is D or N; X is A or T. X is V or A: X is D 
or A, X, is M or L., X7 is F or V: X77 is V or A, Xs 
is S or P: Xse is P or L., X is D or N; X is M: X is 
M; and X is S. In various embodiments, the nucleic acid 
of the invention encodes a modified p35 polypeptide com 
prising an amino acid sequence having at least about 90%, 
92%. 95%, 96%, 97%, 98%, or 99% amino acid sequence 
identity to the mature polypeptide region (amino acid resi 
due positions 23-219) of SEQID NO:40. The invention also 
includes a polynucleotide sequence encoding said polypep 
tide or a fragment of said polypeptide having proliferative 
activity or IFN-Y induction activity in a T-cell based assay 
(such as, e.g., a human T-cell based assay), in the presence 
of a p40 polypeptide (such as, e.g., a wt-p40 polypeptide or 
a modified p40 polypeptide). 
0127. The modified p35 polypeptide encoded by a 
nucleic acid of the invention may further comprise a leader 
peptide sequence having at least about 90%, 92%. 95%, 
96%, 97%, 98%, or 99% amino acid sequence identity to the 
amino acid sequence M-X-P-X-R-X-LLL-X-X- 
TLVLL-X-HLSL-X, identified herein as the leader pep 
tide region (amino acid residue positions 1-22) of SEQ ID 
NO:40, where X is C or Y; X is A. L or P: X is S or G: 
Xo is V or I; X is A or S, X, is D or H; and X is A or 
G, and optionally includes an insertion of the amino acids 
P-H-L between positions 18 and 19. 
0128. The present invention also includes a modified p35 
polypeptide comprising a conservatively modified variation 
of the amino acid sequence identified herein as the mature 
polypeptide region (amino acid residue positions 23-219) of 
SEQ ID NO:40, and, optionally, a conservatively modified 
variation of the leader peptide region (amino acid residue 
positions 1-22) of SEQ ID. NO:40, and a polynucleotide 
sequence encoding said polypeptide or a fragment of said 
polypeptide having proliferative activity or IFN-Y induction 
activity in a T-cell based assay (Such as, e.g., a human T-cell 
based assay), in the presence of a p40 polypeptide (such as, 
e.g., a wt-p40 polypeptide or a modified p40 polypeptide). 

0129. The invention also includes a modified p35 
polypeptide comprising the amino acid sequence identified 
herein as the mature polypeptide region (amino acid residue 
positions 23-219) of SEQ ID NO:40, and, optionally, com 
prising the leader peptide region. (amino acid residue posi 
tions 1-22) of SEQ ID NO:40, and a polynucleotide 
sequence encoding said polypeptide or a fragment of said 
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polypeptide having proliferative activity or IFN-Y induction 
activity in a T-cell based assay (such as, e.g., a human T-cell 
based assay), in the presence of a p40 polypeptide (such as, 
e.g., a wt-p40 polypeptide or a modified p40 polypeptide). 

0.130. The invention also includes an isolated or recom 
binant nucleic acid, comprising a polynucleotide sequence 
encoding a polypeptide comprising a leader peptide 
sequence having at least about 90% amino acid sequence 
identity to the amino acid sequence M-X-P-X-R-X-LLL 
X-X-TLVLL-X-HLSL-X, identified herein as the 
leader peptide region (amino acid residue positions 1-22) of 
SEQ ID NO:40, where X is C or Y; X is A, L, or P: X is 
S or G; X is V or I; X is A or S: X is D or H; X is 
A or G, and optionally includes an insertion of the amino 
acids P-H-L between positions 18 and 19. In various 
embodiments, the leader peptide sequence encoded by the 
nucleic acid of the invention comprises an amino acid 
sequence having at least about 90%, 92%. 95%, 96%, 97%, 
98%, or 99% amino acid sequence identity to leader peptide 
region (amino acid residue positions 1-22) of SEQ ID 
NO:40. In another embodiment, the leader peptide sequence 
comprises the sequence identified as the leader peptide 
region (amino acid residue positions 1-22) of SEQ ID 
NO:40, or conservatively modified variations thereof. 
0.131. As described in greater detail below, the polynucle 
otides of the invention are useful in a variety of applications, 
including, but not limited to, as therapeutic and prophylactic 
agents in methods of in vivo and ex vivo treatment of a 
variety of diseases, disorders, and conditions in a variety of 
Subjects; for use in in vitro methods, such as diagnostic 
methods, to detect, diagnose, and treat a variety of diseases, 
disorders, and conditions in a variety of Subjects; for use in, 
e.g., gene therapy; as therapeutics and prophylactics, e.g., 
for use in methods of therapeutic and prophylactic treatment 
of a disease, disorder or condition; as immunogens; and for 
use in diagnostic and Screening assays, and as diagnostic 
probes for the presence of complementary or partially 
complementary nucleic acids (including for detection of 
nucleic acids encoding modified p40 polypeptides and 
modified p35 polypeptides). 

0.132. Making Polynucleotides of the Invention 
0.133 Polynucleotides and oligonucleotides of the inven 
tion can be prepared by standard solid-phase methods, 
according to known synthetic methods. Typically, fragments 
of up to about 20, 30, 40, 50, 60, 70, 80, 90, and/or 100 
nucleotide bases are individually synthesized, then joined 
(e.g., by enzymatic or chemical ligation methods, or poly 
merase mediated recombination methods) to form essen 
tially any desired continuous sequence. In another aspect, 
nucleotide fragments of greater than 100 nucleotide bases 
(e.g., 150, 200, 250, 300, 350, 400, 450, 500, 550, 600, 650, 
700, 750, 800, 850, 900, or 950 bases) are individually 
synthesized, then joined (e.g., by enzymatic or chemical 
ligation methods, or polymerase mediated recombination 
methods) to form essentially any desired continuous 
sequence. For example, the polynucleotides and oligonucle 
otides of the invention, including fragments thereof (and 
those as described herein), can be prepared by chemical 
synthesis using, e.g., the classical phosphoramidite method 
described by Beaucage et al. (1981) Tetrahedron Letters 
22:1859-69, or the method described by Matthes et al. 
(1984) EMBO.J. 3:801-05, e.g., as is typically practiced in 
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automated synthetic methods. According to the phosphora 
midite method, oligonucleotides are synthesized, e.g., in an 
automatic DNA synthesizer, purified, annealed, ligated and 
cloned in appropriate vectors. 

0134. In addition, essentially any nucleic acid can be 
custom ordered from any of a variety of commercial sources, 
such as The Midland Certified Reagent Company 
(mcrc(aboligos.com). The Great American Gene Company 
(http://www.genco.com), ExpressGen Inc. (www.express 
gen.com), Operon Technologies Inc. (Alameda, Calif.) and 
many others. Similarly, peptides and antibodies can be 
custom ordered from any of a variety of sources, such as 
PeptidoGenic (pkim(accnet.com), HTI Bio-products, inc. 
(http://www.htibio.com), BMA Biomedicals Ltd. (U.K.), 
Bio. Synthesis, Inc., and many others. 

0135 Certain polynucleotides of the invention may also 
obtained by screening cDNA libraries (e.g., libraries gener 
ated by recombining homologous nucleic acids as in typical 
diversity generation methods, Such as, e.g., shuffling meth 
ods) using oligonucleotide probes which can hybridize to or 
PCR-amplify polynucleotides which encode the modified 
p40 or modified p35 polypeptides and fragments of those 
polypeptides. Procedures for screening and isolating cDNA 
clones are well-known to those of skill in the art. Such 
techniques are described in, for example, Sambrook et al., 
Molecular Cloning A Laboratory Manual (2nd Ed.), Vols. 
1-3, Cold Spring Harbor Laboratory, Cold Spring Harbor, 
N.Y., 1989 (hereinafter “Sambrook”) and Current Protocols 
in Molecular Biology, F. M. Ausubel et al., eds. Current 
Protocols, a joint venture between Greene Publishing Asso 
ciates, Inc. and John Wiley & Sons, Inc. (Supplemented 
through 1999) (hereinafter “Ausubel'). 

0136. As described in more detail herein, the polynucle 
otides of the invention include sequences which encode 
novel modified p40 polypeptides and modified p35 polypep 
tides, and sequences complementary to the coding 
sequences, and novel fragments of Such coding sequences 
and complements thereof. The polynucleotides can be in the 
form of RNA or in the form of DNA, and include mRNA, 
cRNA, synthetic RNA and DNA, and cDNA. The poly 
nucleotides can be double-stranded or single-stranded, and if 
single-stranded, can be the coding strand or the non-coding 
(anti-sense, complementary) Strand. The polynucleotides 
optionally include the coding sequence of an modified 40 
polypeptide or a modified p35 polypeptide (i) in isolation, 
(ii) in combination with additional coding sequence, so as to 
encode, e.g., a fusion protein, a pre-protein, a prepro-protein, 
or the like, (iii) in combination with non-coding sequences, 
Such as introns, control elements such as a promoter, a 
terminator element, or 5' and/or 3' untranslated regions 
effective for expression of the coding sequence in a Suitable 
host, and/or (iv) in a vector or host environment in which the 
modified p40 polypeptide or modified p35 polypeptide cod 
ing sequence is a heterologous nucleic acid sequence or 
gene. Sequences can also be found in combination with 
typical compositional formulations of nucleic acids, includ 
ing in the presence of carriers, buffers, adjuvants, excipients 
and the like. 

0137) The term DNA or RNA encoding the respective 
modified p40 polypeptide or modified p35 polypeptide 
includes any oligodeoxynucleotide or oligodeoxyribonucle 
otide sequence which, upon expression in an appropriate 
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host cell, results in production of a modified p40 polypeptide 
or modified p35 polypeptide of the invention. The DNA or 
RNA can be produced in an appropriate host cell, or in a 
cell-free (in vitro) system, or can be produced synthetically 
(e.g., by an amplification technique Such as PCR) or chemi 
cally. 
0.138. Using Polynucleotides of the Invention 
0.139. The polynucleotides of the invention have a variety 
of uses in, for example: recombinant production (i.e., 
expression) of the modified p40 polypeptides and modified 
p35 polypeptides of the invention; as therapeutics and 
prophylactics, e.g., for use in methods of therapeutic and 
prophylactic treatment of a disease, disorder or condition; 
for use in, gene therapy methods and related applications; as 
immunogens; for use in diagnostic and Screening assays; as 
diagnostic probes for the presence of complementary or 
partially complementary nucleic acids (including for detec 
tion of nucleic acids encoding modified p40 polypeptides or 
modified p35 polypeptides); as substrates for further reac 
tions, e.g., recursive recombination or mutation reactions to 
produce new and/or improved modified p40 polypeptides or 
modified p35 polypeptides, and the like. 
Expression of Polypeptides of the Invention 
0140. In accordance with the present invention, poly 
nucleotide sequences which encode modified p35 polypep 
tides or modified p40 polypeptides (in mature form or 
comprising a leader peptide sequence), fragments of the 
polypeptides, related fusion proteins, or functional equiva 
lents thereof, are collectively referred to herein as “modified 
cytokine polypeptides”, “modified p35 polypeptides'. 
“modified p40 polypeptides” or, simply, “polypeptides of 
the invention’. Polypeptide or amino acid fragments of each 
of the preceding terms are also intended to be included and 
encompassed in the polypeptides or proteins of the inven 
tion. Such polynucleotide sequences of the invention are 
used in recombinant DNA (or RNA) molecules that direct 
the expression of the modified p40 polypeptides and the 
modified p35 polypeptides in appropriate host cells. Due to 
the inherent degeneracy of the genetic code, other nucleic 
acid sequences which encode Substantially the same or a 
functionally equivalent amino acid sequence are also used to 
clone and express the modified p40 polypeptides and the 
modified p35 polypeptides. 
0.141 Modified Coding Sequences 
0142. As will be understood by those of skill in the art, 

it can be advantageous to modify a coding sequence (includ 
ing, e.g., a nucleotide sequence encoding a modified p40 or 
modified p35 polypeptide of the invention or a fragment 
thereof) to enhance its expression in a particular host. The 
genetic code is redundant with 64 possible codons, but most 
organisms preferentially use a Subset of these codons. The 
codons that are utilized most often in a species are called 
optimal codons, and those not utilized very often are clas 
sified as rare or low-usage codons (see, e.g., Zhang S Petal. 
(1991) Gene 105:61-72). Codons can be substituted to 
reflect the preferred codon usage of the host, a process called 
"codon optimization' or “controlling for species codon 
bias. 

0.143 Optimized coding sequence containing codons pre 
ferred by a particular prokaryotic or eukaryotic host (see 
also Murray, E. et al. (1989) Nuc. Acids Res. 17:477-508) 
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can be prepared, for example, to increase the rate of trans 
lation or to produce recombinant RNA transcripts having 
desirable properties, such as a longer half-life, as compared 
with transcripts produced from a non-optimized sequence. 
Translation stop codons can also be modified to reflect host 
preference. For example, preferred stop codons for S. cer 
evisiae and mammals are UAA and UGA respectively. The 
preferred stop codon for monocotyledonous plants is UGA, 
whereas insects and E. coli prefer to use UAA as the stop 
codon (Dalphin M E et al. (1996) Nuc. Acids Res. 24: 
216-218). 
0144. The polynucleotide sequences of the present inven 
tion can be engineered in order to alter a modified p35 or 
modified p40 coding sequence for a variety of reasons, 
including but not limited to, alterations which modify the 
cloning, processing and/or expression of the gene product. 
For example, alterations may be introduced using techniques 
which are well known in the art, e.g., site-directed mutagen 
esis, to insert new restriction sites, to alter glycosylation 
patterns, to change codon preference, to introduce splice 
sites, etc. 

0145 Vectors, Promoters, and Expression Systems 

0146 The present invention also includes recombinant 
constructs comprising one or more of the nucleic acid 
sequences as broadly described herein (e.g., those encoding 
a modified p40 or modified p35 polypeptide of the invention 
or a fragment thereof). The constructs comprise a vector, 
Such as, a plasmid, a cosmid, a phage, a virus, a bacterial 
artificial chromosome (BAC), a yeast artificial chromosome 
(YAC), and the like, into which a nucleic acid sequence of 
the invention has been inserted, in a forward or reverse 
orientation. In a preferred aspect of this embodiment, the 
construct further comprises regulatory sequences, including, 
for example, a promoter, operably linked to the sequence. 
Large numbers of suitable vectors and promoters are known 
to those of skill in the art, and are commercially available. 

0147 General texts which describe molecular biological 
techniques useful herein, including the use of vectors, pro 
moters and many other relevant topics, include Juo, P-S., 
CONCISE DICTIONARY OF BIOMEDICAL AND 
MOLECULAR BIOLOGY (CRC Press 1996); Singleton et 
al., DICTIONARY OF MICROBIOLOGY AND 
MOLECULAR BIOLOGY (2d ed. 1994): THE CAM 
BRIDGE DICTIONARY OF SCIENCE AND TECHNOL 
OGY (Walker ed., 1988); Hale & Marham, THE HARPER 
COLLINS DICTIONARY OF BIOLOGY (1991); Scott and 
Mercer, CONCISE ENCYCLOPEDIA OF BIOCHEMIS 
TRY AND MOLECULAR BIOLOGY (3d ed. 1997); Berger 
and Kimmel, Guide to Molecular Cloning Techniques, 
Methods in Enzymology, volume 152 Academic Press, Inc., 
San Diego, Calif. (hereinafter “Berger); Sambrook et al., 
Molecular Cloning A Laboratory Manual (2nd Ed.), Vol. 
1-3, Cold Spring Harbor Laboratory, Cold Spring Harbor, 
N.Y., 1989 (“Sambrook”) and Current Protocols in Molecu 
lar Biology, F. M. Ausubel et al., eds. Current Protocols, a 
joint venture between Greene Publishing Associates, Inc. 
and John Wiley & Sons, Inc. (supplemented through 1999) 
(Ausubel')). Examples of techniques sufficient to direct 
persons of skill through in vitro amplification methods, 
including the polymerase chain reaction (PCR), the ligase 
chain reaction (LCR), QB-replicase amplification and other 
RNA polymerase mediated techniques (e.g., NASBA), e.g., 
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for the production of the homologous nucleic acids of the 
invention are found in Berger, Sambrook, and Ausubel, as 
well as Mullis et al. (1987) U.S. Pat. No. 4,683.202; U.S. 
Pat. No. 4,683,195, issued Jul. 28, 1997, PCR Protocols. A 
Guide to Methods and Applications (Innis et al., eds.) 
Academic Press Inc. San Diego, Calif. (1990) (Innis); Arn 
heim & Levinson (Oct. 1, 1990) C&EN 36-47. The Journal 
OfNIH Research (1991) 3, 81-94; (Kwoh et al. (1989) Proc. 
Natl Acad. Sci. USA 86, 1173; Guatelli et al. (1990) Proc. 
Natl Acad. Sci. USA 87, 1874; Lomell et al. (1989).J. Clin. 
Chem. 35, 1826; Landegren et al. (1988) Science 241, 
1077-1080; Van Brunt (1990) Biotechnology 8, 291-294; 
Wu and Wallace (1989) Gene 4, 560; Barringer et al. (1990) 
Gene 89, 117, and Sooknanan and Malek (1995) Biotech 
nology 13:563-564. 

0.148 PCR generally refers to a procedure wherein 
minute amounts of a specific piece of nucleic acid, RNA, 
and/or DNA, are amplified by methods well known in the art 
(see, e.g., U.S. Pat. No. 4,683,195 and other references 
above). Generally, sequence information from the ends of 
the region of interest or beyond is used, for design of 
oligonucleotide primers. Such primers will be identical or 
similar in sequence to the opposite Strands of the template to 
be amplified. The 5' terminal nucleotides of the opposite 
strands may coincide with the ends of the amplified material. 
PCR may be used to amplify specific RNA or specific DNA 
sequences, recombinant DNA or RNA sequences, DNA and 
RNA sequences from total genomic DNA, and cDNA tran 
scribed from total cellular RNA, bacteriophage or plasmid 
sequences, etc. PCR is one example, but not the only 
example, of a nucleic acid polymerase reaction method for 
amplifying a nucleic acid test sample comprising the use of 
a another (e.g., known) nucleic acid as a primer. Improved 
methods of cloning in vitro amplified nucleic acids are 
described in Wallace et al., U.S. Pat. No. 5,426,039. 
Improved methods of amplifying large nucleic acids by PCR 
are summarized in Cheng et al. (1994) Nature 369:684-685 
and the references therein, in which PCR amplicons of up to 
40 kb are generated. One of skill will appreciate that 
essentially any RNA can be converted into a double stranded 
DNA suitable for restriction digestion, PCR expansion and 
sequencing using reverse transcriptase and a polymerase. 
See Ausubel, Sambrook and Berger, all supra. 

0.149 The present invention also relates to host cells 
which are transduced with vectors of the invention, and the 
production of polypeptides of the invention (including frag 
ments thereof) by recombinant techniques. Host cells are 
genetically engineered (i.e., transduced, transformed or 
transfected) with the vectors of this invention, which may 
be, for example, a cloning vector or an expression vector. 
The vector may be, for example, in the form of a plasmid, 
a viral particle, a phage, etc. The engineered host cells can 
be cultured in conventional nutrient media modified as 
appropriate for activating promoters, selecting transfor 
mants, or amplifying the modified p40 or modified p35 gene. 
The culture conditions, such as temperature, pH and the like, 
are those previously used with the host cell selected for 
expression, and will be apparent to those skilled in the art 
and in the references cited herein, including, e.g., Freshney 
(1994) Culture of Animal Cells, a Manual of Basic Tech 
nique, 3d ed., Wiley-Liss, New York and the references cited 
therein. 
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0150. The modified p40 and modified p35 polypeptides 
and proteins of the invention can also be produced in 
non-animal cells such as plants, yeast, fungi, bacteria and the 
like. In addition to Sambrook, Berger and Ausubel, details 
regarding cell culture can be found in Payne et al. (1992) 
Plant Cell and Tissue Culture in Liquid Systems, John Wiley 
& Sons, Inc. New York, N.Y.: Gamborg and Phillips (eds.) 
(1995) Plant Cell, Tissue and Organ Culture, Fundamental 
Methods, Springer Lab Manual, Springer-Verlag (Berlin 
Heidelberg New York) and Atlas and Parks (eds.) The 
Handbook of Microbiological Media (1993) CRC Press, 
Boca Raton, Fla. 

0151. The polynucleotides of the present invention may 
be included in any one of a variety of expression vectors for 
expressing a polypeptide. Such vectors include chromo 
Somal, nonchromosomal and synthetic DNA sequences, e.g., 
derivatives of SV40; bacterial plasmids; phage DNA; bacu 
lovirus; yeast plasmids; vectors derived from combinations 
of plasmids and phage DNA, viral DNA such as vaccinia, 
adenovirus, fowl pox virus, pseudorabies, adenovirus, 
adeno-associated virus, retroviruses and many others. Any 
vector that transducers genetic material into a cell, and if 
replication is desired, which is replicable and viable in the 
relevant host can be used. 

0152 The nucleic acid sequence in the expression vector 
is operatively linked to an appropriate transcription control 
sequence (promoter) to direct mRNA synthesis. Examples of 
such promoters include: LTR or SV40 promoter, E. Colilac 
or trp promoter, phage lambda P. promoter, and other 
promoters known to control expression of genes in prokary 
otic or eukaryotic cells or their viruses. The expression 
vector also contains a ribosome binding site for translation 
initiation, and a transcription terminator. The vector option 
ally includes appropriate sequences for amplifying expres 
Sion. In addition, the expression vectors optionally comprise 
one or more selectable marker genes to provide a phenotypic 
trait for selection of transformed host cells, such as dihy 
drofolate reductase or neomycin resistance for eukaryotic 
cell culture, or Such as tetracycline or amplicillin resistance 
in E. coli. 

0153. The vector containing the appropriate DNA 
sequence as described herein, as well as an appropriate 
promoter or control sequence, may be employed to trans 
form an appropriate host to permit the host to express the 
protein. Examples of appropriate expression hosts include: 
bacterial cells, such as E. coli, Streptomyces, and Salmonella 
typhimurium; fungal cells, such as Saccharomyces cerevi 
siae, Pichia pastoris, and Neurospora crassa; insect cells 
Such as Drosophila and Spodoptera frugiperda; mammalian 
cells such as CHO, COS, BHK, HEK 293 or Bowes mela 
noma; plant cells, etc. It is understood that not all cells or cell 
lines need to be capable of producing fully functional 
modified p40 or modified p35 polypeptides; for example, 
antigenic fragments of a modified p40 or modified p35 
polypeptide may be produced in a bacterial or other expres 
sion system. The invention is not limited by the host cells 
employed. 

0154) In bacterial systems, a number of expression vec 
tors may be selected depending upon the use intended for the 
polypeptide of the invention. For example, when large 
quantities of modified p40 or modified p35 polypeptide or 
fragments thereof are needed for the induction of antibodies, 
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vectors which direct high level expression of fusion proteins 
that are readily purified may be desirable. Such vectors 
include, but are not limited to, multifunctional E. coli 
cloning and expression vectors such as BLUESCRIPT 
(Stratagene), in which the modified p40 or modified p35 
coding sequence may be ligated into the vector in-frame 
with sequences for the amino-terminal Met and the subse 
quent 7 residues of beta-galactosidase so that a hybrid 
protein is produced; plN vectors (Van Heeke & Schuster 
(1989) J. Biol. Chem. 264:5503–5509); pET vectors 
(Novagen, Madison Wis.); and the like. 
0.155 Similarly, in the yeast Saccharomyces cerevisiae a 
number of vectors containing constitutive or inducible pro 
moters such as alpha factor, alcohol oxidase and PGH may 
be used for production of the modified p40 and/or modified 
p35 polypeptides of the invention. For reviews, see Ausubel 
et al. (supra) and Grant et al. (1987; Methods in Enzymology 
153:516-544). 
0.156. In mammalian host cells, a number expression 
systems, such as viral-based systems, may be utilized. In 
cases where an adenovirus is used as an expression vector, 
a coding sequence is optionally ligated into an adenovirus 
transcription/translation complex consisting of the late pro 
moter and tripartite leader sequence. Insertion in a nones 
sential E1 or E3 region of the viral genome will result in a 
viable virus capable of expressing modified p40 or modified 
p35 polypeptide in infected host cells (Logan and Shenk 
(1984) Proc. Natl. Acad. Sci. 81:3655-3659). In addition, 
transcription enhancers, such as the rous sarcoma virus 
(RSV) enhancer, may be used to increase expression in 
mammalian host cells. 

O157 Additional Expression Elements 
0158 Specific initiation signals can aid in efficient trans 
lation of a modified p35 or modified p40 coding sequence. 
These signals can include, e.g., the ATG initiation codon and 
adjacent sequences. In cases where a coding sequence, its 
initiation codon and upstream sequences are inserted into the 
appropriate expression vector, no additional translational 
control signals may be needed. However, in cases where 
only coding sequence (e.g., a mature protein coding 
sequence), or a portion thereof, is inserted, exogenous 
transcriptional control signals including the ATG initiation 
codon must be provided. Furthermore, the initiation codon 
must be in the correct reading frame to ensure transcription 
of the entire insert. Exogenous transcriptional elements and 
initiation codons can be of various origins, both natural and 
synthetic. The efficiency of expression may be enhanced by 
the inclusion of enhancers appropriate to the cell system in 
use (Scharf D et al. (1994) Results Probl Cell Differ 20:125 
62: Bittner et al. (1987) Methods in Enzymol 153:516-544). 
0159. Secretion/Localization Sequences 
0.160 Polynucleotides of the invention can also be fused, 
for example, in-frame to nucleic acid encoding a secretion/ 
localization sequence, to target polypeptide expression to a 
desired cellular compartment, membrane, or organelle, or to 
direct polypeptide secretion to the periplasmic space or into 
the cell culture media. Such sequences are known to those 
of skill, and include secretion leader peptides, organelle 
targeting sequences (e.g., nuclear localization sequences, ER 
retention signals, mitochondrial transit sequences, chloro 
plast transit sequences), membrane localization/anchor 
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sequences (e.g., stop transfer sequences, GPI anchor 
sequences), and the like. Polypeptides expressed by Such 
polynucleotides of the invention may include the amino acid 
sequence corresponding to the secretion and/or localization 
sequence(s). 
0161 Expression Hosts 
0162. In a further embodiment, the present invention 
relates to host cells containing the above-described con 
structs. The host cell can be a eukaryotic cell. Such as a 
mammalian cell, a yeast cell, or a plant cell, or the host cell 
can be a prokaryotic cell. Such as a bacterial cell. Introduc 
tion of the construct into the host cell can be effected by 
calcium phosphate transfection, DEAE-Dextran mediated 
transfection, electroporation, or other common techniques 
(Davis, L., Dibner, M., and Battey, I. (1986) Basic Methods 
in Molecular Biology). The cell may include a nucleic acid 
of the invention, said nucleic acid encoding a polypeptide, 
wherein said cells expresses a polypeptide (e.g., a modified 
p40 polypeptide or modified p35 polypeptide having T-cell 
proliferative activity, or interferon-gamma induction activity 
in T-cells, as measured by the assays described herein). The 
invention also includes a vector comprising any nucleic acid 
of the invention described herein and includes a cell trans 
duced by Such a vector. Furthermore, cells and transgenic 
animals which include any polypeptide or nucleic acid 
above or throughout this specification, e.g., produced by 
transduction of a vector of the invention, are an additional 
feature of the invention. 

0163 A host cell strain is optionally chosen for its ability 
to modulate the expression of the inserted sequences or to 
process the expressed protein in the desired fashion. Such 
modifications of the protein include, but are not limited to, 
acetylation, carboxylation, glycosylation, phosphorylation, 
lipidation and acylation. Post-translational processing which 
cleaves a “pre’ or a “prepro’ form of the protein may also 
be important for correct insertion, folding and/or function. 
Different host cells such as CHO, HeLa, BHK, MDCK, 293, 
W138, etc. have specific cellular machinery and character 
istic mechanisms for Such post-translational activities and 
may be chosen to ensure the correct modification and 
processing of the introduced, foreign protein. 
0164. For long-term, high-yield production of recombi 
nant proteins, stable expression can be used. For example, 
cell lines which stably express a polypeptide of the invention 
are transduced using expression vectors which contain viral 
origins of replication or endogenous expression elements 
and a selectable marker gene. Following the introduction of 
the vector, cells may be allowed to grow for 1-2 days in an 
enriched media before they are switched to selective media. 
The purpose of the selectable marker is to confer resistance 
to selection, and its presence allows growth and recovery of 
cells which Successfully express the introduced sequences. 
For example, resistant clumps of stably transformed cells 
can be proliferated using tissue culture techniques appropri 
ate to the cell type. 
0165 Host cells transformed with a nucleic acid 
sequence encoding a polypeptide of the invention are 
optionally cultured under conditions suitable for the expres 
sion and recovery of the encoded protein from cell culture. 
The protein or fragment thereof produced by a recombinant 
cell may be secreted, membrane-bound, or contained intra 
cellularly, depending on the sequence and/or the vector used. 
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As will be understood by those of skill in the art, expression 
vectors containing polynucleotides encoding mature pro 
teins of the invention can be designed with leader peptide 
(also termed “signal peptide’) sequences which direct secre 
tion of the mature polypeptides through a prokaryotic or 
eukaryotic cell membrane. 
0166 Additional Polypeptide Sequences 
0.167 The polynucleotides of the present invention may 
also comprise a coding sequence fused in-frame to a marker 
sequence which, e.g., facilitates purification of the encoded 
polypeptide. Such purification facilitating domains include, 
but are not limited to, metal chelating peptides Such as 
histidine-tryptophan modules that allow purification on 
immobilized metals, a sequence which binds glutathione 
(e.g., GST), a hemagglutinin (HA) tag (corresponding to an 
epitope derived from the influenza hemagglutinin protein; 
Wilson, I., et al. (1984) Cell 37:767), maltose binding 
protein sequences, a FLAG epitope utilized in the FLAGS 
expression/affinity purification system (Immunex Corp. 
Seattle, Wash.), an E-epitope tag (E-tag), and the like. The 
inclusion of a protease-cleavable polypeptide linker 
sequence between the purification domain and the polypep 
tide sequence is useful to facilitate purification. One expres 
sion vector contemplated for use in the compositions and 
methods described herein provides for expression of a fusion 
protein comprising a polypeptide of the invention fused to a 
polyhistidine region separated by an enterokinase cleavage 
site. The histidine residues facilitate purification on IMIAC 
(immobilized metal ion affinity chromatography, as 
described in Porath et al. (1992) Protein Expression and 
Purification 3:263-281) while the enterokinase cleavage site 
provides a means for separating the polypeptide from the 
fusion protein. pGEX vectors (Promega; Madison, Wis.) 
may also be used to express foreign polypeptides as fusion 
proteins with glutathione S-transferase (GST). In general, 
Such fusion proteins are soluble and can easily be purified 
from lysed cells by adsorption to ligand-agarose beads (e.g., 
glutathione-agarose in the case of GST-fusions) followed by 
elution in the presence of free ligand. 
0168 Polypeptide Production and Recovery 
0169. Following transduction of a suitable host strain and 
growth of the host strain to an appropriate cell density, the 
selected promoter is induced by appropriate means (e.g., 
temperature shift or chemical induction) and cells are cul 
tured for an additional period. Cells are typically harvested 
by centrifugation, disrupted by physical or chemical means, 
and the resulting crude extract retained for further purifica 
tion. Microbial cells employed in expression of proteins can 
be disrupted by any convenient method, including freeze 
thaw cycling, Sonication, mechanical disruption, or use of 
cell lysing agents, or other methods, which are well know to 
those skilled in the art. 

0170 As noted, many references are available for the 
culture and production of many cells, including cells of 
bacterial, plant, animal (especially mammalian) and arche 
bacterial origin. See e.g., Sambrook, Ausubel, and Berger 
(all supra), as well as Freshney (1994) Culture of Animal 
Cells, a Manual of Basic Technique. Third edition, Wiley 
Liss, New York and the references cited therein; Doyle and 
Griffiths (1997) MAMMALIAN CELL CULTURE: ESSEN 
TIAL TECHNIQUES John Wiley and Sons, NY: Humason 
(1979) Animal Tissue Techniques, fourth edition W.H. Free 
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man and Company; and Ricciardelli, et al., (1989) In vitro 
Cell Dev. Biol. 25:1016-1024. For plant cell culture and 
regeneration, Payne et al. (1992) Plant Cell and Tissue 
Culture in Liquid Systems John Wiley & Sons, Inc. New 
York, N.Y.: Gamborg and Phillips (eds) (1995) Plant Cell, 
Tissue and Organ Culture; Fundamental Methods Springer 
Lab Manual, Springer-Verlag (Berlin Heidelberg New York) 
and Plant Molecular Biology (1993) R. R. D. Croy, Ed. Bios 
Scientific Publishers, Oxford, U.K. ISBN 0 12 198370 6. 
Cell culture media in general are set forth in Atlas and Parks 
(eds) The Handbook of Microbiological Media (1993) CRC 
Press, Boca Raton, Fla. Additional information for cell 
culture is found in available commercial literature Such as 
the Life Science Research Cell Culture Catalogue (1998) 
from Sigma-Aldrich, Inc. (St. Louis, Mo.) ("Sigma 
LSRCCC’) and, e.g., the Plant Culture Catalogue and 
supplement (1997) also from Sigma-Aldrich, Inc (St. Louis, 
Mo.) (“Sigma-PCCS). 
0171 Polypeptides of the invention can be recovered and 
purified from recombinant cell cultures by any of a number 
of methods well known in the art, including ammonium 
Sulfate or ethanol precipitation, acid extraction, anion or 
cation exchange chromatography, phosphocellulose chro 
matography, hydrophobic interaction chromatography, 
affinity chromatography (e.g., using any of the tagging 
systems noted herein), hydroxylapatite chromatography, and 
lectin chromatography. Protein refolding steps can be used, 
as desired, in completing configuration of the mature pro 
tein. Finally, high performance liquid chromatography 
(HPLC) can be employed in the final purification steps. In 
addition to the references noted supra, a variety of purifi 
cation methods are well known in the art, including, e.g., 
those set forth in Sandana (1997) Bioseparation of Proteins, 
Academic Press, Inc.; and Bollag et al. (1996) Protein 
Methods, 2" Edition Wiley-Liss, NY; Walker (1996) The 
Protein Protocols Handbook Humana Press, NJ: Harris and 
Angal (1990) Protein Purification Applications: A Practical 
Approach IRL Press at Oxford, Oxford, England; Harris and 
Angal Protein Purification Methods: A Practical Approach 
IRL Press at Oxford, Oxford, England; Scopes (1993) Pro 
tein Purification: Principles and Practice 3" Edition 
Springer Verlag, NY: Janson and Ryden (1998) Protein 
Purification: Principles, High Resolution Methods and 
Applications, Second Edition Wiley-VCH, NY; and Walker 
(1998) Protein Protocols on CD-ROM Humana Press, NJ. 
0172 
0173 Cell-free transcription/translation systems can also 
be employed to produce polypeptides using DNAS or RNAs 
of the present invention. Several Such systems are commer 
cially available. A general guide to in vitro transcription and 
translation protocols is found in Tymms (11995) In vitro 
Transcription and Translation Protocols. Methods in 
Molecular Biology (Volume 37), Garland Publishing, NY. 
0174) Modified Amino Acids: Polypeptides of the inven 
tion may contain one or more modified amino acid. The 
presence of modified amino acids may be advantageous in, 
for example, (a) increasing polypeptide serum half-life, (b) 
reducing polypeptide antigenicity, (c) increasing polypep 
tide storage stability. Amino acid(s) are modified, for 
example, co-translationally or post-translationally during 
recombinant production (e.g., N-linked glycosylation at 
N-X-S/T motifs during expression in mammalian cells) or 
modified by Synthetic means. 
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0.175. Non-limiting examples of a modified amino acid 
include a glycosylated amino acid, a sulfated amino acid, a 
premlyated (e.g., farnesylated, geranylgeranylated) amino 
acid, an acetylated amino acid, an acylated amino acid, a 
PEG-ylated amino acid, a biotinylated amino acid, a car 
boxylated amino acid, a phosphorylated amino acid, and the 
like. References adequate to guide one of skill in the 
modification of amino acids are replete throughout the 
literature. Example protocols are found in Walker (1998) 
Protein Protocols on CD-ROM Human Press, Towata, N.J. 
In Vitro. In Vivo, and Ex Vivo Uses of Polynucleotides and 
Polypeptides of the Invention 
0176) The polynucleotides and polypeptides of the inven 
tion have a variety of uses, including, but not limited to, for 
example: in recombinant production (i.e., expression) of the 
recombinant modified p40 polypeptides and modified p35 
polypeptides of the invention; as therapeutic and prophy 
lactic agents in methods of in vivo and ex vivo treatment of 
a variety of diseases, disorders, and conditions in a variety 
of Subjects; for use in in vitro methods, such as diagnostic 
and Screening methods, to detect, diagnose, and treat a 
variety of diseases, disorders, and conditions (e.g., cancers, 
viral-based disorders, angiogenic-based disorders) in a vari 
ety of Subjects (e.g., mammals); as immunogens, in gene 
therapy methods and DNA- or RNA-based delivery methods 
to deliver or administer in vivo, ex vivo, or in vitro biologi 
cally active polypeptides of the invention to a tissue, popu 
lation or cells, organ, graft, bodily system of a subject (e.g., 
organ system, lymphatic system, blood system, etc.); as 
DNA vaccines, multi-component vaccines for use in pro 
phylactic or therapeutic treatment of a variety of diseases, 
disorders, or other conditions (e.g., cancers, viral-based 
disorders, angiogenic-based disorders) in a variety of Sub 
jects (e.g., mammals); as adjuvants to enhance or augment 
an immune response in a subject; as a component of a 
multiple-step boosting vaccination method (e.g., a format 
comprising a prime vaccination by delivery of a DNA or 
RNA nucleotide (e.g., a nucleotide encoding a polypeptide 
of the invention or encoding another polypeptide) followed 
by a second boost of a polypeptide (e.g., a polypeptide of the 
invention or other polypeptide); as diagnostic probes for the 
presence of complementary or partially complementary 
nucleic acids (including for detection of naturally-occurring 
p40 and p35 coding nucleic acids); as substrates for further 
reactions, e.g., shuffling reactions, mutation reactions, or 
other diversity generation reactions to produce new and/or 
improved modified p40 polypeptides and modified p35 
polypeptides and new modified p40 nucleic acids and modi 
fied p35 nucleic acids encoding such polypeptides, e.g., to 
evolve novel therapeutic or prophylactic properties, and the 
like; for polymerase chain reactions (PCR) or cloning meth 
ods, e.g., including digestion or ligation reactions, to iden 
tify new and/or improved naturally-occurring or non-natu 
rally occurring p40 or p35 nucleic acids and polypeptides 
encoded therefrom. Polynucleotides which encode a modi 
fied p40 polypeptide or modified p35 polypeptide, or 
complements of the polynucleotides, are optionally admin 
istered to a cell to accomplish a therapeutically or prophy 
lactically useful process or to express a therapeutically 
useful product in Vivo, ex vivo, or in vitro. These applica 
tions, including in vivo or ex vivo applications, including, 
e.g., gene therapy, include a multitude of techniques by 
which gene expression may be altered in cells. Such meth 
ods include, for instance, the introduction of genes for 
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expression of, e.g., therapeutically or prophylactically useful 
polypeptides, such as the modified p40 polypeptides and 
modified p35 polypeptides of the present invention. Such 
methods include, for example, infecting with a retrovirus 
comprising the polynucleotides and/or polypeptides of the 
invention. Optionally, the retrovirus further comprises addi 
tional exogenous, e.g., therapeutic or prophylactic gene 
construct, sequences. In one aspect, the invention provides 
gene therapy methods of prophylactically or therapeutically 
treating a disease, disorder or condition in a Subject in need 
of Such treatment by administering in Vivo, ex vivo, or in 
vitro one or more nucleic acids of the invention described 
herein to one or more cells of a subject, including an 
organism or mammal, including, e.g., a human, primate, 
mouse, dog, cat, pig, cow, goat, rabbit, rat, guinea pig, 
hamster, horse, sheep; or a non-mammalian vertebrate Such 
as a bird (e.g., a chicken or duck) or a fish, or invertebrate, 
as described in more detail below. 

0177. In another aspect, the invention provides methods 
of prophylactically or therapeutically treating a disease, 
disorder or condition in a subject in need of Such treatment 
by administering in Vivo, ex vivo, or in vitro one or more 
polypeptides of the invention described herein to one or 
more cells of a subject (including those defined herein), as 
described in more detail below. 

0178 Polypeptide Expression 
0179 Polynucleotides encoding polypeptides of the 
invention are particularly useful for in vivo or ex vivo 
therapeutic or prophylactic applications, using techniques 
well known to those skilled in the art. For example, cultured 
cells are engineered ex vivo with a polynucleotide (DNA or 
RNA), with the engineered cells then being returned to the 
patient. Cells may also be engineered in vivo or ex vivo for 
expression of a polypeptide in vivo or ex vivo, respectively. 
0180 A number of viral vectors suitable for organismal 
in vivo transduction and expression are known. Such vectors 
include retroviral vectors (see Miller, Curr. Top. Microbiol. 
Immunol. (1992) 158:1-24; Salmons and Gunzburg, (1993) 
Human Gene Therapy 4:129-141; Miller et al., (1994) 
Methods in Enzymology 217: 581-599) and adeno-associ 
ated vectors (reviewed in Carter (1992) Curr. Opinion 
Biotech. 3: 533-539; Muzcyzka (1992) Curr: Top. Microbiol. 
Immunol. 158: 97-129). Other viral vectors that are used 
include adenoviral vectors, herpes viral vectors and Sindbis 
viral vectors, as generally described in, e.g., Jolly (1994) 
Cancer Gene Therapy 1:51-64; Latchman (1994) Molec. 
Biotechnol. 2:179-195; and Johanning et al., (1995) Nucl. 
Acids Res. 23:1495-1501. 

0181 Gene therapy provides methods for combating 
chronic infectious diseases (e.g., HIV infection, viral hepa 
titis), as well as non-infectious diseases including cancer and 
allergic diseases and some forms of congenital defects Such 
as enzyme deficiencies. Several approaches for introducing 
nucleic acids into cells in vivo, ex vivo and in vitro have 
been used. These include liposome based gene delivery 
(Debs and Zhu (1993) WO 93/24640 and U.S. Pat. No. 
5,641,662; Mannino and Gould-Fogerite (1988) BioTech 
niques 6(7): 682-691; Rose, U.S. Pat. No. 5.279,833; 
Brigham (1991) WO 91/06309; and Felgner et al. (1987) 
Proc. Natl. Acad. Sci. USA 84: 7413-7414); Brigham, et al. 
(1989) Am. J. Med. Sci., 298:278-281; Nabel, et al. (1990) 
Science, 249:1285-1288; Hazinski, et al. (1991) Am. J. Resp. 
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Cell Molec. Biol., 4:206-209; and Wang and Huang (1987) 
Proc. Natl. Acad. Sci. (USA), 84:7851-7855); adenoviral 
vector mediated gene delivery, e.g., to treat cancer (see, e.g., 
Chen et al. (1994) Proc. Natl. Acad. Sci. USA 91: 3054 
3057; Tong et al. (1996). Gynecol. Oncol. 61: 175-179; 
Clayman et al. (1995) Cancer Res. 5: 1-6: O'Malley et al. 
(1995) Cancer Res. 55: 1080-1085; Hwang et al. (1995) Am. 
J. Respir: Cell Mol. Biol. 13: 7-16; Haddada et al. (1995) 
Curr. Top. Microbiol. Immunol. 199 (Pt. 3): 297-306: Addi 
son et al. (1995) Proc. Natl. Acad. Sci. USA 92: 8522-8526: 
Colak et al. (1995) Brain Res. 691: 76-82; Crystal (1995) 
Science 270: 404-410; Elshami et al. (1996) Human Gene 
Ther. 7: 141-148; Vincent et al. (1996) J. Neurosurg. 85: 
648-654), and many other diseases. Replication-defective 
retroviral vectors harboring therapeutic polynucleotide 
sequence as part of the retroviral genome have also been 
used, particularly with regard to simple Mul V vectors. See, 
e.g., Miller et al. (1990) Mol. Cell. Biol. 10:4239 (1990); 
Kolberg (1992).J. NIH Res. 4:43, and Cornetta et al. (1991) 
Hum. Gene Ther. 2:215). Nucleic acid transport coupled to 
ligand-specific, cation-based transport systems (Wu and Wu 
(1988) J. Biol. Chem., 263:14621-14624) have also been 
used Naked DNA expression vectors have also been 
described (Nabel et al. (1990), supra); Wolff et al. (1990) 
Science, 247: 1465-1468). In general, these approaches can 
be adapted to the invention by incorporating nucleic acids 
encoding the polypeptides of the invention into the appro 
priate vectors. 
0182 General texts which describe gene therapy proto 
cols, which can be adapted to the present invention by 
introducing the nucleic acids of the invention into patients, 
include Robbins (1996) Gene Therapy Protocols, Humana 
Press, NJ, and Joyner (1993) Gene Targeting: A Practical 
Approach, IRL Press, Oxford, England. 
0183 Antisense Technology 
0.184 In addition to expression of the nucleic acids of the 
invention as gene replacement nucleic acids, the nucleic 
acids are also useful for sense and anti-sense Suppression of 
expression, e.g., to down-regulate expression of a nucleic 
acid of the invention, once expression of the nucleic acid is 
no-longer desired in the cell. Similarly, the nucleic acids of 
the invention, or Subsequences or anti-sense sequences 
thereof, can also be used to block expression of naturally 
occurring homologous nucleic acids. A variety of sense and 
anti-sense technologies are known in the art, e.g., as set forth 
in Lichtenstein and Nellen (1997) Antisense Technology: A 
Practical Approach IRL Press at Oxford University, Oxford, 
England, and in Agrawal (1996) Antisense Therepeutics 
Humana Press, NJ, and the references cited therein. 
0185. Pharmaceutical Compositions 
0186 The polynucleotides of the invention (including 
vectors, cells, antibodies, etc., comprising polynucleotides 
or polypeptides of the invention) may be employed for 
therapeutic uses in combination with a suitable pharmaceu 
tical carrier. Such compositions comprise a therapeutically 
effective amount of the compound, and a pharmaceutically 
acceptable carrier or excipient. A pharmaceutically accept 
able carrier encompasses any of the standard pharmaceutical 
carriers, buffers and excipients. Such a carrier or excipient 
includes, but is not limited to, Saline, buffered saline (e.g., 
phosphate-buffered Saline solution), dextrose, water, glyc 
erol, ethanol, emulsions (such as an oil/water or water/oil 
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emulsion), various types of wetting agents and/or adjuvants, 
and combinations thereof. Suitable pharmaceutical carriers 
and agents are described in REMINGTON'S PHARMA 
CEUTICAL SCIENCES (Mack Publishing Co., Easton, 19" 
ed. 1995). The formulation should suit the mode of admin 
istration of the active agent (e.g., nucleotide, polypeptide, 
vector, cell, etc.). Methods of administering nucleic acids, 
polypeptides, vectors, cells, antibodies, and proteins are well 
known in the art, and further discussed below. 

0187 Use as Probes 
0188 Also contemplated are uses of polynucleotides, 
also referred to herein as oligonucleotides, typically having 
at least 12 bases, preferably at least 15, more preferably at 
least 20, 30, or 50 bases, which hybridize under at least 
highly stringent (or ultra-high Stringent or ultra-ultra-high 
stringent conditions) to a modified p40 or modified p35 
polynucleotide sequence of the invention described herein. 
The polynucleotides may be used as probes, primers, sense 
and antisense agents, and the like, according to methods as 
noted Supra. 

Sequence Variations 

0189 Silent Variations 
0190. It will be appreciated by those skilled in the art that 
due to the degeneracy of the genetic code, a multitude of 
nucleic acids sequences encoding polypeptides of the inven 
tion may be produced, some which may bear minimal 
sequence homology to the nucleic acid sequences explicitly 
disclosed herein. 

TABLE 4 

Codon Table 

Amino acids Codon 

Alanine Ala A GCA GCC GCG GCU 

Cysteine Gys C UGC UGU 

Aspartic acid Asp D GAC GAU 

Glutamic acid Glu E GAA GAG 

Phenylalanine Phe F UUC UUU 

Glycine Gly G GGA GGC GGG GGU 

Histidine His H CAC CAU 

Isoleucine Ile I AUA AUC AUU 

Lysine Lys K AAA AAG 

Leucine Leu L UUA UUG CUA, CUC CUG CUU 

Methionine Met M AUG 

Asparagine Asn. N AAC AAU 

Proline Pro P CCA CCC CCG CCU 

Glutamine Glin Q CAA CAG 

Arginine Arg R AGA AGG CGA CGC CGG CGU 

Serine Ser S AGC AGU UCA, UCC UCG UCU 

Threonine Thir T ACA ACC ACG ACU 
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TABLE 4-continued 

Codon Table 

Amino acids Codon 

Waline Wall W. GUA GUC GUG GUU 

Tryptophan Trp W UGG 

Tyrosine Tyr Y UAC UAU 

0191 For instance, inspection of the codon table (Table 
4) shows that codons AGA, AGG, CGA, CGC, CGG, and 
CGU all encode the amino acid arginine. Thus, at every 
position in the nucleic acids of the invention where an 
arginine is specified by a codon, the codon can be altered to 
any of the corresponding codons described above without 
altering the encoded polypeptide. It is understood that U in 
an RNA sequence corresponds to T in a DNA sequence. 
0.192 Using, as an example, the DNA sequence corre 
sponding to nucleotides 1-15 of SEQ ID NO:1, ATGTGT 
CACCAGCAG, an example of a silent variation of this 
sequence is ATGTGCCATCAACAA (SEQID NO:41), both 
sequences which encode the amino acid sequence MCHQQ. 
corresponding to amino acids 1-5 of SEQ ID NO:8. 
0193 Such “silent variations are one species of “con 
servatively modified variations', discussed below. One of 
skill will recognize that each codon in a nucleic acid (except 
AUG and UGC, which are ordinarily the only codons for 
methionine and tryptophan, respectively) can be modified by 
standard techniques to encode a functionally identical 
polypeptide. Accordingly, each silent variation of a nucleic 
acid which encodes a polypeptide is implicit in any 
described sequence. The invention provides each and every 
possible variation of nucleic acid sequence encoding a 
polypeptide of the invention that could be made by selecting 
combinations based on possible codon choices. These com 
binations are made in accordance with the standard triplet 
genetic code (e.g., as set forth in Table 4) as applied to the 
nucleic acid sequence encoding a polypeptide of the inven 
tion. All such variations of every nucleic acid herein are 
specifically provided and described by consideration of the 
sequence in combination with the genetic code. 

0194 Conservative Variations 
0.195 “Conservatively modified variations” or, simply, 
“conservative variations” of a particular nucleic acid 
sequence refers to those nucleic acids which encode iden 
tical or essentially identical amino acid sequences, or, where 
the nucleic acid does not encode an amino acid sequence, to 
essentially identical sequences. One of skill will recognize 
that individual substitutions, deletions or additions which 
alter, add or delete a single amino acid or a small percentage 
of amino acids (typically less than 5%, more typically less 
than 4%, 2% or 1%) in an encoded sequence are “conser 
vatively modified variations” where the alterations result in 
a deletion of an amino acid, an addition of an amino acid, or 
a Substitution of an amino acid with a chemically similar 
amino acid. 

0196) Conservative substitution tables providing func 
tionally similar amino acids are well known in the art. Table 
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5 sets forth six groups which contain amino acids that are 
“conservative substitutions' for one another. 

TABLE 5 

Conservative Amino Acid Substitution Groups 

Group 1 Alanine Serine Threonine 
(A) (S) (T) 

Group 2 Aspartic acid Glutamic acid 
(D) (E) 

Group 3 Asparagine Glutamine 
(N) (Q) 

Group 4 Arginine Lysine 
(R) (K) 

Group 5 Isoleucine Leucine Methionine Valine 
(I) (L) (M) (V) 

Group 6 Phenylalanine Tyrosine Tryptophan 
(F) (Y) (W) 

0197) Thus, “conservatively substituted variations of a 
listed polypeptide sequence of the present invention include 
Substitutions of a small percentage, typically less than 5%, 
more typically less than 2% or 1%, of the amino acids of the 
polypeptide sequence, with a conservatively selected amino 
acid of the same conservative Substitution group. 
0198 For example, a conservatively substituted variation 
of the polypeptide identified herein as SEQ ID NO:8 will 
contain "conservative Substitutions', according to the six 
groups defined above, in up to about 16 residues (i.e., about 
5% of the amino acids) in the 325 amino acid polypeptide. 
0199. In a further example, examples of conservatively 
Substituted variations of the region corresponding to amino 
acids 23-47 of SEQ ID NO:8, 
0200 IWELK KDVYV VELDW YPNAP GETVV 
include: 

0201 IWDLK RDVYV IELDW FPNAP GETLV (SEQ 
ID NO:42) and 
0202) VWEIK KDMYV VELEW YPNAP GETVIO 
(SEQ ID NO:43), and the like, 
0203 in accordance with the exemplary conservative 
substitutions listed in Table 5 (in the above example, con 
servative Substitutions are underlined). Listing of a polypep 
tide sequence herein, in conjunction with the above Substi 
tution table, provides an express listing of all conservatively 
Substituted polypeptides. 
0204 Finally, the addition of sequences which do not 
alter the encoded activity of a nucleic acid molecule. Such as 
the addition of a non-functional sequence, is a conservative 
variation of the basic nucleic acid. 

0205 One of ordinary skill will appreciate that many 
conservative variations of the nucleic acid constructs which 
are disclosed yield a functionally identical construct. For 
example, as discussed above, owing to the degeneracy of the 
genetic code, “silent Substitutions” (i.e., Substitutions in a 
nucleic acid sequence which do not result in an alteration in 
an encoded polypeptide) are an implied feature of every 
nucleic acid sequence which encodes an amino acid. Simi 
larly, "conservative amino acid Substitutions.” in one or a 
few amino acids in an amino acid sequence are substituted 
with different amino acids with highly similar properties, are 
also readily identified as being highly similar to a disclosed 
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construct. Such conservative variations of each disclosed 
sequence are a feature of the present invention. 

0206 Nucleic Acid Hybridization 

0207. Nucleic acids “hybridize” when they associate, 
typically in solution. Nucleic acids hybridize due to a variety 
of well characterized physico-chemical forces, such as 
hydrogen bonding, solvent exclusion, base stacking and the 
like. An extensive guide to the hybridization of nucleic acids 
is found in Tijssen (1993) Laboratory Techniques in Bio 
chemistry and Molecular Biology—Hybridization with 
Nucleic Acid Probes, part I, chapter 2, "Overview of prin 
ciples of hybridization and the strategy of nucleic acid probe 
assays.” (Elsevier, N.Y.), as well as in Ausubel, supra, 
Hames and Higgins (1995) Gene Probes 1, IRL Press at 
Oxford University Press, Oxford, England (Hames and 
Higgins 1) and Hames and Higgins (1995) Gene Probes 2, 
IRL Press at Oxford University Press, Oxford, England 
(Hames and Higgins 2) provide details on the synthesis, 
labeling, detection and quantification of DNA and RNA, 
including oligonucleotides. 

0208 “Stringent hybridization wash conditions' in the 
context of nucleic acid hybridization experiments, such as 
Southern and northern hybridizations, are sequence depen 
dent, and are different under different environmental param 
eters. An extensive guide to the hybridization of nucleic 
acids is found in Tijssen (1993), Supra, and in Hames and 
Higgins 1 and Hames and Higgins 2, Supra. 

0209 For purposes of the present invention, generally, 
“highly stringent hybridization and wash conditions are 
selected to be about 5° C. or less lower than the thermal 
melting point (T) for the specific sequence at a defined 
ionic strength and pH (as noted below, highly stringent 
conditions can also be referred to in comparative terms). The 
T is the temperature (under defined ionic strength and pH) 
at which 50% of the test sequence hybridizes to a perfectly 
matched probe. Very stringent conditions are selected to be 
equal to the T for a particular probe. 

0210. The T is the temperature of the nucleic acid 
duplexes indicates the temperature at which the duplex is 
50% denatured under the given conditions and its represents 
a direct measure of the stability of the nucleic acid hybrid. 
Thus, the T corresponds to the temperature corresponding 
to the midpoint in transition from helix to random coil; it 
depends on length, nucleotide composition, and ionic 
strength for long stretches of nucleotides. 

0211. After hybridization, unhybridized nucleic acid 
material can be removed by a series of washes, the strin 
gency of which can be adjusted depending upon the desired 
results. Low Stringency washing conditions (e.g., using 
higher salt and lower temperature) increase sensitivity, but 
can product nonspecific hybridization signals and high back 
ground signals. Higher stringency conditions (e.g., using 
lower salt and higher temperature that is closer to the 
hybridization temperature) lowers the background signal, 
typically with only the specific signal remaining. See Rap 
ley, R. and Walker, J. M. eds., Molecular Biomethods 
Handbook (Humana Press, Inc. 1998) (hereinafter “Rapley 
and Walker), which is incorporated herein by reference in 
its entirety for all purposes. 
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0212. The T of a DNA-DNA duplex can be estimated 
using Equation 1 as follows: 

T(C.)=81.5°C.--16.6 (logoM)+0.41 (% G+C)-0.72 
(% f)-500/n, 

0213 where M is the molarity of the monovalent cations 
(usually Na+), (% G+C) is the percentage of guanosine (G) 
and cystosine (C) nucleotides, (% f) is the percentage of 
formalize and n is the number of nucleotide bases (i.e., 
length) of the hybrid. See Rapley and Walker, supra. 

0214) The T of an RNA-DNA duplex can be estimated 
by using Equation 2 as follows: 

11.8(% G+C)?-0.56 (% f)-820/n, 
where M is the molarity of the monovalent cations (usually 
Na+), (% G+C) is the percentage of guanosine (G) and 
cystosine (C) nucleotides, (% f) is the percentage of forma 
mide and n is the number of nucleotide bases (i.e., length) 
of the hybrid. Id. 
0215 Equations 1 and 2 are typically accurate only for 
hybrid duplexes longer than about 100-200 nucleotides. Id. 
0216) The T of nucleic acid sequences shorter than 50 
nucleotides can be calculated as follows: 

0217 where A (adenine), C, T (thymine), and G are the 
numbers of the corresponding nucleotides. 
0218. An example of stringent hybridization conditions 
for hybridization of complementary nucleic acids which 
have more than 100 complementary residues on a filter in a 
Southern or northern blot is 50% formalin with 1 mg of 
heparin at 42°C., with the hybridization being carried out 
overnight. An example of stringent wash conditions is a 
0.2xSSC wash at 65° C. for 15 minutes (see Sambrook, 
supra for a description of SSC buffer). Often the high 
stringency wash is preceded by a low stringency wash to 
remove background probe signal. An example low strin 
gency wash is 2xSSC at 40° C. for 15 minutes. 
0219. In general, a signal to noise ratio of 2.5x-5x (or 
higher) than that observed for an unrelated probe in the 
particular hybridization assay indicates detection of a spe 
cific hybridization. Detection of at least stringent hybridiza 
tion between two sequences in the context of the present 
invention indicates relatively strong structural similarity or 
homology to, e.g., the nucleic acids of the present invention 
provided in the sequence listings herein. 

0220. As noted, “highly stringent” conditions are selected 
to be about 5° C. or less lower than the thermal melting point 
(T) for the specific sequence at a defined ionic strength and 
pH. Target sequences that are closely related or identical to 
the nucleotide sequence of interest (e.g., “probe') can be 
identified under highly stringency conditions. Lower Strin 
gency conditions are appropriate for sequences that are less 
complementary. See, e.g., Rapley and Walker, Supra. 
0221) Comparative hybridization can be used to identify 
nucleic acids of the invention, and this comparative hybrid 
ization method is a preferred method of distinguishing 
nucleic acids of the invention. Detection of highly stringent 
hybridization between two nucleotide sequences in the con 
text of the present invention indicates relatively strong 
structural similarity/homology to, e.g., the nucleic acids 
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provided in the sequence listing herein. Highly stringent 
hybridization between two nucleotide sequences demon 
strates a degree of similarity or homology of structure, 
nucleotide base composition, arrangement or order that is 
greater than that detected by Stringent hybridization condi 
tions. In particular, detection of highly stringent hybridiza 
tion in the context of the present invention indicates strong 
structural similarity or structural homology (e.g., nucleotide 
structure, base composition, arrangement or order) to, e.g., 
the nucleic acids provided in the sequence listings herein. 
For example, it is desirable to identify test nucleic acids 
which hybridize to the exemplar nucleic acids herein under 
stringent conditions. 

0222. Thus, one measure of stringent hybridization is the 
ability to hybridize to one of the listed nucleic acids (e.g., 
nucleic acid sequences SEQID NO:1 to SEQID NO:7 and 
SEQ ID NO:16 to SEQ ID NO:25, and complementary 
polynucleotide sequences thereof), under highly stringent 
conditions (or very stringent conditions, or ultra-high Strin 
gency hybridization conditions, or ultra-ultra high Strin 
gency hybridization conditions). Stringent hybridization (as 
well as highly stringent, ultra-high Stringency, or ultra-ultra 
high Stringency hybridization conditions) and wash condi 
tions can easily be determined empirically for any test 
nucleic acid. For example, in determining highly stringent 
hybridization and wash conditions, the hybridization and 
wash conditions are gradually increased (e.g., by increasing 
temperature, decreasing salt concentration, increasing deter 
gent concentration and/or increasing the concentration of 
organic solvents, such as formalin, in the hybridization or 
wash), until a selected set of criteria are met. For example, 
the hybridization and wash conditions are gradually 
increased until a probe comprising one or more nucleic acid 
sequences selected from SEQID NO:1 to SEQID NO:7 and 
SEQ ID NO:16 to SEQ ID NO:25, and complementary 
polynucleotide sequences thereof, binds to a perfectly 
matched complementary target (again, a nucleic acid com 
prising one or more nucleic acid sequences selected from 
SEQID NO:1 to SEQID NO:7 and SEQID NO:16 to SEQ 
ID NO:25, and complementary polynucleotide sequences 
thereof), with a signal to noise ratio that is at least about 
2.5x, and optionally about 5x or more as high as that 
observed for hybridization of the probe to an unmatched 
target. In this case, the unmatched target is a nucleic acid 
corresponding to a known p40 or p35, e.g., a p40 or p35 
nucleic acid that is present in a public database such as 
GenBank at the time of filing of the subject application. 
Examples of Such unmatched target nucleic acids include, 
e.g., p40 nucleic acids with the following GenBank acces 
sion numbers: M65272 and M65290 (human), U19841 
(Macaca mulatta, rhesus monkey), U19834 (Cercocebus 
torquatus, Sooty mangabey), Y11129 (Equus cabalus, 
horse), U83184, Y07762 and AF054607 (Felis catus, cat), 
U49100 and AF091134 (Canis familiaris, dog), U57752 and 
U10160 (Cervus elaphus, red deer), AF007576 (Capra 
hircus, goat), AF004024 (Ovis aries, sheep), U11815 (Bos 
taurus, cow), UO8317 (Sus scrofa, pig), X97019 and 
AF082494 (Marmota monax, woodchuck), AF133197 and 
U16674 (Rattus norvegicus, rat), M86671 and S82426 (Mus 
musculus, mouse), AF097507 (Cavia porcellus, guinea pig), 
and AF046211 (Mesocricetus auratus, golden hamster). 
Additional Such sequences can be identified in e.g., Gen 
Bank, by one of ordinary skill in the art. 
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0223 Examples of such unmatched target nucleic acids 
also include, e.g., p35 nucleic acids having the following 
GenBank accession numbers: M65271, M65291 (human); 
U19842 (Macaca mulatta, rhesus monkey), U19835 (Cer 
cocebus torquatus, sooty mangabey), U83185. Y07761, 
AF054605 (Felis catus, cat), U49085 (Canis familiaris, 
dog), L35765 (Sus scrofa, pig), Y11130 (Equus cabalus, 
horse), U14416 (Bos taurus, cow), U57751 (Cervus ela 
phus, red deer), AF173557 (Ovis aries, sheep), AF003542 
(Capra hircus, goat), X97018 (Marmota monax, wood 
chuck), AF 177031 (Rattus norvegicus, rat), and M86672, 
S82419 (Mus musculus, mouse). Additional Such sequences 
can be identified in public databases, e.g., GenBank, by one 
of ordinary skill in the art. 
0224. A test nucleic acid is said to specifically hybridize 
to a probe nucleic acid when it hybridizes at least /, as well 
to the probe as to the perfectly matched complementary 
target, i.e., with a signal to noise ratio at least /3 as high as 
hybridization of the probe to the target under conditions in 
which the perfectly matched probe binds to the perfectly 
matched complementary target with a signal to noise ratio 
that is at least about 2.5x-10x, typically about 5x-10x as 
high as that observed for hybridization to any of the 
unmatched p40 target nucleic acids represented by GenBank 
accession numbers M65272 and M65290 (human), U1984.1 
(Macaca mulatta, rhesus monkey), U19834 (Cercocebus 
torquatus, Sooty mangabey), Y11129 (Equus cabalus, 
horse), U83184, Y07762 and AF054607 (Felis catus, cat), 
U49100 and AF091134 (Canis familiaris, dog), U57752 and 
U10160 (Cervus elaphus, red deer), AF007576 (Capra 
hircus, goat), AF004024 (Ovis aries, sheep), U11815 (Bos 
taurus, cow), UO8317 (Sus scrofa, pig), X97019 and 
AF082494 (Marmota monax, woodchuck), AF133197 and 
U16674 (Rattus norvegicus, rat), M86671 and S82426 (Mus 
musculus, mouse), AF097507 (Cavia porcellus, guinea pig), 
and AF046211 (Mesocricetus auratus, golden hamster), or 
to any of the unmatched p35 target nucleic acids represented 
by GenBank accession numbers M65271, M65291 (human); 
U19842 (Macaca mulatta, rhesus monkey), U19835 (Cer 
cocebus torquatus, sooty mangabey), U83185. Y07761, 
AF054605 (Felis catus, cat), U49085 (Canis familiaris, 
dog), L35765 (Sus scrofa, pig), Y11130 (Equus cabalus, 
horse), U14416 (Bos taurus, cow), U57751 (Cervus ela 
phus, red deer), AF173557 (Ovis aries, sheep), AF003542 
(Capra hircus, goat), X97018 (Marmota monax, wood 
chuck), AF 177031 (Rattus norvegicus, rat), and M86672, 
S82419 (Mus musculus, mouse). 
0225 Ultra high-stringency hybridization and wash con 
ditions are those in which the stringency of hybridization 
and wash conditions are increased until the signal to noise 
ratio for binding of the probe to the perfectly matched 
complementary target nucleic acid is at least 10x as high as 
that observed for hybridization to any of the unmatched p40 
or p35 target nucleic acids described above. A target nucleic 
acid which hybridizes to a probe under such conditions, with 
a signal to noise ratio of at least /, that of the perfectly 
matched complementary target nucleic acid is said to bind to 
the probe under ultra-high Stringency conditions. 
0226 Similarly, even higher levels of stringency can be 
determined by gradually increasing the hybridization and/or 
wash conditions of the relevant hybridization assay. For 
example, those in which the stringency of hybridization and 
wash conditions are increased until the signal to noise ratio 
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for binding of the probe to the perfectly matched comple 
mentary target nucleic acid is at least 10x, 20x. 50x. 100x. 
or 500x or more as high as that observed for hybridization 
to any of the unmatched p40 or p35 target nucleic acids 
described above can be identified. A target nucleic acid 
which hybridizes to a probe under such conditions, with a 
signal to noise ratio of at least /, that of the perfectly 
matched complementary target nucleic acid is said to bind to 
the probe under ultra-ultra-high Stringency conditions. 

0227 Target nucleic acids which hybridize to the nucleic 
acids represented by SEQ ID NO:1 to SEQ ID NO:7, and 
SEQID NO:16 to SEQID NO:25 under high, ultra-high and 
ultra-ultra high Stringency conditions are a feature of the 
invention. Examples of Such nucleic acids include those 
with one or a few silent or conservative nucleic acid sub 
stitutions as compared to a given nucleic acid sequence. 

0228 Nucleic acids which do not hybridize to each other 
under stringent conditions are still Substantially identical if 
the polypeptides which they encode are substantially iden 
tical. This occurs, e.g., when a copy of a nucleic acid is 
created using the maximum codon degeneracy permitted by 
the genetic code, or when antisera or antiserum generated 
against one or more of SEQ ID NO:8 to SEQ ID NO:14, 
which has been subtracted using the polypeptides encoded 
by known p40 sequences, including, e.g., the those encoded 
by the following p40 nucleic acid sequences in GenBank: 
Accession numbers: M65272 and M65290 (human), 
U19841 (Macaca mulatta, rhesus monkey), U19834 (Cer 
cocebus torquatus, Sooty mangabey), Y11129 (Equus Cabal 
lus, horse), U83184, Y07762 and AF054607 (Felis catus, 
cat), U49 100 and AF091134 (Canis familiaris, dog), 
U57752 and U10160 (Cervus elaphus, red deer), AF007576 
(Capra hircus, goat); AF004024 (Ovis aries, sheep), 
U11815 (Bos taurus, cow), U08317 (Sus scrofa, pig), 
X97019 and AF082494 (Marmota monax, woodchuck), 
AF133197 and U16674 (Rattus norvegicus, rat), M86671 
and S82426 (Mus musculus, mouse), AF097507 (Cavia 
porcellus, guinea pig), and AF046211 (Mesocricetus aura 
tus, golden hamster), or other similar p40 sequences pre 
sented in GenBank, or when antisera generated against one 
or more of SEQ ID NO:26 to SEQ ID NO:35, which has 
been Subtracted using the polypeptides encoded by known 
p35 sequences, including, e.g., the those encoded by the 
following p35 nucleic acid sequences in GenBank: Acces 
sion numbers: M65271, M65291 (human); U19842 
(Macaca mulatta, rhesus monkey), U19835 (Cercocebus 
torquatus, sooty mangabey), U83185, Y07761, AF054605 
(Felis catus, cat), U49085 (Canis familiaris, dog), L35765 
(Sus scrofa, pig), Y11130 (Equus cabalus, horse), U14416 
(Bos taurus, cow), U57751 (Cervus elaphus, red deer), 
AF173557 (Ovis aries, sheep), AF003542 (Capra hircus, 
goat), X97018 (Marmota monax, woodchuck), AF 177031 
(Rattus norvegicus, rat), and M86672, S82419 (Mus mus 
culus, mouse), or other similar p35 sequences presented in 
GenBank. Further details on immunological identification of 
polypeptides of the invention are found below. Additionally, 
for distinguishing between duplexes with sequences of less 
than about 100 nucleotides, a TMAC1 hybridization proce 
dure known to those of ordinary skill in the art can be used. 
See, e.g., Sorg, U. et al. 1 Nucleic Acids Res. (Sep. 11, 1991) 
19(17), incorporated herein by reference in its entirety for all 
purposes. 
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0229. In one aspect, the invention provides a nucleic acid 
which comprises a unique Subsequence in a nucleic acid 
selected from SEQ ID NO:1 to SEQ ID NO:7, or SEQ ID 
NO: 16 to SEQ ID NO:25. The unique subsequence is 
unique as compared to a nucleic acid corresponding to any 
known p40 nucleic acid sequence including, e.g., the known 
sequences represented by GenBank accession numbers: 
M65272 and M65290 (human), U19841 (Macaca mulatta, 
rhesus monkey), U19834 (Cercocebus torquatus, Sooty 
mangabey), Y11129 (Equus cabalus, horse), U83 184, 
Y07762 and AF054607 (Felis catus, cat), U49100 and 
AF091134 (Canis familiaris, dog), U57752 and U10160 
(Cervus elaphus, red deer), AF007576 (Capra hircus, goat), 
AF004024 (Ovis aries, sheep), U11815 (Bos taurus, cow), 
U08317 (Sus scrofa, pig), X97019 and AF082494 (Marmota 
monax, woodchuck), AF133197 and U16674 (Rattus nor 
vegicus, rat), M86671 and S82426 (Mus musculus, mouse), 
AF097507 (Cavia porcellus, guinea pig), and AF046211 
(Mesocricetus auratus, golden hamster); or unique as com 
pared to a nucleic acid corresponding to any known p35 
nucleic acid sequence including, e.g., the known sequences 
represented by GenBank accession numbers M65271, 
M65291 (human); U19842 (Macaca mulatta, rhesus mon 
key), U19835 (Cercocebus torquatus, Sooty mangabey), 
U83185, Y07761, AF054605 (Felis catus, cat), U49085 
(Canis familiaris, dog), L35765 (Sus scrofa, pig), Y11130 
(Equus cabalus, horse), U14416 (Bos taurus, cow), U57751 
(Cervus elaphus, red deer), AF173557 (Ovis aries, sheep), 
AF003542 (Capra hircus, goat), X97018 (Marmota monax, 
woodchuck), AF 177031 (Rattus norvegicus, rat), and 
M86672, S82419 (Mus musculus, mouse). Such unique 
Subsequences can be determined by aligning any of SEQID 
NO:1 to SEQID NO:7, or SEQID NO:16 to SEQID NO:25 
against the complete set of nucleic acids corresponding to 
GenBank accession numbers of known p40 or p35 
sequences, such as those listed above or other similar p40 or 
p35 sequences presented in GenBank. Alignment can be 
performed using the BLAST algorithm set to default param 
eters. Any unique Subsequence is useful, e.g., as a probe to 
identify the nucleic acids of the invention. 

0230. Similarly, the invention includes a polypeptide 
which comprises a unique Subsequence in a polypeptide 
selected from: SEQID NO:8 to SEQID NO:14, and SEQID 
NO: 26 to SEQ ID NO:35. Here, the unique subsequence is 
unique as compared to a an amino acid Subsequence of a 
known p40 or p35 polypeptide including, e.g., an amino acid 
Subsequence of a polypeptide encoded by a known p40 or 
p35 nucleic acid corresponding to any of GenBank acces 
sion numbers listed above, or other similar p40 or p35 
nucleic acid or polypeptide sequences presented in Gen 
Bank. Here again, the polypeptide is aligned against the 
complete set of known p40 or p35 polypeptide sequences, 
Such as those polypeptides encoded by the nucleic acids 
corresponding to the GenBank accession numbers listed 
above, or other similar p40 or p35 nucleic acid or polypep 
tide sequences presented in GenBank (referred to as the 
“control peptides’: note that where the sequence corre 
sponds to a non-translated sequence Such as a pseudo gene, 
the corresponding polypeptide is generated simply by in 
silico translation of the nucleic acid sequence into an amino 
acid sequence, where the reading frame is selected to 
correspond to the reading frame of homologous p40 or p35 
nucleic acids). 
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0231. The invention also provides a target nucleic acid 
which hybridizes under at least Stringent or highly stringent 
conditions (or conditions of greater stringency) conditions to 
a unique coding oligonucleotide which encodes a unique 
subsequence in a polypeptide selected from: SEQID NO:8 
to SEQ ID NO:14, and SEQ ID NO:26 to SEQID NO:35, 
wherein the unique Subsequence is unique as compared to an 
amino acid Subsequence of a known p40 or p35 polypeptide 
sequence shown in GenBank or to a polypeptide correspond 
ing to any of the control polypeptides. Unique sequences are 
determined as noted above. 

0232. In one example, the stringent conditions are 
selected Such that a perfectly complementary oligonucle 
otide to the coding oligonucleotide hybridizes to the coding 
oligonucleotide with at least about a 2.5x-10x higher, pref 
erably at least about a 5-10x higher signal to noise ratio than 
for hybridization of the perfectly complementary oligo 
nucleotide to a control nucleic acid corresponding to any of 
the control polypeptides. Conditions can be selected Such 
that higher ratios of signal to noise are observed in the 
particular assay which is used, e.g., about 15x, 20x, 30x. 
50x or more. In this example, the target nucleic acid 
hybridizes to the unique coding oligonucleotide with at least 
a 2x higher signal to noise ratio as compared to hybridiza 
tion of the control nucleic acid to the coding oligonucleotide. 
Again, higher signal to noise ratios can be selected, e.g., 
about 2.5.x. 5x, 10x, 20x, 30x. 50x or more. The particular 
signal will depend on the label used in the relevant assay, 
e.g., a fluorescent label, a colorimetric label, a radioactive 
label, or the like. 

Substrates and Formats for Sequence Recombination 

0233. The polynucleotides of the invention are useful as 
Substrates for a variety of diversity generation, recombina 
tion and recursive sequence recombination (e.g., DNA shuf 
fling) reactions, as well as other diversity generating tech 
niques, including mutagenesis techniques and standard 
cloning methods as set forth in, e.g., Ausubel, Berger and 
Sambrook, Supra, i.e., to produce additional modified p40 
polypeptides or modified p35 polypeptides with desired 
properties. Based on the screening or selection protocols 
employed, recombinant, e.g., shuffled, modified p40 or 
modified p35 polypeptides can be generated and isolated 
that confer a variety of desirable characteristics, e.g., 
enhanced T-cell proliferative activity, enhanced interferon 
gamma inductive activity, enhanced T1 cell differentiation 
activity, reduced toxicity, reduced immunogenicity, etc. 

0234. A variety of diversity generating protocols, includ 
ing nucleic acid shuffling protocols, are available and fully 
described in the art. The procedures can be used separately, 
and/or in combination to produce one or more variants of a 
nucleic acid or set of nucleic acids, as well variants of 
encoded proteins. Individually and collectively, these pro 
cedures provide robust, widely applicable ways of generat 
ing diversified nucleic acids and sets of nucleic acids 
(including, e.g., nucleic acid libraries) useful, e.g., for the 
engineering or rapid evolution of nucleic acids, proteins, 
pathways, cells and/or organisms with new and/or improved 
characteristics. 

0235 While distinctions and classifications are made in 
the course of the ensuing discussion for clarity, it will be 
appreciated that the techniques are often not mutually exclu 
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sive. Indeed, the various methods can be used singly or in 
combination, in parallel, or in series to access diverse 
sequence variants. 
0236. The result of any of the diversity generating pro 
cedures described herein can be the generation of one or 
more nucleic acids, which can be selected or screened for 
nucleic acids that encode proteins with or which confer 
desirable properties. Following diversification by one or 
more of the methods herein, or otherwise available to one of 
skill, any nucleic acids that are produced can be selected for 
a desired activity or property, e.g., enhanced T-cell prolif 
erative activity, enhanced interferon-gamma induction activ 
ity, enhanced T1 cell differentiation activity, reduced tox 
icity, reduced immunogenicity, etc. Methods for determining 
nucleic acids having enhanced T-cell proliferative activity, 
enhanced interferon-gamma inductive activity, enhanced 
T1 cell differentiation activity, reduced toxicity, reduced 
immunogenicity, etc., include those described herein. This 
can include identifying any activity that can be detected, for 
example, in an automated or automatable format, by any of 
the assays in the art. A variety of related (or even unrelated) 
properties can be evaluated in serial or in parallel at the 
discretion of the practitioner. 
0237) The following publications describe a variety of 
diversity generating procedures, including recursive 
sequence recombination procedures (also termed simply 
“recursive recombination), and/or methods for generating 
modified nucleic acid sequences for use in the procedures 
and methods of the present invention include the following 
publications and the references cited therein: Soong, N. W. 
et al. (2000) "Molecular Breeding of Viruses.’Nature Genet 
ics 25:436-439; Stemmer, W. et al. (1999) “Molecular 
breeding of viruses for targeting and other clinical proper 
ties.” Tumor Targeting 4:1-4; Ness et al. (1999) “DNA Shuf 
fling of Subgenomic sequences of Subtilisin.” Nature Bio 
technology 17:893-896; Chang et al. (1999) “Evolution of a 
cytokine using DNA family shuffling.’Nature Biotechnol 
ogy 17:793-797; Minshull and Stemmer (1999) “Protein 
evolution by molecular breeding. Current Opinion in 
Chemical Biology 3:284-290; Christians et al. (1999) 
“Directed evolution of thymidine kinase for AZT phospho 
rylation using DNA family shuffling.” Nature Biotechnology 
17:259-264; Crameri et al. (1998) “DNA shuffling of a 
family of genes from diverse species accelerates directed 
evolution.” Nature 391:288-291; Crameri et al. (1997) 
“Molecular evolution of an arsenate detoxification pathway 
by DNA shuffling.’Nature Biotechnology 15:436-438: 
Zhang et al. (1997) “Directed evolution of an effective 
fucosidase from a galactosidase by DNA shuffling and 
screening, 'Proc. Nat'l Acad. Sci. USA 94:4504-4509: Patten 
et al. (1997) “Applications of DNA Shuffling to Pharma 
ceuticals and Vaccines,'Current Opinion in Biotechnology 
8:724-733; Crameri et al. (1996) “Construction and evolu 
tion of antibody-phage libraries by DNA shuffling. Nature 
Medicine 2:100-103: Crameri et al. (1996) “Improved green 
fluorescent protein by molecular evolution using DNA shuf 
fling.’Nature Biotechnology 14:315-319; Gates et al. (1996) 
“Affinity selective isolation of ligands from peptide libraries 
through display on a lac repressor headpiece dimer, J. 
Mol. Biol. 255:373-386; Stemmer (1996) “Sexual PCR and 
Assembly PCR. In: The Encyclopedia of Molecular Biol 
ogy, VCH Publishers, New York. pp. 447-457; Crameri and 
Stemmer (1995) “Combinatorial multiple cassette mutagen 
esis creates all the permutations of mutant and wildtype 
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cassettes. BioTechniques 18:194-195; Stemmer et al. (1995) 
"Single-step assembly of a gene and entire plasmid form 
large numbers of oligodeoxy-ribonucleotides' Gene 164:49 
53; Stemmer (1995) “The Evolution of Molecular Compu 
tation, Science 270:1510; Stemmer (1995) “Searching 
Sequence Space. Bio/Technology 13:549-553; Stemmer 
(1994) “Rapid evolution of a protein in vitro by DNA 
shuffling.” Nature 370:389-391; and Stemmer (1994) “DNA 
shuffling by random fragmentation and reassembly: In vitro 
recombination for molecular evolution, Proc. Nat'l Acad. 
Sci., USA 91:10747-10751. 

0238. Additional details regarding DNA shuffling and 
other diversity generating methods can be found in the 
following U.S. patents, PCT publications, and EP publica 
tions: U.S. Pat. No. 5,605,793 to Stemmer (Feb. 25, 1997), 
“Methods for In vitro Recombination: U.S. Pat. No. 5,811, 
238 to Stemmer et al. (Sep. 22, 1998) “Methods for Gen 
erating Polynucleotides having Desired Characteristics by 
Iterative Selection and Recombination;'''U.S. Pat. No. 5,830, 
721 to Stemmer et al. (Nov. 3, 1998), “DNA Mutagenesis by 
Random Fragmentation and Reassembly: U.S. Pat. No. 
5,834,252 to Stemmer (Nov. 10, 1998) “End-Complemen 
tary Polymerase Reaction.” U.S. Pat. No. 5,837,458 to 
Minshull (Nov. 17, 1998), “Methods and Compositions for 
Cellular and Metabolic Engineering.” WO95/22625, Stem 
mer and Crameri, "Mutagenesis by Random Fragmentation 
and Reassembly:” WO 96/33207 by Stemmer and Lips 
chutz, "End Complementary Polymerase Chain Reaction: 
WO 97/20078 by Stemmer and Crameri “Methods for 
Generating Polynucleotides having Desired Characteristics 
by Iterative Selection and Recombination:” WO 97/35966 
by Minshull and Stemmer, “Methods and Compositions for 
Cellular and Metabolic Engineering:” WO 99/41402 by 
Punnonen et al. “Targeting of Genetic Vaccine Vectors: WO 
99/41383 by Punnonen et al., “Antigen Library Immuniza 
tion:” WO99/41369 by Punnonen et al., “Genetic Vaccine 
Vector Engineering:” WO 99/41368 by Punnonen et al., 
“Optimization of Immunomodulatory Properties of Genetic 
Vaccines.” EP 752008 by Stemmer and Crameri, “DNA 
Mutagenesis by Random Fragmentation and Reassembly;' 
EP 0932670 by Stemmer “Evolving Cellular DNA Uptake 
by Recursive Sequence Recombination:” WO 99/23107 by 
Stemmer et al., “Modification of Virus Tropism and Host 
Range by Viral Genome Shuffling.” WO99/21979 by Apt et 
al., “Human Papillomavirus Vectors:” WO 98/31837 by Del 
Cardayre et al. “Evolution of Whole Cells and Organisms by 
Recursive Sequence Recombination.” WO 98/27230 by 
Patten and Stemmer, "Methods and Compositions for 
Polypeptide Engineering.” EP 0946755 by Patten and Stem 
mer, “Methods and Compositions for Polypeptide Engineer 
ing:” and WO 98/13487 by Stemmer et al., “Methods for 
Optimization of Gene Therapy by Recursive Sequence Shuf 
fling and Selection.” WO 00/00632, “Methods for Generat 
ing Highly Diverse Libraries,” WO 00/09679, “Methods for 
Obtaining in vitro Recombined Polynucleotide Sequence 
Banks and Resulting Sequences.” WO 98/42832 by Arnold 
et al., “Recombination of Polynucleotide Sequences Using 
Random or Defined Primers.” WO 99/29902 by Arnold et 
al., “Method for Creating Polynucleotide and Polypeptide 
Sequences.” WO 98/41653 by Vind, “An in vitro Method for 
Construction of a DNA Library.” WO98/41622 by Borchert 
et al., “Method for Constructing a Library Using DNA 
Shuffling,” and WO 98/.42727 by Pati and Zarling, 
“Sequence Alterations using Homologous Recombination.” 
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0239 Certain U.S. applications provide additional details 
regarding DNA shuffling and related techniques, as well as 
other diversity generating methods, including "SHUF 
FLING OF CODON ALTERED GENES” by Patten et al. 
filed Sep. 29, 1998 (U.S. Ser. No. 60/102,362), Jan. 29, 1999 
(U.S. Ser. No. 60/117,729), and Sep. 28, 1999 (U.S. Ser. No. 
09/407,800): “EVOLUTION OF WHOLE CELLS AND 
ORGANISMS BY RECURSIVE SEQUENCE RECOMBI 
NATION', by Del Cardayre et al. filed Jul. 15, 1998 (U.S. 
Ser. No. 09/166,188), and Jul. 15, 1999 (U.S. Ser. No. 
09/354,922); “OLIGONUCLEOTIDE MEDIATED 
NUCLEIC ACID RECOMBINATION” by Crameri et al., 
filed Feb. 5, 1999 (U.S. Ser. No. 60/118,813), Jun. 24, 1999 
(U.S. Ser. No. 60/141,049), and Sep. 28, 1999 (U.S. Ser. No. 
09/408,392); “USE OF CODON-BASED OLIGONUCLE 
OTIDE SYNTHESIS FOR SYNTHETIC SHUFFLING” by 
Welch et al., filed Sep. 28, 1999 (U.S. Ser. No. 09/408,393); 
“METHODS FOR MAKING CHARACTER STRINGS, 
POLYNUCLEOTIDES & POLYPEPTIDES HAVING 
DESIRED CHARACTERISTICS” by Selifonov and Stem 
mer, filed Feb. 5, 1999 (U.S. Ser. No. 60/118,854) and Oct. 
12, 1999 (U.S. Ser. No. 09/416,375); RECOMBINATION 
OF INSERTION MODIFIED NUCLEIC ACIDS by Patten 
et al., filed Mar. 5, 1999 (U.S. Ser. No. 60/122,943), Jul. 2, 
1999 (U.S. Ser. No. 60/142.299), Nov. 10, 1999 (U.S. Ser. 
No. 60/164,618), and Nov. 10, 1999 (U.S. Ser. No. 60/164, 
617); and “SINGLE-STRANDED NUCLEIC ACID TEM 
PLATE-MEDIATED RECOMBINATION AND NUCLEIC 
ACID FRAGMENT ISOLATION” by Affholter, U.S. Ser. 
No. 60/186,482 filed Mar. 2, 2000. 

0240. As a review of the foregoing publications, patents, 
published foreign applications and U.S. patent applications 
reveals, diversity generation methods, such as shuffling (or 
recursive sequence recombination) of nucleic acids to pro 
vide new nucleic acids with desired properties can be carried 
out by a number of established methods. Any of these 
methods can be adapted to the present invention to evolve 
the p40 and p35 polypeptides discussed herein to produce 
new modified p40 or modified p35 polypeptides with new or 
improved properties. Both the methods of making Such 
polypeptides and the polypeptides (e.g., modified p40 
polypeptides and modified p35 polypeptides) produced by 
these methods are a feature of the invention. In brief, several 
different general classes of sequence modification methods, 
Such as recombination, are applicable to the present inven 
tion and set forth, e.g., in the references above. First, nucleic 
acids can be recombined in vitro by any of a variety of 
techniques discussed in the references above, including e.g., 
DNAse digestion of nucleic acids to be recombined fol 
lowed by ligation and/or PCR reassembly of the nucleic 
acids. Second, nucleic acids can be recursively recombined 
in vivo or ex vivo, e.g., by allowing recombination to occur 
between nucleic acids in cells. Third, whole genome recom 
bination methods can be used in which whole genomes of 
cells or other organisms are recombined, optionally includ 
ing spiking of the genomic recombination mixtures with 
desired library components (e.g., genes corresponding to the 
pathways of the present invention). Fourth, synthetic recom 
bination methods can be used, in which oligonucleotides 
corresponding to targets of interest are synthesized and 
reassembled in PCR or ligation reactions which include 
oligonucleotides which correspond to more than one paren 
tal nucleic acid, thereby generating new recombined nucleic 
acids. Oligonucleotides can be made by standard nucleotide 
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addition methods, or can be made, e.g., by tri-nucleotide 
synthetic approaches. Fifth, in silico methods of recombi 
nation can be effected in which genetic algorithms are used 
in a computer to recombine sequence strings which corre 
spond to homologous (or even non-homologous) nucleic 
acids. The resulting recombined sequence Strings are option 
ally converted into nucleic acids by synthesis of nucleic 
acids which correspond to the recombined sequences, e.g., 
in concert with oligonucleotide synthesis/gene reassembly 
techniques. Any of the preceding general recombination 
formats can be practiced in a reiterative fashion to generate 
a more diverse set of recombinant nucleic acids. Sixth, 
methods of accessing natural diversity, e.g., by hybridization 
of diverse nucleic acids or nucleic acid fragments to single 
Stranded templates, followed by polymerization and/or liga 
tion to regenerate full-length sequences, optionally followed 
by degradation of the templates and recovery of the resulting 
modified nucleic acids can be used. above references pro 
vide these and other basic recombination formats as well as 
many modifications of these formats. Regardless of the 
format which is used, the nucleic acids of the invention can 
be recombined (with each other, or with related (or even 
unrelated) nucleic acids to produce a diverse set of recom 
binant nucleic acids, including e.g., homologous nucleic 
acids. In general, the sequence recombination techniques 
described herein provide particular advantages in that they 
provide for recombination between the nucleic acids of SEQ 
ID NO:1 to SEQ ID NO:7, or SEQ ID NO:16 to SEQ ID 
NO:25, or fragments or variants thereof, in any available 
format, thereby providing a very fast way of exploring the 
manner in which different combinations of sequences can 
affect a desired result. 

0241. Following recombination, any nucleic acids which 
are produced can be screened or selected for a desired 
activity. In the context of the present invention, this can 
include testing for and identifying any activity that can be 
detected, e.g., in an automatable format, by any assay known 
in the art. In addition, useful properties such as low immu 
nogenicity, increased half-life, improved solubility, oral 
availability, or the like can also be selected for. A variety of 
p40 and/or p35 related (or even unrelated) properties can be 
assayed for, using any available assay. 
0242 DNA mutagenesis and recursive recombination 
provide a robust, widely applicable, means of generating 
diversity useful for the engineering of proteins, pathways, 
cells and organisms with improved characteristics. In addi 
tion to the basic formats described above, it is sometimes 
desirable to combine shuffling methodologies with other 
techniques for generating diversity. In conjunction with (or 
separately from) shuffling methods, a variety of diversity 
generation methods can be practiced and the results (i.e., 
diverse populations of nucleic acids) screened for in the 
systems of the invention. Additional diversity can be intro 
duced by methods which result in the alteration of individual 
nucleotides or groups of contiguous or non-contiguous 
nucleotides, i.e., mutagenesis methods. Many mutagenesis 
methods are found in the above-cited references; additional 
details regarding mutagenesis methods can be found in the 
references listed below. 

0243 Mutagenesis methods of generating diversity 
include, for example, recombination (PCT/US98/05223: 
Publ. No. WO98/.42727); site-directed mutagenesis (Ling et 
al. (1997) “Approaches to DNA mutagenesis: an overview, 
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Anal. Biochem. 254(2): 157-178; Dale et al. (1996) “Oli 
gonucleotide-directed random mutagenesis using the phos 
phorothioate method.” Methods Mol. Biol. 57:369-374; 
Smith (1985) “In vitro mutagenesis.” Ann. Rev. Genet. 
19:423-462: Botstein & Shortle (1985) “Strategies and 
applications of in vitro mutagenesis. Science 229:1193– 
1201; Carter (1986) “Site-directed mutagenesis.” Biochem. 
J. 237:1-7: and Kunkel (1987) “The efficiency of oligonucle 
otide directed mutagenesis,” in Nucleic Acids & Molecular 
Biology (Eckstein, F. and Lilley, D. M. J. eds., Springer 
Verlag, Berlin)); mutagenesis using uracil containing tem 
plates (Kunkel (1985) “Rapid and efficient site-specific 
mutagenesis without phenotypic selection. Proc. Natl 
Acad. Sci. USA 82:488-492: Kunkel et al. (1987) “Rapid and 
efficient site-specific mutagenesis without phenotypic selec 
tion. Methods in Enzymol. 154, 367-382; and Bass et al. 
(1988) “Mutant Trp repressors with new DNA-binding 
specificities. Science 242:240-245); oligonucleotide-di 
rected mutagenesis (Methods in Enzymol. 100:468-500 
(1983); Methods in Enzymol. 154:329-350 (1987); Zoller & 
Smith (1982) “Oligonucleotide-directed mutagenesis using 
M13-derived vectors: an efficient and general procedure for 
the production of point mutations in any DNA fragment.” 
Nucleic Acids Res. 10:6487-6500; Zoller & Smith (1983) 
“Oligonucleotide-directed mutagenesis of DNA fragments 
cloned into M13 vectors. Methods in Enzymol. 100:468 
500; and Zoller & Smith (1987) “Oligonucleotide-directed 
mutagenesis: a simple method using two oligonucleotide 
primers and a single-stranded DNA template. Methods in 
Enzymol. 154:329-350); phosphorothioate-modified DNA 
mutagenesis (Taylor et al. (1985) “The use of phospho 
rothioate-modified DNA in restriction enzyme reactions to 
prepare nicked DNA. Nucl. Acids Res. 13:8749-8764; Tay 
lor et al. (1985) “The rapid generation of oligonucleotide 
directed mutations at high frequency using phosphorothio 
ate-modified DNA.'Nucl. Acids Res. 13:8765-8787 (1985); 
Nakamaye & Eckstein (1986) “Inhibition of restriction 
endonuclease Nici I cleavage by phosphorothioate groups 
and its application to oligonucleotide-directed mutagenesis, 
Nucl. Acids Res. 14:9679–9698; Sayers et al. (1988) “Y-T 
Exonucleases in phosphorothioate-based oligonucleotide 
directed mutagenesis. Nucl. Acids Res. 16:791-802; and 
Sayers et al. (1988) "Strand specific cleavage of phospho 
rothioate-containing DNA by reaction with restriction endo 
nucleases in the presence of ethidium bromide. Nucl. Acids 
Res. 16:803-814); mutagenesis using gapped duplex DNA 
(Kramer et al. (1984) “The gapped duplex DNA approach to 
oligonucleotide-directed mutation construction, Nucl. Acids 
Res. 12:9441-9456; Kramer & Fritz (1987) “Oligonucle 
otide-directed construction of mutations via gapped duplex 
DNA.'Methods in Enzymol. 154:350-367; Kramer et al. 
(1988) “Improved enzymatic in vitro reactions in the gapped 
duplex DNA approach to oligonucleotide-directed construc 
tion of mutations. Nucl. Acids Res. 16:7207; and Fritz et al. 
(1988) “Oligonucleotide-directed construction of mutations: 
a gapped duplex DNA procedure without enzymatic reac 
tions in vitro.'Nucl. Acids Res. 16:6987-6999). 
0244. Additional suitable methods include point mis 
match repair (Kramer et al. (1984) “Point Mismatch Repair, 
'Cell 38:879-887), mutagenesis using repair-deficient host 
strains (Carter et al. (1985) “Improved oligonucleotide site 
directed mutagenesis using M13 vectors. Nucl. Acids Res. 
13:4431-4443; and Carter (1987) “Improved oligonucle 
otide-directed mutagenesis using M13 vectors. Methods in 
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Enzymol. 154:382-403), deletion mutagenesis (Eghtedarza 
deh & Henikoff (1986) “Use of oligonucleotides to generate 
large deletions. Nucl. Acids Res. 14:5115), restriction-selec 
tion and restriction-selection and restriction-purification 
(Wells et al. (1986) “Importance of hydrogen-bond forma 
tion in stabilizing the transition state of subtilisin, Phil. 
Trans. R. Soc. Lond. A 317:415-423), mutagenesis by total 
gene synthesis (Nambiar et al. (1984) “Total synthesis and 
cloning of a gene coding for the ribonuclease S protein, 
'Science 223:1299-1301: Sakamar and Khorana (1988) 
“Total synthesis and expression of a gene for the a-subunit 
of bovine rod outer segment guanine nucleotide-binding 
protein (transducing). Nucl. Acids Res. 14:6361-6372: 
Wells et al. (1985) “Cassette mutagenesis: an efficient 
method for generation of multiple mutations at defined 
sites.” Gene 34:315-323; and Grundström et al. (1985) 
“Oligonucleotide-directed mutagenesis by microscale shot 
gun gene synthesis. Nucl. Acids Res. 13:3305-3316), 
double-strand break repair (Mandecki (1986) “Oligonucle 
otide-directed double-strand break repair in plasmids of 
Escherichia coli: a method for site-specific mutagenesis, 
Proc. Nat'l Acad. Sci. USA, 83:7177-7181). Additional 

details on many of the above methods can be found in 
Methods Enzymol., Vol. 154, which also describes useful 
controls for trouble-shooting problems with various 
mutagenesis methods. 
0245 Random or semi-random mutagenesis using doped 
or degenerate oligonucleotides (Arkin and YouVan (1992) 
"Optimizing nucleotide mixtures to encode specific subsets 
of amino acids for semi-random mutagenesis,Biotechnol 
ogy 10:297-300; Reidhaar-Olson et al. (1991) “Random 
mutagenesis of protein sequences using oligonucleotide 
cassettes. Methods in Enzymol. 208:564-86; Lim and Sauer 
(1991) “The role of internal packing interactions in deter 
mining the structure and stability of a protein.J. Mol. Biol. 
219:359-76; Breyer and Sauer (1989) “Mutational analysis 
of the fine specificity of binding of monoclonal antibody 51F 
to lambda repressor.”J. Biol. Chem. 264:13355-60): “Walk 
Through Mutagenesis” (Crea, R.; U.S. Pat. Nos. 5,830,650 
and 5.798,208, and EP Patent 0527809 B1) may also be 
employed to generate diversity. 
0246. In one aspect of the present invention, error-prone 
PCR can be used to generate nucleic acid variants. Using 
this technique, PCR is performed under conditions where 
the copying fidelity of the DNA polymerase is low, such that 
a high rate of point mutations is obtained along the entire 
length of the PCR product. Examples of such techniques are 
found in the references above and, e.g., in Leung et al. 
(1989) Technique 1:11-15 and Caldwell et al. (1992) PCR 
Methods Applic. 2:28-33. Similarly, assembly PCR can be 
used, in a process which involves the assembly of a PCR 
product from a mixture of small DNA fragments. A large 
number of different PCR reactions can occur in parallel in 
the same vial, with the products of one reaction priming the 
products of another reaction. Sexual PCR mutagenesis can 
be used in which homologous recombination occurs 
between DNA molecules of different but related DNA 
sequence in vitro, by random fragmentation of the DNA 
molecule based on sequence homology, followed by fixation 
of the crossover by primer extension in a PCR reaction. This 
process is described in the references above, e.g., in Stem 
mer (1994) Proc. Nat'l Acad. Sci. USA 91: 10747-10751. 
Recursive ensemble mutagenesis can be used in which an 
algorithm for protein mutagenesis is used to produce diverse 
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populations of phenotypically related mutants whose mem 
bers differ in amino acid sequence. This method uses a 
feedback mechanism to control Successive rounds of com 
binatorial cassette mutagenesis. Examples of this approach 
are found in Arkin & Youvan (1992) Proc. Nat 'l Acad. Sci. 
USA 89:7811-7815. 

0247 As noted, oligonucleotide directed mutagenesis 
can be used in a process which allows for the generation of 
site-specific mutations in any nucleic acid sequence of 
interest. Examples of Such techniques are found in the 
references above and, e.g., in Reidhaar-Olson et al. (1988) 
Science, 241:53-57. Similarly, cassette mutagenesis can be 
used in a process which replaces a small region of a double 
stranded DNA molecule with a synthetic oligonucleotide 
cassette that differs from the native sequence. The oligo 
nucleotide can contain, e.g., completely and/or partially 
randomized native sequence(s). 

0248. In vivo (or ex vivo) mutagenesis can be used in a 
process of generating random mutations in any cloned DNA 
of interest which involves the propagation of the DNA, e.g., 
in a strain of E. coli that carries mutations in one or more of 
the DNA repair pathways. These “mutator' strains have a 
higher random mutation rate than that of a wild-type parent. 
Propagating the DNA in one of these strains will eventually 
generate random mutations within the DNA. 

0249 Exponential ensemble mutagenesis can be used for 
generating combinatorial libraries with a high percentage of 
unique and functional mutants, where Small groups of resi 
dues are randomized in parallel to identify, at each altered 
position, amino acids which lead to functional proteins. 
Examples of Such procedures are found in Delegrave & 
Youvan (1993) Biotechnology Research 11:1548-1552. 
Similarly, random and site-directed mutagenesis can be 
used. Examples of Such procedures are found in Arnold 
(1993) Current Opinion in Biotechnology 4:450-455. 

0250) Kits for mutagenesis, library construction, and 
other diversity generation methods are also commercially 
available. For example, kits are available from, e.g., Strat 
agene (e.g., QuickChangeTM site-directed mutagenesis kit; 
and ChameleonTM double-stranded, site-directed mutagen 
esis kit), Bio/Can Scientific, Bio-Rad (e.g., using the Kunkel 
method described above), Boehringer Mannheim Corp., 
Clontech Laboratories, DNA Technologies, Epicentre Tech 
nologies (e.g., 5 prime 3 prime kit); Genpak Inc, Lemargo 
Inc, Life Technologies (Gibco BRL), New England Biolabs, 
Pharmacia Biotech, Promega Corp., Quantum Biotechnolo 
gies, Amersham International plc (e.g., using the Eckstein 
method above), and Anglian Biotechnology Ltd (e.g., using 
the Carter/Winter method above). 
0251 Any of the described shuffling or mutagenesis 
techniques can be used in conjunction with procedures 
which introduce additional diversity into a genome, e.g., a 
bacterial, fungal, animal or plant genome. For example, in 
addition to the methods above, techniques have been pro 
posed which produce chimeric nucleic acid multimers Suit 
able for transformation into a variety of species (see, e.g., 
Schellenberger U.S. Pat. No. 5,756,316 and the references 
above). When such chimeric multimers consist of genes that 
are divergent with respect to one another (e.g., derived from 
natural diversity or through application of site directed 
mutagenesis, error prone PCR, passage through mutagenic 
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bacterial Strains, and the like), are transformed into a Suit 
able host, this provides a source of nucleic acid diversity for 
DNA diversification. 

0252 Chimeric multimers transformed into host species 
are suitable as substrates for in vivo (or ex vivo) shuffling 
protocols. Alternatively, a multiplicity of polynucleotides 
sharing regions of partial sequence similarity or homology 
can be transformed into a host species and recombined in 
vivo (or ex vivo) by the host cell. Subsequent rounds of cell 
division can be used to generate libraries, members of 
which, comprise a single, homogenous population of mono 
meric or pooled nucleic acid. Alternatively, the monomeric 
nucleic acid can be recovered by standard techniques and 
recursively recombined in any of the described shuffling 
formats. 

0253 Chain termination methods of diversity generation 
have also been proposed (see, e.g., U.S. Pat. No. 5,965,408 
and the references above). In this approach, double stranded 
DNAS corresponding to one or more genes sharing regions 
of sequence similarity or homology are combined and 
denature, in the presence or absence of primers specific for 
the gene. The single stranded polynucleotides are then 
annealed and incubated in the presence of a polymerase and 
a chain terminating reagent (e.g., ultraViolet, gamma or 
X-ray irradiation; ethidium bromide or other intercalators: 
DNA binding proteins, such as single Strand binding pro 
teins, transcription activating factors, or histones; polycyclic 
aromatic hydrocarbons; trivalent chromium or a trivalent 
chromium salt; or abbreviated polymerization mediated by 
rapid thermocycling; and the like), resulting in the produc 
tion of partial duplex molecules. The partial duplex mol 
ecules, e.g., containing partially extended chains, are then 
denatured and reannealed in Subsequent rounds of replica 
tion or partial replication resulting in polynucleotides which 
share varying degrees of sequence similarity or homology 
and which are chimeric with respect to the starting popula 
tion of DNA molecules. Optionally, the products or partial 
pools of the products can be amplified at one or more stages 
in the process. Polynucleotides produced by a chain termi 
nation method, such as described above are suitable sub 
strates for diversity generation methods (e.g., RSR, DNA 
shuffling) according to any of the described formats. 

0254 Diversity can be further increased by using meth 
ods which are not homology based with DNA shuffling 
(which, as set forth in the above publications and applica 
tions can be homology or non-homology based, depending 
on the precise format). For example, incremental truncation 
for the creation of hybrid enzymes (ITCHY) described in 
Ostermeier et al. (1999) “A combinatorial approach to 
hybrid enzymes independent of DNA homology. Nature 
Biotechnol. 17:1205, can be used to generate an initial 
recombinant library which serves as a substrate for one or 
more rounds of in vitro, ex vivo, or in vivo diversity 
generation methods (e.g., RSR or shuffling methods). 
0255 Methods for generating multispecies expression 
libraries have been described (e.g., U.S. Pat. Nos. 5,783,431; 
5,824,485 and the references above) and their use to identify 
protein activities of interest has been proposed (U.S. Pat. 
No. 5,958,672 and the references above). Multispecies 
expression libraries are, in general, libraries comprising 
cDNA or genomic sequences from a plurality of species or 
strains, operably linked to appropriate regulatory sequences, 



US 2006/0264615 A1 

in an expression cassette. The cDNA and/or genomic 
sequences are optionally randomly concatenated to further 
enhance diversity. The vector can be a shuttle vector suitable 
for transformation and expression in more than one species 
of host organism, e.g., bacterial species, eukaryotic cells. In 
Some cases, the library is biased by preselecting sequences 
which encode a protein of interest, or which hybridize to a 
nucleic acid of interest. Any such libraries can be provided 
as substrates for any of the methods herein described. 
0256 In some applications, it is desirable to preselect or 
prescreen libraries (e.g., an amplified library, a genomic 
library, a cDNA library, a normalized library, etc.) or other 
Substrate nucleic acids prior to shuffling, or to otherwise bias 
the Substrates towards nucleic acids that encode functional 
products (shuffling procedures can also, independently have 
these effects). For example, in the case of antibody engi 
neering, it is possible to bias the shuffling process toward 
antibodies with functional antigen binding sites by taking 
advantage of in vivo (or ex vivo or in vitro) recombination 
events prior to diversity generation (e.g., DNA shuffling) by 
any described method. For example, recombined CDRs 
derived from B cell clNA libraries can be amplified and 
assembled into framework regions (e.g., Jirholt et al. (1998) 
"Exploiting sequence space: shuffling in vivo formed 
complementarity determining regions into a master frame 
work.’ Gene 215:471) prior to diversity generation (e.g., 
DNA shuffling) according to any of the methods described 
herein. 

0257 Libraries can be biased towards nucleic acids 
which encode proteins with desirable activities (e.g., binding 
affinities, enzymatic activities, proliferative activities, cell 
differentiation activities, ability to induce an immune 
response, adjuvant properties, etc.). For example, after iden 
tifying a clone from a library which exhibits a specified 
activity, the clone can be mutagenized using any known 
method for introducing DNA alterations, including, but not 
restricted to, DNA shuffling or another form of recursive 
sequence recombination or diversity generation. A library 
comprising the mutagenized clones is then screened for a 
desired activity, which can be the same as or different from 
the initially specified activity. An example of Such a proce 
dure is proposed in U.S. Pat. No. 5,939,250. Desired activi 
ties can be identified by any method known in the art. For 
example, WO 99/10539 proposes that gene libraries can be 
screened by combining extracts from the gene library with 
components obtained from metabolically rich cells and 
identifying combinations which exhibit the desired activity. 
It has also been proposed (e.g., WO 98/58085) that clones 
with desired activities can be identified by inserting bioac 
tive Substrates into samples of the library, and detecting 
bioactive fluorescence corresponding to the product of a 
desired activity using a fluorescent analyzer, e.g., a flow 
cytometry device, a CCD, a fluorometer, or a spectropho 
tOmeter. 

0258 Libraries can also be biased towards nucleic acids 
which have specified characteristics, e.g., hybridization to a 
selected nucleic acid probe. For example, application WO 
99/10539 proposes that polynucleotides encoding a desired 
activity (e.g., an enzymatic activity, for example: a lipase, an 
esterase, a protease, a glycosidase, a glycosyltransferase, a 
phosphatase, a kinase, an oxygenase, a peroxidase, a hydro 
lase, a hydratase, a nitrilase, a transaminase, an amidase or 
an acylase) can be identified from among genomic DNA 
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sequences in the following manner. Single stranded DNA 
molecules from a population of genomic DNA are hybrid 
ized to a ligand-conjugated probe. The genomic DNA can be 
derived from either a cultivated or uncultivated microorgan 
ism, or from an environmental sample. Alternatively, the 
genomic DNA can be derived from a multicellular organism, 
or a tissue derived therefrom. 

0259 Second strand synthesis can be conducted directly 
from the hybridization probe used in the capture, with or 
without prior release from the capture medium or by a wide 
variety of other strategies known in the art. Alternatively, the 
isolated single-stranded genomic DNA population can be 
fragmented without further cloning and used directly in a 
shuffling-based gene reassembly process. In one Such 
method the fragment population derived the genomic 
library(ies) is annealed with partial, or, often approximately 
full length ssDNA or RNA corresponding to the opposite 
Strand. Assembly of complex chimeric genes from this 
population is the mediated by nuclease-base removal of 
non-hybridizing fragment ends, polymerization to fill gaps 
between such fragments and Subsequent single stranded 
ligation. The parental Strand can be removed by digestion (if 
RNA or uracil-containing), magnetic separation under dena 
turing conditions (if labeled in a manner conducive to Such 
separation) and other available separation/purification meth 
ods. Alternatively, the parental strand is optionally co 
purified with the chimeric strands and removed during 
Subsequent Screening and processing steps. As set forth in 
"Single-stranded nucleic acid template-mediated recombi 
nation and nucleic acid fragment isolation” by Affholter 
(U.S. Ser. No. 60/186,482, filed Mar. 2, 2000) and WO 
98/27230, “Methods and Compositions for Polypeptide 
Engineering” by Patten and Stemmer, shuffling using single 
stranded templates and nucleic acids of interest which bind 
to a portion of the template can also be performed. 
0260. In one approach, single-stranded molecules are 
converted to double-stranded DNA (dsDNA) and the 
dsDNA molecules are bound to a solid support by ligand 
mediated binding. After separation of unbound DNA, the 
selected DNA molecules are released from the support and 
introduced into a suitable host cell to generate a library 
enriched sequences which hybridize to the probe. A library 
produced in this manner provides a desirable substrate for 
any of the shuffling reactions described herein. 
0261 “Non-Stochastic' methods of generating nucleic 
acids and polypeptides are alleged in Short, J. “Non-Sto 
chastic Generation of Genetic Vaccines and Enzymes. WO 
00/46344. These methods, including the proposed non 
stochastic polynucleotide reassembly and gene site satura 
tion mutagenesis and synthetic ligation polynucleotide reas 
sembly methods outlined therein, can be applied to the 
present invention as well. 
0262. It will readily be appreciated that any of the above 
described techniques suitable for enriching a library prior to 
diversification can also be used to Screen the products, or 
libraries of products, produced by the diversity generating 
methods. 

0263. A recombinant nucleic acid produced by recur 
sively recombining one or more polynucleotides of the 
invention with one or more additional nucleic acids also 
forms a part of the invention. The one or more additional 
nucleic acids may include another polynucleotide of the 
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invention; optionally, alternatively, or in addition, the one or 
more additional nucleic acids can include, e.g., a nucleic 
acid encoding a naturally-occurring p40 polypeptide or p35 
polypeptide, or a Subsequence thereof, or any homologous 
p40 polypeptide or p35 polypeptide sequence or Subse 
quence thereof (e.g., a p40 or p35 sequence as found in 
GenBank or other available literature), or, e.g., any other 
homologous or non-homologous nucleic acid (certain 
recombination formats noted above, notably those per 
formed synthetically or in silico, do not require homology 
for recombination). 

0264. The recombining steps may be performed in vivo, 
ex vivo, in vitro, in planta, or in silico as described in more 
detail in the references above. Also included in the invention 
is a cell containing any resulting recombinant nucleic acid, 
nucleic acid libraries produced by diversity generation, 
recombination, or recursive sequence recombination of the 
nucleic acids set forth herein, and populations of cells, 
vectors, viruses, plasmids or the like comprising the library 
or comprising any recombinant nucleic acid resulting from 
diversity generation or recombination (or recursive 
sequence recombination) of a nucleic acid as set forth herein 
with another Such nucleic acid, or an additional nucleic acid. 
Corresponding sequence strings in a database present in a 
computer system or computer readable medium are a feature 
of the invention. 

Other Polynucleotide Compositions 

0265. The invention also includes compositions compris 
ing two or more polynucleotides of the invention (e.g., as 
Substrates for recombination). The composition can com 
prise a library of recombinant nucleic acids, where the 
library contains at least 2, 3, 5, 10, 20, or 50 or more nucleic 
acids. The nucleic acids are optionally cloned into expres 
sion vectors, providing expression libraries. 

0266 The invention also includes compositions produced 
by digesting one or more polynucleotide of the invention 
with a restriction endonuclease, an RNAse, or a DNAse 
(e.g., as is performed in certain of the recombination formats 
noted above); and compositions produced by fragmenting or 
shearing one or more polynucleotide of the invention by 
radiation, chemical, or mechanical means (e.g., Sonication, 
Vortexing, and the like), which can also be used to provide 
substrates for recombination in the methods above. Simi 
larly, compositions comprising sets of oligonucleotides cor 
responding to more than one nucleic acid of the invention 
are useful as recombination Substrates and are a feature of 
the invention. For convenience, these fragmented, sheared, 
or oligonucleotide synthesized mixtures are referred to as 
fragmented nucleic acid sets. 

0267 Also included in the invention are compositions 
produced by incubating one or more of the fragmented 
nucleic acid sets in the presence of ribonucleotide- or 
deoxyribonucelotide triphosphates and a nucleic acid poly 
merase. This resulting composition forms a recombination 
mixture for many of the recombination formats noted above. 
The nucleic acid polymerase may be an RNA polymerase, a 
DNA polymerase, or an RNA-directed DNA polymerase 
(e.g., a “reverse transcriptase'); the polymerase can be, e.g., 
a thermostable DNA polymerase (such as, VENT, TAO, or 
the like). 
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Polypeptides of the Invention 
0268. The invention provides isolated or recombinant 
polypeptides, collectively referred to herein as “modified 
cytokine polypeptides.'"modified p35 polypeptides.”. 
“modified p40 polypeptides,” or simply “polypeptides of the 
invention.” 

0269 Modified p40 Polypeptides 
0270. An isolated or recombinant modified p40 polypep 
tide of the invention includes a polypeptide comprising a 
mature polypeptide region of a sequence selected from SEQ 
ID NO:8 to SEQ ID NO: 14, conservatively modified 
variations thereof, and fragments thereof having prolifera 
tive activity or interferon-gamma induction activity in a 
T-cell based assay (such as, e.g., a human T-cell based 
assay), in the presence of a p35 polypeptide (such as, e.g., 
a wt-p35 polypeptide or a modified p35 polypeptide). An 
alignment of exemplary modified p40 polypeptide 
sequences according to the invention is provided in FIG. 1. 
Alignment of the polypeptide sequences of the invention to 
each other or to sequences of known or naturally-occurring 
p40 polypeptides is readily performed by one of ordinary 
skill in the art using publicly available databases and align 
ment programs. Sequences of known, naturally-occurring 
p40 polypeptides from human and non-human Sources are 
readily available from a variety of sources, such as GenBank 
or SWISSPROT. 

0271 The modified p40 polypeptide of the invention 
comprises at least one modification at a position equivalent 
to that in the amino acid sequence of a human p40 polypep 
tide (SEQ ID NO:15). The modification can include: 
0272 (a) a substitution of the specified amino acid for a 
different amino acid at one or more equivalent position 
selected from Leu62, Ser71, GlnT8. His 99, Thr127, Arg130, 
Lys185, Glu186, Tyr187, Glu188, Ser190, Asp196, Met211, 
Val289, Ser305, Ser307, Arg309, and Gln211; 
0273 (b) a deletion of one or more of equivalent amino 
acids Arg181 to Asn184 inclusive, or a substitution of said 
equivalent amino acids for one or more of the amino acids 
Ser-(Leu or Met)-(Glu or Asp)-His-Arg; and 
0274 (c) a deletion of one or more of equivalent amino 
acids Asp287 and Arg288. 
0275 A modified p40 polypeptide of the invention can 
optionally contain at least two of modifications (a), (b) or 
(c). For purposes of clarity, the numbering of amino acid 
positions corresponds to that of a human p40 (SEQ ID 
NO:15); however, it is understood that such modification 
may be made in an equivalent position of any p40 polypep 
tide. 

0276 An “equivalent position', or a "position equivalent 
to', refers to a position related by sequence homology to a 
specified position of the comparison sequence (in this 
example, SEQID NO:15). For example, in FIG. 1 the amino 
acid sequence of a human p40 (SEQ ID NO:15) and exem 
plary modified p40 polypeptide sequences of the invention 
(SEQ ID NO:8 to SEQID NO:14) are aligned to provide the 
maximum amount of homology between the sequences. A 
comparison of these sequences shows that there are a 
number of conserved residues contained in each sequence. 
As can be seen, there are also a number of insertions and 
deletions in the exemplary modified p40 sequences as com 
pared to the human p40 sequence. 
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0277 Thus, for example, inspection of FIG. 1 shows that 
the amino acid position equivalent to amino acid 185 in the 
human p40 sequence SEQ ID NO:15 (i.e., the equivalent 
position to amino acid 185), is 181 in the modified p40 
polypeptide sequence SEQ ID NO:8, owing to the deletion 
of Arg-Gly-Asp-Asn at position 181 to 184 inclusive, and is 
186 in the modified p40 polypeptide sequence SEQ ID 
NO:9, owing to the substitution of Arg-Gly-Asp-Asn for the 
amino acids Ser-(Leu or Met)-(Glu or Asp)-His-Arg at that 
same position. Likewise, the amino acid position equivalent 
to amino acid 289 in the human p40 sequence (SEQ ID 
NO:15) is 285 in the modified p40 sequence SEQID NO:8, 
and is 288 in the modified p40 sequence SEQ ID NO:9, 
owing to a deletion of amino acids Asp-Arg at equivalent 
positions 287 and 288 of SEQ ID NO:15. 
0278 In one embodiment, a modified p40 polypeptide of 
the invention comprises at least one Substitution at a position 
equivalent to that of the amino acid sequence of human p40 
polypeptide (SEQ ID NO:15), selected from the group 
consisting of: Leu62Ser; Ser71Thr, GlnT8His; His99(Arg or 
Gln); Thr127(Ser or Ile); Arg130Lys: Lys185Glu: 
Glu186Tyr; Tyr187(Lys or Asn); Glu188Lys: Ser190(Arg or 
Thr); Asp196Gly; Met211 Val; Val289(Ile or Leu); 
Ser305Lys; Ser307 Arg: Arg,309Gln; and Gln211 Arg. In 
other embodiments, a modified p40 polypeptide comprises 
at least 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, or 17 
of the above substitutions. In another embodiment, a modi 
fied p40 polypeptide of the invention comprises all of the 
above Substitutions. 

0279 A modified p40 polypeptide of the invention 
optionally further comprises at least one of the following 
substitutions in an position equivalent to that of SEQ ID 
NO:15: Cys2His; His3Pro; Ile8Val; Phel5Leu; Val21Met: 
Lys27Glu: Asp29ASn; Asp40Asn; Met45Thr; Thr49Ala: 
Gluó7Gly, His91Arg: Glu%5(Ala or Thr), Val96Ala: 
Glu122Lys; Asn125Ala; Asn135Asp; Arg139His: 
Thr147Ala: Thr153Lys: Ser155Thr: Ser163Thr: 
Gln166(Arg or His), Alal 72Thr; Alal 73Val; Thr174Leu: 
Alal 77Glu: Glu178Asp; Arg179Leu; Val180Gly: 
Ala201Ser; Val212Leu: Asp213Glu; Val215Ile: Ser226Arg: 
Lys244Arg: Gln251 His; Val254Ile: Ser255ASn; Glu257Gly: 
Thr264(Ala or Ile); Thr272Met: Cys274Gly; Val275Ile: 
Lys280Arg: Ser281Asn; Lys285Asp; Lys286Arg; 
Phe290Ser; Thr291 (Met or Val); Lys293Gln: Thr297Lys: 
Ile299(Thr or Val); Arg301 His; ASn303 Asp; Ser318Phe: 
Glu321Asp; Pro326Ser: Cys327Leu; and Ser328(Gly or 
Gln). 
0280 The modified p40 polypeptide sequence may be a 
modification of a naturally-occurring p40 polypeptide 
sequence of a mammal (e.g., human, a non-human primate, 
a ruminant, or a rodent), preferably a primate, more prefer 
ably human. The naturally-occurring p40 polypeptide 
sequence may be one encoded by one of the following 
nucleic acid sequences having GenBank accession number: 
M65272, M65290 (human); U19841 (Macaca mulatta, 
rhesus monkey); U19834 (Cercocebus torquatus, sooty 
mangabey); Y11129 (Equus cabalus, horse); U83 184, 
Y07762, AF054607 (Felis catus, cat); U49100, AF091134 
(Canis familiaris, dog); U57752, U10160 (Cervus elaphus, 
red deer); AF007576 (Capra hircus, goat); AF004024 (Ovis 
aries, sheep); U11815 (Bos taurus, cow); UO8317 (Sus 
scrofa, pig); X97019, AF082494 (Marmota monax, wood 
chuck): AF 133197, U16674 (Rattus norvegicus, rat); 
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M86671, S82426 (Mus musculus, mouse); AF097507 
(Cavia porcellus, guinea pig); and AF046211 (Mesocricetus 
auratus, golden hamster). The naturally-occurring p40 
polypeptide sequence is more preferably a primate 
sequence, still more preferably a human sequence, most 
preferably a mature human p40 sequence comprising amino 
acid residues 23 to 328 of SEQ ID NO:15. 
0281. The invention also includes an isolated or recom 
binant polypeptide comprising an amino acid sequence 
containing at least 10 contiguous amino acid residues of any 
one of SEQ ID NOS:8-14. The polypeptide typically 
includes at least one amino acid substitution, at an equiva 
lent position to that of SEQ ID NO:15, selected from: 
Leu62Ser; Ser71Thr, GlnT8His; His99(Arg or Gln): 
Thr127(Ser or Ile); Arg130Lys: Lys185Glu: Glu186Tyr; 
Tyr187(Lys or ASn); Glu188Lys; Ser190(Arg or Thr): 
Asp196Gly; Met211 Val; Val289(Ile or Leu): Ser305Lys: 
Ser307 Arg: Arg,309Gln; and Gln311 Arg. 
0282. The modified p40 polypeptide may optionally 
comprise at least one substitution selected from: Cys2His: 
His3Pro; Ile8Val; Phel5Leu; Val21Met; Lys27Glu: 
Asp29ASn; Asp40Asn; Met45Thr; Thr49Ala; Glué7Gly, 
His 91Arg: Glu95(Ala or Thr), Val96Ala; Glu122Lys: 
Asn125Ala: Asn135Asp; Arg139His; Thr147 Ala: 
Thr153Lys; Ser155Thr; Ser163Thr, Gln166(Arg or His), 
Ala 172Thr: Ala173Val; Thr174Leu: Alal 77Glu; 
Glu178Asp; Arg179Leu: Val180Gly; Ala201Ser; 
Val212Leu: Asp213Glu; Val215Ile: Ser226Arg; Lys244Arg; 
Gln251 His; Val254Ile: Ser255ASn; Glu257Gly: Thr264(Ala 
or Ile); Thr272Met: Cys274Gly; Val275Ile: Lys280Arg: 
Ser281Asn; Lys285Asp; Lys286Arg; Phe290Ser: 
Thr291 (Met or Val); Lys293Gln: Thr297Lys: Ile299(Thr or 
Val); Arg,301 His; ASn303 Asp; Ser318Phe: Glu321Asp; 
Pro326Ser: Cys327Leu; and Ser328(Gly or Gln). 
0283. In various embodiments, the polypeptide com 
prises, e.g., at least 15, at least 20, at least 30, at least 50, at 
least 75, at least 100, at least 150, at least 200, or at least 250 
contiguous amino acid residues of any one of SEQ ID 
NOS:8-14 or SEQ ID NO:39. In other embodiments, the 
encoded polypeptide is at least 270, 280, 285,290, 295,300, 
305, 307, 310, or 320 amino acids in length. In another 
embodiment, the encoded polypeptide comprises at least 
290, 300, 305, or 307 contiguous amino acid residues of the 
mature polypeptide region of any one of SEQID NOS:8-14 
or SEQ ID NO:39. 
0284 Fragments of the modified p40 polypeptides 
described herein are also a feature of the invention. A 
modified p40 polypeptide fragment of the invention typi 
cally comprises a modified p40 polypeptide comprising at 
least about 20, 25, or 30, and typically at least about 40, 50. 
60, 70, 80, 90, or 100 contiguous amino acids of any one of 
SEQ ID NOS:8-14 or SEQ ID NO:39. In other embodi 
ments, the fragment comprises usually at least about 100, 
120, 140, 160, 180, 200, 220, 240, 260, 280, 290, 295, 296, 
297, 298, 299, 300, 301, 302,303, 304, 305, 306, or 307 
contiguous amino acids of any one of SEQID NOS:8-14 or 
SEQ ID NO:39. Such polypeptide fragments may have 
proliferative activity in a human T-cell-based assay and/or 
interferon-gamma induction activity in a human T-cell based 
assay. 

0285) In other embodiments, the invention provides 
polypeptides having a length of at least about 295 amino 
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acids, and in Some Such embodiments. Such polypeptides 
have a proliferative activity or interferon-gamma induction 
activity in a T-cell based assay (Such as, e.g., a human T-cell 
based assay), in the presence of a p35 polypeptide (such as, 
e.g., a wt-p35 polypeptide or a modified p35 polypeptide). 
0286. In other embodiments, the invention provides a 
polypeptide comprising at least 280, 290, 295, or 300 
contiguous amino acid residues of a protein encoded by a 
coding polynucleotide sequence comprising any of the fol 
lowing: (a) SEQ ID NO:1 to SEQ ID NO:7; (b) a coding 
polynucleotide sequence that encodes a first polypeptide 
selected from any of SEQ ID NO:8 to SEQ ID NO:14 or 
SEQ ID NO:39; and (c) a complementary polynucleotide 
sequence that hybridizes under at least highly stringent (or 
ultra-high stringent or ultra-ultra-high Stringent conditions) 
hybridization conditions over substantially the entire length 
of a polynucleotide sequence of (a) or (b). Such polypeptides 
may have proliferative activity or interferon-gamma induc 
tion activity in a T-cell based assay (such as, e.g., a human 
T-cell based assay), in the presence of a p35 polypeptide 
(such as, e.g., a wt-p35 polypeptide or a modified p35 
polypeptide). 

0287. The polypeptides and nucleic acids of the subject 
invention need not be identical, but can be substantially 
identical to the corresponding sequence of the target mol 
ecule or related molecule, including the polypeptides of any 
of SEQ ID NOS:8-14 or SEQ ID NO:39 or fragments 
thereof (including those having T-cell proliferative or inter 
feron-gamma induction activities in the assays described 
herein), or the nucleic acids of any of SEQ ID NOS:1-7 or 
fragments thereof (including those having T-cell prolifera 
tive or interferon-gamma induction activities in the assays 
described herein). The polypeptides can be subject to vari 
ous changes, such as insertions, deletions, and Substitutions, 
either conservative or non-conservative, where such changes 
might provide for certain advantages in their use. The 
polypeptides of the invention can be modified in a number 
of ways so long as they comprise a sequence Substantially 
identical (as defined below) or having a percent identity to 
a sequence in the naturally occurring or known p40 polypep 
tide molecule. 

0288. In other embodiments, the invention provides a 
modified p40 polypeptide comprising an amino acid 
sequence having at least about 90% amino acid sequence 
identity to the sequence identified herein as the mature 
polypeptide region (amino acid residue positions 23-328) of 
SEQ ID NO:39: IWEL-X-K-X-VYVVELDWYP-X- 
APGE-Xs-VVL-X-CDTPEEDGITWT-X-DQSS-X- 
VLG-X-GKTLTI-Xs-VKEFGDAGQYTC-X-KGG 
X-X-LS-X-SLLLLHKKEDGIWSTDILKDQK-X- 
PK-Xs-K-X-FL-Xo-CEAK-Xs-YSG-Xo 
FTCWWLT-Xa-ISTDL-X-F-X-VKSSRGS-X- 
DP-X-GVTCG-X72-X7-X74-LS-X77-X78-X179 
X1so-X1st-X182-Xss-X184-Xss-X86-X187-Xss-Y-X190 
VECQE-X-SACP-Xo-AEESLPIEV-X-X-X- 
A-X-HKLKYENYTS-X-FFIRDIIKPDPPKNLQL 
X-PLKNSR-X-VE-X-X-W-X-YPDTWS 
X-PHSYFSLTF-X-X-7s-QVOG-Xso-Xs-KRE 
X2ss-X2s6-X287-X2ss-X289-F-X29-D-X29s-TSA-X297-V- 
Xoo-C-Xo-K-Xo-A-Xos-I-Xoz-V-Xoo-A-X11-DRY 
Xs-SS-X-1s-WS-X-WASV-X-X-27-X-2s, or a 
conservatively substituted variation thereof, where X, is K 
or E: X is D or N; X is D or N; Xas is Mor T. Xa is T 
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or A: X is S, X, is E or G; X, is T. X-7s is H. X is H 
or R: Xos is E, A, K, or T. X is V or A: Xoo is R or Q: X 
is E or K., X is N or A, X, is S or I; Xiao is K., Xss is 
N or D: X is R or H; X, is T or A: Xs is T or K, Xss 
is S or T. X is S or T. X is Q, R, or H; X7 is A or T. 
X, is A or V: Xza is T or L., X7, is A or E: X7 is E or 
D; X 79 is R, L, or K, Xso is V or G., Xs to Xs inclusive 
is deleted, or is replaced with the sequence S-(L or M)-(E or 
D)-H-R, Xss is E. Xse is Y; Xs, is K or N; Xss is K, Xoo 
is R or T. X is G., X is A or S: X is V: X is V or 
L., X is D or E. X-1s is V or I; X is S or R. X is K 
or R, Xs is Q or H; Xsa is V or I; Xss is S or N; Xs, is 
E or G., X is T or A, X7 is C or G, X-7s is V or I; X-so 
is K or R, Xs is S or N; Xss is K or D., Xse is K or R; 
Xs, is D or is deleted; Xss is R or is deleted; Xso is I or 
L., X is T or M: X-9 is K or Q: X-97 is T or K, Xoo is 
I, T, or V. X is R or H: Xos is N or D: Xos is K; Xo, 
is R; X-soo is Q: X is R. X is is Y or H. X-1s is S or F: X 
is E or D., X is P or S, X, is C or L; and Xs is S. G. 
or Q. In various embodiments, the modified p40 polypeptide 
comprises an amino acid sequence having at least about 
90%, 92%, 95%, 96%, 97%, 98%, or 99% amino acid 
sequence identity to the mature polypeptide region (amino 
acid residue positions 23-328) of SEQID NO:39. In another 
embodiment, the modified p40 polypeptide comprises an 
amino acid sequence identified herein as the mature 
polypeptide region (amino acid residue positions 23-328) of 
SEQ ID NO:39. 
0289. The modified p40 polypeptide may further com 
prise a leader peptide sequence having at least about 90%, 
92%, 95%, 96%, 97%, 98%, or 99% amino acid sequence 
identity to the amino acid sequence M-X-X-QQLV-Xs 
SWFSLV-Xs-LASPL-X-A, identified herein as the leader 
peptide region (amino acid residue positions 1-22) of SEQ 
ID NO:39, or a conservatively substituted variation thereof 
where X is C or H; X is H or P: X is I or V: X is For 
L; and X is V or M. 
0290. In other embodiments, the present invention pro 
vides a modified p40 polypeptide comprising a conserva 
tively modified variation of the amino acid sequence iden 
tified herein as the mature polypeptide region (amino acid 
residue positions 23-328) of SEQID NO:39, and, optionally, 
comprising a conservatively modified variation of the leader 
peptide region (amino acid residue positions 1-22) of SEQ 
ID NO:39. The invention also provides a fragment of said 
polypeptide having proliferative activity in a human T-cell 
based assay or interferon-gamma induction activity in a 
human T-cell based assay. In other embodiments, the inven 
tion includes a modified p40 polypeptide comprising the 
amino acid sequence identified herein as the mature 
polypeptide region (amino acid residue positions 23-328) of 
SEQ ID NO:39, and, optionally, comprising the leader 
peptide region (amino acid residue positions 1-22) of SEQ 
ID NO:39, and a polypeptide or a fragment of said polypep 
tide having proliferative activity or interferon-gamma induc 
tion activity in a T-cell based assay (such as, e.g., a human 
T-cell based assay), in the presence of a p35 polypeptide 
(such as, e.g., a wt-p35 polypeptide or a modified p35 
polypeptide). 

0291. The invention also provides a polypeptide com 
prising a leader peptide sequence having at least about 90% 
amino acid sequence identity to the amino acid sequence 
M-X-X-QQLV-X-SWFSLV-Xs-LASPL-X-A, identi 
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fied herein as the leader peptide region (amino acid residue 
positions 1-22) of SEQ ID NO:39, where X is C or H: X 
is H or P: X is I or V: X is For L; and X is V or M. In 
various embodiments, the leader peptide sequence encoded 
by the nucleic acid of the invention comprises an amino acid 
sequence having at least about 90%, 92%. 95%, 96%, 97%, 
98%, or 99% amino acid sequence identity to leader peptide 
region (amino acid residues 1-22) of SEQ ID NO:39. In 
other embodiments, the leader peptide sequence comprises 
the sequence identified as the leader peptide region (amino 
acid residue positions 1-22) of SEQ ID NO:39, or a con 
servatively modified variation thereof. Each of the single 
letters in the amino acid sequences presented above repre 
sents a particular amino acid residue, according to standard 
practice known to those of ordinary skill in the art. 
0292 Modified p35 Polypeptides 
0293 An isolated or recombinant modified p35 polypep 
tide of the invention includes a polypeptide comprising a 
mature polypeptide region of a sequence selected from SEQ 
ID NO:26 to SEQ ID NO:35, conservatively modified 
variations thereof, and fragments thereof having prolifera 
tive activity in a T-cell based assay or interferon-gamma 
induction activity in a T-cell based assay. An alignment of 
exemplary modified p35 polypeptide sequences according to 
the invention is provided in FIG. 11. Alignment of the 
polypeptide sequences of the invention to each other or to 
sequences of known, naturally-occurring p35 polypeptides 
is readily performed by one of ordinary skill in the art using 
publicly available databases and alignment programs. 
Sequences of known, naturally-occurring p35 polypeptides 
from human and non-human Sources are readily available 
from a variety of sources, such as GenBank or SWISSPROT. 
0294 The modified p35 polypeptide of the invention 
comprises at least one modification at a position equivalent 
to that in the amino acid sequence of a human p35 polypep 
tide (SEQ ID NO:36). The modification can include: 
0295 (a) a substitution of the specified amino acid for a 
different amino acid at least one equivalent position selected 
from Thr91, Met120, Alal 21, Val212, Thr213, and Ala218: 

0296 (b) a insertion of at least one of the amino acid 
residues Phe-His-Leu between equivalent positions Leu19 
and Ser20; 

0297 (c) a deletion of the amino acid at equivalent 
position Pro36. 
0298 The modified p35 polypeptide may optionally 
include at least two of modification (a), (b) or (c). The 
modified p35 polypeptide sequence may be a modified 
sequence of a naturally-occurring p35 polypeptide sequence 
of a mammal (e.g., human, a non-human primate, a rumi 
nant, or a rodent), preferably a primate, more preferably 
human. For purposes of clarity, the numbering of amino acid 
positions corresponds to that of a human p35 polypeptide 
sequence (SEQ ID NO:36); however, it is understood that 
Such modification may be made in an equivalent position of 
any p35 polypeptide sequence. 

0299. An “equivalent position’, or a “position equivalent 
to', refers to a position related by sequence homology to a 
specified position of the comparison sequence (in this case, 
SEQ ID NO:36). For example, in FIG. 11 the amino acid 
sequence of a human p35 polypeptide (SEQ ID NO:36) and 
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exemplary modified p35 polypeptide sequences of the 
invention (SEQID NO:26 to SEQID NO:35) are aligned to 
provide the maximum amount of homology between the 
sequences. A comparison of these sequences shows that 
there are a number of conserved residues contained in each 
sequence. As can be seen, there are also a number of 
insertions and deletions in the exemplary modified p35 
sequences as compared to the human p35 sequence. 
0300 Thus, for example, inspection of FIG. 11 shows 
that the amino acid position equivalent to amino acid 23 in 
human p35 (i.e., the “equivalent position” to amino acid 23), 
is 26 in the modified p35 polypeptide sequence SEQ ID 
NO:26 (owing to the insertion of Pro-His-Lys between 
equivalent position 19 and 20 of SEQ ID NO:36). 
0301 In one embodiment, a modified p35 polypeptide of 
the invention comprises at least one Substitution at a position 
equivalent to that of the amino acid sequence of human p35 
polypeptide (SEQ ID NO:36), selected from the group 
consisting of: Thr)1(Ala or Ile), Met120Thr, Alal 21Thr, 
Val212Met, Thr213Met, and Ala218Ser. In other embodi 
ments, a modified p35 polypeptide of the invention com 
prises at least 2, 3, 4, or 5 of the above substitutions. In 
another embodiment, a modified p35 polypeptide comprises 
all of the above substitutions. 

0302) A modified p35 polypeptide of the invention 
optionally further comprises at least one of the following 
substitutions in a position equivalent to that of SEQ ID 
NO:36: Cys2Tyr; Ala4(Leu or Pro); Ser6Gly; Val10Ile: 
Alal 1 Ser; Asp17H is: Ala22Gly: Asn24Ser; Val27Thr: 
Ala28Thr; Pro30Ala: Asp31 (Ser or Gly); Met34Arg: 
Phe35(Ser or Leu); Pro36(deleted); His39Asp; His40Tyr; 
Arg46Lys; Val48Ala; Met51 Thr; Lys34Arg: Thr58Ile: 
Pro63Ser: Ile69Thr; Lys76Gln: Lys92Thr; ASn98Ala: 
Glu101Gly; Thr102Ile; Phel04Leu: Leu124His: Ser125Gly: 
Val136Met: Thr140Ala: Asp148ASn; Alal61Thr: 
Val162Ala; Asp164Ala; Met167Leu: Phel72Val; 
Val177 Ala: Ser181Pro; Pro186Leu: Asp210Asn; and inser 
tion of one or more of 220Leu; 221Glu; 222Ser; and 223Ser. 
0303. The modified p35 polypeptide sequence may be a 
modification of a naturally-occurring p35 polypeptide 
sequence of a mammal (e.g., human, a non-human primate, 
a ruminant, or a rodent), preferably a primate, more prefer 
ably human. The naturally-occurring p35 polypeptide 
sequence may be one encoded by one of the following 
nucleic acid sequences having GenBank accession number: 
M65271, M65291 (human); U19842 (Macaca mulatta, 
rhesus monkey), U19835 (Cercocebus torquatus, sooty 
mangabey), U83185, Y07761, AF054605 (Felis catus, cat), 
U49085 (Canis familiaris, dog), L35765 (Sus scrofa, pig), 
Y11130 (Equus cabalus, horse), U14416 (Bos taurus, cow), 
U57751 (Cervus elaphus, red deer), AF173557 (Ovis aries, 
sheep), AF003542 (Capra hircus, goat), X97018 (Marmota 
monax, woodchuck), AF 177031 (Rattus norvegicus, rat), 
and M86672, S82419 (Mus musculus, mouse). The natu 
rally-occurring p35 polypeptide sequence is more preferably 
a primate sequence, still more preferably a human sequence, 
most preferably a mature human p35 sequence comprising 
amino acid residues 23 to 219 of SEQ ID NO:36. 
0304. The invention also includes an isolated or recom 
binant polypeptide comprising an amino acid sequence 
containing at least 10 contiguous amino acid residues of any 
one of SEQ ID NOS:26-35. The polypeptide typically 
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includes one or more amino acid Substitution, at an equiva 
lent position to that of SEQ ID NO:36, selected from: 
Thr)1(Ala or Ile), Met120Thr, Alal 21Thr, Val212Met, 
Thr213Met, and Ala218Ser. The polypeptide optionally 
includes one or more substitution selected from: Cys2Tyr; 
Ala4(Leu or Pro); Ser6Gly; Val10Ile: Alal 1 Ser; Asp17His: 
Ala22Gly: Asn24Ser; Val27Thr; Ala28Thr; Pro30Ala: 
Asp31(Ser or Gly); Met34Arg: Phe35(Ser or Leu): 
Pro36(deleted); His39Asp; His40Tyr; Arg46Lys; Val48Ala: 
Met51Thr; Lys34Arg: Thr58Ile: Pro63Ser: Ile69Thr: 
Lys76Gln: Lys92Thr; ASn98Ala; Glu101Gly: Thr102Ile: 
Phel04Leu: Leu124His: Ser125Gly: Val136Met: 
Thr140Ala: Asp148ASn; Ala161Thr: Val162Ala: 
Asp164Ala; Met167Leu: Phel72Val; Val177 Ala; 
Ser181 Pro; Pro186Leu: Asp210Asn; and insertion of one or 
more of 220Leu: 221Glu; 222Ser; and 223Ser. 

0305. In various embodiments, the polypeptide com 
prises, e.g., at least 15, at least 20, at least 30, at least 50, at 
least 75, at least 100, at least 150, at least 170, or at least 180 
contiguous amino acid residues of any one of SEQ ID 
NOS:26-35 and SEQID NO:40. In another embodiment, the 
polypeptide comprises at least 185, 190, 195, or 200 con 
tiguous amino acid residues of the mature polypeptide 
region of any one of SEQ ID NOS:26-35 and SEQ ID 
NO:40. 

0306 Fragments of the modified p35 polypeptides 
described herein are also a feature of the invention. A 
modified p35 polypeptide fragment of the invention typi 
cally comprises a modified p35 polypeptide comprising at 
least about 20, 25, or 30, and typically at least about 40, 50. 
60, 70, 80, 90, or 100 contiguous amino acid residues of any 
one of SEQ ID NOS:26-35 or SEQ ID NO:40. In other 
embodiments, the fragment comprises usually at least about 
100, 110, 120, 130, 140, 150, 160, 170, 180, 185, 190, 192, 
193, 194, 195, 196, 197, 198, 199, 200, 201, 202, 203, 204, 
or 205 contiguous amino acid residues of any one of SEQID 
NOS:8-14 or SEQ ID NO:40. Such polypeptide fragments 
may have proliferative activity or interferon-gamma induc 
tion activity in a T-cell based assay (such as, e.g., a human 
T-cell based assay), in the presence of a p40 polypeptide 
(such as, e.g., a wt-p40 polypeptide or a modified p40 
polypeptide). 

0307 In other embodiments, the invention provides 
polypeptides having a length of at least about 190 amino 
acids, and in Some Such embodiments. Such polypeptides 
have proliferative activity or interferon-gamma induction 
activity in a T-cell based assay (Such as, e.g., a human T-cell 
based assay), in the presence of a p40 polypeptide (such as, 
e.g., a wt-p40 polypeptide or a modified p40 polypeptide) 

0308. In other embodiments, the invention provides a 
polypeptide comprising at least 190, 195, or 200 contiguous 
amino acid residues of a protein encoded by a coding 
polynucleotide sequence comprising any of the following: 
(a) SEQ ID NO:16 to SEQ ID NO:25; (b) a coding poly 
nucleotide sequence that encodes a first polypeptide selected 
from any of SEQ ID NO:26 to SEQID NO:35 or SEQ ID 
NO:40; and (c) a complementary polynucleotide sequence 
that hybridizes under at least highly stringent (or ultra-high 
stringent or ultra-ultra-high Stringent conditions) hybridiza 
tion conditions over substantially the entire length of a 
polynucleotide sequence of (a) or (b). Such polypeptides 
may have proliferative activity in a T-cell-based assay (or 
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other similar assay), and/or interferon-gamma induction 
activity in a T-cell-based assay (or other similar assay). The 
polypeptides and nucleic acids of the Subject invention need 
not be identical, but can be substantially identical to the 
corresponding sequence of the target molecule or related 
molecule, including the polypeptides of any of SEQ ID 
NOS:26-35 or SEQID NO:40 or fragments thereof (includ 
ing those having T-cell proliferative or interferon-gamma 
induction activities in the assays described herein), or the 
nucleic acids of any of SEQ ID NOS:16-25 or fragments 
thereof (including those having T-cell proliferative or inter 
feron-gamma induction activities in the assays described 
herein). The polypeptides can be subject to various changes, 
Such as insertions, deletions, and Substitutions, either con 
servative or non-conservative, where such changes might 
provide for certain advantages in their use. The polypeptides 
of the invention can be modified in a number of ways so long 
as they comprise a sequence Substantially identical (as 
defined below) or having a percent identity to a sequence in 
the naturally occurring or known p35 polypeptide molecule. 
0309. In other embodiments, the invention provides a 
modified p35 polypeptide comprising an amino acid 
sequence having at least about 90% amino acid sequence 
identity to the sequence identified herein as the mature 
polypeptide region (amino acid residue positions 23-219) of 
SEQ ID NO:40: R-X-LP-X-X-T-X-X-PG-X- 
Xs-X-CL-X-X-SQNLL-X-A-Xs-SN-Xs-LQ 
Xsa-A-Xs-Q-Xss-LEFY-X-CTSEE-X-DHEDIT-X7 
DKTSTVEACLPLEL-X-X-NESCL-X-SR-Xo 
Xo-S-Xa-ITNGSCLASRKTSFM-X-X-LC-X- 
X-SIYEDLKMYO-X-EFK-X-MNAKLLM-X- 
PKRQIFLDQNML-X-X-I-Xa-EL-X7-QALN 
Xz-NSET-X77-PQK-X-SLEE-Xs 
DFYKTKIKLCILLHAFRIRAVTI-X-R-X-X- 
SYLN-Xs-S, or a conservatively substituted variation 
thereof, where X is N or S: X, is V or T. X is A or T. 
X is P or A: X is D, S, or G., X is M or R, Xss is F. S. 
or L., X is P or is deleted; X, is H or D: Xao is H or Y; X 
is R or K, Xas is V or A, Xs is Mor T. Xsa is K or R. Xse 
is K or R. Xss is T or I; X is P or S: X is I or T. X7 is 
K or Q: X is A or I; X is K or T. Xos is N or A: Xo is 
E or G., Xio is T or I; Xoa is F or L., X2 is T. X2 is T. 
X is L or H. Xs is S or G., X is V or M: Xiao is T or 
A: Xas is D or N; X is A or T. X is V or A: X is D 
or A, X, is M or L., X is For V: X7, is V or A: X is 
S or P: Xse is Por L., X is D or N; X2 is M, X is M: 
and Xs is S. In various embodiments, the modified p35 
polypeptide comprises an amino acid sequence having at 
least about 90%, 92%, 9%. 95%, 96%, 97%, 98%, or 99% 
amino acid sequence identity to the mature polypeptide 
region (amino acid residue positions 23-219) of SEQ ID 
NO:40. The invention also includes a polynucleotide 
sequence encoding said polypeptide or a fragment of said 
polypeptide having proliferative activity in a human T-cell 
based assay or interferon-gamma induction activity in a 
human T-cell based assay. 
0310. The modified p35 polypeptide of the invention may 
further comprise a leader peptide sequence having at least 
about 90%, 92%, 95%, 96%, 97%, 98%, or 99% amino acid 
sequence identity to the amino acid sequence M-X-P-X- 
R-X-LLL-X-X-TLVLL-X7-HLSL-X, identified 
herein as the leader peptide region (amino acid residue 
positions 1-22) of SEQ ID NO:40, or a conservatively 
substituted variation thereof, where X is C or Y; X is A. L. 
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or P: X is S or G; X is V or I; X is A or S: X, is D or 
H; and X is A or G, and optionally includes an insertion of 
the amino acids P-H-L between positions 18 and 19. Each of 
the single letters in the amino acid sequences presented 
above represents a particular amino acid residue, according 
to standard practice known to those of ordinary skill in the 
art. 

0311. The present invention also includes a modified p35 
polypeptide comprising a conservatively modified variation 
of the amino acid sequence identified herein as the mature 
polypeptide region (amino acid residue positions 23-219) of 
SEQ ID NO:40, and, optionally, a conservatively modified 
variation of the leader peptide region (amino acid residue 
positions 1-22) of SEQ ID NO:40, and a polynucleotide 
sequence encoding said polypeptide or a fragment of said 
polypeptide having proliferative activity in a human T-cell 
based assay or interferon-gamma induction activity in a 
human T-cell based assay. The invention also includes a 
modified p35 polypeptide comprising the amino acid 
sequence identified herein as the mature polypeptide region 
(amino acid residue positions 23-219) of SEQ ID NO:40, 
and, optionally, comprising the leader peptide region (amino 
acid residue positions 1-22) of SEQ ID NO:40, and a 
polypeptide or a fragment of said polypeptide having pro 
liferative activity in a human T-cell based assay or inter 
feron-gamma induction activity in a human T-cell based 
assay. 

0312 The invention also includes a polypeptide compris 
ing a leader peptide sequence having at least about 90% 
amino acid sequence identity to the amino acid sequence 
M-X-P-Xa-R-X-LLL-X-X-TLVLL-X-HLSL-X, 
identified herein as the leader peptide region (amino acid 
residue positions 1-22) of SEQID NO:40, where X is C or 
Y; X is A. L. or P: X is S or G; X is V or I; X is A or 
S: X is D or H; X is A or G, and optionally includes an 
insertion of the amino acids P-H-L between positions 18 and 
19. In various embodiments, the leader peptide sequence 
comprises an amino acid sequence having at least about 
90%, 92%, 95%, 96%, 97%, 98%, or 99% amino acid 
sequence identity to leader peptide region (amino acid 
residue positions 1-22) of SEQ ID NO:40. In another 
embodiment, the leader peptide sequence comprises the 
sequence identified as the leader peptide region (amino acid 
residue positions 1-22) of SEQ ID NO:40, or a conserva 
tively modified variation thereof. Each of the single letters 
in the amino acid sequences presented above represents a 
particular amino acid residue, according to standard practice 
known to those of ordinary skill in the art. 
0313 Sequence Variations 
0314. The polypeptides and nucleic acids of the subject 
invention need not be identical, but can be substantially 
identical to the corresponding sequence of the target mol 
ecule or related molecule, including the polypeptides of any 
of SEQ ID NOS:8-14, 26-35, 37, 38 or fragments thereof 
(including those having T-cell proliferative or interferon 
gamma induction activities in the assays described herein), 
or the nucleic acids of any of SEQ ID NOS:1-7, SEQ ID 
NOS:16-25 or fragments thereof (including those having 
T-cell proliferative or interferon-gamma induction activities 
in the assays described herein). The polypeptides can be 
Subject to various changes, such as insertions, deletions, and 
Substitutions, either conservative or non-conservative, 
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where Such changes might provide for certain advantages in 
their use. The polypeptides of the invention can be modified 
in a number of ways so long as they comprise a sequence 
Substantially identical (as defined below) or having a percent 
identity to a sequence in the naturally occurring or known 
p40 or p35 polypeptide molecule. 
0315 Alignment and comparison of relatively short 
amino acid sequences (less than about 30 residues) is 
typically straightforward. Comparison of longer sequences 
can require more Sophisticated methods to achieve optimal 
alignment of two sequences. Optimal alignment of 
sequences for aligning a comparison window can be con 
ducted by the local homology algorithm of Smith and 
Waterman (1981) Adv. Appl. Math. 2:482, by the homology 
alignment algorithm of Needleman and Wunsch (1970) J. 
Mol. Biol. 48:443, by the search for similarity method of 
Pearson and Lipman (1988) Proc. Nat'l Acad. Sci. (USA) 
85:2444, by computerized implementations of these algo 
rithms (GAP, BESTFIT, FASTA, and TFASTA in the Wis 
consin Genetics Software Package Release 7.0, Genetics 
Computer Group, 575 Science Dr. Madison, Wis.), or by 
inspection, and the best alignment (i.e., resulting in the 
highest percentage of sequence similarity over the compari 
son window) generated by the various methods is selected. 
0316 The term sequence identity means that two poly 
nucleotide sequences are identical (i.e., on a nucleotide-by 
nucleotide basis) over a window of comparison. The term 
"percentage of sequence identity” or “percent sequence 
identity” is calculated by comparing two optimally aligned 
sequences over the window of comparison, determining the 
number of positions at which the identical residues occurs in 
both sequences to yield the number of matched positions, 
dividing the number of matched positions by the total 
number of positions in the window of comparison (i.e., the 
window size), and multiplying the result by 100 to yield the 
percentage of sequence identity. In one aspect, the present 
invention provides modified p40 nucleic acids having at 
least about 90%, 92%, 95%, 96%, 97%, 98%, 99%, 99.5% 
or more percent sequence identity with the nucleic acids of 
any of SEQ ID NOS:1-7 or fragments thereof. In another 
aspect, the present invention provides modified p35 nucleic 
acids having at least about 90%, 92%. 95%, 96%, 97%, 
98%, 99%, 99.5% or more percent sequence identity with 
the nucleic acids of any of SEQID NOS:16-25 or fragments 
thereof. 

0317. As applied to polypeptides, the term substantial 
identity means that two peptide sequences, when optimally 
aligned, such as by the programs GAP or BESTFIT using 
default gap weights (described in detail below), share at least 
about 80 percent sequence identity, preferably at least about 
85 percent sequence identity, more preferably at least about 
90 percent sequence identity or more (e.g., 92, 95, 96, 97. 
98, or 99 percent sequence identity). Preferably, residue 
positions which are not identical differ by conservative 
amino acid substitutions. Conservative amino acid substitu 
tions typically refer to the interchangeability of residues 
having similar side chains. For example, a group of amino 
acids having aliphatic side chains is glycine, alanine, Valine, 
leucine, and isoleucine; a group of amino acids having 
aliphatic-hydroxyl side chains is serine and threonine; a 
group of amino acids having amide-containing side chains is 
asparagine and glutamine; a group of amino acids having 
aromatic side chains is phenylalanine, tyrosine, and tryp 



US 2006/0264615 A1 

tophan; a group of amino acids having basic side chains is 
lysine, arginine, and histidine; and a group of amino acids 
having Sulfur-containing side chains is cysteine and 
methionine. Some preferred conservative amino acids Sub 
stitution groups are: Valine-leucine-isoleucine, phenylala 
nine-tyrosine, lysine-arginine, alanine-valine, and aspar 
agine-glutamine. In one aspect, the present invention 
provides modified p40 polypeptides having at least about 
90%, 92%, 95%, 96%, 97%, 98% 99% 99.5% or more 
percent sequence identity with the polypeptides of any of 
SEQID NOS:8-14, SEQID NO:39, or fragments thereof. In 
another aspect, the present invention provides modified p35 
polypeptides having at least about 80%, 85%, 90%, 92%, 
95%, 96%, 97%, 98% 99% 99.5% or more percent sequence 
identity with the polypeptides of any of SEQID NOS:26-35, 
SEQ ID NO:40, or fragments thereof. 
0318) A preferred example of an algorithm that is suitable 
for determining percent sequence identity and sequence 
similarity is the FASTA algorithm, which is described in 
Pearson, W. R. & Lipman, D.J., 1988, Proc. Nat 'l Acad. Sci. 
USA 85: 2444. See also W. R. Pearson, 1996, Methods 
Enzymol. 266: 227-258. Preferred parameters used in a 
FASTA alignment of DNA sequences to calculate percent 
identity are optimized, BL50 Matrix 15: -5, k-tuple=2; 
joining penalty=40, optimization=28; gap penalty -12, gap 
length penalty=-2; and width=16. 
0319. Another preferred example of algorithm that is 
Suitable for determining percent sequence identity and 
sequence similarity are the BLAST and BLAST 2.0 algo 
rithms, which are described in Altschul et al., 1977, Nuc. 
Acids Res. 25: 3389-3402 and Altschul et al., 1990, J. Mol. 
Biol. 215: 403-410, respectively. BLAST and BLAST 2.0 
are used with the parameters described herein to determine 
percent sequence identity for the nucleic acids and proteins 
of the invention. Software for performing BLAST analyses 
is publicly available through the National Center for Bio 
technology Information (www.ncbi.nlm.nih.gov). This algo 
rithm involves first identifying high scoring sequence pairs 
(HSPs) by identifying short words of length W in the query 
sequence, which either match or satisfy some positive 
valued threshold score T when aligned with a word of the 
same length in a database sequence. T is referred to as the 
neighborhood word score threshold (Altschul et al., supra). 
These initial neighborhood word hits act as seeds for initi 
ating searches to find longer HSPs containing them. The 
word hits are extended in both directions along each 
sequence for as far as the cumulative alignment score can be 
increased. Cumulative scores are calculated using, for nucle 
otide sequences, the parameters M (reward score for a pair 
of matching residues; always >0) and N (penalty score for 
mismatching residues; always <0). For amino acid 
sequences, a scoring matrix is used to calculate the cumu 
lative score. Extension of the word hits in each direction are 
halted when: the cumulative alignment score falls off by the 
quantity X from its maximum achieved value; the cumula 
tive score goes to Zero or below, due to the accumulation of 
one or more negative-scoring residue alignments; or the end 
of either sequence is reached. The BLAST algorithm param 
eters W. T. and X determine the sensitivity and speed of the 
alignment. The BLASTN program (for nucleotide 
sequences) uses as defaults a wordlength (W) of 11, an 
expectation (E) of 10, M=5, N=-4 and a comparison of both 
Strands. For amino acid sequences, the BLASTP program 
uses as defaults a wordlength of 3, and expectation (E) of 10, 

40 
Nov. 23, 2006 

and the BLOSUM62 scoring matrix (see Henikoff & Heni 
koff (1989) Proc. Nat 'l Acad. Sci. U.S.A. 89: 10915) align 
ments (B) of 50, expectation (E) of 10, M=5, N=-4, and a 
comparison of both strands. 

0320 The BLAST algorithm also performs a statistical 
analysis of the similarity between two sequences (see, e.g., 
Karlin & Altschul (1993) Proc. Nat'l Acad. Sci. U.S.A. 90: 
5873-5787). One measure of similarity provided by the 
BLAST algorithm is the smallest sum probability (P(N)), 
which provides an indication of the probability by which a 
match between two nucleotide or amino acid sequences 
would occur by chance. For example, a nucleic acid is 
considered similar to a reference sequence if the Smallest 
Sum probability in a comparison of the test nucleic acid to 
the reference nucleic acid is less than about 0.2, more 
preferably less than about 0.01, and most preferably less 
than about 0.001. 

0321) Another example of a useful algorithm is PILEUP. 
PILEUP creates a multiple sequence alignment from a group 
of related sequences using progressive, pairwise alignments 
to show relationship and percent sequence identity. It also 
plots a tree or dendogram showing the clustering relation 
ships used to create the alignment. PILEUP uses a simpli 
fication of the progressive alignment method of Feng & 
Doolittle (1987).J. Mol. Evol. 35:351-360. The method used 
is similar to the method described by Higgins & Sharp 
(1989) CABIOS 5: 151-153. The program can align up to 
300 sequences, each of a maximum length of 5,000 nucle 
otides or amino acids. The multiple alignment procedure 
begins with the pairwise alignment of the two most similar 
sequences, producing a cluster of two aligned sequences. 
This cluster is then aligned to the next most related sequence 
or cluster of aligned sequences. Two clusters of sequences 
are aligned by a simple extension of the pairwise alignment 
of two individual sequences. The final alignment is achieved 
by a series of progressive, pairwise alignments. The program 
is run by designating specific sequences and their amino acid 
or nucleotide coordinates for regions of sequence compari 
son and by designating the program parameters. Using 
PILEUP, a reference sequence is compared to other test 
sequences to determine the percent sequence identity rela 
tionship using the following parameters: default gap weight 
(3.00), default gap length weight (0.10), and weighted end 
gaps. PILEUP can be obtained from the GCG sequence 
analysis software package, e.g., version 7.0 (Devereaux et 
al. (1984) Nuc. Acids Res. 12:387-395. 
0322 Another preferred example of an algorithm that is 
Suitable for multiple DNA and amino acid sequence align 
ments is the CLUSTALW program (Thompson, J. D. et al. 
(1994) Nucl. Acids. Res. 22: 4673-4680). CLUSTALW 
performs multiple pairwise comparisons between groups of 
sequences and assembles them into a multiple alignment 
based on homology. For the initial pairwise alignments, Gap 
open and Gap extension penalties were 10 and 0.1, respec 
tively. For the multiple alignments, Gap open penalty was 
10, and the Gap extension penalty was 0.05. For amino acid 
alignments, the BLOSUM62 substitution matrix can be used 
as a protein weight matrix (Henikoff and Henikoff (1992) 
Proc. Natl Acad. Sci. U.S.A. 89: 10915-10919). CLUST 
ALW can be obtained from, for example, the Vector NTI 
sequence analysis Suite, e.g., version 6 (InforMax, Inc., 
North Bethesda, Md.). 
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0323 Conservatively Modified Variations 
0324 Polypeptides of the present invention include con 
servatively modified variations of the sequences disclosed 
herein as SEQ ID NO:8 to SEQ ID NO:14 and SEQ ID 
NO:26 to SEQ ID NO:35. Such conservatively modified 
variations comprise Substitutions, additions or deletions 
which alter, add or delete a single amino acid or a small 
percentage of amino acids (typically less than about 5%, 
more typically less than about 4%, 2%, or 1%) in any of the 
mature polypeptide sequences of SEQID NO:8 to SEQ ID 
NO:14 and SEQ ID NO:26 to SEQ ID NO:35. 
0325 For example, a conservatively modified variation 
(e.g., deletion) of the 302 amino acid mature polypeptide 
identified herein as amino acid residues 23 to 324 SEQ ID 
NO:8 will have a length of at least 287 amino acids, 
preferably at least 290 amino acids, more preferably at least 
296 amino acids, and still more preferably at least 299 amino 
acids, corresponding to a deletion of less than about 5%, 4%, 
2% or 1% of the polypeptide sequence. 
0326. Another example of a conservatively modified 
variation (e.g., a “conservatively substituted variation') of 
the mature portion of the polypeptide identified herein as 
SEQID NO: 8 will contain “conservative substitutions, as 
shown, for example, shown in the six substitution groups set 
forth in Table 5 (supra), in up to about 15 residues (i.e., less 
than about 5%) of the 302 amino acid mature polypeptide. 
0327. The polypeptides of the invention, including con 
servatively substituted sequences, can be present as mature 
polypeptides (e.g., lacking leader sequences corresponding 
to amino acid residues 1-22 in each of SEQID NO:8 to SEQ 
ID NO:14 and SEQID NO:28 to SEQID NO:35, and amino 
acid residues 1-25 of SEQ ID NO:26 and SEQ ID NO:27); 
as comprising any one of the unique leader sequences 
identified as amino acid residues 1-22 of SEQ ID NO:8, 
SEQ ID NO:9, SEQ ID NO:11, SEQ ID NO:13; SEQ ID 
NO:28 and SEQID NO:29, and as amino acid residues 1-25 
of SEQ ID NO:26 and SEQ ID NO:27); as part of larger 
polypeptide sequences Such as occur upon the addition of 
one or more domains for purification of the protein (e.g., 
poly-His segments, FLAG epitope segments, etc.), e.g., 
where the additional functional domains have little or no 
effect on the activity of the p35 or p40 portion of the protein, 
or where the additional domains can be removed by post 
synthesis processing steps such as by treatment with a 
protease. 

0328. In another embodiment, a mature modified p40 
polypeptide of the present invention comprises the following 
sequence: IWEL-X-K-X-VYVVELDWYP-X-APGE 
Xs-VVL-X-CDTPEEDGITWT-X-DQSS-X-VLG 
X-GKTLTI-X-VKEFGDAGQYTC-X-KGG-X- 
X-LS-X-SLLLLHKKEDGIWSTDILKDQK-X-PK 
Xs-K-X-FL-Xo-CEAK-X-YSG-X- 
FTCWWLT-X-ISTDL-X-F-Xss-VKSSRGS-X- 
DP-X-GVTCG-X72-X7-X74-LS-X77-X78-X179 
X1so-X1s1-X1s2-X iss-X184-X iss-X186-X187-xiss-Y-X190 
VECQE-X-SACP-Xo-AEESLPIEV-X-X-X- 
A-X-HKLKYENYTS-X-FFIRIIKPDPPKNLQL 
Xaa-PLKNSR-Xs-VE-X-Xss-W-X7-YPDTWS 
X-PHSYFSLTF-Xai-X-7s-QVOG-Xso-Xs-KRE 
X2ss-X2s6-X287-X2ss-X289-F-X29-D-X29s-TSA-X297-V- 
Xoo-C-Xo-K-Xo-A-Xos-I-Xoz-V-Xoo-A-X11-DRY 
Xs-SS-X-1s-WS-X-WASV-X-X-27-X-2s, or a 
conservatively substituted variation thereof, 
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0329) where X, is K or E.X., is D or N; Xao is D or N: 
Xs is M or T. X is T or A: X is S, X, is E or G; X7 
is T. X-7s is H. X is H or R: Xos is E, A, K, or T. X is V 
or A: X is R or Q: X is E or K., X is N or A, X, is 
S or I; X is K., Xss is N or D., X is R or H; X, is T 
or A, Xss is T or K., Xss is S or T. X is S or T. X is 
Q, R, or H. X7 is A or T. X7 is A or V: X is T or L.; 
X77 is A or E: X7's is E or D., Xzo is R, L, or K., Xso is V 
or G; X to Xs inclusive is deleted or is replaced with the 
sequence S-(L or M)-(E or D)-H-R, Xss is E. Xse is Y: 
X is K or N; Xss is K. Xiao is R or T: Xos is G: Xao is 
A or S, X is V: X is V or L., X is D or E; Xs is V 
or I; X is S or R, X2 is K or R, Xs is Q or H. Xs is 
V or I; Xss is S or N; Xs, is E or G., X is T or A: X-7. 
is C or G, X-7s is V or I; Xso is Kor R, Xs is S or N; Xss 
is K or D: Xs is. K or R. Xs, is D or is deleted; Xss is 
R or is deleted; Xso is I or L., X is T or M: Xos is Kor 
Q: X-7 is T or K., X is I, T, or V. Xso is R or H. Xso is 
N or D, Xaos is K, Xso, is R; X-soo is Q: X-1 is R. X is is 
Y or H; Xs is S or F: X is E or D., X is P or S, X, 
is C or L; and X-2s is S, G, or Q. As defined above, a 
conservatively modified variation of the above sequence can 
include up to a total of about 15 amino acid deletions, 
insertions, or conservative substitutions in the 306 amino 
acid sequence, excluding the positions designated X, which 
correspond to the amino acid explicitly defined. The 
polypeptide may further comprise an N-terminal leader 
sequence M-X-X-QQLV-X-SWFSLV-Xs-LASPL-X- 
A, or a conservatively modified variation thereof, where X 
is C or H: X is H or P: X is I or V: X is For L; and X 
is V or M. 

0330. In another embodiment, a mature modified p35 
polypeptide of the present invention comprises the following 
Sequence: R-Xa-LP-X27-X2s-T-Xo-X-PG-X-Xss-X- 
CL-X-X-SQNLL-X-A-Xas-SN-Xs-LO-Xsa-A-Xse 
Q-Xss-LEFY-X-CTSEE-X-DHEDIT-X7-DKT 
STVEACLPLEL-X-X-NESCL-X-SR-X-X-S- 
X-ITNGSCLASRKTSFM-X-X-LC-X-X- 
SIYEDLKMYO-X-EFK-X-MNAKLLM-X- 
PKRQIFLDQNML-X-X-I-X-EL-X-QALN 
X7-NSET-X77-PQK-X-SLEE-Xse 
DFYKTKIKLCILLHAFRIRAVTI-X-R-X-X- 
SYLN-Xs-S, or a conservatively substituted variation 
thereof, 
0331 where X is Nor S: X, is V or T: Xs is A or T. 
X is P or A: X is D, S, or G., X is M or R. Xs is F. S. 
or L., X is P or is deleted; X is H or D, Xao is H or Y; X 
is R or K, Xas is V or A, Xs is Mor T. Xsa is K or R. Xse 
is K or R, Xss is T or I; X is P or S: X is I or T. X7 is 
K or Q: X is A or I; X is K or T. Xos is N or A: Xo is 
E or G., Xio is T or I; Xo is F or L., Xiao is T. X is T. 
X2 is L or H. X is S or G., X is V or M: Xiao is T or 
A: Xas is D or N; X is A or T. X is V or A: X is D 
or A, X, is M or L., X7 is F or V: X77 is V or A, Xs 
is S or P; Xse is P or L., X is D or N; X is M: X is 
M; and Xs is S. As defined above, a conservatively 
modified variation of the above sequence can include up to 
a total of about 10 amino acid deletions, insertions, or 
conservative substitutions in the 219 amino acid sequence, 
excluding the positions designated X, which correspond to 
the amino acid explicitly defined. The polypeptide may 
further comprise the N-terminal leader sequence M-X-P- 
X-R-X-LLL-X-X-TLVLL-X7-HLSL-X, or a con 
servatively modified variation thereof, where X is C or Y: 
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X is A. L or P: X is S or G; X is V or I; X is A or S; 
X, is D or H; and X is A or G. 
0332 Making Polypeptides of the Invention 
0333 Recombinant methods for producing and isolating 
polypeptides of the invention are described above. In addi 
tion to recombinant production, the polypeptides may be 
produced by direct peptide synthesis using Solid-phase tech 
niques (cf Stewart et al. (1969) Solid-Phase Peptide Syn 
thesis, WH Freeman Co., San Francisco; Merrifield J. (1963) 
J. Am. Chem. Soc. 85:2149-2154). Peptide synthesis may be 
performed using manual techniques or by automation. Auto 
mated synthesis may be achieved, for example, using 
Applied Biosystems 431 A Peptide Synthesizer (Perkin 
Elmer, Foster City, Calif.) in accordance with the instruc 
tions provided by the manufacturer. For example, subse 
quences may be chemically synthesized separately and 
combined using chemical methods to provide full-length 
polypeptides. Fragments of the polypeptides of the inven 
tion, as discussed in greater detail above, are also a feature 
of the invention and may be synthesized by using the 
procedures described above. 
0334 Polypeptides of the invention can be produced by 
introducing into a population of cells a nucleic acid of the 
invention, wherein the nucleic acid is operatively linked to 
a regulatory sequence effective to produce the encoded 
polypeptide, culturing the cells in a culture medium to 
produce the polypeptide, and optionally isolating the 
polypeptide from the cells or from the culture medium. 
0335) In another aspect, polypeptides of the invention can 
be produced by introducing into a population of cells a 
recombinant expression vector comprising at least one 
nucleic acid of the invention, wherein the at least one nucleic 
acid is operatively linked to a regulatory sequence effective 
to produce the encoded polypeptide, culturing the cells in a 
culture medium under Suitable conditions to produce the 
polypeptide encoded by the expression vector, and option 
ally isolating the polypeptide from the cells or from the 
culture medium. 

0336. Using Polypeptides of the Invention 
0337 Antibodies 
0338. In another aspect of the invention, a polypeptide of 
the invention is used to produce antibodies which have, e.g., 
diagnostic and therapeutic uses, e.g., related to the activity, 
distribution, and expression of p35 sequences or p40 
Sequences. 

0339 Antibodies to polypeptides of the invention may be 
generated by methods well known in the art. Such antibodies 
may include, but are not limited to, polyclonal, monoclonal, 
chimeric, humanized, single chain, Fab fragments and frag 
ments produced by an Fab expression library. Antibodies, 
i.e., those which block receptor binding, are especially 
preferred for therapeutic use. 
0340 Polypeptides for antibody induction do not require 
biological activity; however, the polypeptide or oligopeptide 
must be antigenic. Peptides used to induce specific antibod 
ies may have an amino acid sequence consisting of at least 
10 amino acids, preferably at least 15 or 20 amino acids. 
Short stretches of a polypeptide of the invention may be 
fused with another protein, such as keyhole limpet hemocya 
nin, and antibody produced against the chimeric molecule. 
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0341 Methods of producing polyclonal and monoclonal 
antibodies are known to those of skill in the art, and many 
antibodies are available. See, e.g., Coligan (1991) Current 
Protocols in Immunology Wiley/Greene, NY; and Harlow 
and Lane (1989) Antibodies: A Laboratory Manual Cold 
Spring Harbor Press, NY; Stites et al. (eds.) Basic and 
Clinical Immunology (4th ed.) Lange Medical Publications, 
Los Altos, Calif., and references cited therein; Goding 
(1986) Monoclonal Antibodies. Principles and Practice (2d 
ed.) Academic Press, New York, N.Y.; and Kohler and 
Milstein (1975) Nature 256: 495-497. Other suitable tech 
niques for antibody preparation include selection of libraries 
of recombinant antibodies in phage or similar vectors. See, 
Huse et al. (1989) Science 246: 1275-1281; and Ward, et al. 
(1989) Nature 341: 544-546. Specific monoclonal and poly 
clonal antibodies and antisera will usually bind with a K of 
at least about 0.1 uM, preferably at least about 0.01 uM or 
better, and most typically and preferably, 0.001 uM or better. 
0342. Detailed methods for preparation of chimeric 
(humanized) antibodies can be found in U.S. Pat. No. 
5,482,856. Additional details on humanization and other 
antibody production and engineering techniques can be 
found in Borrebaeck (ed) (1995) Antibody Engineering, 2" 
Edition Freeman and Company, NY (Borrebaeck); McCaf 
ferty et al. (1996) Antibody Engineering, A Practical 
Approach IRL at Oxford Press, Oxford, England (McCaf 
ferty), and Paul (1995) Antibody Engineering Protocols 
Humana Press, Towata, N.J. (Paul). 
0343. In one useful embodiment, this invention provides 
for fully humanized antibodies against the polypeptides of 
the invention. Humanized antibodies are especially desirable 
in applications where the antibodies are used as therapeutics 
in vivo in human patients. Human antibodies consist of 
characteristically human immunoglobulin sequences. The 
human antibodies of this invention can be produced in using 
a wide variety of methods (see, e.g., Larricket al., U.S. Pat. 
No. 5,001,065, and Borrebaeck McCafferty and Paul, supra, 
for a review). In one embodiment, the human antibodies of 
the present invention are produced initially in trioma cells. 
Genes encoding the antibodies are then cloned and 
expressed in other cells, such as nonhuman mammalian 
cells. The general approach for producing human antibodies 
by trioma technology is described by Ostberg et al. (1983), 
Hybridoma 2: 361-367, Ostberg, U.S. Pat. No. 4,634,664, 
and Engelman et al., U.S. Pat. No. 4,634,666. The antibody 
producing cell lines obtained by this method are called 
triomas because they are descended from three cells; two 
human and one mouse. Triomas have been found to produce 
antibody more stably than ordinary hybridomas made from 
human cells. 

0344 Adjuvants 
0345. In one aspect, the modified p40 polypeptides and/ 
or the modified p35 polypeptides of the present invention or 
fragments thereof are useful as adjuvants to stimulate, 
enhance, potentiate, or augment an immune response related 
to an antigen when administered together with the antigen or 
after or before delivery of the antigen. In another aspect, the 
invention provides methods for administering one or more 
of the polypeptides invention described herein to a subject. 
0346) Therapeutic and Prophylactic Agents 
0347 As described in greater detail herein, the modified 
p40 polypeptides and/or the modified p35 polypeptides of 
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the present invention or fragments thereof are useful in the 
prophylactic and/or therapeutic treatment of a variety of 
diseases, disorders, or medical conditions. 
0348 For example, the invention provides modified p40 
polypeptides and/or modified p35 polypeptides (and nucleic 
acids which encode such polypeptides) that have both T-cell 
proliferation and interferon-gamma induction activities in 
the assays described herein. 
Defining Polypeptides by Immunoreactivity 
0349. Because the polypeptides of the invention provide 
a variety of new polypeptide sequences as compared to other 
p35 and p40 sequences, the polypeptides also provide a new 
structural features which can be recognized, e.g., in immu 
nological assays. The generation of antisera which specifi 
cally binds the polypeptides of the invention, as well as the 
polypeptides which are bound by Such antisera, are a feature 
of the invention. The invention includes polypeptides that 
specifically bind to or that are specifically immunoreactive 
with an antibody or antisera generated against an immuno 
gen comprising an amino acid sequence selected from one or 
more of SEQID NO:8 to SEQID NO:14 and SEQID NO:26 
to SEQ ID NO:35. To eliminate cross-reactivity with other 
p40 polypeptides, the antibody or antisera is subtracted with 
available known p40 polypeptides, such as those p40 
polypeptides encoded by nucleic acids represented by Gen 
Bank accession numbers: M65272 and M65290 (human), 
U19841 (Macaca mulatta, rhesus monkey), U19834 (Cer 
cocebus torquatus, sooty mangabey), Y11129 (Equus cabal 
lus, horse), U83184, Y07762 and AF054607 (Felis catus, 
cat), U49 100 and AF091134 (Canis familiaris, dog), 
U57752 and U10160 (Cervus elaphus, red deer), AF007576 
(Capra hircus, goat), AF004024 (Ovis aries, sheep), U11815 
(Bos taurus, cow), UO8317 (Sus scrofa, pig), X97019 and 
AF082494 (Marmota monax, woodchuck), AF133197 and 
U16674 (Rattus norvegicus, rat), M86671 and S82426 (Mus 
musculus, mouse), AF097507 (Cavia porcellus, guinea pig), 
and AF046211 (Mesocricetus auratus, golden hamster) or 
any other known p40 polypeptides. Likewise, to eliminate 
cross-reactivity with other p35 polypeptides, the antibody or 
antisera is subtracted with available known p35 polypep 
tides, such as those p35 polypeptides encoded by nucleic 
acids represented by GenBank accession numbers M65271, 
M65291 (human); U19842 (Macaca mulatta, rhesus mon 
key), U19835 (Cercocebus torquatus, Sooty mangabey), 
U83185, Y07761, AF054605 (Felis catus, cat), U49085 
(Canis familiaris, dog), L35765 (Sus scrofa, pig), Y11130 
(Equus cabalus, horse), U14416 (Bos taurus, cow), U57751 
(Cervus elaphus, red deer), AF173557 (Ovis aries, sheep), 
AF003542 (Capra hircus, goat), X97018 (Marmota monax, 
woodchuck), AF 177031 (Rattus norvegicus, rat), and 
M86672, S82419 (Mus musculus, mouse), or any other 
known p35 polypeptides. These sequences are referred to 
herein as “the control (p40 or p35) polypeptides’. Where the 
accession number corresponds to a nucleic acid, a polypep 
tide encoded by the nucleic acid is generated and used for 
antibody/antisera subtraction purposes. Where the nucleic 
acid corresponds to a non-coding sequence, e.g., a pseudo 
gene, an amino acid which corresponds to the reading frame 
of the nucleic acid is generated (e.g., synthetically), or is 
minimally modified to include a start codon for recombinant 
production. 
0350. In one typical format, the immunoassay uses a 
polyclonal antiserum which was raised against one or more 
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polypeptide comprising sequences corresponding to one or 
more of: SEQ ID NO:8 to SEQ ID NO:14 and SEQ ID 
NO:26 to SEQ ID NO:35, or a substantial subsequence 
thereof (i.e., at least about 30%, 40%, 50%, 60%, 70%, 80%: 
90%. 95% or 98% of the full length sequence provided). The 
full set of potential polypeptide immunogens derived from 
SEQID NO:8 to SEQID NO:14 and SEQID NO:26 to SEQ 
ID NO:35 are collectively referred to below as “the immu 
nogenic polypeptides.' The resulting antisera is optionally 
selected to have low cross-reactivity against the control p40 
polypeptides or the control p35 polypeptides, and/or other 
known p40 or p35 polypeptides, and any such cross-reac 
tivity is removed by immunoabsorbtion with one or more of 
the control p40 or p35 polypeptides and/or other known p40 
or p35 polypeptides, prior to use of the polyclonal antiserum 
in the immunoassay. 

0351. In order to produce antisera for use in an immu 
noassay, one or more of the immunogenic polypeptides is 
produced and purified as described herein. For example, 
recombinant protein may be produced in a mammalian cell 
line. An inbred strain of mice (used in this assay because 
results are more reproducible due to the virtual genetic 
identity of the mice) is immunized with the immunogenic 
protein(s) in combination with a standard adjuvant, such as 
Freund's adjuvant, and a standard mouse immunization 
protocol (see, Harlow and Lane (1988) Antibodies, A Labo 
ratory Manual, Cold Spring Harbor Publications, New York, 
for a standard description of antibody generation, immu 
noassay formats and conditions that can be used to deter 
mine specific immunoreactivity). Alternatively, one or more 
synthetic or recombinant polypeptide derived from the 
sequences disclosed herein is conjugated to a carrier protein 
and used as an immunogen. 

0352 Polyclonal sera are collected and titered against the 
immunogenic polypeptide(s) in an immunoassay, for 
example, a solid phase immunoassay with one or more of the 
immunogenic proteins immobilized on a solid Support. 
Polyclonal antisera with a titer of 10° or greater are selected, 
pooled and subtracted with the control polypeptides to 
produce Subtracted pooled titered polyclonal antisera. 

0353. The subtracted pooled titered polyclonal antisera 
are tested for cross reactivity against the control polypep 
tides. Preferably at least two of the immunogenic polypep 
tides are used in this determination, preferably in conjunc 
tion with at least two of the control polypeptides, to identify 
antibodies which are specifically bound by the immunogenic 
polypeptide(s). 

0354) In this comparative assay, discriminatory binding 
conditions are determined for the subtracted titered poly 
clonal antisera which result in at least about a 5-10 fold 
higher signal to noise ratio for binding of the titered poly 
clonal antisera to the immunogenic polypeptides as com 
pared to binding to the control polypeptides. That is, the 
stringency of the binding reaction is adjusted by the addition 
of non-specific competitors such as albumin or non-fat dry 
milk, or by adjusting salt conditions, temperature, or the 
like. These binding conditions are used in Subsequent assays 
for determining whether a test polypeptide is specifically 
bound by the pooled subtracted polyclonal antisera. In 
particular, test polypeptides which show at least a 2-5x 
higher signal to noise ratio than the control polypeptides 
under discriminatory binding conditions, and at least about 
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a /3 signal to noise ratio as compared to the immunogenic 
polypeptide(s), shares substantial structural similarity with 
the immunogenic polypeptide as compared to known p40 or 
p35 polypeptides, and is, therefore a polypeptide of the 
invention. 

0355. In another example, immunoassays in the competi 
tive binding format are used for detection of a test polypep 
tide. For example, as noted, cross-reacting antibodies are 
removed from the pooled antisera mixture by immunoab 
Sorbtion with the control polypeptides. The immunogenic 
polypeptide(s) are then immobilized to a solid support which 
is exposed to the Subtracted pooled antisera. Test proteins 
are added to the assay to compete for binding to the pooled 
subtracted antisera. The ability of the test protein(s) to 
compete for binding to the pooled subtracted antisera as 
compared to the immobilized polypeptide(s) is compared to 
the ability of the immunogenic polypeptide(s) added to the 
assay to compete for binding (the immunogenic polypep 
tides compete effectively with the immobilized immuno 
genic polypeptides for binding to the pooled antisera). The 
percent cross-reactivity for the test proteins is calculated, 
using standard calculations. 
0356. In a parallel assay, the ability of the control proteins 
to compete for binding to the pooled subtracted antisera is 
determined as compared to the ability of the immunogenic 
polypeptide(s) to compete for binding to the antisera. Again, 
the percent cross-reactivity for the control polypeptides is 
calculated, using standard calculations. Where the percent 
cross-reactivity is at least 5-10x as high for the test polypep 
tides, the test polypeptides are said to specifically bind the 
pooled Subtracted antisera. 
0357. In general, the immunoabsorbed and pooled anti 
sera can be used in a competitive binding immunoassay as 
described herein to compare any test polypeptide to the 
immunogenic polypeptide(s). In order to make this com 
parison, the two polypeptides are each assayed at a wide 
range of concentrations and the amount of each polypeptide 
required to inhibit 50% of the binding of the subtracted 
antisera to the immobilized polypeptide is determined using 
standard techniques. If the amount of the test polypeptide 
required is less than twice the amount of the immunogenic 
polypeptide that is required, then the test polypeptide is said 
to specifically bind to an antibody generated to the immu 
nogenic polypeptide, provided the amount is at least about 
5-10x as high as for a control polypeptide. 
0358 As a final determination of specificity, the pooled 
antisera is optionally fully immunosorbed with the immu 
nogenic polypeptide(s) (rather than the control polypep 
tides) until little or no binding of the resulting immunogenic 
polypeptide subtracted pooled antisera to the immunogenic 
polypeptide(s) used in the immunosorption is detectable. 
This fully immunosorbed antisera is then tested for reactiv 
ity with the test polypeptide. If little or no reactivity is 
observed (i.e., no more than 2x the signal to noise ratio 
observed for binding of the fully immunosorbed antisera to 
the immunogenic polypeptide), then the test polypeptide is 
specifically bound by the antisera elicited by the immuno 
genic polypeptide. 
Properties of Modified p40 Polypeptides and Modified p35 
Polypeptides of the Invention 
0359 Any polypeptide of the invention may optionally 
form a dimer (e.g., a heterodimer or a homodimer) with 
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either a p35 or a p40 polypeptide. As used herein, a 
"heterodimer comprises a p35 and a p40 polypeptide, at 
least one of which may be a modified p35 polypeptide or a 
modified p40 polypeptide of the invention, while a 
“homodimer comprises either two p40 polypeptides or two 
p35 polypeptides, at least one of which may be a modified 
p40 polypeptide or a modified p35 polypeptide of the 
invention. A homodimer need not comprise two identical 
polypeptides; for example, a p40 homodimer may comprise 
a naturally-occurring or wild-type p40 polypeptide and a 
modified p40 polypeptide, or two different modified p40 
polypeptides. A heterodimer comprising a p35 polypeptide 
and a p40 polypeptide typically has an apparent molecular 
weight of -70 to 75 kDa (see, for example, FIGS. 7 and 8): 
however, the apparent molecular weight may be higher or 
lower, depending on many factors, such as, for example, the 
length of the polypeptides forming the dimer, or the extent 
of glycosylation of the polypeptides. 

0360 A p35 polypeptide which forms a dimer (i.e., 
“dimerizes”) with a polypeptide of the invention may be a 
naturally-occurring or wild-type p35 polypeptide. Such as a 
human p35 polypeptide having a sequence comprising the 
mature polypeptide region of SEQ ID NO:36, or may be a 
modified p35 polypeptide, such as a modified p35 polypep 
tide of the present invention, such as, for example, a 
modified p35 polypeptide having a sequence comprising the 
mature polypeptide region of one of SEQID NO:26 to SEQ 
ID NO:35 and SEQID NO:40. Likewise, a p40 polypeptide 
which forms a dimer (i.e., "dimerizes') with a polypeptide 
of the invention may be a naturally-occurring or wild-type 
p40 polypeptide. Such as a human p40 polypeptide having a 
sequence comprising the mature polypeptide region of SEQ 
ID NO:16, or may be a modified p40 polypeptide, such as a 
modified p40 polypeptide of the present invention, such as, 
for example, a modified p40 polypeptide having a sequence 
comprising the mature polypeptide region of one of SEQID 
NO:8 to SEQ ID NO:15 and SEQ ID NO:39. 
0361. A composition comprising a polypeptide of the 
invention (optionally in combination with a corresponding 
partner Subunit polypeptide, e.g., a p35 polypeptide or p40 
polypeptide as described above) may optionally exhibit one 
or more of the following activities: (a) T-cell proliferative 
activity, (b) IFN-Y induction activity, (c) Natural Killer (NK) 
cell-mediated toxicity enhancement activity. 

0362 A polypeptide of the invention has “T-cell prolif 
erative activity” when the polypeptide or a composition 
comprising the polypeptide induces proliferation of phyto 
hemagglutinin-activated T-lymphocytes, as evidenced by, 
for example, an increase in the H-thymidine incorporation 
of activated T-cells incubated in the presence of H-thymi 
dine and the polypeptide or composition thereof, compared 
to activated T-cells incubated with H-thymidine alone. 
0363 A polypeptide of the invention has “IFN-Y induc 
tion activity” when the polypeptide or a composition com 
prising the polypeptide induces IFN-Y synthesis in T-lym 
phocytes (i.e., T-cells), as evidenced by, for example, an 
increase in IFN-Y in culture media of T-cells incubated in the 
presence of the polypeptide or composition thereof, com 
pared to activated T-cells incubated without the polypeptide 
or composition thereof, respectively. IFN-Y in the culture 
medium may be assayed by any standard method, such as by 
using a commercially-available IFN-Y ELISA kit. Inter 
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feron-gamma induction activity in T-cells is indicative of 
differentiation of T-cells to the T1 phenotype. 
0364) A polypeptide of the invention has “NK cell tox 
icity enhancement activity when the polypeptide or a 
composition comprising the polypeptide enhances NK cell 
mediated toxicity against a target cell. Enhancement of NK 
cell toxicity is evidenced by, for example, an increase in 'Cr 
release into the culture supernatant from 'Cr-labeled target 
cells incubated with T-lymphocytes previously treated with 
the polypeptide or composition thereof, compared to that of 
'Cr-labeled target cells incubated with T-lymphocytes 
which were not previously treated with the polypeptide or 
composition thereof, respectively. 

0365. The biological activities of exemplary polypeptides 
of the invention were examined as described in the 
Examples. The results indicate that a composition compris 
ing a polypeptide of the invention may be used, for example, 
to induce proliferation of T-cells, to induce differentiation of 
naive T cells to T1 cells, to induce production of IFN-Y in 
lymphocytes, in in vitro, ex vivo or in vivo applications. 
Cytokines that induce IFN-Y production in vitro typically 
also enhance cytotoxicity of NK cells. 
0366 A polypeptide or nucleic acid of the invention or a 
composition comprising a polypeptide or a nucleic acid of 
the invention may be used in methods to promote cell 
mediated immunity to a variety of infectious agents, such as 
bacterial, protozoal, intracellular parasitic, and viral infec 
tions, particularly in individuals who are highly susceptible 
to Such infections, including patients undergoing Surgery, 
patients with transiently or chronically impaired immune 
systems due to disease or drug therapy (e.g., chemotherapy, 
radiation or immunosuppressive treatments), individuals 
infected with HIV or otherwise manifest symptoms of AIDS 
or ARC, as well as elderly or otherwise immuno-compro 
mised individuals who have reduced capacity to defend 
against opportunistic or infectious microorganisms. In par 
ticular, a composition comprising a polypeptide or a nucleic 
acid of the invention may be useful as a vaccine adjuvant, to 
enhance a vaccinated host’s cell-mediated immunity for a 
protective response to a pathogen. 

0367 Malignant diseases are another useful target for 
treatment with modified p40/p35 heterodimers. Because 
IFN-Y activates NK cells and cytotoxic T cells, and induces 
cytokine production by these cells, the modified p40/p35 
heterodimers are expected to have potent anti-tumor activi 
ties in vivo. Cutaneous T cell lymphoma and head and neck 
cancer may be particularly useful targets for the modified 
p40/p35 heterodimer therapies because of low p40/p35 
heterodimer production by patients with cutaneous T cell 
lymphoma and because of good accessibility of these 
tumors. 

0368 Because IFN-Y enhances T1 cell differentiation 
(Chatelain et al. (1992) J. Immunol. 148: 1182-1187: De 
Vries and Punnonen (1996) In Cytokine regulation of hu 
moral immunity: basic and clinical aspects. Eds. Snapper, C. 
M., John Wiley & Sons, Ltd., West Sussex, UK, p. 195-215), 
and because the modified p40/p35 heterodimers enhanced 
IFN-Y production, allergies and asthma are very promising 
targets for modified p40/p35 heterodimer therapies. 
0369 Individuals with mutations in their genes encoding 
natural p40 subunit have dramatically impaired capacity to 
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produce p40, and they are susceptible to infectious with 
intracellular pathogens. Treatments with a modified p40/p35 
heterodimers, or with a modified p40 polypeptide or nucleic 
acid, provide a very specific means to treat patients with p40 
deficiency. 
0370. A composition comprising a polypeptide or a 
nucleic acid of the invention may also be used to treat 
conditions resulting from hyper- or neo-vascularization, 
Such as age-related macular degeneration or diabetic retin 
opathy, and to inhibit tumor growth. 
0371. An antagonist of the cellular receptor of the p40/ 
p35 heterodimer (such as, for example, a human interleukin 
12 receptor), said antagonist comprising a polypeptide of the 
invention or a fragment thereof, is useful in situations where 
downregulation of T1-mediated responses are desired. 
Such antagonist may include, but is not limited to, a p40 
homodimer comprising at least one modified p40 polypep 
tide of the invention. In vitro and in vivo studies in mice 
have demonstrated that homodimers of the murine p40 
polypeptide bind to mouse receptor (with affinity compa 
rable to that of the heterodimer) and downregulate T1 
mediated responses (Ling, et al. (1994) J. Immunol 154:116 
127 and Gately, et al. (1996) Ann. NY Acad. Sci. 795:1-12). 
The p40 homodimer was found to prevent induction and 
progression of Experimental Autoimmune Encephalomyeli 
tis (EAE) in mice (Gately, et al. (1998) Annu. Rev. Immunol 
16:495-521), an animal model for multiple sclerosis (MS) in 
humans. Another antagonist contemplated by the invention 
comprises a modified p35 polypeptide of the invention plus 
the Epstein-Barr virus induced gene 3 protein (EBI3). EBI3, 
which is structurally related to the p40 polypeptide, has been 
shown to associate with p35 polypeptide; the product of this 
association appears to antagonize the biological effects of 
interleukin-12 (Devergne, O. et al. (1997) Proc. Natl. Acad. 
Sci. USA 94:12041-12046). An antagonist comprising a 
polypeptide of the invention may be administered to 
decrease cell-mediated immune response, in the treatment 
of for example, autoimmune diseases such as MS, type I 
diabetes mellitus, myasthenia gravis, rheumatoid arthritis, 
and systemic lupus erythematosus. 

0372 Modified p40 nucleic acids and/or modified p35 
nucleic acids of the invention appear to effect enhanced 
production of biologically active heterodimers in vivo. This 
observed production enhancement may provide for more 
efficacious treatment with reduced toxicity or side-effects. 
Anti-tumor effects of interleukin-12 are known to be dose 
dependent and require high localized concentrations for 
maximal efficacy (Trinchieri G. and Scott P. (1999) Curr. 
Top. Microbiol. Immunol. 238:57-78). Furthermore, genetic 
delivery of interleukin-12 nucleic acids results in less pro 
nounced toxicity compared to systemic administration of 
interleukin-12 protein (Sun, Y. et al. (1998) Gene Ther. 
5(4):481-90; Rakhmilevich A. L. et al. (1999) J. Immu 
nother. 22(2):135-44). Therefore, modified p40 nucleic acids 
and/or modified p35 nucleic acids of the invention that are 
capable of producing higher levels of biologically active 
heterodimeric cytokine in vivo than the corresponding wild 
type nucleic acids may be useful, e.g., as antitumor agents, 
as a vaccine adjuvant, or as replacement therapy for inter 
leukin-12 deficiency. In some instances, genetic delivery of 
modified p40 nucleic acids and/or modified p35 nucleic 
acids of the invention may be a preferred route of admin 
istration (intra-corneal; ARMD) and potentially less cum 
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berSome—especially if less injections provide more Sus 
tained controlled release of biologically active heterodimer. 
Therapeutic and Prophylactic Compositions 
0373 Therapeutic or prophylactic compositions compris 
ing one or more modified p40 or modified p35 polypeptide 
or nucleic acid of the invention are tested in appropriate in 
vitro, ex vivo, and in vivo animal models of disease, to 
confirm efficacy, tissue metabolism, and to estimate dosages, 
according to methods well known in the art. In particular, 
dosages can be determined by activity comparison of the 
modified p35 and modified p40 polypeptides and nucleic 
acids to existing p35 and p40-based therapeutics or prophy 
lactics, i.e., in a relevant assay. In one aspect, the invention 
provides methods comprising administering one or more 
modified p35 and/or modified p40 nucleic acids or polypep 
tides of the invention (or fragments thereof) described above 
to a mammal, including, e.g., a human, primate, mouse, pig, 
dog, cat, cow, goat, rabbit, rat, guinea pig, hamster, horse, 
sheep; or a non-mammalian vertebrate Such as a bird (e.g., 
a chicken or duck) or a fish, or invertebrate, as described in 
greater detail below. Such compositions typically comprise 
one or more modified p35 and/or modified p40 nucleic acids 
or polypeptides of the invention (or fragments thereof) and 
an excipient, including, e.g., a pharmaceutically acceptable 
excipient. 

0374. In one aspect, a composition of the invention is 
produced by digesting one or more nucleic acids of the 
invention (or fragments thereof) with a restriction endonu 
clease, an RNase, or a DNase. 
0375. In another aspect of the invention, compositions 
produced by incubating one or more nucleic acids described 
above in the presence of deoxyribonucelotide triphosphates 
and a nucleic acid polymerase, e.g., a thermostable poly 
merase, are provided. 
0376 The invention also includes compositions compris 
ing two or more nucleic acids described above. The com 
position may comprise a library of nucleic acids, where the 
library contains at least about 5, 10, 20, 50, 100, 150, or 200 
or more such nucleic acids. 

0377 Administration is by any of the routes normally 
used for introducing a molecule into ultimate contact with 
blood or tissue cells. The modified p35 and/or modified p40 
nucleic acids or polypeptides of the invention are adminis 
tered in any suitable manner, preferably with pharmaceuti 
cally acceptable carriers. Suitable methods of administering 
such modified p35 and/or modified p40 nucleic acids or 
polypeptides in the context of the present invention to a 
patient are available, and although more than one route can 
be used to administer a particular composition, a particular 
route can often provide a more immediate and more effective 
reaction than another route. 

0378 Pharmaceutically acceptable carriers are deter 
mined in part by the particular composition being adminis 
tered, as well as by the particular method used to administer 
the composition. Accordingly, there is a wide variety of 
Suitable formulations of pharmaceutical compositions of the 
present invention. 
0379 Polypeptide compositions can be administered for 
any of the prophylactic, therapeutic, and diagnostic methods 
described herein by a number of routes including, but not 
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limited to oral, intravenous, intraperitoneal, intramuscular, 
transdermal. Subcutaneous, topical, Sublingual, or rectal 
means, or by inhalation. Modified p35 and/or modified p40 
polypeptide compositions can also be administered via lipo 
Somes. Such administration routes and appropriate formu 
lations are generally known to those of skill in the art. 
0380 The modified p35 and/or modified p40 polypeptide 
or nucleic acid of the invention, alone or in combination 
with other Suitable components, can also be made into 
aerosol formulations (i.e., they can be “nebulized') to be 
administered via inhalation. Aerosol formulations can be 
placed into pressurized acceptable propellants, such as 
dichlorodifluoromethane, propane, nitrogen, and the like. 

0381 Formulations suitable for parenteral administra 
tion, Such as, for example, by intraarticular (in the joints), 
intravenous, intramuscular, intradermal, intraperitoneal, and 
Subcutaneous routes, include aqueous and non-aqueous, 
isotonic sterile injection Solutions, which can contain anti 
oxidants, buffers, bacteriostats, and solutes that render the 
formulation isotonic with the blood of the intended recipi 
ent, and aqueous and non-aqueous sterile Suspensions that 
can include Suspending agents, solubilizers, thickening 
agents, stabilizers, and preservatives. The formulations of 
packaged nucleic acid can be presented in unit-dose or 
multi-dose sealed containers, such as ampules and vials. 

0382 Parenteral administration and intravenous admin 
istration are preferred methods of administration. In particu 
lar, the routes of administration already in use for existing 
p35 and/or p40 therapeutics or prophylactics, along with 
formulations in current use, are preferred routes of admin 
istration and formulation for the modified p35 and/or modi 
fied p40 polypeptide or nucleic acid of the invention (see, 
e.g., Gollob J. A. et al. (2000) Clin. Cancer Res. 6:1678 
1692). 
0383 Cells transduced with modified p35 and/or modi 
fied p40 nucleic acids as described above in the context of 
ex vivo or in vivo therapy can also be administered intra 
venously or parenterally as described above. It will be 
appreciated that the delivery of cells to patients (e.g., human 
patients) is routine, e.g., delivery of cells to the blood via 
intravenous or intraperitoneal administration. 

0384 The dose of modified p35 and/or modified p40 
polypeptide or nucleic acid of the invention administered to 
a Subject (e.g., patient), in the context of the present inven 
tion is sufficient to effect a beneficial therapeutic or prophy 
lactic response in the patient over time, or to inhibit infection 
by a pathogen, depending on the application. The dose will 
be determined by the efficacy of the particular vector, or 
formulation, and the activity of the modified p35 and/or 
modified p40 employed and the condition of the patient, as 
well as the body weight or surface area of the patient to be 
treated. The size of the dose also will be determined by the 
existence, nature, and extent of any adverse side-effects that 
accompany the administration of a particular vector, formu 
lation, transduced cell type or the like in a particular patient. 
0385) In the therapeutic and prophylactic treatment meth 
ods of the invention described herein, an effective amount of 
a modified p40 and/or a modified p35 nucleic acid (e.g., 
DNA or mRNA) of the invention (e.g., nucleic acid dosage) 
will generally be in the range of, e.g., from about 0.05 
microgram/kilogram (kg) to about 50 mg/kg, usually about 
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0.005-5 mg/kg. However, as will be understood, the effec 
tive amount of the nucleic acid (e.g., nucleic acid dosage) 
and/or polypeptide (e.g., polypeptide dosage) will vary in a 
manner apparent to those of ordinary skill in the art accord 
ing to a number of factors, including the activity or potency 
of the polypeptide, the activity or potency of any nucleic 
acid construct (e.g., vector, promoter, expression system) to 
be administered, the disease or condition (e.g., particular 
cancer) to be treated, and the subject to which or whom the 
nucleic acid is delivered. 

0386 For delivery of some polypeptides, e.g., by deliv 
ering nucleic acids encoding such polypeptides, for 
example, adequate levels of translation and/or expression 
are achieved with a nucleic acid dosage of, e.g., about 0.005 
mg/kg to about 5 mg/kg. Dosages for other polypeptides 
(and nucleic acids encoding them) having a known biologi 
cal activity can be readily determined by those of skill in the 
art according to the factors noted above. Dosages used for 
other known p40 and/or p35 polypeptides (and nucleic acids 
encoding them) for particular diseases provide guidelines for 
determining dosage and treatment regimen for a nucleic acid 
or polypeptide of the invention. An effective amount of a 
heterodimeric p40/p35 polypeptide, comprising a modified 
p40 polypeptide and/or a modified p35 polypeptide of the 
invention, may be in the range of from about 1 nanogram 
(ng)/kg to about 1 mg/kg, and more typically from about 10 
ng/kg to about 500 ng/kg (Gollob J. A. et al., Supra.) 
0387. A composition for use in therapeutic and prophy 
lactic treatment methods of the invention described herein 
may comprise, e.g., a concentration of a modified p40 
nucleic acid and/or a modified p35 nucleic acid (e.g., DNA 
or mRNA) of the invention of from about 0.1 microgram/ 
milliliter (ml) to about 20 mg/ml and a pharmaceutically 
acceptable carrier (e.g., aqueous carrier). 
0388 A composition for use in therapeutic and prophy 
lactic treatment methods of the invention described herein 
may comprise, e.g., a concentration of a modified p40 
polypeptide and/or a modified p35 polypeptide of the inven 
tion in an amount as described above and herein and a 
pharmaceutically acceptable carrier (e.g., aqueous carrier). 

0389. In determining the effective amount of the vector, 
cell type, or formulation to be administered in the treatment 
or prophylaxis of e.g., tumors, or infectious agents, such as 
bacterial, protozoal, intracellular parasitic, and viral infec 
tions, the physician evaluates circulating plasma levels, 
vector/cell/formulation/toxicities of the modified p35 and/or 
modified p40 nucleic acid or polypeptide, progression of the 
disease, and the production of anti-vector and/or anti-(modi 
fied p35 and/or modified p40) antibodies. 
0390 The dose administered, e.g., to a 70 kilogram 
patient will be in the range equivalent to dosages of cur 
rently-used p40/p35 therapeutic or prophylactic proteins, 
and doses of vectors or cells which produce modified p35 
and/or modified p40 polypeptide sequences are calculated to 
yield an equivalent amount of modified p35 and/or modified 
p40 nucleic acid or expressed protein. The vectors of this 
invention can Supplement treatment of e.g., tumors, or 
infectious agents, such as bacterial, protozoal, intracellular 
parasitic, and viral infections by any known conventional 
therapy, including cytotoxic agents, nucleotide analogues 
(e.g., when used for treatment of HIV infection), biologic 
response modifiers, and the like. 
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0391) For administration, modified p40 and/or modified 
p35 polypeptides, nucleic acids, vectors, and transduced 
cells of the present invention can be administered at a rate 
determined by the LD-50 of the modified p40 and/or modi 
fied p35 polypeptide, vector, or transduced cell type, and the 
side-effects of the modified p40 and/or modified p35 
polypeptide, vector or cell type at various concentrations, as 
applied to the mass and overall health of the patient. 
Administration can be accomplished via single or divided 
doses. 

0392 For introduction of recombinant modified p35 and/ 
or modified p40 nucleic acid transduced cells into a subject 
(e.g., patient), blood samples are obtained prior to infusion, 
and saved for analysis. Between 1x10' and 1x10' trans 
duced cells are infused intravenously over 60-200 minutes. 
Vital signs and oxygen Saturation by pulse oximetry are 
closely monitored. Blood samples are obtained 5 minutes 
and 1 hour following infusion and saved for Subsequent 
analysis. Leukopheresis, transduction and reinfusion are 
optionally repeated every 2 to 3 months for a total of 4 to 6 
treatments in a one year period. After the first treatment, 
infusions can be performed on a outpatient basis at the 
discretion of the clinician. If the reinfusion is given as an 
outpatient, the participant is monitored for at least 4, and 
preferably 8 hours following the therapy. Transduced cells 
are prepared for reinfusion according to established meth 
ods. See, Abrahamsen et al. (1991) J. Clin. Apheresis 
6:48-53; Carter et al. (1988).J. Clin. Arpheresis 4:113-117: 
Aebersold etal. (1988), J. Immunol. Methods 112:1-7: Muul 
et al. (1987).J. Immunol. Methods 101:171-181 and Carter 
et al. (1987) Transfusion 27:362-365. After a period of about 
2-4 weeks in culture, the cells should number between 1x10' 
and 1x10'. In this regard, the growth characteristics of cells 
vary from patient to patient and from cell type to cell type. 
About 72 hours prior to reinfusion of the transduced cells, an 
aliquot is taken for analysis of phenotype, and percentage of 
cells expressing the therapeutic or prophylactic agent. 
0393 If a subject (e.g., patient) undergoing infusion of a 
vector or transduced cell or protein formulation develops 
fevers, chills, or muscle aches, he/she receives the appro 
priate dose of aspirin, ibuprofen, acetaminophen or other 
pain/fever controlling drug. Subjects (e.g., patients) who 
experience reactions to the infusion Such as fever, muscle 
aches, and chills are premedicated 30 minutes prior to the 
future infusions with either aspirin, acetaminophen, or, e.g., 
diphenhydramine. Meperidine is used for more severe chills 
and muscleaches that do not quickly respond to antipyretics 
and antihistamines. Cell infusion is slowed or discontinued 
depending upon the severity of the reaction. 
Therapeutic and Prophylactic Treatment Methods 
0394 The present invention also includes methods of 
therapeutically or prophylactically treating a disease or 
disorder by administering in Vivo or ex vivo one or more 
nucleic acids or polypeptides of the invention described 
above (or compositions comprising a pharmaceutically 
acceptable excipient and one or more such nucleic acids or 
polypeptides) to a subject, including, e.g., a mammal, 
including, e.g., a human, primate, mouse, pig, cow, goat, 
rabbit, rat, guinea pig, hamster, horse, sheep; or a non 
mammalian vertebrate Such as a bird (e.g., a chicken or 
duck) or a fish, or invertebrate. 
0395. In one aspect of the invention, in ex vivo methods, 
one or more cells or a population of cells of interest of the 
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Subject (e.g., tumor cells, tumor tissue sample, organ cells, 
blood cells, cells of the skin, lung, heart, muscle, brain, 
mucosae, liver, intestine, spleen, stomach, lymphatic sys 
tem, cervix, Vagina, prostate, mouth, tongue, etc.) are 
obtained or removed from the subject and contacted with an 
amount of a polypeptide of the invention that is effective in 
prophylactically or therapeutically treating the disease, dis 
order, or other condition. The contacted cells are then 
returned or delivered to the subject to the site from which 
they were obtained or to another site (e.g., including those 
defined above) of interest in the subject to be treated. If 
desired, the contacted cells may be grafted onto a tissue, 
organ, or system site (including all described above) of 
interest in the Subject using standard and well-known graft 
ing techniques or, e.g., delivered to the blood or lymph 
system using standard delivery or transfusion techniques. 
0396 The invention also provides in vivo methods in 
which one or more cells or a population of cells of interest 
of the subject are contacted directly or indirectly with an 
amount of a polypeptide of the invention effective in pro 
phylactically or therapeutically treating the disease, disor 
der, or other condition. In direct contact/administration 
formats, the polypeptide is typically administered or trans 
ferred directly to the cells to be treated or to the tissue site 
of interest (e.g., tumor cells, tumor tissue sample, organ 
cells, blood cells, cells of the skin, lung, heart, muscle, brain, 
mucosae, liver, intestine, spleen, stomach, lymphatic sys 
tem, cervix, vagina, prostate, mouth, tongue, etc.) by any of 
a variety of formats, including topical administration, injec 
tion (e.g., by using a needle or syringe), or vaccine or gene 
gun delivery, pushing into a tissue, organ, or skin site. The 
polypeptide can be delivered, for example, intramuscularly, 
intradermally, Subdermally, Subcutaneously, orally, intrap 
eritoneally, intrathecally, intravenously, or placed within a 
cavity of the body (including, e.g., during Surgery), or by 
inhalation or vaginal or rectal administration. 
0397. In in vivo indirect contact/administration formats, 
the polypeptide is typically administered or transferred 
indirectly to the cells to be treated or to the tissue site of 
interest, including those described above (such as, e.g., skin 
cells, organ systems, lymphatic system, or blood cell system, 
etc.), by contacting or administering the polypeptide of the 
invention directly to one or more cells or population of cells 
from which treatment can be facilitated. For example, tumor 
cells within the body of the subject can be treated by 
contacting cells of the blood or lymphatic system, skin, oran 
organ with a sufficient amount of the polypeptide Such that 
delivery of the polypeptide to the site of interest (e.g., tissue, 
organ, or cells of interest or blood or lymphatic system 
within the body) occurs and effective prophylactic or thera 
peutic treatment results. Such contact, administration, or 
transfer is typically made by using one or more of the routes 
or modes of administration described above. 

0398. In another aspect, the invention provides ex vivo 
methods in which one or more cells of interest or a popu 
lation of cells of interest of the Subject (e.g., tumor cells, 
tumor tissue sample, organ cells, blood cells, cells of the 
skin, lung, heart, muscle, brain, mucosae, liver, intestine, 
spleen, stomach, lymphatic system, cervix, vagina, prostate, 
mouth, tongue, etc.) are obtained or removed from the 
Subject and transformed by contacting said one or more cells 
or population of cells with a polynucleotide construct com 
prising a target nucleic acid sequence of the invention that 
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encodes a biologically active polypeptide of interest (e.g., a 
polypeptide of the invention) that is effective in prophylac 
tically or therapeutically treating the disease, disorder, or 
other condition. The one or more cells or population of cells 
is contacted with a sufficient amount of the polynucleotide 
construct and a promoter controlling expression of said 
nucleic acid sequence Such that uptake of the polynucleotide 
construct (and promoter) into the cell(s) occurs and Sufi 
cient expression of the target nucleic acid sequence of the 
invention results to produce an amount of the biologically 
active polypeptide effective to prophylactically or therapeu 
tically treat the disease, disorder, or condition. The poly 
nucleotide construct may include a promoter sequence (e.g., 
CMV promoter sequence) that controls expression of the 
nucleic acid sequence of the invention and/or, if desired, one 
or more additional nucleotide sequences encoding at least 
one or more of another polypeptide of the invention, a 
cytokine, adjuvant, or co-stimulatory molecule, or other 
polypeptide of interest. 
0399. Following transfection, the transformed cells are 
returned, delivered, or transferred to the subject to the tissue 
site or system from which they were obtained or to another 
site (e.g., tumor cells, tumor tissue sample, organ cells, 
blood cells, cells of the skin, lung, heart, muscle, brain, 
mucosae, liver, intestine, spleen, stomach, lymphatic sys 
tem, cervix, Vagina, prostate, mouth, tongue, etc.) to be 
treated in the subject. If desired, the cells may be grafted 
onto a tissue, skin, organ, or body system of interest in the 
Subject using Standard and well-known grafting techniques 
or delivered to the blood or lymphatic system using standard 
delivery or transfusion techniques. Such delivery, adminis 
tration, or transfer of transformed cells is typically made by 
using one or more of the routes or modes of administration 
described above. Expression of the target nucleic acid occurs 
naturally or can be induced (as described in greater detail 
below) and an amount of the encoded polypeptide is 
expressed sufficient and effective to treat the disease or 
condition at the site or tissue system. 
0400. In another aspect, the invention provides in vivo 
methods in which one or more cells of interest or a popu 
lation of cells of the Subject (e.g., including those cells and 
cells systems and subjects described above) are transformed 
in the body of the subject by contacting the cell(s) or 
population of cells with (or administering or transferring to 
the cell(s) or population of cells using one or more of the 
routes or modes of administration described above) a poly 
nucleotide construct comprising a nucleic acid sequence of 
the invention that encodes a biologically active polypeptide 
of interest (e.g., a polypeptide of the invention) that is 
effective in prophylactically or therapeutically treating the 
disease, disorder, or other condition. 
04.01 The polynucleotide construct can be directly 
administered or transferred to cell(s) suffering from the 
disease or disorder (e.g., by direct contact using one or more 
of the routes or modes of administration described above). 
Alternatively, the polynucleotide construct can be indirectly 
administered or transferred to cell(s) suffering from the 
disease or disorder by first directly contacting non-diseased 
cell(s) or other diseased cells using one or more of the routes 
or modes of administration described above with a sufficient 
amount of the polynucleotide construct comprising the 
nucleic acid sequence encoding the biologically active 
polypeptide, and a promoter controlling expression of the 
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nucleic acid sequence, such that uptake of the polynucle 
otide construct (and promoter) into the cell(s) occurs and 
Sufficient expression of the nucleic acid sequence of the 
invention results to produce an amount of the biologically 
active polypeptide effective to prophylactically or therapeu 
tically treat the disease or disorder, and whereby the poly 
nucleotide construct or the resulting expressed polypeptide 
is transferred naturally or automatically from the initial 
delivery site, system, tissue or organ of the Subject’s body to 
the diseased site, tissue, organ or system of the Subjects 
body (e.g., via the blood or lymphatic system). Expression 
of the target nucleic acid occurs naturally or can be induced 
(as described in greater detail below) Such that an amount of 
the encoded polypeptide is expressed sufficient and effective 
to treat the disease or condition at the site or tissue system. 
The polynucleotide construct may include a promoter 
sequence (e.g., CMV promoter sequence) that controls 
expression of the nucleic acid sequence and/or, if desired, 
one or more additional nucleotide sequences encoding at 
least one or more of another polypeptide of the invention, a 
cytokine, adjuvant, or co-stimulatory molecule, or other 
polypeptide of interest. 
0402. In each of the in vivo and ex vivo treatment 
methods described above, a composition comprising an 
excipient and the polypeptide or nucleic acid of the inven 
tion can be administered or delivered. In one aspect, a 
composition comprising a pharmaceutically acceptable 
excipient and a polypeptide or nucleic acid of the invention 
is administered or delivered to the subject as described 
above in an amount effective to treat the disease or disorder. 

0403. In another aspect, in each in vivo and ex vivo 
treatment method described above, the amount of polynucle 
otide administered to the cell(s) or Subject can be an amount 
Sufficient that uptake of said polynucleotide into one or more 
cells of the Subject occurs and Sufficient expression of said 
nucleic acid sequence results to produce an amount of a 
biologically active polypeptide effective to enhance an 
immune response in the Subject, including an immune 
response induced by an immunogen (e.g., antigen). In 
another aspect, for each Such method, the amount of 
polypeptide administered to cell(s) or subject can be an 
amount Sufficient to enhance an immune response in the 
Subject, including that induced by an immunogen (e.g., 
antigen). 

0404 In yet another aspect, in an in vivo or in vivo 
treatment method in which a polynucleotide construct (or 
composition comprising a polynucleotide construct) is used 
to deliver a physiologically active polypeptide to a subject, 
the expression of the polynucleotide construct can be 
induced by using an inducible on- and off-gene expression 
system. Examples of Such on- and off-gene expression 
systems include the Tet-OnTM Gene Expression System and 
Tet-OffTM Gene Expression System (see, e.g., Clontech 
Catalog 2000, pg. 110-111 for a detailed description of each 
such system), respectively. Other controllable or inducible 
on- and off-gene expression systems are known to those of 
ordinary skill in the art. With such system, expression of the 
target nucleic of the polynucleotide construct can be regu 
lated in a precise, reversible, and quantitative manner. Gene 
expression of the target nucleic acid can be induced, for 
example, after the stable transfected cells containing the 
polynucleotide construct comprising the target nucleic acid 
are delivered or transferred to or made to contact the tissue 
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site, organ or system of interest. Such systems are of 
particular benefit in treatment methods and formats in which 
it is advantageous to delay or precisely control expression of 
the target nucleic acid (e.g., to allow time for completion of 
Surgery and/or healing following Surgery; to allow time for 
the polynucleotide construct comprising the target nucleic 
acid to reach the site, cells, system, or tissue to be treated; 
to allow time for the graft containing cells transformed with 
the construct to become incorporated into the tissue or organ 
onto or into which it has been spliced or attached, etc.) 
Integrated Systems 
04.05 The present invention provides computers, com 
puter readable media and integrated systems comprising 
character strings corresponding to the sequence information 
herein for the polypeptides and nucleic acids herein, includ 
ing, e.g., those sequences listed herein and the various silent 
substitutions and conservative substitutions thereof. 

0406 Various methods and genetic algorithms (GOs) 
known in the art can be used to detect homology or simi 
larity between different character strings, or can be used to 
perform other desirable functions such as to control output 
files, provide the basis for making presentations of infor 
mation including the sequences and the like. Examples 
include BLAST, discussed supra. 
04.07 Thus, different types of homology and similarity of 
various stringency and length can be detected and recog 
nized in the integrated systems herein. For example, many 
homology determination methods have been designed for 
comparative analysis of sequences of biopolymers, for spell 
checking in word processing, and for data retrieval from 
various databases. With an understanding of double-helix 
pair-wise complement interactions among 4 principal 
nucleobases in natural polynucleotides, models that simulate 
annealing of complementary homologous polynucleotide 
strings can also be used as a foundation of sequence align 
ment or other operations typically performed on the char 
acter Strings corresponding to the sequences herein (e.g., 
word-processing manipulations, construction of figures 
comprising sequence or Subsequence character strings, out 
put tables, etc.). An example of a software package with 
GOs for calculating sequence similarity is BLAST, which 
can be adapted to the present invention by inputting char 
acter strings corresponding to the sequences herein. 
0408 Similarly, standard desktop applications such as 
word processing software (e.g., Microsoft WordTM or Corel 
WordPerfectTM) and database software (e.g., spreadsheet 
software such as Microsoft ExcelTM, Corel Quattro ProTM, or 
database programs such as Microsoft AccessTM or Para 
doxTM) can be adapted to the present invention by inputting 
a character string corresponding to the modified p35 
sequences and/or modified p40 sequences of the invention 
(either nucleic acids or polypeptides, or both). For example, 
the integrated systems can include the foregoing software 
having the appropriate character string information, e.g., 
used in conjunction with a user interface (e.g., a GUI in a 
standard operating system such as a Windows, Macintosh or 
LINUX System) to manipulate Strings of characters. As 
noted, specialized alignment programs such as BLAST can 
also be incorporated into the systems of the invention for 
alignment of nucleic acids or proteins (or corresponding 
character strings). 
04.09 Integrated systems for analysis in the present 
invention typically include a digital computer with GO 
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Software for aligning sequences, as well as data sets entered 
into the Software system comprising any of the sequences 
herein. The computer can be, e.g., a PC (Intel x86 or 
Pentium chip-compatible DOSTM, OS2TM WINDOWSTM 
WINDOWS NTTM, WINDOWS95TM, WINDOWS98TM 
LINUX based machine, a MACINTOSHTM, Power PC, or a 
UNIX based (e.g., SUNTM work station) machine) or other 
commercially common computer which is known to one of 
skill. Software for aligning or otherwise manipulating 
sequences is available, or can easily be constructed by one 
of skill using a standard programming language such as 
Visual basic, Fortran, Basic, Java, or the like. 
0410 Any controller or computer optionally includes a 
monitor which is often a cathode ray tube (“CRT) display, 
a flat panel display (e.g., active matrix liquid crystal display, 
liquid crystal display), or others. Computer circuitry is often 
placed in a box which includes numerous integrated circuit 
chips, such as a microprocessor, memory, interface circuits, 
and others. The box also optionally includes a hard disk 
drive, a floppy disk drive, a high capacity removable drive 
such as a writeable CD-ROM, and other common peripheral 
elements. Inputting devices such as a keyboard or mouse 
optionally provide for input from a user and for user 
selection of sequences to be compared or otherwise manipu 
lated in the relevant computer system. 
0411 The computer typically includes appropriate soft 
ware for receiving user instructions, either in the form of 
user input into a set parameter fields, e.g., in a GUI, or in the 
form of preprogrammed instructions, e.g., preprogrammed 
for a variety of different specific operations. The software 
then converts these instructions to appropriate language for 
instructing the operation of the fluid direction and transport 
controller to carry out the desired operation. 
0412. The software can also include output elements for 
controlling nucleic acid synthesis (e.g., based upon a 
sequence or an alignment of a sequences herein) or other 
operations which occur downstream from an alignment or 
other operation performed using a character string corre 
sponding to a sequence herein. 
0413. In one embodiment, the invention provides an 
integrated system comprising a computer or computer read 
able medium comprising a database having one or more 
sequence records. Each of the sequence records comprises 
one or more character Strings corresponding to a nucleic acid 
or polypeptide or protein sequence selected from SEQ ID 
NO:1 to SEQID NO:14, SEQID NO:16 to SEQID NO:35, 
SEQ ID NO:39, and SEQID NO:40. The integrated system 
further comprises a use input interface allowing a use to 
selectively view the one or more sequence records. In one 
Such integrated system, the computer or computer readable 
medium comprises an alignment instruction set that aligns 
the character Strings with one or more additional character 
strings corresponding to a nucleic acid or polypeptide or 
protein sequence. 

0414. One such integrated system includes an instruction 
set that comprises at least one of the following: a local 
homology comparison determination, a homology align 
ment determination, a search for similarity determination, 
and a BLAST determination. In some embodiments, the 
system further comprises a readable output element that 
displays an alignment produced by the alignment instruction 
set. In another embodiment, the computer or computer 
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readable medium further comprises an instruction set that 
translates at least one nucleic acid sequence which com 
prises a sequence selected from SEQ ID NO:1 to SEQ ID 
NO:7 or SEQ ID NO:16 to SEQ ID NO:25 into an amino 
acid sequence. The instruction set may select the nucleic 
acid by applying a codon usage instruction set or an instruc 
tion set which determines sequence identity to a test nucleic 
acid sequence. 
0415 Methods of using a computer system to present 
information pertaining to at least one of a plurality of 
sequence records stored in a database are also provided. 
Each of the sequence records comprises at least one char 
acter string corresponding to SEQ ID NO:1 to SEQ ID 
NO:14, SEQ ID NO:16 to SEQID NO:35, SEQID NO:39, 
and SEQ ID NO:40. The method comprises determining at 
least one character string corresponding to one or more of 
SEQID NO:1 to SEQID NO:14, SEQID NO: 16 to SEQID 
NO:35, SEQ ID NO:39, and SEQ ID NO:40 or a subse 
quence thereof; determining which of the at least one 
character string of the list are selected by a user, and 
displaying each of the selected character Strings, or aligning 
each of the selected character Strings with an additional 
character string. The method may further comprise display 
ing an alignment of each of the selected character strings 
with an additional character String and/or displaying the list. 
Kits 

0416) In an additional aspect, the present invention pro 
vides kits embodying the methods, composition, systems 
and apparatus herein. Kits of the invention optionally com 
prise one or more of the following: (1) an apparatus, system, 
system component or apparatus component as described 
herein; (2) instructions for practicing the methods described 
herein, and/or for operating the apparatus or apparatus 
components herein and/or for using the compositions herein; 
(3) one or more modified p35 and/or modified p40 compo 
sition (Such as e.g., compositions comprising at least one 
modified p35 and/or modified p40 nucleic acid or polypep 
tide or fragment thereof, cell, vector, etc., of the invention) 
or component (modified p35 and/or modified p40 nucleic 
acid or polypeptide or fragment thereof, cell, vector, etc., of 
the invention); (4) a container for holding one or more 
aspects of the invention, including such components or 
compositions, and (5) packaging materials. 
0417. In a further aspect, the present invention provides 
for the use of any apparatus, apparatus component, compo 
sition or kit herein, for the practice of any method or assay 
herein, and/or for the use of any apparatus or kit to practice 
any assay or method herein. 

EXAMPLES 

Example I 

Preparation and Screening of Polypeptides 

0418 Nucleic acids encoding polypeptides of the inven 
tion, and nucleic acids encoding wt-p40 and wt-p35 
polypeptides, were individually subcloned into the 
pcDNA1.3 (+) (Invitrogen) expression/secretion vector and 
transformed into E. Coli. Transformants were propagated in 
96-well blocks, and plasmid DNA was purified using an 
automated DNA purification system (Qiagen). Plasmids 
were transfected into COS-7 or 293 mammalian cells using 
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a high-throughput 96-well format and Superfect Reagent 
(Qiagen). The culture medium was harvested and analyzed 
for protein expression and biological activity after a 48-72 
hour incubation period. 
0419. In some instances, sequences of naturally-occur 
ring (also referred to herein as wild-type or “wt') p35 
nucleic acids and modified p35 nucleic acids were further 
modified to encode an EHtag (SEQ ID NO:44) at the 
C-terminus to facilitate purification and quantitation of the 
~70 kDa heterodimers (comprising a p35 polypeptide and a 
p40 polypeptide). 

Quantitation of Expression and Purification of 
Heterodimeric Proteins 

0420 Protein concentration was estimated by analyzing 
culture Supernatants, or purified heterodimeric proteins, on a 
4-12% NuPAGE gel (Novex, San Diego, Calif.) followed by 
either staining with SilverXpress staining kit (Novex, San 
Diego, Calif.) or chemiluminescent detection using anti-p35 
mAB (R&D Systems, Pharmingen) or a mouse anti-poly 
histidine tag maB (Accurate, Westbury, N.Y.), followed by 
goat anti-mouse IgG conjugated to HRP (Pharmacia-Amer 
sham, Piscataway, N.J.). Alternatively, concentration of 
purified protein was estimated by absorbance at 280 nm. 
0421 Large-scale transfections of human 293 cells were 
performed in 150 millimeter (mm) dishes with Superfect 
Reagent (Qiagen, Valencia, Calif.) using 10 microgram (ug) 
of each wt or modified p35-EHtag and p40 subunit expres 
sion vectors. Culture supernatant was harvested 72 hours 
post-transfection and centrifuged at low speed followed by 
filtration through a 0.2 micron (u) filter (Nalgene, Rochester, 
N.Y.) to remove cellular debris. The centrifuged supernatant 
was passed through an anti-E affinity column (Pharmacia 
Amersham, Piscataway, N.J.) equilibrated in 20 milliMolar 
(mM) phosphate buffer pH 7.0 and protein eluted with 0.1 
Molar (M) glycine pH 3.0 followed by neutralization with 
/10 volume of 1 M Tris pH 8.2. The sample was then 
buffered exchanged into phosphate-buffered saline (PBS) 
and concentrated with Centricon plus-80 filter devices (Mil 
lipore, Bedford, Mass.). 
0422 T-Cell Proliferation Assay 
0423. The assay was performed as described by Pun 
nonen and de Vries (1994, Journal of Immunology 152: 
1094). Human peripheral blood leukocytes (PBLs) were 
isolated from buffy coats by density-gradient centrifugation 
using Histopaque (Sigma), washed twice with PBS, and 
resuspended at a concentration of 2x10 cells/ml in RPMI 
medium (Gibco-BRL) supplemented with 10% fetal calf 
serum (Hyclone), 1x glutamine (Gibco-BRL) and 100 ug/ml 
of penicillin and streptomycin (Gibco-BRL). The isolated 
PBLS were then cultured in T75 flasks for 96 hours in the 
presence of 5 ug/ml phytohemagglutinin (PHA; Sigma) to 
induce activation of T-lymphocytes. Subsequently, the cells 
were washed twice with PBS and adjusted to 4x10 cells/ml 
in RPMI medium. 

0424 Assays were performed either (a) directly on serial 
dilutions of culture Supernatants from transfected mamma 
lian cells, or (b) on proteins purified from culture Superna 
tants. Serial dilutions of expression culture medium, or of 
partially purified protein, were placed in 96-well round 
bottom plates (Costar). A 100 microliter (ul) aliquot of 
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resuspended T-cells, activated as described above, was 
immediately added to each well with an automated multi 
channel pipet (Matrix) and the plates were incubated at 37° 
C. with 5% CO, for 48 hours. This was followed by an 
additional incubation period of 16 hours in the presence of 
1 uCi of H-thymidine (Amersham). The cells were then 
harvested and the amount of 3H-thymidine incorporation—a 
measure of cytokine-dependent T1 proliferation was mea 
sured using a 1450 micro-beta Trilux liquid scintillation 
counter (Wallac). 
0425 T1 Differentiation/Interferon-Y Induction Assay 
0426) Production of a human T1 specific cytokine, 
interferon-Y, was measured using a modification of the 
method described by Murphy et al. (1985, Journal of 
Experimental Medicine 164:263). Human T-cells were puri 
fied by negative selection using antibodies to CD14, CD19, 
CD56 and CD16 (Beckton-Dickinson). The homogenous 
population of T-cells was cultured at 1x10° cells/well for 5 
days in Iscove medium, in the presence or absence of test 
proteins. Before activating the cells with soluble anti-CD3 
(5ug/ml) and anti-CD28 (5ug/ml), the cells were harvested 
and washed with PBS. The cells were incubated at 37° C. 
with 5% CO2 for 48 hours prior to harvesting the condi 
tioned medium and measuring the level of interferon-Y with 
a commercially available ELISA kit (R&D Systems). 
0427. Results 
0428 Culture media from mammalian cells expressing 
nucleic acids of the invention, and purified heterodimeric 
proteins, were tested for T-cell proliferative activity and 
interferon-Y induction activity as described above. Repre 
sentative results are provided as follows. Nucleic acids 
encoding modified p40 polypeptides of the invention were 
co-expressed with nucleic acids encoding a wt-p35 polypep 
tide (SEQID NO:36). In general, significantly greater T-cell 
proliferative activities were observed in the culture media of 
cells expressing and secreting heterodimers comprising 
modified p40 polypeptides of the invention than were 
observed in the culture media of control cells expressing and 
secreting heterodimers formed of wt-p40 and wt-p35 
polypeptides. 

0429 FIG. 2 shows that co-expression of a modified p40 
nucleic acid of the invention, (SEQ ID NO:7 encoding 
R16-51), with nucleic acid encoding a wt-p35 polypeptide 
(SEQ ID NO:36) in COS-7 cells, results in secretion of 
active protein into the conditioned media. Relative T-cell 
proliferative activity of the modified-p40?wt-p35 het 
erodimer compared to that of the control wt-p40?wt-p35 
heterodimer were estimated by comparing the n-fold dilu 
tion of test culture media necessary to achieve an equal level 
of activity to that of the control culture media. Assay of 
serial dilutions of the media showed that the modified 
p40?wt-p35 heterodimer required about an 4-fold dilution of 
media to achieve a level of H-thymidine incorporation 
(CPM) equivalent to that of a wt-p40/wt-p35 heterodimer. 
This is indicative of about an 4-fold greater T-cell prolif 
erative activity of the expressed, secreted R16-51/wt-p35 
heterodimer over that of the control culture expressing and 
secreting wt-p40?wt-p35 heterodimer. FIG. 3 shows the 
relative T-cell proliferative activities of culture media dilu 
tions of human 293 cells co-expressing a nucleic acid 
encoding a wt-p35 polypeptide (SEQID NO:36) plus one of 
the following modified p40 nucleic acids of the invention: 
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SEQ ID NO:6 encoding A16-94: SEQ ID NO:2 encoding 
B8-96; or SEQID NO:1 encoding C2-22; or a nucleic acid 
(SEQ ID NO: 37) encoding a wt-p40 polypeptide. Relative 
activities of the modified p40/wt-p35 heterodimers com 
pared to that of the control wt-p40?wt-p35 heterodimer were 
estimated by comparing the n-fold dilution of test culture 
media necessary to achieve an equal level of activity to that 
of the control culture media. Assay of serial dilutions of the 
media showed that the modified p40?wt-p35 heterodimers 
comprising modified p40 polypeptides A16-94 and B8-96 
required at least about an 8-fold dilution and at least about 
a 16-fold dilution, respectively, of culture supernatant to 
achieve a level of H-thymidine incorporation (CPM) 
equivalent to that of wt-p40?wt-p35 heterodimer, while the 
modified p40/wt-p35 heterodimer comprising modified p40 
polypeptide C2-22 required at least about a 32- to 64-fold 
dilution of media to achieve a level of H-thymidine incor 
poration (CPM) equivalent to that of wt-p40?wt-p35 het 
erodimer (as indicated by the dashed horizontal line). In 
other words, culture media of the expressed and secreted 
A16-94/wt-p35 and B8-96/wt-p35 heterodimers showed at 
least an 8-fold and at least a 16-fold greater T-cell prolif 
erative activity, respectively, and the culture media of the 
expressed and secreted C2-22/wt-p35 heterodimer showed 
at least 32- to 64-fold greater T-cell proliferative activity, 
than that of the control culture media of the expressed and 
secreted wt-p40/wt-p35 heterodimer. 
0430 FIGS. 4, 5, and 6, respectively, show the T-cell 
proliferative activities of culture media of cells co-express 
ing a nucleic acid encoding a naturally-occurring (wt-)p35 
polypeptide (SEQ ID NO:36) plus one of the following 
modified p40 nucleic acids: SEQID NO:5 encoding A3-48 
(FIG. 4), SEQID NO:3 encoding B2-52 (FIG. 5), and SEQ 
ID NO:4 encoding B1-81 (FIG. 6), in comparison to dilu 
tions of culture media of control cells co-expressing nucleic 
acids encoding naturally-occurring wt-p40/wt-p35 polypep 
tides. The results of FIGS. 4-6 are indicative of at least about 
a 4- to 8-fold greater T-cell proliferative activity of each of 
the expressed, secreted modified p40/wt-p35 heterodimers 
over that of the control expressed, secreted wt-p40?wt-p35 
heterodimer. 

0431 FIG. 7 shows that COS-7 cells co-expressing 
nucleic acid encoding an exemplary modified p40 polypep 
tide of the invention plus nucleic acid encoding wt-p35 
polypeptide consistently secreted more heterodimeric (-70 
kDa) protein into the culture media than COS-7 cells co 
expressing nucleic acids encoding wt-p40 and wt-p35 
polypeptides. Heterodimer (p70) production was quantitated 
by immunoblot analysis, using an anti-p35 mAB, of equiva 
lent volumes of crude culture medium from COS-7 cells 
co-expressing nucleic acids encoding wt-p35 polypeptide 
(SEQ ID NO:36) plus either a nucleic acid encoding one of 
the following exemplary modified p40 polypeptides, iden 
tified as A16-94 (SEQ ID NO:13), A3-48 (SEQID NO:12), 
B1-81 (SEQ ID NO:11). B2-52 (SEQ ID NO:10), B8-96 
(SEQ ID NO:9) or C2-22 (SEQ ID NO:8), or a nucleic acid 
encoding a wt-p40 (SEQ ID NO:15). Thus, the increased 
proliferative activities of the modified heterodimers over the 
wild-type heterodimers may be in part attributable to 
enhanced production of modified heterodimers as compared 
to the wild-type counterparts. 

0432. As noted above and in FIG. 3, culture media from 
cells expressing the modified p40 C2-22/wt-p35 het 
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erodimer showed an up to 64-fold increase in relative 
proliferative activity over that of culture media cells 
expressing the wild-type heterodimer (that is, up to a 64-fold 
lower volume of culture media from cells expressing the 
modified heterodimer was required to achieve an activity 
value equivalent to that of a 1x volume of culture media 
from cells expressing the wild-type heterodimer). To esti 
mate the relative contributions of enhanced modified het 
erodimer production versus increased activity to this 
observed activity increase, heterodimers were first quanti 
tated by immunoblot of equivalent dilutions of partially 
purified heterodimer fromwt-p40?wt-p35 and C2-22/wt-p35 
cultures using an anti-p35 mAB. From densitometery analy 
sis, an estimated 16-fold enhancement of expression of 
C2-22/wt-p35 heterodimer over that of the control wt-p40/ 
wt-p35 heterodimer was observed (FIG. 8). Based on this 
quantitation, equivalent concentrations of partially purified 
C2-22/wt-p35 heterodimer showed an approximately four 
fold higher proliferative activity compared to partially puri 
fied control wt-p40/wt-p35 heterodimer in the human T-cell 
proliferation assay after normalizing for protein concentra 
tion (FIG. 9). Taken together, these data suggest that the 
observed 32- to 64-fold activity enhancement observed in 
the culture broth assay is consistent with about a 16-fold 
increase in active heterodimer production, and about a 
four-fold higher proliferative activity of the C2-22/wt-p35 
heterodimer over that of the control wild-type heterodimer. 
0433) The ability of partially purified C2-22/wt-p35 het 
erodimer to induce synthesis and secretion of the T1 
specific cytokine, interferon-Y, by human T-cells was deter 
mined in the human T1 differentiation/IFN-Y induction 
assay. FIG. 10 shows the levels of human IFN-Y produced 
by human T-cells incubated in the presence or absence of 
partially purified C2-22/wt-p35 or control wt-p40/wt-p35 
heterodimers, followed by activation with anti-CD3 and 
anti-CD28. The amount of IFN-Y produced by human T-cells 
incubated with ~1 ng/ml of partially purified p40C2-22/wt 
p35 heterodimer was significantly greater than that of cells 
treated with ~1 ng/ml of partially purified control wt-p40/ 
wt-p35 heterodimer. 
0434) Nucleic acids encoding modified p35 polypeptides 
of the invention were co-expressed with nucleic acids 
encoding either wt-p40 or various modified p40 polypep 
tides of the invention. In general, significantly greater T-cell 
proliferative activities were observed in the culture media of 
cells expressing and secreting heterodimers comprising 
modified p35 polypeptides of the invention, and in the 
culture media of cells expressing and secreting heterodimers 
comprising both modified p35 and modified p40 polypep 
tides of the inventions, over T-cell proliferative activities of 
the culture media of control cells expressing and secreting 
wild-type heterodimers formed of naturally-occurring wt 
p40 and wt-p35 polypeptides. 

0435 A “fully modified heterodimer C2-22/R2-571 
EHtag, comprising a modified p40 polypeptide comprising 
a sequence identified as the mature polypeptide region 
(amino acid residues 23-324) of SEQ ID NO:8, and a 
modified p35 polypeptide comprising a sequence identified 
as the mature polypeptide region (amino acid residues 
23-2.19) of SEQ ID NO:31 plus the C-terminal EHtag, was 
purified and quantitated as described above. FIG. 12 shows 
that the T-cell proliferative activity of the purified fully 
modified heterodimer (C2-22/R2-571-EHtag) is about 8 
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times greater than that of purified control wild-type (wt-p40/ 
wt-p35-EHtag) heterodimer, after normalizing for protein 
concentration. FIG. 13 shows that human T-cells incubated 
with the purified “fully modified’ heterodimer (C2-22/R2 
571-EHtag) at a concentration of either ~10 ng/ml or ~50 
ng/ml produced 3 to 5 times more IFN-y than human T-cells 
incubated with equal concentrations of purified control 
wild-type (wt-p40/wt-p35-EHtag) heterodimer. 
0436 FIG. 14 shows a western blot, probed using an 
anti-E tag monoclonal antibody, of purified heterodimers 
produced by co-expressing in 293 cells (a) a modified p40 
nucleic acid of the invention (comprising the C2-22 poly 
nucleotide sequence SEQ ID NO: 1) plus a modified p35 
nucleic acid of the invention (comprising the R2-571 poly 
nucleotide sequence SEQ ID NO:21), and (b) wt-p40 and 
wt-p35 nucleic acids (comprising the polynucleotide 

SEQUENCE LISTING 

<160> NUMBER OF SEQ ID NOS: 44 

<210> SEQ ID NO 1 
&2 11s LENGTH 975 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&22O > FEATURE 
<223> OTHER INFORMATION: Synthetic Sequence 

<400 SEQUENCE: 1 
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sequences SEQ ID NO:37 and SEQ ID NO:38, respec 
tively). 

0437. While the foregoing invention has been described 
in some detail for purposes of clarity and understanding, it 
will be clear to one skilled in the art from a reading of this 
disclosure that various changes in form and detail can be 
made without departing from the true scope of the invention. 
For example, all the techniques, methods, compositions, 
apparatus and systems described above may be used in 
various combinations. All publications, patents, patent appli 
cations, or other documents cited in this application are 
incorporated by reference in their entirety for all purposes to 
the same extent as if each individual publication, patent, 
patent application, or other document were individually 
indicated to be incorporated by reference for all purposes. 

atgtgtcacc agcagttggit catctottgg tttitccctgg ttittgctggc atctocccitc 60 

atggc catat gggaactgaa gaaagacgtt tatgtcgtag agttgg act g g tat cotaat 120 

gcticcitggag aaa.ca.gtggit cotcacgtgt gacactcct g aagaagatgg catcaccitgg 18O 

accitcag acc agagcagtga ggtottgggc actogcaaaa coct gaccat coacgtcaaa 240 

gagtttggag atgctggcca gtacaccitgt cqcaaaggag go gaggctot gagtc.gttca 3OO 

citcct cotgc to cacaaaaa ggaagatgga atttggtoca citgatattitt aaaagaccag 360 

aaagagcc.ca aaaacaa gag ctittctaaaa totgaggcaa agaattactic cqgacgtttc 420 

acctgctggit ggctdacgac aatcagtact gatttgaaat to agtgtcaa aag cagoaga 480 

ggctocact g accoccgtgg cqtgacatgt gg cacggcaa cqct citcaga ggacct cqga 540 

gagtatalaga agtacagagt ggagtgtcag gagggCagtg cct CC cagc cqct gaggag 600 

agcctg.ccca ttgaggtogt gctggaagct gttcacaagc to aagtatga aaactacacc 660 

agcagottct tcatcagaga catcatcaaa coag accoac coaagaacct gcaactgaag 720 

ccattgaaaa attct cqgca totggagg to agctgggggt accocq acac citggag cacc 78O 

ccacattcct acttctocct gacattctgc atcCaggtoc agggcaa.gag caagagagaa 840 

aagaaagata gaatcttcac agacaag acc to agccacgg to atctg.ccg caaaaatgcc 9 OO 

aagat.ccg.cg togcaa.gc.ccg ggaccgctac tacagotcat totggagtga atgggcatct 96.O 

gtgtc.ctgca gttag 

<210> SEQ ID NO 2 
&2 11s LENGTH 984 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&22O > FEATURE 

975 
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gcc.cctggag aaatggtggit cotc.gc.ctgt gacactcctd aagaagatgg catcaccitgg 18O 

acct cagacc agag cagtga ggtottgggc actggcaaaa ccctdac cat coacgtoaaa 240 

gagtttggag atgctggcca gtacacct gt cqcaaag gag gogcagttct gag coagtca 3OO 

citcc togct gc titcacaaaaa goaagatgga atttggtoca citgat attitt aaaagaccag 360 

aaagagcc.ca aaaacaagat citttctgaaa totgaggcaa agaattactic cqgacgtttc 420 

acct gctggt ggctgacago: aatcagtaca gatttgaaat to actgtcaa aag cagoaga 480 

ggct cotctg accoccaagg g g to acttgt ggagcc.gtta cactcitctgc agagagggto 540 

agcatggacc acagggagta taacaagtac acagtggagt gtcaggaggg cagtgcc to c 600 

cc citctg.ccg aggaga.gc.ct accolatcgag gtcgtggtgg atgctatto a caagctdaag 660 

tatgaaaact acaccagoag cittcttcatc agaga catca toaaacctga cccacccaag 720 

aacttgcago togaa.gc.catt aaagaattct c gacacgtgg agatcagot g g gagtaccct 78O 

gacaccitgga gcatcc caca titcc tactitt tocct gatgt ttggtgttca agttcagggc 840 

aagaacaaga gagaaaagaa agatagactic tocc gtggaca agaccitcago Caaggtogtg 9 OO 

tgccacaagg atgccaagat cog cqtgcaa gocagaga.cc gctactacag citcatcttgg 96.O 

agcgaatggg catctgtgcc citgcagttag 99 O 

<210 SEQ ID NO 8 
<211& LENGTH 324 
&212> TYPE PRT 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic Sequence 

<400 SEQUENCE: 8 

Met Cys His Glin Gln Leu Val Ile Ser Trp Phe Ser Leu Val Leu Leu 
1 5 10 15 

Ala Ser Pro Leu Met Ala Ile Trp Glu Lieu Lys Lys Asp Val Tyr Val 
2O 25 30 

Val Glu Leu Asp Trp Tyr Pro Asn Ala Pro Gly Glu Thr Val Val Leu 
35 40 45 

Thr Cys Asp Thr Pro Glu Glu Asp Gly Ile Thir Trp Thr Ser Asp Gln 
50 55 60 

Ser Ser Glu Val Leu Gly. Thr Gly Lys Thr Leu Thir Ile His Val Lys 
65 70 75 8O 

Glu Phe Gly Asp Ala Gly Glin Tyr Thr Cys Arg Lys Gly Gly Glu Ala 
85 90 95 

Leu Ser Arg Ser Lieu Lleu Lleu Lieu. His Lys Lys Glu Asp Gly Ile Trp 
100 105 110 

Ser Thr Asp Ile Leu Lys Asp Gln Lys Glu Pro Lys Asn Lys Ser Phe 
115 120 125 

Leu Lys Cys Glu Ala Lys Asn Tyr Ser Gly Arg Phe Thr Cys Trp Trp 
130 135 1 4 0 

Leu Thir Thr Ile Ser Thr Asp Leu Lys Phe Ser Val Lys Ser Ser Arg 
145 15 O 155 160 

Gly Ser Thr Asp Pro Arg Gly Val Thr Cys Gly Thr Ala Thr Leu Ser 
1.65 170 175 

Glu Asp Leu Gly Glu Tyr Lys Lys Tyr Arg Val Glu Cys Glin Glu Gly 
18O 185 19 O 
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Ser Ala Cys Pro Ala Ala Glu Glu Ser Lieu Pro Ile Glu Val Val Lieu 
195 200 2O5 

Glu Ala Val His Lys Leu Lys Tyr Glu Asn Tyr Thr Ser Ser Phe Phe 
210 215 220 

Ile Arg Asp Ile Ile Lys Pro Asp Pro Pro Lys Asn Lieu Gln Leu Lys 
225 230 235 240 

Pro Leu Lys Asn. Ser Arg His Val Glu Val Ser Trp Gly Tyr Pro Asp 
245 250 255 

Thir Trp Ser Thr Pro His Ser Tyr Phe Ser Leu Thr Phe Cys Ile Glin 
260 265 27 O 

Val Glin Gly Lys Ser Lys Arg Glu Lys Lys Asp Arg Ile Phe Thr Asp 
275 280 285 

Lys. Thir Ser Ala Thr Val Ile Cys Arg Lys Asn Ala Lys Ile Arg Val 
29 O 295 3OO 

Glin Ala Arg Asp Arg Tyr Tyr Ser Ser Phe Trp Ser Glu Trp Ala Ser 
305 310 315 320 

Val Ser Cys Ser 

<210 SEQ ID NO 9 
&2 11s LENGTH 327 
&212> TYPE PRT 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic Sequence 

<400 SEQUENCE: 9 

Met Cys His Glin Gln Leu Val Ile Ser Trp Phe Ser Leu Val Phe Leu 
1 5 10 15 

Ala Ser Pro Leu Val Ala Ile Trp Glu Lieu Glu Lys Asn Val Tyr Val 
2O 25 30 

Val Glu Leu Asp Trp Tyr Pro Asp Ala Pro Gly Glu Met Val Val Leu 
35 40 45 

Ala Cys Asp Thr Pro Glu Glu Asp Gly Ile Thir Trp Thr Ser Asp Gln 
50 55 60 

Ser Ser Glu Val Leu Gly. Thr Gly Lys Thr Leu Thir Ile His Val Lys 
65 70 75 8O 

Glu Phe Gly Asp Ala Gly Glin Tyr Thr Cys Arg Lys Gly Gly Ala Wal 
85 90 95 

Leu Ser Glin Ser Lieu Lleu Lleu Lieu. His Lys Lys Glu Asp Gly Ile Trp 
100 105 110 

Ser Thr Asp Ile Leu Lys Asp Gln Lys Glu Pro Lys Asn Lys Ser Phe 
115 120 125 

Leu Lys Cys Glu Ala Lys Asn Tyr Ser Gly Arg Phe Thr Cys Trp Trp 
130 135 1 4 0 

Leu Thir Thr Ile Ser Thr Asp Leu Lys Phe Ser Val Lys Ser Ser Arg 
145 15 O 155 160 

Gly Ser Ser Asp Pro Arg Gly Val Thr Cys Gly Ala Ala Lieu Lleu Ser 
1.65 170 175 

Ala Glu Lys Val Ser Lieu Glu His Arg Glu Tyr Lys Lys Tyr Arg Val 
18O 185 19 O 

Glu Cys Glin Glu Gly Ser Ala Cys Pro Ala Ala Glu Glu Ser Lieu Pro 
195 200 2O5 

Ile Glu Val Val Lieu Glu Ala Wal His Lys Lieu Lys Tyr Glu Asn Tyr 
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210 215 220 

Thr Ser Ser Phe Phe Ile Arg Asp Ile Ile Llys Pro Asp Pro Pro Lys 
225 230 235 240 

Asn Lieu Gln Leu Arg Pro Leu Lys Asn. Ser Arg Glin Val Glu Val Asn 
245 250 255 

Trp Glu Tyr Pro Asp Thr Trp Ser Thr Pro His Ser Tyr Phe Ser Leu 
260 265 27 O 

Thr Phe Cys Val Glin Val Glin Gly Lys Asn Lys Arg Glu Lys Lys Lieu 
275 280 285 

Phe Met Asp Glin Thr Ser Ala Lys Val Thr Cys His Lys Asp Ala Lys 
29 O 295 3OO 

Ile Arg Val Glin Ala Arg Asp Arg Tyr Tyr Ser Ser Ser Trp Ser Glu 
305 310 315 320 

Trp Ala Ser Val Pro Cys Ser 
325 

<210> SEQ ID NO 10 
&2 11s LENGTH 327 
&212> TYPE PRT 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic Sequence 

<400 SEQUENCE: 10 

Met Cys His Glin Gln Leu Val Ile Ser Trp Phe Ser Leu Val Phe Leu 
1 5 10 15 

Ala Ser Pro Leu Val Ala Ile Trp Glu Lieu Glu Lys Asn Val Tyr Val 
2O 25 30 

Val Glu Leu Asp Trp Tyr Pro Asp Ala Pro Gly Glu Met Val Val Leu 
35 40 45 

Ala Cys Asp Thr Pro Glu Glu Asp Gly Ile Thir Trp Thr Ser Asp Gln 
50 55 60 

Ser Ser Gly Val Leu Gly. Thr Gly Lys Thr Leu Thir Ile His Val Lys 
65 70 75 8O 

Glu Phe Gly Asp Ala Gly Glin Tyr Thr Cys Arg Lys Gly Gly Ala Wal 
85 90 95 

Leu Ser Glin Ser Lieu Lleu Lleu Lieu. His Lys Lys Glu Asp Gly Ile Trp 
100 105 110 

Ser Thr Asp Ile Leu Lys Asp Gln Lys Glu Pro Lys Ala Lys Ser Phe 
115 120 125 

Leu Lys Cys Glu Ala Lys Asp Tyr Ser Gly His Phe Thr Cys Trp Trp 
130 135 1 4 0 

Leu Thir Thr Ile Ser Thr Asp Leu Lys Phe Ser Val Lys Ser Ser Arg 
145 15 O 155 160 

Gly Ser Ser Asp Pro Glin Gly Val Thr Cys Gly Ala Val Thr Leu Ser 
1.65 170 175 

Ala Glu Arg Val Ser Met Asp His Arg Glu Tyr Asn Lys Tyr Thr Val 
18O 185 19 O 

Glu Cys Glin Glu Gly Ser Ala Cys Pro Ser Ala Glu Glu Ser Lieu Pro 
195 200 2O5 

Ile Glu Val Val Val Asp Ala Ile His Lys Lieu Lys Tyr Glu Asn Tyr 
210 215 220 

Thr Ser Ser Phe Phe Ile Arg Asp Ile Ile Llys Pro Asp Pro Pro Lys 
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225 230 235 240 

Asn Lieu Gln Leu Arg Pro Leu Lys Asn. Ser Arg Glin Val Glu Val Asn 
245 250 255 

Trp Glu Tyr Pro Asp Thr Trp Ser Thr Pro His Ser Tyr Phe Ser Leu 
260 265 27 O 

Thr Phe Cys Val Glin Val Glin Gly Lys Asn Lys Arg Glu Lys Lys Lieu 
275 280 285 

Phe Met Asp Glin Thr Ser Ala Lys Val Thr Cys His Lys Asp Ala Lys 
29 O 295 3OO 

Ile Arg Val Glin Ala Arg Asp Arg Tyr Tyr Ser Ser Ser Trp Ser Glu 
305 310 315 320 

Trp Ala Ser Val Pro Cys Ser 
325 

<210> SEQ ID NO 11 
&2 11s LENGTH 327 
&212> TYPE PRT 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic Sequence 

<400 SEQUENCE: 11 

Met His Pro Glin Gln Leu Val Val Ser Trp Phe Ser Leu Val Leu Leu 
1 5 10 15 

Ala Ser Pro Leu Val Ala Ile Trp Glu Lieu Glu Lys Asn Val Tyr Val 
2O 25 30 

Val Glu Leu Asp Trp Tyr Pro Asp Ala Pro Gly Glu Thr Val Val Leu 
35 40 45 

Ala Cys Asp Thr Pro Glu Glu Asp Gly Ile Thir Trp Thr Ser Asp Gln 
50 55 60 

Ser Ser Glu Val Leu Gly. Thr Gly Lys Thr Leu Thir Ile His Val Lys 
65 70 75 8O 

Glu Phe Gly Asp Ala Gly Glin Tyr Thr Cys Arg Lys Gly Gly Ala Wal 
85 90 95 

Leu Ser Glin Ser Lieu Lleu Lleu Lieu. His Lys Lys Glu Asp Gly Ile Trp 
100 105 110 

Ser Thr Asp Ile Leu Lys Asp Gln Lys Llys Pro Lys Asn Lys Ile Phe 
115 120 125 

Leu Lys Cys Glu Ala Lys Asn Tyr Ser Gly Arg Phe Thr Cys Trp Trp 
130 135 1 4 0 

Leu Thr Ala Ile Ser Thr Asp Leu Lys Phe Thr Val Lys Ser Ser Arg 
145 15 O 155 160 

Gly Ser Ser Asp Pro Glin Gly Val Thr Cys Gly Ala Val Thr Leu Ser 
1.65 170 175 

Ala Glu Arg Val Ser Met Asp His Arg Glu Tyr Asn Lys Tyr Thr Val 
18O 185 19 O 

Glu Cys Glin Glu Gly Ser Ala Cys Pro Ser Ala Glu Glu Ser Lieu Pro 
195 200 2O5 

Ile Glu Val Val Val Asp Ala Ile His Lys Lieu Lys Tyr Glu Asn Tyr 
210 215 220 

Thir Ser Arg Phe Phe Ile Arg Asp Ile Ile Llys Pro Asp Pro Pro Lys 
225 230 235 240 

Asn Lieu Gln Leu Arg Pro Leu Lys Asn. Ser Arg His Val Glu Ile Ser 
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245 250 255 

Trp Glu Tyr Pro Asp Thr Trp Ser Thr Pro His Ser Tyr Phe Ser Leu 
260 265 27 O 

Thr Phe Cys Val Glin Val Glin Gly Lys Asn Lys Arg Glu Lys Lys Lieu 
275 280 285 

Phe Met Asp Glin Thr Ser Ala Lys Val Thr Cys His Lys Asp Ala Lys 
29 O 295 3OO 

Ile Arg Val Glin Ala Arg Asp Arg Tyr His Ser Ser Ser Trp Ser Glu 
305 310 315 320 

Trp Ala Ser Val Pro Cys Ser 
325 

<210> SEQ ID NO 12 
<211& LENGTH 322 
&212> TYPE PRT 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic Sequence 

<400 SEQUENCE: 12 

Met Cys His Glin Gln Leu Val Ile Ser Trp Phe Ser Leu Val Phe Leu 
1 5 10 15 

Ala Ser Pro Leu Val Ala Ile Trp Glu Lieu Glu Lys Asn Val Tyr Val 
2O 25 30 

Val Glu Leu Asp Trp Tyr Pro Asp Ala Pro Gly Glu Met Val Val Leu 
35 40 45 

Ala Cys Asp Thr Pro Glu Glu Asp Gly Ile Thir Trp Thr Ser Asp Gln 
50 55 60 

Ser Ser Glu Val Leu Gly. Thr Gly Lys Thr Leu Thir Ile His Val Lys 
65 70 75 8O 

Glu Phe Gly Asp Ala Gly Glin Tyr Thr Cys His Lys Gly Gly Lys Wal 
85 90 95 

Leu Ser Arg Ser Lieu Lleu Lleu Lieu. His Lys Lys Glu Asp Gly Ile Trp 
100 105 110 

Ser Thr Asp Ile Leu Lys Asp Gln Lys Glu Pro Lys Asn Lys Ser Phe 
115 120 125 

Leu Lys Cys Glu Ala Lys Asn Tyr Ser Gly Arg Phe Thr Cys Trp Trp 
130 135 1 4 0 

Leu Thir Thr Ile Ser Thr Asp Leu Thr Phe Ser Val Lys Ser Ser Arg 
145 15 O 155 160 

Gly Ser Thr Asp Pro His Gly Val Thr Cys Gly Thr Ala Thr Leu Ser 
1.65 170 175 

Glu Asp Leu Gly Glu Tyr Lys Lys Tyr Arg Val Glu Cys Glin Glu Gly 
18O 185 19 O 

Ser Ala Cys Pro Ala Ala Glu Glu Ser Lieu Pro Ile Glu Val Val Lieu 
195 200 2O5 

Glu Ala Val His Lys Leu Lys Tyr Glu Asn Tyr Thr Ser Ser Phe Phe 
210 215 220 

Ile Arg Asp Ile Ile Lys Pro Asp Pro Pro Lys Asn Lieu Gln Leu Arg 
225 230 235 240 

Pro Leu Lys Asn. Ser Arg Glin Val Glu Val Asn Trp Glu Tyr Pro Asp 
245 250 255 

Thir Trp Ser Thr Pro His Ser Tyr Phe Ser Leu Thr Phe Cys Val Glin 
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260 265 27 O 

Val Glin Gly Arg Asn Lys Arg Glu Lys Lys Lieu Phe Met Asp Glin Thr 
275 280 285 

Ser Ala Lys Val Thr Cys His Lys Asp Ala Lys Ile Arg Val Glin Ala 
29 O 295 3OO 

Arg Asp Arg Tyr Tyr Ser Ser Ser Trp Ser Asp Trp Ala Ser Val Ser 
305 310 315 320 

Cys Gly 

<210> SEQ ID NO 13 
<211& LENGTH 324 
&212> TYPE PRT 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic Sequence 

<400 SEQUENCE: 13 

Met Cys His Glin Gln Leu Val Ile Ser Trp Phe Ser Leu Val Phe Leu 
1 5 10 15 

Ala Ser Pro Leu Met Ala Ile Trp Glu Lieu Lys Lys Asp Val Tyr Val 
2O 25 30 

Val Glu Leu Asp Trp Tyr Pro Asp Ala Pro Gly Glu Met Val Val Leu 
35 40 45 

Ala Cys Asp Thr Pro Glu Glu Asp Gly Ile Thr Trp Thr Ser Asp Gln 
50 55 60 

Ser Ser Glu Val Leu Gly. Thr Gly Lys Thr Leu Thir Ile His Val Lys 
65 70 75 8O 

Glu Phe Gly Asp Ala Gly Glin Tyr Thr Cys His Lys Gly Gly Thr Val 
85 90 95 

Leu Ser Glin Ser Lieu Lleu Lleu Lieu. His Lys Lys Glu Asp Gly Ile Trp 
100 105 110 

Ser Thr Asp Ile Leu Lys Asp Gln Lys Glu Pro Lys Asn Lys Ser Phe 
115 120 125 

Leu Lys Cys Glu Ala Lys Asn Tyr Ser Gly Arg Phe Thr Cys Trp Trp 
130 135 1 4 0 

Leu Thr Ala Ile Ser Thr Asp Leu Lys Phe Thr Val Lys Ser Ser Arg 
145 15 O 155 160 

Gly Ser Thr Asp Pro Arg Gly Val Thr Cys Gly Thr Ala Thr Leu Ser 
1.65 170 175 

Glu Asp Leu Gly Glu Tyr Lys Lys Tyr Arg Val Glu Cys Glin Glu Gly 
18O 185 19 O 

Ser Ala Cys Pro Ala Ala Glu Glu Ser Lieu Pro Ile Glu Val Val Lieu 
195 200 2O5 

Glu Ala Val His Lys Leu Lys Tyr Glu Asn Tyr Thr Ser Ser Phe Phe 
210 215 220 

Ile Arg Asp Ile Ile Lys Pro Asp Pro Pro Lys Asn Lieu Gln Leu Arg 
225 230 235 240 

Pro Leu Lys Asn. Ser Arg His Val Glu Val Ser Trp Glu Tyr Pro Asp 
245 250 255 

Thir Trp Ser Ala Pro His Ser Tyr Phe Ser Leu Thr Phe Gly Val Glin 
260 265 27 O 

Val Glin Gly Arg Asn Lys Arg Glu Asp Arg Lieu Phe Met Asp Glin Thr 
275 280 285 
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Ser Ala Lys Val Val Cys His Lys Asp Ala Lys Ile Arg Val Glin Ala 
29 O 295 3OO 

Arg Asp Arg Tyr Tyr Ser Ser Ser Trp Ser Glu Trp Ala Ser Val Ser 
305 310 315 320 

Leu Glin Ser Wall 

<210> SEQ ID NO 14 
&2 11s LENGTH 329 
&212> TYPE PRT 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic Sequence 

<400 SEQUENCE: 14 

Met Cys His Glin Gln Leu Val Ile Ser Trp Phe Ser Leu Val Phe Leu 
1 5 10 15 

Ala Ser Pro Leu Val Ala Ile Trp Glu Lieu Glu Lys Asn Val Tyr Val 
2O 25 30 

Val Glu Leu Asp Trp Tyr Pro Asp Ala Pro Gly Glu Met Val Val Leu 
35 40 45 

Ala Cys Asp Thr Pro Glu Glu Asp Gly Ile Thir Trp Thr Ser Asp Gln 
50 55 60 

Ser Ser Glu Val Leu Gly. Thr Gly Lys Thr Leu Thir Ile His Val Lys 
65 70 75 8O 

Glu Phe Gly Asp Ala Gly Glin Tyr Thr Cys Arg Lys Gly Gly Ala Wal 
85 90 95 

Leu Ser Glin Ser Lieu Lleu Lleu Lieu. His Lys Lys Glu Asp Gly Ile Trp 
100 105 110 

Ser Thr Asp Ile Leu Lys Asp Gln Lys Glu Pro Lys Asn Lys Ile Phe 
115 120 125 

Leu Lys Cys Glu Ala Lys Asn Tyr Ser Gly Arg Phe Thr Cys Trp Trp 
130 135 1 4 0 

Leu Thr Ala Ile Ser Thr Asp Leu Lys Phe Thr Val Lys Ser Ser Arg 
145 15 O 155 160 

Gly Ser Ser Asp Pro Glin Gly Val Thr Cys Gly Ala Val Thr Leu Ser 
1.65 170 175 

Ala Glu Arg Val Ser Met Asp His Arg Glu Tyr Asn Lys Tyr Thr Val 
18O 185 19 O 

Glu Cys Glin Glu Gly Ser Ala Cys Pro Ser Ala Glu Glu Ser Lieu Pro 
195 200 2O5 

Ile Glu Val Val Val Asp Ala Ile His Lys Lieu Lys Tyr Glu Asn Tyr 
210 215 220 

Thr Ser Ser Phe Phe Ile Arg Asp Ile Ile Llys Pro Asp Pro Pro Lys 
225 230 235 240 

Asn Lieu Gln Leu Lys Pro Leu Lys Asn. Ser Arg His Val Glu Ile Ser 
245 250 255 

Trp Glu Tyr Pro Asp Thr Trp Ser Ile Pro His Ser Tyr Phe Ser Leu 
260 265 27 O 

Met Phe Gly Val Glin Val Glin Gly Lys Asn Lys Arg Glu Lys Lys Asp 
275 280 285 

Arg Lieu Ser Val Asp Lys Thr Ser Ala Lys Val Val Cys His Lys Asp 
29 O 295 3OO 
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Ala Lys Ile Arg Val Glin Ala Arg Asp Arg Tyr Tyr Ser Ser Ser Trp 
305 310 315 320 

Ser Glu Trp Ala Ser Val Pro Cys Ser 
325 

<210 SEQ ID NO 15 
&2 11s LENGTH 328 
&212> TYPE PRT 
<213> ORGANISM: Homo sapiens 

<400 SEQUENCE: 15 

Met Cys His Glin Gln Leu Val Ile Ser Trp Phe Ser Leu Val Phe Leu 
1 5 10 15 

Ala Ser Pro Leu Val Ala Ile Trp Glu Lieu Lys Lys Asp Val Tyr Val 
2O 25 30 

Val Glu Leu Asp Trp Tyr Pro Asp Ala Pro Gly Glu Met Val Val Leu 
35 40 45 

Thr Cys Asp Thr Pro Glu Glu Asp Gly Ile Thir Trp Thr Leu Asp Gln 
50 55 60 

Ser Ser Glu Val Leu Gly Ser Gly Lys Thr Leu Thir Ile Glin Val Lys 
65 70 75 8O 

Glu Phe Gly Asp Ala Gly Glin Tyr Thr Cys His Lys Gly Gly Glu Val 
85 90 95 

Leu Ser His Ser Leu Leu Lleu Lieu. His Lys Lys Glu Asp Gly Ile Trp 
100 105 110 

Ser Thr Asp Ile Leu Lys Asp Gln Lys Glu Pro Lys Asn Lys Thr Phe 
115 120 125 

Leu Arg Cys Glu Ala Lys Asn Tyr Ser Gly Arg Phe Thr Cys Trp Trp 
130 135 1 4 0 

Leu Thir Thr Ile Ser Thr Asp Leu Thr Phe Ser Val Lys Ser Ser Arg 
145 15 O 155 160 

Gly Ser Ser Asp Pro Glin Gly Val Thr Cys Gly Ala Ala Thr Leu Ser 
1.65 170 175 

Ala Glu Arg Val Arg Gly Asp Asn Lys Glu Tyr Glu Tyr Ser Val Glu 
18O 185 19 O 

Cys Glin Glu Asp Ser Ala Cys Pro Ala Ala Glu Glu Ser Lieu Pro Ile 
195 200 2O5 

Glu Val Met Val Asp Ala Val His Lys Leu Lys Tyr Glu Asn Tyr Thr 
210 215 220 

Ser Ser Phe Phe Ile Arg Asp Ile Ile Llys Pro Asp Pro Pro Lys Asn 
225 230 235 240 

Leu Gln Leu Lys Pro Leu Lys Asn. Ser Arg Glin Val Glu Val Ser Trp 
245 250 255 

Glu Tyr Pro Asp Thr Trp Ser Thr Pro His Ser Tyr Phe Ser Leu Thr 
260 265 27 O 

Phe Cys Val Glin Val Glin Gly Lys Ser Lys Arg Glu Lys Lys Asp Arg 
275 280 285 

Val Phe Thr Asp Lys Thr Ser Ala Thr Val Ile Cys Arg Lys Asn Ala 
29 O 295 3OO 

Ser Ile Ser Val Arg Ala Glin Asp Arg Tyr Tyr Ser Ser Ser Trp Ser 
305 310 315 320 

Glu Trp Ala Ser Val Pro Cys Ser 
325 
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<210> SEQ ID NO 16 
&2 11s LENGTH 666 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic Sequence 

<400 SEQUENCE: 16 

atgttgcccac titc.gcago ct cotccitcata tocaccotgg ttctoctoca ccacctg.ccc 60 

caccitcagtt toggcaggag cotcc.ccacc accacagdaa goccaggaag gagct gcctic 120 

gact actocc aaaacctgtt gaaggcc.gcc agcaa.cacgc titcagaaggc cagacaa att 18O 

citagaattitt accottgcac ttctgaggag atc gatcatc. aagatatoac caaagataaa 240 

accago acag toggaggcc to tttaccactg gaattagcca cqaatgagag ttgcc togct 3OO 

to cagagaga totcitctgat alactaatggg agttgcctgg citt.ccagaaa gacct cittitt 360 

atgaca acco totgccatag cago atctat gaggacittga agatgtacca gatggaattic 420 

aaggcc atga acgcaaagct tittgatggat cottaa gaggc agatctttct agatcaaaac 480 

atgctggcag titattgatga gct gatgcag gocctgaatt toaac agtga gactgtgc.ca 540 

cagaagcc ct coctoggaaga actggattitt tataagacita aaatcaa.gct citgcatactt 600 

cittcatgcct tca gaatticg td.cggtgacc atcgacagaa to atgagcta totgaattct 660 

toctaa 666 

<210 SEQ ID NO 17 
&2 11s LENGTH 666 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic Sequence 

<400 SEQUENCE: 17 

atgtaccoac titc.gcago ct cotccitcata tocaccotgg ttctoctoca ccacctg.ccc 60 

caccitcagtt toggcaggag cotcc.ccacc accacagdaa goccaggaag gagct gcctic 120 

gact actocc aaaacctgtt gaaggcc.gcc agcaa.cacgc titcagagggc cagacaa att 18O 

citagaattitt accottgcac ttctgaggag atc gatcatc. aagatatoac caaagataaa 240 

accago acag toggaggcc to tttaccactg gaattagcca cqaatgagag ttgcc togct 3OO 

to cagagaga totcitctgat alactaatggg agttgcctgg citt.ccagaaa gacct cittitt 360 

atgaca acco totgccittag cago atctat gaggacittga agatgtacca gatggaattic 420 

aaggcc atga acgcaaagct tittgatggat cottaa gaggc agatctttitt agatcaaaac 480 

atgctggcag titattgatga gct gatgcag gocctgaatt toaac agtga gactgtgc.ca 540 

cagaagcc ct coctoggaaga actggattitt tataagacita aaatcaa.gct citgcatactt 600 

cittcatgcct tca gaattic g g g cagtgacc atcaatagaa to atgagcta totgaattct 660 

toctag 666 

<210> SEQ ID NO 18 
&2 11s LENGTH 660 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic Sequence 
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<400 SEQUENCE: 18 

atgtgc.ccgc cqc.gcggcct cotcottgtg gct accotgg to citcctgga ccaccitcagt 60 

ttggcc agaa accitcc citgt ggccaccoca gg.cccaggaa tottcc.cat g c ctitcaccac 120 

toccaaaacc toctagg gc cqtcagdaac atgctgcaga aggccagaca aactctagaa 18O 

ttitt acto cit gcactt.ccga agagattgat catgaagata toacaaaaga taaaaccago 240 

acagtggagg cct gottacc actggaatta atcaagaatg agagttgcct aaatticciaga 3OO 

gag acttctt toatalactaa toggagttgc ctagoctoca gaaag acctic titt tatgaca 360 

accotgtgcc ttagcagtat citatgaggac ttgaagatgt accaggtgga gttcaag acc 420 

atgaatgcaa agcttctgat gaatcctaag aggcagatct ttctggatca aaa.catgctg 480 

acagot attg atgagctgtt acaggcc.ctgaatttcaa.ca gtgagacitot gcc acaaaaa 540 

toctoccittg aagaaccqga tttittataaa actaaaatca agctctgcat acttcttcat 600 

gctttcagaa titcggg cagt gaccatcaat agaatgatga gctatotgaa ttctitcc tag 660 

<210 SEQ ID NO 19 
&2 11s LENGTH 660 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic Sequence 

<400 SEQUENCE: 19 

atgtgtc.cag cqc.gcago: ct cotcottgtg gct accotgg to citcctgga ccaccitcagt 60 

ttggcc agaa accitcc citgt ggccaccoca gg.cccaggaa togctcc.cat g c ctitcaccac 120 

toccaaaacc toctagg gc tigtcagdaac acgcticciaga aggccaaaca aaccotagaa 18O 

ttitt accoct gcactt.ccga agagattgat catgaagata toacacaaga taaaaccago 240 

acagtggagg cct gtttacc actggaatta gccac gaatg agagttgcct ggctt.ccaga 3OO 

gggatctotc tdataactaa toggagttgc ctdgc citcca gaaag acctic titt tatgacg 360 

accotgtgcc ttagcagtat citatgaggac ttgaagatgt accaggtgga gttcaaggcc 420 

atgaatgcaa agctgttaat ggatcctaaa aggcagatct ttctggatca aaa.catgctg 480 

gcagot attg citgagctaat gcaggcc.ctgaatgtcaiaca gtgag actogc gcc acaaaaa 540 

toctoccittg aagaaccqga tttittataaa actaaaatca agctctgcat acttcttcat 600 

gctttcagaa titcgtgcagt gaccatcaat agaatgatga gctatotgaa ttctitcc tag 660 

<210> SEQ ID NO 20 
&2 11s LENGTH 660 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic Sequence 

<400 SEQUENCE: 20 

atgtgtc.cag cqc.gcago: ct cotcottgtg gct accotgg to citcctgga ccaccitcagt 60 

ttggcc agaa accitcc citgt ggccaccoca gg.cccaggaa tottcc.cat g c ctitcaccac 120 

toccaaaacc toctagg gc cqtcagdaac atgctgcaga aggccagaca aactctagaa 18O 

ttitt acto cit gcactt.ccga agagattgat catgaagata toacaaaaga taaaaccago 240 

acagtggagg cct gottacc actggaatta atcaagaatg agagttgcct aaatticciaga 3OO 
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gag acttctt toatalactaa toggagttgc ctagoctoca gaaag acctic titt tatgaca 360 

accotgtgcc ttagcagtat citatgaggac ttgaagatgt accaggtgga gttcaaggcc 420 

atgaatgcaa agctgttaat ggatcctaaa aggcagatct ttctggatca aaa.catgctg 480 

gcagot attg citgagctaat gcaggcc.ctgaatgtcaiaca gtgag actogc gcc acaaaaa 540 

toctoccittg aagaaccqga tttittataaa actaaaatca agctctgcat acttcttcat 600 

gctttcagaa titcgtgcagt gaccatcaat agaatgatga gctatotgaa ttctitcc tag 660 

<210> SEQ ID NO 21 
&2 11s LENGTH 660 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic Sequence 

<400 SEQUENCE: 21 

atgtgtc.cag cqc.gcago: ct cotcottgtg gct accotgg to citcctgga ccaccitcagt 60 

ttggcc agaa accitcc.ccgt ggccactcca gacccaggaa tottcc.cat g c ctitcaccac 120 

toccaaaacc toctagg gc cqtcagdaac atgctgcaga aggccagaca aactctagaa 18O 

ttitt acto cit gcactt.ccga agagattgat catgaagata toacaaaaga taaaaccago 240 

acagtggagg cct gtttacc actggaatta gccac gaatg agagttgcct ggctt.ccaga 3OO 

gggatctotc tdataactaa toggagttgc ctagoctoca gaaag acctic titt tatgacg 360 

accotgtgcc ttggcagtat citatgaggac ttgaagatgt accaggtgga gttcaag acc 420 

atgaatgcaa agcttctgat gaatcctaag aggcagatct ttctggatca aaa.catgctg 480 

acagot attg atgagctgtt acaggcc.ctgaatttcaa.ca gtgagacitot gcc acaaaaa 540 

toctoccittg aagaaccqga tttittataaa actaaaatca agctctgcat acttcttcat 600 

gctttcagaa titcggg cagt gaccatcaat agaatgatga gctatotgaa ttctitcc tag 660 

<210> SEQ ID NO 22 
&2 11s LENGTH 660 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic Sequence 

<400 SEQUENCE: 22 

atgtgc.ccgc cqc.gcggcct cotcottgtg gct accotgg to citcctgga ccaccitcagt 60 

ttggcc agaa accitcc citgt ggccaccoca gg.cccaggaa tottcc.cat g c ctitcaccac 120 

toccaaaacc toctagg gc cqtcagdaac atgctgcaga aggccagaca aactctagaa 18O 

ttitt acto cit gcactt.ccga agagacitgat catgaagata toacaaaaga taaaaccago 240 

acagtggagg cct gottacc actggaatta atcaagaatg agagttgcct aaatticciaga 3OO 

gag acttctt toatalactaa toggagttgc ctagoctoca gaaag acctic titt tatgaca 360 

accotgtgcc ttagcagtat citatgaggac ttgaagatgt accaggtgga gttcaag acc 420 

atgaatgcaa agcttctgat gaatcctaag aggcagatct ttctggatca aaa.catgctg 480 

acagot attg atgagctgtt acaggcc.ctgaatttcaa.ca gtgagacitot gcc acaaaaa 540 

toctoccittg aagaaccqga tttittataaa actaaaatca agctctgcat acttcttcat 600 

gctttcagaa titcggg cagt gaccatcaat agaatgatga gctatotgaa ttctitcc tag 660 
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<210> SEQ ID NO 23 
&2 11s LENGTH 660 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic Sequence 

<400 SEQUENCE: 23 

atgtgc.ccgc cqc.gcggcct cotcottgtg gct accotgg to citcctgga ccaccitcagt 60 

ttggcc agaa accitcc.ccgt ggccaccoca gg.cccaggaa tottcc.cat g c ctitcaccac 120 

toccaaaacc toctagg gc tigtcagdaac acgcticciaga aggccaaaca aaccotagaa 18O 

ttitt accoct gcactt.ccga agagattgat catgaagata toacaaaaga taaaaccago 240 

acagtggagg cct gtttacc actggaatta gccac gaatg agagttgcct ggctt.ccaga 3OO 

gggatctotc tdataactaa toggagttgc ctdgc citcca gaaag acctic titt tatgaca 360 

accotgtgcc ttagcago at citatgaggac ttgaagatgt accaggtgga gttcaaggcc 420 

atgaatgcaa agctgttaat ggatcctaaa aggcagatct ttctggatca aaa.catgctg 480 

gcagot attg citgagctaat gcaggcc.ctgaatgtcaiaca gtgag actogc gcc acaaaaa 540 

toctocctgg aagaaccqga tttittataaa actaaaatca agctctgcat acttcttcat 600 

gctttcagaa titcggg cagt gaccatcaat agaatgatga gctatotgaa ttctitcc tag 660 

<210> SEQ ID NO 24 
&2 11s LENGTH 660 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic Sequence 

<400 SEQUENCE: 24 

atgtgtc.cag cqc.gcago: ct cotcottgtg gct accotgg to citcctgga ccaccitcagt 60 

ttggcc agaa accitcc.ccgt ggccactcca gacccaggaa tottcc.cat g c ctitcaccac 120 

toccaaaacc toctagg gc tigtcagdaac acgcticciaga aggccaaaca aaccotagaa 18O 

ttitt accoct gcactt.ccga agagattgat catgaagata toacaaaaga taaaaccago 240 

acagtggagg cct gtttacc actggaatta gccac gaatg agagttgcct ggctt.ccaga 3OO 

gggatctotc tdataactaa toggagttgc ctdgc citcca gaaag acctic titt tatgacg 360 

accotgtgcc ttagcago at citatgaggac ttgaagatgt accaggtgga gttcaaggcc 420 

atgaatgcaa agctgttgat ggatcctaaa aggcagatct ttctggatca aaa.catgctg 480 

gcagot attg citgagctaat gcaggcc.ctgaatgtcaiaca gtgag actogc gcc acaaaaa 540 

toctoccittg aagaaccqga tttittataag actaaaatca agctctgcat acttcttcat 600 

gcc titcagaa titcgtgcagt gaccatcgat agaatgatga gctatotgaa ttctitcc tag 660 

<210> SEQ ID NO 25 
&2 11s LENGTH 660 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic Sequence 

<400 SEQUENCE: 25 

atgtgc.ccgc cqc.gcggcct cotcottgtg gct accotgg to citcctgga ccaccitcagt 60 
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ttggcc agaa accitcc citgt ggccaccoca gg.cccaggaa tottcc.cat g c ctitcaccac 120 

toccaaaacc toctagg gc cqtcagdaac atgctgcaga aggccagaca aactctagaa 18O 

ttitt acto cit gcactt.ccga agagattgat catgaagata toacaaaaga taaaaccago 240 

acagtggagg cct gottacc actggaatta atcaagaatg agagttgcct aaatticciaga 3OO 

gag acttctt toatalactaa toggagttgc ctagoctoca gaaag acctic titt tatgaca 360 

accotgtgcc ttagcagtat citatgaggac ttgaagatgt accaggtgga gttcaag acc 420 

atgaatgcaa agcttctgat gaatcctaag aggcagatct ttctggatca aaa.catgctg 480 

acagot attg atgagctgtt acaggcc.ctgaatttcaa.ca gtgagacitot gcc acaaaaa 540 

toctoccittg aagaaccqga tttittataaa actaaaatca agctctgcat acttcttcat 600 

gctttcagaa titcggg cagt gaccatcaat agaatgatga gctatotgaa ttctitcc tag 660 

<210> SEQ ID NO 26 
<211& LENGTH: 221 
&212> TYPE PRT 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic Sequence 

<400 SEQUENCE: 26 

Met Cys Pro Leu Arg Ser Lieu Lleu Lieu. Ile Ser Thr Lieu Val Lieu Lieu 
1 5 10 15 

His His Leu Pro His Leu Ser Leu Gly Arg Ser Leu Pro Thr Thr Thr 
2O 25 30 

Ala Ser Pro Gly Arg Ser Cys Lieu. Asp Tyr Ser Glin Asn Lieu Lleu Lys 
35 40 45 

Ala Ala Ser Asn. Thir Lieu Glin Lys Ala Arg Glin Ile Leu Glu Phe Tyr 
50 55 60 

Pro Cys Thir Ser Glu Glu Ile Asp His Glu Asp Ile Thr Lys Asp Lys 
65 70 75 8O 

Thr Ser Thr Val Glu Ala Cys Leu Pro Leu Glu Leu Ala Thr Asin Glu 
85 90 95 

Ser Cys Lieu Ala Ser Arg Glu Ile Ser Lieu. Ile Thr Asn Gly Ser Cys 
100 105 110 

Leu Ala Ser Arg Lys Thr Ser Phe Met Thr Thr Leu Cys His Ser Ser 
115 120 125 

Ile Tyr Glu Asp Leu Lys Met Tyr Glin Met Glu Phe Lys Ala Met Asn 
130 135 1 4 0 

Ala Lys Lieu Lleu Met Asp Pro Lys Arg Glin Ile Phe Leu Asp Glin Asn 
145 15 O 155 160 

Met Leu Ala Val Ile Asp Glu Lieu Met Glin Ala Lieu. Asn. Phe Asn. Ser 
1.65 170 175 

Glu Thr Val Pro Gln Lys Pro Ser Leu Glu Glu Leu Asp Phe Tyr Lys 
18O 185 19 O 

Thr Lys Ile Lys Lieu. Cys Ile Leu Lieu. His Ala Phe Arg Ile Arg Ala 
195 200 2O5 

Val Thr Ile Asp Arg Met Met Ser Tyr Leu Asn Ser Ser 
210 215 220 

<210 SEQ ID NO 27 
<211& LENGTH: 221 
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&212> TYPE PRT 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic Sequence 

<400 SEQUENCE: 27 

Met Tyr Pro Leu Arg Ser Lieu Lleu Lieu. Ile Ser Thr Lieu Val Lieu Lieu 
1 5 10 15 

His His Leu Pro His Leu Ser Leu Gly Arg Ser Leu Pro Thr Thr Thr 
2O 25 30 

Ala Ser Pro Gly Arg Ser Cys Lieu. Asp Tyr Ser Glin Asn Lieu Lleu Lys 
35 40 45 

Ala Ala Ser Asn. Thir Lieu Glin Arg Ala Arg Glin Ile Leu Glu Phe Tyr 
50 55 60 

Pro Cys Thir Ser Glu Glu Ile Asp His Glu Asp Ile Thr Lys Asp Lys 
65 70 75 8O 

Thr Ser Thr Val Glu Ala Cys Leu Pro Leu Glu Leu Ala Thr Asin Glu 
85 90 95 

Ser Cys Lieu Ala Ser Arg Glu Ile Ser Lieu. Ile Thr Asn Gly Ser Cys 
100 105 110 

Leu Ala Ser Arg Lys Thr Ser Phe Met Thr Thr Leu Cys Leu Ser Ser 
115 120 125 

Ile Tyr Glu Asp Leu Lys Met Tyr Glin Met Glu Phe Lys Ala Met Asn 
130 135 1 4 0 

Ala Lys Lieu Lleu Met Asp Pro Lys Arg Glin Ile Phe Leu Asp Glin Asn 
145 15 O 155 160 

Met Leu Ala Val Ile Asp Glu Lieu Met Glin Ala Lieu. Asn. Phe Asn. Ser 
1.65 170 175 

Glu Thr Val Pro Gln Lys Pro Ser Leu Glu Glu Leu Asp Phe Tyr Lys 
18O 185 19 O 

Thr Lys Ile Lys Lieu. Cys Ile Leu Lieu. His Ala Phe Arg Ile Arg Ala 
195 200 2O5 

Val Thr Ile Asin Arg Met Met Ser Tyr Leu Asn Ser Ser 
210 215 220 

<210> SEQ ID NO 28 
&2 11s LENGTH 2.19 
&212> TYPE PRT 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic Sequence 

<400 SEQUENCE: 28 

Met Cys Pro Pro Arg Gly Lieu Lleu Lieu Val Ala Thr Lieu Val Lieu Lieu 
1 5 10 15 

Asp His Leu Ser Leu Ala Arg Asn Lieu Pro Wall Ala Thr Pro Gly Pro 
2O 25 30 

Gly Met Phe Pro Cys Lieu. His His Ser Glin Asn Lieu Lleu Arg Ala Wal 
35 40 45 

Ser Asn Met Leu Glin Lys Ala Arg Glin Thr Lieu Glu Phe Tyr Ser Cys 
50 55 60 

Thir Ser Glu Glu Ile Asp His Glu Asp Ile Thr Lys Asp Llys Thr Ser 
65 70 75 8O 

Thr Val Glu Ala Cys Lieu Pro Leu Glu Lieu. Ile Lys Asn. Glu Ser Cys 
85 90 95 
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Lieu. Asn. Ser Arg Glu Thir Ser Phe Ile Thr Asn Gly Ser Cys Lieu Ala 
100 105 110 

Ser Arg Lys Thr Ser Phe Met Thr Thr Leu Cys Leu Ser Ser Ile Tyr 
115 120 125 

Glu Asp Lieu Lys Met Tyr Glin Val Glu Phe Lys Thr Met Asn Ala Lys 
130 135 1 4 0 

Leu Lleu Met Asn. Pro Lys Arg Glin Ile Phe Lieu. Asp Glin Asn Met Lieu 
145 15 O 155 160 

Thr Ala Ile Asp Glu Lieu Lleu Glin Ala Lieu. Asn. Phe Asn. Ser Glu Thr 
1.65 170 175 

Val Pro Gln Lys Ser Ser Leu Glu Glu Pro Asp Phe Tyr Lys Thr Lys 
18O 185 19 O 

Ile Lys Lieu. Cys Ile Leu Lieu. His Ala Phe Arg Ile Arg Ala Val Thr 
195 200 2O5 

Ile Asin Arg Met Met Ser Tyr Leu Asn Ser Ser 
210 215 

<210 SEQ ID NO 29 
&2 11s LENGTH 2.19 
&212> TYPE PRT 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic Sequence 

<400 SEQUENCE: 29 

Met Cys Pro Ala Arg Ser Lieu Lleu Lieu Val Ala Thr Lieu Val Lieu Lieu 
1 5 10 15 

Asp His Leu Ser Leu Ala Arg Asn Lieu Pro Wall Ala Thr Pro Gly Pro 
2O 25 30 

Gly Met Leu Pro Cys Lieu. His His Ser Glin Asn Lieu Lleu Arg Ala Wal 
35 40 45 

Ser Asn Thr Leu Gln Lys Ala Lys Glin Thr Leu Glu Phe Tyr Pro Cys 
50 55 60 

Thir Ser Glu Glu Ile Asp His Glu Asp Ile Thr Glin Asp Llys Thr Ser 
65 70 75 8O 

Thr Val Glu Ala Cys Lieu Pro Leu Glu Lieu Ala Thr Asn. Glu Ser Cys 
85 90 95 

Leu Ala Ser Arg Gly Ile Ser Lieu. Ile Thr Asn Gly Ser Cys Lieu Ala 
100 105 110 

Ser Arg Lys Thr Ser Phe Met Thr Thr Leu Cys Leu Ser Ser Ile Tyr 
115 120 125 

Glu Asp Lieu Lys Met Tyr Glin Val Glu Phe Lys Ala Met Asn Ala Lys 
130 135 1 4 0 

Leu Lleu Met Asp Pro Lys Arg Glin Ile Phe Lieu. Asp Glin Asn Met Lieu 
145 15 O 155 160 

Ala Ala Ile Ala Glu Lieu Met Glin Ala Lieu. Asn. Wall Asn. Ser Glu Thr 
1.65 170 175 

Ala Pro Gln Lys Ser Ser Leu Glu Glu Pro Asp Phe Tyr Lys Thr Lys 
18O 185 19 O 

Ile Lys Lieu. Cys Ile Leu Lieu. His Ala Phe Arg Ile Arg Ala Val Thr 
195 200 2O5 

Ile Asin Arg Met Met Ser Tyr Leu Asn Ser Ser 
210 215 
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<210 SEQ ID NO 30 
&2 11s LENGTH 2.19 
&212> TYPE PRT 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic Sequence 

<400 SEQUENCE: 30 

Met Cys Pro Ala Arg Ser Lieu Lleu Lieu Val Ala Thr Lieu Val Lieu Lieu 
1 5 10 15 

Asp His Leu Ser Leu Ala Arg Asn Lieu Pro Wall Ala Thr Pro Gly Pro 
2O 25 30 

Gly Met Phe Pro Cys Lieu. His His Ser Glin Asn Lieu Lleu Arg Ala Wal 
35 40 45 

Ser Asn Met Leu Glin Lys Ala Arg Glin Thr Lieu Glu Phe Tyr Ser Cys 
50 55 60 

Thir Ser Glu Glu Ile Asp His Glu Asp Ile Thr Lys Asp Llys Thr Ser 
65 70 75 8O 

Thr Val Glu Ala Cys Lieu Pro Leu Glu Lieu. Ile Lys Asn. Glu Ser Cys 
85 90 95 

Lieu. Asn. Ser Arg Glu Thir Ser Phe Ile Thr Asn Gly Ser Cys Lieu Ala 
100 105 110 

Ser Arg Lys Thr Ser Phe Met Thr Thr Leu Cys Leu Ser Ser Ile Tyr 
115 120 125 

Glu Asp Lieu Lys Met Tyr Glin Val Glu Phe Lys Ala Met Asn Ala Lys 
130 135 1 4 0 

Leu Lleu Met Asp Pro Lys Arg Glin Ile Phe Lieu. Asp Glin Asn Met Lieu 
145 15 O 155 160 

Ala Ala Ile Ala Glu Lieu Met Glin Ala Lieu. Asn. Wall Asn. Ser Glu Thr 
1.65 170 175 

Ala Pro Gln Lys Ser Ser Leu Glu Glu Pro Asp Phe Tyr Lys Thr Lys 
18O 185 19 O 

Ile Lys Lieu. Cys Ile Leu Lieu. His Ala Phe Arg Ile Arg Ala Val Thr 
195 200 2O5 

Ile Asin Arg Met Met Ser Tyr Leu Asn Ser Ser 
210 215 

<210> SEQ ID NO 31 
&2 11s LENGTH 2.19 
&212> TYPE PRT 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic Sequence 

<400 SEQUENCE: 31 

Met Cys Pro Ala Arg Ser Lieu Lleu Lieu Val Ala Thr Lieu Val Lieu Lieu 
1 5 10 15 

Asp His Leu Ser Leu Ala Arg Asn Lieu Pro Wall Ala Thr Pro Asp Pro 
2O 25 30 

Gly Met Phe Pro Cys Lieu. His His Ser Glin Asn Lieu Lleu Arg Ala Wal 
35 40 45 

Ser Asn Met Leu Glin Lys Ala Arg Glin Thr Lieu Glu Phe Tyr Ser Cys 
50 55 60 

Thir Ser Glu Glu Ile Asp His Glu Asp Ile Thr Lys Asp Llys Thr Ser 
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65 70 75 8O 

Thr Val Glu Ala Cys Lieu Pro Leu Glu Lieu Ala Thr Asn. Glu Ser Cys 
85 90 95 

Leu Ala Ser Arg Gly Ile Ser Lieu. Ile Thr Asn Gly Ser Cys Lieu Ala 
100 105 110 

Ser Arg Lys Thr Ser Phe Met Thr Thr Leu Cys Leu Gly Ser Ile Tyr 
115 120 125 

Glu Asp Lieu Lys Met Tyr Glin Val Glu Phe Lys Thr Met Asn Ala Lys 
130 135 1 4 0 

Leu Lleu Met Asn. Pro Lys Arg Glin Ile Phe Lieu. Asp Glin Asn Met Lieu 
145 15 O 155 160 

Thr Ala Ile Asp Glu Lieu Lleu Glin Ala Lieu. Asn. Phe Asn. Ser Glu Thr 
1.65 170 175 

Val Pro Gln Lys Ser Ser Leu Glu Glu Pro Asp Phe Tyr Lys Thr Lys 
18O 185 19 O 

Ile Lys Lieu. Cys Ile Leu Lieu. His Ala Phe Arg Ile Arg Ala Val Thr 
195 200 2O5 

Ile Asin Arg Met Met Ser Tyr Leu Asn Ser Ser 
210 215 

<210> SEQ ID NO 32 
&2 11s LENGTH 2.19 
&212> TYPE PRT 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic Sequence 

<400 SEQUENCE: 32 

Met Cys Pro Pro Arg Gly Lieu Lleu Lieu Val Ala Thr Lieu Val Lieu Lieu 
1 5 10 15 

Asp His Leu Ser Leu Ala Arg Asn Lieu Pro Wall Ala Thr Pro Gly Pro 
2O 25 30 

Gly Met Phe Pro Cys Lieu. His His Ser Glin Asn Lieu Lleu Arg Ala Wal 
35 40 45 

Ser Asn Met Leu Glin Lys Ala Arg Glin Thr Lieu Glu Phe Tyr Ser Cys 
50 55 60 

Thir Ser Glu Glu Thr Asp His Glu Asp Ile Thr Lys Asp Llys Thr Ser 
65 70 75 8O 

Thr Val Glu Ala Cys Lieu Pro Leu Glu Lieu. Ile Lys Asn. Glu Ser Cys 
85 90 95 

Lieu. Asn. Ser Arg Glu Thir Ser Phe Ile Thr Asn Gly Ser Cys Lieu Ala 
100 105 110 

Ser Arg Lys Thr Ser Phe Met Thr Thr Leu Cys Leu Ser Ser Ile Tyr 
115 120 125 

Glu Asp Lieu Lys Met Tyr Glin Val Glu Phe Lys Thr Met Asn Ala Lys 
130 135 1 4 0 

Leu Lleu Met Asn. Pro Lys Arg Glin Ile Phe Lieu. Asp Glin Asn Met Lieu 
145 15 O 155 160 

Thr Ala Ile Asp Glu Lieu Lleu Glin Ala Lieu. Asn. Phe Asn. Ser Glu Thr 
1.65 170 175 

Val Pro Gln Lys Ser Ser Leu Glu Glu Pro Asp Phe Tyr Lys Thr Lys 
18O 185 19 O 

Ile Lys Lieu. Cys Ile Leu Lieu. His Ala Phe Arg Ile Arg Ala Val Thr 
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195 200 

Ile Asin Arg Met Met Ser Tyr Leu Asn Ser Ser 

<400 

210 

PRT 

SEQUENCE: 

Met Cys Pro Pro 
1 

Asp 

Gly 

Ser 

Thr 
65 

Thr 

Teu 

Ser 

Glu 

Teu 
145 

Ala 

Ala 

Ile 

Ile 

<400 

His 

Met 

Asn 
50 

Ser 

Wall 

Ala 

Arg 

Asp 
130 

Telu 

Ala 

Pro 

Asn 
210 

Telu 

Phe 
35 

Thr 

Glu 

Glu 

Ser 

Lys 
115 

Telu 

Met 

Ile 

Glin 

Telu 
195 

Arg 

Ser 

Pro 

Telu 

Glu 

Ala 

Arg 
100 

Thr 

Lys 

Asp 

Ala 

Lys 
18O 

Cys 

Met 

PRT 

SEQUENCE: 

SEQ ID NO 33 
LENGTH 
TYPE 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Synthetic Sequence 

219 

33 

Arg 
5 

Teu 

Cys 

Glin 

Ile 

Cys 
85 

Gly 

Ser 

Met 

Pro 

Glu 
1.65 

Ser 

Ile 

Met 

SEQ ID NO 34 
LENGTH 
TYPE 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Synthetic Sequence 

219 

34 

Gly 

Ala 

Teu 

Lys 

70 

Teu 

Ile 

Phe 

Tyr 

Lys 
15 O 

Teu 

Ser 

Teu 

Ser 

215 

Teu 

His 

Ala 
55 

His 

Pro 

Ser 

Met 

Glin 
135 

Arg 

Met 

Teu 

Teu 

Tyr 
215 

Telu 

Asn 

His 
40 

Lys 

Glu 

Telu 

Telu 

Thr 
120 

Wall 

Glin 

Glin 

Glu 

His 
200 

Telu 

Telu 

Telu 
25 

Ser 

Glin 

Asp 

Glu 

Ile 
105 

Thr 

Glu 

Ile 

Ala 

Glu 
185 

Ala 

Asn 

Wall 
10 

Pro 

Glin 

Thr 

Ile 

Telu 
90 

Thr 

Lel 

Phe 

Phe 

Lel 

170 

Phe 

Ser 

Ala 

Wall 

Asn 

Teu 

Thr 
75 

Ala 

Asn 

Teu 
155 

Asn 

Asp 

Arg 

Ser 

74 

-continued 

Thr 

Ala 

Teu 

Glu 
60 

Lys 

Thr 

Gly 

Teu 

Ala 
1 4 0 

Asp 

Wall 

Phe 

Ile 

Met Cys Pro Ala Arg Ser Lieu Lleu Lieu Val Ala Thr 
1 5 10 

Asp His Leu Ser Leu Ala Arg Asn Lieu Pro Wall Ala 
25 

Gly Met Phe Pro Cys Leu. His His Ser Glin Asn Leu 
35 40 

Teu 

Thr 

Teu 
45 

Phe 

Asp 

Asn 

Ser 

Ser 
125 

Met 

Glin 

Asn 

Arg 
2O5 

Wall 

Pro 
30 

Arg 

Tyr 

Lys 

Glu 

Cys 
110 

Ser 

Asn 

Asn 

Ser 

Lys 
19 O 

Ala 

Telu 
15 

Gly 

Ala 

Pro 

Thr 

Ser 
95 

Telu 

Ile 

Ala 

Met 

Glu 
175 

Thr 

Wall 

Telu 

Pro 

Wall 

Telu 
160 

Thr 

Thr 

Leu Wall Leu Lieu 
15 

Thr Pro Asp Pro 
30 

Leu Arg Ala Val 
45 

Nov. 23, 2006 
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Ser Asn Thr Leu Gln Lys Ala Lys Glin Thr Leu Glu Phe Tyr Pro Cys 
50 55 60 

Thir Ser Glu Glu Ile Asp His Glu Asp Ile Thr Lys Asp Llys Thr Ser 
65 70 75 8O 

Thr Val Glu Ala Cys Lieu Pro Leu Glu Lieu Ala Thr Asn. Glu Ser Cys 
85 90 95 

Leu Ala Ser Arg Gly Ile Ser Lieu. Ile Thr Asn Gly Ser Cys Lieu Ala 
100 105 110 

Ser Arg Lys Thr Ser Phe Met Thr Thr Leu Cys Leu Ser Ser Ile Tyr 
115 120 125 

Glu Asp Lieu Lys Met Tyr Glin Val Glu Phe Lys Ala Met Asn Ala Lys 
130 135 1 4 0 

Leu Lleu Met Asp Pro Lys Arg Glin Ile Phe Lieu. Asp Glin Asn Met Lieu 
145 15 O 155 160 

Ala Ala Ile Ala Glu Lieu Met Glin Ala Lieu. Asn. Wall Asn. Ser Glu Thr 
1.65 170 175 

Ala Pro Gln Lys Ser Ser Leu Glu Glu Pro Asp Phe Tyr Lys Thr Lys 
18O 185 19 O 

Ile Lys Lieu. Cys Ile Leu Lieu. His Ala Phe Arg Ile Arg Ala Val Thr 
195 200 2O5 

Ile Asp Arg Met Met Ser Tyr Leu Asn Ser Ser 
210 215 

<210 SEQ ID NO 35 
&2 11s LENGTH 2.19 
&212> TYPE PRT 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic Sequence 

<400 SEQUENCE: 35 

Met Cys Pro Pro Arg Gly Lieu Lleu Lieu Val Ala Thr Lieu Val Lieu Lieu 
1 5 10 15 

Asp His Leu Ser Leu Ala Arg Asn Lieu Pro Wall Ala Thr Pro Gly Pro 
2O 25 30 

Gly Met Phe Pro Cys Lieu. His His Ser Glin Asn Lieu Lleu Arg Ala Wal 
35 40 45 

Ser Asn Met Leu Glin Lys Ala Arg Glin Thr Lieu Glu Phe Tyr Ser Cys 
50 55 60 

Thir Ser Glu Glu Ile Asp His Glu Asp Ile Thr Lys Asp Llys Thr Ser 
65 70 75 8O 

Thr Val Glu Ala Cys Lieu Pro Leu Glu Lieu. Ile Lys Asn. Glu Ser Cys 
85 90 95 

Lieu. Asn. Ser Arg Glu Thir Ser Phe Ile Thr Asn Gly Ser Cys Lieu Ala 
100 105 110 

Ser Arg Lys Thr Ser Phe Met Thr Thr Leu Cys Leu Ser Ser Ile Tyr 
115 120 125 

Glu Asp Lieu Lys Met Tyr Glin Val Glu Phe Lys Thr Met Asn Ala Lys 
130 135 1 4 0 

Leu Lleu Met Asn. Pro Lys Arg Glin Ile Phe Lieu. Asp Glin Asn Met Lieu 
145 15 O 155 160 

Thr Ala Ile Asp Glu Lieu Lleu Glin Ala Lieu. Asn. Phe Asn. Ser Glu Thr 
1.65 170 175 
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Val Pro Gln Lys Ser Ser Leu Glu Glu Pro Asp Phe Tyr Lys Thr Lys 
18O 185 19 O 

Ile Lys Lieu. Cys Ile Leu Lieu. His Ala Phe Arg Ile Arg Ala Val Thr 
195 200 2O5 

Ile Asin Arg Met Met Ser Tyr Leu Asn Ser Ser 
210 215 

<210 SEQ ID NO 36 
&2 11s LENGTH 2.19 
&212> TYPE PRT 
<213> ORGANISM: Homo sapiens 

<400 SEQUENCE: 36 

Met Cys Pro Ala Arg Ser Lieu Lleu Lieu Val Ala Thr Lieu Val Lieu Lieu 
1 5 10 15 

Asp His Leu Ser Leu Ala Arg Asn Lieu Pro Wall Ala Thr Pro Asp Pro 
2O 25 30 

Gly Met Phe Pro Cys Lieu. His His Ser Glin Asn Lieu Lleu Arg Ala Wal 
35 40 45 

Ser Asn Met Leu Gln Lys Ala Arg Glin Thr Leu Glu Phe Tyr Pro Cys 
50 55 60 

Thir Ser Glu Glu Ile Asp His Glu Asp Ile Thr Lys Asp Llys Thr Ser 
65 70 75 8O 

Thr Val Glu Ala Cys Leu Pro Leu Glu Lieu. Thr Lys Asn. Glu Ser Cys 
85 90 95 

Lieu. Asn. Ser Arg Glu Thir Ser Phe Ile Thr Asn Gly Ser Cys Lieu Ala 
100 105 110 

Ser Arg Lys Thr Ser Phe Met Met Ala Leu Cys Leu Ser Ser Ile Tyr 
115 120 125 

Glu Asp Lieu Lys Met Tyr Glin Val Glu Phe Lys Thr Met Asn Ala Lys 
130 135 1 4 0 

Leu Lleu Met Asp Pro Lys Arg Glin Ile Phe Lieu. Asp Glin Asn Met Lieu 
145 15 O 155 160 

Ala Val Ile Asp Glu Lieu Met Glin Ala Lieu. Asn. Phe Asn. Ser Glu Thr 
1.65 170 175 

Val Pro Gln Lys Ser Ser Leu Glu Glu Pro Asp Phe Tyr Lys Thr Lys 
18O 185 19 O 

Ile Lys Lieu. Cys Ile Leu Lieu. His Ala Phe Arg Ile Arg Ala Val Thr 
195 200 2O5 

Ile Asp Arg Val Thir Ser Tyr Lieu. Asn Ala Ser 
210 215 

<210 SEQ ID NO 37 
&2 11s LENGTH 987 
&212> TYPE DNA 
<213> ORGANISM: Homo sapiens 

<400 SEQUENCE: 37 

atgttgtcacc agcagttggit catctottgg tttitccctgg tttittctggc atctocc citc 60 

gtggccatat gggaactgaa gaaagatgtt tatgtc.gtag aattggattig gtatc.cggat 120 

gcc.cctggag aaatggtggit cotcacct gt gacaccoctog aagaagatgg tat caccitgg 18O 

accittggacc agag cagtga ggtottaggc tict ggcaaaa ccctdac cat coaagtcaaa 240 

gagtttggag atgctggcca gtacacct gt cacaaag gag go gaggttct aagcc attcg 3OO 
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citcc togct gc titcacaaaaa goaagatgga atttggtoca citgat attitt aaaggaccag 360 

aaagaaccoa aaaataagac citttctaaga tigc gaggcca agaattatto tdgacgtttc 420 

acct gctggt ggctgacgac aatcagtact gatttgacat toagtgtcaa aag cagoaga 480 

ggct cittctg accoccaagg g g tacgtgc ggagctocta cactcitctgc agaga gag to 540 

agaggggaca acaaggagta tagtactica gtggagtgcc aggagga cag togCCtgcc.ca 600 

gctgct gagg agagtctgcc cattgagg to atggtggatg cc.gttcacaa gottcaagtat 660 

gaaaactaca ccagoagctt citt catcagg gacatcatca aacct gaccc accolaagaac 720 

ttgcagotga agc cattaaa gaattictogg caggtggagg to agctggga gtaccctgac 78O 

acctggagta citccacattc citactitcticc ctdacattct gcgttcaggit coagggcaag 840 

agcaa.gagag aaaagaaaga tagagtc.ttc acggacaaga cct cagocac ggtocatctgc 9 OO 

cgcaaaaatg ccago attag cqtgcgggcc caggaccgct actatagotc atcttggagc 96.O 

gaatgggcat citgtgcc.ctg cagttag 987 

<210 SEQ ID NO 38 
&2 11s LENGTH 660 
&212> TYPE DNA 
<213> ORGANISM: Homo sapiens 

<400 SEQUENCE: 38 

atgtgtc.cag cqc.gcago: ct cotcottgtg gct accotgg to citcctgga ccaccitcagt 60 

ttggcc agaa accitcc.ccgt ggccactcca gacccaggaa tottcc.cat g c ctitcaccac 120 

toccaaaacc toctagg gc cqtcagdaac atgcticciaga aggccagaca aactctagaa 18O 

ttitt accott gcacttctga agagattgat catgaagata toacaaaaga taaaaccago 240 

acagtggagg cct gtttacc attggaatta accaagaatg agagttgcct aaatticciaga 3OO 

gag accitctt toatalactaa toggagttgc ctdgc citcca gaaag acctic titt tatgatg 360 

gcc.ctgtgcc ttagtagt at titatgaagac ttgaagatgt accaggtgga gttcaag acc 420 

atgaatgcaa agcttctgat ggatcctaag aggcagatct ttctagatca aaa.catgctg 480 

gcagttattg atgagctgat gcaggcc.ctgaatttcaa.ca gtgagacitot gcc acaaaaa 540 

toctoccittg aagaaccqga tttittataaa actaaaatca agctctgcat acttcttcat 600 

gctttcagaa titcggg cagt gactattgac agagtgacga gctatotgaa toctitcc taa 660 

<210 SEQ ID NO 39 
&2 11s LENGTH 328 
&212> TYPE PRT 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic Sequence 
&220s FEATURE 
&221s NAMEAKEY WARIANT 

<222> LOCATION: (2) . . . (2) 
&223> OTHER INFORMATION: C or H 
&220s FEATURE 
<221 NAME/KEY: WARIANT 
<222> LOCATION: (3) . . . (3) 
&223> OTHER INFORMATION H or P 
&220s FEATURE 
<221 NAME/KEY: WARIANT 
<222> LOCATION: (8) . . . (8) 
&223> OTHER INFORMATION I or W 
&220s FEATURE 
<221 NAME/KEY: WARIANT 
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<222> LOCATION: (15) . . . (15) 
&223> OTHER INFORMATION F or L. 
&220s FEATURE 
<221 NAME/KEY: WARIANT 
<222> LOCATION: (21) . . . (21) 
&223> OTHER INFORMATION: W or M 
&220s FEATURE 
<221 NAME/KEY: WARIANT 
<222> LOCATION: (27) . . . (27) 
&223> OTHER INFORMATION: K or E 
&220s FEATURE 
<221 NAME/KEY: WARIANT 
<222> LOCATION: (29) . . . (29) 
&223> OTHER INFORMATION: D or N 
&220s FEATURE 
<221 NAME/KEY: WARIANT 
<222> LOCATION: (40) . . . (40) 
&223> OTHER INFORMATION: D or N 
&220s FEATURE 
<221 NAME/KEY: WARIANT 
<222> LOCATION: (45) . . . ( 45) 
&223> OTHER INFORMATION M or T 
&220s FEATURE 
<221 NAME/KEY: WARIANT 
<222> LOCATION: (49) . . . (49) 
&223> OTHER INFORMATION T or A 
&220s FEATURE 
<221 NAME/KEY: WARIANT 
<222> LOCATION: (62). . . (62) 
&223> OTHER INFORMATION S 
&220s FEATURE 
<221 NAME/KEY: WARIANT 
<222> LOCATION: (67) . . . (67) 
&223> OTHER INFORMATION: E or G 
&220s FEATURE 
<221 NAME/KEY: WARIANT 
<222> LOCATION: (71) . . . (71) 
&223> OTHER INFORMATION: T 
&220s FEATURE 
<221 NAME/KEY: WARIANT 
<222> LOCATION: (78) . . . (78) 
&223> OTHER INFORMATION: H 
&220s FEATURE 
<221 NAME/KEY: WARIANT 
<222> LOCATION: (91) . . . (91) 
&223> OTHER INFORMATION H or R 
&220s FEATURE 
<221 NAME/KEY: WARIANT 
<222> LOCATION: (95) . . . (95) 
<223> OTHER INFORMATION: E, A, K, or T 
&220s FEATURE 
<221 NAME/KEY: WARIANT 
<222> LOCATION: (96) ... (96) 
&223> OTHER INFORMATION: W or A 
&220s FEATURE 
<221 NAME/KEY: WARIANT 
<222> LOCATION: (99) . . . (99) 
<223> OTHER INFORMATION: R or Q 
&220s FEATURE 
<221 NAME/KEY: WARIANT 
<222> LOCATION: (122). . . (122) 
&223> OTHER INFORMATION: E or K. 
&220s FEATURE 
<221 NAME/KEY: WARIANT 
<222> LOCATION: (125) . . . (125) 
&223> OTHER INFORMATION N or A 
&220s FEATURE 
<221 NAME/KEY: WARIANT 
<222> LOCATION: (127) . . . (127) 
&223> OTHER INFORMATION S or I 
&220s FEATURE 
<221 NAME/KEY: WARIANT 
<222> LOCATION: (130) . . . (130) 
&223> OTHER INFORMATION: K 
&220s FEATURE 
<221 NAME/KEY: WARIANT 
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<222> LOCATION: (135) . . . (135) 
&223> OTHER INFORMATION N or D 
&220s FEATURE 
<221 NAME/KEY: WARIANT 
<222> LOCATION: (139) . . . (139) 
&223> OTHER INFORMATION R or H 
&220s FEATURE 
<221 NAME/KEY: WARIANT 
<222> LOCATION: (147) . . . (147) 
&223> OTHER INFORMATION T or A 
&220s FEATURE 
<221 NAME/KEY: WARIANT 
<222> LOCATION: (153) . . . (153) 
&223> OTHER INFORMATION T or K. 
&220s FEATURE 
<221 NAME/KEY: WARIANT 
<222> LOCATION: (155) . . . (155) 
&223> OTHER INFORMATION S or T 
&220s FEATURE 
<221 NAME/KEY: WARIANT 
<222> LOCATION: (163) . . . (163) 
&223> OTHER INFORMATION S or T 
&220s FEATURE 
<221 NAME/KEY: WARIANT 
<222> LOCATION: (166) . . . (166) 
<223> OTHER INFORMATION: Q, R, or H 
&220s FEATURE 
<221 NAME/KEY: WARIANT 
<222> LOCATION: (172). . . (172) 
&223> OTHER INFORMATION: A or T 
&220s FEATURE 
<221 NAME/KEY: WARIANT 
<222> LOCATION: (173) . . . (173) 
&223> OTHER INFORMATION: A or W 
&220s FEATURE 
<221 NAME/KEY: WARIANT 
<222> LOCATION: (174) . . . (174) 
&223> OTHER INFORMATION T or L. 
&220s FEATURE 
<221 NAME/KEY: WARIANT 
<222> LOCATION: (177) . . . (177) 
&223> OTHER INFORMATION: A or E 
&220s FEATURE 
<221 NAME/KEY: WARIANT 
<222> LOCATION: (178) . . . (178) 
&223> OTHER INFORMATION: E or D 
&220s FEATURE 
<221 NAME/KEY: WARIANT 
<222> LOCATION: (179) . . . (179) 
<223> OTHER INFORMATION: R, L, or K 
&220s FEATURE 
<221 NAME/KEY: WARIANT 
<222> LOCATION: (180) . . . (180) 
&223> OTHER INFORMATION: W or G 
&220s FEATURE 
<221 NAME/KEY: WARIANT 
<222> LOCATION: (181) . . . (184) 
<223> OTHER INFORMATION: deleted, or replaced with S- (L or M) - (E or D) - 

H-R 
&220s FEATURE 
&221s NAMEAKEY WARIANT 

<222> LOCATION: (185) . . . (185) 
&223> OTHER INFORMATION: E 
&220s FEATURE 
<221 NAME/KEY: WARIANT 
<222> LOCATION: (186) . . . (186) 
&223> OTHER INFORMATION: Y 
&220s FEATURE 
<221 NAME/KEY: WARIANT 
<222> LOCATION: (187) . . . (187) 
&223> OTHER INFORMATION: K or N 
&220s FEATURE 
<221 NAME/KEY: WARIANT 
<222> LOCATION: (188) . . . (188) 
&223> OTHER INFORMATION: K 
&220s FEATURE 
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<221 NAME/KEY: WARIANT 
<222> LOCATION: (190) . . . (190) 
&223> OTHER INFORMATION R or T 
&220s FEATURE 
<221 NAME/KEY: WARIANT 
<222> LOCATION: (196) . . . (196) 
&223> OTHER INFORMATION: G 
&220s FEATURE 
<221 NAME/KEY: WARIANT 
<222> LOCATION: (201) . . . (201) 
&223> OTHER INFORMATION: A or S 
&220s FEATURE 
<221 NAME/KEY: WARIANT 
<222> LOCATION: (211) . . . (211) 
&223> OTHER INFORMATION: W 
&220s FEATURE 
<221 NAME/KEY: WARIANT 
<222> LOCATION: (212) . . . (212) 
&223> OTHER INFORMATION: W or L. 
&220s FEATURE 
<221 NAME/KEY: WARIANT 
<222> LOCATION: (213) . . . (213) 
&223> OTHER INFORMATION: D or E 
&220s FEATURE 
<221 NAME/KEY: WARIANT 
<222> LOCATION: (215) . . . (215) 
&223> OTHER INFORMATION: W or I 
&220s FEATURE 
<221 NAME/KEY: WARIANT 
<222> LOCATION: (226) . . . (226) 
&223> OTHER INFORMATION S or R 
&220s FEATURE 
<221 NAME/KEY: WARIANT 
<222> LOCATION: (244) . . . (244) 
&223> OTHER INFORMATION: K or R 
&220s FEATURE 
<221 NAME/KEY: WARIANT 
<222> LOCATION: (251) . . . (251) 
<223> OTHER INFORMATION: Q or H 
&220s FEATURE 
<221 NAME/KEY: WARIANT 
<222> LOCATION: (254) . . . (254) 
&223> OTHER INFORMATION: W or I 
&220s FEATURE 
<221 NAME/KEY: WARIANT 
<222> LOCATION: (255) . . . (255) 
&223> OTHER INFORMATION S or N 
&220s FEATURE 
<221 NAME/KEY: WARIANT 
<222> LOCATION: (257) . . . (257) 
&223> OTHER INFORMATION: E or G 
&220s FEATURE 
<221 NAME/KEY: WARIANT 
<222> LOCATION: (264) . . . (264) 
&223> OTHER INFORMATION T or A 
&220s FEATURE 
<221 NAME/KEY: WARIANT 
<222> LOCATION: (274) . . . (274) 
&223> OTHER INFORMATION: C or G 
&220s FEATURE 
<221 NAME/KEY: WARIANT 
<222> LOCATION: (275) . . . (275) 
&223> OTHER INFORMATION: W or I 
&220s FEATURE 
<221 NAME/KEY: WARIANT 
<222> LOCATION: (280) . . . (280) 
&223> OTHER INFORMATION: K or R 
&220s FEATURE 
<221 NAME/KEY: WARIANT 
<222> LOCATION: (281) . . . (281) 
&223> OTHER INFORMATION S or N 
&220s FEATURE 
<221 NAME/KEY: WARIANT 
<222> LOCATION: (285) . . . (285) 
&223> OTHER INFORMATION: K or D 
&220s FEATURE 
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<221 NAME/KEY: WARIANT 
<222> LOCATION: (286) . . . (286) 
&223> OTHER INFORMATION: K or R 
&220s FEATURE 
<221 NAME/KEY: WARIANT 
<222> LOCATION: (287) . . . (287) 
&223> OTHER INFORMATION: D or deleted 
&220s FEATURE 
<221 NAME/KEY: WARIANT 
<222> LOCATION: (288) . . . (288) 
&223> OTHER INFORMATION R or deleted 
&220s FEATURE 
<221 NAME/KEY: WARIANT 
<222> LOCATION: (289) . . . (289) 
&223> OTHER INFORMATION I or L. 
&220s FEATURE 
<221 NAME/KEY: WARIANT 
<222> LOCATION: (291) . . . (291) 
&223> OTHER INFORMATION T or M 
&220s FEATURE 
<221 NAME/KEY: WARIANT 
<222> LOCATION: (293) . . . (293) 
<223> OTHER INFORMATION: K or Q 
&220s FEATURE 
<221 NAME/KEY: WARIANT 
<222> LOCATION: (297) . . . (297) 
&223> OTHER INFORMATION T or K. 
&220s FEATURE 
<221 NAME/KEY: WARIANT 
<222> LOCATION: (299) . . . ( 299) 
<223> OTHER INFORMATION: I, T, or V 
&220s FEATURE 
<221 NAME/KEY: WARIANT 
<222> LOCATION: (301) . . . (301) 
&223> OTHER INFORMATION R or H 
&220s FEATURE 
<221 NAME/KEY: WARIANT 
<222> LOCATION: (303) . . . (303) 
&223> OTHER INFORMATION N or D 
&220s FEATURE 
<221 NAME/KEY: WARIANT 
<222> LOCATION: (305) . . . (305) 
&223> OTHER INFORMATION: K 
&220s FEATURE 
<221 NAME/KEY: WARIANT 
<222> LOCATION: (307) . . . (307) 
&223> OTHER INFORMATION R 
&220s FEATURE 
<221 NAME/KEY: WARIANT 
<222> LOCATION: (309) . . . (309) 
<223> OTHER INFORMATION: Q 
&220s FEATURE 
<221 NAME/KEY: WARIANT 
<222> LOCATION: (311) . . . (311) 
&223> OTHER INFORMATION R 
&220s FEATURE 
<221 NAME/KEY: WARIANT 
<222> LOCATION: (315) . . . (315) 
&223> OTHER INFORMATION: Y or H 
&220s FEATURE 
<221 NAME/KEY: WARIANT 
<222> LOCATION: (318) . . . (318) 
&223> OTHER INFORMATION S or F 
&220s FEATURE 
<221 NAME/KEY: WARIANT 
<222> LOCATION: (321) . . . (321) 
&223> OTHER INFORMATION: E or D 
&220s FEATURE 
<221 NAME/KEY: WARIANT 
<222> LOCATION: (326) . . . (326) 
&223> OTHER INFORMATION: P or S 
&220s FEATURE 
<221 NAME/KEY: WARIANT 
<222> LOCATION: (327) . . . (327) 
&223> OTHER INFORMATION: C or L. 
&220s FEATURE 
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<221 NAME/KEY: WARIANT 
<222> LOCATION: (.328) . . . (328) 
<223> OTHER INFORMATION: S, G, or Q 

<400 SEQUENCE: 39 

Met Xaa Xaa Glin Gln Leu Val Xaa Ser Trp Phe Ser Leu Val Xaa Leu 
1 5 10 15 

Ala Ser Pro Leu Xaa Ala Ile Trp Glu Leu Xaa Lys Xaa Val Tyr Val 
2O 25 30 

Val Glu Leu Asp Trp Tyr Pro Xaa Ala Pro Gly Glu Xaa Val Val Leu 
35 40 45 

Xaa Cys Asp Thr Pro Glu Glu Asp Gly Ile Thir Trp Thr Xaa Asp Gln 
50 55 60 

Ser Ser Xaa Val Leu Gly Xaa Gly Lys Thr Leu Thir Ile Xaa Val Lys 
65 70 75 8O 

Glu Phe Gly Asp Ala Gly Glin Tyr Thr Cys Xaa Lys Gly Gly Xaa Xala 
85 90 95 

Leu Ser Xaa Ser Lieu Lleu Lleu Lieu. His Lys Lys Glu Asp Gly Ile Trp 
100 105 110 

Ser Thr Asp Ile Leu Lys Asp Gln Lys Xaa Pro Lys Xaa Lys Xaa Phe 
115 120 125 

Leu Xaa Cys Glu Ala Lys Xaa Tyr Ser Gly Xaa Phe Thr Cys Trp Trp 
130 135 1 4 0 

Leu Thr Xaa Ile Ser Thr Asp Leu Xaa Phe Xaa Val Lys Ser Ser Arg 
145 15 O 155 160 

Gly Ser Xaa Asp Pro Xaa Gly Val Thr Cys Gly Xaa Xaa Xaa Leu Ser 
1.65 170 175 

Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Tyr Xaa Val Glu 
18O 185 19 O 

Cys Glin Glu Xala Ser Ala Cys Pro Xaa Ala Glu Glu Ser Lieu Pro Ile 
195 200 2O5 

Glu Val Xala Xala Xaa Ala Xala His Lys Lieu Lys Tyr Glu Asn Tyr Thr 
210 215 220 

Ser Xaa Phe Phe Ile Arg Asp Ile Ile Llys Pro Asp Pro Pro Lys Asn 
225 230 235 240 

Leu Gln Leu Xala Pro Leu Lys Asn. Ser Arg Xaa Val Glu Xala Xala Trp 
245 250 255 

Xaa Tyr Pro Asp Thr Trp Ser Xaa Pro His Ser Tyr Phe Ser Leu Thr 
260 265 27 O 

Phe Xaa Xala Glin Val Glin Gly Xaa Xala Lys Arg Glu Xaa Xala Xala Xala 
275 280 285 

Xaa Phe Xaa Asp Xaa Thr Ser Ala Xaa Val Xala Cys Xaa Lys Xaa Ala 
29 O 295 3OO 

Xaa Ile Xaa Val Xaa Ala Xaa Asp Arg Tyr Xaa Ser Ser Xaa Trp Ser 
305 310 315 320 

Xaa Trp Ala Ser Val Xaa Xaa Xaa 
325 

<210> SEQ ID NO 40 
&2 11s LENGTH 2.19 
&212> TYPE PRT 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic Sequence 



US 2006/0264615 A1 Nov. 23, 2006 
83 

-continued 

&220s FEATURE 
&221s NAMEAKEY WARIANT 

<222> LOCATION: (2) . . . (2) 
&223> OTHER INFORMATION: C or Y 
&220s FEATURE 
<221 NAME/KEY: WARIANT 
<222> LOCATION: (4) . . . (4) 
<223> OTHER INFORMATION: A L, or P 
&220s FEATURE 
<221 NAME/KEY: WARIANT 
<222> LOCATION: (6) . . . (6) 
&223> OTHER INFORMATION S or G 
&220s FEATURE 
<221 NAME/KEY: WARIANT 
<222> LOCATION: (10 ) . . . (10) 
&223> OTHER INFORMATION: W or I 
&220s FEATURE 
<221 NAME/KEY: WARIANT 
<222> LOCATION: (11) . . . (11) 
&223> OTHER INFORMATION: A or S 
&220s FEATURE 
<221 NAME/KEY: WARIANT 
<222> LOCATION: (16) . . . (16) 
&223> OTHER INFORMATION: D or H 
&220s FEATURE 
<221 NAME/KEY: WARIANT 
<222> LOCATION: (22). . . (22) 
&223> OTHER INFORMATION: A or G 
&220s FEATURE 
<221 NAME/KEY: WARIANT 
<222> LOCATION: (24) . . . (24) 
&223> OTHER INFORMATION N or S 
&220s FEATURE 
<221 NAME/KEY: WARIANT 
<222> LOCATION: (27) . . . (27) 
&223> OTHER INFORMATION: W or T 
&220s FEATURE 
<221 NAME/KEY: WARIANT 
<222> LOCATION: (28) . . . (28) 
&223> OTHER INFORMATION: A or T 
&220s FEATURE 
<221 NAME/KEY: WARIANT 
<222> LOCATION: (30) . . . (30) 
&223> OTHER INFORMATION: P or A 
&220s FEATURE 
<221 NAME/KEY: WARIANT 
<222> LOCATION: (31) . . . (31) 
<223> OTHER INFORMATION: D, S, or G 
&220s FEATURE 
<221 NAME/KEY: WARIANT 
<222> LOCATION: (34) . . . (34) 
&223> OTHER INFORMATION M or R 
&220s FEATURE 
<221 NAME/KEY: WARIANT 
<222> LOCATION: (35) . . . (35) 
<223> OTHER INFORMATION: F, S, or L 
&220s FEATURE 
<221 NAME/KEY: WARIANT 
<222> LOCATION: (36) . . . (36) 
&223> OTHER INFORMATION P or deleted 
&220s FEATURE 
<221 NAME/KEY: WARIANT 
<222> LOCATION: (39) . . . (39) 
&223> OTHER INFORMATION H or D 
&220s FEATURE 
<221 NAME/KEY: WARIANT 
<222> LOCATION: (40) . . . (40) 
&223> OTHER INFORMATION H or Y 
&220s FEATURE 
<221 NAME/KEY: WARIANT 
<222> LOCATION: (46) . . . (4 6) 
&223> OTHER INFORMATION R or K. 
&220s FEATURE 
<221 NAME/KEY: WARIANT 
<222> LOCATION: (48) . . . (48) 
&223> OTHER INFORMATION: W or A 










