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(57) ABSTRACT 

The present invention relates to canine interleukin-4, canine 
or feline Flt-3 ligand, canine or feline CD40, canine or feline 
CD154, canine interleukin-5, canine interleukin-13, feline 
interferon alpha, and/or feline GM-CSF proteins; to canine 
interleukin-4, canine or feline Flt-3 ligand, canine or feline 
CD40, canine or feline CD154, canine interleukin-5, canine 
interleukin-13, feline interferon alpha, and/or feline 
GM-CSF nucleic acid molecules, including those that 
encode canine interleukin-4, canine or feline Flt-3 ligand, 
canine or feline CD40, canine or feline CD154, canine 
interleukin-5, canine interleukin-13, feline interferon alpha, 
and/or feline GM-CSF proteins, respectively; to antibodies 
raised against Such proteins; and to inhibitory compounds 
that regulate such proteins. The present invention also 
includes methods to identify and obtain Such proteins, 
nucleic acid molecules, antibodies, and inhibitory com 
pounds. Also included in the present invention are thera 
peutic compositions comprising such proteins, nucleic acid 
molecules, antibodies and/or inhibitory compounds as well 
as the use of Such therapeutic compositions to regulate an 
immune response in an animal. 
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CANNEL-4 IMMUNOREGULATORY 
PROTEINS AND USES THEREOF 

Matter enclosed in heavy brackets appears in the 
original patent but forms no part of this reissue specifi 
cation; matter printed in italics indicates the additions 
made by reissue. 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application claims priority to prior pending U.S. 
Provisional Patent Application Serial No. 60/087.306, filed 
May 29, 1998, entitled “CANINE INTERLEUKIN-4 AND 
FLT-3 LIG AND PROTEINS, NUCLEIC ACID 
MOLECULES, AND USES THEREOF, which is incorpo 
rated herein by reference in its entirety. 

FIELD OF THE INVENTION 

The present invention relates to canine interleukin-4, 
canine or feline Flt-3 ligand, canine or feline CD40, canine 
or feline CD154, canine interleukin-5, canine interleukin-13, 
feline interferon alpha, or feline GM-CSF nucleic acid 
molecules, proteins encoded by Such nucleic acid molecules, 
antibodies raised against Such proteins and/or inhibitors of 
Such proteins or nucleic acid molecules. The present inven 
tion also includes therapeutic compositions comprising Such 
nucleic acid molecules, proteins, antibodies and/or 
inhibitors, as well as their use to regulate an immune 
response in an animal. 

BACKGROUND OF THE INVENTION 

Regulating immune responses in animals is important in 
disease management. Immune responses can be regulated by 
modifying the activity of immunoregulatory molecules and 
immune cells. 

Several immunoregulatory molecules have been found in 
humans and other mammal species. Interleukin-4, produced 
by activated type 2 helper cells (T2 cells), has a number of 
functions. These functions include promotion of naive T 
cells and B cells to differentiate and proliferate. IL-4 pro 
motes T2 differentiation and inhibits T1 development. 
FMS-like tyrosine kinase 3, (Flt-3 ligand) stimulates the 
expansion and mobilization of hematopoetic precursor cell 
stimulating activity. CD40 is a type I transmembrane protein 
expressed on antigen presenting cells, such as B 
lymphocytes, and other types of cells Such as endothelial 
cells, epithelial cells, and fibroblasts. CD40 ligand (also 
known as CD154) is a type II transmembrane protein that is 
preferentially expressed on activated T lymphocytes. The 
CD40-CD154 interaction regulates diverse pathways of the 
immune system, including B cell proliferation, immunoglo 
bulin production and class Switching by B cells, activation 
and clonal expansion of T cells, activity of antigen present 
ing cells, growth and differentiation of epithelial cells, and 
regulation of inflammatory responses at mucosal and cuta 
neous sites. Interleukin-5 is produced by activated type 2 
helper cells (T2), mast cells, and eosinophils. Its main 
functions include promotion of growth and differentiation of 
eosinophils and generation of cytotoxic T cells from thy 
mocytes. Interleukin-13 is produced by T1 and T2 cells. 
and promotes growth and differentiation of B cells, 
up-regulation of MHC class II and CD23 expression on 
monocytes/macrophages and B cells; and inhibition of pro 
duction of inflammatory cytokines Such as IL-1C, IL-1B. 
IL-6, IL-8, IL-10, IL-12, among others. Interferon alpha is 
an antiviral protein that has three major functions: it inhibits 
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2 
viral replication by activating cellular genes that destroy 
mRNA and inhibit protein translation, it induces MHC class 
I expression in non virally-infected cells, increasing resis 
tance to NK cells, and can activate NK cells. GM-CSF, 
(granulocyte-macrophage colony-stimulating factor) stimu 
lates the production of granulocytes and macrophages. 

Prior investigators have disclosed sequences encoding 
feline IL-4 (Lemer et al., Genbank Accession No. U39634); 
porcine IL-4 (Zhou et al., Genbank Accession No. L12991); 
bovine IL-4 (Heussler, V. T., et al., Gene, vol. 114, pp. 
273-278, 1992); ovine IL-4 (Seow, H.-F., et al., Gene, vol. 
124, pp. 291-293, 1993); human IL-4 (Yokota, T., et al. 
Proc. Natl. Acad. Sci. U.S.A., vol. 83 (16), pp. 5894-5898, 
1986); and murine IL-4 (Sideras, P. et al., Adv. Exp. Med. 
Biol., vol. 213, pp. 227–236, 1987). Prior investigators have 
disclosed sequences encoding murine Flt-3 ligand 
(McClanahan et al., Genbank Accession No. U44024); and 
human Flt-3 ligand (Lyman et al., Blood, vol. 83, pp. 
2795–2801, 1994). Prior investigators have disclosed 
sequences encoding human CD40 (Stamenkovic et al., 
EMBO.J., vol. 8:1403–1410, 1989, GenBank Accession No. 
(X60592), bovine CD40 (Hirano et al., Immunology, vol. 
90, pp. 294-300, 1997, GenBank Accession No. U57745), 
and murine CD40 (Grimaldi et al., J. Immunol., vol. 143, pp. 
3921–3926, 1992; Torres and Clark, J. Immunol., vol. 148, 
pp. 620–626, 1992, GenBank Accession No. M83312). Prior 
investigators have disclosed sequences encoding human 
CD154 (Graf et al., Eur. J. Immunol., vol. 22, pp. 
3191-3194, 1992; Hollenbaugh, et al., EMBO J., vol. 
11:4313–4321, 1992; Gauchat et al., FEBS lett., vol., 315, 
pp. 259-266, 1993; GenBank Accession Nos L07414, 
X68550, Z15017, X67878, respectively); bovine CD154 
(Mertens et al., Immunogenetics, Vol. 42, pp. 430-431. 
GenBank Accession No. Z48468); and murine CD154 
(Armitage et al., Nature, vol. 357, pp. 80–82; 1992, Gen 
Bank Accession No. X65453). Prior investigators have 
disclosed sequences encoding feline interleukin-5 (Padrid et 
al., Am. J. Vet. Res., vol. 59, pp. 1263–1269, 1988, GenBank 
Accession No. AF025436) and human interleukin-5 (Azuma 
et al., Nucleic Acids Res., vol. 14, pp. 9149–9158, 1986, 
GenBank Accession No. X04688). Prior investigators have 
disclosed sequences encoding human interleukin-13 
(McKenzie et al., Proc. Natl Acad. Sci. USA, Vol. 90, pp. 
3735–3739, 1993; Minty et al., Nature, vol. 362, pp. 
248-250, 1993, GenBank Accession Nos L06801 and 
X69079, respectively); murine interleukin-13 (Brown et at. 
J. Immunol., vol. 142, pp. 679–687; 1989, GenBank Acces 
sion No. M23504); and rat interleukin-13 (Lakkis et al., 
Biochem. Biophys. Res. Commun., Vol. 197, pp. 612–618, 
1993, GenBank Accession No. L26913). Prior investigators 
have disclosed sequences encoding feline interferon 
(Nakamura, N., Sudo, T., Matsuda, S., Yanai, A., Biosci. 
Biotechnol. Biochem. (1992)Vol: 56 pp. 211–214, GenBank 
accession #E02521). Prior investigators have also disclosed 
sequences encoding feline GM-CSF (direct submission to 
GenBank, Accession No. AF053007) 

There remains a need for compounds and methods to 
regulate an immune response by manipulation of the func 
tion of canine interleukin-4, canine or feline Flt-3 ligand, 
canine or feline CD40, canine or feline CD154, canine 
interleukin-5, canine interleukin-13, feline interferon alpha, 
or feline GM-CSF. 

SUMMARY OF THE INVENTION 

The present invention relates to canine interleukin-4, 
canine or feline Flt-3 ligand, canine or feline CD40, canine 
or feline CD154, canine interleukin-5, canine interleukin-13, 
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feline interferon alpha, or feline GM-CSF nucleic acid 
molecules, proteins encoded by Such nucleic acid molecules, 
antibodies raised against Such proteins and/or inhibitors of 
Such proteins or nucleic acid molecules. Identification of the 
nucleic acid molecules of the present invention is unex 
pected because initial attempts to obtain nucleic acid mol 
ecules using PCR were unsuccessful. After numerous 
attempts, the inventors discovered specific primers that were 
useful for isolating Such nucleic acid molecules. 
One embodiment of the present invention is an isolated 

nucleic acid molecule selected from the group consisting of 
(a) an isolated nucleic acid molecule comprising a nucleic 
acid sequence selected from the group consisting of SEQID 
NO:1, SEQID NO:3, SEQID NO:4, SEQID NO:5, SEQID 
NO:19, and/or SEQ ID NO:21; or a homolog thereof, 
wherein said homolog has an at least about 50 contiguous 
nucleotide region identical in sequence to a 50 contiguous 
nucleotide region of a nucleic acid sequence selected from 
the group consisting of SEQ ID NO:1, SEQID NO:3, SEQ 
ID NO:4, SEQ ID NO:5, SEQ ID NO:19, and/or SEQ ID 
NO:21; (b) an isolated nucleic acid molecule comprising a 
nucleic acid sequence selected from the group consisting of 
SEQ ID NO:6, SEQ ID NO:8, SEQ ID NO:9, SEQ ID 
NO:10, SEQ ID NO:22, SEQ ID NO:24, SEQ ID NO:25, 
SEQ ID NO:27, SEQ ID NO:28, SEQ ID NO:29, SEQ ID 
NO:30, SEQ ID NO:32, SEQ ID NO:33, SEQ ID NO:35, 
SEQ ID NO:36, and/or SEQ ID NO:37 or a homolog 
thereof, wherein said homolog has an at least 40 contiguous 
nucleotide region identical in sequence to a 40 contiguous 
nucleotide region of a nucleic acid molecule having a 
nucleic acid sequence selected from the group consisting of 
SEQ ID NO:6, SEQ ID NO:8, SEQ ID NO:9, SEQ ID 
NO:10, SEQ ID NO:22, SEQ ID NO:24, SEQ ID NO:25, 
SEQ ID NO:27, SEQ ID NO:28, SEQ ID NO:29, SEQ ID 
NO:30, SEQ ID NO:32, SEQ ID NO:33, SEQ ID NO:35, 
SEQ ID NO:36, and/or SEQ ID NO:37; (c) an isolated 
nucleic acid molecule comprising a nucleic acid sequence 
selected from the group consisting of SEQID NO:41, SEQ 
ID NO:42, SEQID NO:43, SEQID NO:45, SEQID NO:46, 
SEQ ID NO:47, SEQ ID NO:48, and/or SEQ ID NO:50, 
and/or a homolog thereof, wherein said homolog has an at 
least 30 contiguous nucleotide region identical in sequence 
to a 30 contiguous nucleotide region of a nucleic acid 
molecule having a nucleic acid sequence selected from the 
group consisting of SEQID NO:41, SEQID NO:42, SEQID 
NO:43, SEQ ID NO:45, SEQ ID NO:46, SEQ ID NO:47, 
SEQ ID NO:48, and/or SEQ ID NO:50; (d) an isolated 
nucleic acid molecule comprising a nucleic acid sequence 
selected from the group consisting of SEQID NO:51, SEQ 
ID NO:52, SEQID NO:54, SEQID NO:55, SEQID NO:56, 
SEQ ID NO:57, and/or SEQ ID NO:59, and/or a homolog 
thereof, wherein said homolog has an at least 40 contiguous 
nucleotide region identical in sequence to a 40 contiguous 
nucleotide region of a nucleic acid sequence selected from 
the group consisting of SEQ ID NO:51, SEQ ID NO:52, 
SEQ ID NO:54, SEQ ID NO:55, SEQ ID NO:56, SEQ ID 
NO:57, and/or SEQ ID NO:59; (e) an isolated nucleic acid 
molecule comprising a nucleic acid sequence selected from 
the group consisting of SEQ ID NO:60 and/or SEQ ID 
NO:62 and/or a homolog thereof, wherein said homolog has 
an at least 30 contiguous nucleotide region identical in 
sequence to a 30 contiguous nucleotide region of a nucleic 
acid molecule having a nucleic acid sequence selected from 
the group consisting of SEQ ID NO:60 and/or SEQ ID 
NO:62, (f) an isolated nucleic acid molecule comprising a 
nucleic acid sequence selected from the group consisting of 
SEQ ID NO:63, SEQ ID NO:64, SEQ ID NO:66, SEQ ID 
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NO:67, SEQ ID NO:68, SEQ ID NO:69 and/or SEQ ID 
NO:71, and/or a homolog thereof, wherein said homolog has 
an at least 45 contiguous nucleotide region identical in 
sequence to a 45 nucleotide region of a nucleic acid mol 
ecule having a nucleic acid sequence selected from the 
group consisting of SEQID NO:63, SEQID NO:64, SEQID 
NO:66, SEQ ID NO:67, SEQ ID NO:68, SEQ ID NO:69 
and/or SEQID NO:71; (g) an isolated nucleic acid molecule 
comprising a nucleic acid sequence selected from the group 
consisting of SEQ ID NO:72, SEQ ID NO:74, SEQ ID 
NO:75, SEQ ID NO:76, SEQ ID NO:77, and/or SEQ ID 
NO:79, and/or a homolog thereof, wherein said homolog has 
an at least 35 contiguous nucleotide region identical in 
sequence to a 35 contiguous nucleotide region of a nucleic 
acid molecule having a nucleic acid sequence selected from 
the group consisting of SEQ ID NO:72, SEQ ID NO:74, 
SEQ ID NO:75, SEQ ID NO:76, SEQ ID NO:77, and/or 
SEQ ID NO:79: (h) an isolated nucleic acid molecule 
comprising a nucleic acid sequence selected from the group 
consisting of SEQ ID NO:80, SEQ ID NO:82, SEQ ID 
NO:83, SEQ ID NO:84, SEQ ID NO:85, and/or SEQ ID 
NO:87, and/or a homolog thereof, wherein said homolog has 
an at least 45 contiguous nucleotide region identical in 
sequence to a 45 contiguous nucleotide region of a nucleic 
acid molecule having a nucleic acid sequence selected from 
the group consisting of SEQ ID NO:80, SEQ ID NO:82, 
SEQ ID NO:83, SEQ ID NO:84, SEQ ID NO:85, and/or 
SEQ ID NO:87: (i) an isolated nucleic acid molecule com 
prising a nucleic acid sequence selected from the group 
consisting of SEQ ID NO:88, SEQ ID NO:89, SEQ ID 
NO:90, SEQ ID NO:91, SEQ ID NO:93, SEQ ID NO:94, 
SEQ ID NO:95, SEQ ID NO:96, SEQID NO:98, SEQ ID 
NO:99, SEQ ID NO:101, SEQ ID NO:102, SEQ ID 
NO:103, SEQ ID NO: 104, and/or SEQID NO: 106, and/or 
a homolog thereof, wherein said homolog has an at least 15 
contiguous nucleotide region identical to a 15 contiguous 
nucleotide region of a nucleic acid molecule having a 
nucleic acid sequence selected from the group consisting of 
SEQ ID NO:88, SEQ ID NO:89, SEQ ID NO:90, SEQ ID 
NO:91, SEQ ID NO:93, SEQ ID NO:94, SEQ ID NO:95, 
SEQ ID NO:96, SEQ ID NO:98, SEQ ID NO:99, SEQ ID 
NO:101, SEQ ID NO:102, SEQ ID NO:103, SEQ ID 
NO:104, and/or SEQID NO:106 () an isolated nucleic acid 
molecule having a nucleic acid sequence selected from the 
group consisting of SEQID NO: 107, SEQID NO:109, SEQ 
ID NO:110, SEQ ID NO:112, SEQ ID NO:113, SEQ ID 
NO:115, SEQ ID NO:116, SEQ ID NO:118; and/or (k) an 
isolated nucleic acid molecule having a nucleic acid 
sequence selected from the group consisting of SEQ ID 
NO:119, SEQ ID NO:121, SEQ ID NO:122, SEQ ID 
NO:123, SEQ ID NO.124, SEQ ID NO.126. 

Another embodiment of the present invention is an iso 
lated nucleic acid molecule selected from the group con 
sisting of: (a) a nucleic acid molecule having a nucleic acid 
sequence that is at least about 92 percent identical to a 
nucleic acid sequence selected from the group consisting of 
SEQID NO:1, SEQID NO:3, SEQID NO:4, SEQID NO:5, 
SEQ ID NO:19, and/or SEQ ID NO:21; (b) a nucleic acid 
molecule having a nucleic acid sequence that is at least about 
75 percent identical to a nucleic acid sequence selected from 
the group consisting of SEQ ID NO:6, SEQID NO:8, SEQ 
ID NO:9, SEQID NO:10, SEQID NO:22, SEQID NO:24, 
SEQ ID NO:25, SEQ ID NO:27, SEQ ID NO:28, SEQ ID 
NO:29, SEQ ID NO:30, SEQ ID NO:32, SEQ ID NO:33, 
SEQID NO:35, SEQID NO:36, and/or SEQID NO:37; (c) 
a nucleic acid molecule having a nucleic acid sequence that 
is at least about 75 percent identical to a nucleic acid 
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sequence selected from the group consisting of SEQ ID 
NO:41, SEQ ID NO:42, SEQ ID NO:43, SEQ ID NO:45, 
SEQ ID NO:46, SEQ ID NO:47, SEQ ID NO:48, and/or 
SEQID NO:50; (d) a nucleic acid molecule having a nucleic 
acid sequence that is at least about 70 percent identical to a 
nucleic acid sequence selected from the group consisting of 
SEQ ID NO:51, SEQ ID NO:52, SEQ ID NO:54, SEQ ID 
NO:55, SEQ ID NO:56, SEQ ID NO:57, and/or SEQ ID 
NO:59; (e) a nucleic acid molecule having a nucleic acid 
sequence that is at least about 70 percent identical to a 
nucleic acid sequence selected from the group consisting of 
SEQ ID NO:60 and/or SEQ ID NO:62: (f) a nucleic acid 
molecule having a nucleic acid sequence that is at least about 
85 percent identical to a nucleic acid sequence selected from 
the group consisting of SEQ ID NO:63, SEQ ID NO:64, 
SEQ ID NO:66, SEQ ID NO:67, SEQ ID NO:68, SEQ ID 
NO:69 and/or SEQ ID NO:71; (g) a nucleic acid molecule 
having a nucleic acid sequence that is at least about 91 
percent identical to a nucleic acid sequence selected from 
the group consisting of SEQ ID NO:72, SEQ ID NO:74, 
SEQ ID NO:75, SEQ ID NO:76, SEQ ID NO:77, and/or 
SEQID NO:79: (h) a nucleic acid molecule having a nucleic 
acid sequence that is at least about 90 percent identical to a 
nucleic acid sequence selected from the group consisting of 
SEQ ID NO:80, SEQ ID NO:82, SEQ ID NO:83, SEQ ID 
NO:84, SEQID NO:85, and/or SEQID NO:87: (i) a nucleic 
acid molecule having a nucleic acid sequence that is at least 
about 65 percent identical to a nucleic acid sequence 
selected from the group consisting of SEQID NO:88, SEQ 
ID NO:89, SEQID NO:90, SEQID NO:91, SEQID NO:93, 
SEQ ID NO:94, SEQ ID NO:95, SEQ ID NO:96, SEQ ID 
NO:98, SEQID NO:99, SEQID NO:101, SEQID NO:102, 
SEQID NO: 103, SEQID NO:104, and/or SEQID NO:106: 
() a nucleic acid molecule having a nucleic acid sequence 
that is selected from the group consisting of SEQ ID 
NO:107, SEQ ID NO:109, SEQ ID NO:122, SEQ ID 
NO:112, SEQ ID NO: 113, SEQ ID NO:115, SEQ ID 
NO: 116, amd/or SEQ ID NO:118; and/or (k) a nucleic acid 
molecule having a nucleic acid sequence that is selected 
from the group consisting of SEQ ID NO:119, SEQ ID 
NO:121, SEQ ID NO:122, SEQ ID NO:123, SEQ ID 
NO:124, and/or SEQ ID NO:126. 

Yet another embodiment of the present invention is an 
isolated nucleic acid molecule selected from the group 
consisting of: (a) a nucleic acid molecule having a nucleic 
acid sequence encoding an IL-4 protein selected from the 
group consisting of (i) a protein having an amino acid 
sequence that is at least about 85 percent identical to an 
amino acid sequence selected from the group consisting of 
SEQ ID NO:2 and/or SEQ ID NO:20 and/or (ii) a protein 
comprising a fragment of at least 20 amino acids of an amino 
acid sequence selected from the group consisting of SEQID 
NO:2 and/or SEQ ID NO:20; (b) a nucleic acid molecule 
having a nucleic acid sequence encoding a Flt-3 ligand 
protein selected from the group consisting of (i) a protein 
having an amino acid sequence that is at least about 75 
percent identical to an amino acid sequence selected from 
the group consisting of SEQID NO:7, SEQID NO:23, SEQ 
ID NO:26, SEQID NO:31, and/or SEQID NO:34 and/or (ii) 
a protein comprising a fragment of at least 25 amino acids 
of an amino acid sequence selected from the group consist 
ing of SEQID NO:7, SEQID NO:23, SEQID NO:26, SEQ 
ID NO:31, and/or SEQ ID NO:34; (c) a nucleic acid 
molecule having a nucleic acid sequence encoding a Flt-3 
ligand protein selected from the group consisting of (i) a 
protein having an amino acid sequence that is at least about 
75 percent identical to an amino acid sequence selected from 
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6 
the group consisting of SEQ ID NO:44 and/or SEQ ID 
NO:49 and/or (ii) a protein comprising a fragment of at least 
25 amino acids of an amino acid sequence selected from the 
group consisting of SEQ ID NO:44 and/or SEQID NO:49: 
(d) a nucleic acid molecule having a nucleic acid sequence 
encoding a CD40 protein selected from the group consisting 
of (i) a protein having an amino acid sequence that is at least 
about 70 percent identical to an amino acid sequence 
selected from the group consisting of SEQID NO:53 and/or 
SEQ ID NO:58 and/or (ii) a protein comprising a fragment 
of at least 30 amino acids of an amino acid sequence selected 
from the group consisting of SEQID NO:53 and/or SEQID 
NO:58; (e) a nucleic acid molecule having a nucleic acid 
sequence encoding a CD40 protein selected from the group 
consisting of (i) a protein having an amino acid sequence 
that is at least about 60 percent identical to an amino acid 
sequence comprising SEQ ID NO:61 and/or (ii) a protein 
comprising a fragment of at least 20 amino acids of an amino 
acid sequence comprising SEQID NO:61, (f) a nucleic acid 
molecule having a nucleic acid sequence encoding a CD154 
protein selected from the group consisting of (i) a protein 
having an amino acid sequence that is at least about 80 
percent identical to an amino acid sequence selected from 
the group consisting of SEQ ID NO:65 and/or SEQ ID 
NO:70, and/or (ii) a protein comprising a fragment of at least 
35 amino acids of an amino acid sequence selected from the 
group consisting of SEQ ID NO:65 and/or SEQID NO:70; 
(g) a nucleic acid molecule having a nucleic acid sequence 
encoding a CD154 protein selected from the group consist 
ing of (i) a protein having an amino acid sequence that is at 
least about 85 percent identical to an amino acid sequence 
selected from the group consisting of SEQID NO:73 and/or 
SEQID NO:78, and/or (ii) a protein comprising a fragment 
of at least 50 amino acids of an amino acid sequence selected 
from the group consisting of SEQID NO:73 and/or SEQID 
NO:78: (h) a nucleic acid molecule having a nucleic acid 
sequence encoding an IL-5 protein selected from the group 
consisting of (i) a protein having an amino acid sequence 
that is at least about 85 percent identical to an amino acid 
sequence selected from the group consisting of SEQ ID 
NO:81 and/or SEQ ID NO:86 and/or (ii) a protein compris 
ing a fragment of at least 20 amino acids of an amino acid 
sequence selected from the group consisting of SEQ ID 
NO:81 and/or SEQ ID NO:86: (i) a nucleic acid molecule 
having a nucleic acid sequence encoding an IL-13 protein 
selected from the group consisting of (i) a protein having an 
amino acid sequence that is at least about 70 percent 
identical to an amino acid sequence selected from the group 
consisting of SEQ ID NO:92, SEQ ID NO:97, SEQ ID 
NO:100, and/or SEQ ID NO:105 and/or (ii) a protein 
comprising a fragment of at least 15 amino acids of an amino 
acid sequence selected from the group consisting of SEQID 
NO:92, SEQ ID NO:97, SEQ ID NO: 100, and/or SEQ ID 
NO:105: (i) a nucleic acid molecule having a nucleic acid 
sequence encoding an interferon alpha protein having an 
amino acid sequence that is selected from the group con 
sisting of amino acid sequence SEQ ID NO: 108, SEQ ID 
NO:111, SEQ ID NO:114, and/or SEQ ID NO:117; (k) a 
nucleic acid molecule having a nucleic acid sequence encod 
ing a GMCSF protein having an amino acid sequence that is 
selected from the group consisting of amino acid sequence 
SEQ ID NO:120, SEQID NO:126, and/or (1) a nucleic acid 
molecule comprising a complement of any of said nucleic 
acid molecules as set forth in (a), (b), (c), (d), (e), (f), (g), (h), 
(i), (), and/or (k), wherein said IL-4 protein elicits an 
immune response against an IL-4 protein selected from the 
group consisting of SEQ ID NO:2 and/or SEQ ID NO:20 
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and/or is a protein with interleukin-4 activity said Flt-3 
ligand protein elicits an immune response against a Flt-3 
ligand protein selected from the group consisting of SEQID 
NO:7, SEQ ID NO:23, SEQ ID NO:26, SEQ ID NO:31, 
SEQ ID NO:34, SEQ ID NO:44, and/or SEQ ID NO:49 
and/or is a protein with Flt-3 ligand activity, said CD40 
protein elicits an immune response against a CD40 protein 
selected from the group consisting of SEQID NO:53, SEQ 
ID NO:58, and/or SEQ ID NO:61 and/or is a protein with 
CD40 activity, said CD154 protein elicits an immune 
response against a CD154 protein selected from the group 
consisting of SEQ ID NO:65, SEQ ID NO:70, SEQ ID 
NO:73, and/or SEQ ID NO:78 and/or is a protein with 
CD154 activity, said IL-5 protein elicits an immune response 
against a IL-5 protein selected from the group consisting of 
SEQ ID NO:81 and/or SEQ ID NO:86 and/or is a protein 
with IL-5 activity, said IL-13 protein elicits an immune 
response against an IL-13 protein selected from the group 
consisting of SEQ ID NO:92, SEQ ID NO:97, SEQ ID 
NO:100, and/or SEQ ID NO:105 and/or is a protein with 
IL-13 activity, said interferon alpha protein elicits an 
immune response against an interferon alpha protein 
selected from the group consisting of SEQID NO:108, SEQ 
ID NO:111, SEQID NO:114, and/or SEQID NO: 117 and/or 
is a protein with interferon alpha activity, and/or said 
GMCSF protein elicits an immune response against a 
GMCSF protein selected from the group consisting of SEQ 
ID NO:120 and/or SEQID NO:125 and/or is a protein with 
GM-CSF activity. 
The present invention also includes methods to produce 

any of the proteins of the present invention using nucleic 
acid molecules of the present invention and recombinantly 
using Such nucleic acid molecules. 

The present invention also includes an isolated protein 
selected from the group consisting of: (a) (i) an isolated 
protein of at least about 20 amino acids in length, wherein 
said protein is encoded by a nucleic acid molecule, wherein 
said nucleic acid molecule has an at least60 contiguous 
nucleotide region identical in sequence to a 60 contiguous 
nucleotide region of a nucleic acid sequence selected from 
the group consisting of SEQID NO:1, SEQID NO:4, and/or 
SEQ ID NO:19; and/or (ii) an isolated protein of at least 
about 20 amino acids in length, wherein said protein has an 
at least 20 contiguous amino acid region identical in 
sequence to a 20 contiguous amino acid region selected from 
the group consisting of SEQ ID NO:2 and/or SEQ ID 
NO:20, wherein said isolated protein elicits an immune 
response against a canine IL-4 protein and/or has IL-4 
activity; (b)(i) an isolated protein of at least about 20 amino 
acids in length, wherein said protein is encoded by a nucleic 
acid molecule, wherein said nucleic acid molecule has an at 
least contiguous nucleotide region identical in sequence to a 
60 contiguous nucleotide region of a nucleic acid sequence 
selected from the group consisting of SEQID NO:6, SEQID 
NO:9, SEQ ID NO:22, SEQ ID NO:25, SEQ ID NO:28, 
SEQ ID NO:30, SEQ ID NO:33, and/or SEQ ID NO:36: 
and/or (ii) an isolated protein of at least about 20 amino 
acids in length, wherein said protein has an at least 20 
contiguous amino acid region identical in sequence to a 20 
contiguous amino acid region selected from the group 
consisting of SEQ ID NO:7, SEQ ID NO:23, SEQ ID 
NO:26, SEQID NO:31, and/or SEQID NO:34, wherein said 
isolated protein is capable of eliciting an immune response 
against a canine Flt-3 ligand protein and/or has Flt-3 activ 
ity; (c) (i) an isolated protein of at least about 20 amino acids 
in length, wherein said protein is encoded by a nucleic acid 
molecule, wherein said nucleic acid molecule has an at 
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8 
least60 contiguous nucleotide region identical in sequence to 
a 60 contiguous nucleotide region of a nucleic acid sequence 
selected from the group consisting of SEQID NO:41, SEQ 
ID NO:42, SEQID NO:43, SEQID NO:46, and/or SEQID 
NO:48; and/or (ii) an isolated protein of at least about 20 
amino acids in length, wherein said protein has an at least 20 
contiguous amino acid region identical in sequence to a 20 
contiguous amino acid region selected from the group 
consisting of SEQ ID NO:44 and/or SEQ ID NO:49, 
wherein said isolated protein is capable of eliciting an 
immune response against a feline Flt-3 ligand protein and/or 
has Flt-3 activity; (d) (i) an isolated protein of at least about 
30 amino acids in length, wherein said protein is encoded by 
a nucleic acid molecule, wherein said nucleic acid molecule 
has an at least 90 contiguous nucleotide region identical in 
sequence to a 90 contiguous nucleotide region of a nucleic 
acid sequence selected from the group consisting of SEQID 
NO:51, SEQ ID NO:52, SEQ ID NO:55, and/or SEQ ID 
NO:57 and/or (ii) an isolated protein of at least about 30 
amino acids in length, wherein said protein has an at least 30 
contiguous amino acid region identical in sequence to a 30 
contiguous amino acid region selected from the group 
consisting of SEQID NO:53, SEQID NO:58, wherein said 
isolated protein is capable of eliciting an immune response 
against a canine CD40 protein and/or has CD40 activity; (e) 
(i) an isolated protein of at least about 20 amino acids in 
length, wherein said protein is encoded by a nucleic acid 
molecule, wherein said nucleic acid molecule has an at least 
60 contiguous nucleotide region identical in sequence to a 
60 contiguous nucleotide region of a nucleic acid sequence 
comprising Seq id no:60; and/or (ii) an isolated protein of at 
least about 20 amino acids in length, wherein said protein 
has an at least 20 contiguous amino acid region identical in 
sequence to a 20 contiguous amino acid region comprising 
the amino acid sequence SEQ ID NO:61, wherein said 
isolated protein is capable of eliciting an immune response 
against a feline CD40 protein and/or has CD40 activity; (f) 
(i) an isolated protein of at least about 35 amino acids in 
length, wherein said protein is encoded by a nucleic acid 
molecule, wherein said nucleic acid molecule has an at least 
5 contiguous nucleotide region identical in sequence to a 
105 contiguous nucleotide region of a nucleic acid sequence 
selected from the group consisting of SEQID NO:63, SEQ 
ID NO:64, SEQ ID NO:67, and/or SEQ ID NO:69; and/or 
(ii) an isolated protein of at least about 35 amino acids in 
length, wherein said protein has an at least 35 contiguous 
amino acid region identical in sequence to a 35 contiguous 
amino acid region selected from the group consisting of 
SEQID NO:65 and/or SEQID NO:70, wherein said isolated 
protein is capable of eliciting an immune response against a 
canine CD154 protein and/or has CD154 activity; (g) (i) an 
isolated protein of at least about 50 amino acids in length, 
wherein said protein is encoded by a nucleic acid molecule, 
wherein said nucleic acid molecule has an at least 150 
contiguous nucleotide region identical in sequence to a 150 
contiguous nucleotide region of a nucleic acid sequence 
selected from the group consisting of SEQID NO:72, SEQ 
ID NO:75, and/or SEQ ID NO:77; and/or (ii) an isolated 
protein of at least about 50 amino acids in length, wherein 
said protein has an at least 50 contiguous amino acid region 
identical in sequence to a 50 contiguous amino acid region 
selected from the group consisting of SEQID NO:73 and/or 
SEQ ID NO:78, wherein said isolated protein is capable of 
eliciting an immune response against a feline CD154 protein 
and/or has CD154 activity: (h) (i) an isolated protein of at 
least about 20 amino acids in length, wherein said protein is 
encoded by a nucleic acid molecule, wherein said nucleic 
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acid molecule has an at least contiguous nucleotide region 
identical in sequence to a 60 contiguous nucleotide region of 
a nucleic acid sequence selected from the group consisting 
of SEQID NO:80, SEQID NO:83, and/or SEQ ID NO:85: 
and/or (ii) an isolated protein of at least about 20 amino 
acids in length, wherein said protein has an at least 20 
contiguous amino acid region identical in sequence to a 20 
contiguous amino acid region selected from the group 
consisting of SEQ ID NO:81 and/or SEQ ID NO:86, 
wherein said isolated protein is capable of eliciting an 
immune response against a canine IL-5 protein and/or has 
IL-5 activity: (i) (i) an isolated protein of at least about 15 
amino acids in length, wherein said protein is encoded by a 
nucleic acid molecule, wherein said nucleic acid molecule 
has an at least45 contiguous nucleotide region identical in 
sequence to a 45 contiguous nucleotide region of a nucleic 
acid sequence selected from the group consisting of SEQID 
NO:88, SEQ ID NO:89, SEQ ID NO:90, SEQ ID NO:91, 
SEQ ID NO:94, SEQ ID NO:96, SEQ ID NO:99, SEQ ID 
NO:102, and/or SEQ ID NO:104; and/or (ii) an isolated 
protein of at least about 15 amino acids in length, wherein 
said protein has an at least 15 contiguous amino acid region 
identical in sequence to a 15 contiguous amino acid region 
selected from the group consisting of SEQID NO:92, SEQ 
ID NO:97, SEQ ID NO:100, and/or SEQ ID NO:105, 
wherein said isolated protein is capable of eliciting an 
immune response against a canine IL-13 protein and/or has 
IL-13 activity; () (i) an isolated protein encoded by a nucleic 
acid molecule selected from the group consisting of SEQID 
NO: 107, SEQID NO:110, SEQID NO:113, and/or SEQID 
NO: 116, and/or (ii) an isolated protein selected from the 
group consisting of SEQID NO:108, SEQID NO:11, SEQ 
ID NO:114, and/or SEQ ID NO:117, wherein said isolated 
protein is capable of eliciting an immune response against a 
feline interferon alpha protein and/or has interferon alpha 
activity; (k) (i) an isolated protein encoded by a nucleic acid 
molecule selected from the group consisting of SEQ ID 
NO: 119, SEQ ID NO:122, and/or SEQ ID NO:124, and/or 
(ii) an isolated protein selected from the group consisting of 
SEQ ID NO:120 and/or SEQ ID NO:125, wherein said 
isolated protein is capable of eliciting an immune response 
against a feline GM-CSF and/or has GM-CSF activity. 
The present invention also includes an isolated protein 

selected from the group consisting of: (a) a protein having an 
amino acid sequence that is at least about 85 percent 
identical to an amino acid sequence selected from the group 
consisting of SEQ ID NO:2 and/or SEQ ID NO:20; (b) a 
protein having an amino acid sequence that is at least about 
75 percent identical to an amino acid sequence selected from 
the group consisting of SEQID NO:7, SEQID NO:23, SEQ 
ID NO:26, SEQ ID NO:31, and/or SEQ ID NO:34; (c) a 
protein having an amino acid sequence that is at least about 
75 percent identical to an amino acid sequence selected from 
the group consisting of SEQ ID NO:44 and/or SEQ ID 
NO:49; and/or (d) a protein having an amino acid sequence 
that is at least about 70 percent identical to an amino acid 
sequence selected from the group consisting of SEQ ID 
NO:53 and/or SEQID NO:58; (e) a protein having an amino 
acid sequence that is at least about 60 percent identical to an 
amino acid sequence comprising SEQ ID NO:61; (f) a 
protein having an amino acid sequence that is at least about 
80 percent identical to an amino acid sequence selected from 
the group consisting of SEQ ID NO:65 and/or SEQ ID 
NO:70; (g) a protein having an amino acid sequence that is 
at least about 85 percent identical to the amino acid sequence 
SEQ ID NO:73 and/or SEQID NO:78: (h) a protein having 
an amino acid sequence that is at least about 85 percent 
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10 
identical to an amino acid sequence selected from the group 
consisting of SEQ ID NO:81 and/or SEQ ID NO:86: (i) a 
protein having an amino acid sequence that is at least about 
70 percent identical to an amino acid sequence selected from 
the group consisting of SEQ ID NO:92, SEQ ID NO:97, 
SEQ ID NO:100, and/or SEQ ID NO:105: (i) a protein 
having an amino acid sequence selected from the group 
consisting of SEQ ID NO:108, SEQ ID NO:111, SEQ ID 
NO:114, and/or SEQID NO:117; and/or (k) a protein having 
an amino acid sequence selected from the group consisting 
of SEQ ID NO:120, and/or SEQ ID NO:125. 
The present invention also includes isolated antibodies 

that selectively bind to a protein of the present invention. 
One aspect of the present invention is a therapeutic 

composition that, when administered to an animal, regulates 
an immune response in said animal, said therapeutic com 
position comprising a therapeutic compound selected from 
the group consisting of an immunoregulatory protein of the 
present invention; a mimetope of any of said immunoregu 
latory proteins; and a multimeric form of any of said 
immunoregulatory proteins; an isolated nucleic acid mol 
ecule of the present invention; an antibody that selectively 
binds to any of said immunoregulatory protein; and/or an 
inhibitor of a immunoregulatory protein activity identified 
by its ability to inhibit the activity of any of said immuno 
regulatory proteins. Yet another aspect of the present inven 
tion is a method to regulate an immune response in an 
animal comprising administering to the animal a therapeutic 
composition of the present invention. 
The present invention also includes a method to produce 

an immunoregulatory protein, said method comprising cul 
turing a cell capable of expressing said protein, said protein 
being encoded by a nucleic acid molecule of the present 
invention. 
One embodiment of the present invention is a method to 

identify a compound capable of regulating an immune 
response in an animal, said method comprising: (a) contact 
ing an isolated canine IL-4 protein of the present invention 
with a putative inhibitory compound under conditions in 
which, in the absence of said compound, said protein has T 
cell proliferation stimulating activity; and determining if 
said putative inhibitory compound inhibits said activity; (b) 
contacting an isolated canine Flt-3 ligand protein of the 
present invention with a putative inhibitory compound under 
conditions in which, in the absence of said compound, said 
protein has dendritic precursor cell proliferation stimulating 
activity; and determining if said putative inhibitory com 
pound inhibits said activity; (c) contacting an isolated feline 
Flt-3 ligand protein of the present invention with a putative 
inhibitory compound under conditions in which, in the 
absence of said compound, said protein has dendritic pre 
cursor cell proliferation stimulating activity; and determin 
ing if said putative inhibitory compound inhibits said activ 
ity; (d) contacting an isolated canine CD40 protein of the 
present invention with a putative inhibitory compound under 
conditions in which, in the absence of said compound, said 
protein has CD40 ligand binding activity; and determining if 
said putative inhibitory compound inhibits said activity; (e) 
contacting an isolated feline CD40 protein of the present 
invention with a putative inhibitory compound under con 
ditions in which, in the absence of said compound, said 
protein has CD40 ligand binding activity; and determining if 
said putative inhibitory compound inhibits said activity; (f) 
contacting an isolated canine CD154 protein of the present 
invention with a putative inhibitory compound under con 
ditions in which, in the absence of said compound, said 
protein has B cell proliferation activity; and determining if 
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said putative inhibitory compound inhibits said activity; (g) 
contacting an isolated feline CD154 protein of the present 
invention with a putative inhibitory compound under con 
ditions in which, in the absence of said compound, said 
protein has B cell proliferation activity; and determining if 5 
said putative inhibitory compound inhibits said activity: (h) 
contacting an isolated canine IL-5 protein of the present 
invention with a putative inhibitory compound under con 
ditions in which, in the absence of said compound, said 
protein has TF-1 cell proliferation activity; and determining 
if said putative inhibitory compound inhibits said activity; 
(i) contacting an isolated canine IL-13 protein of the present 
invention with a putative inhibitory compound under con 
ditions in which, in the absence of said compound, said 
protein has TF-1 cell proliferation activity; and determining 
if said putative inhibitory compound inhibits said activity; 
(j) contacting an isolated feline IFNC. protein of the present 
invention with a putative inhibitory compound under con 
ditions in which, in the absence of said compound, said 
protein has inhibition of proliferation of GM-CSF stimulated 
TF-1 cell activity; and determining if said putative inhibitory 
compound inhibits said activity; or (k) contacting an isolated 
feline GMCSF protein of the present invention with a 
putative inhibitory compound under conditions in which, in 
the absence of said compound, said protein has TF-1 cell 
proliferation activity; and determining if said putative 
inhibitory compound inhibits said activity. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The present invention provides for isolated canine 
interleukin-4, canine or feline Flt-3 ligand, canine or feline 
CD40, canine or feline CD154, canine interleukin-5, canine 
interleukin-13, feline interferon alpha, or feline GM-CSF 
proteins, isolated canine interleukin-4, canine or feline Flt-3 
ligand, canine or feline CD40, canine or feline CD154, 
canine interleukin-5, canine interleukin-13, feline interferon 
alpha, or feline GM-CSF nucleic acid molecules, antibodies 
directed against canine interleukin-4, canine or feline Flt-3 
ligand, canine or feline CD40, canine or feline CD154, 
canine interleukin-5, canine interleukin-13, feline interferon 
alpha, or feline GM-CSF proteins, and compounds derived 
therefrom that regulate the immune response of an animal 
(e.g. inhibitors, antibodies and peptides). 

Canine IL-4 protein can refer to a canine IL-4 protein, 
including homologs thereof Canine Flt-3 ligand protein can 
refer to a canine Flt-3 ligand, including homologs thereof, 
and feline Flt-3 ligand can refer to feline Flt-3 ligand, 
including homologs thereof. Canine CD40 can refer to a 
canine CD40, including homologs thereof; feline CD40 can 
refer to a feline CD40, including homologs thereof Canine 
CD154 can refer to a canine CD154, including homologs 
thereof, feline CD154 can refer to a feline CD154, including 
homologs thereof. Canine IL-5 can refer to canine IL-5, 
including homologs thereof canine IL-13 can refer to canine 
IL-13, including homologs thereof. Feline IFNC. can refer to 
a feline IFNC, including homologs thereof, and feline 
GM-CSF can refer to a feline GM-CSF, including homologs 
thereof AS used herein, the phrase “regulate an immune 
response' refers to modulating the activity of cells or 
molecules involved in an immune response. The term “regu 
late can refer to increasing or decreasing an immune 
response. Regulation of an immune response can be deter 
mined using methods known in the art as well as methods 
disclosed herein. The term, “immunoregulatory protein’ 
refers to a protein that can modulate the activity of cells or 
of molecules involved in an immune response. An immu 
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noregulatory protein of the present invention refers to a 
canine IL-4, a canine and/or feline CD40, a canine and/or 
feline Flt3 ligand, a canine and/or feline CD154, a canine 
IL-5, a canine IL-13, a feline IFNC. and/or a feline GM-CSF 
protein as described herein. As used herein, the terms 
isolated canine interleukin-4, canine or feline Flt-3 ligand, 
canine or feline CD40, canine or feline CD154, canine 
interleukin-5, canine interleukin-13, feline interferon alpha, 
or feline GM-CSF proteins and/or isolated canine 
interleukin-4, canine or feline Flt-3 ligand, canine or feline 
CD40, canine or feline CD154, canine interleukin-5, canine 
interleukin-13, feline interferon alpha, or feline GM-CSF 
nucleic acid molecules refer to canine interleukin-4, canine 
or feline Flt-3 ligand, canine or feline CD40, canine or feline 
CD154, canine interleukin-5, canine interleukin-13, feline 
interferon alpha, or feline GM-CSF proteins and/or canine 
interleukin-4, canine or feline Flt-3 ligand, canine or feline 
CD40, canine or feline CD154, canine interleukin-5, canine 
interleukin-13, feline interferon alpha, or feline GM-CSF 
nucleic acid molecules derived from mammals and, as such, 
can be obtained from their natural Source, or can be pro 
duced using, for example, recombinant nucleic acid tech 
nology or chemical synthesis. Also included in the present 
invention is the use of these proteins, nucleic acid 
molecules, antibodies, and/or compounds derived therefrom 
as therapeutic compositions to regulate the immune response 
of an animal as well as in other applications, such as those 
disclosed below. 

One embodiment of the present invention is an isolated 
protein that includes a canine IL-4 protein, a canine and/or 
feline Flt-3 ligand protein, a canine and/or feline CD40 
protein, a canine and/or feline CD154 protein, a canine 
interleukin-5 protein, a canine interleukin-13 protein, a 
feline interferon alpha protein, and/or a feline GM-CSF 
protein. It is to be noted that the term “a” or “an entity refers 
to one or more of that entity: for example, a protein refers 
to one or more proteins or at least one protein. As such, the 
terms “a” (or “an”), “one or more' and “at least one' can be 
used interchangeably herein. It is also to be noted that the 
terms "comprising”, “including, and “having can be used 
interchangeably. According to the present invention, an 
isolated, or biologically pure, protein, is a protein that has 
been removed from its natural milieu. As such, "isolated 
and/or “biologically pure' do not necessarily reflect the 
extent to which the protein has been purified. An isolated 
protein of the present invention can be obtained from its 
natural source, can be produced using recombinant DNA 
technology, or can be produced by chemical synthesis. 
Nucleic acid molecules of the present invention of known 
length isolated from Canis familiaris are denoted as follows: 
IL-4 is denoted as nGalD-4, for example, nCaL-4s. 
wherein “H” refers to the number of nucleotides in that 
molecule; and in a similar fashion, Flt-3 ligand nucleic acid 
molecules are referred to as nCaFlt3L, CD40, nCaCD40, 
CD154, nCaCD154, IL-5, nCalL-5; and IL-13, nCalL-13. 
In a similar fashion, Flt-3 ligand nucleic acid molecules of 
the present invention of known length isolated from Felis 
catus are denoted as nFeFlt3L, CD40, nFeCD40, CD154, 
nFeCD154; IFNC, nFeIFNC; and GM-CSF (also denoted 
GMCSF), nFeGM-CSF. Similarly, proteins of the present 
invention of known length isolated from Felis catus are 
denoted as PFeFlt3I., PFeCD40, PFeCD154, PFeIFNC., 
and/or PFeGM-CSF; and proteins of the present invention 
of known length isolated from Canis familiaris are denoted 
PCalL-4, PCaFlt3L, PCaCD40, PCaCD154, PCal L-5, 
and/or PCalL-13 
As used herein, an isolated canine interleukin-4, canine or 

feline Flt-3 ligand, canine or feline CD40, canine or feline 
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CD154, canine interleukin-5, canine interleukin-13, feline 
interferon alpha, and/or feline GM-CSF ligand protein of the 
present invention (i.e., an canine interleukin-4, canine or 
feline Flt-3 ligand, canine or feline CD40, canine or feline 
CD154, canine interleukin-5, canine interleukin-13, feline 
interferon alpha, or feline GM-CSF protein, respectively) 
can be a full-length protein or any homolog of Such a 
protein. An isolated IL-4 protein of the present invention, 
including a homolog, can be identified in a straight-forward 
manner by the protein’s ability to elicit an immune response 
against, (or to) an IL4 protein, bind to an IL-4 receptor, 
stimulate B cell differentiation or activation or stimulate 
production of immunoglobulin by a B cell. An isolated Flt-3 
ligand protein of the present invention, including a homolog, 
can be identified in a straight-forward manner by the pro 
tein's ability to elicit an immune response against a Flt-3 
ligand protein, bind to Flt-3 receptor or stimulate Flt-3 
receptor-bearing hematopoietic stem cells, early hematopoi 
etic progenitor cells or immature lymphocytes. An isolated 
CD40 protein of the present invention, including a homolog, 
can be identified in a straight-forward manner by the pro 
tein's ability to elicit an immune response against a CD40 
protein, bind to CD154 or stimulate CD154-bearing B cells, 
T cells, and/or epithelial cells. An isolated CD154 protein of 
the present invention, including a homolog, can be identified 
in a straight-forward manner by the protein’s ability to elicit 
an immune response to a CD154 protein, bind to CD40 or 
stimulate CD40-bearing B cells, T cells, and/or epithelial 
cells. An isolated IL-5 protein of the present invention, 
including a homolog, can be identified in a straight-forward 
manner by the protein’s ability to elicit an immune response 
to an IL-5 protein, bind to an IL-5 receptor, and/or stimulate 
eosinophils and/or cause thymocytes to product cytotoxic T 
cells. An isolated IL-13 protein of the present invention, 
including a homolog, can be identified in a straight-forward 
manner by the protein’s ability to elicit an immune response 
to an IL-13 protein, bind to an IL-13 receptor, and/or 
stimulate B cells, up-regulate expression of MHC class II 
and/or CD23 on monocytes, macrophages and/or B cells; 
and/or inhibition of proinflammatory cytokines. An isolated 
interferon alpha protein of the present invention, including 
a homolog, can be identified in a straight-forward manner by 
the protein’s ability to elicit an immune response to an 
interferon alpha protein, bind to an interferon-alpha 
receptor, and/or activate NK cells and/or inhibit viral repli 
cation. An isolated GM-CSF protein of the present 
invention, including a homolog, can be identified in a 
straight-forward manner by the protein’s ability to elicit an 
immune response to a GM-CSF protein, bind to a GM-CSF 
receptor, and/or active granulocytes and/or macrophages. 
Examples of protein homologs of the present invention 
include immunoregulatory proteins of the present invention 
in which amino acids have been deleted (e.g., a truncated 
version of the protein, such as a peptide), inserted, inverted, 
Substituted and/or derivatized (e.g., by glycosylation, 
phosphorylation, acetylation, myristoylation, prenylation, 
palmitoylation, amidation and/or addition of glycerophos 
phatidyl inositol) such that the protein homolog includes at 
least one epitope capable of eliciting an immune response 
against the parent protein, of binding to an antibody directed 
against the parent protein and/or of binding to the parents 
receptor, where the term parent refers to the longer and/or 
full-length protein that the homolog is derived from. That is, 
when the homolog is administered to an animal as an 
immunogen, using techniques known to those skilled in the 
art, the animal will produce an immune response against at 
least one epitope of an immunoregulatory protein of the 
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present invention, depending upon which protein is admin 
istered to an animal. The ability of a protein to effect an 
immune response can be measured using techniques known 
to those skilled in the art. As used herein, the term “epitope' 
refers to the smallest portion of a protein capable of selec 
tively binding to the antigen binding site of an antibody. It 
is well accepted by those skilled in the art that the minimal 
size of a protein epitope capable of selectively binding to the 
antigen binding site of an antibody is about five or six to 
seven amino acids. 
Homologs of immunoregulatory proteins of the present 

invention can be the result of natural allelic variation, 
including natural mutation. Protein homologs of the present 
invention can also be produced using techniques known in 
the art including, but not limited to, direct modifications to 
the protein and/or modifications to the gene encoding the 
protein using, for example, classic or recombinant DNA 
techniques to effect random or targeted mutagenesis. 

Immunoregulatory proteins of the present invention 
include variants of a full-length protein of a protein of the 
present invention. Such variants include proteins that are 
less than full-length. As used herein, variants of the present 
invention refer to nucleic acid molecules that are naturally 
occurring as defined below, and may result from alternative 
RNA splicing, alternative termination of an amino acid 
sequence or DNA recombination. Examples of variants 
include allelic variants as defined below. It is to be noted that 
a variant is an example of a homolog of the present inven 
tion. 

Immunoregulatory proteins of the present invention are 
encoded by nucleic acid molecules of the present invention. 
As used herein, an IL-4 nucleic acid molecule includes 
nucleic acid sequences related to a natural canine IL-4 gene. 
As used herein, a Flt-3 ligand nucleic acid molecule includes 
nucleic acid sequences related to a natural canine Flt-3 
ligand gene. As used herein, a CD40 nucleic acid molecule 
includes nucleic acid sequences related to a natural CD40 
gene. As used herein, a CD154 nucleic acid molecule 
includes nucleic acid sequences related to a natural CD154 
gene. As used herein, an IL-5 nucleic acid molecule includes 
nucleic acid sequences related to a natural IL-5 gene. As 
used herein, an IL-13 nucleic acid molecule includes nucleic 
acid sequences related to a natural IL-13 gene. As used 
herein, an IFNC. nucleic acid molecule includes nucleic acid 
sequences related to a natural IFNC. gene. As used herein, a 
GM-CSF nucleic acid molecule includes nucleic acid 
sequences related to a natural GM-CSF gene. As used 
herein, a canine IL-4, a canine and/or feline CD40, a canine 
and/or feline Flt3 ligand, a canine and/or feline CD154, a 
canine IL-5, a canine IL-13, a feline IFNC, and/or a feline 
GM-CSF gene refers to the natural genomic elements that 
encode an canine IL-4, a canine and/or feline CD40, a canine 
and/or feline Flt3 ligand, a canine and/or feline CD154, a 
canine IL-5, a canine IL-13, a feline IFNC, and/or a feline 
GM-CSF protein, respectively, and includes all regions such 
as regulatory regions that control production of the protein 
encoded by the gene (such as, but not limited to, 
transcription, translation or post-translation control regions) 
as well as the coding region itself, and any introns or 
non-translated coding regions. As used herein, a gene that 
“includes” or “comprises a sequence may include that 
sequence in one contiguous array, or may include the 
sequence as fragmented exons. As used herein, the term 
"coding region” refers to a continuous linear array of 
nucleotides that translates into a protein. A full-length cod 
ing region is that region that is translated into a full-length, 
i.e., a complete, protein as would be initially translated in its 
natural milieu, prior to any post-translational modifications. 
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In one embodiment, an IL-4 gene of the present invention 
includes the nucleic acid sequence SEQID NO:1, as well as 
the complement of SEQ ID NO:1. Nucleic acid sequence 
SEQ ID NO:1 represents the deduced sequence of the 
coding strand of a cDNA (complementary DNA) denoted 
herein as nucleic acid molecule nCaL-4s, the production 
of which is disclosed in the Examples. Nucleic acid mol 
ecule nCaL-4s comprises an apparently full-length cod 
ing region of canine IL-4. The complement of SEQID NO:1 
(represented herein by SEQ ID NO:3) refers to the nucleic 
acid sequence of the strand fully complementary to the 
strand having SEQID NO:1, which can easily be determined 
by those skilled in the art. Likewise, a nucleic acid sequence 
complement of any nucleic acid sequence of the present 
invention refers to the nucleic acid sequence of the nucleic 
acid strand that is fully complementary to (i.e., can form a 
double helix with) the strand for which the sequence is cited. 
It should be noted that since nucleic acid sequencing tech 
nology is not entirely error-free, SEQ ID NO:1 (as well as 
other nucleic acid and protein sequences presented herein) 
represents an apparatus nucleic acid sequence of the nucleic 
acid molecule encoding an immunoregulatory protein of the 
present invention. 

In another embodiment, a Flt-3 ligand gene of the present 
invention includes the nucleic acid sequence SEQID NO:6. 
as well as the complement represented by SEQ ID NO:8. 
Nucleic acid sequence SEQID NO:6 represents the deduced 
sequence of the coding strand of a cDNA denoted herein as 
nucleic acid molecule nGaflt3Lo, the production of 
which is disclosed in the Examples. Nucleic acid molecule 
nCaflt3L comprises an apparently full-length coding 
region of canine Flt-3 ligand. 

In another embodiment, a Flt-3 ligand gene of the present 
invention includes the nucleic acid sequence SEQ ID 
NO:43, as well as the complement represented by SEQ ID 
NO:45. Nucleic acid sequence SEQID NO:43 represents the 
deduced sequence of the coding strand of a cDNA denoted 
herein as nucleic acid molecule nFeFlt3Lo, the production 
of which is disclosed in the Examples. Nucleic acid mol 
ecule nFeFlt3L comprises an apparently full-length cod 
ing region of feline Flt-3 ligand. 

In another embodiment, a CD40 gene of the present 
invention includes the nucleic acid sequence SEQ ID 
NO:52, as well as the complement represented by SEQ ID 
NO:54. Nucleic acid sequence SEQID NO:52 represents the 
deduced sequence of the coding strand of a cDNA denoted 
herein as nucleic acid molecule nGaCD40s, the produc 
tion of which is disclosed in the Examples. Nucleic acid 
molecule nCaCD40s comprises an apparently full-length 
coding region of canine CD40. 

In another embodiment, a CD40 gene of the present 
invention includes the nucleic acid sequence SEQ ID 
NO:60, as well as the complement represented by SEQ ID 
NO:62. Nucleic acid sequence SEQID NO:60 represents the 
deduced sequence of the coding strand of a cDNA denoted 
herein as nucleic acid molecule nFeCD40s, the production 
of which is disclosed in the Examples. Nucleic acid mol 
ecule nFeCD40 comprises an apparent portion of the 
coding region of feline CD40. 

In another embodiment, a CD154 gene of the present 
invention includes the nucleic acid sequence SEQ ID 
NO:64, as well as the complement represented by SEQ ID 
NO:66. Nucleic acid sequence SEQID NO:64 represents the 
deduced sequence of the coding strand of a cDNA denoted 
herein as nucleic acid molecule nCaCD1547s, the produc 
tion of which is disclosed in the Examples. Nucleic acid 
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molecule nGaCD1547s comprises an apparently full 
length coding region of canine CD154. 

In another embodiment, a CD154 gene of the present 
invention includes the nucleic acid sequence SEQ ID 
NO:72, as well as the complement represented by SEQ ID 
NO:74. Nucleic acid sequence SEQID NO:72 represents the 
deduced sequence of the coding strand of a cDNA denoted 
herein as nucleic acid molecule nFeCD154sss, the produc 
tion of which is disclosed in the Examples. Nucleic acid 
molecule nFeCD154sss comprises an apparently full-length 
coding region of feline CD154. 

In another embodiment, an IL-5 gene of the present 
invention includes the nucleic acid sequence SEQ ID 
NO:80, as well as the complement represented by SEQ ID 
NO:82. Nucleic acid sequence SEQID NO:80 represents the 
deduced sequence of the coding strand of a cDNA denoted 
herein as nucleic acid molecule nCaL-5, the production 
of which is disclosed in the Examples. Nucleic acid mol 
ecule nCaL-5 comprises an apparently full-length cod 
ing region of canine IL-5. 

In another embodiment, an IL-13 gene of the present 
invention includes the nucleic acid sequence SEQ ID 
NO:91, as well as the complement represented by SEQ ID 
NO:93. Nucleic acid sequence SEQID NO:91 represents the 
deduced sequence of the coding strand of a cDNA denoted 
herein as nucleic acid molecule nCaL-13, the produc 
tion of which is disclosed in the Examples. Nucleic acid 
molecule nGalD-13 comprises an apparently full-length 
coding region of canine IL-13. 

In another embodiment, an IFNC. gene of the present 
invention includes the nucleic acid sequence SEQ ID 
NO:107, as well as the complement represented by SEQID 
NO:109. Nucleic acid sequence SEQID NO:107 represents 
the deduced sequence of the coding strand of a cDNA 
denoted herein as nucleic acid molecule nFeIFNCs, the 
production of which is disclosed in the Examples. Nucleic 
acid molecule nFeIFNCs, comprises an apparently full 
length coding region of feline IFNC. 

In another embodiment, a GM-CSF gene of the present 
invention includes the nucleic acid sequence SEQ ID 
NO:119, as well as the complement represented by SEQ ID 
NO:121. Nucleic acid sequence SEQID NO:119 represents 
the deduced sequence of the coding strand of a cDNA 
denoted herein as nucleic acid molecule nFeGM-CSF, the 
production of which is disclosed in the Examples. Nucleic 
acid molecule nFeGM-CSF comprises an apparently full 
length coding region of feline GM-CSF. 

Additional immunoregulatory nucleic acid molecules and 
proteins of the present invention having specific sequence 
identifiers are described in Table 1. 

TABLE 1. 

Sequence identification numbers (SEQ ID NOs) and their corresponding 
nucleic acid molecules or proteins. 

SEQ 
ID NO DESCRIPTION 

1 nCaL-4so coding strand 
2 PCaL-412 
3 nCaL-4sg complementary strand 
4 nCalL-4396 coding Strand 
5 nCaL-4396 complementary strand 
6 nCaFlt3Lois coding strand 
7 PCaFlt3Lo 
8 nCaFlt3Los complementary strand 
9 nCaFlt3L882 coding strand 
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TABLE 1-continued 

Sequence identification numbers (SEQ ID NOs) and their corresponding 
nucleic acid molecules or proteins. 

SEQ 
ID NO DESCRIPTION 

10 nCaFlt3Lss complementary strand 
19 nCaL-432 coding strand 
2O PCaL-41os 
21 nCaL-432 complementary strand 
22 nCaFlt3Lso coding strand 
23 PCaFlt3L-26s 
24 nCaFlt3Lso complementary strand 
25 nCaFlt3Loss coding strand 
26 PCaFlt3L.276 
27 nCaFlt3Loss complementary strand 
28 nCaFlt3Lss coding strand 
29 nCaFlt3Lss complementary strand 
30 nCaFlt3L7so coding strand 
31 PCaFlt3L.2so 
32 nCaFlt3L7so complementary strand 
33 nCaFlt3Log coding strand 
34 PCaFlt3L 
35 nCaFlt3Log complementary strand 
36 nCaFlt3lo coding strand 
37 nCaFlt3Los complementary strand 
41 nFeFlt3Los coding strand 
42 nFeFlt3L79 coding strand 
43 nFeFlt3Lo2 coding strand 
44 PFeFlt3L 
45 nFeFlt3Lo2 complementary strand 
46 nFeFlt3L873 coding strand 
47 nFeFlt3L873 complementary strand 
48 nFeFlt3L.79s coding strand 
49 PFeFlt3Los 
50 nFeFlt3L.79s complementary strand 
51 nCaCD4032 coding strand 
52 nCaCD40-2s coding strand 
53 PCaCD407 
S4 nCaCD40-2s complementary strand 
55 nCaCD40822 coding strand 
56 nCaCD40822 complementary strand 
57 nCaCD4076s coding strand 
58 PCaCD40-25s 
59 nCaCD407s complementary strand 
60 nFeCD4036 coding strand 
61 PFeCD40 
62 nFeCD4036 complementary strand 
63 nCaCD1540 coding strand 
64 nCaCD1541878 coding strand 
65 PCaCD1542.so 
66 nCaCD1541878 complementary Strand 
67 nCaCD1547so coding strand 
68 nCaCD1547so complementary strand 
69 nCaCD1546 coding strand 
70 PCaCD1542 
71 nCaCD154s complementary strand 
72 nFeCD15488s coding strand 
73 PFeCD1542.so 
74 nFeCD15488s complementary strand 
75 nFeCD1547so coding strand 
76 nFeCD1547so complementary strand 
77 nFeCD1548 coding strand 
78 PFeCD154 
79 nFeCD154s complementary strand 
8O nCaL-56,o coding strand 
81 PCaL-53 
82 nCaIL-5 complementary strand 
83 nCaL-5o coding strand 
84 nIL-52 complementary strand 
85 nCaL-5 g coding strand 
86 PCalL-51s 
87 nCaL-51s complementary strand 
88 nCaL-13166 coding strand 
89 nCaL-13272 coding strand 
90 nCaIL-1327s coding strand 
91 nCalL-131302 coding strand 
92 PCaL-13 
93 nCaL-13 so complementary strand 
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TABLE 1-continued 

Sequence identification numbers (SEQ ID NOs) and their corresponding 
nucleic acid molecules or proteins. 

SEQ 
ID NO DESCRIPTION 

94 nCalL-1339 coding strand 
95 nCaL-1339 complementary strand 
96 nCaL-1333 coding strand 
97 PaL-13 
98 nCaIL-13 complementary strand 
99 nCalL-131260 coding strand 
OO PCaL-1311o 
O1 nCaL-131269 complementary strand 
O2 nCaL-133go coding strand 
O3 nCaL-133go complementary stran 
O4 nCaL-1333o coding strand 
05 PCaIL-13 
O6 nCaL-1333o complementary stran 
O7 nFeIFNasz coding strand 
O8 PFeIFNo so 
09 nFeIFNose complementary stran 
10 nFeIFNose, coding strand 
11 PFeIFNo so 
12 nFeIFNose, complementary stran 
13 nFeIFNogs coding strand 
14 PFeIFNo 16 
15 nFeIFNoosa complementary stran 
16 nFeFeIFNOgs coding strand 
17 PFeIFNo. 
18 nFeIFNogs complementary stran 
19 nFeGMCSF coding strand 
2O PFeGMCSF 
21 nFeGMCSF complementary strand 
22 nFeGMCSF2 coding strand 
23 nFeGMCSF2 complementary strand 
24 nFeGMCSF's coding strand 
25 PFeGMCSF, 
26 nFeGMCSF's complementary Strand 

In another embodiment, an IL-4 gene or nucleic acid 
molecule can be an allelic variant that includes a similar but 
not identical sequence to SEQID NO:1, SEQID NO:3, SEQ 
ID NO:4, SEQ ID NO:5, SEQ ID NO:19, SEQ ID NO:21, 
and/or any other IL-4 nucleic acid sequence cited herein. In 
another embodiment, a Flt-3 ligand gene or nucleic acid 
molecule can be an allelic variant that includes a similar but 
not identical sequence to SEQID NO:6, SEQID NO:8, SEQ 
ID NO:9, SEQID NO:10, SEQID NO:22, SEQID NO:24, 
SEQ ID NO:25, SEQ ID NO:27, SEQ ID NO:28, SEQ ID 
NO:29, SEQ ID NO:30, SEQ ID NO:32, SEQ ID NO:33, 
SEQ ID NO:35, SEQ ID NO:36, SEQ ID NO:37, SEQ ID 
NO:41, SEQ ID NO:42, SEQ ID NO:43, SEQ ID NO:45, 
SEQ ID NO:46, SEQ ID NO:47, SEQ ID NO:48, SEQ ID 
NO:50 and/or any other Flt-3 ligand nucleic acid sequence 
cited herein. In another embodiment, a CD40 gene or 
nucleic acid molecule can be an allelic variant that includes 
a similar but not identical sequence to SEQID NO:51, SEQ 
ID NO:52, SEQID NO:54, SEQID NO:55, SEQID NO:56, 
SEQ ID NO:57, SEQ ID NO:59, SEQ ID NO:60, SEQ ID 
NO:62 and/or any other CD40 nucleic acid sequence cited 
herein. In another embodiment, a CD154 gene or nucleic 
acid molecule can be an allelic variant that includes a similar 
but not identical sequence to SEQ ID NO:63, SEQ ID 
NO:64, SEQ ID NO:66, SEQ ID NO:67, SEQ ID NO:68, 
SEQ ID NO:69, SEQ ID NO:71, SEQ ID NO:72, SEQ ID 
NO:74, SEQ ID NO:75, SEQ ID NO:76, SEQ ID NO:77, 
SEQ ID NO:79 and/or any other CD154 nucleic acid 
sequence cited herein. In another embodiment, an IL-5 gene 
or nucleic acid molecule can be an allelic variant that 
includes a similar but not identical sequence to SEQ ID 
NO:80, SEQ ID NO:82, SEQ ID NO:83, SEQ ID NO:84, 
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SEQ ID NO:85, SEQ ID NO:87 and/or any other IL-5 
nucleic acid sequence cited herein. In another embodiment, 
an IL-13 gene or nucleic acid molecule can be an allelic 
variant that includes a similar but not identical sequence to 
SEQ ID NO:88, SEQ ID NO:89, SEQ ID NO:90, SEQ ID 
NO:91, SEQ ID NO:93, SEQ ID NO:94, SEQ ID NO:95, 
SEQ ID NO:96, SEQ ID NO:98, SEQ ID NO:99, SEQ ID 
NO:101, SEQ ID NO:102, SEQ ID NO:103, SEQ ID 
NO:104, SEQ ID NO: 106 and/or any other IL-13 nucleic 
acid sequence cited herein. In another embodiment, an IFNC. 
gene or nucleic acid molecule can be an allelic variant that 
includes a similar but not identical sequence to SEQ ID 
NO:107, SEQ ID NO:109, SEQ ID NO:110, SEQ ID 
NO:112, SEQ ID NO: 113, SEQ ID NO:115, SEQ ID 
NO: 116, and/or SEQ ID NO:118 and/or any other IFNC. 
nucleic acid sequence cited herein. In another embodiment, 
a GM-CSF gene or nucleic acid molecule can be an allelic 
variant that includes a similar but not identical sequence to 
SEQ ID NO:119, SEQ ID NO:121, SEQ ID NO:122, SEQ 
ID NO:123, SEQ ID NO:124, and/or SEQ ID NO:126 
and/or any other GM-CSF nucleic acid sequence cited 
herein. An allelic variant of a canine interleukin-4, canine or 
feline Flt-3 ligand, canine or feline CD40, canine or feline 
CD154, canine interleukin-5, canine interleukin-13, feline 
interferon alpha, or feline GM-CSF gene, including the 
particular SEQ ID NO’s cited herein, is a gene that occurs 
at essentially the same locus (or loci) in the genome as the 
gene including the particular SEQID NO’s cited herein, but 
which, due to natural variations caused by, for example, 
mutation or recombination, has a similar but not identical 
sequence. Also included in the term allelic variant are allelic 
variants of cDNAs derived from such genes. Because natural 
selection typically selects against alterations that affect 
function, allelic variants usually encode proteins having 
similar activity to that of the protein encoded by the gene to 
which they are being compared. Allelic variants of genes or 
nucleic acid molecules can also comprise alterations in the 
5' or 3' untranslated regions of the gene (e.g., in regulatory 
control regions), or can involve alternative splicing of a 
nascent transcript, thereby brining alternative exons into 
juxtaposition. Allelic variants are well known to those 
skilled in the art and would be expected to be found within 
a given animal, since the respective genomes are diploid, 
and sexual reproduction will result in the reassortment of 
alleles. 
The minimal size of an canine interleukin-4, canine or 

feline Flt-3 ligand, canine or feline CD40, canine or feline 
CD154, canine interleukin-5, canine interleukin-13, feline 
interferon alpha, or feline GM-CSF protein homolog of the 
present invention is a size Sufficient to be encoded by a 
nucleic acid molecule capable of forming a stable hybrid 
(i.e., hybridize under Stringent hybridization conditions) 
with the complementary sequence of a nucleic acid molecule 
encoding the corresponding natural protein. Stringent 
hybridization conditions are determined based on defined 
physical properties of the gene to which the nucleic acid 
molecule is being hybridized, and can be defined mathemati 
cally. Stringent hybridization conditions are those experi 
mental parameters that allow an individual skilled in the art 
to identify significant similarities between heterologous 
nucleic acid molecules. These conditions are well known to 
those skilled in the art. See, for example, Sambrook, et al., 
1989, Molecular Cloning: A Laboratory Manual, Cold 
Spring Harbor Labs Press, and Meinkoth, et al., 1984, Anal. 
Biochem. 138, 267–284, each of which is incorporated 
herein by this reference. As explained in detail in the cited 
references, the determination of hybridization conditions 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

20 
involves the manipulation of a set of variables including the 
ionic strength (M. in moles/liter), the hybridization tempera 
ture (C.), the concentration of nucleic acid helix destabi 
lizing agents, such as formamide, the average length of the 
shortest hybrid duplex (n), and the percent G+C composition 
of the fragment to which an unknown nucleic acid molecule 
is being hybridized. For nucleic acid molecules of at least 
about 150 nucleotides, these variables are inserted into a 
standard mathematical formula to calculate the melting 
temperature, or T, of a given nucleic acid molecule. As 
defined in the formula below, T is the temperature at which 
two complementary nucleic acid molecule strands will 
disassociate, assuming 100% complementarity between the 
two strands: 

T=81.5°C.--16.6 log M+0.41(%G+C)-500/n-0.61(%formamide). 

For nucleic acid molecules smaller than about 50 
nucleotides, hybrid stability is defined by the dissociation 
temperature (T), which is defined as the temperature at 
which 50% of the duplexes dissociate. For these smaller 
molecules, the Stability at a standard ionic strength is defined 
by the following equation: 

A temperature of 5° C. below T is used to detect hybrid 
ization between perfectly matched molecules. 

Also well known to those skilled in the art is how base 
pair mismatch, i.e. differences between two nucleic acid 
molecules being compared, including non-complementarity 
of bases at a given location, and gaps due to insertion or 
deletion of one or more bases at a given location on either 
of the nucleic acid molecules being compared, will affect T, 
or T for nucleic acid molecules of different sizes. For 
example, T., decreases about 1° C. for each 1% of mis 
matched base pairs for hybrids greater than about 150 bp, 
and T decreases about 5° C. for each mismatched base pair 
for hybrids below about 50 bp. Conditions for hybrids 
between about 50 and about 150 base pairs can be deter 
mined empirically and without undue experimentation using 
standard laboratory procedures well known to those skilled 
in the art. These simple procedures allow one skilled in the 
art to set the hybridization conditions, by altering, for 
example, the Salt concentration, the formamide concentra 
tion or the temperature, so that only nucleic acid hybrids 
with greater than a specified 96 base pair mismatch will 
hybridize. Stringent hybridization conditions are commonly 
understood by those skilled in the art to be those experi 
mental conditions that will allow about 30% base pair 
mismatch, i.e., about 70% identity. Because one skilled in 
the art can easily determine whether a given nucleic acid 
molecule to be tested is less than or greater than about 50 
nucleotides, and can therefore choose the appropriate for 
mula for determining hybridization conditions, he or she can 
determine whether the nucleic acid molecule will hybridize 
with a given gene or specified nucleic acid molecule under 
stringent hybridization conditions and similarly whether the 
nucleic acid molecule will hybridize under conditions 
designed to allow a desired amount of base pair mismatch. 

Hybridization reactions are often carried out by attaching 
the nucleic acid molecule to be hybridized to a solid support 
Such as a membrane, and then hybridizing with a labeled 
nucleic acid molecule, typically referred to as a probe, 
Suspended in a hybridization Solution. Examples of common 
hybridization reaction techniques include, but are not lim 
ited to, the well-known Souther and northern blotting pro 
cedures. Typically, the actual hybridization reaction is done 
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under non-stringent conditions, i.e., at a lower temperature 
and/or a higher salt concentration, and then high Stringency 
is achieved by washing the membrane in a solution with a 
higher temperature and/or lower salt concentration in order 
to achieve the desired stringency. 

Preferred portions, or fragments, of a canine interleukin 
4, canine or feline Flt-3 ligand, canine or feline CD40, 
canine or feline CD154, canine interleukin-5, canine 
interleukin-13, feline interferon alpha, or feline GM-CSF, 
protein of the present invention include at least 15 amino 
acids, at least 20 amino acids, at least 25 amino acids, at least 
30 amino acids, at least 35 amino acids, at least 40 amino 
acids, at least 45 amino acids, at least 50 amino acids, at least 
60 amino acids, at least 75 amino acids or at least 100 amino 
acids. An IL-4, IL-5, and/or IL-13 protein of the present 
invention can include at least a portion of an IL-4, IL-5, 
and/or IL-13 protein that is capable of binding to an IL-4, 
IL-5, and/or IL-13 receptor, respectively. IL-4, IL-5, and 
IL-13 receptors are known to those of skill in the art, and are 
described in Janeway et al., in Immunobiology, the Immune 
System in Health and Disease, Garland Publishing, Inc., NY. 
1996 (which is incorporated herein by this reference in its 
entirety). The IL-4, IL-5, and/or IL-13 receptor-binding 
portion of an IL-4, IL-5, and/or IL-13 protein, respectively, 
can be determined by incubating the protein with an isolated 
IL-4, IL-5, and/or IL-13 receptor, as appropriate, or a cell 
having an IL-4, IL-5, and/or IL-13 receptor on its surface, as 
appropriate, IL-4, IL-5, and/or IL-13 protein binding to 
purified IL-4, IL-5, and/or IL-13 receptor, respectively, can 
be determined using methods known in the art including 
Biacore(R) Screening, confocal immunofluorescent 
microscopy, immunoprecipitation, gel chromatography, 
determination of inhibition of binding of antibodies that bind 
specifically to the IL-4, IL-5, and/or IL-13 binding domain 
of an IL-4, IL-5, and/or IL-13 receptor. ELISA using an 
IL-4, IL-5, and/or IL-13 receptor, respectively, labeled with 
a detectable tag such as an enzyme or chemiluminescent tag 
or yeast-2 hybrid technology. A Flt-3 ligand protein of the 
present invention can include at least a portion of a Flt-3 
ligand protein that is capable of binding to Flt-3 receptor or 
stimulating Flt-3 receptor-bearing hematopoietic stem cells, 
early hematopoietic progenitor cells or immature lympho 
cytes. Flt-3 receptors are known to those of skill in the art, 
and are described in Drexler, Leukemia, vol. 10, pp. 
588-599, 1996 (which is incorporated herein in its entirety 
by this reference). The Flt-3 receptor-binding portion of a 
Flt-3 ligand protein can be determined by incubating the 
protein with isolated Flt-3 receptor or a cell having a Flt-3 
receptor on its surface. Flt-3 ligand protein binding to 
purified Flt-3 receptor can be determined using methods 
known in the art including Biacore(R) Screening, confocal 
immunofluorescent microscopy, immunoprecipitation, gel 
chromatography, determination of inhibition of binding of 
antibodies that bind specifically to the Flt-3 ligand binding 
domain of a Flt-3 receptor. ELISA using a Flt-3 receptor 
labeled with a detectable tag such as an enzyme or chemi 
luminescent tag or yeast-2 hybrid technology. A CD40 
and/or CD154 protein of the present invention can include at 
least a portion of a CD40 and/or CD154 protein that is 
capable of binding to a CD40 and/or CD154 receptor, 
respectively, or stimulating CD40 and/or CD154 receptor 
bearing hematopoietic stem cells, early hematopoietic pro 
genitor cells or immature lymphocytes. The CD40 and/or 
CD154 receptor-binding portion of a CD40 and/or CD154 
protein can be determined by incubating the protein with 
isolated CD40 and/or CD154 receptor, as appropriate, or a 
cell having a CD40 and/or CD154 receptor on its surface, as 
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appropriate. CD40 and/or CD154 protein binding to CD154 
and/or CD40, respectively, can be determined using methods 
known in the art including Biacore(R) Screening, confocal 
immunofluorescent microscopy, immunoprecipitation, gel 
chromatography, determination of inhibition of binding of 
antibodies that bind specifically to the CD40 and/or CD154 
binding domain of CD40 and/or CD154, as appropriate, 
ELISA using a CD40 and/or CD154 labeled with a detect 
able tag such as an enzyme or chemiluminescent tag or 
yeast-2 hybrid technology. 
The present invention also includes mimetopes of canine 

interleukin-4, canine or feline Flt-3 ligand, canine or feline 
CD40, canine or feline CD154, canine interleukin-5, canine 
interleukin-13, feline interferon alpha, or feline GM-CSF 
proteins of the present invention. As used herein, a mime 
tope of an immunoregulatory protein of the present inven 
tion refers to any compound that is able to mimic the activity 
of Such a canine interleukin-4, canine or feline Flt-3 ligand, 
canine or feline CD40, canine or feline CD154, canine 
interleukin-5, canine interleukin-13, feline interferon alpha, 
or feline GM-CSF protein, respectively, often because the 
mimetope has a structure that mimics the particular protein. 
Mimetopes can be, but are not limited to: peptides that have 
been modified to decrease their susceptibility to degradation 
Such as all-D retro peptides; anti-idiotypic and/or catalytic 
antibodies, or fragments thereof, non-proteinaceous immu 
nogenic portions of an isolated protein (e.g., carbohydrate 
structures); and/or synthetic or natural organic molecules, 
including nucleic acids. Such mimetopes can be designed 
using computer-generated structures of proteins of the 
present invention. Mimetopes can also be obtained by gen 
erating random samples of molecules, such as 
oligonucleotides, peptides or other organic molecules, and 
screening such samples by affinity chromatography tech 
niques using the corresponding binding partner. 
One embodiment of an immunoregulatory protein of the 

present invention is a fusion protein that includes either a 
canine interleukin-4, canine or feline Flt-3 ligand, canine or 
feline CD40, canine or feline CD154, canine interleukin-5, 
canine interleukin-13, feline interferon alpha, or feline 
GM-CSF protein-containing domain, each attached to one or 
more fusion segments. Suitable fusion segments for use with 
the present invention include, but are not limited to, seg 
ments that can: link two or more immunoregulatory proteins 
of the present invention, to form multimeric forms of an 
immunoregulatory protein of the present invention; enhance 
a protein's stability; act as an immunopotentiator to enhance 
an immune response againstan canine interleukin-4, canine 
or feline Flt-3 ligand, canine or feline CD40, canine or feline 
CD154, canine interleukin-5, canine interleukin-13, feline 
interferon alpha, or feline GM-CSF protein; and/or assist in 
purification of an canine interleukin-4, canine or feline Flt-3 
ligand, canine or feline CD40, canine or feline CD154, 
canine interleukin-5, canine interleukin-13, feline interferon 
alpha, or feline GM-CSF protein (e.g., by affinity 
chromatography). A Suitable fusion segment can be a 
domain of any size that has the desired function (e.g., 
imparts increased stability, imparts increased immunogenic 
ity to a protein, and/or simplifies purification of a protein). 
Fusion segments can be joined to amino and/or carboxyl 
termini of the IL-4-containing domain, or the Flt-3 ligand 
containing domain, or the CD40-containing domain, or the 
CD154-containing domain, or the IL-5-containing domain, 
or the IL-13-containing domain, or the IFNC.-containing 
domain, or GM-CSF-containing domain, of a protein and 
can be susceptible to cleavage in order to enable straight 
forward recovery of either canine interleukin-4, canine or 



US RE39,614 E 
23 

feline Flt-3 ligand, canine or feline CD40, canine or feline 
CD154, canine interleukin-5, canine interleukin-13, feline 
interferon alpha, or feline GM-CSF protein, respectively. 
Fusion proteins are preferably produced by culturing a 
recombinant cell transformed with a fusion nucleic acid 
molecule that encodes a protein including the fusion seg 
ment attached to either the carboxyl and/or amino terminal 
end of an canine interleukin-4-, canine or feline Flt-3 
ligand-, canine or feline CD40-, canine or feline CD154 
canine interleukin-5-, canine interleukin-13-, feline inter 
feron alpha-, or feline GM-CSF-containing domain. Pre 
ferred fusion segments include a metal binding domain (e.g., 
a poly-histidine segment); an immunoglobulin binding 
domain (e.g., Protein A; Protein G; T cell; B cell; Fc receptor 
or complement protein antibody-binding domain); a Sugar 
binding domain (e.g., a maltose binding domain); and/or a 
“tag” domain (e.g., at least a portion of -galactosidase, a 
strep tag peptide, a T7 tag peptide, a FlagTM peptide, or other 
domains that can be purified using compounds that bind to 
the domain, such as monoclonal antibodies). More preferred 
fusion segments include metal binding domains, such as a 
poly-histidine segment; a maltose binding domain; a strep 
tag peptide, Such as that available from Biometra in Tampa, 
Fla.; and an S10 peptide. 
A Suitable fusion segment that links one IL-4 protein to 

another IL-4 protein, or one Flt-3 ligand protein to another 
Flt-3 ligand protein, or one CD40 protein to another CD40 
protein, or one CD154 protein to another CD154 protein, or 
one IL-5 protein to another IL-5 protein to another IL-5 
protein, or one IL-13 protein to another IL-13 protein, or one 
IFNC protein to another IFNC protein, or one GM-CSF 
protein to another GM-CSF protein, includes any amino acid 
sequence that enables such proteins to be linked while 
maintaining the biological function of either the canine 
interleukin-4, canine or feline Flt-3 ligand, canine or feline 
CD40, canine or feline CD154, canine interleukin-5, canine 
interleukin-13, feline interferon alpha, or feline GM-CSF 
proteins, respectively. Selection of a suitable linker is depen 
dent upon how many proteins are to be linked to form one 
multimeric molecule and from where on either the canine 
interleukin-4, canine or feline Flt-3 ligand, canine or feline 
CD40, canine or feline CD154, canine interleukin-5, canine 
interleukin-13, feline interferon alpha, or feline GM-CSF 
molecule the linker extends. Preferably, a linker fusion 
segment of the present invention comprises a peptide of 
from about 6 amino acid residues to about 40 residues, more 
preferably from about 6 residues to about 30 residues in 
length. 

In another embodiment, an canine interleukin-4, canine or 
feline, Flt-3 ligand, canine or feline CD40, canine or feline 
CD154, canine interleukin-5, canine interleukin-13, feline 
interferon alpha, or feline GM-CSF protein of the present 
invention also includes at least one additional protein seg 
ment that is capable of targeting either canine interleukin-4, 
canine or feline Flt-3 ligand, canine or feline CD40, canine 
or feline CD154, canine interleukin-5, canine interleukin-13, 
feline interferon alpha, or feline GM-CSF protein, 
respectively, to a desired cell or receptive molecule. Such a 
multivalent targeting protein can be produced by culturing a 
cell transformed with a nucleic acid molecule comprising 
two or more nucleic acid domains joined together in Such a 
manner that the resulting nucleic acid molecule is expressed 
as a multivalent targeting protein containing a canine 
interleukin-4, canine or feline Flt-3 ligand, canine or feline 
CD40, canine or feline CD154, canine interleukin-5, canine 
interleukin-13, feline interferon alpha, or feline GM-CSF 
protein or portion thereof and/or at least one targeting 
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compound capable of delivering the canine interleukin-4, 
canine or feline Flt-3 ligand, canine or feline CD40, canine 
or feline CD154, canine interleukin-5, canine interleukin-13, 
feline interferon alpha, or feline GM-CSF protein, 
respectively, to a desired site in an animal. 

Examples of multivalent targeting proteins include, but 
are not limited to, a canine interleukin-4, canine or feline 
Flt-3 ligand, canine or feline CD40, canine or feline CD154, 
canine interleukin-5, canine interleukin-13, feline interferon 
alpha, or feline GM-CSF protein of the present invention 
attached to one or more compounds that can bind to a 
receptive molecule on the Surface of a cell located in an area 
of an animal where regulation of an immune response is 
desired. One of skill in the art can select appropriate 
targeting fusion segments depending upon the cell or recep 
tive molecule being targeted. 

Another example of a multivalent protein of the present 
invention includes, but is not limited to, a canine interleukin 
4, canine or feline Flt-3 ligand, canine or feline CD40, 
canine or feline CD154, canine interleukin-5, canine 
interleukin-13, feline interferon alpha, or feline GM-CSF 
protein of the present invention attached to one or more 
proteins that are potentially antigenic in mammals. Thus, 
immunogenicity of the potentially antigenic protein could be 
enhanced by administering to a mammal together with an 
immunoregulatory protein of the present invention. 
A naturally-occurring variant of a canine interleukin-4. 

canine or feline Flt-3 ligand, canine or feline CD40, canine 
or feline CD154, canine interleukin-5, canine interleukin-13, 
feline interferon alpha, or feline GM-CSF protein of the 
present invention is preferably isolated from (including 
isolation of the natural protein or production of the protein 
by recombinant or synthetic techniques) from mammals, 
including but not limited to dogs (i.e., canids), cats (i.e., 
felids), horses (i.e., equids), humans, cattle, chinchillas, 
ferrets, goats, mice, minks, rabbits, raccoons, rats, sheep, 
squirrels, Swine, chickens, ostriches, quail and/or turkeys as 
well as other furry animals, pets, Zoo animals, work animals 
and/or food animals. Particularly preferred animals from 
which to isolate canine interleukin-4, canine or feline Flt-3 
ligand, canine or feline CD40, canine or feline CD154, 
canine interleukin-5, canine interleukin-13, feline interferon 
alpha, or feline GM-CSF proteins are dogs, cats, horses, 
and/or humans. 
A preferred isolated protein of the present invention is a 

protein encoded by at least one of the following nucleic acid 
molecules: nCal L-4 so, nCal L-4, nCal L-4, 
nCaFlt3Lois, nCaFlt3Lss, nCaFlt3Lso, nCaFlt3Lss. 
nCaFlt3Loss, nCaFlt3Loo, nCaFlt3L, nCaFlt3L, so 
nFeFlt3Los, nFeFlt3L79, nFeFlt3Loa, nFeFlt3Ls, 
nFeFlt3Los, nCaCD40s, nCaCD40s, nCaCD40s, 
nCaCD40s, nFeCD40s, nCaCD154 soo, nCaCD15417s, 
in CaCD 1547 so, in CaCD 154, n FeCD 154s ss, 
nFeCD1547s, nFeCD154, nCalL-5, nCaL-5, 
nCaL-54s, nCalL-13 nCaL-13272, nCalL-1327s. 
nCalL-13 nCaL-139s, nCalL-13, nCaL-1329. 
nCalL-13soo, nCaL-13 so, nFeIFNCs, nFeIFNCs, 
nFeIFNC. s. n FeIFNC, as , , in FeGMCSFaaa, 
nFeGMCSF, nFeGMCSFs and/or allelic variants of any 
of these nucleic acid molecules. Also preferred is an isolated 
protein that is encoded by a nucleic acid molecule the having 
nucleic acid sequence SEQID NO:1, SEQID NO:4, SEQID 
NO:19, SEQID NO:6, SEQID NO:9, SEQID NO:22, SEQ 
ID NO:25, SEQID NO:28, SEQID NO:30, SEQID NO:33, 
SEQ ID NO:36, SEQ ID NO:41, SEQ ID NO:42, SEQ ID 
NO:43, SEQ ID NO:46, SEQ ID NO:48, SEQ ID NO:51, 
SEQ ID NO:52, SEQ ID NO:55, SEQ ID NO:57, SEQ ID 
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NO:60, SEQ ID NO:63, SEQ ID NO:64, SEQ ID NO:67, 
SEQ ID NO:69, SEQ ID NO:72, SEQ ID NO:75, SEQ ID 
NO:77, SEQ ID NO:80, SEQ ID NO:83, SEQ ID NO:85, 
SEQ ID NO:88, SEQ ID NO:89, SEQ ID NO:90, SEQ ID 
NO:91, SEQ ID NO:94, SEQ ID NO:96, SEQ ID NO:99, 
SEQ ID NO:102, SEQ ID NO:104, SEQ ID NO:107, SEQ 
ID NO:110, SEQ ID NO:113, SEQ ID NO:116, SEQ ID 
NO: 119, SEQ ID NO:122, SEQ ID NO.124; and/or an 
allelic variant of Such a nucleic acid molecule. 

Translation of SEQID NO:1, the coding strand of nGall 
4s, yields a protein of about 132 amino acids, denoted 
herein as PCaL-4, the amino acid sequence of which is 
presented in SEQID NO:2, assuming an open reading frame 
having an initiation codon spanning from nucleotide 43 
through nucleotide 45 of SEQ ID NO:1 and a stop codon 
spanning from nucleotide 439 through nucleotide 441 of 
SEQ ID NO:1. 

Translation of SEQ ID NO:6, the coding strand of 
nCaFlt3Los yields a protein of about 294 amino acids, 
denoted herein as PCaFlt3Lo, the amino acid sequence of 
which is presented in SEQ ID NO:7, assuming an open 
reading frame having an initiation codon spanning from 
nucleotide 35 through nucleotide 37 of SEQID NO:6 and a 
stop codon spanning from nucleotide 917 through nucle 
otide 919 of SEQ ID NO:6. 

Translation of SEQ ID NO:43, the coding strand for 
nFeFlt3Lo, yields a protein of about 291 amino acids, 
denoted herein as PFeFlt3L, the amino acid sequence of 
which is presented in SEQ ID NO:44, assuming an open 
reading frame having an initiation codon spanning from 
nucleotide 31 through nucleotide 33 of SEQ ID NO:43 and 
a stop codon spanning from nucleotide 904 through nucle 
otide 906 of SEQ ID NO:43. 

Translation of SEQ ID NO:52, the coding strand for 
nCaCD40s, yields a protein of about 274 amino acids, 
denoted herein as PCaCD407, the amino acid sequence of 
which is presented in SEQ ID NO:53, assuming an open 
reading frame having an initiation codon spanning from 
nucleotide 196 through nucleotide 198 of SEQ ID NO:52 
and a stop codon spanning from about nucleotide 1018 
through nucleotide 1020 of SEQ ID NO:52. 

Translation of SEQ ID NO:60, the coding strand for 
nFeCD40s, yields a protein of about 112 amino acids, 
denoted herein as PFeCD40, the amino acid sequence of 
which is presented in SEQ ID NO:61, assuming an open 
reading frame having an initiation codon spanning from 
nucleotide 1 through nucleotide 3 of SEQ ID NO:60. 

Translation of SEQ ID NO:64, the coding strand for 
nCaCD1547s, yields a protein of about 260 amino acids, 
denoted herein as PCaCD1540, the amino acid sequence of 
which is presented in SEQ ID NO:65, assuming an open 
reading frame having an initiation codon spanning from 
nucleotide 284 through nucleotide 286 of SEQ ID NO:64 
and a stop codon spanning from nucleotide 1064 through 
nucleotide 1066 of SEQ ID NO:64. 

Translation of SEQ ID NO:72, the coding strand for 
nFeCD154sss, yields a protein of about 260 amino acids, 
denoted herein as PFeCD154, the amino acid sequence of 
which is presented in SEQ ID NO:73, assuming an open 
reading frame having an initiation codon spanning from 
nucleotide 29 through nucleotide 31 of SEQID NO:72, and 
a stop codon spanning from nucleotide 809 through nucle 
otide 811 of SEQID NO:72. 

Translation of SEQ ID NO:80, the coding strand for 
nCaL-5, yields a protein of about 134 amino acids, 
denoted herein as PCaL-5, the amino acid sequence of 
which is presented in SEQ ID NO:81, assuming an open 
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reading frame having an initiation codon spanning from 
nucleotide 29 through nucleotide 31 of SEQID NO:80, and 
a stop codon spanning from nucleotide 431 through nucle 
otide 433 of SEQ ID NO:80. 

Translation of SEQ ID NO:91, the coding strand for 
nCaL-13, yields a protein of about 131 amino acids, 
denoted herein as PCaL-13, the amino acid sequence of 
which is presented in SEQ ID NO:92, assuming an open 
reading frame having an initiation codon spanning from 
nucleotide 52 through nucleotide 54 of SEQ ID NO:91 and 
a stop codon spanning from nucleotide 445 through nucle 
otide 447 of SEQ ID NO:91. 

Translation of SEQ ID NO:107, the coding strand for 
nFeIFNC syields a protein of about 189 amino acids, 
denoted herein as PFeIFNCso, the amino acid sequence of 
which is presented in SEQ ID NO:108, assuming an open 
reading frame having an initiation codon spanning from 
nucleotide 1 through nucleotide 3 and a last codon prior to 
a stop codon spanning from nucleotide 565 through nucle 
otide 567 of SEQ ID NO:107. 

Translation of SEQ ID NO: 119, the coding strand for 
nFeGMCSF, yields a protein of about 144 amino acids, 
denoted herein as PFeGMCSF, the amino acid sequence 
of which is presented in SEQID NO: 120, assuming an open 
reading frame having an initiation codon spanning from 
nucleotide 10 through nucleotide 12 of SEQID NO:119 and 
a stop codon spanning from nucleotide 442 through nucle 
otide 444 of SEQ ID NO:119. 

Preferred IL-4 proteins of the present invention include 
proteins that are at least about 85%, preferably at least about 
90%, and even more preferably at least about 95% identical 
to PCalL-4, PCalL-4s, or fragments thereof. Preferred 
Flt-3 ligand proteins of the present invention include pro 
teins that are at least about 75%, even more preferably at 
least about 80%, even more preferably at least about 85%, 
even more preferably at least about 90%, and even more 
preferably at least about 95% identical to PCaFlt3L, 
PCaFlt3Ls, PCaFlt3L, PCaFlt3Las PCaFlt3L, and/ 
or fragments thereof. Additional preferred Flt-3 ligand pro 
teins of the present invention includes proteins that are at 
least about 75%, even more preferably at least about 80%, 
even more preferably at least about 85%, even more pref 
erably at least about 90%, and even more preferably at least 
about 95% identical to PFeFlt3L., PFeFlt3L and/or 
fragments thereof. Preferred CD40 proteins of the present 
invention includes proteins that are at least about 70%, 
preferably at least about 75%, even more preferably at least 
about 80%, even more preferably at least about 85%, even 
more preferably at least about 90%, and even more prefer 
ably at least about 95% identical to PCaCD407, 
PCaCD40s and/or fragments thereof. Additional preferred 
CD40 proteins of the present invention includes proteins that 
are at least about 60%, at least about 65%, preferably at least 
about 70%, preferably at least about 75%, even more 
preferably at least about 80%, even more preferably at least 
about 85%, even more preferably at least about 90%, and 
even more preferably at least about 95% identical to 
PFeCD40, and/or fragments thereof. Preferred CD154 
proteins of the present invention includes proteins that are at 
least about 80% identical, preferably at least about 85% 
identical, even more preferably at least about 90%, and even 
more preferably at least about 95% identical to 
PCaCD154, PCaCD154 and/or fragments thereof. 
Additional preferred CD154 proteins of the present inven 
tion includes proteins that are at least about 85% identical, 
even more preferably at least about 90%, and even more 
preferably at least about 95% identical to PFeCD154, 
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PFeCD154 and/or fragments thereof. Preferred IL-5 pro 
teins of the present invention includes proteins that are at 
least about 85% identical, even more preferably at least 
about 90%, and even more preferably at least about 95% 
identical to PCaL-5, PCaL-5s and/or fragments 
thereof. Preferred IL-13 proteins of the present invention 
includes proteins that are at least about 70% identical, 
preferably at least about 75% identical, more preferably at 
least about 80% identical, more preferably at least about 
85% identical, even more preferably at least about 90%, and 
even more preferably at least about 95% identical to PCalL 
13, PCalL-13, PCalL-13, PCalL-13110, and/or 
fragments thereof. Preferred IFNC. proteins of the present 
invention include PFeIFNC. ss., PFeIFNC. s. 
PFeIFNC and/or PFeIFNC. Preferred GM-CSF pro 
teins of the present invention include PFeGMCSF and/or 
PFeGMCSF. 
More preferred are IL-4 proteins comprising PCaL-4, 

PCaL-4os, and/or proteins encoded by allelic variants of a 
nucleic acid molecule encoding proteins PCaL-4 and/or 
PCalL-4s. More preferred are Flt-3 ligand proteins com 
prising PCaFlt3L, PCaFlt3Ls, P.CaFlt3L 7. 
PCaFlt3L, PCaFlt3L., PFeFlt3L., PFeFlt3L and/or 
proteins encoded by allelic variants of a nucleic acid mol 
ecule encoding proteins PCaFlt3Lo, P.CaFlt3Ls, 
PCaFlt3L, PCaFlt3Las PCaFlt3L., PFeFlt3L, and/ 
or PFeFlt3Ls. More preferred are CD40 proteins compris 
ing PCaCD40. PCaCD40s, and/or PFeCD40, and/or 
proteins encoded by allelic variants of a nucleic acid mol 
ecule encoding proteins PCaCD407, PCaCD40s, and/or 
PFeCD40. More preferred are CD154 proteins compris 
ing PCaCD154, PCaCD154, PFeCD154, 
PFeCD154 and/or proteins encoded by allelic variants of 
a nucleic acid molecule encoding one of proteins 
PC a CD 154, PC a CD 154, PFeCD 154, 
PFeCD154. More preferred are IL-5 proteins comprising 
PCalL-5, PCalL-5s and/or proteins encoded by allelic 
variants of a nucleic acid molecule encoding one of the 
proteins PCalL-5 and/or PCalL-5s. More preferred are 
IL-13 proteins comprising PCalL-13, PCaIL 13, 
PCalL-13, PCalL-13, and/or proteins encoded by 
allelic variants of a nucleic acid molecule encoding one of 
the proteins PCalL-13, PCalL-13, PCalL-13, 
PCalL-13. 

Also preferred are IL-4 proteins of the present invention 
having amino acid sequences that are at least about 85%, 
preferably at least about 90%, and even more preferably at 
least about 95% identical to SEQID NO:2, SEQID NO:20 
and/or fragments thereof. Also preferred are Flt-3 ligand 
proteins of the present invention having amino acids 
sequences that are at least about 75%, even more preferably 
at least about 80%, even more preferably at least about 85%, 
even more preferably at least about 90%, and even more 
preferably at least about 95% identical to SEQ ID NO:7, 
SEQ ID NO:23, SEQ ID NO:26, SEQ ID NO:31, and/or 
SEQ ID NO:34 and/or fragments thereof. Additional pre 
ferred are Flt-3 ligand proteins of the present invention 
includes proteins that are at least about 75%, even more 
preferably at least about 80%, even more preferably at least 
about 85%, even more preferably at least about 90%, and/or 
even more preferably at least about 95% identical to SEQID 
NO:44, SEQID NO:49 and/or fragments thereof. Preferred 
CD40 proteins of the present invention includes proteins that 
are at least about 70%, preferably at least about 75%, even 
more preferably at least about 80%, even more preferably at 
least about 85%, even more preferably at least about 90%, 
and/or even more preferably at least about 95% identical to 
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SEQ ID NO:53, SEQ ID NO:58 and/or fragments thereof. 
Additional preferred CD40 proteins of the present invention 
includes proteins that are at least about 60%, at least about 
65%, preferably at least about 70%, preferably at least about 
75%, even more preferably at least about 80%, even more 
preferably at least about 85%, even more preferably at least 
about 90%, and even more preferably at least about 95% 
identical to SEQ ID NO:61 and/or fragments thereof. Pre 
ferred CD154 proteins of the present invention includes 
proteins that are at least about 80% identical, preferably at 
least about 85% identical, even more preferably at least 
about 90%, and even more preferably at least about 95% 
identical to SEQ ID NO:65, SEQ ID NO:70 and/or frag 
ments thereof. Additional preferred CD154 proteins of the 
present invention includes proteins that are at least about 
85% identical, even more preferably at least about 90%, and 
even more preferably at least about 95% identical to SEQID 
NO:73, SEQID NO:78 and/or fragments thereof. Preferred 
IL-5 proteins of the present invention includes proteins that 
are at least about 85% identical, even more preferably at 
least about 90%, and even more preferably at least about 
95% identical to SEQ ID NO:81, SEQ ID NO:86 and/or 
fragments thereof. Preferred IL-13 proteins of the present 
invention includes proteins that are at least about 70% 
identical, preferably at least about 75% identical, more 
preferably at least about 80% identical, more preferably at 
least about 85% identical, even more preferably at least 
about 90%, and even more preferably at least about 95% 
identical to SEQ ID NO:92, SEQ ID NO:97, SEQ ID 
NO:100, SEQ ID NO:105, and/or fragments thereof. Pre 
ferred IFNC proteins of the present invention include SEQ 
ID NO:108, SEQID NO:ID 11, SEQ ID NO:114, SEQID 
NO:117. Preferred GM-CSF proteins of the present inven 
tion include SEQ ID NO: 120, SEQ ID NO:125. 
More preferred are IL-4 proteins comprising the amino 

acid sequence SEQ ID NO:2, SEQ ID NO:20; and/or IL-4 
proteins encoded by allelic variants of nucleic acid mol 
ecules encoding IL-4 proteins having the amino acid 
sequence SEQID NO:2, SEQID NO:20. More preferred are 
Flt-3 ligand proteins comprising SEQ ID NO:7, SEQ ID 
NO:23, SEQ ID NO:26, SEQ ID NO:31 and/or SEQ ID 
NO:34, SEQ ID NO:44, SEQ ID NO:49 and/or proteins 
encoded by allelic variants of a nucleic acid molecule 
encoding proteins SEQ ID NO:7, SEQ ID NO:23, SEQ ID 
NO:26, SEQ ID NO:31, SEQ ID NO:34, SEQ ID NO:44, 
and/or SEQ ID NO:49. More preferred are CD40 proteins 
comprising SEQID NO:53, SEQID NO:58, SEQID NO:61 
and/or proteins encoded by allelic variants of a nucleic acid 
molecule encoding proteins SEQID NO:53, SEQID NO:58 
and/or SEQ ID NO:61. More preferred are CD154 proteins 
comprising SEQ ID NO:65, SEQ ID NO:70, SEQ ID 
NO:73, SEQ ID NO:78 and/or proteins encoded by allelic 
variants of a nucleic acid molecule encoding one of proteins 
SEQ ID NO:65, SEQ ID NO:70, SEQ ID NO:73, and/or 
SEQ ID NO:78. More preferred are IL-5 proteins compris 
ing SEQID NO:81, SEQID NO:86 and/or proteins encoded 
by allelic variants of a nucleic acid molecule encoding one 
of the proteins SEQID NO:81, and/or SEQID NO:86. More 
preferred are IL-13 proteins comprising SEQ ID NO:92, 
SEQID NO:97, SEQ ID NO:100, SEQID NO: 105, and/or 
proteins encoded by allelic variants of a nucleic acid mol 
ecule encoding one of the proteins SEQID NO:92, SEQID 
NO:97, SEQ ID NO:100, and/or SEQ ID NO: 105. 

Percent identities between amino acid or nucleic acid 
sequences can be determined using standard methods known 
to those of skill in the art. It is known in the art that methods 
to determine the percentage identity and the number of gaps 
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are substantially similar when different methods for deter 
mining sequence similarity are used and when the degree of 
similarity is greater than 30% amino acid identity, as 
described by Johnson et al., J. Mol. Biol., vol. 233, pages 
716–738, 1993, and Feng et al., J. Mol. Evol., vol. 21, pages 
112–125, 1985, which are incorporated by reference herein 
in their entirety. Preferred methods to determine percentage 
identities between amino acid sequences and between 
nucleic acid sequences include comparisons using various 
computer programs such as GCGTM program (available from 
Genetics Computer Group, Madison, Wis.), DNAsisTM pro 
gram (available from Hitachi Software, San Bruno, Calif.) or 
the MacVectorTM program (available from the Eastman 
Kodak Company, New Haven, Conn.). Preferred settings for 
sequence comparisons using the DNASisTM computer pro 
gram or the GAPGCGTM program are disclosed herein in the 
Examples section. 

Additional preferred IL-4 proteins of the present inven 
tion include proteins encoded by nucleic acid molecules 
comprising at least a portion of nGalD-4549, nCalL-4so 
and/or nGalD-4, as well as IL-4 proteins encoded by 
allelic variants of Such nucleic acid molecules. Additional 
preferred Flt-3 ligand proteins of the present invention 
include proteins encoded by nucleic acid molecules com 
prising at least a portion of nCaFlt3Los, nCaFlt3Lss, 
nCaFlt3Lso, nCaFlt3Lss, nCaFlt3Loss, nCaFlt3Loo. 
nCaFlt3Los, nCaFlt3L7so, nFeFlt3Los, nFeFlt3L79, 
nFeFlt3L, nCaFlt3Ls, and/or nFeFlt3Lics as well as 
Flt-3 ligand proteins encoded by allelic variants of such 
nucleic acid molecules. Additional preferred CD40 proteins 
of the present invention include proteins encoded by nucleic 
acid molecules encoding at least a portion of nCaCD40, 
nCaCD40s, nCaCD40s, nCaCD40, s, and/or 
nFeCD40s as well as CD40 proteins encoded by allelic 
variants of such nucleic acid molecules. Additional preferred 
CD154 proteins of the present invention include proteins 
encoded by nucleic acid molecules encoding at least a 
portion of nCaCD154 soo, nCaCD1541so, nCaCD1547so 
nCaCD154, nFeCD154sss, nFeCD1547so, and/or 
nFeCD154 as well as CD154 proteins encoded by allelic 
variants of such nucleic acid molecules. Additional preferred 
IL-5 proteins of the present invention include proteins 
encoded by nucleic acid molecules encoding at least a 
portion of nGalD-5 go, nCalL-50, and/or nGalD-5s as 
well as IL-5 proteins encoded by allelic variants of such 
nucleic acid molecules. Additional preferred IL-13 proteins 
of the present invention include proteins encoded by nucleic 
acid molecules encoding at least a portion of nCaL-5, 
nCaL-5, and/or nGall-5s as well as IL-13 proteins 
encoded by allelic variants of Such nucleic acid molecules. 

Also preferred are IL-4 proteins encoded by nucleic acid 
molecules having nucleic acid sequences comprising at least 
a portion of SEQ ID NO:1, SEQ ID NO:4, and/or SEQ ID 
NO:19, as well as allelic variants of these nucleic acid 
molecules. Also preferred are Flt-3 ligand proteins encoded 
by nucleic acid molecules having nucleic acid sequences 
comprising at least a portion of SEQ ID NO:6, SEQ ID 
NO:9, SEQ ID NO:22, SEQ ID NO:25, SEQ ID NO:28, 
SEQ ID NO:30, SEQ ID NO:33, SEQ ID NO:36, SEQ ID 
NO:41, SEQ ID NO:42, SEQ ID NO:43, SEQ ID NO:46, 
and/or SEQ ID NO:48, as well as allelic variants of these 
nucleic acid molecules. Also preferred are CD40 proteins 
encoded by nucleic acid molecules having nucleic acid 
sequences comprising at least a portion of SEQ ID NO:51, 
SEQ ID NO:52, SEQ ID NO:55, SEQ ID NO:57, and/or 
SEQ ID NO:60, as well as allelic variants of these nucleic 
acid molecules. Also preferred are CD154 proteins encoded 
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by nucleic acid molecules having nucleic acid sequences 
comprising at least a portion of SEQ ID NO:63, SEQ ID 
NO:64, SEQ ID NO:67, SEQ ID NO:69, SEQ ID NO:72, 
SEQ ID NO:75, and/or SEQ ID NO:77, as well as allelic 
variants of these nucleic acid molecules. Also preferred are 
IL-5 proteins encoded by nucleic acid molecules having 
nucleic acid sequences comprising at least a portion of SEQ 
ID NO:80, SEQID NO:83, and/or SEQ ID NO:85, as well 
as allelic variants of these nucleic acid molecules. Also 
preferred are IL-13 proteins encoded by nucleic acid mol 
ecules having nucleic acid sequences comprising at least a 
portion of SEQID NO:88, SEQID NO:89, SEQID NO:90, 
SEQ ID NO:91, SEQ ID NO:94, SEQ ID NO:96, SEQ ID 
NO:99, SEQID NO:102, and/or SEQID NO: 104, as well as 
allelic variants of these nucleic acid molecules. 

Another embodiment of the present invention is a canine 
interleukin-4, canine or feline Flt-3 ligand, canine or feline 
CD40, canine or feline CD154, canine interleukin-5, canine 
interleukin-13, feline interferon alpha, or feline GM-CSF 
nucleic acid molecule that includes one or more regulatory 
regions, full-length or partial coding regions, or combina 
tions thereof. The minimal size of a nucleic acid molecule of 
the present invention is a size sufficient to allow the forma 
tion of stable hybrid (i.e., hybridization under stringent 
hybridization conditions) with the complementary sequence 
of another nucleic acid molecule. As such, the minimal size 
of a canine interleukin-4, canine or feline Flt-3 ligand, 
canine or feline CD40, canine or feline CD154, canine 
interleukin-5, canine interleukin-13, feline interferon alpha, 
or feline GM-CSF nucleic acid molecule of the present 
invention is from about 12 to about 18 nucleotides in length. 

In accordance with the present invention, an isolated 
nucleic acid molecule is a nucleic acid molecule that has 
been removed from its natural milieu (i.e., that has been 
Subjected to human manipulation) and can include DNA, 
RNA, or derivatives of either DNA or RNA. As such, 
"isolated' does not reflect the extent to which the nucleic 
acid molecule has been purified. An isolated canine 
interleukin-4, canine or feline Flt-3 ligand, canine or feline 
CD40, canine or feline CD154, canine interleukin-5, canine 
interleukin-13, feline interferon alpha, or feline GM-CSF 
nucleic acid molecule of the present invention can be 
isolated from its natural source or produced using recombi 
nant DNA technology (e.g., polymerase chain reaction 
(PCR) amplification or cloning) or chemical synthesis. Iso 
lated canine, interleukin-4, canine or feline Flt-3 ligand, 
canine or feline CD40, canine or feline CD154, canine 
interleukin-5, canine interleukin-13, feline interferon alpha, 
and/or feline GM-CSF, nucleic acid molecules can include, 
for example, natural allelic variants and/or nucleic acid 
molecules modified by nucleotide insertions, deletions, 
Substitutions, and/or inversions in a manner Such that the 
modifications do not substantially interfere with the nucleic 
acid molecule's ability to encode an canine interleukin-4, 
canine or feline Flt-3 ligand, canine or feline CD40, canine 
or feline CD154, canine interleukin-5, canine interleukin-13, 
feline interferon alpha, and/or feline GM-CSF protein of the 
present invention. 
A canine interleukin-4, canine or feline Flt-3 ligand, 

canine or feline CD40, canine or feline CD154, canine 
interleukin-5, canine interleukin-13, feline interferon alpha, 
and/or feline GM-CSF ligand nucleic acid molecule 
homolog can be produced using a number of methods 
known to those skilled in the art, see, for example, Sam 
brook et al., 1989, Molecular Cloning: A Laboratory 
Manual, Cold Spring Harbor Labs Press: Sambrook et al., 
ibid., is incorporated by reference herein in its entirety. For 



US RE39,614 E 
31 

example, nucleic acid molecules can be modified using a 
variety of techniques including, but not limited to, classic 
mutagenesis and recombinant DNA techniques such as 
site-directed mutagenesis, chemical treatment, restriction 
enzyme cleavage, ligation of nucleic acid fragments, PCR 
amplification, synthesis of oligonucleotide mixtures and 
ligation of mixture groups to “build a mixture of nucleic 
acid molecules, and combinations thereof. Nucleic acid 
molecule homologs can be selected by hybridization with 
either a canine interleukin-4, canine or feline Flt-3 ligand, 
canine or feline CD40, canine or feline CD154, canine 
interleukin-5, canine interleukin-13, feline interferon alpha, 
or feline GM-CSF nucleic acid molecule or by screening the 
function of a protein encoded by the nucleic acid molecule 
(e.g., ability to elicit an immune response against at least one 
epitope of a canine interleukin-4, canine or feline Flt-3 
ligand, canine or feline CD40, canine or feline CD154, 
canine interleukin-5, canine interleukin-13, feline interferon 
alpha, or feline GM-CSF protein, respectively). 
An isolated nucleic acid molecule of the present invention 

can include a nucleic acid sequence that encodes at least one 
canine interleukin-4, canine or feline Flt-3 ligand, canine or 
feline CD40, canine or feline CD154, canine interleukin-5, 
canine interleukin-13, feline interferon alpha, or feline 
GM-CSF protein of the present invention, examples of such 
proteins being disclosed herein. Although the phrase 
“nucleic acid molecule' primarily refers to the physical 
nucleic acid molecule and the phrase “nucleic acid 
sequence' primarily refers to the sequence of nucleotides on 
the nucleic acid molecule, the two phrases can be used 
interchangeably, especially with respect to a nucleic acid 
molecule, or a nucleic acid sequence, being capable of 
encoding a canine interleukin-4, canine or feline Flt-3 
ligand, canine or feline CD40, canine or feline CD154, 
canine interleukin-5, canine interleukin-13, feline interferon 
alpha, or feline GM-CSF ligand protein. 
A preferred nucleic acid molecule of the present 

invention, when administered to an animal, is capable of 
regulating an immune response in an animal. As will be 
disclosed in more detail below, Such a nucleic acid molecule 
can be, or encode, an antisense RNA, a molecule capable of 
triple helix formation, a ribozyme, or other nucleic acid 
based drug compound. In additional embodiments, a nucleic 
acid molecule of the present invention can encode an 
immunoregulatory protein (e.g., a cell-bound or soluble 
protein of the present invention), the nucleic acid molecule 
being delivered to the animal, for example, by direct injec 
tion (i.e. as a genetic vaccine) or in a vehicle Such as a 
recombinant virus vaccine or a recombinant cell vaccine. 
One embodiment of the present invention is an IL-4 

nucleic acid molecule comprising all or part (i.e., a fragment 
of the IL-4 nucleic acid molecule) of nucleic acid molecules 
nCalL-4549, nCalL-49, and/or nGalD-42, or allelic Vari 
ants of these nucleic acid molecules. One embodiment of the 
present invention is a Flt-3 ligand nucleic acid molecule 
comprising all or part (i.e., a fragment of the Flt-3 ligand 
nucleic acid molecule) of nucleic acid molecules 
nCaFlt3Lois, nCaFlt3Lss, nCaFlt3Lso, nCaFlt3Lss. 
nCaFlt3Loss, nCaFlt3Loo, nCaFlt3Los, nCaFlt3L, so 
nFeFlt3Laos, nFeFlt3L79, nPeFlt3L, nFeFlt3Ls, and/or 
nFeFlt3L and/or allelic variants of these nucleic acid 
molecules. One embodiment of the present invention is a 
CD40 nucleic acid molecule comprising all or part (i.e., a 
fragment of the CD40 nucleic acid molecule) of nucleic acid 
molecules nGaCD40s, nCaCD40s, nCaCD40s, 
nCaCD407s and/or nFeCD40s and/or allelic variants of 
these nucleic acid molecules. One embodiment of the 
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present invention is a CD154 nucleic acid molecule com 
prising all or part of nucleic acid molecules nGaCD154, 
in CaCD 1 541s 7s in CaCD 1547 so, nC a CD 154, 
nFeCD154sss, nFeCD1547so, and/or nFeCD154, and/or 
allelic variants of these nucleic acid molecules. One embodi 
ment of the present invention is an IL-5 nucleic acid 
molecule comprising all or part of nucleic acid molecules 
nCalL-5 go, nCalL-502, and/or nGalD-54s, and/or allelic 
variants of these nucleic acid molecules. One embodiment 
of the present invention is an IL-13 nucleic acid molecule 
comprising all or part of nucleic acid molecules nGall 
1316, nCalL 13272, nCaL-1327s, nCalL-131ao, nCalL 
13sos, nCalL-13s, nCalL-131269, nCalL-13soo, and/or 
nCaL-13, and/or allelic variants of these nucleic acid 
molecules. Another preferred nucleic acid molecule of the 
present invention includes at least a portion of (i.e., a 
fragment of the nucleic acid molecule) nucleic acid 
sequence SEQID NO:1, SEQID NO:3, SEQID NO:4, SEQ 
ID NO:5, SEQ ID NO:19, SEQ ID NO:21, SEQ ID NO:6, 
SEQ ID NO:8, SEQ ID NO:9, SEQ ID NO:10, SEQ ID 
NO:22, SEQ ID NO:24, SEQ ID NO:25, SEQ ID NO:27, 
SEQ ID NO:28, SEQ ID NO:29, SEQ ID NO:30, SEQ ID 
NO:32, SEQ ID NO:33, SEQ ID NO:35, SEQ ID NO:36, 
SEQ ID NO:37, SEQ ID NO:41, SEQ ID NO:42, SEQ ID 
NO:43, SEQ ID NO:45, SEQ ID NO:46, SEQ ID NO:47, 
SEQ ID NO:48, SEQ ID NO:50, SEQ ID NO:51, SEQ ID 
NO:52, SEQ ID NO:54, SEQ ID NO:55, SEQ ID NO:56, 
SEQ ID NO:57, SEQ ID NO:59, SEQ ID NO:60, SEQ ID 
NO:62, SEQ ID NO:63, SEQ ID NO:64, SEQ ID NO:66, 
SEQ ID NO:67, SEQ ID NO:68, SEQ ID NO:69, SEQ ID 
NO:71, SEQ ID NO:72, SEQ ID NO:74, SEQ ID NO:75, 
SEQ ID NO:76, SEQ ID NO:77, SEQID NO:79, SEQ ID 
NO:80, SEQ ID NO:82, SEQ ID NO:83, SEQ ID NO:84, 
SEQ ID NO:85, SEQ ID NO:87, SEQ ID NO:88, SEQ ID 
NO:89, SEQ ID NO:90, SEQ ID NO:91, SEQ ID NO:93, 
SEQ ID NO:94, SEQ ID NO:95, SEQ ID NO:96, SEQ ID 
NO:98, SEQID NO:99, SEQID NO:101, SEQID NO:102, 
SEQ ID NO:103, SEQ ID NO:104, SEQ ID NO:106, SEQ 
ID NO:107, SEQ ID NO:109, SEQ ID NO:110, SEQ ID 
NO:112, SEQ ID NO: 113, SEQ ID NO:115, SEQ ID 
NO:116, SEQ ID NO:118, SEQ ID NO:119, SEQ ID 
NO:121, SEQ ID NO:122, SEQ ID NO:123, SEQ ID 
NO.124; and/or SEQ ID NO.126, as well as allelic variants 
of nucleic acid molecules having these nucleic acid 
sequences. Such nucleic acid molecules can include nucle 
otides in addition to those included in the SEQID NOS, such 
as, but not limited to, a full-length gene, a full-length coding 
region, a nucleic acid molecule encoding a fusion protein, 
and/or a nucleic acid molecule encoding a multivalent 
therapeutic compound. 
One embodiment of an isolated nucleic acid molecule of 

the present invention is a nucleic acid molecule that can be 
any of the following: (a) an isolated nucleic acid molecule 
comprising a nucleic acid sequence selected from the group 
consisting of SEQ ID NO:1, SEQID NO:3, SEQID NO:4, 
SEQ ID NO:5, SEQ ID NO:19, and/or SEQ ID NO:21 
and/or a homolog thereof, wherein said homolog has an at 
least 50 contiguous nucleotide region identical in sequence 
to a 50 contiguous nucleotide region of a nucleic acid 
sequence selected from the group consisting of SEQ ID 
NO:1, SEQID NO:3, SEQID NO:4, SEQID NO:5, SEQID 
NO:19, and/or SEQ ID NO:21; (b) an isolated nucleic acid 
molecule comprising a nucleic acid sequence selected from 
the group consisting of SEQ ID NO:6, SEQID NO:8, SEQ 
ID NO:9, SEQID NO:10, SEQID NO:22, SEQID NO:24, 
SEQ ID NO:25, SEQ ID NO:27, SEQ ID NO:28, SEQ ID 
NO:29, SEQ ID NO:30, SEQ ID NO:32, SEQ ID NO:33, 
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SEQ ID NO:35, SEQ ID NO:36, and/or SEQ ID NO:37, 
and/or a homolog thereof, wherein said homolog has an at 
least 40 contiguous nucleotide region identical in sequence 
to a 40 contiguous nucleotide region of a nucleic acid 
sequence having a nucleic acid sequence selected from the 
group consisting of SEQ ID NO:6, SEQ ID NO:8, SEQ ID 
NO:9, SEQ ID NO:10, SEQ ID NO:22, SEQ ID NO:24, 
SEQ ID NO:25, SEQ ID NO:27, SEQ ID NO:28, SEQ ID 
NO:29, SEQ ID NO:30, SEQ ID NO:32, SEQ ID NO:33, 
SEQID NO:35, SEQID NO:36, and/or SEQID NO:37; (c) 
an isolated nucleic acid molecule comprising a nucleic acid 
sequence selected from the group consisting of SEQ ID 
NO:41, SEQ ID NO:42, SEQ ID NO:43, SEQ ID NO:45, 
SEQ ID NO:46, SEQ ID NO:47, SEQ ID NO:48, and/or 
SEQ ID NO:50, and/or a homolog thereof, wherein said 
homolog has an at least 30 contiguous nucleotide region 
identical in sequence to a 30 contiguous nucleotide region of 
a nucleic acid molecule having a nucleic acid sequence 
selected from the group consisting of SEQID NO:41, SEQ 
ID NO:42, SEQID NO:43, SEQID NO:45, SEQID NO:46, 
SEQID NO:47, SEQID NO:48, and/or SEQID NO:50; (d) 
an isolated nucleic acid molecule comprising a nucleic acid 
sequence selected from the group consisting of SEQ ID 
NO:51, SEQ ID NO:52, SEQ ID NO:54, SEQ ID NO:55, 
SEQ ID NO:56, SEQ ID NO:57, and/or SEQ ID NO:59, 
and/or a homolog thereof, wherein said homolog has an at 
least 40 contiguous nucleotide region identical in sequence 
to a 40 contiguous nucleotide region of a nucleic acid 
molecule having a nucleic acid sequence selected from the 
group consisting of SEQID NO:51, SEQID NO:52, SEQID 
NO:54, SEQ ID NO:55, SEQ ID NO:56, SEQ ID NO:57, 
and/or SEQID NO:59; (e) an isolated nucleic acid molecule 
comprising a nucleic acid sequence selected from the group 
consisting of SEQ ID NO:60 and/or SEQ ID NO:62 and/or 
a homolog thereof, wherein said homolog has an at least 30 
contiguous nucleotide region identical in sequence to a 30 
contiguous nucleotide region of a nucleic acid molecule 
having a nucleic acid sequence selected from the group 
consisting of SEQ ID NO:60 and/or SEQ ID NO:62: (f) an 
isolated nucleic acid molecule comprising a nucleic acid 
sequence selected from the group consisting of SEQ ID 
NO:63, SEQ ID NO:64, SEQ ID NO:66, SEQ ID NO:67, 
SEQ ID NO:68, SEQ ID NO:69 and/or SEQ ID NO:71, 
and/or a homolog thereof, wherein said homolog has an at 
least 45 contiguous nucleotide region identical in sequence 
to a 45 contiguous nucleotide region of a nucleic acid 
molecule having a nucleic acid sequence selected from the 
group consisting of SEQID NO:63, SEQID NO:64, SEQID 
NO:66, SEQ ID NO:67, SEQ ID NO:68, SEQ ID NO:69, 
and/or SEQID NO:71; (g) an isolated nucleic acid molecule 
comprising a nucleic acid sequence selected from the group 
consisting of SEQ ID NO:72, SEQ ID NO:74, SEQ ID 
NO:75, SEQ ID NO:76, SEQ ID NO:77, and/or SEQ ID 
NO:79, and/or a homolog thereof, wherein said homolog has 
an at least 35 contiguous nucleotide region identical in 
sequence to a 35 contiguous nucleotide region of a nucleic 
acid molecule having a nucleic acid sequence selected from 
the group consisting of SEQ ID NO:72, SEQ ID NO:74, 
SEQ ID NO:75, SEQ ID NO:76, SEQ ID NO:77, and/or 
SEQ ID NO:79: (h) an isolated nucleic acid molecule 
comprising a nucleic acid sequence selected from the group 
consisting of SEQ ID NO:80, SEQ ID NO:82, SEQ ID 
NO:83, SEQ ID NO:84, SEQ ID NO:85, and/or SEQ ID 
NO:87, and/or a homolog thereof, wherein said homolog has 
an at least 45 contiguous nucleotide region identical in 
sequence to a 45 contiguous nucleotide region of a nucleic 
acid molecule having a nucleic acid sequence selected from 
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the group consisting of SEQ ID NO:80, SEQ ID NO:82, 
SEQID NO:83, SEQID NO:84, SEQID NO:85 and/or SEQ 
ID NO:87: (i) an isolated nucleic acid molecule comprising 
a nucleic acid sequence selected from the group consisting 
of SEQID NO:88, SEQID NO:89, SEQID NO:90, SEQID 
NO:91, SEQ ID NO:93, SEQ ID NO:94, SEQ ID NO:95, 
SEQ ID NO:96, SEQ ID NO:98, SEQ ID NO:99, SEQ ID 
NO:101, SEQ ID NO:102, SEQ ID NO:103, SEQ ID 
NO:104, and/or SEQID NO:106, and/or a homolog thereof, 
wherein said homolog has an at least 15 contiguous nucle 
otide region identical in sequence to a 15 contiguous nucle 
otide region of a nucleic acid molecule having a nucleic acid 
sequence selected from the group consisting of SEQ ID 
NO:88, SEQ ID NO:89, SEQ ID NO:90, SEQ ID NO:91, 
SEQ ID NO:93, SEQ ID NO:94, SEQ ID NO:95, SEQ ID 
NO:96, SEQ ID NO:98, SEQ ID NO:99, SEQ ID NO:101, 
SEQID NO:102, SEQID NO:103, SEQID NO: 104, and/or 
SEQ ID NO:106: (i) an isolated nucleic acid molecule 
having a nucleic acid sequence selected from the group 
consisting of SEQ ID NO:107, SEQ ID NO: 109, SEQ ID 
NO:110, SEQ ID NO:112, SEQ ID NO:113, SEQ ID 
NO:115, SEQ ID NO:116, and/or SEQID NO: 118, and/or 
(k) an isolated nucleic acid molecule having a nucleic acid 
sequence selected from the group consisting of SEQ ID 
NO:119, SEQ ID NO:121, SEQ ID NO:122, SEQ ID 
NO:123, SEQ ID NO:124, and/or SEQ ID NO:126. The 
phrase, a homolog having an at least 'x' contiguous nucle 
otide region identical in sequence to an “X” contiguous 
nucleotide region of a nucleic acid molecule selected from 
the group consisting of SEQ ID NO:'y', refers to an 
“x'-nucleotide in length nucleic acid molecule that is iden 
tical in sequence to an “X”-nucleotide portion of SEQ ID 
NO:'y', as well as to nucleic acid molecules that are longer 
in length than “X”. The additional length may be in the form 
of nucleotides that extend from either the 5' or the 3' end(s) 
of the contiguous identical “x'-nucleotide portion. The 5' 
and/or 3' extensions can include one or more extensions that 
have no identity to an immunoregulatory molecule of the 
present invention, as well as extensions that show similarity 
or identity to cited nucleic acids sequences or portions 
thereof. 

In another embodiment, an isolated nucleic acid molecule 
of the present invention can be any of the following: (a) a 
nucleic acid molecule having a nucleic acid sequence encod 
ing an IL-4 protein selected from the group consisting of (i) 
a protein having an amino acid sequence that is at least about 
85 percent identical to an amino acid sequence selected from 
the group consisting of SEQID NO:2 and/or SEQID NO:20 
and/or (ii) a protein comprising a fragment of at least 20 
amino acids of an amino acid sequence selected from the 
group consisting of SEQ ID NO:2 and/or SEQ ID NO:20; 
(b) a nucleic acid molecule having a nucleic acid sequence 
encoding a Flt-3 ligand protein selected from the group 
consisting of (i) a protein having an amino acid sequence 
that is at least about 75 percent identical to an amino acid 
sequence selected from the group consisting of SEQ ID 
NO:7, SEQ ID NO:23, SEQ ID NO:26, SEQ ID NO:31, 
and/or SEQ ID NO:34, and/or (ii) a protein comprising a 
fragment of at least 25 amino acids of an amino acid 
sequence selected from the group consisting of SEQ ID 
NO:7, SEQ ID NO:23, SEQ ID NO:26, SEQ ID NO:31, 
and/or SEQID NO:34; (c) a nucleic acid molecule having a 
nucleic acid sequence encoding a Flt-3 ligand protein 
selected from the group consisting of (i) a protein having an 
amino acid sequence that is at least about 75 percent 
identical to an amino acid sequence selected from the group 
consisting of SEQ ID NO:44 and/or SEQ ID NO:49 and/or 
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(ii) a protein comprising a fragment of at least 25 amino 
acids of an amino acid sequence selected from the group 
consisting of SEQ ID NO:44 and/or SEQ ID NO:49; (d) a 
nucleic acid molecule having a nucleic acid sequence encod 
ing a CD40 protein selected from the group consisting of (i) 
a protein having an amino acid sequence that is at least about 
70 percent identical to an amino acid sequence selected from 
the group consisting of SEQ ID NO:53 and/or SEQ ID 
NO:58 and/or (ii) a protein comprising a fragment of at least 
30 amino acids of an amino acid sequence selected from the 
group consisting of SEQID NO:53 and/or SEQ ID NO:58: 
(e) a nucleic acid molecule having a nucleic acid sequence 
encoding a CD40 protein selected from the group consisting 
of (i) a protein having an amino acid sequence that is at least 
about 60 percent identical to an amino acid sequence com 
prising SEQ ID NO:61 and/or (ii) a protein comprising a 
fragment of at least 20 amino acids of an amino acid 
sequence comprising SEQ ID NO:61; (f) a nucleic acid 
molecule having a nucleic acid sequence encoding a CD154 
protein selected from the group consisting of (i) a protein 
having an amino acid sequence that is at least about 80 
percent identical to an amino acid sequence selected from 
the group consisting of SEQ ID NO:65 and/or SEQ ID 
NO:70, and/or (ii) a protein comprising a fragment of at least 
35 amino acids of an amino acid sequence selected from the 
group consisting of SEQID NO:65 and/or SEQ ID NO:70; 
(g) a nucleic acid molecule having a nucleic acid sequence 
encoding a CD154 protein selected from the group consist 
ing of (i) a protein having an amino acid sequence that is at 
least about 85 percent identical to an amino acid sequence 
selected from the group consisting of SEQID NO:73 and/or 
SEQID NO:78, and/or (ii) a protein comprising a fragment 
of at least 50 amino acids of an amino acid sequence selected 
from the group consisting of SEQID NO:73 and/or SEQID 
NO:78: (h) a nucleic acid molecule having a nucleic acid 
sequence encoding an IL-5 protein selected from the group 
consisting of (i) a protein having an amino acid sequence 
that is at least about 85 percent identical to an amino acid 
sequence selected from the group consisting of SEQ ID 
NO:81 and/or SEQID NO:86 and/or (ii) a protein compris 
ing a fragment of at least 20 amino acids of an amino acid 
sequence selected from the group consisting of SEQ ID 
NO:81 and/or SEQ ID NO:86: (i) a nucleic acid molecule 
having a nucleic acid sequence encoding an IL-13 protein 
selected from the group consisting of (i) a protein having an 
amino acid sequence that is at least about 70 percent 
identical to an amino acid sequence selected from the group 
consisting of SEQ ID NO:92, SEQ ID NO:97, SEQ ID 
NO:100, and/or SEQ ID NO:105 and/or (ii) a protein 
comprising a fragment of at least 15 amino acids of an amino 
acid sequence selected from the group consisting of SEQID 
NO:92, SEQ ID NO:97, SEQ ID NO:100, and/or SEQ ID 
NO:105: (i) a nucleic acid molecule having a nucleic acid 
sequence encoding an interferon alpha protein having an 
amino acid sequence that is selected from the group con 
sisting of amino acid sequence SEQ ID NO: 108, SEQ ID 
NO:111, SEQ ID NO:114, and/or SEQ ID NO:117, (k) a 
nucleic acid molecule having a nucleic acid sequence encod 
ing a GMCSF protein having an amino acid sequence that is 
selected from the group consisting of amino acid sequence 
SEQ ID NO:120, SEQ ID NO.126 and/or (1) a nucleic acid 
molecule comprising a complement of any of the before 
mentioned nucleic acid sequences, wherein said IL-4 protein 
elicits an immune response against an IL-4 protein selected 
from the group consisting of SEQ ID NO:2 and/or SEQ ID 
NO:20 and/or is a protein with interleukin-4 activity, said 
Flt-3 ligand protein elicits an immune response against a 
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Flt-3 ligand protein selected from the group consisting of 
SEQ ID NO:7, SEQ ID NO:23, SEQ ID NO:26, SEQ ID 
NO:31, SEQ ID NO:34, SEQ ID NO:44, and/or SEQ ID 
NO:49 and/or is a protein with Flt-3 ligand activity, said 
CD40 protein elicits an immune response against a CD40 
protein selected from the group consisting of SEQ ID 
NO:53, SEQ ID NO:58, and/or SEQ ID NO:61 and/or is a 
protein with CD40 activity, said CD154 protein elicits an 
immune response against a CD154 protein selected from the 
group consisting of SEQID NO:65, SEQID NO:70, SEQID 
NO:73, and/or SEQ ID NO:78 and/or is a protein with 
CD154 activity, said IL-5 protein elicits an immune response 
against a IL-5 protein selected from the group consisting of 
SEQ ID NO:81 and/or SEQ ID NO:86 and/or is a protein 
with IL-5 activity, said IL-13 protein elicits an immune 
response against an IL 13 protein selected from the group 
consisting of SEQ ID NO:92, SEQ ID NO:97, SEQ ID 
NO:100, and/or SEQ ID NO:105 and/or is a protein with 
IL-13 activity, said interferon alpha protein elicits an 
immune response against an interferon alpha protein 
selected from the group consisting of SEQID NO:108, SEQ 
ID NO:111, SEQID NO:114, and/or SEQID NO: 117 and/or 
is a protein with interferon alpha activity, and said GMCSF 
protein elicits an immune response against a GMCSF pro 
tein selected from the group consisting of SEQ ID NO:120 
and/or SEQ ID NO:125 and/or is a protein with GM-CSF 
activity. 

In one embodiment, an IL-4 nucleic acid molecule of the 
present invention encodes a protein that is at least about 
85%, preferably at least about 90%, preferably at least about 
92%, and even more preferably at least about 95% identical 
to PCalL-4 and/or PCaL-4s. In one embodiment, a 
Flt-3 ligand nucleic acid molecule of the present invention 
encodes a protein that is at least about 75%, even more 
preferably at least about 80%, even more preferably at least 
about 85%, even more preferably at least about 90%, and 
even more preferably at least about 95% identical to 
PCaFlt3L, PCaFlt3Ls, PCaFlt3L-7, PCaFlt3Lso, and/ 
or PCaFlt3L. In one embodiment, a Flt-3 ligand nucleic 
acid molecule of the present invention encodes a protein that 
is at least about 75%, more preferably at least about 80%, 
even more preferably at least about 85%, even more pref 
erably at least about 90%, and even more preferably at least 
about 95% identical to PFeFlt3L, and/or PFeFlt3Ls. In 
one embodiment, a CD40 nucleic acid molecule of the 
present invention encodes a protein that is at least about 
PCaCD40, and/or PCaCD40s. In one embodiment, a 
CD40 nucleic acid molecule of the present invention 
encodes a protein that is at least about 60%, preferably at 
least about 65%, preferably at least about 70%, preferably at 
least about 75%, even more preferably at least about 80%, 
even more preferably at least about 85%, even more pref 
erably at least about 90%, and even more preferably at least 
about 95% identical to PFeCD40. In one embodiment, a 
CD154 nucleic acid molecule of the present invention 
encodes a protein that is at least about 80%, at least about 
85%, more preferably at least about 90%, and even more 
preferably at least about 95% identical to PCaCD154, 
and/or PCaCD154. In one embodiment, a CD154 nucleic 
acid molecule of the present invention encodes a protein that 
is at least about 85%, more preferably at least about 90%, 
and even more preferably at least about 95% identical to 
PFeCD154, PFeCD154. In one embodiment, an IL-5 
nucleic acid molecule of the present invention encodes a 
protein that is at least about 85%, more preferably at least 
about 90%, and even more preferably at least about 95% 
identical to PCaL-5, and/or PCaL-5s. In one 
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embodiment, an IL-13 nucleic acid molecule of the present 
invention encodes a protein that is at least about 70%, at 
least about 75%, at least about 80%, preferably at least about 
85%, more preferably at least about 90%, and even more 
preferably at least about 95% identical to PCalL-13, 
PCalL-13, PCalL-13, PCalL-13. Even more pre 
ferred is a nucleic acid molecule encoding PCalL-4, 
PCalL-4s, PCaFlt3L, PCaFlt3Ls, PCaFlt3L, 
PCaFlt3L, PCaFlt3L., PFeFlt3L., PFeFlt3L, 
PCaCD407, PCaCD40s, PFeCD40, PCaCD154, 
PCaCD154, PFeCD154 PFeCD154, PCalL-5, 
PCalL-5s, PCalL-13, PCalL-13, PCalL-13, 
PCaL-13 and/or an allelic variant of Such a nucleic acid 
molecule. 

In another embodiment, an IL-4 nucleic acid molecule of 
the present invention encodes a protein having an amino 
acid sequence that is at least about 85%, preferably at least 
about 90%, and even more preferably at least about 95% 
identical to SEQ ID NO:2, SEQ ID NO:20. The present 
invention also includes an IL-4 nucleic acid molecule encod 
ing a protein having at least a portion of SEQ ID NO:2. 
and/or SEQID NO:20, as well as allelic variants of an IL-4 
nucleic acid molecule encoding a protein having these 
sequences, including nucleic acid molecules that have been 
modified to accommodate codon usage properties of the 
cells in which such nucleic acid molecules are to be 
expressed. 

In another embodiment, a Flt-3 ligand nucleic acid mol 
ecule of the present invention encodes a protein having an 
amino acid sequence that is at least about 75%, even more 
preferably at least about 80%, even more preferably at least 
about 85%, even more preferably at least about 90%, and 
even more preferably at least about 95% identical to SEQID 
NO:7, SEQ ID NO:23, SEQ ID NO:26, SEQ ID NO:31, 
and/or SEQ ID NO:34. The present invention also includes 
a Flt-3 ligand nucleic acid molecule encoding a protein 
having at least a portion of SEQ ID NO:7, SEQ ID NO:23, 
SEQID NO:26, SEQ ID NO:31, and/or SEQ ID NO:34, as 
well as allelic variants of a Flt-3 ligand nucleic acid mol 
ecule encoding a protein having these sequences, including 
nucleic acid molecules that have been modified to accom 
modate codon usage properties of the cells in which Such 
nucleic acid molecules are to be expressed. 

In another embodiment, a Flt-3 ligand nucleic acid mol 
ecule of the present invention encodes a protein having an 
amino acid sequence that is at least about 75%, more 
preferably at least about 80%, even more preferably at least 
about 85%, even more preferably at least about 90%, and 
even more preferably at least about 95% identical to SEQID 
NO:44, and/or SEQ ID NO:49. The present invention also 
includes a Flt-3 ligand nucleic acid molecule encoding a 
protein having at least a portion of SEQ ID NO:44, and/or 
SEQ ID NO:49, as well as allelic variants of a Flt-3 ligand 
nucleic acid molecule encoding a protein having these 
sequences, including nucleic acid molecules that have been 
modified to accommodate codon usage properties of the 
cells in which such nucleic acid molecules are to be 
expressed. 

In another embodiment, a CD40 nucleic acid molecule of 
the present invention encodes a protein having an amino 
acid sequence that is at least about 70%, preferably at least 
about 75%, even more preferably at least about 80%, even 
more preferably at least about 85%, even more preferably at 
least about 90%, and even more preferably at least about 
95% identical to SEQID NO:53 and/or SEQID NO:58. The 
present invention also includes a CD40 nucleic acid mol 
ecule encoding a protein having at least a portion of SEQID 
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NO:53 and/or SEQ ID NO:58, as well as allelic variants of 
a CD40 nucleic acid molecule encoding a protein having 
these sequences, including nucleic acid molecules that have 
been modified to accommodate codon usage properties of 
the cells in which such nucleic acid molecules are to be 
expressed. 

In another embodiment, a CD40 nucleic acid molecule of 
the present invention encodes a protein having an amino 
acid sequence that is at least about 60%, preferably at least 
about 65%, preferably at least about 70%, preferably at least 
about 75%, even more preferably at least about 80%, even 
more preferably at least about 85%, even more preferably at 
least about 90%, and even more preferably at least about 
95% identical to SEQID NO:60. The present invention also 
includes a CD40 nucleic acid molecule encoding a protein 
having at least a portion of SEQID NO:60, as well as allelic 
variants of a CD40 nucleic acid molecule encoding a protein 
having these sequences, including nucleic acid molecules 
that have been modified to accommodate codon usage 
properties of the cells in which such nucleic acid molecules 
are to be expressed. 

In another embodiment, a CD154 nucleic acid molecule 
of the present invention encodes a protein having an amino 
acid sequence that is at least about at least about 80%, at 
least about 85%, more preferably at least about 90%, and 
even more preferably at least about 95% identical to SEQID 
NO:63, SEQ ID NO:64, SEQ ID NO:67, and/or SEQ ID 
NO:69. The present invention also includes a CD154 nucleic 
acid molecule encoding a protein having at least a portion of 
SEQ ID NO:63, SEQ ID NO:64, SEQ ID NO:67, and/or 
SEQ ID NO:69, as well as allelic variants of a CD154 
nucleic acid molecule encoding a protein having these 
sequences, including nucleic acid molecules that have been 
modified to accommodate codon usage properties of the 
cells in which such nucleic acid molecules are to be 
expressed. 

In another embodiment, a CD154 nucleic acid molecule 
of the present invention encodes a protein having an amino 
acid sequence that is at least about at least about 85%, more 
preferably at least about 90%, and even more preferably at 
least about 95% identical to SEQID NO:72, SEQID NO:75, 
and/or SEQ ID NO:77. The present invention also includes 
a CD154 nucleic acid molecule encoding a protein having at 
least a portion of SEQ ID NO:72, SEQ ID NO:75, and/or 
SEQ ID NO:77, as well as allelic variants of a CD154 
nucleic acid molecule encoding a protein having these 
sequences, including nucleic acid molecules that have been 
modified to accommodate codon usage properties of the 
cells in which such nucleic acid molecules are to be 
expressed. 

In another embodiment, an IL-5 nucleic acid molecule of 
the present invention encodes a protein having an amino 
acid sequence that is at least about at least about 85%, at 
least about 85%, more preferably at least about 90%, and 
even more preferably at least about 95% identical to SEQID 
NO:80, SEQID NO:83, and/or SEQID NO:85. The present 
invention also includes an IL-5 nucleic acid molecule encod 
ing a protein having at least a portion of SEQ ID NO:80, 
SEQ ID NO:83, and/or SEQ ID NO:85, as well as allelic 
variants of an IL-5 nucleic acid molecule encoding a protein 
having these sequences, including nucleic acid molecules 
that have been modified to accommodate codon usage 
properties of the cells in which such nucleic acid molecules 
are to be expressed. 

In another embodiment, an IL-13 nucleic acid molecule of 
the present invention encodes a protein having an amino 
acid sequence that is at least about at least about 70%, at 
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least about 75%, at least about 80%, preferably at least about 
85%, more preferably at least about 90%, and even more 
preferably at least about 95% identical to SEQ ID NO:88, 
SEQ ID NO:89, SEQ ID NO:90, SEQ ID NO:91, SEQ ID 
NO:94, SEQID NO:96, SEQID NO:99, SEQ ID NO:102, 
and/or SEQID NO: 104. The present invention also includes 
an IL-13 nucleic acid molecule encoding a protein having at 
least a portion of SEQ ID NO:88, SEQID NO:89, SEQ ID 
NO:90, SEQ ID NO:91, SEQ ID NO:94, SEQ ID NO:96, 
SEQID NO:99, SEQ ID NO:102, and/or SEQID NO: 104, 
as well as allelic variants of an IL-13 nucleic acid molecule 
encoding a protein having these sequences, including 
nucleic acid molecules that have been modified to accom 
modate codon usage properties of the cells in which Such 
nucleic acid molecules are to be expressed. 

In one embodiment, an IL-4 nucleic acid molecule of the 
present invention is at least about 90%, and preferably at 
least about 95% identical to nCalL-4s. Even more pre 
ferred is a nucleic acid molecule comprising nCaL4s. 
nCaL-49, nCaL-4, and/or an allelic variant of Such a 
nucleic acid molecule. In another embodiment, a Flt-3 
ligand nucleic acid molecule of the present invention is at 
least about 75%, more preferably at least about 80%, more 
preferably at least about 85%, more preferably at least about 
90% and even more preferably at least about 95% identical 
to nCaFlt3Los. Even more preferred is a nucleic acid 
molecule comprising nCaFlt3Los, nCaFlt3Lss, 
nCaFlt3Lso, nCaFlt3Lss, nCaFlt3Loss, nCaFlt3Loo. 
nCaFlt3Los, and/or nGaFlt3L7so, and/or an allelic variant of 
Such a nucleic acid molecule. In one embodiment, a Flt-3 
ligand nucleic acid molecule of the present invention is at 
least about 75%, more preferably at least about 80%, more 
preferably at least about 85%, more preferably at least about 
90% and even more preferably at least about 95% identical 
to nFeFlt3L. Even more preferred is a nucleic acid 
molecule comprising nFeFlt3Los, nFeFlt3L 79, 
nFeFlt3Lo, nFeFlt3Ls, and/or nFeFlt3Lizos, and/or an 
allelic variant of Such a nucleic acid molecule. In one 
embodiment, a CD40 nucleic acid molecule of the present 
invention is at least about 70%, at least about 75%, more 
preferably at least about 80%, more preferably at least about 
85%, more preferably at least about 90% and even more 
preferably at least about 95% identical to nCaCD40, 
nCaCD40s, nCaCD40s, and/or nGaCD40s, and/or an 
allelic variant of Such a nucleic acid molecule. In one 
embodiment, a CD40 nucleic acid molecule of the present 
invention is at least about 70%, at least about 75%, more 
preferably at least about 80%, more preferably at least about 
85%, more preferably at least about 90% and even more 
preferably at least about 95% identical to nFeCD40, 
and/or an allelic variant of Such a nucleic acid molecule. In 
one embodiment, a CD154 nucleic acid molecule of the 
present invention is at least about 85%, preferably at least 
about 85%, more preferably at least about 90% and even 
more preferably at least about 95% identical to 
in CaCD 154, n CaCD 1541 s,s, nCaCD 154, so, 
CaCD154, and/or an allelic variant of Such a nucleic acid 
molecule. In one embodiment, a CD154 nucleic acid mol 
ecule of the present invention is at least about 91%, and 
preferably about 95% identical to nFeCD154sss, 
nFeCD1547s, and/or nFeCD154, and/or an allelic vari 
ant of Such a nucleic acid molecule. In one embodiment, an 
IL-5 molecule of the present invention is at least about 90% 
and preferably at least about 95% identical to nCalL-5, 
nCaL-5, and/or nCaL-55, and/or an allelic variant of 
Such a nucleic acid molecule. In another embodiment, an 
IL-13 molecule of the present invention is at least about 
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65%, at least about 70%, preferably at least about 75%, more 
preferably at least about 80%, more preferably at least about 
85%, more preferably at least about 90% and even more 
preferably at least about 95% identical to nCalL-13, 
nCalL-13272, nCalL-1327s, nCalL-131ao, nCalL 139. 
nCal L-13s, nCal L 132 go, nCalL-13 soo, and/or 
nCalL 13, and/or an allelic variant of such a nucleic acid 
molecule. 

In another embodiment, an IL-4 nucleic acid molecule of 
the present invention comprises a nucleic acid sequence that 
is at least about 90%, and preferably at least about 95% 
identical to SEQ ID NO:1, SEQ ID NO:3, SEQ ID NO:4, 
SEQID NO:5, SEQID NO:19, and/or SEQ ID NO:21. The 
present invention also includes an IL-4 nucleic acid mol 
ecule comprising at least a portion of SEQID NO:1, SEQID 
NO:3, SEQID NO:4, SEQID NO:5, SEQID NO:19, and/or 
SEQ ID NO:21, as well as allelic variants of such IL4 
nucleic acid molecules, including nucleic acid molecules 
that have been modified to accommodate codon usage 
properties of the cells in which such nucleic acid molecules 
are to be expressed. 

In another embodiment, a Flt-3 ligand nucleic acid mol 
ecule of the present invention comprises a nucleic acid 
sequence that is at least about 75%, preferably at least about 
80%, more preferably at least about 85%, more preferably at 
least about 90% and even more preferably at least about 95% 
identical to SEQ ID NO:6, SEQ ID NO:8, SEQ ID NO:9, 
SEQ ID NO:10, SEQ ID NO:22, SEQ ID NO:24, SEQ ID 
NO:25, SEQ ID NO:27, SEQ ID NO:28, SEQ ID NO:29, 
SEQ ID NO:30, SEQ ID NO:32, SEQ ID NO:33, SEQ ID 
NO:35, SEQID NO:36, and/or SEQID NO:37. The present 
invention also includes a Flt-3 ligand-nucleic acid molecule 
comprising at least a portion of SEQ ID NO:6, SEQ ID 
NO:8, SEQID NO:9, SEQID NO:10, SEQID NO:22, SEQ 
ID NO:24, SEQID NO:25, SEQID NO:27, SEQID NO:28, 
SEQ ID NO:29, SEQ ID NO:30, SEQ ID NO:32, SEQ ID 
NO:33, SEQ ID NO:35, SEQ ID NO:36, and/or SEQ ID 
NO:37, as well as allelic variants of such Flt-3 ligand nucleic 
acid molecules, including nucleic acid molecules that have 
been modified to accommodate codon usage properties of 
the cells in which such nucleic acid molecules are to be 
expressed. 

In one embodiment, a Flt-3 ligand nucleic acid molecule 
of the present invention comprises a nucleic acid sequence 
that is at least about 75%, more preferably at least about 
80%, more preferably at least about 85%, more preferably at 
least about 90% and even more preferably at least about 95% 
identical to SEQID NO:41, SEQID NO:42, SEQID NO:43, 
SEQ ID NO:45, SEQ ID NO:46, SEQ ID NO:47, SEQ ID 
NO:48, and/or SEQ ID NO:50. The present invention also 
includes a Flt-3 ligand-nucleic acid molecule comprising at 
least a portion of SEQ ID NO:41, SEQ ID NO:42, SEQ ID 
NO:43, SEQ ID NO:45, SEQ ID NO:46, SEQ ID NO:47, 
SEQ ID NO:48, and/or SEQ ID NO:50, as well as allelic 
variants of Such Flt-3 ligand nucleic acid molecules, includ 
ing nucleic acid molecules that have been modified to 
accommodate codon usage properties of the cells in which 
Such nucleic acid molecules are to be expressed. 

In one embodiment, a CD40 nucleic acid molecule of the 
present invention comprises a nucleic acid sequence that is 
at least about 70%, at least about 75%, more preferably at 
least about 80%, more preferably at least about 85%, more 
preferably at least about 90% and even more preferably at 
least about 95% identical to SEQID NO:51, SEQID NO:52, 
SEQ ID NO:54, SEQ ID NO:55, SEQ ID NO:56, SEQ ID 
NO:57, and/or SEQ ID NO:59. The present invention also 
includes a CD40 nucleic acid molecule comprising at least 
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a portion of SEQ ID NO:51, SEQ ID NO:52, SEQ ID 
NO:54, SEQ ID NO:55, SEQ ID NO:56, SEQ ID NO:57, 
and/or SEQ ID NO:59, as well as allelic variants of such 
CD40 nucleic acid molecules, including nucleic acid mol 
ecules that have been modified to accommodate codon usage 
properties of the cells in which such nucleic acid molecules 
are to be expressed. 

In one embodiment, a CD40 nucleic acid molecule of the 
present invention comprises a nucleic acid sequence that is 
at least about 70%, at least about 75%, more preferably at 
least about 80%, more preferably at least about 85%, more 
preferably at least about 90% and even more preferably at 
least about 95% identical to SEQID NO:60 and/or SEQID 
NO:62. The present invention also includes a CD40 nucleic 
acid molecule comprising at least a portion of SEQ ID 
NO:60 and/or SEQ ID NO:62, as well as allelic variants of 
Such CD40 nucleic acid molecules, including nucleic acid 
molecules that have been modified to accommodate codon 
usage properties of the cells in which Such nucleic acid 
molecules are to be expressed. 

In one embodiment, a CD154 nucleic acid molecule of the 
present invention comprises a nucleic acid sequence that is 
at least about 85%, preferably at least about 85%, more 
preferably at least about 90% and even more preferably at 
least about 95% identical to SEQID NO:63, SEQID NO:64, 
SEQ ID NO:66, SEQ ID NO:67, SEQ ID NO:68, SEQ ID 
NO:69, and/or SEQ ID NO:71. The present invention also 
includes a CD154 nucleic acid molecule comprising at least 
a portion of SEQ ID NO:63, SEQ ID NO:64, SEQ ID 
NO:66, SEQ ID NO:67, SEQ ID NO:68, SEQ ID NO:69, 
and/or SEQ ID NO:71, as well as allelic variants of such 
CD154 nucleic acid molecules, including nucleic acid mol 
ecules that have been modified to accommodate codon usage 
properties of the cells in which such nucleic acid molecules 
are to be expressed. 

In one embodiment, a CD154 nucleic acid molecule of the 
present invention comprises a nucleic acid sequence that is 
at least about 91%, and preferably about 95% identical to 
SEQ ID NO:72, SEQ ID NO:74, SEQ ID NO:75, SEQ ID 
NO:76, SEQID NO:77, and/or SEQID NO:79. The present 
invention also includes a CD154 nucleic acid molecule 
comprising at least a portion of SEQ ID NO:72, SEQ ID 
NO:74, SEQ ID NO:75, SEQ ID NO:76, SEQ ID NO:77, 
and/or SEQ ID NO:79, as well as allelic variants of such 
CD154 nucleic acid molecules, including nucleic acid mol 
ecules that have been modified to accommodate codon usage 
properties of the cells in which such nucleic acid molecules 
are to be expressed. 

In one embodiment, an IL-5 nucleic acid molecule of the 
present invention comprises a nucleic acid sequence that is 
at least about 90% and preferably at least about 95% 
identical to SEQID NO:80, SEQID NO:82, SEQID NO:83, 
SEQID NO:84, SEQID NO:85, and/or SEQID NO:87. The 
present invention also includes an IL-5 nucleic acid mol 
ecule comprising at least a portion of SEQID NO:80, SEQ 
ID NO:82, SEQID NO:83, SEQID NO:84, SEQID NO:85, 
and/or SEQ ID NO:87, as well as allelic variants of such 
IL-5 nucleic acid molecules, including nucleic acid mol 
ecules that have been modified to accommodate codon usage 
properties of the cells in which such nucleic acid molecules 
are to be expressed. 

In one embodiment, an IL-13 nucleic acid molecule of the 
present invention comprises a nucleic acid sequence that is 
at least about 65%, at least about 70%, preferably at least 
about 75%, more preferably at least about 80%, more 
preferably at least about 85%, more preferably at least about 
90% and even more preferably at least about 95% identical 
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to SEQID NO:88, SEQID NO:89, SEQID NO:90, SEQID 
NO:91, SEQ ID NO:93, SEQ ID NO:94, SEQ ID NO:95, 
SEQ ID NO:96, SEQ ID NO:98, SEQ ID NO:99, SEQ ID 
NO:101, SEQ ID NO:102, SEQ ID NO:103, SEQ ID 
NO:104, and/or SEQID NO: 106. The present invention also 
includes an IL-13 nucleic acid molecule comprising at least 
a portion of SEQ ID NO:88, SEQ ID NO:89, SEQ ID 
NO:90, SEQ ID NO:91, SEQ ID NO:93, SEQ ID NO:94, 
SEQ ID NO:95, SEQ ID NO:96, SEQ ID NO:98, SEQ ID 
NO:99, SEQ ID NO:101, SEQ ID NO:102, SEQ ID 
NO:103, SEQ ID NO: 104, and/or SEQ ID NO:106, as well 
as allelic variants of Such IL-13 nucleic acid molecules, 
including nucleic acid molecules that have been modified to 
accommodate codon usage properties of the cells in which 
Such nucleic acid molecules are to be expressed. 

In one embodiment, an IFNC. nucleic acid molecule of the 
present invention is identical to SEQ ID NO: 107, SEQ ID 
NO:109, SEQ ID NO:110, SEQ ID NO:112, SEQ ID 
NO:113, SEQID NO: 115, SEQID NO:116, and/or SEQID 
NO:118. 

In another embodiment, a GM-CSF nucleic acid molecule 
of the present invention is identical to SEQID NO:119, SEQ 
ID NO:121, SEQ ID NO:122, SEQ ID NO:123, SEQ ID 
NO:124, and/or SEQID NO:126. 
Knowing the nucleic acid sequences of certain immuno 

regulatory nucleic acid molecules of the present invention 
allows one skilled in the art to, for example, (a) make copies 
of those nucleic acid molecules, (b) obtain nucleic acid 
molecules including at least a portion of Such nucleic acid 
molecules (e.g., nucleic acid molecules including full-length 
genes, full-length coding regions, regulatory control 
sequences, truncated coding regions), and/or (c) obtain other 
immunoregulatory nucleic acid molecules. Such nucleic 
acid molecules can be obtained in a variety of ways includ 
ing screening appropriate expression libraries with antibod 
ies of the present invention; traditional cloning techniques 
using oligonucleotide probes of the present invention to 
screen appropriate libraries; and PCR amplification of 
appropriate libraries or DNA using oligonucleotide primers 
of the present invention. Preferred libraries to screen or from 
which to amplify nucleic acid molecules include mammalian 
cDNA libraries as well as genomic DNA libraries. Similarly, 
preferred DNA sources from which to amplify nucleic acid 
molecules include mammalian cDNA and genomic DNA. 
Techniques to clone and amplify genes are disclosed, for 
example, in Sambrook et al., ibid. 
The present invention also includes nucleic acid mol 

ecules that are oligonucleotides capable of hybridizing, 
under stringent hybridization conditions, with complemen 
tary regions of other, preferably longer, nucleic acid mol 
ecules of the present invention Such as those comprising 
canine interleukin-4, canine or feline Flt-3 ligand, canine or 
feline CD40, canine or feline CD154, canine interleukin-5, 
canine interleukin-13, feline interferon alpha, or feline 
GM-CSF nucleic acid molecules. Oligonucleotides of the 
present invention can be RNA, DNA, or derivatives of 
either. The minimum size of Such oligonucleotides in the 
size required for formation of a stable hybrid between an 
oligonucleotide and a complementary sequence on a nucleic 
acid molecule of the present invention. A preferred oligo 
nucleotide of the present invention has a maximum size of 
about 100 nucleotides. The present invention includes oli 
gonucleotides that can be used as, for example, probes to 
identify nucleic acid molecules, primers to produce nucleic 
acid molecules, or therapeutic reagents to inhibit canine 
interleukin-4, canine or feline Flt-3 ligand, canine or feline 
CD40, canine or feline CD154, canine interleukin-5, canine 
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interleukin-13, feline interferon alpha, or feline GM-CSF 
protein production or activity (e.g., as antisense-, triplex 
formation-, ribozyme- and/or RNA drug-based reagents). 
The present invention also includes the use of Such oligo 
nucleotides to protect animals from disease using one or 
more of Such technologies. Appropriate oligonucleotide 
containing therapeutic compositions can be administered to 
an animal using techniques known to those skilled in the art. 
One embodiment of the present invention includes a 

recombinant vector, which includes at least one isolated 
nucleic acid molecule of the present invention, inserted into 
any vector capable of delivering the nucleic acid molecule 
into a host cell. Such a vector contains heterologous nucleic 
acid sequences, that is nucleic acid sequences that are not 
naturally found adjacent to nucleic acid molecules of the 
present invention and that preferably are derived from a 
species other than the species from which the nucleic acid 
molecule(s) are derived. The vector can be either RNA or 
DNA, either prokaryotic or eukaryotic, and typically is a 
virus or a plasmid. Recombinant vectors can be used in the 
cloning, sequencing, and/or otherwise manipulating immu 
noregulatory nucleic acid molecules of the present inven 
tion. 
One type of recombinant vector, referred to herein as a 

recombinant molecule, comprises a nucleic acid molecule of 
the present invention operatively linked to an expression 
vector. The phrase operatively linked refers to insertion of a 
nucleic acid molecule into an expression vector in a manner 
such that the molecule is able to be expressed when trans 
formed into a host cell. As used herein, an expression vector 
is a DNA or RNA vector that is capable of transforming a 
host cell and of effecting expression of a specific nucleic 
acid molecule. Preferably, the expression vector is also 
capable of replicating within the host cell. Expression vec 
tors can be either prokaryotic or eukaryotic, and are typically 
viruses or plasmids. Expression vectors of the present inven 
tion include any vectors that function (i.e., direct gene 
expression) in recombinant cells of the present invention, 
including in bacterial, fungal, parasite, insect, other animal, 
and plant cells. Preferred expression vectors of the present 
invention can direct gene expression in bacterial, yeast, 
insect and mammalian cells, and more preferably in the cell 
types disclosed herein, more preferably in vivo. 

In particular, expression vectors of the present invention 
contain regulatory sequences such as transcription control 
sequences, translation control sequences, origins of 
replication, and other regulatory sequences that are compat 
ible with the recombinant cell and that control the expres 
sion of nucleic acid molecules of the present invention. In 
particular, recombinant molecules of the present invention 
include transcription control sequences. Transcription con 
trol sequences are sequences which control the initiation, 
elongation, and termination of transcription. Particularly 
important transcription control sequences are those which 
control transcription initiation, such as promoter, enhancer, 
operator and repressor sequences. Suitable transcription 
control sequences include any transcription control 
sequence that can function in at least one of the recombinant 
cells of the present invention. A variety of Such transcription 
control sequences are known to those skilled in the art. 
Preferred transcription control sequences include those 
which function in bacterial, yeast, helminth and/or other 
endoparasite, insect and mammalian cells, such as, but not 
limited to, tac, lac, trp, trc, oxy-pro, omp/lpp, rrnB, bacte 
riophage lambda (Such as lambda p, and lambda p and 
fusions that include Such promoters), bacteriophage T7. 
T7lac, bacteriophage T3, bacteriophage SP6, bacteriophage 
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SPO1, metallothionein, alpha-mating factor, Pichia alcohol 
oxidase, alphavirus Subgenomic promoter, antibiotic resis 
tance gene, baculovirus. Heliothis Zea insect virus, vaccinia 
virus, herpesvirus, raccoon poxvirus, other poxvirus, 
adenovirus, cytomegalovirus (such as immediate early 
promoter), simian virus 40, retrovirus, actin, retroviral long 
terminal repeat. Rous sarcoma virus, heat shock, phosphate 
and nitrate transcription control sequences as well as other 
sequences capable of controlling gene expression in 
prokaryotic or eukaryotic cells. Additional Suitable tran 
Scription control sequences include tissue-specific promot 
ers and enhancers as well as lymphokine-inducible promot 
ers (e.g., promoters inducible by interferons or interleukins). 
Transcription control sequences of the present invention can 
also include naturally occurring transcription control 
sequences naturally associated with mammals, such as dog, 
cat, horse or human transcription control sequences. 

Suitable and preferred nucleic acid molecules to include 
in recombinant vectors of the present invention are as 
disclosed herein. Preferred nucleic acid molecules to include 
in recombinant vectors, and particularly in recombinant 
molecules, include nGalD-4549, nCalL-4so, nCalL-424, 
nCaFlt3Los, nCaFlt3Lss, nCaFlt3Lso, nCaFlt3Lss. 
nCaFlt3Loss, nCaFlt3Loo, nCaFlt3Los, nCaFlt3L, so 
nFeFlt3Los, nFeFlt3L79, nFeFlt3Loa, nFeFlt3Ls, 
nFeFlt3Los, nCaCD40s, nCaCD40s, nCaCD40s, 
nCaCD40s, nFeCD40s, nCaCD154 soo, nCaCD15417s, 
in Ca CD 154, so, in Ca CD 154, n Fe CD154s ss. 
nFeCD1547so nFeCD154, nCaL-5, nCaL-5, 
nCaL-5s, nCalL-13 nCaL-137, nCalL-1327s, 
nCalL-131ao, nCaL-139s, nCalL-13s, nCaL-13129. 
nCaL-13soo, nCaL-13 so, nFeIFNCs, nFeIFNCs, 
nFeIFNC. s. n FeIFNO. 4 s, , in Fe GMCSFaaa, 
nFeGMCSF, and/or nFeGMCSFs. 

Recombinant molecules of the present invention may also 
(a) contain secretory signals (i.e., signal segment nucleic 
acid sequences) to enable an expressed parasitic helminth 
protein of the present invention to be secreted from the cell 
that produces the protein and/or (b) contain fusion sequences 
which lead to the expression of nucleic acid molecules of the 
present invention as fusion proteins. Examples of Suitable 
signal segments include any signal segment capable of 
directing the secretion of a protein of the present invention. 
Preferred signal segments include, but are not limited to, 
tissue plasminogen activator (t-PA), interferon, interleukin, 
growth hormone, histocompatibility and viral envelope gly 
coprotein signal segments. Suitable fusion segments 
encoded by fusion segment nucleic acids are disclosed 
herein. In addition, a nucleic acid molecule of the present 
invention can be joined to a fusion segment that directs the 
encoded protein to the proteosome, Such as a ubiquitin 
fusion segment. Eukaryotic recombinant molecules may 
also include intervening and/or untranslated sequences Sur 
rounding and/or within the nucleic acid sequences of nucleic 
acid molecules of the present invention. 

Another embodiment of the present invention includes a 
recombinant cell comprising a host cell transformed with 
one or more recombinant molecules of the present invention. 
Transformation of a nucleic acid molecule into a cell can be 
accomplished by any method by which a nucleic acid 
molecule can be inserted into the cell. Transformation tech 
niques include, but are not limited to, transfection, 
electroporation, microinjection, lipofection, adsorption, and 
protoplast fusion. A recombinant cell may remain unicellular 
or may grow into a tissue, organ or a multicellular organism. 
Transformed nucleic acid molecules of the present invention 
can remain extrachromosomal or can integrate into one or 
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more sites within a chromosome of the transformed (i.e., 
recombinant) cell in such a manner that their ability to be 
expressed is retained. Preferred nucleic acid molecules with 
which to transform a cell include immunoregulatory nucleic 
acid molecules of the present invention disclosed herein. 
Particularly preferred nucleic acid molecules with which to 
transform a cell include nGalD-4s, nCaL-4, nCalL 
4s.24, nCaFlt3Lois, nCaFlt3Lss 2, nCaFlt3L soa. 
nCaFlt3Lss, nCaFlt3Loss, nCaFlt3Loo, nCaFlt3L, 
nCaFlt3L7so, nFeFlt3Los, nFeFlt3L79, nFeFlt3Lo, 
nFeFlt3Ls, nFeFlt3Los, nCaCD40s, nCaCD40s, 
nCaCD40s, nCaCD40s, nFeCD40s, nCaCD154 soo 
nCaCD 1541 s,s, nCaCD 1547 so, nCaCD 154, 
nFeCD154sss, nFeCD1547so nFeCD154, nCalL-5, 
nCalL-542, nCalL-54s, nCaL-13 nCalL-13272, nCalL 
1327s, nCaIL 131 so, nCaIL-13 so, nCaIL-13, 
nCalL1329, nCalL-13soo, nCalL-13 so, nEelFNCs, 
nFeIFNCs, nFeIFNCaos, nFeIFNC,49s, nFeGMCSF, 
nFeGMCSF, and/or nFeGMCSFs. 

Suitable host cells to transform include any cell that can 
be transformed with a nucleic acid molecule of the present 
invention. Host cells can be either untransformed cells or 
cells that are already transformed with at least one nucleic 
acid molecule (e.g., nucleic acid molecules encoding one or 
more proteins of the present invention and/or other proteins 
useful in the production of multivalent vaccines). Host cells 
of the present invention either can be endogenously (i.e., 
naturally) capable of producing immunoregulatory proteins 
of the present invention or can be capable of producing Such 
proteins after being transformed with at least one nucleic 
acid molecule of the present invention. Host cells of the 
present invention can be any cell capable of producing at 
least one protein of the present invention, and include 
bacterial, fungal (including yeast), parasite (including 
helminth, protozoa and ectoparasite), other insect, other 
animal and plant cells. Preferred host cells include bacterial, 
mycobacterial, yeast, helminth, insect and mammalian cells. 
More preferred host cells include Salmonella, Escherichia, 
Bacillus, Listeria, Saccharomyces, Spodoptera, 
Mycobacteria, Trichoplusia, BHK (baby hamster kidney) 
cells, MDCK cells (Madin-Darby canine kidney cell line), 
CRFK cells (Crandell feline kidney cell line), CV-1 cells 
(African monkey kidney cell line used, for example, to 
culture racoon poxvirus), COS (e.g., COS-7) cells, chinese 
hamster ovary (CHO) cells, Ltk cells and Vero cells. Par 
ticularly preferred host cells are Escherichia coli, including 
E. coli K-12 derivatives; Salmonella typhi; Salmonella 
typhimurium, including attenuated Strains such as UK-1 
3987 and SR-11 4072; Spodoptera frugiperda; Trichoplu 
sia ni; BHK cells: MDCK cells: CRFK cells: CV-1 cells; 
COS cells: Vero cells; and non-tumorigenic mouse myoblast 
G8 cells (e.g., ATCC CRL 1246). Additional appropriate 
mammalian cell hosts include other kidney cell lines, other 
fibroblast cell lines (e.g., human, murine or chicken embryo 
fibroblast cell lines), myeloma cell lines. Chinese hamster 
ovary cells, mouse NIH/3T3 cells, LMTK cells and/or 
HeLa cells. In one embodiment, the proteins may be 
expressed as heterologous proteins in myeloma cell lines 
employing immunoglobulin promoters. 
A recombinant cell is preferably produced by transform 

ing a host cell with one or more recombinant molecules, 
each comprising one or more nucleic acid molecules of the 
present invention operatively linked to an expression vector 
containing one or more transcription control sequences, 
examples of which are disclosed herein. 
A recombinant cell of the present invention includes any 

cell transformed with at least one of any nucleic acid 
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molecule of the present invention. Suitable and preferred 
nucleic acid molecules as well as suitable and preferred 
recombinant molecules with which to transfer cells are 
disclosed herein. 

Recombinant cells of the present invention can also be 
co-transformed with one or more recombinant molecules 
including any of canine interleukin-4, canine or feline Flt-3 
ligand, canine or feline CD40, canine or feline CD154, 
canine interleukin-5, canine interleukin-13, feline interferon 
alpha, or feline GM-CSF nucleic acid molecule encoding 
one or more proteins of the present invention and/or one or 
more other nucleic acid molecules encoding other therapeu 
tic compounds, as disclosed herein (e.g., to produce multi 
Valent vaccines). 

Recombinant DNA technologies can be used to improve 
expression of transformed nucleic acid molecules by 
manipulating, for example, the number of copies of the 
nucleic acid molecules within a host cell, the efficiency with 
which those nucleic acid molecules are transcribed, the 
efficiency with which the resultant transcripts are translated, 
and the efficiency of post-translational modifications. 
Recombinant techniques useful for increasing the expres 
sion of nucleic acid molecules of the present invention 
include, but are not limited to, operatively linking nucleic 
acid molecules to high-copy number plasmids, integration of 
the nucleic acid molecules into one or more host cell 
chromosomes, addition of vector stability sequences to 
plasmids, Substitutions or modifications of transcription 
control signals (e.g., promoters, operators, enhancers). Sub 
stitutions or modifications of translational control signals 
(e.g., ribosome binding sites, Shine-Dalgamo sequences), 
modification of nucleic acid molecules of the present inven 
tion to correspond to the codon usage of the host cell, 
deletion of sequences that destabilize transcripts, and use of 
control signals that temporally separate recombinant cell 
growth from recombinant enzyme production during fer 
mentation. The activity of an expressed recombinant protein 
of the present invention may be improved by fragmenting, 
modifying, or derivatizing nucleic acid molecules encoding 
Such a protein. 

Isolated immunoregulatory proteins of the present inven 
tion can be produced in a variety of ways, including pro 
duction and/or recovery of natural proteins, production 
and/or recovery of recombinant proteins, and/or chemical 
synthesis of the proteins. In one embodiment, an isolated 
protein of the present invention is produced by culturing a 
cell capable of expressing the protein under conditions 
effective to produce the protein, and recovering the protein. 
A preferred cell to culture is a recombinant cell of the 
present invention. Effective culture conditions include, but 
are not limited to, effective media, bioreactor, temperature, 
pH and oxygen conditions that permit protein production. 
An effective medium refers to any medium in which a cell 
is cultured to produce an immunoregulatory protein of the 
present invention. Such medium typically comprises an 
aqueous medium having assimilable carbon, nitrogen and 
phosphate sources, and appropriate salts, minerals, metals 
and other nutrients, such as vitamins. Cells of the present 
invention can be cultured in conventional fermentation 
bioreactors, shake flasks, test tubes, microtiter dishes, and 
petri plates. Culturing can be carried out at a temperature, 
pH and oxygen content appropriate for a recombinant cell. 
Such culturing conditions are within the expertise of one of 
ordinary skill in the art. 

Depending on the vector and host system used for 
production, resultant proteins of the present invention may 
either remain within the recombinant cell; be secreted into 
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the fermentation medium; be secreted into a space between 
two cellular membranes, such as the periplasmic space in E. 
coli: or be retained on the outer surface of a cell or viral 
membrane. 
The phrase “recovering the protein', as well as similar 

phrases, refers to collecting the whole fermentation medium 
containing the protein and need not imply additional steps of 
separation or purification. Proteins of the present invention 
can be purified using a variety of standard protein purifica 
tion techniques, such as, but not limited to, affinity 
chromatography, ion exchange chromatography, filtration, 
electrophoresis, hydrophobic interaction chromatography, 
gel filtration chromatography, reverse phase 
chromatography, concanavalin A chromatography, chro 
matofocusing and/or differential solubilization. Proteins of 
the present invention are preferably retrieved in “substan 
tially pure' form. As used herein, “substantially pure' refers 
to a purity that allows for the effective use of the protein as 
a therapeutic composition or diagnostic. A therapeutic com 
position for animals, for example, should exhibit no Sub 
stantial toxicity and preferably should be capable of stimu 
lating the production of antibodies in a treated animal. 
The present invention also includes isolated (i.e., removed 

from their natural milieu) antibodies that selectively bind to 
an immunoregulatory protein of the present invention and/ 
ora mimetope thereof (e.g., anti-IL-4 antibodies, anti-Flt-3 
ligand antibodies, anti-CD40 antibodies, anti-CD154 
antibodies, anti-IL-5 antibodies, anti-IL-13 antibodies, anti 
IFNC. antibodies, and/or anti-GM-CSF antibodies). As used 
herein, the term “selectively binds to an immunoregulatory 
protein of the present invention, refers to the ability of 
antibodies of the present invention to preferentially bind to 
specified proteins and/or mimetopes thereof of the present 
invention. Binding can be measured using a variety of 
methods standard in the art including enzyme immunoassays 
(e.g., ELISA), immunoblot assays, etc.; see, for example, 
Sambrook et al., ibid., and Harlow, et al., 1988, Antibodies, 
a Laboratory Manual, Cold Spring Harbor Labs Press: 
Harlow et al., ibid., is incorporated by this reference herein 
in its entirety. An anti-IL-4 antibody of the present invention 
preferably selectively binds to an IL-4 protein in such a way 
as to inhibit the function of that protein. An anti-Flt-3 ligand 
antibody of the present invention preferably selectively 
binds to a Flt-3 ligand- protein in such a way as to inhibit the 
function of that protein. An anti-CD40 antibody of the 
present invention preferably selectively binds to a CD40 
protein in such a way as to inhibit the function of that 
protein. An anti-CD154 antibody of the present invention 
preferably selectively binds to a CD154 protein in such a 
way as to inhibit the function of that protein. An anti-IL-5 
antibody of the present invention preferably selectively 
binds to an IL-5 protein in such a way as to inhibit the 
function of that protein. An anti-IL-13 antibody of the 
present invention preferably selectively binds to an IL-13 
protein in such a way as to inhibit the function of that 
protein. An anti-IFNC. antibody of the present invention 
preferably selectively binds to an IFNC protein in such a 
way as to inhibit the function of that protein. An anti-GM 
CSF antibody of the present invention preferably selectively 
binds to a GM-CSF protein in such a way as to inhibit the 
function of that protein. 

Isolated antibodies of the present invention can include 
antibodies in serum, or antibodies that have been purified to 
varying degrees. Antibodies of the present invention can be 
polyclonal or monoclonal, or can be functional equivalents 
Such as antibody fragments and/or genetically-engineered 
antibodies, including single chain antibodies or chimeric 
antibodies that can bind to one or more epitopes. 
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A preferred method to produce antibodies of the present 

invention includes (a) administering to an animal an effec 
tive amount of a protein, peptide and/ormimetope thereof of 
the present invention to produce the antibodies and (b) 
recovering the antibodies. In another method, antibodies of 
the present invention are produced recombinantly using 
techniques as heretofore disclosed to produce any of the 
immunoregulatory proteins of the present invention. Anti 
bodies raised against defined proteins or mimetopes can be 
advantageous because Such antibodies are not substantially 
contaminated with antibodies against other Substances that 
might otherwise cause interference in a diagnostic assay or 
side effects if used in a therapeutic composition. 

Antibodies of the present invention have a variety of 
potential uses that are within the scope of the present 
invention. For example, Such antibodies can be used (a) as 
reagents in assays to detect an immunoregulatory protein of 
the present invention, (b) as reagents in assays to modulate 
cellular activity through an immunoregulatory protein of the 
present invention (e.g., mimicking ligand binding to a 
canine interleukin-4, canine or feline Flt-3 ligand, canine or 
feline CD40, canine or feline CD154, canine interleukin-5, 
canine interleukin-13, feline interferon alpha, or feline 
GM-CSF protein, as appropriate), and/or (c) as tools to 
screen expression libraries and/or to recover desired proteins 
of the present invention from a mixture of proteins and other 
contaminants. Furthermore, antibodies of the present inven 
tion can be used to target compounds (e.g., nucleic acid 
molecules, drugs or proteins) to antigen presenting cells. 
Targeting can be accomplished by conjugating (i.e., stably 
joining) Such antibodies to the compounds using techniques 
known to those skilled in the art. Suitable compounds are 
known to those skilled in the art. 
One embodiment of the present invention is a therapeutic 

composition that, when administered to an animal in an 
effective manner, is capable of regulating an immune 
response in an animal. Therapeutic compositions of the 
present invention can include at least one of the following 
therapeutic compounds: an isolated IL-4, Flt-3 ligand, 
CD40, CD154, IL-5, IL-13, IFNC, and/or GM-CSF protein 
of the present invention and/or a mimetope thereof; an 
isolated IL-4, Flt-3 ligand, CD40, CD154, IL-5, IL13, IFNC, 
and/or GM-CSF nucleic acid molecule of the present inven 
tion; an isolated antibody that selectively binds to an IL-4, 
Flt-3 ligand, CD40, CD154, IL-5, IL-13, IFNC, and/or 
GM-CSF protein of the present invention; an inhibitor of 
canine IL-4, Flt-3 ligand, CD40, CD154, IL-5, IL-13, IFNC, 
and/or GM-CSF function identified by its ability to bind to 
an IL-4, Flt-3 ligand, CD40, CD154, IL-5, IL-13, IFNC, 
and/or GM-CSF protein, respectively, of the present inven 
tion; such an inhibitor can inhibit binding of the respective 
immunoregulatory protein with its respective receptor, or 
inhibit the activity the respective protein. Methods to per 
form Such assays to measure binding and/or activity of an 
immunoregulatory protein of the present invention are 
known to those of skill in the art, and are described, for 
example, in Janeway et al., ibid. As used herein, a thera 
peutic compound refers to a compound that, when admin 
istered to an animal in an effective manner, is able to treat, 
ameliorate, and/or prevent a disease. Examples of proteins, 
nucleic acid molecules, antibodies and/or inhibitors of the 
present invention are disclosed herein. 
The present invention also includes a therapeutic compo 

sition comprising at least one IL-4-, Flt-3 ligand-, CD40-, 
CD154-, IL-5-, IL-13-, IFNC-, and/or GM-CSF-based com 
pound of the present invention in combination with at least 
one additional therapeutic compound. Examples of Such 
compounds are disclosed herein. 
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Therapeutic compositions of the present invention can be 
administered to any animal Susceptible to Such therapy, 
preferably to mammals, and more preferably to dogs, cats, 
humans, ferrets, horses, cattle, sheep and/or other pets, 
economic food animals and/or Zoo animals. Preferred ani 
mals include dogs, cats, horses and/or humans. 
A therapeutic composition of the present invention is 

administered to an animal in an effective manner Such that 
the composition is capable of regulating an immune 
response in that animal. Therapeutic compositions of the 
present invention can be administered to animals prior to 
onset of a disease (i.e., as a preventative vaccine) and/or can 
be administered to animals after onset of a disease in order 
to treat the disease (i.e., as a therapeutic vaccine). Preferred 
diseases to prevent and/or treat include autoimmune 
diseases, allergic reactions, infectious diseases, tumor 
development, inflammatory diseases and/or graft rejection. 
In one embodiment, a therapeutic composition of the present 
invention is administered with an antigen to enhance an 
immune response against that antigen. 

Therapeutic compositions of the present invention can be 
formulated in an excipient that the animal to be treated can 
tolerate. Examples of Such excipients include water, Saline, 
Ringer's solution, dextrose solution, Hank’s Solution, and/or 
other aqueous physiologically balanced salt Solutions. Non 
aqueous vehicles, such as fixed oils, Sesame oil, ethyl oleate, 
or triglycerides may also be used. Other useful formulations 
include Suspensions containing viscosity enhancing agents, 
Such as Sodium carboxymethylcellulose, Sorbitol, or dextran. 
Excipients can also contain minor amounts of additives, 
Such as Substances that enhance isotonicity and chemical 
stability. Examples of buffers include phosphate buffer, 
bicarbonate buffer and/or Tris buffer, while examples of 
preservatives include thimerosal, o-cresol, formalin and/or 
benzyl alcohol. Standard formulations can either be liquid 
injectables or Solids which can be taken up in a Suitable 
liquid as a suspension or Solution for injection. Thus, in a 
non-liquid formulation, the excipient can comprise dextrose, 
human serum albumin, preservatives, etc., to which sterile 
water or saline can be added prior to administration. 

In one embodiment of the present invention, a therapeutic 
composition can include an adjuvant. Adjuvants are agents 
that are capable of enhancing the immune response of an 
animal to a specific antigen. Suitable adjuvants include, but 
are not limited to, cytokines, chemokines, and/or com 
pounds that induce the production of cytokines and/or 
chemokines (e.g., granulocyte macrophage colony Stimulat 
ing factor (GM-CSF), granulocyte colony stimulating factor 
(G-CSF), macrophage colony stimulating factor (M-CSF), 
colony simulating factor (CSF), erythropoietin (EPO), inter 
leukin 2 (IL-2), interleukin-3 (IL-3), interleukin 5 (IL-5), 
interleukin 6 (IL-6), interleukin 7 (IL-7), interleukin 8 
(IL-8), interleukin 10 (IL-10), interleukin 12 (IL-12), inter 
feron gamma, interferon gamma inducing factor I (IGIF), 
transforming growth factor beta, RANTES (regulated upon 
activation, normal T cell expressed and presumably 
secreted), macrophage inflammatory proteins (e.g., MIP-1 
alpha and MIP-1 beta), and Leishmania elongation initiating 
factor (LEIF)); bacterial components (e.g., endotoxins, in 
particular Superantigens, exotoxins and cell wall 
components); aluminum-based salts; calcium-based salts; 
silica; polynucleotides; toxoids; serum proteins, viral coat 
proteins; block copolymer adjuvants (e.g., Hunter's Titer 
maxTM adjuvant (VaxcelTM, Inc. Norcross, Ga.), Ribi adju 
vants (Ribi ImmunoChem Research, Inc., Hamilton, Mont.); 
and Saponins and their derivatives (e.g., Quil A (Superfos 
Biosector A/S, Denmark). Protein adjuvants of the present 
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invention can be delivered in the form of the protein 
themselves or of nucleic acid molecules encoding Such 
proteins using the methods described herein. 

In one embodiment of the present invention, a therapeutic 
composition can include a carrier. Carriers include com 
pounds that increase the half-life of a therapeutic composi 
tion in the treated animal. Suitable carriers include, but are 
not limited to, polymeric controlled release vehicles, biode 
gradable implants, liposomes, bacteria, viruses, other cells, 
oils, esters, and glycols. 
One embodiment of the present invention is a controlled 

release formulation that is capable of slowly releasing a 
composition of the present invention into an animal. As used 
herein, a controlled release formulation comprises a com 
position of the present invention in a controlled release 
vehicle. Suitable controlled release vehicles include, but are 
not limited to, biocompatible polymers, other polymeric 
matrices, capsules, microcapsules, microparticles, bolus 
preparations, osmotic pumps, diffusion devices, liposomes, 
lipospheres, and transdermal delivery systems. Other con 
trolled release formulations of the present invention include 
liquids that, upon administration to an animal, form a solid 
or a gel in situ. Preferred controlled release formulations are 
biodegradable (i.e., bioerodible). 
A preferred controlled release formulation of the present 

invention is capable of releasing a composition of the 
present invention into the blood of the treated animal at a 
constant rate sufficient to attain therapeutic dose levels of the 
composition to regulate an immune response in an animal. 
The therapeutic composition is preferably released over a 
period of time ranging from about 1 to about 12 months. A 
controlled release formulation of the present invention is 
capable of effecting a treatment preferably for at least about 
1 month, more preferably for at least about 3 months, even 
more preferably for at least about 6 months, even more 
preferably for at least about 9 months, and even more 
preferably for at least about 12 months. 

Therapeutic compositions of the present invention can be 
administered to animals prior to and/or after onset of dis 
ease. Acceptable protocols to administer therapeutic com 
positions in an effective manner include individual dose size, 
number of doses, frequency of dose administration, and/or 
mode of administration. Determination of Such protocols 
can be accomplished by those skilled in the art. A suitable 
single dose is a dose that is capable of regulating the immune 
response in an animal when administered one or more times 
over a suitable time period. For example, a preferred single 
dose of a protein, mimetope or antibody therapeutic com 
position is from about 1 microgram (ug) to about 10 milli 
grams (mg) of the therapeutic composition per kilogram 
body weight of the animal. Booster vaccinations can be 
administered from about 2 weeks to several years after the 
original administration. Booster administrations preferably 
are administered when the immune response of the animal 
becomes insufficient to protect the animal from disease. A 
preferred administration schedule is one in which from 
about 10 ug to about 1 mg of the therapeutic composition per 
kg body weight of the animal is administered from about one 
to about two times over a time period of from about 2 weeks 
to about 12 months. Modes of administration can include, 
but are not limited to, Subcutaneous, intradermal, 
intravenous, intranasal, intraoccular, oral, transdermal and/ 
or intramuscular routes. 

According to one embodiment, a nucleic acid molecule of 
the present invention can be administered to an animal in a 
fashion to enable expression of that nucleic acid molecule 
into a therapeutic protein ortherapeutic RNA (e.g., antisense 
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RNA, ribozyme, triple helix forms or RNA drug) in the 
animal. Nucleic acid molecules can be delivered to an 
animal in a variety of methods including, but not limited to, 
(a) administering a naked (i.e., not packaged in a viral coat 
or cellular membrane) nucleic acid as a genetic vaccine (e.g., 
as naked DNA or RNA molecules, such as is taught, for 
example in Wolff et al., 1990, Science 247, 1465–1468) or 
(b) administering a nucleic acid molecule packaged as a 
recombinant virus vaccine or as a recombinant cell vaccine 
(i.e., the nucleic acid molecule is delivered by a viral or 
cellular vehicle). 
A genetic (i.e., naked nucleic acid) vaccine of the present 

invention includes a nucleic acid molecule of the present 
invention and preferably includes a recombinant molecule of 
the present invention that preferably is replication, or oth 
erwise amplification, competent. A genetic vaccine of the 
present invention can comprise one or more nucleic acid 
molecules of the present invention in the form of, for 
example, a dicistronic recombinant molecule. Preferred 
genetic vaccines include at least a ortion of a viral genome 
(i.e., a viral vector). Preferred viral vectors include those 
based on alphaviruses, poxviruses, adenoviruses, 
herpesviruses, picomaviruses, and/or retroviruses, with 
those based on alphaviruses (such as sindbis or Semliki 
forest virus), species-specific herpesviruses and/or poxvi 
ruses being particularly preferred. Any suitable transcription 
control sequence can be used, including those disclosed as 
suitable for protein production. Particularly preferred tran 
Scription control sequences include cytomegalovirus imme 
diate early (preferably in conjunction with Intron-A), Rous 
sarcoma virus long terminal repeat, and tissue-specific tran 
scription control sequences, as well as transcription control 
sequences endogenous to viral vectors if viral vectors are 
used. The incorporation of a “strong’ polyadenylation signal 
is also preferred. 

Genetic vaccines of the present invention can be admin 
istered in a variety of ways, with intramuscular, 
Subcutaneous, intradermal, transdermal, intranasal and/or 
oral routes of administration being preferred. A preferred 
single dose of a genetic vaccine ranges from about 1 
nanogram (ng) to about 600 ug, depending on the route of 
administration and/or method of delivery, as can be deter 
mined by those skilled in the art. Suitable delivery methods 
include, for example, by injection, as drops, aerosolized 
and/or topically. Genetic vaccines of the present invention 
can be contained in an aqueous excipient (e.g., phosphate 
buffered saline) alone or in a carrier (e.g., lipid-based 
vehicles). 
A recombinant virus vaccine of the present invention 

includes a recombinant molecule of the present invention 
that is packaged in a viral coat and that can be expressed in 
an animal after administration. Preferably, the recombinant 
molecule is packaging- or replication-deficient and/or 
encodes an attenuated virus. A number of recombinant 
viruses can be used, including, but not limited to, those 
based on alphaviruses, poxviruses, adenoviruses, 
herpesviruses, picomaviruses, and/or retroviruses. Preferred 
recombinant virus vaccines are those based on alphaviruses 
(such as Sindbis virus), raccoon poxviruses, species-specific 
herpesviruses and/or species-specific poxviruses. An 
example of methods to produce and use alphavirus recom 
binant virus vaccines are disclosed in U.S. Pat. No. 5,766, 
602 by Xiong et al., issued Jun. 16, 1998, which is incor 
porated by this reference herein in its entirety. 
When administered to an animal, a recombinant virus 

vaccine of the present invention infects cells within the 
immunized animal and directs the production of a therapeu 
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tic protein or RNA nucleic acid molecule that is capable of 
protecting the animal from disease caused by a parasitic 
helminth as disclosed herein. For example, a recombinant 
virus vaccine comprising an immunoregulatory nucleic acid 
molecule of the present invention is administered according 
to a protocol that results in the regulation of an immune 
response in an animal. A preferred single dose of a recom 
binant virus vaccine of the present invention is from about 
1x10" to about 1x10 virus plaque forming units (pfu) per 
kilogram body weight of the animal. Administration proto 
cols are similar to those described herein for protein-based 
vaccines, with Subcutaneous, intramuscular, intranasal, 
intraoccular and/or oral administration routes being pre 
ferred. 
A recombinant cell vaccine of the present invention 

includes recombinant cells of the present invention that 
express at least one protein of the present invention. Pre 
ferred recombinant cells for this embodiment include 
Salmonella, E. coli, Listeria, Mycobacterium, S. frugiperda, 
yeast, (including Saccharomyces cerevisiae and Pichia 
pastoris), BHK, CV-1, myoblast G8, COS (e.g., COS-7), 
Vero, MDCK and CRFK recombinant cells. Recombinant 
cell vaccines of the present invention can be administered in 
a variety of ways but have the advantage that they can be 
administered orally, preferably at doses ranging from about 
10 to about 10° cells per kilogram body weight. Admin 
istration protocols are similar to those described herein for 
protein-based vaccines. Recombinant cell vaccines can com 
prise whole cells, cells stripped of cell walls or cell lysates. 
The efficacy of a therapeutic composition of the present 

invention to regulate the immune response in an animal can 
be tested in a variety of ways including, but not limited to, 
detection of cellular immunity within the treated animal, 
determining lymphocyte or dendritic cell activity, detection 
of immunoglobulin levels, determining hematopoietic stem 
cell or hematopoietic early progenitor cell development, 
determining dendritic cell development or challenge of the 
treated animal with an infectious agent to determine whether 
the treated animal is resistant to disease. In one embodiment, 
therapeutic compositions can be tested in animal models 
Such as mice. Such techniques are known to those skilled in 
the art. 
One embodiment of the present invention is an inhibitory 

compound. Preferably, Such an inhibitory compound is 
derived from an IL-4, Flt-3 ligand, CD40, CD154, IL-5, 
IL-13, IFNC, and/or GM-CSF protein of the present inven 
tion. Examples of inhibitory compounds include an antibody 
of the present invention, that is administered to an animal in 
an effective manner (i.e., is administered in an amount so as 
to be present in the animal at a titer that is sufficient, upon 
interaction of that antibody with a native IL-4, Flt-3 ligand, 
CD40, CD154, IL-5, IL-13, IFNC, and/or GM-CSF protein, 
to decrease the activity of such proteins in an animal, at least 
temporarily). Oligonucleotide nucleic acid molecules of the 
present invention can also be administered in an effective 
manner, thereby reducing expression of either an IL-4, Flt-3 
ligand, CD40, CD154, IL-5, IL13, IFNC, and/or GM-CSF 
protein, in order to interfere with the protein activity targeted 
in accordance with the present invention. Peptides of an 
IL-4, Flt-3 ligand, CD40, CD154, IL-5, IL-13, IFNC, and/or 
GM-CSF protein of the present invention an also be admin 
istered in an effective manner, thereby reducing binding of 
IL-4, Flt-3 ligand, CD40, CD154, IL-5, IL-13, IFNC, and/or 
GM-CSF proteins to the appropriate receptor, in order to 
interfere with the protein activity targeted in accordance 
with the present invention. An inhibitory compound of an 
IL-4, Flt-3 ligand, CD40, CD154, IL-5, IL-13, IFNC, and/or 
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GM-CSF function can be identified using IL-4, Flt-3 ligand, 
CD40, CD154, IL-5, IL-13, IFNC, and/or GM-CSF proteins 
of the present invention, respectively. 
One embodiment of the present invention is a method to 

identify a compound capable of inhibiting IL-4 function. 
Such a method includes the steps of: (a) contacting (e.g., 
combining, mixing) an isolated IL-4 protein of the present 
invention, with a putative inhibitory compound under con 
ditions in which, in the absence of the compound, the IL-4 
protein binds to IL-4 receptor or stimulates T cells in a T cell 
proliferation assay, and (b) determining if the putative 
inhibitory compound inhibits the binding of IL-4 protein to 
IL-4 receptor or the stimulation of T cells in a T cell 
proliferation assay. Another embodiment of the present 
invention is a method to identify a compound capable of 
inhibiting Flt-3 ligand function. Such a method includes the 
steps of: (a) contacting an isolated Flt-3 ligand protein of the 
present invention, with a putative inhibitory compound 
under conditions in which, in the absence of the compound, 
the Flt-3 ligand protein binds to Flt-3 receptor or stimulates 
dendritic precursor cells in a proliferation assay, and (b) 
determining if the putative inhibitory compound inhibits the 
binding of Flt-3 ligand protein to Flt-3 receptor or the 
stimulation of dendritic precursor cells in a proliferation 
assay. Another embodiment of the present invention is a 
method to identify a compound capable of inhibiting CD40 
function. Such a method includes the steps of (a) contacting 
an isolated CD40 protein of the present invention, with a 
putative inhibitory compound under conditions in which, in 
the absence of the compound, the CD40 protein binds to a 
CD40 binding partner (e.g., CD154) and (b) determining if 
the putative inhibitory compound inhibits the binding of 
CD40 protein to the CD40 binding partner. A CD40 binding 
partner is a molecule that selectively binds to CD40 protein. 
Likewise, a binding partner for any other immunoregulatory 
protein of the present invention includes molecules that 
selectively bind to that particular immunoregulatory protein. 
Another embodiment of the present invention is a method to 
identify a compound capable of inhibiting CD154 function. 
Such a method includes the steps of (a) contacting an 
isolated CD154 protein of the present invention, with a 
putative inhibitory compound under conditions in which, in 
the absence of the compound, the CD154 protein binds to a 
CD154 binding partner (e.g., CD40) and (b) determining if 
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the putative inhibitory compound inhibits the binding of 45 
CD154 protein to the CD154 binding partner. Yet another 
embodiment of the present invention is a method to identify 
a compound capable of inhibiting IL-5 function. Such a 
method includes the steps of: (a) contacting an isolated IL-5 
protein of the present invention, with a putative inhibitory 
compound under conditions in which, in the absence of the 
compound, the IL-5 protein binds to IL-5 receptor or stimu 
lates T cells in a T cell proliferation assay, and (b) deter 
mining if the putative inhibitory compound inhibits the 

50 

binding of IL-5 protein to IL-5 receptor or the stimulation of 55 
T cells in a T cell proliferation assay. Another embodiment 
of the present invention is a method to identify a compound 
capable of inhibiting IL-13 function. Such a method 
includes the steps of: (a) contacting an isolated IL-13 protein 
of the present invention, with a putative inhibitory com 
pound under conditions in which, in the absence of the 
compound, the IL-13 protein binds to IL-13 receptor or 
stimulates T cells in a T cell proliferation assay, and (b) 
determining if the putative inhibitory compound inhibits the 
binding of IL-13 protein to IL-13 receptor or the stimulation 
of T cells in a T cell proliferation assay. Another embodi 
ment of the present invention is a method to identify a 
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compound capable of inhibiting IFNC. function. Such a 
method includes the steps of: (a) contacting an isolated 
IFNC. protein of the present invention, with a putative 
inhibitory compound under conditions in which, in the 
absence of the compound, the IFNC protein binds to IFNC. 
receptor or inhibits proliferation of GM-CSF stimulated 
TF-1 cells, and (b) determining if the putative inhibitory 
compound inhibits the binding of IFNC. protein to IFNC. 
receptor or inhibits proliferation of GM-CSF stimulated 
TF-1 cells. Another embodiment of the present invention is 
a method to identify a compound capable of inhibiting 
GM-CSF function. Such a method includes the steps of: (a) 
contacting an isolated GM-CSF protein of the present 
invention, with a putative inhibitory compound under con 
ditions in which, in the absence of said compound, the 
GM-CSF protein bind to GM-CSF receptor or stimulates T 
cells in a T cell proliferation assay, and (b) determining if the 
putative inhibitory compound inhibits the binding of 
GM-CSF protein to GM-CSF receptor or the stimulation of 
T cells in a T cell proliferation assay. 

Putative inhibitory compounds to screen include small 
organic molecules, antibodies (including mimetopes 
thereof), and/or ligand analogs. Such compounds are also 
screened to identify those that are substantially not toxic in 
host animals. 

Preferred IL-4, Flt-3 ligand, CD40, CD154, IL-5, IL-13, 
IFNC, and/or GM-CSF, proteins to inhibit are those pro 
duced by dogs, cats, horses or humans, even more preferred 
IL-4, Flt-3 ligand, CD40, CD154, IL-5, IL-13, IFNC, and/or 
GM-CSF proteins to inhibit are those produced by domestic 
dogs or cats. A particularly preferred inhibitor of the present 
invention is capable of regulating an immune response in an 
animal. It is also within the scope of the present invention to 
use inhibitors of the present invention to target diseases 
involving undesired immune activity in animals. Composi 
tions comprising inhibitors of IL-4, Flt-3 ligand, CD40, 
CD154, IL-5, IL-13, IFNC, and/or GM-CSF function can be 
administered to animals in an effective manner to regulate 
the immune response in the animals, and preferably to 
prevent autoimmune disease, allergy, infectious disease, 
inflammation or prevent graft rejection in animals, or to treat 
animals with Such diseases. Effective amounts and/or dosing 
regimens can be determined using techniques known to 
those skilled in the art. 

It is also within the scope of the present invention to use 
isolated proteins, mimetopes, nucleic acid molecules and/or 
antibodies of the present invention as diagnostic reagents. 
Methods to use such diagnostic reagents are well known to 
those skilled in the art, see, for example, Janeway, et al., 
ibid., and/or PCT Publication No. WO 98/23964, published 
Jun. 4, 1998. 
The following examples are provided for the purposes of 

illustration and are not intended to limit the scope of the 
present invention. 

EXAMPLES 

It is to be noted that the examples include a number of 
molecular biology, microbiology, immunology and bio 
chemistry techniques considered to be familiar to those 
skilled in the art. Disclosure of such techniques can be 
found, for example, in Sambrook et al., ibid, and Ausubel, et 
al., 1993, Current Protocols in Molecular Biology, Greene/ 
Wiley Interscience, New York, N.Y., and related references. 
Ausubel. et al. ibid. is incorporated by reference herein in its 
entirety. 

Example 1 
This example describes the isolation and sequencing of 

canine interleukin-4 (IL-4) nucleic acid molecules of the 
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present invention. This example also describes expression of 
recombinant canine IL-4 in E. colland mammalian cells; 
development of monoclonal and polyclonal antibodies to E. 
colliexpressed canine IL-4, and bioactivity of mammalian 
expressed canine IL-4. 

A. Isolation and Sequencing of a Canine IL-4 
Nucleic Acid Molecule. 

Initial attempts to isolate a canine IL-4 nucleic acid 
molecule using various primers corresponding to putative 
conserved regions of IL-4 nucleic acid molecules failed. 
Forward and reverse primers were then designed using a 
sequence tag site (IL-4sts) described by Venta et al. in 
GenBank. The forward primer was designated as IL-4sts A, 
having the nucleic acid sequence 5' CTATTAATGG GTCT 
CACCTC CCAA CT 3', designated herein as SEQ ID 
NO:11. The reverse primer was designated as priL-4stsB, 
having the nucleic acid sequence 5' TCA ACTCGGT GCA 
CAGAGTCTTGG 3', designated herein as SEQID NO:12. 
The primers were used to amplify PCR products from a C. 
familiaris mitogen activated PBMC cDNA library that was 
constructed in the Uni-ZAP(R) XR vector (available from 
Stratagene Cloning Systems, La Jolla, Calif.), using Strat 
agene's ZAP-cDNAR Synthesis Kit and the manufacturers 
protocol. The MRNA was isolated from C. familiaris periph 
eral blood mononuclear cells about 4 hours after they were 
activated by a polyclonal activating agent in culture. Four 
PCR products were produced that had the expected size 
range. The PCR products were cloned and sequenced using 
standard techniques. A portion of one of the four products 
was found to be somewhat homologous with an IL-4 nucleic 
acid sequence reported in GenBank. 

To identify a cDNA encoding a full-length canine IL-4 
protein, the PCR product showing some homology with the 
IL-4 sequence reported in GenBank was used to generate an 
about 549 base pair DNA fragment as follows. The PCR 
product was labeled with P and used as a probe to screen 
the canine PBMC cDNA library. Hybridization was done at 
about 6xSSC, 5xDenhardt’s solution, 0.5% SDS, 100 g/ml 
of ssDNA and 100 g/ml of tRNA, at about 68° C., for about 
36 hr. (the compositions of SSC and Denhardt’s are 
described in Sambrook et al., ibid.). The filters were washed 
3 times, for about 30 minutes per wash, at about 55° C. in 
about 2xSSC, 0.2% SDS, followed by a final wash of about 
30 minutes in the same buffer except using about 1xSSC. 
Positive clones were isolated and the cDNA inserts were 
sequenced for both strands using vector flanking primers and 
gene-specific internal primers. Sequence analysis was per 
formed using the GAP program of GCG (available from the 
University of Wisconsin) using the alignment settings of 
gap weight set at 50, length weight set at 3, and average 
match set at 10 for nucleic acid sequence comparisons; and 
gap weight set at 12, length weight set at 4, and average 
match set at 2.912 for amino acid sequence comparisons. 
A cDNA nucleic acid molecule was isolated, referred to 

herein as nCalL-4s, the coding strand of which was shown 
to have a nucleic acid sequence denoted herein as SEQ ID 
NO:1. The complement of SEQ ID NO:1 is represented 
herein by SEQ ID NO:3. Translation of SEQ ID NO:1 
Suggests that nucleic acid molecule nCaL-4s encodes a 
full-length IL-4 protein of about 132 amino acids, denoted 
herein as PCaL-4, the amino acid sequence of which is 
presented in SEQID NO:2, assuming an open reading frame 
having an initiation codon spanning from nucleotide 43 
through nucleotide 45 of SEQ ID NO:1 and a stop codon 
spanning from nucleotide 439 through nucleotide 441 of 
SEQ ID NO:1. The coding region encoding PCalL-4 is 
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presented herein as nGalD-49, which has the nucleotide 
sequence SEQ ID NO:4 (the coding strand) and SEQ ID 
NO:5 (the complementary strand). A putative signal 
sequence coding region extends from nucleotide 43 through 
nucleotide 114 of SEQ ID NO:1. The proposed mature 
protein (i.e., canine IL-4 protein from which the signal 
sequence has been cleaved), denoted herein as PCalL-4s, 
contains about 108 amino acids, extending from residue 25 
through residue 132 of SEQ ID NO:2: PCalL-4 amino 
acid sequence is represented herein as SEQ ID NO:20. The 
nucleic acid molecule encoding PCaL-4s is denoted 
herein as nGalD-4, extending from nucleotide 115 
through nucleotide 438 of SEQID NO:1, nCalL-4 has a 
coding sequence denoted SEQID NO:19 and a complemen 
tary sequence denoted SEQ ID NO:21. 

Comparison of nucleic acid sequence SEQID NO:1 with 
nucleic acid sequences reported in GenBank indicates that 
SEQID NO:1 showed the most homology, i.e., about 89.3% 
identity, with a feline IL-4 gene. Comparison of amino acid 
sequence SEQID NO:2 with amino acid sequences reported 
in GenBank indicates that SEQ ID NO:2 showed the most 
homology, i.e., about 82.6% identity, with a feline IL-4 
protein. Sequence analysis was performed using the GCG 
GAP program as described above. 

B. Expression of Recombinant Canine IL-4 in E. 
coliand Mammalian Cells 

i. E. coliExpression 
A recombinant molecule capable of expressing the mature 

form of canine IL-4, denoted herein as pGEX-nCalL-47, 
was produced as follows. A 340-nucleotide fragment was 
PCR amplified from nucleic acid molecule nCalI-4s 
(having coding strand SEQ ID NO: 1) using the following 
primer sequences: positive strand 5' TGAATTCGGA CAT 
AACTTCA ATATTAC 3' (SEQ ID NO:38) (EcoRI site in 
bold) and 5' TCTCGAGATT CAGCTTCATG CCTGTA3 
(SEQ ID NO39) (Xhol site in bold). The resulting 340-base 
pair fragment was digested with EcoRI and XhoI restriction 
enzymes (available from New England Biolabs, Beverly, 
Mass.), according to the manufacturer's directions, and 
gel-purified using standard techniques. The digested 340 
base pairfragment, now 327 base pairs, was then ligated into 
pGEX-6P-1 (available from Amersham Pharmacia, 
Piscataway, N.J.), which had been previously digested with 
EcoRI and Xhol and gel purified, to produce recombinant 
molecule pGEX-nCaL-47. Recombinant molecules of 
pGEX produce the protein of interest as a glutathione 
S-transferase (GST) fusion protein. The recombinant mol 
ecule pGEX-nCalL-4, was transformed into DH5alpha 
cells (available from Life Technologies, Gaithersburg, Md.). 
a recombination deficient strain of E. coli, to produce 
recombinant cell DH5-pGEX-nCalL-47. The recombinant 
cells were screened for presence of insert by PCR and 
confirmed by enzyme restriction analysis and nucleic acid 
sequencing, using standard techniques. Several clonal 
recombinant molecules were transformed into BL21 cells 
(available from Amersham Pharmacia. Piscataway, N.J.), a 
protease deficient strain of E. coli, to produce recombinant 
cell BL21-pCEX-nCalL-47. These recombinant cells were 
screened, and the clone with the highest level of protein 
yield was selected for Scaling up for larger-scale protein 
production. The resultant recombinant protein is referred to 
herein as E. coliPCalL-4. 
To produce and purify E. coliPCaL-4, bacterial cul 

tures of recombinant cell BL21:pGEX-nCalL-4, were 
grown in shake flasks at 37° C. and induced with 0.1 mM 
IPTG (isopropyl-f-D-thiogalactopyranoside), (available 
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from Sigma Chemical Company, St. Louis, Mo.) when 
ODoo, reached about 0.8 units. Growth was allowed to 
continue for about 4 hours; then bacteria were harvested by 
centrifugation at 4000xg (times gravity) for 20 minutes. The 
bacterial pellet was washed and resuspended in phosphate 
buffered saline (PBS) (for recipe, see Sambrook et al. ibid.), 
then lysed by exposure to gaseous nitrogen pressure in a Parr 
pressure vessel (available from Parr Instrument Co., Moline, 
Ill.), according to the manufacturers instructions. Cell 
debris was removed by centrifugation at 10,000xg for 20 
minutes. The IL-4-GST fusion protein E. coliPCaL-4 
was purified from the Supernatant by allowing incubation 
with glutathione-conjugated resin, removing unbound pro 
teins and then removing the GST tag with PRESCISSIONTM 
protease; all reagents were available from Amersham Phar 
macia and all were used according to the manufacturers 
directions. 

Concentration and purity of E. colipCaL-4oo were esti 
mated by BCA Protein Assay kit (available from Pierce, 
Rockford, Ill.) and SDS-PAGE followed by Coomassie 
staining, respectively. The purified material exhibited a 
single band of approximately 14 kilodaltons (kD) by Coo 
massie stained SDS-PAGE. 
ii. CHO Cell Expression 
A recombin ant molecule denoted herein as pCMV 

nCaCL-4soo, capable of expressing a full length form of 
canine IL-4 (including signal sequence) was produced as 
follows. A 422-nucleotide fragment was PCR amplified 
from nucleic acid molecule nCaL-4. Using the following 
primers: 5' CCCAAGCTTA TGGGTCTCACC TCCCAAC 
(HindIII site in bold), denoted SEQ ID NO:40, and 3' 
CCTCGAGATTCAGCTTTCAATGCCTGTA(XhoI site in 
bold), denoted SEQ ID NO:127. The 422-base pair PCR 
product was digested with the restriction endonucleases 
HindIII and XhoI, both available from New England Biolabs. 
The resulting 399-base pair product encoding full-length 
canine IL-4 was gel purified using standard techniques and 
ligated into the cytomegalovirus (CMV) immediate-early 
transcription control region of the pCMV-Int A plasmid 
vector that had been digested with HindIII and XhoI 
(available from New England Biolabs), and gel purified, to 
produce the recombinant molecule pCMV-nCalL-4. The 
pCMV-Int A plasmid vector was generated as referenced by 
J. E. Osorio et al., 1999, Vaccine 17, 1109–1116. Briefly, 
vector pRc/RSV. (available from Invitrogen Corp., San 
Diego, Calif.) was cleaved with restriction enzyme PvulI 
(available from New England Biolabs), and the 2963-base 
pair PVul fragment was gel purified. The fragment was 
self-ligated to form the vector pRc/RSV(Pvu), which con 
tains a Rous Sarcoma Virus (RSV) long terminal repeat, a 
multiple cloning site, a bovine growth hormone polyadeny 
lation sequence, a bacterial origin of replication, and an 
ampicillin resistance gene. Vector pRc/RSV(Pvu) was 
restriction enzyme digested using HindIII and NruI. A 
HindIII/SspI fragment containing the HCMV intermediate 
early promoter and first intron (i.e. intron A) was ligated into 
the digested pRc/RSV(Pvu) vector to produce the vector 
pCMV-Int A. 

Stable expression of CalL-4 in mammalian cells was 
carried out by transfecting the recombinant molecule 
pCMV-nCalL-4 into Chinese Hamster Ovary cells, 
(CHO, available from ATCC) as follows. Six-well polysty 
rene tissue culture plates (available from Corning Costar, 
Acton, Mass.) were seeded with approximately 5x10 cells/ 
well in 2 milliliter (ml) cell culture media, consisting of 
Minimal Essential Media (MEM) supplemented with 100 
mM L-glutamine, 100 mM gentamicin, and 10% fetal 
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bovine serum (FBS), (all available from Life Technologies). 
Cells were grown to about 80% confluence (for about 18 
hours) before transfection. The recombinant molecules to be 
transfected were purified using the Plasmid Midi Kit 
(available from Qiagen, Valencia, Calif.) and used according 
to the manufacturers instructions. The recombinant mol 
ecule pCMV-nCaL-4 was linearized using the restriction 
enzyme Pvul (available from New England Biolabs). The 
plasmid pcDNA3, (available from Invitrogen), which con 
tains the neomycin resistance gene, was linearized using the 
restriction enzyme EcoRI. Approximately 2 ug of pCMV 
nCaL-49 was mixed with about 2 ng of linearized 
pcDNA3 in about 100 ul OPTIMEMTM media, available 
from Life Technologies. About 10 ul Lipofectamine, 
(available from Life Technologies) was mixed with 100 ul 
OPTIMEM. The nucleic acid molecule-containing mixture 
was then added to the Lipofectamine mixture and incubated 
at room temperature for about 45 minutes. After incubation, 
about 0.8 ml OPTIMEM was added, and the mixture was 
overlaid onto the CHO cells which had been previously 
rinsed with OPTIMEM. Cells were incubated for about 5 
hours at 37° C. 5% CO, 95% relative humidity. Approxi 
mately 1 ml of cell culture media as described previously, 
with 20% FBS, was added and the cells were incubated 
overnight. The media was changed at 24 hours, and at 72 
hours post transfection, the cells were split 1:4 and put into 
fresh cell culture media containing about 500 ug/ml gene 
ticin (G418, available from Life Technologies). The media 
was changed every 3–5 days. After several weeks, G418 
resistant colonies were trypsinized using sterile filter papers, 
5–6 mm in diameter that were soaked in trypsin, which were 
then placed over individual wells of 24 well plates that 
contained separated widely spaced colonies of CHO cells. 
After 3 days, the papers were removed. The resulting 
recombinant cells are referred to herein as CHO-pCMV 
nCaL-499. The recombinant cells were then expanded and 
tested for the presence of nIL-4399 RNA by RT-PCR and 
tested for the presence of PCalL-4 protein by Western 
blot analysis. Westerns were developed with rabbit anti-E. 
coliPCaL-4 serum and 607.1 monoclonal antibody, a 
monoclonal antibody that selectively binds to E. coliPCalL 
4 protein. See Example 1C for a description of how these 
antibodies were produced. 

C. Monoclonal and Polyclonal Antibodies to 
Recombinant canine IL-4 (i.e., Anti-canine IL-4 

Antibodies) 
The following describes the development of monoclonal 

and polyclonal antibodies that selectively bind to E. 
coliPCaL-4oo. 

Female Balb/C mice, 6–8 weeks old, were injected 
Subcutaneously, at about 4 sites, with a total of 25 ug E. 
coliPCalL-4 (produced as described in Example 1 Bi) in 
Freund's Complete Adjuvant (day 0). Fourteen days later, 
the mice received an intraperitoneal boost of 25 ug E. 
coliPCaL-4 in Freund's Incomplete Adjuvant (day 14). 
Fourteen days later, serum was tested for antibody titer to E. 
coliPCalL-41 by ELISA (day 28). Three days prior to 
fusion, mice were boosted intravenously with 20 ug E. 
coliPCalL-4 in PBS (day 35). Splenocytes were har 
vested from mice demonstrating the highest serum titer by 
ELISA and depleted of CD4+and CD8+cells. This depletion 
was achieved by incubation of the splenocytes with bioti 
nylated rat anti-mouse CD4 and anti-mouse CD8 mono 
clonal antibodies, available from PharMingen, San Diego, 
Calif. Antibody-labeled cells were then removed by incu 
bation with M-280 streptavidin coated magnetic beads, 
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available from Dynal, Oslo, Norway. Depleted splenocytes 
were fused to SP2/0 cells (available from ATCC) using 50% 
polyethylene glycol in unsupplemented Iscove’s Modified 
Dulbecco's Media (IMDM), following established proto 
cols; see, for example, Harlow E., and Lane D., eds., 1995, 
Antibodies, A Laboratory Manual, Monoclonal Antibodies, 
Cold Spring Harbor Laboratories; Harlow et al. ibid., is 
incorporated by reference herein in its entirety. Fused cells 
were plated in 96-well plates using IMDM cell culture 
media, (available from Life Technologies, Inc., Rockville, 
Md.), which was supplemented with 10% fetal bovine 
serum, 2 mM L-glutamine, 1 mM sodium pyruvate, 
1xnonessential amino acids, 1xMEM amino acids, 0.05 
mg/ml gentamicin, and 0.5 mM f-mercaptoethanol (all 
reagents available from Life Technologies). Additionally, 
100 uM hypoxanthine, 0.4 uM aminopterin, and 16 uM 
thymidine, all available from Sigma Chemical Corporation, 
St Louis, Mo., were added. 

After about 7 days, wells positive for hybridoma growth 
were screened by ELISA to E. coliPCalL-4. Immulon II 
96-well plates (available from VWR, Denver, Colo.) were 
coated, overnight, with 100 ng/ml E. coliPCaL-4 in 0.1 
M carbonate/bicarbonate buffer, Ph 9.6. After blocking the 
wells with 20% FBS in Tris buffered saline (TBS), culture 
supernatants were allowed to bind. Presence of anti-E. 
coliPCalL-4, mouse antibody was detected with poly 
clonal goat anti-mouse IgG conjugated to horseradish 
peroxidase, (available from KPL, Gaithersburg, Md.), and 
color developed with 3.3',5,5'-tetramethylbenzidine dihy 
drochloride (TMB), available from Pierce, Rockford, Ill. 
Specificity of the ELISA reactivity was verified by Western 
blot analysis to E. colipCalL-4, developed with poly 
clonal goat anti-mouse IgG conjugated to alkaline phos 
phatase and nitro-blue tetrazolium/5-bromo-4-chloro-3'- 
indolyphosphate p-toluidine salt substrate (NBT/BCIP. 
available from Sigma). Western blots exhibited a single band 
of approximately 14 kD. Immunoglobulin isotype of the 
monoclonal antibodies was determined using IsoStrips, 
available from Boehringer Mannheim, Indianapolis, Ind. 
Twenty-three monoclonal antibodies were generated to E. 
coliPCalL-4, 22 of which were of the IgM isotype and 
one of which was IgG1, and is referred to herein as 607.1. 

Polyclonal rabbit serum was produced by repeated immu 
nization (over a 10 month period) of a male, New Zealand 
White rabbit 12–16 months old. Initial immunization was 50 
ug E. coliPCaL-4 (prepared as described in Example 
1 bi) in Freund's Complete Adjuvant, at several sites subcu 
taneously and intradermally. One month later, and at one 
month intervals thereafter, the rabbit was boosted intrader 
mally with 50 ug E. colipCalL-4 in Fruends Incomplete 
Adjuvant. Serum was collected bi-weekly and titers moni 
tored by ELISA and Western blot to E. colipCalL-4. 
Serum that selectively bound to E. coliPCalL-4 protein is 
referred to as anti-E. coliPCaL-4 serum. 

D. Bioactivity of Mammalian-expressed Canine IL 
4 

The following describes a bioassay to detect the expres 
sion of canine IL-4 protein expressed in the Supernatants 
from CHO-pCMV-nCalL-4 recombinant cells by screen 
ing for production of CD23. 

About 100 ul Ramos cells, available from ATCC, at a 
concentration of about 3.5x10 cells/ml were seeded into 
96-well flat bottom plates, available from Becton Dickinson, 
Franklin Lakes, N.J.). These cells were grown in RPMI 
media supplemented with 100 mM L-glutamine, 
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gentamicin, and 10% FBS (called TCM). The Ramos cells 
were then treated in 5% CO, for 37° C. for approximately 
48 h. with one of the following: 
Group Treatment 

1 TCM 
2 CHO-pCMV (a transfectant cell line containing the 

empty pCMV vector) supernatant (1:4 final dilution in 
TCM) 

3 CHO-pCMV-nCalL-4 supernatant (1:20 final dilu 
tion in TCM) 

Triplicate samples for each treatment group were pooled 
for staining to look for increased expression of CD23 (one 
of the reported effects of IL-4). Briefly, 1x10 cells from 
each treatment group were incubated in phosphate buffered 
saline (PBS) containing 30% FBS for 15–30 min on ice. The 
cells were collected and incubated with the following: 

Condition Primary Incubation Secondary Location 

A. PBS Goat anti mouse PE 
B Mouse anti human CD23 Goat anti mouse PE 

Condition Primary Incubation Secondary Incubation 
Mouse anti-human CD23 monoclonal antibody, available 

from Pharmingen, was used at about 10 ug/ml. Goat (Fab'2) 
anti mouse IgG PE, available from Southern Biotechnolo 
gies was used at about 2.5 ug/ml. These reagents were 
diluted in PBS with 5% FBS. Primary incubations were 
performed for 30–60 minutes on ice, and secondary incu 
bations were performed for 20–30 min on ice. Three washes 
of PBS/5% FBS were performed in between each incuba 
tion. Cells were then analyzed on a flow cytometer (e.g., 
MoFlow Desk Top System, available from Cytomation, Ft. 
Collins, Colo.) with the fluorescein gate set at 10'. The 
results are shown below in Table 2. 

TABLE 2 

Induction of CD23 on Ramos cells post-treatment with 
Supernatants from CHO-DCMV-nCaL-4so 

Treatment Condition % positive 

1 A. O 
B 1 

2 A. 8 
B 1 

3 A. 3 
B 99 

Table 2 shows that the canine Il-4 expressed by the CHO 
transfectant CHO-pCMV-nCalL-4 is biologically active, 
demonstrated by its ability to induce expression of CD23 in 
Ramos cells. 

Example 2 
This example describes the isolation and sequencing of 

certain canine Flt-3 ligand and feline Flt-3 nucleic acid 
molecules and proteins of the present invention. The 
example also describes expression of a canine Flt-3 ligand 
protein of the present invention in CHO cells, as well as 
detection of the expressed canine Flt-3 ligand protein. 

A. Canine Flt-3 Ligand Nucleic Acid Molecules 
and Proteins. 

i. This example describes the isolation and sequencing of 
certain canine Flt-3 ligand nucleic acid molecules and 
proteins of the present invention. 
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A canine Flt-3 ligand nucleic acid molecule was produced 
as follows. A pair of primers was initially used to amplify 
DNA from the C. familiaris mitogen activated PBMC cDNA 
library described above in Example 1. A forward primer 
referred to as FLT3F1, having the nucleic acid sequence 5' 
CTGGCGCCAG CCTGGAGCCC 3', designated herein as 
SEQ ID NO:13 was used in combination with a reverse 
primer referred to herein as FLT3B1, having the nucleic acid 
sequence 5' GGGAGATGTT GGTCTGGACG 3', referred 
to herein as SEQ ID NO:14 to amplify Flt-3 ligand DNA 
from the cDNA library by polymerase chain reaction (PCR). 
The primers were designed using conserved regions of IL-4 
cDNA sequences from other species in the public databases 
corresponding to the positions shown below: 

Database Accession number Nucleotides Animal 

gb UO4806 102-121 human 
gb L236.36 41-60 OSC 
gb UO4806 77 458 human 
gb L236.36 419 400 OSC 

A 360-base pair (bp) PCR product was generated in the 
above reaction that was purified, radiolabeled and used as a 
probe to screen the cDNA library. Hybridization was per 
formed in 6xSSC, 5xDenhardt's solution, 0.5% SDS, 100 
ug/ml ssDNA and 100 lug/ml of tRNA, at 68°C., for about 
36 hr. The filters were washed 3 times, for about 30 minutes 
per wash, at 55° C. in 2xSSC, 0.1% SDS, followed by a final 
wash in 0.25xSSC, for about 30 minutes, at 55° C. Several 
positive phage clones were identified and shown to produce 
PCR products when used as templates in combination with 
the FLT3F1 and FLT3B1 primers. The DNA inserts in the 
phage clones were sequenced using standard techniques and 
failed to yield any clones containing DNA inserts having a 
portion homologous to published Flt-3 ligand sequences. 
The 360-bp PCR fragment generated above was then cloned 
into the vector pcDNA 2.1 (available from Invitrogen Corp., 
San Diego, Calif.). Several independent colonies were gen 
erated and the sequences of their inserts determined. One 
clone was identified that which contained insert sequence 
having a portion, that was somewhat homologous to pub 
lished human or murine Flt-3 ligand sequence. 
Two canine Flt-3 ligand-specific primers were then 

designed using the nucleic acid sequence obtained using the 
360-bp PCR product described above. 

Primer Sequence SEQ ID NO 

DFLB1 SGACCAGGCGCCAGAACGC 3' SEQ ID NO:15 
DFLF1 SCGGTCACCATCCGCAAGC 3' SEQ ID NO:16 

The 5' region of a Flt-3 ligand nucleic acid molecule was 
PCR amplified from the cDNA library using the DFLB1 
primer in combination with the 5'T3 vector primer from the 
Uni-ZAPR) XR vector (available from Stratagene). The 3' 
region of a Flt-3 ligand nucleic acid molecule was PCR 
amplified from the cDNA library using the DFLF1 in 
combination with the 3' T7 primer from the Uni-ZAPR XR 
vector (available from Stratagene). A 855-bp PCR product 
was obtained representing the 5' region of a Flt-3 ligand 
nucleic acid molecule. A 265-bp PCR product was obtained 
representing the 3' region of a Flt-3 ligand nucleic acid 
molecule. Both the 855-bp PCR product and 265-bp PCR 
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product were cloned and sequenced using standard methods. 
Additional canine Flt-3 ligand-specific primers were 
designed using the nucleic acid sequence obtained from the 
sequence of the 855-bp PCR product and 265-bp PCR 
products. 

Primer Sequence SEQ ID NO 

DFLB2 STGGCAAGGCAGTGGCCTC 3' SEQ ID NO:17 
DFLF2 5'GCCGAGATGATAGTGCTGGC 3' SEQ ID NO:18 

A 546-bp PCR product was generated using the primer 
DFLF2 in combination with the primer DFLB2 to amplify a 
PCR product from the cDNA library. The 546-bp PCR 
product was then purified, radiolabelled and used as a probe 
to screen the cDNA library. Hybridization was performed in 
6xSSC, 5xDenhardt’s solution, 0.5% SDS, 100 g/ml of 
ssDNA and 100 g/ml of tRNA, at 68° C. for about 36 hr. 
The filters were washed in 1.25xSSC, for about 30 minutes, 
at 55° C. Four CDNA clones encoding full-length canine 
Flt-3 ligand were isolated. Nucleic acid sequence was 
obtained using standard techniques. 
A Flt-3 ligand clone was isolated, referred to herein as 

nCaFlt3Lo, the coding strand of which was shown to have 
a nucleic acid sequence denoted herein as SEQ ID NO:6. 
The complement of SEQID NO:6 is represented herein by 
SEQ ID NO:8. Translation of SEQ ID NO:6 suggests that 
nucleic acid molecule nCaFlt3Los encodes a full-length 
Flt-3 ligand protein of about 294 amino acids, denoted 
herein as PCaFlt3L, the amino acid sequence of which is 
presented in SEQID NO:7, assuming an open reading frame 
having an initiation codon spanning from nucleotide 35 
through nucleotide 37 of SEQ ID NO:6 and a stop codon 
spanning from nucleotide 917 through nucleotide 919 of 
SEQ ID NO:6. The coding region encoding PCaFlt3L is 
presented herein as nGaFlt3Lss, which has the nucleotide 
sequence SEQ ID NO:9 (the coding strand) and SEQ ID 
NO:10 (the complementary strand). A putative signal 
sequence coding region extends from nucleotide 35 through 
nucleotide 112 of SEQ ID NO:6. The proposed mature 
protein (i.e., canine Flt-3 ligand protein from which the 
signal sequence has been cleaved), denoted herein as 
PCaFlt3Ls (SEQ ID NO:23), contains about 268 amino 
acids, extending from residue 27 through residue 294 of 
SEQ ID NO:7. The nucleic acid molecule encoding 
PCaFlt3Ls is denoted herein as nGaFlt3Lso, extending 
from nucleotide 113 through nucleotide 916 of SEQ ID 
NO:6, nCaFlt3Lso has a coding sequence denoted SEQ ID 
NO:22 and a complementary sequence denoted SEQ ID 
NO:24. 

Below is a description of the identification of alternatively 
spliced Canis Flt3 ligand transcripts. Besides cDNA clones 
Such as nucleic acid molecule nCaFlt3Los encoding the 
full-length canine FLT3 ligand protein, two splice variants 
of canine Flt3 ligand cDNA clones were also isolated, using 
the same hybridization conditions as mentioned previously 
in this Example. One such variant (Clone 1), denoted herein 
as nGaFlt3Loss, has a coding strand the nucleic acid 
sequence of which is represented as SEQ ID NO:25. The 
complement of SEQID NO:25 is represented herein by SEQ 
ID NO:27. Translation of SEQ ID NO:25 suggests that 
nucleic acid molecule nCaFlt3Loss encodes a Flt-3 ligand 
protein of 276 amino acids, denoted herein as PCaFlt3L, 
the amino acid sequence of which is represented by SEQID 
NO:26, assuming an open reading frame having an initiation 
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codon spanning from nucleotide 74 through nucleotide 76 of 
SEQ ID NO:25 and a stop codon spanning from nucleotide 
902 through nucleotide 904 of SEQID NO:25. The coding 
region encoding PCaFlt3L, is represented herein as 
nCaFlt3Lss, which has the nucleotide sequence SEQ ID 
NO:28 (the coding strand) and SEQID NO:29 (the comple 
mentary strand). Alignment of nucleic acid molecules 
nCaFlt3Ls and nCaFlt3Lss indicates that the nucleic acid 
molecules are identical except for a deletion in nGaflt3Lss, 
which spans from nucleotide 343 through nucleotide 396 of 
nCaflt3Lss. Accordingly, nCaFlt3Lss encodes 18 fewer 
amino acids than nCaFlt3Lss. The deletion in PCaFlt3L. 
which spans from residue 115 through residue 132 of 
PCaFlt3L, occurs between helix III and helix IV of the 
canine Flt3 ligand protein inferred from alignment with the 
human and mouse Flt3 ligand protein (Lyman et al., Cell, 
vol. 75, pp. 1157–1167, 1993; Hannum et al., Nature, vol. 
368, pp. 643–648, 1994; Lyamn et al., Blood, vol. 83, pp. 
2795–2801, 1994). In addition, the alignment shows that 
there are 39 more nucleotides in the 5' untranslated region of 
nucleic acid molecule nGaFlt3Loss (nucleotides 1 to 39) 
than nucleic acid molecule nCaFlt3Los and there are 2 
more nucleotides in the 3' untranslated region of nucleic acid 
molecule nCaFlt3Loss (nucleotides 922 to 923) than nucleic 
acid molecule nGaFlt3Lo. The remaining sequences 
between nGaFlt3L,85 and nGaFlt3L are identical. A 
putative mature form of nGaFlt3Loss (without the signal 
sequence) is predicted. The putative signal sequence coding 
region extends from nucleotide 74 to nucleotide 151 of SEQ 
ID NO:25. The proposed mature protein, denoted herein as 
PCaFlt3Lso represented by SEQID NO:31, contains about 
250 amino acids, extending from residue 27 through residue 
276 of SEQID NO:26. The nucleic acid molecule encoding 
PCaFlt3Lso extending from nucleotide 152 through nucle 
otide 901 of SEQ ID NO:6, denoted herein as nGaFlt3Ls, 
is represented by SEQ ID NO:30 (the coding strand) and 
SEQ ID NO:32 (the complement strand). 
A second variant (Clone 19) is represented by nucleic acid 

molecule nGaflt3Loo, the coding strand of which is 
denoted herein as SEQID NO:33. The complement of SEQ 
ID NO:33 is denoted herein as SEQ ID NO:35. Translation 
of SEQ ID NO:33 suggests that nCaFlt3L encodes a 
Flt-3 ligand protein of 31 amino acids, PCaFlt3L, denoted 
SEQID NO:34, assuming an initiation codon spanning from 
nucleotide 74 through nucleotide 76 and a stop codon 
spanning nucleotide 167 through nucleotide 169 of SEQID 
NO:33. The coding region encoding PCaFlt3L is repre 
sented herein as nGaFlt3L, which has the nucleotide 
sequence SEQ ID NO:36 (the coding strand) and SEQ ID 
NO:37 (the complementary strand). Alignment of nucleic 
acid molecules nGaflt3Loss and nGaflt3Loo indicates the 
presence of an insertion of 91 nucleotides in nGaF13Loo. 
The insertion spans nucleotide 107 through nucleotide 198 
of nCaFlt3Loo. A stop codon is found in this insertion in 
frame with the predicted initiation codon, which span nucle 
otide 74 through nucleotide 76 of SEQID NO:6. Since this 
insertion (with an in-frame stop codon) occurs in or close to 
the signal peptide, it is likely that nucleic acid molecule 
nCaFlt3Loo encodes a nonfunctional Flt-3 ligand protein. 

Comparison of nucleic acid sequence SEQID NO:6 with 
nucleic acid sequences reported in GenBank indicates that 
SEQID NO:6 showed the most homology, i.e., about 69.8% 
identity, with a human Flt-3 ligand gene. Comparison of 
amino acid sequence SEQ ID NO:7 with amino acid 
sequences reported in GenBank indicates that SEQID NO:7 
showed the most homology, i.e. about 71% identity, with a 
human Flt-3 ligand protein. Sequence analysis was per 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

64 
formed with DNAsisTM using the alignment settings of: gap 
penalty set at 5: number of top diagonals set at 5; fixed gap 
penalty set at 10: K-tuple set at 2: window size set at 5 and 
floating gap penalty set at 10. 

ii. This example describes the production of a recombi 
nant molecule encoding a full length canine Flt-3 ligand 
protein and expression of that protein by a recombinant cell 
of the present invention. 
A recombinant molecule, denoted herein as pCMV 

nCaFlt3Lss and capable of expressing a full length form of 
Flt-3 ligand, was produced as follows. Nucleic acid mol 
ecule nCaFlt3Lss was digested with the restriction endo 
nucleases EcoRI and Xbal, gel purified and ligated into 
pCMV-Int A (prepared by methods described in Example 1) 
to produce recombinant molecule pCMV-nCaFlt3Ls. 
Insert size and identity were confirmed by restriction 
digestion, PCR, and sequencing analyses. 

Stable transfectants expressing the recombinant molecule 
pCMV-nCaFlt3Lss were established in Chinese Hamster 
Ovary cells (CHO, available from ATCC) as follows. 
Briefly, six-well polystryene tissue culture plates were 
seeded with approximately 4x10 cells per well in 2 ml of 
MEM (available from Life Technologies, Gaithersburg, 
Md.) supplemented with 100 mM L-glutamine, gentamicin, 
and 10% FBS (TCM). Cells were grown to about 80% 
confluence (about 18 hr). The recombinant molecule to be 
transfected was prepared using the Qiagen Endotoxin-Free 
Plasmid Maxi Kit as per the manufacturer's instructions. 
The recombinant molecule was linearized with the restric 
tion enzyme Pvul, extracted with phenol, and precipitated 
with isopropanol. The plasmid pcDNA 3, available from 
Invitrogen, which contains the neomycin resistance gene, 
was linearized with the restriction enzyme EcoRI. Approxi 
mately 1 lug of recombinant plasmid DNA and 100 ng of 
pcDNA3 were mixed with about 100 ul OptiMEM medium, 
available from Life Technologies. About 10 ul Lipo 
fectamine (available from Life Technologies) was mixed 
with 100 ul OptiMEM. The DNA-containing mixture was 
then added to the Lipofectamine mixture and incubated at 
room temperature for about 30 min. After incubation, about 
800 ul of OptiMEM was added, and the entire mixture was 
overlaid onto the CHO cells that had been rinsed with 
OptiMEM. Cells were incubated for 6 hours at 37° C., 5% 
CO, 95% relative humidity. Approximately 1 ml of TCM 
with 20% FBS was added, and the cells were incubated 
overnight. The media was changed after about 24 hr. About 
72 hr post transfection, the cells were split 1:4 and put into 
selection TCM containing 500 g/ml Geneticin (G418), 
available from Life Technologies. The medium was changed 
every 3–5 days. After several weeks, G418-resistant colo 
nies were trypsinized, and the cells were plated into 24 well 
plates. The resulting recombinant cells are referred to herein 
as CHO-pCMV-nCaFlt3Lss. The recombinant cells were 
then expanded for testing. 

iii. The following describes the detection of expression of 
a canine Flt-3 ligand protein of the present invention by 
CHO-pCMV-nCaFlt3Lss, a recombinant cell of the present 
invention. 

Recombinant cells CHO-pCMV-nCaFlt3Lss, produced 
as described in Example 2, part (B)(ii) above, were tested for 
Surface expression of canine Flt-3 ligand using a cross 
reactive goat anti-human Flt-3 ligand polyclonal antibody as 
follows. Briefly, 1x10 CHO-pCMV-nCaFlt3Lss cells or 
CHO-pCMV cells (i.e., cells transfected with an empty 
vector as described in Example 1) were incubated in phos 
phate buffered saline (PBS) containing 30% fetal bovine 
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serum (FBS) for about 30 min on ice. The cells were then 
spun down and treated with the following: 

Condition Primary Incubation Secondary Incubation 

1 PBS Rabbit (Fab'2) anti sheep 
(H + L) FITC 

2 Goat anti-human Flt3 ligand Rabbit (Fab'2) anti sheep 
(H + L) FITC 

Goat anti-human Flt3 ligand, available from R and D 
Systems, Minneapolis, Minn. was used at about 20 g/ml. 
Rabbit (Fab'2) anti sheep (H+L) FITC, available from 
Southern Biotechnology Associates, Inc., was used at about 
10 g/ml. These reagents were diluted in PBS/5%FBS. All 
incubations were in 50 ul for about 1 hr on ice with 2 washes 
of PBS/5%FBS in between each incubation. Cells were then 
analyzed on a flow cytometer (e.g., MoFlow Desk Top 
System, available from Cytomation, Ft. Collins, Colo.) with 
the fluorescein gate set at 10". The results are shown below 
in Table 3. 

TABLE 3 

Expression of canine Fits ligand on CHO transfectants. 

% positive 

Cells Condition 1 Condition 2 

CHO-pCMV 1 1 
CHO-pCMV nCaFlt3Lss, 48 
CHO-pCMV nCaFlt3Lss, 1 20 

Table 3 shows that canine Flt3 ligand is expressed on the 
surface of the CHO transfectants. 

B. Feline Flt-3 Ligand Nucleic Acid Molecules and 
Proteins. 

This example describes the production of certain feline 
Flt-3 ligand nucleic acid molecules and proteins of the 
present invention. 
A nucleic acid molecule encoding a feline Flt-3 ligand 

was isolated from a feline PBMC cDNA library as follows. 
A Felis catus mitogen activated PBMC cDNA library was 
constructed in the Uni-Zap-R XRTM vector, available from 
Stratagene, La Jolla, Calif., using Stratagene's Zap cDNA 
RTM Synthesis Kit and the manufacturer's protocol using 
mRNA isolated from F. catus peripheral blood mononuclear 
cells about 4 hours after they were activated by a polyclonal 
activating agent in culture. PCR amplification to isolate a 
feline Flt 3 ligand nucleic acid molecule was conducted 
according to the following set of steps: one initial denatur 
ation step at 95° C. for 3 minutes; then 35 cycles of the 
following: 94° C. for 30 seconds, 53.8° C. for 30 seconds, 
and 72°C. for 105 seconds; then one final extension step at 
72° C. for 8 minutes. A 395 nucleotide cDNA fragment 
containing the 5' end of feline Flt3 ligand coding region, 
denoted nFeFlt3Ls, was amplified from the feline PMBC 
cDNA library using the following primers: vector primer T3 
having nucleic acid sequence 5' AATTAACCCT CAC 
TAAAGGG 3' (SEQ ID NO: 142) (available from 
Stratagene) and the antisense primer having SEQID NO:14, 
described in Example 2A. The nucleic acid sequence of the 
coding strand of nFeFlt3Ls is denoted SEQ ID NO:41. A 
793-nucleotide cDNA fragment containing the 3' end of 
feline Flt3 ligand coding region, denoted nFeFlt3L79, was 
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isolated using sense primer 2 having the nucleic acid 
sequence 5' CACAGYCCCA TCTCCTCC 3' (where Y was 
either T or C) denoted herein as SEQ ID NO:151, in 
conjunction with vector primer T7 having the nucleic acid 
sequence 5' GTAATACGAC TCACTATAGGGC 3' (SEQ 
ID NO:152). The nucleic acid sequence of the coding strand 
of nFeFlt3L is denoted SEQ ID NO:42. Nucleic acid 
molecules nFeFlt3L and nFeFlt3L7 overlap by 246 
nucleotides and form a composite sequence encoding a Flt3 
ligand protein that is similar in length to that of PCaFlt3Lo. 
This composite feline Flt3 ligand cDNA is referred to herein 
as nFeFlt3Lo, the coding strand of which was shown to 
have nucleic acid sequence SEQ ID NO:43. The reverse 
complement of SEQID NO:43 is referred to herein as SEQ 
ID NO:45. Translation of SEQ ID NO:43 suggests that 
nucleic acid molecule nFeFlt3L encodes a Flt3 ligand 
protein of 291 amino acids, denoted herein as PFeFlt3L, 
the amino acid sequence of which is presented in SEQ ID 
NO:44, assuming an open reading frame having an initiation 
codon spanning from nucleotide 31 through nucleotide 33 of 
SEQ ID NO:43 and a stop codon spanning from nucleotide 
904 through nucleotide 906 of SEQID NO:43. The coding 
region encoding PFeFlt3L, not including the termination 
codon, is presented herein as nFeFlt3Ls, which has the 
nucleotide sequence SEQID NO:46 (the coding strand) and 
SEQ ID NO.47 (the complementary strand). A putative 
signal sequence coding region extends from nucleotide 31 to 
nucleotide 108 of SEQ ID NO:43. The proposed mature 
protein, denoted herein as PFeFlt3Ls, denoted SEQ ID 
NO:49, contains about 265 amino acids, extending from 
residue 27 though residue 291 of SEQ ID NO:44. The 
nucleic acid molecule encoding PFeFlt3Ls, is denoted 
herein as nFeFlt3Los (SEQ ID NO:48) extending from 
nucleotide 109 through nucleotide 903 of SEQ ID NO:43. 
SEQ ID NO:48 has a complementary strand denoted SEQ 
ID NO:50. 

Sequence alignment indicates that nucleic acid sequence 
SEQ ID NO:43 shares the highest (67.8%) identity with the 
nucleic acid sequence of human Flt-3 ligand (GenBank 
accession numbers U04806 and U03858). Amino acid 
sequence SEQID NO:44 shares the highest (70.2%) identity 
with human Flt-3 ligand protein (GenBank accession num 
bers U04806 and U03858). 

Example 3. 

This example describes the isolation and sequencing of 
certain canine CD40 and feline CD40 nucleic acid mol 
ecules and proteins of the present invention. 

A. Canine CD40. Nucleic Acid Molecules and 
Proteins 

This example describes the production of certain canine 
CD40 nucleic acid molecules and proteins of the present 
invention. 

A canine CD40 nucleic acid molecule of the present 
invention was produced by PCR amplification as follows. A 
321-nucleotide canine CD40 nucleic acid molecule, denoted 
nCaCD40, was amplified from a canine PBMC cDNA 
library, prepared as described in Example 1, using two 
degenerate oligonucleotide primers designed in accordance 
with conserved regions of human, bovine, rabbit, and mouse 
CD40 gene sequences available in GenBank; sense primer, 
5' TGCCCRSTCG GCTTCTTCTCC 3', denoted herein as 
SEQ ID NO:128; and antisense primer, 5' CGACTCTCTT 
TRCCRTCCTC CTG 3', denoted herein as SEQID NO:129, 
where R was either A or G and S was either G or C. PCR 
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conditions were as follows: one initial denaturation step at 
95°C. for 3 minutes; then 35 cycles of the following: 94° C. 
for 30 seconds, then 53° C. for 30 seconds, then 72° C. for 
105 seconds; followed by one final extension at 72° C. for 
5 minutes. The resulting PCR product, i.e., nCaCD40, 
with a coding strand represented by SEQ ID NO:51, was 
radiolabeled using standard techniques and used to Screen 
the canine PBMC cDNA library, under the following hybrid 
ization conditions: hybridized in 6xSSC, 5xDenhardt’s 
solution, 0.5% SDS, 100 ug/ml single stranded DNA, 100 
ug/ml tRNA for 36 hours at 68°C., followed by a wash of 
0.1% SDS, 1xSSC at 55° C. for 60 minutes. A clone (Clone 
18B) containing a 1425-nucleotide canine CD40 nucleic 
acid molecule, denoted nGaCD40s, was obtained. The 
nucleic acid sequence of the coding Strand of nCaCD40s 
is represented as SEQ ID NO:52. The reverse complement 
of SEQ ID NO:52 is referred to herein as SEQ ID NO:54. 
Translation of SEQ ID NO:52 suggests that nucleic acid 
molecule nCaCD40s encodes a canine CD40 protein of 
274 amino acids, denoted herein as PCaCD407, the amino 
acid sequence of which is presented in SEQ ID NO:53, 
assuming an open reading frame having an initiation codon 
spanning from nucleotide 196 through nucleotide 198 of 
SEQ ID NO:52 and a stop codon spanning from nucleotide 
1018 through nucleotide 1020 of SEQ ID NO:52. The 
coding region encoding PCaCD40, not including the 
termination codon, is presented herein as nCaCD40s, 
which has the nucleotide sequence SEQ ID NO:55 (the 
coding strand) and SEQ ID NO:56 (the complementary 
Strand). 
A putative signal sequence coding region extends from 

nucleotide 196 through nucleotide 252 of SEQ ID NO:52. 
The proposed mature protein, denoted herein as 
PCaCD40s, represented by SEQID NO:58, contains about 
255 amino acids, extending from residue 20 through residue 
274 of SEQ ID NO:53. The nucleotide sequence encoding 
PCaCD40s, which extends from nucleotide 253 through 
nucleotide 1017 of SEQ ID NO:52, is denoted herein as 
nucleic acid molecule nCaCD40s, represented by SEQID 
NO:57 (the coding strand) and SEQID NO:59 (the comple 
ment Strand). 

Sequence analysis was performed with DNAsisTM using 
the alignment settings of gap penalty set at 5: number of top 
diagonals set at 5; fixed gap penalty set at 10; k-tuple set at 
2; window size set at 5 and floating gap penalty set at 10. At 
the amino acid level, PCaCD40, shares 65.3%, 50.1%, 
and 42.3% identity with the CD40 proteins of human, 
bovine, and mouse, respectively (Stamenkovic et al., EMBO 
J., vol. 8:1403–1410, 1989; Hirano et al., Immunology, vol. 
90, pp. 294 300, 1997: Grimaldi et al., J. Immunol., vol. 
143, pp. 3921–3926; Torres and Clark, J. Immuno., vol. 148, 
pp. 620–626). At the nucleotide level, nCaCD40s shares 
69.3%. 69.4%, and 40.4% identity with the cDNA sequences 
of human, bovine, and mouse CD40, respectively. 

B. Feline CD40 Nucleic Acid Molecules and 
Proteins 

This example describes the isolation and sequencing of 
certain nucleic acid molecules of the present invention that 
encode certain feline CD40 proteins of the present inven 
tion. 

A 336-nucleotide feline CD40 nucleic acid molecule, 
denoted nFeCD40 was amplified from a feline PBMC 
cDNA library, prepared as described in Example 2, using 
PCR conditions and primers as described in Example 3A, 
i.e., a sense primer having SEQID NO:128; and an antisense 
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primer having SEQID NO.129. The resulting PCR product, 
i.e., nFeCD40s, was shown to have a coding strand the 
nucleic acid sequence of which is represented as SEQ ID 
NO:60. The reverse complement of SEQ ID NO:60 is 
referred to herein as SEQID NO:62. Translation of SEQ ID 
NO:60 suggests that nucleic acid molecule nFeCD40. 
encodes a partial CD40 protein of 112 amino acids, denoted 
herein as PFeCD40, the amino acid sequence of which is 
presented in SEQ ID NO:61, assuming an open reading 
frame spanning from nucleotide 1 through nucleotide 336 of 
SEQ ID NO:60. 
Comparison of nucleic acid sequence SEQID NO:60 with 

nucleic acid molecules reported in GenBank indicates that 
SEQ ID NO:60 showed the most homology, i.e. 67.2% 
identity, with a human CD40 gene. Comparison of amino 
acid sequence SEQ ID NO:61 with amino acid sequences 
reported in GenBank indicates that SEQID NO:61 showed 
the most homology, i.e. about 54.4% identity, with a human 
CD40 protein. Sequence analysis was performed using the 
GCG GAP program as described above. 

Example 4 

This example describes the isolation and sequencing of 
certain canine CD154 (canine CD40 ligand) and feline 
CD154 (feline CD40 ligand) nucleic acid molecules and 
proteins of the present invention. 

A. Canine CD154 (CD40 Ligand) Nucleic Acid 
Molecules and Proteins 

The following describes the isolation and sequencing of 
certain cDNA nucleic acid molecules encoding certain 
canine CD154 (CD40 ligand) proteins of the present inven 
tion. 

A canine CD154 nucleic acid molecule of the present 
invention was produced by PCR amplification as follows. A 
390-nucleotide canine CD40 nucleic acid molecule, denoted 
nCaCD154, was amplified from a canine PBMC cDNA 
library, prepared as described in Example 1, using two 
degenerate oligonucleotide primers designed in accordance 
with human CD154 gene sequences available in GenBank; 
sense primer, 5 CCTCAAATTG CGGCACATGT C 3', 
denoted herein as SEQID NO: 130; and antisense primer, 5' 
CTGTTCAGAGTTTGAGTAAG CC 3', denoted herein as 
SEQ ID NO:131. PCR conditions used for canine CD154 
cDNA amplification were standard conditions for PCR 
amplification (Sambrook, et al., ibid.). The resulting PCR 
product, i.e., nCaCD154soo, with a coding strand repre 
sented by SEQ ID NO:63, was radiolabeled using standard 
techniques and used to screen the canine PBMC CDNA 
library, under the hybridization conditions described in 
Example 3. A clone containing a 1878-nucleotide canine 
CD154 nucleic acid molecule, denoted nGaCD1547s, was 
obtained. The nucleic acid sequence of the coding Strand of 
nCaCD1547s is represented as SEQ ID NO:64. The 
reverse complement of SEQ ID NO:64 is referred to herein 
as SEQ ID NO:66. Translation of SEQ ID NO:64 suggests 
that nucleic acid molecule of nCaCD1547s encodes a 
CD154 protein of 260 amino acids, denoted herein as 
PCaCD154, the amino acid sequence of which is pre 
sented in SEQ ID NO:65, assuming an open reading frame 
having an initiation codon spanning from nucleotide 284 
through nucleotide 286 of SEQID NO:64 and a stop codon 
spanning from nucleotide 1064 through nucleotide 1066 of 
SEQID NO:64. The coding region encoding PCaCD154, 
not including the termination codon, is presented herein as 
nCaCD1547s, which has the nucleotide sequence SEQ ID 
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NO:67 (the coding strand) and SEQID NO:68 (the comple 
mentary strand). 
A putative signal/membrane anchor sequence coding 

region extends from nucleotide 284 through nucleotide 430 
of SEQ ID NO:64. The proposed soluble CD154 protein, 
denoted herein as PCaCD154, represented by SEQ ID 
NO:70, contains about 211 amino acids, extending from 
residue 50 through residue 260 of SEQ ID NO:65. The 
nucleotide sequence encoding PCaCD1542, which extends 
from nucleotide 431 through nucleotide 1063 of SEQ ID 
NO:64, is denoted herein as nucleic acid molecule 
nCaCD154, represented by SEQ ID NO:69 (the coding 
strand) and SEQ ID NO:71 (the complement strand). 

Sequence analysis was performed with DNAsisTM using 
the alignment settings of gap penalty set at 5: number of top 
diagonals set at 5; fixed gap penalty set at 10; k-tuple set at 
2; window size set at 5 and floating gap penalty set at 10. At 
the amino acid level, PCaCD154 shares 78.0%, 77.6%, 
and 67.6% identity with the CD154 proteins of human, 
bovine, and mouse, respectively (Graf et al., Eur. J. 
Immunol., vol. 22, pp. 3191-3194, 1992; Hollenbaugh, et 
al., EMBO J., vol. 11:4313–4321, 1992; Gauchat et al., 
FEBS lett., vol., 315, pp. 259-266, 1993: Mertens et al., 
Immunogenetics, Vol. 42, pp. 430–431; Armitage et al., 
Nature, vol. 357, pp. 80–82; 1992). At the nucleotide level, 
nCaCD1547s, shares 81.1%, 81.5%, and 74.4% identity 
with the sequences of human, bovine, and mouse CD154 
cDNAs, respectively. 

B. Feline CD154 (CD40 ligand) Nucleic Acid 
Molecules and Proteins 

This example describes the isolation and sequencing of 
certain nucleic acid molecules encoding certain feline 
CD154 (CD40 ligand) proteins of the present invention. 
A feline CD154 nucleic acid molecule was isolated by 

PCR amplification from a feline PBMC CDNA library, 
prepared as described in Example 2, using Amplitaq DNA 
polymerase (available from PE Applied Biosystems Inc. 
Foster City, Calif.) under the following PCR protocol; one 
initial denaturation step at 95° C. for 5 minutes; then 40 
cycles of the following: 94° C. for 45 seconds, then 48°C. 
for 45 seconds, then 72° C. for 120 seconds; followed by a 
final extension at 72° C. for 7 minutes. The forward and 
reverse primers used were based on human CD154 clNA 
sequences outside the open reading frame in the 5' and 3' 
untranslated regions, respectively, so that the open reading 
frame in the PCR product contained only feline sequences. 
The sequence of the forward primer was 5' GAAGATACCA 
TTTCAACTTT AACACAGC 3' SEQ ID NO:132, and that 
of the reverse primer was 5' TGCTGTATTG TGAA 
GACTCC CAGC 3' SEQ ID NO:133. PCR products were 
cloned into the TA cloning vector (available from Invitrogen 
Corporation, Carlsbad, Calif.), and the resulting clones were 
sequenced using an ABI PrismTM Model 377 Automatic 
DNA Sequencer (available from PE Applied Biosystems 
Inc.). DNA sequencing reactions were performed using 
PrismTM dRhodamine Terminator Cycle Sequencing Ready 
Reaction kits (available from PE Applied Biosystems Inc.). 
The PCR product was sequenced and found to contain 

885 nucleotides, and is denoted as nFeCD154ss. The nucle 
otide sequence of the coding strand of nFeCD154sss is 
represented herein as SEQID NO:72, and its complement is 
denoted SEQ ID NO:74. Translation of the open reading 
frame in SEQ ID NO:72 suggests that nFeCD154sss 
encodes a protein containing 260 amino acids, referred to 
herein as PFeCD1542, the amino acid sequence of which 
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is presented as SEQ ID NO:73, assuming an open reading 
frame in which the first codon spans from nucleotide 29 
through nucleotide 31 of SEQID NO:72, and the stop codon 
spans from nucleotide 809 through nucleotide 811 of SEQ 
ID NO:72. The encoded protein has a predicted molecular 
weight of 28.6 kDa for the precursor protein and 27.2 kDa 
for the mature protein. The coding region encoding 
PFeCD154 co, not including the termination codon, is pre 
sented herein as nFeCD154s, which has the nucleotide 
sequence SEQ ID NO:75 (the coding strand) and SEQ ID 
NO:76 (the complementary strand) 
A putative signal/membrane anchor sequence coding 

region extends from nucleotide 29 through nucleotide 175 of 
SEQID NO:72. The proposed soluble feline CD154 protein, 
denoted herein as PFeCD154, represented by SEQ ID 
NO:78, contains about 211 amino acids, extending from 
residue 50 though residue 260 of SEQ ID NO: The 
nucleotide sequence encoding PFeCD154, denoted herein 
as nFeCD154 which extends from nucleotide 176 
through nucleotide 808 of SEQ ID NO:72, is represented 
herein by SEQ ID NO:77 (the coding strand) and SEQ ID 
NO:79 (the complementary strand). 

Comparison of feline CD154 nucleotide and amino acid 
sequences with those of other species published in GenBank 
reveals that the feline CD154 nucleotide sequence SEQ ID 
NO:75 is 86%, 88% and 75% identical to the human, bovine 
and murine CD154 gene sequences, respectively (Genbank 
accession number L07414, Z48469 and X56453 
respectively). At the amino acid sequence level, SEQ ID 
NO:73 is 81%, 82%, and 67% identical to the human, bovine 
and murine CD154 amino acid sequences, respectively. 
Hydrophobicity analysis of feline CD154 proteins results in 
a pattern similar to those of human, bovine and murine 
CD154 proteins. A putative N-glycosylation site was iden 
tified at position 239 in PFeCD154 that is conserved in 
the human, bovine and murine amino acid sequences. Five 
cysteine residues are present in the feline CD154 protein 
sequence SEQ ID NO:73. Four of the five residues, located 
at positions 72, 84, 177 and 217 of PFeCD154, are 
conserved in all four species and are likely involved in 
disulfide bond formation. The cysteine residue located at 
position 193 of PFeCD154 is present in all but the murine 
Sequence. 

Example 5 
This example describes the isolation and sequencing of 

certain canine IL-5 nucleic acid molecules and proteins of 
the present invention. This example also describes expres 
sion of canine IL-5 in a Pichia expression system. 

A. Isolation and Sequencing of Canine IL-5 
Nucleic Acid Molecules and Proteins 

A canine IL-5 cDNA nucleic acid molecule encoding a 
canine IL-5 protein was isolated by PCR amplification from 
a canine PBMC cDNA library (prepared as described in 
Example 1) using PCR conditions as described in Example 
4B and the following primers. Degenerate oligonucleotide 
primers were designed in accordance with conserved regions 
of human and cat IL-5 gene sequences available in Gen 
Bank; sense primer, 5 ATGCACTTTCTTTGCC 3', denoted 
herein as SEQID NO:134; antisense primer 1, 5' CTGGAG 
GAAA AKACTTCRAT GATTCTGATA TCTGAAATAT 
AT 3', denoted herein as SEQ ID NO:135; and antisense 
primer 2, 5' CTGACYCTTKSTTGGSCCTCATTCTCA3', 
denoted herein as SEQ ID NO:136, where K was G or T. R 
was either A or G, S was either G or C, and Y was either T 
or C. 
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An about 610-nucleotide canine IL-5 nucleic acid 
molecule, denoted nCaL-5 was obtained using primers 
having SEQ ID NO:134 and SEQID NO:135, respectively. 
The sequence of the coding Strand of nCaL-5 is repre 
sented herein as SEQID NO:80. The reverse complement of 
SEQ ID NO:80 is referred to herein as SEQ ID NO:82. 
Translation of SEQ ID NO:80 suggests that nucleic acid 
molecule nCaL-5 encodes an IL-5 protein of 134 amino 
acids, denoted herein as PCaL-5, the amino acid 
sequence of which is presented in SEQID NO:81, assuming 
an open reading frame having an initiation codon spanning 
from nucleotide 29 through nucleotide 31 of SEQID NO:80 
and a stop codon spanning from nucleotide 431 through 
nucleotide 433 of SEQ ID NO:80. The coding region 
encoding PCaL-13, not including the termination codon, 
is presented herein as nGall-5, which has the nucleotide 
sequence SEQ ID NO:83 (the coding strand) and SEQ ID 
NO:84 (the complementary strand). 
An about 488-nucleotide fragment, denoted herein as 

nCalL-5s, isolated by PCR with primers having SEQ ID 
NO:134 and SEQ ID NO:136, respectively, corresponds to 
nucleotide 1 through nucleotide 488 of nCalL-5. 
A putative signal sequence coding region extends from 

nucleotide 29 through nucleotide 85 of SEQID NO:80. The 
proposed mature protein, denoted herein as PCalL-5s, 
represented by SEQ ID NO:86, contains about 115 amino 
acids, extending from residue 20 though residue 134 of SEQ 
ID NO:81. The nucleotide sequence encoding PCalL-5s, 
which extends from nucleotide 86 through nucleotide 430 of 
SEQ ID NO:80, is denoted herein as nucleic acid molecule 
nCalL-55, represented by SEQID NO:85 (coding strand) 
and SEQ ID NO:87 (the complement strand). 

Sequence analysis was performed with DNAsisTM using 
the alignment settings of gap penalty set at 5: number of top 
diagonals set at 5; fixed gap penalty set at 10; k-tuple set at 
2; window size set at 5 and floating gap penalty set at 10. At 
the amino acid level, PCalL-5 shared 82.8% and 57.4% 
identity with feline and human IL-5 proteins, respectively 
(Padrid et al., Am. J. Vet. Res., vol. 59, pp. 1263–1269, 
1998: AZuma et al., Nucleic Acids Res., vol. 14, pp. 
9149–9158, 1986). At the nucleotide level, nCaIL-5 
shared 81.7% and 75% identity with the cDNA sequences of 
the feline and human IL-5, respectively. 

B. Expression of Canine IL-5 in Pichia 
This example describes the expression in Pichia of a 

canine IL-5 cDNA fragment, namely a canine IL-5 nucleic 
acid molecule denoted nGalT-5s, the coding strand of 
which consists of nucleotides 86-433 of SEQID NO:80, and 
as such, encodes a predicted mature canine IL-5 protein 
having SEQ ID NO:86. Nucleic acid molecule nGall-5s, 
was PCR amplified from nGall-5 using sense primer 5' 
GGGCTCGAGA AAAGATTTGC TGTAGAAAAT 
CCCATG 3' denoted herein as SEQ ID NO:137, with 
nucleotides 16–36 corresponding to nucleotides 86-106 of 
SEQ ID NO:80; and antisense primer 5' CCCGCGGCCG 
CTCAACTTTC CGGTGTCCACTC 3', denoted herein as 
SEQ ID NO: 138, with nucleotides 12–32 corresponding to 
the reverse complement of nucleotides 413–433 of SEQ ID 
NO:80. To facilitate cloning, anxhol site (shown in bold) 
was added to the sense primer and a NotI site (shown in 
bold) was added to the antisense primer. The PCR-amplified 
fragment was digested with restriction endonucleases XhoI 
and NotI, gel purified and ligated into pPICZOA plasmid 
vector, available from Invitrogen, that has been digested by 
Aho I and Not I and gel purified, to produce recombinant 
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molecule pPICZOA-ncalL-5s. The insert in the recombi 
nant molecule was verified by DNA sequencing The recom 
binant molecule was used to transform Pichia pastoris Strain 
X-33 by electroporation to produce recombinant cell Pichia 
pPICZOA-nCalL-5s. Recombinant cell Pichia-pPICZOA 
nCaL-5as was cultured using techniques known to those 
skilled in the art and IL-5 expression was induced with 
methanol. The Supernatant was recovered and Submitted to 
SDS-PAGE. Silver staining of the resultant gel indicated a 
band of about 18 kDa only seen in the supernatant of Pichia 
transformed with recombinant molecule pPICZOA-nCalL 
534s. 

Example 6 
This example describes the isolation and sequencing of 

certain canine IL-13 nucleic acid molecules and proteins of 
the present invention. This example also describes expres 
sion of canine IL-13 in E. coli. 

A. Isolation and Sequencing of Canine IL-13 
Nucleic Acid Molecules and Proteins 

A canine IL-13 cDNA nucleic acid molecule encoding a 
canine IL-13 protein was isolated by PCR amplification 
from a canine PBMC cDNA library (prepared as described 
in Example 1) using the following primers and PCR con 
ditions: Degenerate oligonucleotide primers were designed 
in accordance with conserved regions of human and cat IL-5 
gene sequences available in GenBank; sense primer, 5' 
GTCMTKGCTC TYRCTTGCCT TGG 3', denoted herein 
as SEQID NO:139; antisense primer 1, 5' AAASTGGGCY 
ACYTCGATTT TGG 3', denoted herein as SEQ ID 
NO: 140; antisense primer 2, 5 GTGATGTTGM 
YCAGCTCCTC 3', denoted herein as SEQ ID NO:141, 
where M was either A or C, K was G or T. R was either A 
or G, S was either G or C, and Y was either T or C. PCR 
conditions used were as follows: One initial denaturation 
step at 95°C. for 3 minutes; then 38 cycles of the following: 
94° C. for 30 seconds, 51.8° C. for 45 seconds, then 72° C. 
for 105 seconds; then a final extension at 72° C. for 5 
minutes. 
An about 272-nucleotide canine IL-13 nucleic acid 

molecule, denoted nGalD-137 and having a coding strand 
represented by SEQ ID NO:89, was PCR amplified using 
primers having nucleic acid sequences of SEQ ID NO:139 
and SEQID NO:140, respectively. An about 166-nucleotide 
canine IL-13 nucleic acid molecule, denoted nCaL-13 
and having a coding strand represented by SEQID NO:88, 
was isolated using primers having nucleic acid sequences of 
SEQ ID NO:142 (see Example 2B) and SEQ ID NO:141, 
respectively. Nucleic acid molecules nGalD-137 and 
nCaL-137 form a overlapping composite fragment of 383 
nucleotides, denoted nCaL-13s. Two canine IL-13 spe 
cific primers (i.e., sense primer, 5' ATGGCGCTCT GGT 
TGACTGT 3', denoted herein as SEQ ID NO:143; and 
antisense primer, 5' GGCTTTTGAG. AGCACAGTGC 3', 
denoted herein as SEQ I) NO: 144) were derived from 
nCaL-13s and were used to isolate a 278-nucleotide 
fragment, denoted nCaL-137s and having a coding strand 
represented by SEQ ID NO:90. Nucleic acid molecule 
nCaL-137s was radiolabeled and used to screen the canine 
PBMC cDNA library under the following hybridization 
conditions: hybridization took place in 6xSSC, 
5xDenhardt’s solution, 0.5% SDS, 100 ug/ml single 
stranded DNA, 100 g/ml tRNA, for 36 hours at 60° C.; the 
final wash solution was 0.1% SDS, 0.125xSSC at 60° C. for 
30 minutes. Two clones were selected, namely clone 80 and 
clone 78. 
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Sequence analysis of Clone 80 indicated that the clone 
includes an about 1302-nucleotide canine IL-13 nucleic acid 
molecule referred to herein as nGall 13, the coding 
Strand of which was shown to have nucleic acid sequence 
SEQ ID NO:91. The reverse complement of SEQID NO:91 
is referred to herein as SEQ ID NO:93. Translation of SEQ 
ID NO:91 suggests that nucleic acid molecule in nGall 
13 encodes an IL-13 protein of 131 amino acids, denoted 
herein as PCaL-13, the amino acid sequence of which is 
presented in SEQ ID NO:92, assuming an open reading 
frame having an initiation codon spanning from nucleotide 
52 through nucleotide 54 of SEQID NO:91 and a stop codon 
spanning from nucleotide 445 through nucleotide 447 of 
SEQ ID NO:91. The coding region encoding PCalL-13, 
not including the termination codon, is presented herein as 
nCalL-13, which has the nucleotide sequence SEQ ID 
NO:94 (the coding strand) and SEQID NO:95 (the comple 
mentary strand). 
A putative signal sequence coding region extends from 

nucleotide 52 to nucleotide 111 of SEQ ID NO:91. The 
proposed mature protein, denoted herein as PCaL-13, 
represented by SEQ ID NO:97, contains 111 amino acids, 
extending from residue 21 through residue 131 of SEQ ID 
NO:91. The nucleotide sequence encoding PCalL-13, 
which extends from nucleotide 112 through nucleotide 444 
of SEQ ID NO:91, is denoted herein as nucleic acid mol 
ecule nCalL-13, represented by SEQ ID NO:96 (coding 
strand) and SEQ ID NO:98 (the complement strand). 

Sequence analysis of Clone 78 indicated that the clone 
includes an about 1269-nucleotide canine IL-13 nucleic acid 
molecule referred to herein as nGalD-13, the coding 
strand of which was shown to have nucleic acid sequence 
SEQ ID NO:99. The reverse complement of SEQID NO: 99 
is referred to herein as SEQID NO:101. Transition of SEQ 
ID NO:99 suggests that nucleic acid molecule nCalL-13 
encodes an IL-13 protein of 130 amino acids, denoted herein 
as PCalL-13, the amino acid sequence of which is pre 
sented in SEQID NO:100, assuming an open reading frame 
having an initiation codon spanning from nucleotide 57 
through nucleotide 59 of SEQ ID NO:99 and a stop codon 
spanning from nucleotide 447 through nucleotide 449 of 
SEQ ID NO:99. The coding region encoding PCalL-13, 
not including the termination codon, is represented herein as 
nCalL-13, which has the nucleotide sequence SEQ ID 
NO:102 (the coding strand) and SEQ ID NO:103 (the 
complementary strand). PCalL-13 is missing one amino 
acid compared to PCaL-13, namely amino acid position 
Q97 of PCalL-13. 
A putative signal sequence coding region extends from 

nucleotide 57 to nucleotide 116 of SEQ ID NO:99. The 
proposed mature protein, denoted herein as PCaL-13 
represented by SEQID NO:105, contains 110 amino acids, 
extending from residue 21 though residue 130 of SEQ ID 
NO:100. The nucleotide sequence encoding PCalL-13 
which extends from nucleotide 117 through nucleotide 446 
of SEQ ID NO:99, is denoted herein as nucleic acid mol 
ecule nGalT-13so represented by SEQID NO:104 (coding 
strand) and SEQ ID NO:106 (the complement strand). 

Sequence analysis was performed with DNAsisTM using 
the alignment settings of gap penalty set at 5: number of top 
diagonals set at 5; fixed gap penalty set at 10; k-tuple set at 
2; window size set at 5 and floating gap penalty set at 10. At 
the amino acid level, PCalL-13 shared 61.7%, 39.6%, 
36.6% identity with the IL-13 proteins of human, mouse, 
and rat (Brown et al., J. Immunol. Vol. 142, pp 679–687, 
1989; Lakkis et al., Biochem, Biophys, Res. Commun., Vol. 
197, pp. 612–618, 1993; McKenzie et al., Proc. Natl Acad. 
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Sci. USA, vol. 90, pp. 3735–3739, 1993; Minty et al., 
Nature, vol. 362, pp. 248-250, 1993), respectively. At the 
nucleotide level, nCalL-13 shared 56.0%, 57.1%, and 
45.9% identity with the sequences of human, rat, and mouse 
IL-13 cDNAs, respectively. 

B. Expression of Canine IL-13 in E. coli 
This example describes the expression in E. coliof a 

canine IL-13 cDNA fragment, namely a canine IL-13 
nucleic acid molecule denoted nCaL-13, the coding 
strand of which consists of nucleotides 112–447 of SEQ ID 
NO:91, and as such, encodes a predicted mature canine 
IL-13 protein having SEQID NO:97. Nucleic acid molecule 
nCaL-13 was PCR amplified from nCaL-13so using 
sense primer 5' CCCCATATGAGCCCTGTGAC TCCCTC 
CCC 3' denoted herein as SEQ ID: 145, with nucleotides 
10–29 corresponding to nucleotides 112–1131 of SEQ ID 
NO:91; and antisense primer 5' GGGGAATTCT CATCT 
GAAAT TTCCATGGCG 3', denoted herein as SEQ ID 
NO:146, with nucleotides 10–30 corresponding to the 
reverse complement of nucleotides 427 447 of SEQ ID 
NO:91. To facilitate cloning, an Ndel site (shown in bold) 
was added to the sense primer and an EcoRI site (shown in 
bold) was added to the antisense primer. The resulting PCR 
fragment was digested with restriction endonucleases Ndel 
and EcoRI, gel purified and ligated into WCro plasmid vector, 
the production of which is described in U.S. Pat. No. 
5,569,603 by Tripp et al., issued Oct. 29, 1996, that had been 
digested by Ndel and EcoRI and gel purified to produce 
recombinant molecule pucro-nCaL-13. The insert in the 
recombinant molecule was verified by DNA sequencing. 
Recombinant molecule pucro-nCalL-13 was used to 
transform E. colistrain HCE 101 (BL21), thereby producing 
BL21-pwcro-nCaL-13. PCaIL-13 was produced under 
conditions as described in U.S. Pat. No. 5,569,603, ibid., 
protein expression being induced by Switching the fermen 
tation temperature from 32° C. to 42° C. SDS-PAGE and 
Commassie blue staining analysis indicated that a band of 
about 11 kD was only produced by induced BL21-p cro 
nCalL-13 recombinant cells. The 11-kD band showed a 
positive reaction with a rabbit polyclonal antibody against 
human IL-13 (available from PeproTech Inc, Rocky Hill, 
N.J.), indicating expression of canine IL-13 in E. coli. 

Example 7 

This example describes the isolation and sequencing of 
feline interferon alpha nucleic acid molecules and proteins 
of the present invention. 

Feline IFN-alpha nucleic acid molecules were PCR 
amplified from a feline cDNA library as follows. Total RNA 
was isolated from cat (kitten) mesenteric lymph node cells 
stimulated with PMA (phorbol myristate acetate) for 48 
hours using Tri ReagentTM (available from Molecular 
Research Center, Cincinnati, Ohio). cDNA was made from 
the RNA using the cDNA synthesis kit containing Ready to 
Go-You Prime First-Strand BeadsTM (available from Amer 
sham Pharmacia Biotech, Picataway, N.J.). An aliquot of this 
cDNA was used as a template to isolate a feline IFN-alpha 
nucleic acid molecule by PCR amplification using Amplitaq 
DNA polymeraseTM (available from PEApplied Biosystems 
Inc., Foster City, Calif.) and the following primers and 
conditions. The sequence of the forward primer was 5' 
ATGGCGCTGC CCTCTTCCTT CTTG 3' (SEQ ID 
NO: 143), and that of the reverse primer was 5' 
TCATTTCTCG CTCCTTAATC TTTTCTGC 3' (SEQ ID 
NO:148). The following PCR protocol was used: one initial 
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denaturation step at 95°C. for 5 minutes; then 43 cycles of 
the following: 94° C. for 45 seconds, then 47° C. for 45 
seconds, then 72° C. for 120 seconds; followed by a final 
extension at 72°C. for 7 minutes. PCR products were cloned 
into the TA cloning vector (available from Invitrogen 
Corporation) and the clones were sequenced using an ABI 
PrismTM Model 377 Automatic DNA Sequencer (available 
from PE Applied Biosystems Inc.). DNA sequencing reac 
tions were performed using PrismTM dRhodamine Termina 
tor Cycle Sequencing Ready Reaction kits (available from 
PE Applied Biosystems Inc.). 
Two PCR products were generated and sequenced. Both 

contained 570 nucleotides (including the termination 
codons), and are distinguished as Clone #2 and Clone #3 as 
there were differences in the sequences of the clones. 

Clone #2 includes a feline IFN-alpha nucleic acid mol 
ecule that is represented herein as nFeIFNCs, the coding 
Strand of which was shown to have a nucleic acid sequence 
denoted herein as SEQID NO:107. The complement of SEQ 
ID NO:107 is represented herein by SEQ ID NO:109. 
Translation of SEQ ID NO:107 suggests that nFeIFNCs, 
encodes a protein containing 189 amino acids, referred to 
herein as PFeIFNCs, with an amino acid sequence 
denoted SEQ ID NO:108. The open reading frame of SEQ 
ID NO:107 is assumed to be the following: the first codon 
spans from nucleotide 1 through nucleotide 3 and the last 
codon before the stop codon spans from nucleotide 565 to 
nucleotide 567 of SEQID NO:107. The encoded protein has 
a predicted molecular weight of 21 kDa. The putative signal 
peptide cleavage site occurs between amino acid positions 
23 and 24, based on homology with the human and canine 
interferon-alpha proteins. The proposed mature protein (i.e. 
feline IFNC protein from which the signal sequence has 
been cleaved), denoted herein as PFeIFNC., contains 
about 166 amino acids, extending from residue 24 to residue 
166 of SEQID NO:108; the amino acid sequence is denoted 
herein as SEQ ID NO:114. The nucleic acid molecule 
encoding PFeIFNC is denoted herein as nFeIFNCs, 
which is represented by SEQ ID NO: 113, with a comple 
mentary sequence represented by SEQ ID NO: 115. A puta 
tive N-glycosylation site and an interferon alpha-beta-delta 
family signature motif are present at amino acid positions 
102 and 145, respectively, of PfelFNC.s. 
Clone #3 includes a feline IFN-alpha nucleic acid mol 

ecule that is represented herein as nFeIFNCs, the coding 
Strand of which was shown to have a nucleic acid sequence 
denoted herein as SEQID NO:110. The complement of SEQ 
ID NO:110 is represented herein by SEQ ID NO:112. 
Translation of SEQ ID NO:110 suggests that nFeIFNCs, 
encodes a protein containing 189 amino acids, referred to 
herein as PFeIFNC.so, with an amino acid sequence 
denoted SEQ ID NO:111. The open reading frame of SEQ 
ID NO:110 is assumed to be the following: the first codon 
spans from nucleotide 1 through nucleotide 3 and the last 
codon before the stop codon spans from nucleotide 565 
through nucleotide 567 of SEQ ID NO:110. The encoded 
protein has a predicted molecular weight of 21 kDa. The 
putative signal peptide cleavage site occurs between amino 
acid positions 23 and 24, based on homology with the 
human and canine interferon-alpha proteins. The proposed 
mature protein (i.e. feline IFNC protein from which the 
signal sequence has been cleaved), denoted herein as 
PFeIFNC., contains about 166 amino acids, extending 
from residue 24 to residue 166 of SEQ ID NO:111, the 
amino acid sequence is denoted herein as SEQ ID NO: 117. 
The nucleic acid molecule encoding PFeIFNC., is 
denoted herein as nFeIFNCaos, which is represented by 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

76 
SEQ ID NO: 116, with a complementary sequence repre 
sented by SEQ ID NO: 118. A putative N-glycosylation site 
and an interferon alpha-beta-delta family signature motif are 
present at amino acid positions 102 and 145, respectively, of 
PFeIFNC.s. 
The differences between the proteins encoded by SEQID 

NO:107 and SEQ ID NO:110 are detailed as follows: The 
amino acid residues at position 56 in SEQID NO: 108 (i.e., 
the protein encoded by SEQID NO:107) and at position 56 
in SEQ ID NO: 111 (i.e., the protein encoded by SEQ ID 
NO:110) are both arginines, although the corresponding 
codons in SEQ ID NO:107 and SEQ ID NO:110 are AGA 
and AGG, respectively. The amino acid residues at position 
74 in SEQID NO:108 and at position 74 in SEQID NO:111 
are both alanines, although the corresponding codons in 
SEQ ID NO: 107 and SEQ ID NO:110 are GCC and GCT, 
respectively. The amino acid residue at position 86 in SEQ 
ID NO:108 is lysine, encoded by AAG in SEQID NO:107, 
whereas the amino acid residue at position 86 in SEQ ID 
NO:111 is glutamic acid, encoded by GAG in SEQ ID 
NO:110. The amino acid residue at position 125 in SEQ ID 
NO:108 is methionine, encoded by CTG in SEQID NO:107, 
whereas the amino acid residue at position 125 in SEQ ID 
NO:111 is valine, encoded by GTG in SEQID NO:110. The 
amino acid residue at position 141 in SEQ ID NO:108 is 
isovaline, encoded by ATC in SEQID NO:107, whereas the 
amino acid residue at position 141 in SEQ ID NO:111 is 
leucine, encoded by CTC in SEQ ID NO:110. 

Feline IFN-alpha proteins of the present invention 
PFeIFNC.s, and PfeFNC.s, are five amino acids shorter 
than the GenBank entry for feline IFN-alpha, accession 
#E02521. In addition, there are 3 non-conservative and 2 
conservative changes at the amino acid level between this 
GenBank entry and SEQID NO:108 (PFeIFNCs) as well 
as 4 non-conservative and 3 conservative changes at the 
amino acid level between this GenBank entry and SEQ ID 
NO:111 (PfeiFNCs). The lengths of SEQID NO:108 and 
SEQ ID NO:111, when compared with those of IFN-alpha 
proteins of other species, are two amino acids longer than 
published canine interferon-alpha subtype 1, 2 and 3 
sequences, two amino acids longer than published human 
interferon-alpha type I.B.D. F. and J. sequences, three amino 
acids longer than the published human interferon-alpha 
sequence type A sequence and two amino acids longer than 
published murine interferon-alpha type B, 8, 7, 11, and 19 
Sequences. 

Example 8 

This example describes the isolation and sequencing of 
feline granulocyte-macrophage colony-stimulating factor 
(GMCSF) nucleic acid molecules and proteins of the present 
invention. This example also describes expression of a feline 
GMCSF protein of the present invention. 

Nucleic acid molecules encoding feline GMCSF were 
isolated as follows. A cDNA library was prepared from 
feline PBMCs stimulated with Con A for 12 hours, as 
previously described in Example 2. An aliquot of this library 
was used as a template to amplify feline GMCSF nucleic 
acid molecules by PCR using Amplitaq DNA polymeraseTM 
(PE Applied Biosystems Inc., Foster City, Calif.) and the 
following primers and conditions The sequence of the for 
ward primer was 5' CAGGATCCACCATGTGGCT GCA 
GAACCTG CTTTTCC 3' (SEQID NO:149), and that of the 
reverse primer was 5' TTACTTCTGG TCTGGTCCCC 
AGCAGTCAAA GGGGTTGTTA AACAGAAAAT 3' 
(SEQ ID NO:150). The following PCR protocol was used: 
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one initial denaturation step at 95°C. for 5 minutes; then 35 
cycles of the following: 94° C. for 30 seconds, then 50° C. 
for 30 seconds, then 72° C. for 90 seconds; followed by a 
final extension at 72°C. for 7 minutes. PCR products were 
cloned into the CMV-Intron A vector and the clones were 
sequenced as described in Example 7. 
A PCR product was isolated, referred to herein as 

nFeGMCSF, the coding strand of which is represented 
herein as SEQ ID NO:119, and its complement is denoted 

78 
of the putative mature protein, referred to herein as 
PFeCMCSF, has an amino acid sequence represented 
herein as SEQID NO:125. The number of amino acids in the 
feline GMCSF protein is the same compared to human, 
porcine, ovine and canine GMCSF proteins. The feline 
GMCSF protein is one amino acid longer than bovine 
GMCSF and three amino acid longer than murine GMCSF. 
The deduced amino acid sequence of the full-length feline 

GMCSF protein of the present invention has four non 
SEQ ID NO:121. Translation of the open reading frame in 10 conservative changes and one conservative change com 
SEQID NO:119 suggests that nucleic acid molecule nFeG- ared to a GeE. entry for feline GMCSF E.O. 
MCSF encodes a protein containing 144 amino acids, EFoo Amino Rid asparagine. methionine 
referred to herein as PFeGMCSF, with an amino acid ... . parag1ne, s 
sequence denoted SEQ ID NO: 120, assuming an open threonine, and lysine at positions 10, 36, 56 and 126 of the 
reading frame in which the first codon spans from nucleotide 15 GenBank entry have been changed tO glycine, isoleucine, 
10 through nucleotide 12 of SEQID NO:119, and the stop alanine and asparagine, respectively, in P?eGMCSF, 
codon spans from nucleotide 442 through nucleotide 444 of PFeGMCSF, containing the above-noted amino acid 
SEQ ID NO:121. The encoded protein has a predicted Substitutions, appears to have GMCSF activity, as demon 
molecular weight of 16 kDa. The coding region encoding strated by an experiment in which Supernatant collected 
PFeGMCSF is presented herein as nFeGMCSF, which 20 from Chinese Hamster Ovary (CHO) cells that were tran 
has the nucleotide sequence SEQ ID NO:122 (theco din siently transfected with a recombinant molecule encoding a 
strand) and SEQID S. 123 (the complementary strand) feline GMCSF protein of the present invention was able to 
putative signal peptide cleavage site is between amino acid induce proliferation of TF-1 cells. 
positions 17 and 18, based on homology with human, mouse While various embodiments of the present invention have 

25 and ovine GMCSF proteins. The nucleic acid molecule 
encoding the proposed mature protein is denoted as nFeG 
MCSFs and has a nucleotide sequence represented herein 
as SEQ ID NO.124 and a complementary sequence repre 
sented herein as SEQID NO:126. The amino acid sequence 

SEQUENCE LISTING 

<160> NUMBER OF SEQ ID NOS : 154 

<210> SEQ ID NO 1 
&2 11s LENGTH 549 
&212> TYPE DNA 
<213> ORGANISM: Canis familiaris 
&22O > FEATURE 
<221 NAME/KEY: CDS 
<222> LOCATION: (43) . . (438) 

<400 SEQUENCE: 1 

been described in detail, it is apparent that modifications and 
adaptations of those embodiments will occur to those skilled 
in the art. It is to be expressly understood, however, that such 
modifications and adaptations are within the scope of the 
present invention, as set forth in the following claims. 

ggcac gaggit citgctattgt cactgcaaat agagatctat ta atg ggit citc acc 54 
Met Gly Leu Thr 

1 

toc caa citg att coa act citg gtc. tcc tta cta goa citc acc agc acc 102 
Ser Gln Leu Ile Pro Thr Leu Val Cys Leu Leu Ala Leu Thir Ser Thr 

5 10 15 20 

titt gtc. cac gga cat aac titc aat att act att aaa gag atc atc aaa 15 O 
Phe Val His Gly His Asn Phe Asn Ile Thr Ile Lys Glu Ile Ile Lys 

25 30 35 

atg ttgaac atc ctic aca gog aga aac gac to g toc at g gag citg act 198 
Met Lieu. Asn. Ile Lieu. Thir Ala Arg Asn Asp Ser Cys Met Glu Lieu. Thr 

40 45 50 

gto: aag gac gtc titc act gct coa aag aac aca agc gat aag gaa atc 246 
Wall Lys Asp Val Phe Thr Ala Pro Lys Asn. Thir Ser Asp Lys Glu Ile 

55 60 65 

ttctgc aga got got act gta citg cqg cag atc tat aca cac aac toc 2.94 
Phe Cys Arg Ala Ala Thr Val Leu Arg Glin Ile Tyr Thr His Asn Cys 

70 75 8O 

to c aac aga tat citc aga gga citc tac agg aac citc agc agc atg gca 342 
Ser Asn Arg Tyr Lieu Arg Gly Lieu. Tyr Arg Asn Lieu Ser Ser Met Ala 



85 

aac 

Asn 

titc. 
Phe 

79 

90 95 

aag acc tot tot atgaat gala atc aag aag 
Lys Thr Cys Ser Met Asn. Glu Ile Lys Lys 

105 110 

ttg gala agg cita aaa gtg atc at g cag aag 
Leu Glu Arg Lieu Lys Val Ile Met Gln Lys 

120 125 

tgaagctgaa tattittaatt tatgagttitt taaatag citt 

atttataa.ca taataaaata aaatatatat agaaaaaaaa 

<210> SEQ ID NO 2 
<211& LENGTH 132 
&212> TYPE PRT 
<213> ORGANISM: Canis familiaris 

<400 SEQUENCE: 2 

Met 
1 

Teu 

Glu 

Met 

Asp 
65 

Thr 

Ser 

Thr 

Gly Leu Thir Ser Gln Leu Ile Pro Thr Leu 
5 10 

Thr Ser Thr Phe Val His Gly His Asn Phe 
2O 25 

Ile Ile Lys Met Lieu. Asn. Ile Lieu. Thir Ala 
35 40 

Glu Leu Thr Val Lys Asp Val Phe Thr Ala 
5 O 55 

Lys Glu Ile Phe Cys Arg Ala Ala Thr Val 
70 75 

His Asn. Cys Ser Asn Arg Tyr Lieu Arg Gly 
85 90 

Ser Met Ala Asn Lys Thr Cys Ser Met Asn 
100 105 

Lieu Lys Asp Phe Leu Glu Arg Lieu Lys Wall 
115 120 

Tyr Arg His 
130 

<210> SEQ ID NO 3 
&2 11s LENGTH 549 
&212> TYPE DNA 
<213> ORGANISM: Canis familiaris 

<400 SEQUENCE: 3 

titttittittitt titttittitt to tatatatatt titattittatt 

tttittaaaat aaagctattt aaaaactcat aaattaaaat 

gtatttcttctgcatgatca cittittagcct titccaagaag 

gattitcattc atagaacagg tottgtttgc catgctocto 

gagatatotg ttggag cagt totgttgtata gatctg.ccgc 

gaagattitcc titatc.gcttg togttctttgg agcagtgaag 

catgcacgag togtttct cq citgtgaggat gttcaac att 

aatattgaag titatgtc.cgt ggacaaaggit gctggtoagt 

tggaatcagt toggaggtga gacco attaa tag atctota 

cctdgtgcc 

<210> SEQ ID NO 4 
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agt 
Ser 

a.a.a. 

Lys 

a Ca 

Thr 

tac 
Tyr 

citg 
Telu 

tac 
Tyr 
13 O 

100 

aaa gac 
Lys Asp 
115 

agg cat 
Arg His 

tattittaaaa a tatttatat 

aaaaaaaaaa, a 

Wall 

Asn 

Arg 

Pro 
60 

Teu 

Teu 

Glu 

Ile 

Ile 

Asn 
45 

Ile 

Met 
125 

Telu 

Asp 

Asn 

Glin 

Lys 
110 

Glin 

atgttataaa 

attcagottc 

totttcagtg 

aggttcc tot 

agtacagtag 

acgtoctitga 

ttgatgatct 

gctagtaagc 

tittgcagtga 

Leu Ala 
15 

Ile Lys 

Ser Cys 

Thir Ser 

Ile Tyr 
8O 

Asn Lieu 
95 

Lys Ser 

tatataaata 

aatgcct gta 

tactic titc.tt 

agagticcitct 

cagotctgca 

cagtcagctic 

citttaatagt 

agaccagagt 

caatagoaga 

39 O. 

4.38 

498 

549 

60 

120 

18O 

240 

360 

420 

480 

540 

549 

80 



atgggtotca cotcccaact 

tttgtccacg 

citcacagoga 

aagaacacaa 

acacacaact 

aacaag acct 

citaaaagtga 

<400 

atgcct gtag 

actcittcttg 

gagtcc totg 

agctctgcag 

agtcagotcc 

tittaatagta 

gaccagagtt 

<210> SEQ ID NO 6 
&2 11s LENGTH 1013 
&212> TYPE DNA 
<213> ORGANISM: Canis familiaris 
&220s FEATURE 
<221 NAME/KEY: CDS 
<222> LOCATION: (35) . . (916) 

<400 SEQUENCE: 6 

LENGTH 396 
TYPE 
ORGANISM: Canis familiaris 

DNA 

SEQUENCE: 4 

gacataactt caatattact 

gaaacgacitc gtgcatggag 

gc gataagga aatcttctgc 

gcticca acag atatotoaga 

gttctatoaa toaaatcaag 

to atgcagaa 

SEQ ID NO 5 
LENGTH 396 
TYPE 
ORGANISM: Canis 

DNA 

SEQUENCE: 5 

tattitottct 

atttcattca tagaacaggit 

agatat citgt toggag cagtt 

aagattitcct tatc.gcttgt 

atgcacgagt cqtttctogc 

atattgaagt tatgtc.cgtg 

ggaatcagtt gggaggtgag 

81 

gattccaact 

gaaatactac 

familiaris 

gcatgatcac 

citggtotgct 

attaaag aga 

citg actotca 

agagctgcta 

ggactictaca 

aagagtacac 

agg cat 

ttittagccitt 

cittgtttgcc 

gtgtgtatag 

gttctittgga 

tgtgaggatg 

gacaaaggtg 

accoat 

US RE39,614 E 

-contin 

tactagdact 

toatcaaaat 

aggacgtott 

citgtact gcg 

ggalacct cag 

tgaaagacitt 

to Caagaagt 

atgctgctda 

atctg.ccgca 

gCagtgaaga 

ttcaa.cattt 

Ctggtgagtg 

ued 

caccago acc 

gttgaac atc 

cactgctcca 

gcagatcitat 

cagoatggca 

Cttggaaagg 

citttcagtgt 

ggttcct gta 

gtacagtagc 

cgtccittgac 

tgatgatcto 

citagtaagca 

atctgaccat agg catgagg g g c citcc.ggc cqag atgata gtg citg gog cca gcc. 
Met Ile Wall Leu Ala Pro Ala 

tgg 
Trp 

citc. 
Teu 

acc 

Thr 
40 

tat 

gCg 
Ala 

gct 
Ala 

agc 
Ser 

cgc 
Arg 
25 

titc. 
Phe 

cca 

Pro 

titc. 
Phe 

gtg 
Wall 

cca 

Pro 
10 

ggg 
Gly 

gCg 
Ala 

gtc 
Wall 

tgg 
Trp 

gct 
Ala 

act gcc toc 
Thr Ala Ser 

acc ccc gac 
Thr Pro Asp 

gtc. acc atc 
Wall Thir Ile 

45 

act gtc gcc. 
Thr Wall Ala 

60 

cgc citg gto 
Arg Lieu Val 
75 

gga toc caa 
Gly Ser Glin 

citg 
Teu 

tgc 
Cys 
30 

Arg 

too 
Ser 

citg 
Teu 

atg 
Met 

ttg 
Telu 
15 

to c 
Ser 

aag 
Lys 

aac 

Asn 

gcc 
Ala 

Cala 

Glin 

1 

citg citg citg 
Telu Telu Teu 

titc agc cac 
Phe Ser His 

citg tot gat 
Leu Ser Asp 

50 

ct g cag gac 
Leu Glin Asp 

65 

Cag cqc togg 
Glin Arg Trp 
8O 

atc. citg citg 
Ile Leu Lieu 

citg citc agc 
Teu Lleu Ser 

20 

agc ccc atc 
Ser Pro Ile 
35 

tac citg citt 
Tyr Lieu Lieu 

gac gag citc 
Asp Glu Lieu 

atg gtg cqg 
Met Val Arg 

85 

gag gct gtC 
Glu Ala Wall 

5 

cc c ggc 
Pro Gly 

too too 
Ser Ser 

Cag gaC 
Glin Asp 

55 

tgc ggg 
Cys Gly 
70 

ctic cag 
Leu Glin 

aac acg 
Asn Thr 

60 

120 

18O 

240 

360 

396 

60 

120 

18O 

240 

360 

396 

55 

103 

151 

199 

247 

295 

343 

82 



83 

9 O 95 

gag ata cac titt gtc. acc titc tdt gcc titc cag 
Glu Ile His Phe Val Thr Phe Cys Ala Phe Glin 

105 110 

citt cqc titc gtc. cag acc aac atc toc cac citc 
Leu Arg Phe Val Glin Thr Asn Ile Ser His Leu 
120 125 130 

cag cag citg goc goc citg aag coc togg atc acc 
Glin Gln Leu Ala Ala Lieu Lys Pro Trp Ile Thr 

1 4 0 145 

ggg togc ct g gag citg cag tot cag coc gac toc 
Gly Cys Lieu Glu Lieu Gln Cys Glin Pro Asp Ser 

155 160 

Cca agg agc ccc ggg gcc Ctg gag gCC act gCC 
Pro Arg Ser Pro Gly Ala Leu Glu Ala Thr Ala 

17 O 175 

gca colt c.gg citg citc citc ctd citg citg citg ccc 
Ala Pro Arg Lieu Lleu Lleu Lleu Lleu Lleu Lleu Pro 

185 190 

atg to c act gcc togg togc ctd cat togg cqa agg 
Met Ser Thr Ala Trp Cys Leu. His Trp Arg Arg 
200 2O5 210 

to a coc tac cott gogg gag cag agg aca citg agg 
Ser Pro Tyr Pro Gly Glu Glin Arg Thr Leu Arg 

220 225 

cat citg ccc gag gac aca gag citg gga cct gga 
His Leu Pro Glu Asp Thr Glu Leu Gly Pro Gly 

235 240 

act ggit coc ttic citc gac cac goa gcc cc g citc 
Thr Gly Pro Phe Leu Asp His Ala Ala Pro Leu 

25 O 255 

toa agg caa cqc cog ccc cca acg ccc cca aag 
Ser Arg Glin Arg Pro Pro Pro Thr Pro Pro Lys 

265 270 

cct citc coc citc tdt aca aag toc ttg ccc cca 
Pro Leu Pro Leu Cys Thr Lys Ser Leu Pro Pro 
280 285 290 

taalatcatcc titt totacca aaaaaaaaaa aaaaaaaaaa 

aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaa. 

<210 SEQ ID NO 7 
&2 11s LENGTH 2.94 
&212> TYPE PRT 
<213> ORGANISM: Canis familiaris 

<400 SEQUENCE: 7 

Met Ile Val Leu Ala Pro Ala Trp Ser Pro Thr 
1 5 10 

Leu Lleu Lleu Lleu Ser Pro Gly Lieu Arg Gly Thr 
2O 25 

Ser His Ser Pro Ile Ser Ser Thr Phe Ala Wall 
35 40 

Ser Asp Tyr Leu Leu Gln Asp Tyr Pro Val Thr 
5 O 55 

Glin Asp Asp Glu Lieu. Cys Gly Ala Phe Trp Arg 
65 70 75 

Arg Trp Met Val Arg Lieu Glin Ala Val Ala Gly 
85 90 
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100 

ccc citc coc agc tigt 391 
Pro Leu Pro Ser Cys 
115 

citg cag gac acc to c 439 
Leu Glin Asp Thir Ser 

135 

cgc agg aat titc. tcc 487 
Arg Arg Asn. Phe Ser 

15 O 

tot aca ttg gtg ccc 535 
Ser Thr Leu Wall Pro 

1.65 

ttg cca goc cott cag 583 
Leu Pro Ala Pro Glin 

18O 

gtg gct citc citg citg 631 
Wall Ala Leu Lleu Lieu 
195 

agg C9g C9g C9g agg 6.79 
Arg Arg Arg Arg Arg 

215 

CCC agc gag cqg agc 727 
Pro Ser Glu Arg Ser 

230 

ggg agt cag Cta gag 775 
Gly Ser Gln Leu Glu 

245 

gct coc toc coa gga 823 
Ala Pro Ser Pro Gly 

260 

cca gcc cca goc coa 871 
Pro Ala Pro Ala Pro 
275 

aga aat tdt at a 916 
Arg Asn. Cys Ile 

aaaaaaaaaa aaaaaaaaaa. 976 

1013 

Ala Ser Leu Lleu Lieu 
15 

Pro Asp Cys Ser Phe 
3O 

Thir Ile Arg Lys Lieu 
45 

Wall Ala Ser Asn Lieu 
60 

Leu Wall Leu Ala Glin 
8O 

Ser Glin Met Glin Ile 
95 

84 



Lieu. Leu Glu 

Phe Glin Pro 
115 

His Lieu Lieu 
130 

Ile Thr Arg 
145 

Asp Ser Ser 

Thir Ala Leu 

Leu Pro Wall 
195 

Arg Arg Arg 
210 

Leu Arg Pro 
225 

Pro Gly Gly 

Pro Leu Ala 

Pro Llys Pro 
275 

Pro Pro Arg 
29 O 

85 

Ala Wall Asn Thr Glu Ile His Phe 
100 

Leu Pro Ser Cys Lieu 
120 

Gln Asp Thr Ser Glin 
135 

Arg Asn. Phe Ser Gly 
15 O 

Thir Lieu Wall Pro Pro 
1.65 

Pro Ala Pro Glin Ala 
18O 

Ala Leu Lleu Lleu Met 
200 

Arg Arg Arg Arg Ser 
215 

Ser Glu Arg Ser His 
230 

Ser Glin Leu Glu Thr 
245 

Pro Ser Pro Gly Ser 
260 

Ala Pro Ala Pro Pro 
280 

Asn. Cys Ile 

<210 SEQ ID NO 8 
&2 11s LENGTH 1013 
&212> TYPE DNA 
<213> ORGANISM: Canis 

<400 SEQUENCE: 8 

ttitttitttitt 

ttitttitttitt 

actttgtaca 

gttgccttga 

citagctgact 

gcct cagtgt 

gcaggcacca 

gcc.gaggtgc 

gcaccalatgt 

gggtgatcca 

tgttggtotg 

agtgitatcto 

ggagcc gCaC 

cgtoctogcag 

tgcggatggit 

to CC gCggag 

tittitttittitt 

tttitttittgg 

gagggggaga 

to Ctggggag 

cc citcc aggt 

cctctgctcc 

ggCagtggac 

Ctgaggggct 

agaggagtcg 

gggctt Cagg 

gacgaag.cga. 

cgtgttgaca 

catccagogc 

gttggagg.cg 

gaccgc galag 

familiaris 

tittitttittitt 

tagaalaagga 

ggtggggctg 

ggagc gag.cg 

cc.ca.gctotg 

cCagggtagg 

atcagoagga 

ggcaaggcag 

ggctgacact 

gCggc.ca.gct 

aga Cagctgg 

gcc to cagoa 

tgggcCagga 

acagtgacitg 

gtggaggaga 

agCagcagca 

105 

Arg Phe Val 

Gln Leu Ala 

Cys Lieu Glu 
155 

Arg Ser Pro 
170 

Pro Arg Lieu 
185 

Ser Thr Ala 

Pro Tyr Pro 

Leu Pro Glu 
235 

Gly Pro Phe 
250 

Arg Glin Arg 
265 

Telu Pro Teu 

tittitttittitt 

tgatttatat 

gggctggctt 

gggctg.cgtg 

tgtcc toggg 

gtgacct cog 

gagcc acggg 

tggcc to cag 

gcagotccag 

gctgggaggt 

ggaggggctg 

ggatttgcat 

ccaggcgc.ca 

gatagtc.ctg 

tggggctgtg 

gCagcaa.ca.g 
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Wall. Thir Phe 
110 

Glin Thr Asn 
125 

Ala Lieu Lys 
1 4 0 

Leu Gln Cys 

Gly Ala Lieu 

Teu Telu Telu 
19 O 

Trp Cys Lieu 
2O5 

Gly Glu Glin 
220 

Asp Thr Glu 

Leu Asp His 

Pro Pro Pro 
27 O 

Cys Thr Lys 
285 

tittitttittitt 

acaattitctt 

tggggg.cgtt 

gtogaggaag 

cagatggctic 

cc.gcc.gc.ctic 

cagoagcago 

ggCCCC gggg 

gCaccCggag 

gtoctogcagg 

galagg cacag 

ttgggat.cca 

gaacgc.ccc.g 

aag caggtaa 

gctgaaggag 

ggagg cagtt 

ued 

Cys Ala 

Ile Ser 

Pro Trp 

Glin Pro 
160 

Glu Ala 
175 

Telu Telu 

His Trp 

Arg Thr 

Leu Gly 
240 

Ala Ala 
255 

Thr Pro 

Ser Lieu 

tittitttittitt 

ggggg Caagg 

ggggg.cgggC 

ggaccagtct 

cgctogctogg 

cittc.gc.caat 

aggaggagca 

citccttgggg 

aaatticcitgc 

aggtggaga 

aaggtgacaa 

gcc acagcct 

cagagctic git 

toaga cagot 

Cagtcggggg 

gggctcCagg 

60 

120 

18O 

240 

360 

420 

480 

540 

600 

660 

720 

840 

9 OO 

96.O 

86 





US RE39,614 E 
89 

-continued 

<210> SEQ ID NO 11 
&2 11s LENGTH 26 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: 

Primer 

<400 SEQUENCE: 11 

citattaatgg gtctdaccitc ccaact 

<210> SEQ ID NO 12 
<211& LENGTH 24 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: 

Primer 

<400 SEQUENCE: 12 

tdaacticggit gcacagag to ttgg 

<210> SEQ ID NO 13 
&2 11s LENGTH 2.0 
&212> TYPE DNA 

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

Primer 

<400> SEQUENCE: 13 

citgg.cgc.cag cct ggagccc 

<210> SEQ ID NO 14 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
Primer 

<400 SEQUENCE: 14 

gggagatgtt ggtctggacg 

<210 SEQ ID NO 15 
&2 11s LENGTH 18 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: 

Primer 

<400 SEQUENCE: 15 

gacCaggC gC Cagaacgc 

<210> SEQ ID NO 16 
&2 11s LENGTH 18 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: 

Primer 

<400 SEQUENCE: 16 

cggtoaccat cogcaa.gc 

Synthetic 

26 

Synthetic 

24 

Synthetic 

20 

Synthetic 

20 

Synthetic 

18 

Synthetic 

18 

90 



91 

<210 SEQ ID NO 17 
&2 11s LENGTH 18 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

US RE39,614 E 
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<223> OTHER INFORMATION: Description of Artificial Sequence: 
Primer 

<400 SEQUENCE: 17 

tggcaaggca gtggcc to 

<210> SEQ ID NO 18 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
Primer 

<400 SEQUENCE: 18 

gcc.gagatga tagtgctggc 

<210 SEQ ID NO 19 
<211& LENGTH 324 
&212> TYPE DNA 
<213> ORGANISM: Canis familiaris 
&220s FEATURE 
<221 NAME/KEY: CDS 
<222> LOCATION: (1) ... (324 ) 

<400 SEQUENCE: 19 

cat aac ttcaat att act att aaa gag 
His Asn. Phe Asn. Ile Thr Ile Lys Glu 

1 5 

citc aca gcg aga aac gac tog toc atg 
Lieu. Thir Ala Arg Asn Asp Ser Cys Met 

2O 25 

titc act gct coa aag aac aca agc gat 
Phe Thr Ala Pro Lys Asn. Thir Ser Asp 

35 40 

gct act gta ct g c gg cag atc tat aca 
Ala Thr Val Leu Arg Glin Ile Tyr Thr 

5 O 55 

citc aga gga citc tac agg aac ctic agc 
Leu Arg Gly Lieu. Tyr Arg Asn Lieu Ser 
65 70 

tot atgaat gala atc aag aag agt aca 
Ser Met Asin Glu Ile Lys Lys Ser Thr 

85 

cita aaa gtg atc atg cag aag aaa tac 
Leu Lys Val Ile Met Gln Lys Lys Tyr 

100 105 

<210> SEQ ID NO 20 
&2 11s LENGTH 108 
&212> TYPE PRT 
<213> ORGANISM: Canis familiaris 

<400 SEQUENCE: 20 

His Asn. Phe Asn. Ile Thr Ile Lys Glu 
1 5 

Lieu. Thir Ala Arg Asn Asp Ser Cys Met 
2O 25 

Phe Thr Ala Pro Lys Asn. Thir Ser Asp 

atc atc 
Ile Ile 
10 

gag Ctg 
Glu Lieu 

aag gala 
Lys Glu 

CaC. a.a. 

His Asn 

agc atg 
Ser Met 

75 

citg aaa 
Lieu Lys 
90 

tac agg 

a.a.a. 

act 
Thr 

atc 
Ile 

tgc 
Cys 
60 

gCa 
Ala 

gac 
Asp 

cat 
His 

atg 
Met 

gto 
Wall 

titc. 
Phe 
45 

too 
Ser 

aac 

Asn 

titc. 
Phe 

ttg 
Telu 

aag 
Lys 
3O 

tgc 
Cys 

aac 

Asn 

aag 
Lys 

ttg 
Telu 

aac 

Asn 
15 

gac 
Asp 

aga 
Arg 

aga 
Arg 

acc 

Thr 

gaa 
Glu 
95 

Ile Ile Lys Met Lieu. Asn 
10 

Glu Leu Thr Val Lys 

Lys Glu Ile Phe Cys 

15 

Asp 

Arg 

Synthetic 

18 

Synthetic 

20 

atc 48 
Ile 

gtc 96 
Wall 

gct 144 
Ala 

tat 192 
Tyr 

tgt 240 
Cys 
8O 

agg 288 
Arg 

324 

Ile 

Wall 

Ala 

92 



35 

Ala Thr Val Lieu Arg Glin 
5 O 

Leu Arg Gly Lieu. Tyr Arg 
65 70 

Ser Met Asn. Glu Ile Lys 
85 

Leu Lys Val Ile Met Glin 

<400 

100 

SEQ ID NO 21 
LENGTH 324 
TYPE DNA 

93 

40 

Ile Tyr Thr His Asn 
55 

Asn Lieu Ser Ser Met 
75 

Lys Ser Thr Lieu Lys 
90 

Lys Lys Tyr Tyr Arg 
105 

ORGANISM: Canis familiaris 

SEQUENCE: 21 

atgcctgtag tatttcttct gcatgatcac ttittagcctt 

actcittcttg atttcattca tagaacaggit cittgtttgcc 

gagtcc totg agatat citgt toggag cagtt gtgtgtatag 

agctctgcag aagattitcct tatcgcttgt gttctittgga 

agtcagotcc atgcacgagt c gtttctogc tigtgaggatg 

tittaatagta atattgaagit tatg 

<400 

SEQ ID NO 22 
LENGTH 804 
TYPE DNA 
ORGANISM: Canis familiaris 
FEATURE: 
NAME/KEY: CDS 
LOCATION: (1) . . (804) 

SEQUENCE: 22 

acc ccc gac toc toc titc 
Thr Pro Asp Cys Ser Phe 

5 

gto: acc atc cqc aag citg 
Val Thir Ile Arg Lys Lieu 

act gtc gcc toc aac citg 
Thr Wall Ala Ser Asn Lieu 

35 

cgc ct g g to ct g g cc cag 
Arg Lieu Val Lieu Ala Glin 

5 O 

gga toc caa at g caa atc 
Gly S 
65 

er Glin Met Glin Ile 
70 

titt gtc. acc ttctgt gcc 
Phe Val Thr Phe Cys Ala 

gto: c 

85 

ag acc aac atc. tcc 
Wall Glin Thr Asn. Ile Ser 

100 

gcc goc citg aag coc togg 
Ala Ala Lieu Lys Pro Trp 

115 

gag citg cag tot cag ccc 
Glu Lieu Gln Cys Glin Pro 

agc cac agc ccc atc 
Ser His Ser Pro Ile 

10 

tot gat tac citg citt 
Ser Asp Tyr Lieu Lieu 

25 

cag gac gac gag citc 
Glin Asp Asp Glu Lieu 

40 

cgc togg at g g tog C9g 
Arg Trp Met Val Arg 
55 

citg citg gag got gtc 
Lieu. Leu Glu Ala Wall 

75 

titc cag coc citc ccc 
Phe Glin Pro Leu Pro 

90 

cac ctic ct g cag gac 
His Lieu Lieu Glin Asp 

105 

atc acc cgc agg aat 
Ile Thr Arg Arg Asn 

120 

gac toc tot acattg 
Asp Ser Ser Thr Lieu 
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45 

Cys Ser Asn Arg Tyr 
60 

Ala Asn Lys Thr Cys 
8O 

Asp Phe Leu Glu Arg 
95 

His 

to Caagaagt citttcagtgt 

atgctgctda ggttcct gta 

atctg.ccgca gtacagtagc 

gcagtgaaga C gtc.cittgac 

ttcaacattt togatgatcto 

toc toc acc titc gog 
Ser Ser Thr Phe Ala 

15 

cag gac tat coa gtc. 
Gln Asp Tyr Pro Val 

3O 

tgc ggg gC g ttctgg 
Cys Gly Ala Phe Trp 

45 

citc cag got gtg got 
Leu Glin Ala Wall Ala 
60 

aac acg gag at a cac 
Asn Thr Glu Ile His 

8O 

agc tigt citt cqc titc 
Ser Cys Lieu Arg Phe 

95 

acc tocc cag cag citg 
Thir Ser Glin Glin Leu 

110 

titc. tcc ggg togc citg 
Phe Ser Gly Cys Lieu 

125 

gtg ccc cca agg agc 
Val Pro Pro Arg Ser 

60 

120 

18O 

240 

324 

48 

96 

144 

192 

240 

288 

336 

384 

432 

94 



cco 

Pro 
145 

citg 
Teu 

gcc 
Ala 

cost 
Pro 

gag 
Glu 

titc. 
Phe 
225 

Arg 

citc. 
Teu 

<400 

Thr 
1 

Wall 

Thr 

Arg 

Gly 
65 

Phe 

Wall 

Ala 

Glu 

Pro 
145 

Teu 

Ala 

Pro 

130 

ggg 
Gly 

citc. 
Telu 

tgg 
Trp 

ggg 
Gly 

gac 
Asp 
210 

citc. 
Telu 

cc.g 
Pro 

tgt 
Cys 

gcc 
Ala 

citc. 
Telu 

tgc 
Cys 

gag 
Glu 
195 

aca 

Thr 

gac 
Asp 

coc 

Pro 

aca 

Thr 

citg 
Telu 

citg 
Telu 

citg 
Telu 
18O 

Cag 
Glin 

gag 
Glu 

cac 

His 

cca 

Pro 

aag 
Lys 
260 

PRT 

SEQUENCE: 

Pro Asp Cys 

Thr 

Wall 

Telu 
5 O 

Ser 

Wall 

Glin 

Ala 

Telu 
130 

Gly 

Telu 

Trp 

Gly 

Ile 

Ala 
35 

Wall 

Glin 

Thr 

Thr 

Telu 
115 

Glin 

Ala 

Telu 

Glu 

Arg 

Ser 

Telu 

Met 

Phe 

Asn 
100 

Lys 

Cys 

Telu 

Telu 

Telu 
18O 

Glin 

gag 
Glu 

citg 
Teu 
1.65 

cat 
His 

agg 
Arg 

citg 
Teu 

gCa 
Ala 

acg 
Thr 
245 

too 
Ser 

SEQ ID NO 23 
LENGTH 
TYPE 
ORGANISM: Canis familiaris 

268 

23 

Ser 
5 

Lys 

Asn 

Ala 

Glin 

Cys 
85 

Ile 

Pro 

Glin 

Glu 

Teu 
1.65 

His 

gcc 
Ala 
15 O 

citg 
Teu 

tgg 
Trp 

a Ca 

Thr 

gga 
Gly 

gcc 
Ala 
230 

cco 

Pro 

ttg 
Teu 

Phe 

Teu 

Teu 

Glin 

Ile 
70 

Ala 

Ser 

Trp 

Pro 

Ala 
15 O 

Teu 

Trp 

Thr 

95 

135 

act 
Thr 

citg 
Teu 

Cga 
Arg 

citg 
Lel 

cost 
Pro 
215 

cc.g 
Pro 

Ser 

Ser 

Glin 

Arg 
55 

Teu 

Phe 

His 

Ile 

Asp 
135 

Thr 

Teu 

Teu 

gcc 
Ala 

coc 

Pro 

agg 
Arg 

agg 
Arg 
200 

gga 
Gly 

citc. 
Telu 

aag 
Lys 

cca 

Pro 

His 

Asp 

Asp 
40 

Trp 

Telu 

Glin 

Telu 

Thr 
120 

Ser 

Ala 

Pro 

ttg 
Telu 

gtg 
Wall 

agg 
Arg 
185 

coc 

Pro 

ggg 
Gly 

gct 
Ala 

cca 

Pro 

aga 
Arg 
265 

Ser 

Tyr 
25 

Asp 

Met 

Glu 

Pro 

Telu 
105 

Arg 

Ser 

Telu 

Wall 

Arg 
185 

Pro 

cca 

Pro 

gct 
Ala 
170 

cgg 
Arg 

agc 
Ser 

agt 
Ser 

coc 

Pro 

gcc 
Ala 
250 

aat 
Asn 

Pro 
10 

Telu 

Glu 

Wall 

Ala 

Telu 
90 

Glin 

Thr 

Pro 

Ala 
170 

Arg 

Ser 

gcc 
Ala 
155 

citc. 
Teu 

cgg 
Arg 

gag 
Glu 

Cag 
Glin 

too 
Ser 
235 

cca 

Pro 

tgt 
Cys 

Ile 

Teu 

Teu 

Arg 

Wall 
75 

Pro 

Asp 

Asn 

Teu 

Ala 
155 

Teu 

Arg 

Glu 
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1 4 0 

cost 
Pro 

citg 
Teu 

Cgg 
Arg 

Cgg 
Arg 

cita 
Teu 
220 

cca 

Pro 

gcc 
Ala 

alta 
Ile 

Ser 

Glin 

Teu 
60 

Asn 

Ser 

Thr 

Phe 

Wall 
1 4 0 

Pro 

Teu 

Arg 

Arg 

Cag 
Glin 

citg 
Teu 

agg 
Arg 

agC 
Ser 
2O5 

gag 
Glu 

gga 
Gly 

cca 

Pro 

Ser 

Asp 

Gly 
45 

Glin 

Thr 

Ser 

Ser 
125 

Pro 

Glin 

Teu 

Arg 

Ser 

gca 
Ala 

atg 
Met 

toa 
Ser 
19 O 

cat 
His 

act 
Thr 

toa 
Ser 

cost 
Pro 

Thr 

Tyr 

Ala 

Ala 

Glu 

Telu 

Glin 
110 

Gly 

Pro 

Ala 

Met 

Ser 
19 O 

His 

cost 
Pro 

to c 
Ser 
175 

coc 

Pro 

citg 
Telu 

ggit 
Gly 

agg 
Arg 

citc. 
Telu 
255 

Phe 
15 

Pro 

Phe 

Wall 

Ile 

Arg 
95 

Glin 

Arg 

Pro 

Ser 
175 

Pro 

Telu 

cgg 
Arg 
160 

act 
Thr 

tac 

coc 

Pro 

coc 

Pro 

Cala 

Glin 
240 

coc 

Pro 

Ala 

Wall 

Trp 

Ala 

His 

Phe 

Telu 

Telu 

Ser 

Arg 
160 

Thr 

Pro 

480 

528 

576 

624 

672 

720 

768 

804 





gcc 
Ala 

gto 
Wall 

Cala 

Glin 

acc 

Thr 

cco 

Pro 
125 

Cag 
Glin 

gag 
Glu 

citg 
Teu 

cat 
His 

agg 
Arg 

citg 
Teu 

gCa 
Ala 

acg 
Thr 

too 
Ser 

to c 
Ser 

citg 
Telu 

atg 
Met 

titc. 
Phe 
110 

tgg 
Trp 

coc 

Pro 

gcc 
Ala 

citg 
Telu 

tgg 
Trp 
190 

aca 

Thr 

gga 
Gly 

gcc 
Ala 

coc 

Pro 

ttg 
Telu 
27 O 

aac 

Asn 

gcc 
Ala 

Cala 

Glin 
95 

atc 
Ile 

gac 
Asp 

act 
Thr 

citg 
Telu 
175 

cga. 
Arg 

citg 
Lel 

cost 

cc.g 
Pro 

cca 

Pro 
255 

coc 

citg 
Telu 

Cag 
Glin 
8O 

atc 
Ile 

gcc 
Ala 

acc 

Thr 

to c 
Ser 

gcc 
Ala 
160 

coc 

Pro 

agg 
Arg 

agg 
Arg 

gga 
Gly 

citc. 
Telu 
240 

aag 
Lys 

cca 

Pro 

Cag 
Glin 
65 

Arg 

citg 
Teu 

titc. 
Phe 

cgc 
Arg 

tot 
Ser 
145 

ttg 
Teu 

Wall 

agg 
Arg 

cco 

Pro 

ggg 
Gly 
225 

gct 
Ala 

cca 

Pro 

aga 
Arg 

gac 
Asp 

tgg 
Trp 

citg 
Teu 

Cag 
Glin 

agg 
Arg 
130 

a Ca 

Thr 

cca 

Pro 

gct 
Ala 

Cgg 
Arg 

agC 
Ser 
210 

agt 
Ser 

cco 

Pro 

gcc 
Ala 

aat 
Asn 

99 

gac gag citc 
Asp Glu Lieu 

atg gtg cqg 
Met Val Arg 

85 

gag gCt gtC 
Glu Ala Wall 

100 

gac acc to c 
Asp Thr Ser 
115 

aat titc. tcc. 
Asn Phe Ser 

ttg gtg ccc 
Leu Wall Pro 

gcc cct cag 
Ala Pro Glin 

1.65 

citc ct g ctg 
Teu Telu Telu 

18O 

Cgg cqg agg 
Arg Arg Arg 
195 

gag cqg agc 
Glu Arg Ser 

cag cita gag 
Glin Leu Glu 

to C cca gga 
Ser Pro Gly 

245 

cca goc coa 
Pro Ala Pro 

260 

tgt ata taaatcatcc ttittctacca goaaaaaaaa 
Cys Ile 
275 

tgc 
Cys 
70 

citc. 
Telu 

aac 

Asn 

Cag 
Glin 

ggg 
Gly 

cca 

Pro 
150 

gCa 
Ala 

atg 
Met 

toa 
Ser 

cat 
His 

act 
Thr 
230 

toa 
Ser 

cost 
Pro 

ggg 
Gly 

Cag 
Glin 

acg 
Thr 

Cag 
Glin 

tgc 
Cys 
135 

agg 
Arg 

cost 
Pro 

too 
Ser 

cco 

Pro 

citg 
Teu 
215 

ggit 
Gly 

agg 
Arg 

citc. 
Teu 
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gCg 
Ala 

gct 
Ala 

gag 
Glu 

citg 
Teu 
120 

citg 
Teu 

agC 
Ser 

Cgg 
Arg 

act 
Thr 

tac 
Tyr 
200 

cco 

Pro 

cco 

Pro 

Cala 

Glin 

cco 

Pro 

titc. 
Phe 

gtg 
Wall 

alta 
Ile 
105 

gcc 
Ala 

gag 
Glu 

cco 

Pro 

citg 
Teu 

gcc 
Ala 
185 

cost 
Pro 

gag 
Glu 

titc. 
Phe 

cgc 
Arg 

citc. 
Teu 
265 

tgg 
Trp 

gct 
Ala 
9 O 

cac 

His 

gcc 
Ala 

citg 
Telu 

ggg 
Gly 

citc. 
Telu 
17 O 

tgg 
Trp 

ggg 
Gly 

gac 
Asp 

citc. 
Telu 

CCg 
Pro 
25 O 

tgt 
Cys 

cgc 
Arg 
75 

gga 
Gly 

titt 
Phe 

citg 
Telu 

Cag 
Glin 

gcc 
Ala 
155 

citc. 
Telu 

tgc 
Cys 

gag 
Glu 

aca 

Thr 

gac 
Asp 
235 

coc 

Pro 

aca 

Thr 

aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaa. 

<400 

Met 
1 

Teu 

Ser 

Ser 

Glin 

Ile Wall Leu Ala 

Telu Telu Teu Ser 

His Ser Pro Ile 

Asp Tyr Lieu Lieu 
5 O 

Asp Asp Glu Lieu 

35 

PRT 

SEQUENCE: 

SEQ ID NO 26 
LENGTH 
TYPE 
ORGANISM: Canis familiaris 

276 

26 

5 
Pro 

Pro 

Ser 

Glin 

Cys 

Ala Trp Ser 

Gly Lieu Arg 
25 

Ser Thr Phe 
40 

Asp Tyr Pro 
55 

Gly Ala Phe 

Pro 
10 

Gly 

Ala 

Wall 

Trp 

Thr 

Thr 

Wall 

Thr 

Arg 

Ala 

Pro 

Thr 

Wall 
60 

Teu 

Ser 

Asp 

Ile 
45 

Ala 

Wall 

Telu 

Cys 

Arg 

Ser 

Telu 

Telu 
15 

Ser 

Asn 

Ala 

citg 
Telu 

to c 
Ser 

gtc 
Wall 

aag 
Lys 

tgt 
Cys 
140 

citg 
Telu 

citg 
Telu 

citg 
Telu 

Cag 
Glin 

gag 
Glu 
220 

cac 

His 

cca 

Pro 

aag 
Lys 

Telu 

Phe 

Telu 

Telu 

Glin 

301 

349 

397 

445 

493 

541 

589 

637 

685 

733 

781 

829 

877 

931 

985 

100 
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-continued 

65 70 75 8O 

Arg Trp Met Val Arg Leu Glin Ala Val Ala Gly Ser Gln Met Glin Ile 
85 90 95 

Leu Leu Glu Ala Val Asn Thr Glu Ile His Phe Val Thr Phe Cys Ala 
100 105 110 

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

Arg Arg Asn. Phe Ser Gly Cys Lieu Glu Lieu Glin Cys Glin Pro Asp Ser 
130 135 1 4 0 

Ser Thr Leu Val Pro Pro Arg Ser Pro Gly Ala Leu Glu Ala Thr Ala 
145 15 O 155 160 

Leu Pro Ala Pro Glin Ala Pro Arg Lieu Lleu Lleu Lleu Lleu Lleu Lleu Pro 
1.65 170 175 

Val Ala Lieu Lleu Lleu Met Ser Thr Ala Trp Cys Lieu. His Trp Arg Arg 
18O 185 19 O 

Arg Arg Arg Arg Arg Ser Pro Tyr Pro Gly Glu Glin Arg Thr Lieu Arg 
195 200 2O5 

Pro Ser Glu Arg Ser His Leu Pro Glu Asp Thr Glu Lieu Gly Pro Gly 
210 215 220 

Gly Ser Glin Leu Glu Thr Gly Pro Phe Lieu. Asp His Ala Ala Pro Leu 
225 230 235 240 

Ala Pro Ser Pro Gly Ser Arg Glin Arg Pro Pro Pro Thr Pro Pro Lys 
245 250 255 

Pro Ala Pro Ala Pro Pro Leu Pro Leu Cys Thr Lys Ser Leu Pro Pro 
260 265 27 O 

Arg Asn. Cys Ile 
275 

<210 SEQ ID NO 27 
&2 11s LENGTH 985 
&212> TYPE DNA 
<213> ORGANISM: Canis familiaris 

<400 SEQUENCE: 27 

ttitttitttitt titttittittitt titttittittitt tttitttittitt titttittittitt tittitttittitt 60 

ttgctogtag aaaaggatga tittatataca atttcttggg ggcaagg act ttgtacagag 120 

ggggagaggt ggggctgggg CtggCtttgg ggg.cgttggg gg.cggg.cgitt gcc.ttgatcC 18O 

tggggaggga gcdagogggg Ctgcgtgg to gagga aggga C Cagt citcta gctgactCCC 240 

to caggtocc agotctgttgt cotcgggcag atggcto cqc togctgggcc toagtgtc.ct 3OO 

citgctoccca ggg tagggtg accitcc.gc.cg cc.gc.citcctt cqc caatgca ggcaccaggc 360 

agtgga catc agcaggagag C cacgggCag Cag cago agg aggag cago C gaggtgCCtg 420 

aggggctggC aaggcagtgg cct CC agggC CCC ggggctc Cttgggggca C Calatgtaga 480 

ggagtcgggc tigacactgca gct coaggca ccc.ggagaaa titcctg.cggg to atcCaggg 540 

cittcaggg.cg gcc agctgct g g gaggtgtc. citggaaggca cagaaggtga caaagtgitat 600 

citcc.gtgttg acagoctoca gcaggatttg catttgggat coagccacag cotggagcc.g 660 

caccatccag cqctgg gcca ggaccaggcg ccagaacgcc cc.gcagagct c gtcgtoctd 720 

caggttggag gogacagtga citggatagtc. citgaagcagg taatcagaca gcttgcggat 78O 

ggtgaccg.cg alaggtgagg agatggggct gtggctgaag gag cagtcgg gggtoccgc.g 840 

gaggc.cgggg Ctgagcagca gcago agcaa Cagg gaggca gttgggctCC aggctgg.cgc 9 OO 





<400 

acc 

Thr 

gto 
Wall 

act 
Thr 

cgc 
Arg 

gga 
Gly 
65 

titt 
Phe 

citg 
Teu 

Cag 
Glin 

gcc 
Ala 

citc. 
Teu 
145 

tgc 

gag 
Glu 

a Ca 

Thr 

gac 
Asp 

cco 

Pro 
225 

a Ca 

Thr 

<400 

coc 

Pro 

acc 

Thr 

gtc 
Wall 

citg 
Telu 
5 O 

to c 
Ser 

gtc 
Wall 

aag 
Lys 

tgt 
Cys 

citg 
Telu 
130 

citg 
Telu 

citg 
Telu 

Cag 
Glin 

gag 
Glu 

cac 

His 
210 

cca 

Pro 

aag 
Lys 

TYPE 
ORGANISM 
FEATURE: 

NAME/KEY: 
LOCATION: 

gac 
Asp 

atc 
Ile 

gcc 
Ala 
35 

gtc 
Wall 

Cala 

Glin 

acc 

Thr 

coc 

Pro 

Cag 
Glin 
115 

gag 
Glu 

citg 
Telu 

cat 
His 

agg 
Arg 

citg 
Telu 
195 

gCa 
Ala 

acg 
Thr 

to c 
Ser 

DNA 

SEQUENCE: 

tgc 
Cys 

cgc 
Arg 
2O 

to c 
Ser 

citg 
Telu 

atg 
Met 

titc. 
Phe 

tgg 
Trp 
100 

coc 

Pro 

gcc 
Ala 

citg 
Telu 

tgg 
Trp 

aca 

Thr 
18O 

gga 
Gly 

gcc 
Ala 

coc 

Pro 

ttg 
Telu 

PRT 

SEQUENCE: 

Canis familiaris 

CDS 

105 

(1) . . (750) 

30 

too 
Ser 

aag 
Lys 

aac 

Asn 

gcc 
Ala 

Cala 

Glin 

tgt 
Cys 
85 

atc 
Ile 

gac 
Asp 

act 
Thr 

citg 
Teu 

Cga 
Arg 
1.65 

citg 
Lel 

cco 

Pro 
245 

SEQ ID NO 31 
LENGTH 
TYPE 
ORGANISM: Canis familiaris 

250 

31 

titc. 
Phe 

citg 
Teu 

citg 
Teu 

Cag 
Glin 

atc 
Ile 
70 

gcc 
Ala 

acc 

Thr 

too 
Ser 

gcc 
Ala 

cco 

Pro 
15 O 

agg 
Arg 

agg 
Arg 

gga 
Gly 

citc. 
Teu 

aag 
Lys 
230 

cca 

Pro 

agC 
Ser 

tot 
Ser 

Cag 
Glin 

cgc 
Arg 
55 

citg 
Teu 

titc. 
Phe 

cgc 
Arg 

tot 
Ser 

ttg 
Teu 
135 

gtg 
Wall 

agg 

cco 

Pro 

ggg 
Gly 

gct 
Ala 
215 

cca 

Pro 

aga 
Arg 

cac 

His 

gat 
Asp 

gac 
Asp 
40 

tgg 
Trp 

citg 
Telu 

Cag 
Glin 

agg 
Arg 

aca 

Thr 
120 

cca 

Pro 

gct 
Ala 

cgg 
Arg 

agc 
Ser 

agt 
Ser 
200 

coc 

Pro 

gcc 
Ala 

aat 
Asn 

agc 
Ser 

tac 
Tyr 
25 

gac 
Asp 

atg 
Met 

gag 
Glu 

gac 
Asp 

aat 
Asn 
105 

ttg 
Telu 

gcc 
Ala 

citc. 
Telu 

cgg 
Arg 

gag 
Glu 
185 

Cag 
Glin 

to c 
Ser 

cca 

Pro 

tgt 
Cys 

coc 

Pro 
10 

citg 
Telu 

gag 
Glu 

gtg 
Wall 

gct 
Ala 

acc 

Thr 
90 

titc. 
Phe 

gtg 
Wall 

cost 
Pro 

citg 
Telu 

cgg 
Arg 
170 

cgg 
Arg 

cita 
Telu 

cca 

Pro 

gcc 
Ala 

ata 
Ile 
250 

atc. 
Ile 

citt 
Teu 

citc. 
Teu 

cgg 
Arg 

gto 
Wall 
75 

too 
Ser 

too 
Ser 

cco 

Pro 

Cag 
Glin 

citg 
Teu 
155 

agg 
Arg 

agC 
Ser 

gag 
Glu 

gga 
Gly 

cca 

Pro 
235 

US RE39,614 E 

-continued 

too 
Ser 

Cag 
Glin 

tgc 
Cys 

citc. 
Teu 
60 

aac 

Asn 

Cag 
Glin 

ggg 
Gly 

cca 

Pro 

gCa 
Ala 
1 4 0 

atg 
Met 

toa 
Ser 

cat 
His 

act 
Thr 

toa 
Ser 
220 

cost 
Pro 

too 
Ser 

gac 
Asp 

ggg 
Gly 
45 

Cag 
Glin 

acg 
Thr 

Cag 
Glin 

tgc 
Cys 

agg 
Arg 
125 

cost 
Pro 

too 
Ser 

cco 

Pro 

citg 
Teu 

ggit 
Gly 
2O5 

agg 
Arg 

citc. 
Teu 

acc 

Thr 

tat 
Tyr 
3O 

gC9 
Ala 

gct 
Ala 

gag. 
Glu 

citg 
Telu 

citg 
Telu 
110 

agc 
Ser 

cgg 
Arg 

act 
Thr 

tac 

coc 

Pro 
19 O 

coc 

Pro 

Cala 

Glin 

coc 

Pro 

titc. 
Phe 
15 

cca 

Pro 

titc. 
Phe 

gtg 
Wall 

ata 
Ile 

gcc 
Ala 
95 

gag 
Glu 

coc 

Pro 

citg 
Telu 

gcc 
Ala 

cost 
Pro 
175 

gag 
Glu 

titc. 
Phe 

cgc 
Arg 

citc. 
Telu 

gCg 
Ala 

gtc 
Wall 

tgg 
Trp 

gct 
Ala 

cac 

His 
8O 

gcc 
Ala 

citg 
Telu 

ggg 
Gly 

citc. 
Telu 

tgg 
Trp 
160 

ggg 
Gly 

gac 
Asp 

citc. 
Telu 

cc.g 
Pro 

Cys 
240 

48 

96 

144 

192 

240 

288 

336 

384 

432 

480 

528 

576 

624 

672 

720 

750 

106 



Thr Pro Asp 

Wall Thir Ile 

Thr Wall Ala 
35 

Arg Lieu Val 
5 O 

Gly Ser Glin 
65 

Phe Wall Thr 

Leu Lys Pro 

Glin Cys Glin 
115 

Ala Leu Glu 
130 

Teu Telu Telu 
145 

Cys Lieu. His 

Glu Glin Arg 

Thr Glu. Leu 
195 

Asp His Ala 
210 

Pro Pro Thr 
225 

Thr Lys Ser 

107 

Cys Ser Phe Ser His 

Arg Lys L. 
2O 

Ser Asn. It 

Leu Ala G 

Met Glin I 

eu Ser Asp 

eu Glin Asp 
40 

lin Arg Trp 
55 

le Leu Lieu 
70 

Phe Cys Ala Phe Glin 
85 

Trp Ile Thr Arg Arg 
100 

Pro Asp S er Ser Thr 
120 

Ala Thr Ala Leu Pro 

Teu Lleul P 
1 

1.65 

135 

ro Wall Ala 
50 

Thr Leu Arg Pro Ser 
18O 

Gly Pro G 

Ala Pro L 

ly Gly Ser 
200 

eu Ala Pro 
215 

Pro Pro Lys Pro Ala 
2 

Leu Pro P 
245 

<210> SEQ ID NO 32 
&2 11s LENGTH 750 
&212> TYPE 
<213> ORGAN 

DNA 
ISM: Canis 

<400 SEQUENCE: 32 

tatacaatitt 

Ctttgggggc 

gtgg to gagg 

gggCagatgg 

cc.gc.cgcc.gc 

gggCag cago 

Cagg gCCC cq 

Cagg caccc.g 

ggtgtcCtgg 

gatttgcatt 

Caggcgc.ca.g 

Cttggggg.ca 

gttggggg.cg 

aagggiaccag 

citcc.gctogc 

citcctitc.gc.c 

agCaggagga 

gggcto cittg 

gagaaatticc 

aaggcacaga 

tgg gatccag 

30 

ro Arg Asn 

familiaris 

agg actttgt 

ggc gttgcct 

totctagotg 

tgggc citcag 

aatgcaggca 

gCagc.cgagg 

ggggcaccala 

tgcgggtgat 

aggtgacaaa 

ccacagocto 

agagctogto 

Ser Pro Ile 
10 

Tyr Lieu Lieu 
25 

Asp Glu Lieu 

Met Val Arg 

Glu Ala Wall 
75 

Asp Thr Ser 
90 

Asin Phe Ser 
105 

Leu Wall Pro 

Ala Pro Glin 

Telu Telu Teu 
155 

Arg Arg Arg 
170 

Glu Arg Ser 
185 

Gln Leu Glu 

Ser Pro Gly 

Pro Ala Pro 
235 

250 

acagaggggg 

tgatcctggg 

actcc citcca 

tgtc.citctg.c 

cCagg cagtg 

tgcct gaggg 

tgtagaggag 

ccagggctitc 

gtgitatctoc 

gagcogcacc 

gtoctogcagg 

US RE39,614 E 

-contin 

Ser Ser Thr 

Glin Asp Tyr 
3O 

Cys Gly Ala 
45 

Leu Glin Ala 
60 

Asn Thr Glu 

Glin Glin Leu 

Gly Cys Lieu 
110 

Pro Arg Ser 
125 

Ala Pro Arg 
1 4 0 

Met Ser Thr 

Ser Pro Tyr 

His Leu Pro 
19 O 

Thr Gly Pro 
2O5 

Ser Arg Glin 
220 

Pro Leu Pro 

agaggtgggg 

gagggagcga 

ggtoccagot 

tocccagggit 

gacatcago a 

gctggcaagg 

togggctgac 

aggg.cggc.ca 

gtgttgacag 

atc.ca.gc.gct 

ttggaggcga. 

ued 

Phe Ala 
15 

Pro Wall 

Phe Trp 

Wall Ala 

Ile His 

Ala Ala 
95 

Glu Lieu 

Pro Gly 

Telu Telu 

Ala Trp 
160 

Pro Gly 
175 

Glu Asp 

Phe Leu 

Arg Pro 

Lieu. Cys 
240 

Ctggggctgg 

gCggggctgc 

citgttgtc.ctc 

agggit gacct 

ggaga gCCaC 

cagtggcctic 

actgcagctic 

gctgctggga 

cct coag cag 

gggcCaggac 

cagtgactogg 

60 

120 

18O 

240 

360 

420 

480 

540 

600 

660 

108 









115 

&212> TYPE DNA 
<213> ORGANISM: Felis catus 
&220s FEATURE 
<221 NAME/KEY: CDS 
<222> LOCATION: (31) ... (903) 

<400 SEQUENCE: 43 

ggcCataggc atgaagggcc toccggcc.gag atgata gtg Ctg gC g cca gCC togg 
Met Ile Val Leu Ala Pro Ala Trp 

agC 
Ser 

cgc 
Arg 
25 

titc. 
Phe 

cca 

Pro 

titc. 
Phe 

gtg 
Wall 

alta 
Ile 
105 

Cga 
Arg 

Cag 
Glin 

agg 
Arg 

cost 
Pro 
185 

too 
Ser 

tac 

citg 
Teu 

ggit 
Gly 

agg 
Arg 
265 

cca 

Pro 
10 

ggg 
Gly 

aag 
Lys 

gtc 
Wall 

tgg 
Trp 

gct 
Ala 
9 O 

cat 
His 

titc. 
Phe 

citg 
Telu 

citg 
Telu 

agc 
Ser 
17 O 

citg 
Telu 

gcc 
Ala 

coc 

Pro 

coc 

Pro 

to c 
Ser 
25 O 

Cala 

Glin 

act 
Thr 

to c 
Ser 

gtc 
Wall 

acc 

Thr 

cac 

His 
75 

ggg 
Gly 

titt 
Phe 

gtc 
Wall 

gCg 
Ala 

gag 
Glu 
155 

coc 

Pro 

citg 
Telu 

gcc 
Ala 

agg 
Arg 

gag 
Glu 
235 

titc. 
Phe 

cgc 
Arg 

acc 

Thr 

coc 

Pro 

acc 

Thr 

gtc 
Wall 
60 

citg 
Telu 

to c 
Ser 

gtc 
Wall 

Cag 
Glin 

gcc 
Ala 
140 

cita 
Telu 

agg 
Arg 

citc. 
Telu 

tgg 
Trp 

gag 
Glu 
220 

gac 
Asp 

citc. 
Telu 

Cag 
Glin 

too 
Ser 

gac 
Asp 

atc 
Ile 
45 

gcc 
Ala 

gto 
Wall 

Cag 
Glin 

acc 

Thr 

acc 

Thr 
125 

ttg 
Teu 

Cag 
Glin 

gcc 
Ala 

citc. 
Teu 

tgc 
Cys 
2O5 

Cag 
Glin 

a Ca 

Thr 

gac 
Asp 

cco 

Pro 

citg 
Teu 

tgt 
Cys 
30 

Cga 
Arg 

too 
Ser 

citg 
Teu 

atg 
Met 

ttg 
Teu 
110 

aac 

Asn 

aag 

citg 
Teu 
190 

citg 
Teu 

agg 
Arg 

gag 
Glu 

cac 

His 

cca 

Pro 
270 

citg 
Teu 
15 

too 
Ser 

aag 
Lys 

aac 

Asn 

gcc 
Ala 

Cala 

Glin 
95 

tgt 
Cys 

atc 
Ile 

cco 

Pro 

Cag 
Glin 

gag 
Glu 
175 

citg 
Teu 

cac 

His 

aag 

cc.g 
Pro 

gct 
Ala 
255 

acg 
Thr 

citg 
Telu 

titc. 
Phe 

citg 
Telu 

cita 
Telu 

Cag 
Glin 
8O 

agc 
Ser 

gcc 
Ala 

to c 
Ser 

tgg 
Trp 

coc 

Pro 
160 

gcc 
Ala 

citg 
Telu 

tgg 
Trp 

aca 

Thr 

gga 
Gly 
240 

gcc 
Ala 

cca 

Pro 

citg 
Telu 

agc 
Ser 

tot 
Ser 

Cag 
Glin 
65 

cgc 
Arg 

citg 
Telu 

titc. 
Phe 

cac 

His 

atc 
Ile 
145 

gac 
Asp 

aca 

Thr 

ttg 
Telu 

cga. 
Arg 

citg 
Telu 
225 

citc. 
Telu 

cc.g 
Pro 

gcc 
Ala 

cita 
Telu 

cac 

His 

gat 
Asp 
50 

gac 
Asp 

tgg 
Trp 

citg 
Telu 

Cag 
Glin 

citc. 
Telu 
130 

acc 

Thr 

to c 
Ser 

gcc 
Ala 

cost 
Pro 

aga 
Arg 
210 

agg 
Arg 

gga 
Gly 

citc. 
Telu 

cca 

Pro 

citg 
Teu 

agC 
Ser 
35 

tac 

gac 
Asp 

atg 
Met 

gag 
Glu 

cco 

Pro 
115 

citg 
Teu 

cgc 
Arg 

too 
Ser 

citg 
Teu 

gtg 
Wall 
195 

agg 
Arg 

cco 

Pro 

gaa 
Glu 

act 
Thr 

gac 
Asp 
275 

US RE39,614 E 

-continued 

citc. 
Teu 
2O 

cco 

Pro 

citg 
Teu 

gag 
Glu 

ggit 
Gly 

gCg 
Ala 
1 OO 

citc. 
Teu 

Cag 
Glin 

agg 
Arg 

acc 

Thr 

cca 

Pro 
18O 

gct 
Ala 

aga 
Arg 

aga 
Arg 

agt 
Ser 

citc. 
Teu 
260 

cca 

Pro 

agC 
Ser 

atc 
Ile 

citt 
Teu 

citc. 
Teu 

Cgg 
Arg 
85 

gto 
Wall 

cco 

Pro 

gac 
Asp 

aat 
Asn 

cca 

Pro 
1.65 

gcc 
Ala 

citc. 
Teu 

tgg 
Trp 

gag 
Glu 

Cag 
Glin 
245 

cco 

Pro 

cost 
Pro 

cost 
Pro 

to c 
Ser 

Cag 
Glin 

tgt 
Cys 
70 

citc. 
Telu 

aac 

Asn 

agc 
Ser 

acc 

Thr 

titc. 
Phe 
15 O 

citg 
Telu 

cost 
Pro 

ttg 
Telu 

aga 
Arg 

agg 
Arg 
230 

cita 
Telu 

CCg 
Pro 

atc. 
Ile 

ggC 
Gly 

to c 
Ser 

gat 
Asp 
55 

ggg 
Gly 

aag 
Lys 

acc 

Thr 

tgt 
Cys 

to c 
Ser 
135 

tog 
Ser 

coc 

Pro 

Cag 
Glin 

citg 
Telu 

acg 
Thr 
215 

aat 
Asn 

gag 
Glu 

gga 
Gly 

coc 

Pro 

citc. 
Telu 

acc 

Thr 
40 

tac 

cca 

Pro 

gct 
Ala 

gag 
Glu 

citt 
Telu 
120 

gag 
Glu 

ggg 
Gly 

cca 

Pro 

gcc 
Ala 

atg 
Met 
200 

coc 

Pro 

cac 

His 

act 
Thr 

tgg 
Trp 

citc. 
Telu 
280 

54 

102 

15 O 

198 

246 

2.94 

342 

39 O. 

4.38 

486 

534 

582 

630 

678 

726 

774 

822 

870 

116 



tgt aca aag toc titg toc to a gga aat tdt ata taaatcatcc titttctacca 

117 

Cys Thr Lys Ser Leu Ser Ser Gly Asn. Cys Ile 
285 

aaaaaaaaaa aaaaaaaaa. 

<400 

Met 
1 

Teu 

Ser 

Ser 

Glin 
65 

Arg 

Teu 

Phe 

His 

Ile 
145 

Asp 

Thr 

Teu 

Arg 

Teu 
225 

Teu 

Pro 

Ala 

Asn 

<400 

SEQUENCE: 

Ile Wall Leu 

Telu 

His 

Asp 
5 O 

Asp 

Trp 

Telu 

Glin 

Telu 
130 

Thr 

Ser 

Ala 

Pro 

Arg 
210 

Arg 

Gly 

Telu 

Pro 

Cys 
29 O 

Telu 

Ser 
35 

Asp 

Met 

Glu 

Pro 
115 

Telu 

Arg 

Ser 

Telu 

Wall 
195 

Arg 

Pro 

Glu 

Thr 

Asp 
275 

Ile 

Telu 

Pro 

Telu 

Glu 

Gly 

Ala 
100 

Telu 

Glin 

Arg 

Thr 

Pro 
18O 

Ala 

Arg 

Arg 

Ser 

Telu 
260 

Pro 

DNA 

SEQUENCE: 

SEQ ID NO 44 
LENGTH 
TYPE 
ORGANISM: Felis catus 

291 

44 

Ala 
5 

Ser 

Ile 

Teu 

Teu 

Arg 
85 

Wall 

Pro 

Asn 

Pro 
1.65 

Ala 

Teu 

Trp 

Glu 

Glin 
245 

Pro 

Pro 

SEQ ID NO 45 
LENGTH 
TYPE 
ORGANISM: Felis catus 

94.2 

45 

Pro 

Pro 

Ser 

Glin 

Cys 
70 

Teu 

Asn 

Ser 

Thr 

Phe 
15 O 

Teu 

Pro 

Teu 

Arg 

Arg 
230 

Teu 

Pro 

Ile 

Ala 

Gly 

Ser 

Asp 
55 

Gly 

Ser 
135 

Ser 

Pro 

Glin 

Teu 

Thr 
215 

Asn 

Glu 

Gly 

Pro 

Trp 

Telu 

Thr 
40 

Tyr 

Pro 

Ala 

Glu 

Telu 
120 

Glu 

Gly 

Pro 

Ala 

Met 
200 

Pro 

His 

Thr 

Trp 

Telu 
280 

Ser 

Arg 
25 

Phe 

Pro 

Phe 

Wall 

Ile 
105 

Glin 

Cys 

Pro 
185 

Ser 

Tyr 

Telu 

Gly 

Arg 
265 

Cys 

290 

Pro 
10 

Gly 

Lys 

Wall 

Trp 

Ala 
90 

His 

Phe 

Telu 

Telu 

Ser 
170 

Telu 

Ala 

Pro 

Pro 

Ser 
250 

Glin 

Thr 

Thr 

Ser 

Wall 

Thr 

His 
75 

Gly 

Phe 

Wall 

Ala 

Glu 
155 

Pro 

Teu 

Ala 

Arg 

Glu 
235 

Phe 

Arg 

US RE39,614 E 

-continued 

Thr 

Pro 

Thr 

Wall 
60 

Teu 

Ser 

Wall 

Glin 

Ala 
1 4 0 

Teu 

Arg 

Teu 

Trp 

Glu 
220 

Asp 

Teu 

Glin 

Ser 

Ser 

Asp 

Ile 
45 

Ala 

Wall 

Glin 

Thr 

Thr 
125 

Teu 

Glin 

Ala 

Teu 

Cys 

Glin 

Thr 

Asp 

Pro 

Teu 
285 

Telu 

Cys 

Arg 

Ser 

Telu 

Met 

Telu 
110 

Asn 

Telu 

Telu 
19 O 

Telu 

Arg 

Glu 

His 

Pro 
27 O 

Ser 

Telu 
15 

Ser 

Asn 

Ala 

Glin 
95 

Ile 

Pro 

Glin 

Glu 
175 

Telu 

His 

Pro 

Ala 
255 

Thr 

Ser 

Telu 

Phe 

Telu 

Telu 

Glin 

Ser 

Ala 

Ser 

Trp 

Pro 
160 

Ala 

Telu 

Trp 

Thr 

Gly 
240 

Ala 

Pro 

Gly 

923 

94.2 

118 







US RE39,614 E 
123 124 

-continued 

145 15 O 155 160 

citg citc citc ctg. citg citg ttg cct gtg got citc titg citg atg toc goc 528 
Leu Lleu Lleu Lleu Lleu Lleu Lleu Pro Wall Ala Leu Lleu Lleu Met Ser Ala 

1.65 170 175 

gcc togg togc ct g cac togg cqa aga agg aga togg aga acg ccc tac coc 576 
Ala Trp Cys Lieu. His Trp Arg Arg Arg Arg Trp Arg Thr Pro Tyr Pro 

18O 185 19 O 

agg gag cag agg aag aca Citg agg CCC aga gag agg aat cac ctg. CCC 624 
Arg Glu Glin Arg Lys Thr Lieu Arg Pro Arg Glu Arg Asn His Lieu Pro 

195 200 2O5 

gag gac aca gag cog gga citc gga gaa agt cag cita gag act ggit to c 672 
Glu Asp Thr Glu Pro Gly Lieu Gly Glu Ser Glin Leu Glu Thr Gly Ser 

210 215 220 

titc ctic gac cac got gcc cc.g. citc act citc ccc ccg gga togg agg caa 720 
Phe Lieu. Asp His Ala Ala Pro Leu Thir Lieu Pro Pro Gly Trp Arg Glin 
225 230 235 240 

cgc cag coc coa acg cca gcc cca gac coa cott atc ccc ctic tot aca 768 
Arg Glin Pro Pro Thr Pro Ala Pro Asp Pro Pro Ile Pro Leu Cys Thr 

245 250 255 

aag to c ttg toc to a gga aat tdt at a 795 
Lys Ser Lieu Ser Ser Gly Asn. Cys Ile 

260 265 

<210 SEQ ID NO 49 
&2 11s LENGTH 265 
&212> TYPE PRT 
<213> ORGANISM: Felis catus 

<400 SEQUENCE: 49 

Ser Pro Asp Cys Ser Phe Ser His Ser Pro Ile Ser Ser Thr Phe Lys 
1 5 10 15 

Val Thir Ile Arg Lys Lieu Ser Asp Tyr Lieu Lieu Glin Asp Tyr Pro Val 
2O 25 3O 

Thr Val Ala Ser Asn Lieu Glin Asp Asp Glu Lieu. Cys Gly Pro Phe Trp 
35 40 45 

His Lieu Val Lieu Ala Glin Arg Trp Met Gly Arg Lieu Lys Ala Val Ala 
5 O 55 60 

Gly Ser Gln Met Gln Ser Leu Leu Glu Ala Val Asn Thr Glu Ile His 
65 70 75 8O 

Phe Val Thr Leu Cys Ala Phe Glin Pro Leu Pro Ser Cys Leu Arg Phe 
85 90 95 

Val Glin Thr Asn Ile Ser His Leu Leu Glin Asp Thr Ser Glu Glin Leu 
100 105 110 

Ala Ala Lieu Lys Pro Trp Ile Thr Arg Arg Asn. Phe Ser Gly Cys Lieu 
115 120 125 

Glu Leu Gln Cys Gln Pro Asp Ser Ser Thr Pro Leu Pro Pro Arg Ser 
130 135 1 4 0 

Pro Arg Ala Leu Glu Ala Thr Ala Lieu Pro Ala Pro Glin Ala Pro Leu 
145 15 O 155 160 

Leu Lleu Lleu Lleu Lleu Lleu Lleu Pro Wall Ala Leu Lleu Lleu Met Ser Ala 
1.65 170 175 

Ala Trp Cys Lieu. His Trp Arg Arg Arg Arg Trp Arg Thr Pro Tyr Pro 
18O 185 19 O 

Arg Glu Glin Arg Lys Thr Lieu Arg Pro Arg Glu Arg Asn His Lieu Pro 
195 200 2O5 

Glu Asp Thr Glu Pro Gly Lieu Gly Glu Ser Glin Leu Glu Thr Gly Ser 
210 215 220 







agcc cattcc 

tagtaatato 

CgagccCagg 

aggccactta 

aaaaaaaaaa. 

accitcc.caac 

caccalacca 

aag accoacg 

gctgttcago 

aaaaaaaa. 

<210 SEQ ID NO 53 
&2 11s LENGTH 2.74 
&212> TYPE PRT 
<213> ORGANISM: Canis 

<400 SEQUENCE: 53 

Met Wall Leu 
1 

Thr Val Tyr 

Val Asp Ser 
35 

Asn Asp Cys 
5 O 

Gly Glu Phe 
65 

Ser Glu Thr 

Asn Ala Ala 
115 

Leu Gly Val 
130 

Pro Cys Pro 
145 

Cys His Pro 

Ala Gly Thr 

Arg Ala Lieu 
195 

Leu Lieu Wall 
210 

Lys Val Met 
225 

Pro Pro His 

Pro Wall Thr 

Arg Val 

Telu Pro L. 
5 

Pro Glu P 
2O 

129 

ttgcttittaa agatggagat 

gcatttcagg gcc ct gaggit 

aagagccatt gtggcattgt 

agCaggggac 

familiaris 

eu Arg Cys 

ro Arg Thr 

Glin Cys Cys Asn Met 
40 

Lieu. His Thr Ile Asp 
55 

Lieu. Asp Thr Trp Asn 
70 

Asp Pro Asn Lieu Gly 
85 

Asp Thr Thr Cys Thr 
100 

Cys Glu S 

Lys Glin I 

er Cys Thr 
120 

le Ala Thr 
135 

Ile Gly Phe Phe Ser 
1 

Trp Thr S 
1.65 

50 

er Cys Glu 

Asn Lys Thr Asp Wall 
18O 

Wall Wal W al Pro Ile 
200 

Ser Ala Cys Ile Arg 
215 

Tyr Glin Asp Pro Val 
2 30 

Ser Ile Ala Pro Wall 
245 

Glin Glu Asp Gly Lys 
260 

<210> SEQ ID NO 54 
<211& LENGTH: 1425 
&212> TYPE DNA 
<213> ORGANISM: Canis familiaris 

<400 SEQUENCE: 54 

tggctaaata 

Telu 

Ala 
25 

Cys 

Thr 

Ala 

Telu 

Cys 
105 

Met 

Gly 

Asn 

Thr 

Ile 
185 

Ile 

Lys 

Glu 

Glin 

Glu 
265 

Phe 
10 

Cys 

Pro 

Glu 

Glu 

His 
90 

Asp 

His 

Ile 

Wall 

Lys 
170 

Cys 

Met 

Wall 

Asp 

Glu 
250 

Ser 

Trp 

Arg 

Pro 

Arg 
75 

Wall 

Glu 

Ser 

Ser 

Ser 
155 

Gly 

Gly 

Gly 

Wall 

Teu 
235 

Thr 

Arg 

US RE39,614 E 

-continued 

gaalacttittg gggggcc aga 

gtatato acg gtggtttcta 

ttgttgacagt ggacaactogg 

aaatttgtaa tatatttata 

Gly Ser Lieu Lieu. Thr 
15 

Glu Lys Glin Tyr Lieu 
3O 

Gly Glu Lys Lieu Val 
45 

Thr Arg Cys Glin Thr 
60 

His Cys His Gln His 
8O 

Glu Lys Glu Gly Thr 
95 

Gly Leu. His Cys Thr 
110 

Leu Cys Pro Pro Gly 
125 

Asp Thr Ile Cys Asp 
1 4 0 

Ser Ala Leu Glu Lys 
160 

Leu Val Lys Val Glin 
175 

Pro Glin Pro Arg Leu 

Ile Leu Leu Wal Wall 
2O5 

Lys Lys Pro Glu Asn 
220 

Glu Glu Phe Pro Met 
240 

Lieu. His Gly Cys Glin 
255 

Ile Ser Wall Glin Glu 
27 O 

1227 

1287 

1347 

1407 

1425 

130 







a.a.a. 

atc 
Ile 

tgg 
Trp 
145 

aac 

Asn 

gtg 
Wall 

tot 
Ser 

tat 

too 
Ser 
225 

Cag 
Glin 

<400 

Pro 
1 

Glin 

Teu 

Teu 

Asp 
65 

Asp 

Ile 

Trp 
145 

Asn 

Cag 
Glin 

ggC 
Gly 
130 

aca 

Thr 

aag 
Lys 

gtg 
Wall 

gcc 
Ala 

Cag 
Glin 
210 

att 
Ile 

gag 
Glu 

atc 
Ile 
115 

titc. 
Phe 

agc 
Ser 

act 
Thr 

gtc 
Wall 

tgc 
Cys 
195 

gac 
Asp 

gct 
Ala 

gac 
Asp 

100 

gct 
Ala 

titc. 
Phe 

Cys 

gat 
Asp 

coc 

Pro 
18O 

atc 
Ile 

cost 
Pro 

cc.g 
Pro 

ggC 
Gly 

SEQUENCE: 

Glu Pro Arg 

Cys 

His 

Asp 
5 O 

Pro 

Thr 

Glu 

Glin 

Gly 
130 

Thr 

Cys 

Thr 
35 

Thr 

Asn 

Thr 

Ser 

Ile 
115 

Phe 

Ser 

Thr 

Asn 
2O 

Ile 

Trp 

Telu 

Cys 
100 

Ala 

Phe 

a Ca 

Thr 

too 
Ser 

gaa 
Glu 

gtt 
Wall 
1.65 

atc 
Ile 

Cga 
Arg 

gtg 
Wall 

gtg 
Wall 

a.a.a. 

Lys 
245 

SEQ ID NO 58 
LENGTH 
TYPE 
ORGANISM: Canis familiaris 

255 
PRT 

58 

Thr 
5 

Asn 

Gly 

Thr 
85 

Thr 

Thr 

Ser 

Glu 

Wall 
1.65 

ggg 
Gly 

aat 
Asn 

acc 

Thr 
15 O 

atc 
Ile 

att 
Ile 

aag 
Lys 

gag 
Glu 

Cala 

Glin 
230 

gag 
Glu 

Ala 

Cys 

Thr 

Ala 

Teu 
70 

Cys 

Met 

Gly 

Asn 

Thr 
15 O 

Ile 

135 

att 
Ile 

gtg 
Wall 
135 

a.a.a. 

Lys 

tgt 
Cys 

atg 
Met 

gtg 
Wall 

gac 
Asp 
215 

gag 
Glu 

agC 
Ser 

Cys 

Pro 

Glu 

Glu 
55 

His 

His 

Ile 

Wall 
135 

Lys 

Cys 

tot 
Ser 
120 

tot 
Ser 

ggC 
Gly 

ggit 
Gly 

ggg 
Gly 

gtc 
Wall 
200 

Telu 

acc 

Thr 

cgc 
Arg 

Pro 

Cys 
40 

Arg 

Wall 

Glu 

Ser 

Ser 
120 

Ser 

Gly 

Gly 

105 

gat 
Asp 

tot 
Ser 

citg 
Telu 

coc 

Pro 

atc 
Ile 
185 

aag 
Lys 

gag 
Glu 

tta 
Telu 

atc 
Ile 

Glu 

Gly 
25 

Thr 

His 

Glu 

Gly 

Telu 
105 

Asp 

Ser 

Telu 

Pro 

acc 

Thr 

gct 
Ala 

gtg 
Wall 

Cag 
Glin 
170 

citg 
Telu 

aag 
Lys 

gaa 
Glu 

cat 
His 

to c 
Ser 
250 

Lys 
10 

Glu 

Arg 

Thr 

Ala 

Wall 

Glin 
170 

atc. 
Ile 

ttg 
Lel 

aag 
Lys 
55 

cost 
Pro 

citt 
Lel 

cca 

titt 
Phe 

ggg 
Gly 
235 

gtg 
Wall 

Glin 

Lys 

Cys 

His 

Glu 
75 

His 

Pro 

Ile 

Teu 

Lys 
155 

Pro 

US RE39,614 E 

-continued 

gaa 
Glu 
1 4 0 

gtt 
Wall 

Cgg 
Arg 

gtt 
Wall 

gag 
Glu 

cost 
Pro 
220 

tgc 
Cys 

Cag 
Glin 

Teu 

Glin 

Glin 
60 

Gly 

Pro 

Glu 
1 4 0 

Wall 

Arg 

gat 
Asp 
125 

aag 

Cag 
Glin 

tta 
Teu 

gto 
Wall 

aat 
Asn 
2O5 

atg 
Met 

Cag 
Glin 

gag 
Glu 

Teu 

Wall 

Thr 
45 

His 

Thr 

Thr 

Gly 

Asp 
125 

Glin 

Teu 

110 

coc 

Pro 

Cys 

gC9 
Ala 

aga 
Arg 

citg 
Telu 
19 O 

aag 
Lys 

coc 

Pro 

coc 

Pro 

aga 
Arg 

Wall 

Asn 
3O 

Gly 

Ser 

Asn 

Telu 
110 

Pro 

Ala 

Arg 

tgc 
Cys 

cac 

His 

gga 
Gly 

gcc 
Ala 
175 

ttg 
Telu 

gtt 
Wall 

cc.g 
Pro 

gtc 
Wall 

gtg 
Wall 
255 

Asp 
15 

Asp 

Glu 

Glu 

Ala 
95 

Gly 

His 

Gly 

Ala 
175 

coc 

Pro 

cost 
Pro 

act 
Thr 
160 

cita 
Telu 

gtg 
Wall 

atg 
Met 

cac 

His 

acc 

Thr 
240 

Ser 

Thr 

Ala 

Wall 

Pro 

Pro 

Thr 
160 

Telu 

384 

432 

480 

528 

576 

624 

672 

720 

765 

136 







<210> SEQ ID NO 64 
&2 11s LENGTH 1878 
&212> TYPE DNA 
<213> ORGANISM: Canis familiaris 
&220s FEATURE 
<221 NAME/KEY: CDS 
<222> LOCATION: (284) . . (1063) 

<400 SEQUENCE: 64 

aatgtatgga agaagaaact 

atgatatggg tataattaaa 

tittgctggga gagaagacita 

gcgctottaa citaatcctga 

ccaccittcto ggtotgaaga 

atg 
Met 

att 
Ile 

alta 
Ile 

tta 
Teu 

gag 
Glu 
85 

aac 

Asn 

Cag 
Glin 

cca 

Pro 

agC 
Ser 

Cala 

Glin 
1.65 

gCa 
Ala 

cc.g 
Pro 

tog 
Ser 

agc 
Ser 

a.a.a. 

gga 
Gly 

gaa 
Glu 

Cag 
Glin 
70 

gaa 
Glu 

aac 

Asn 

gat 
Asp 

gCg 
Ala 

aac 

Asn 
15 O 

gga 
Gly 

gct 
Ala 

agt 
Ser 

to c 
Ser 

Cala 

Glin 

att 
Ile 

tog 
Ser 

gat 
Asp 
55 

a.a.a. 

att 
Ile 

gaa 
Glu 

cost 
Pro 

to c 
Ser 
135 

citg 
Telu 

citc. 
Telu 

tog 
Ser 

gga 
Gly 

a.a.a. 

Lys 
215 

act 
Thr 

titt 
Phe 

gCa 
Ala 
40 

gaa 
Glu 

tgc 
Cys 

a.a.a. 

Lys 

atg 
Met 

cga. 
Arg 
120 

gtt 
Wall 

gtg 
Wall 

tat 
Tyr 

agt 
Ser 

acg 
Thr 
200 

cost 
Pro 

gct 
Ala 

atg 
Met 
25 

citc. 
Teu 

agg 
Arg 

aac 

Asn 

agC 
Ser 

aag 
Lys 
105 

att 
Ile 

citg 
Teu 

agC 
Ser 

tac 
Tyr 

Cala 

Glin 
185 

gag 
Glu 

tgc 
Cys 

cco 

Pro 
10 

tat 
Tyr 

titt 
Phe 

aat 
Asn 

a.a.a. 

Cala 

Glin 
90 

a.a.a. 

gCa 
Ala 

Cgg 
Arg 

citc. 
Teu 

gto 
Wall 
170 

gct 
Ala 

aga 
Arg 

ggC 
Gly 

141 

Cga 
Arg 

ttg 
Teu 

gct 
Ala 

citt 
Teu 

ggg 
Gly 
75 

titt 
Phe 

gaa 
Glu 

gcc 
Ala 

tgg 
Trp 

gag 
Glu 
155 

tat 
Tyr 

cc.g 
Pro 

gto 
Wall 

Cala 

Glin 

tgtttcttct 

aaaaaaaaaa. 

cgaag cacat 

gtalaggtggC 

tat catttca 

tot 
Ser 

citt 
Telu 

gta 
Wall 

tat 
Tyr 
60 

gag 
Glu 

gaa 
Glu 

gaa 
Glu 

cat 
His 

gCg 
Ala 
14 O 

aat 
Asn 

gcc 
Ala 

titc. 
Phe 

tta 
Telu 

Cag 
Glin 
220 

titactaacaa. 

aaaaaaaaaa. 

titt coaggaa 

cactittgaca 

actictaa.cac 

gtg 
Wall 

act 
Thr 

tat 
Tyr 
45 

gaa 
Glu 

ggg 
Gly 

gcc 
Ala 

aac 

Asn 

gtc 
Wall 
125 

cca 

Pro 

ggg 
Gly 

Cala 

Glin 

gtc 
Wall 

citc. 
Telu 
2O5 

to c 
Ser 

gcc 
Ala 

gtt 
Wall 
30 

citt 
Telu 

gat 
Asp 

to c 
Ser 

titt 
Phe 

att 
Ile 
110 

ata 
Ile 

a.a.a. 

Lys 

a.a.a. 

Lys 

gtc 
Wall 

gcc 
Ala 
190 

Arg 

atc 
Ile 

act 
Thr 
15 

titt 
Phe 

cac 

His 

titt 
Phe 

Lel 

citc. 
Lel 

95 

gCa 
Ala 

Ser 

ggg 
Gly 

Cag 
Glin 

acc 

Thr 
175 

agC 
Ser 

gcc 
Ala 

cac 

His 

US RE39,614 E 

-continued 

aagggaaag C 

aaaac ctitta 

gtgttittcat 

agC 

gga 
Gly 

citc. 
Teu 

aga 
Arg 

gtg 
Wall 

too 
Ser 
8O 

aag 

atg 
Met 

gag 
Glu 

tac 
Tyr 

Teu 
160 

titc. 
Phe 

cita 
Teu 

gCg 
Ala 

ttg 
Teu 

atg 
Met 

1 

cca 

Pro 

atc 
Ile 

aga 
Arg 

titc. 
Phe 
65 

tta 
Teu 

gag 
Glu 

Cala 

Glin 

gct 
Ala 

tac 
Tyr 
145 

gcc 
Ala 

tgc 
Cys 

agC 
Ser 

gga 
Gly 
225 

atc. 
Ile 

coc 

Pro 

acc 

Thr 

ttg 
Telu 
5 O 

atg 
Met 

citg 
Telu 

ata 
Ile 

13 O 

acc 

Thr 

gtg 
Wall 

to c 
Ser 

citc. 
Telu 

to c 
Ser 
21 O 

gga 
Gly 

Ctggaagtga 

cgtaacttitt 

caacgattgt 

gct gccitctg 

gaa 
Glu 

gtc 
Wall 

Cag 
Glin 
35 

gac 
Asp 

a.a.a. 

aac 

Asn 

atg 
Met 

ggit 
Gly 
115 

Ser 

ata 
Ile 

a.a.a. 

aat 
Asn 

cat 
His 
195 

Arg 

gta 
Wall 

aca 

Thr 

agt 
Ser 
2O 

atg 
Met 

aag 
Lys 

acg 
Thr 

Cys 

cita 
Telu 
100 

gat 
Asp 

aac 

Asn 

agc 
Ser 

aga 
Arg 

cgg 
Arg 
18O 

to c 
Ser 

ggC 
Gly 

titt 
Phe 

60 

120 

18O 

240 

295 

343 

391 

439 

487 

535 

583 

631 

6.79 

727 

775 

823 

871 

919 

967 

142 



gala ttg cat 
Glu Lieu. His 

230 

caa gtg agc 
Glin Wal Ser 
245 

tgagtgctgg 

c gag cagtta 

gtggagaact 

gC9gggg.ca.g 

cact gatgca 

atccitcagta 

tittcactgga 

agct cacagt 

ccagaaagtc 

to attctic to 

ttatttcaac 

actic citcc to 

attgtttcca 

cittaacgtta 

143 

cca ggit gct tcg gtg 
Pro Gly Ala Ser Val 

235 

cac ggg acc ggc titc 
His Gly. Thr Gly Phe 

25 O 

caccitcacag 

agaccaccac 

atttattata 

cgc.caa.cagg 

gacatccaga 

aacggcagat 

gaatgtactic 

cagttacggit 

tgatgg.cgc.g 

cctcctcc.gc 

cctgttgcct 

citgaaatgac 

gagtgaactt 

aaaaaaaaaa. 

<210 SEQ ID NO 65 
&2 11s LENGTH 260 
&212> TYPE PRT 
<213> ORGANISM: Canis 

<400 SEQUENCE: 65 

Met Ile Glu 
1 

Pro Pro Wall 

Ile Thr Glin 
35 

Arg Lieu. Asp 
5 O 

Phe Met Lys 
65 

Teu Lleu. Asn 

Glu Ile Met 

Glin Lys Gly 
115 

Ala Ser Ser 
130 

Tyr Thr Ile 
145 

Ala Wall Lys 

Cys Ser Asn 

gctgcagotc 

ccctdttgaa 

caccc.ccagg 

cc.ccggtogg 

gag toccatg 

aattagtc.ca 

gattitccc.cg 

tgacCCgggg 

gagaactgga 

coccotcc cc 

citccaccagt 

tgtatttaaa 

gtgattatct 

aaaaaaaaaa. 

familiaris 

Thr Tyr Ser Gln Thr 
5 

Ser Met Lys Ile Phe 

Met Ile Gly Ser Ala 
40 

Lys Ile Glu Asp Glu 
55 

Thir Lieu Gln Lys Cys 
70 

Cys Glu Glu Ile Lys 
85 

Lieu. Asn. Asn. Glu Met 
100 

Asp Glin Asp Pro Arg 
120 

Asin Pro Ala Ser Wall 
135 

Ser Ser Asn Lieu Wall 
15 O 

Arg Glin Gly Lieu. Tyr 
1.65 

Arg Ala Ala Ser Ser 

titc gtc. aac 
Phe Wall Asn 

acg tot titt 
Thir Ser Phe 

255 

agctcctgtt 

citgccitattt 

CgtggagggC 

taagagttga 

aaaaagacga 

gtttcgttitt 

cgaagatgct 

toccc.ggggc 

aalacc cit gcc 

ccacagt cag 

gtagg.cggga 

ggaaatctot 

tgttattitat 

aaaaa. 

Ala Pro Arg 
10 

Met Tyr Leu 
25 

Leu Phe Ala 

Arg Asn Lieu 

Asn Lys Gly 
75 

Ser Glin Phe 

Lys Lys Glu 
105 

Ile Ala Ala 

Leu Arg Trp 

Ser Leu Glu 
155 

Tyr Val Tyr 
170 

Glin Ala Pro 

US RE39,614 E 

-contin 

gtg act gat 
Val Thr Asp 
240 

ggc tita citc 
Gly Lieu Lieu 

ggtggtottc 

ata acco tag 

tgcaagaagg 

tattotggaa 

gactatt atg 

gtttctittgc 

gaagggcaac 

CCC gatggag 

cccaccago c 

gctgttgcta 

ggagaga.gca 

ccitacct acc 

tttittgaata 

Ser Wall Ala 

Leu. Thir Wall 
3O 

Val Tyr Leu 
45 

Tyr Glu Asp 
60 

Glu Gly Ser 

Glu Ala Phe 

Glu Asn. Ile 
110 

His Wall Ile 
125 

Ala Pro Lys 
1 4 0 

Asn Gly Lys 

Ala Glin Wall 

Phe Wall Ala 

ued 

cca agc 
Pro Ser 

aaa citc. 

Lys Lieu 
260 

gtaatacggc 

gatccitcctc 

gaatgacagg 

gcago.cgc.cc 

cacagattga 

atgcagtgtc 

agggagcctic 

gggaCaggct 

accotgacac 

atcggittatc 

gaggctgcCC 

tgcagtctoc 

ataaag.cgc.c 

Thr Gly 
15 

Phe Leu 

His Arg 

Phe Wall 

Teu Ser 
8O 

Lieu Lys 
95 

Ala Met 

Ser Glu 

Gly Tyr 

Gln Leu 
160 

Thr Phe 
175 

Ser Lieu 

O15 

O 63 

123 

183 

243 

303 

363 

423 

483 

543 

603 

663 

723 

783 

843 

878 

144 









Lieu. Asn. Cys 
35 

Ile Met Leu 
5 O 

Lys Gly Asp 
65 

Ser Ser Asn 

Thir Ile Ser 

Wall Lys Arg 
115 

Ser Asn Arg 
130 

Lieu. His Ser 
145 

Ser Arg Gly 

Gly Val Phe 

Asp Pro Ser 
195 

Leu Lys Lieu 
210 

<400 

Glu Glu I 

Asn. Asn. G 

Glin Asp P 

Pro Ala S 
85 

Ser Asn. It 
100 

Glin Gly L. 

Ala Ala S 

Pro Ser G 
1 

151 

le Lys Ser 
40 

lu Met Lys 
55 

ro Arg Ile 
70 

er Wall Leu 

eu Wal Ser 

eu Tyr Tyr 
120 

er Ser Glin 
135 

ly Thr Glu 
50 

Ser Ser Lys Pro Cys 
1.65 

Glu Lieu. H 
18O 

Glin Wal S 

SEQ ID NO 71 
LENGTH 633 
TYPE DNA 
ORGANISM: Canis 

SEQUENCE: 71 

gagtttgagt aagccaaaag 

cacgttgacg 

citgttggcc.g 

cgttccactc 

cc.gattggag 

caactgtttc 

cgc.ccaccgc 

to gaggat.cc 

tag cattatc 

ggaCaaggac 

ataaagatto 

<400 

aac accgaag 

caaggtttgg 

ggggaatgga 

Cagalaggtga 

ccattctoga 

agalacggacg 

tgatcaccitt 

to cittgagaa 

coctoccott 

cittitcatctt 

SEQ ID NO 72 
LENGTH 885 
TYPE DNA 
ORGANISM: Felis 
FEATURE: 
NAME/KEY: CDS 
LOCATION: (29). 

SEQUENCE: 72 

is Pro Gly 

er His Gly 
200 

familiaris 

acgtgaagcc 

caccitggatg 

acgagcc.gc.g 

ggcataggct 

cittggg cata 

ggcto accag 

citgggttact 

tittgcattgc 

aggcttcaaa 

tgttgcattt 

citatcttgtc 

catus 

. (808) 

Glin Phe Glu 

Lys Glu Glu 

Ala Ala His 
75 

Arg Trp Ala 
90 

Leu Glu Asn 
105 

Val Tyr Ala 

Ala Pro Phe 

Arg Val Lieu 
155 

Gly Glin Glin 
170 

Ala Ser Wall 
185 

Thr Gly Phe 

ggtc.ccgtgg 

caattcaaat 

ggagctcgc.g 

ggCgacgaac 

gacgtaatag 

gttgctgctt 

actag cotca 

aatgttttct 

ttggcttitta 

citgitaacgtt 

Cala 

US RE39,614 E 

-contin 

Ala Phe Leu 
45 

Asn. Ile Ala 
60 

Wall Ile Ser 

Pro Lys Gly 

Gly Lys Glin 
110 

Glin Wall Thr 
125 

Wall Ala Ser 
1 4 0 

Leu Arg Ala 

Ser Ile His 

Phe Wall Asn 
19 O 

Thir Ser Phe 
2O5 

citcacttggc 

acticcitcc.ca 

gcgcggagta 

ggagcttgac 

agtccittgtc 

atggtgtagt 

cittatgacat 

totttctitca 

attitccitcac 

ttcat galaca 

ued 

Lys Glu 

Met Glin 

Glu Ala 
8O 

Tyr Tyr 
95 

Leu Ala 

Phe Cys 

Lieu. Cys 

Ala Ser 
160 

Leu Gly 
175 

Wall Thr 

Gly Lieu 

ttggatcagt 

agtggatgga 

agactictotc 

togaa.gctgc 

ttittcacggc 

accottttgg 

gggctgcaat 

tittcgttgtt 

agttcagtaa 

caaaatctitc 

gaagatacca tttcaactitt aacacago atg atc gaa aca tat agc caa act 

60 

120 

18O 

240 

360 

420 

480 

540 

600 

633 

52 

152 



gct 
Ala 

atg 
Met 
25 

citc. 
Teu 

agg 
Arg 

aac 

Asn 

agC 
Ser 

aag 
Lys 
105 

gtt 
Wall 

citc. 
Teu 

acc 

Thr 

tat 

Cala 

Glin 
185 

gag 
Glu 

tgt 
Cys 

ggit 
Gly 

ggg 
Gly 

coc 

Pro 
10 

tat 

titt 
Phe 

aat 
Asn 

a.a.a. 

cgg 
Arg 
9 O 

a.a.a. 

gCa 
Ala 

cag 
Glin 

citc. 
Telu 

atc 
Ile 
17 O 

gct 
Ala 

aga 
Arg 

ggg 
Gly 

gct 
Ala 

acg 
Thr 
25 O 

cgc 
Arg 

tta 
Telu 

gct 
Ala 

citt 
Telu 

gga 
Gly 
75 

titt 
Phe 

gaa 
Glu 

gCa 
Ala 

tgg 
Trp 

gag 
Glu 
155 

tac 
Tyr 

cc.g 
Pro 

gtc 
Wall 

Cag 
Glin 

tog 
Ser 
235 

ggC 
Gly 

to c 
Ser 

citt 
Telu 

gtg 
Wall 

tat 
Tyr 
60 

gag 
Glu 

gaa 
Glu 

a.a.a. 

cat 
His 

gCC 
Ala 
140 

aac 

Asn 

gcc 
Ala 

titc. 
Phe 

tta 
Telu 

Cala 

Glin 
220 

gtg 
Wall 

titc. 
Phe 

gtg 
Wall 

act 
Thr 

tat 
Tyr 
45 

gaa 
Glu 

ggg 
Gly 

gcc 
Ala 

aat 
Asn 

gto 
Wall 
125 

cco 

Pro 

ggg 
Gly 

Cala 

Glin 

alta 
Ile 

citc. 
Teu 
2O5 

too 
Ser 

titc. 
Phe 

acg 
Thr 

gcc 
Ala 

gtg 
Wall 
30 

citt 
Teu 

gat 
Asp 

gcc 
Ala 

titt 
Phe 

gtt 
Wall 
110 

alta 
Ile 

a.a.a. 

Lys 

aag 
Lys 

gto 
Wall 

gcc 
Ala 
190 

aga 
Arg 

att 
Ile 

gtg 
Wall 

tot 
Ser 

153 
US RE39,614 E 

-continued 

Met Ile Glu Thr Tyr Ser Glin Thr 

cct gga 
Pro Gly 
15 

titt citc. 
Phe Leu 

cac aga 
His Arg 

titt gtg 
Phe Wall 

tta to c 
eu Ser 

8O 

citc aag 
Leu Lys 
95 

gca atg 
Ala Met 

agt gag 
Ser Glu 

ggC tac 
Gly Tyr 

cag citg 
Glin Leu 

160 

acc titc. 
Thir Phe 
175 

agc citc 
Ser Lieu 

gct gca 
Ala Ala 

cac ttg 
His Lieu 

aac gtg 
Asn Wall 

240 

titt ggc 
Phe Gly 
255 

1 

cca 

Pro 

atc 
Ile 

aga 
Arg 

titc. 
Phe 
65 

tta 
Telu 

gag 
Glu 

Cala 

Glin 

gcc 
Ala 

tac 
Tyr 
145 

gcc 
Ala 

tgt 
Cys 

tgc 
Cys 

aat 
Asn 

gga 
Gly 
225 

act 
Thr 

ttg 
Telu 

coc 

Pro 

acc 

Thr 

citg 
Telu 
50 

atg 
Met 

citg 
Telu 

ata 
Ile 

a.a.a. 

agc 
Ser 
130 

acc 

Thr 

gtt 
Wall 

to c 
Ser 

citg 
Telu 

gcc 
Ala 
210 

gga 
Gly 

gat 
Asp 

citc. 
Telu 

gto 
Wall 

Cag 
Glin 
35 

gac 
Asp 

a.a.a. 

aac 

Asn 

atg 
Met 

ggC 
Gly 
115 

agt 
Ser 

ata 
Ile 

a.a.a. 

aat 
Asn 

cat 
His 
195 

cgc 
Arg 

gto 
Wall 

cc.g 
Pro 

a.a.a. 

Lys 

caccitc.gcag gocgc.gaggc citgcaggc.cg cqgctgagct 

tacagoa 

<400 SEQUENCE: 

SEQ ID NO 73 
LENGTH 
TYPE 
ORGANISM: Felis catus 

260 

73 

agt 
Ser 
2O 

atg 
Met 

aag 
Lys 

a Ca 

Thr 

tgt 
Cys 

cita 
Teu 
1 OO 

gac 
Asp 

agC 
Ser 

agc 
Ser 

aga 
Arg 

Cgg 
Arg 
18O 

too 
Ser 

agt 
Ser 

titc. 
Phe 

agC 
Ser 

citc. 
Teu 
260 

cacgctggga gtott cacala 

5 

atg 
Met 

att 
Ile 

alta 
Ile 

tta 
Teu 

gag 
Glu 
85 

aac 

Asn 

Cag 
Glin 

a Ca 

Thr 

agc 
Ser 

Cala 

Glin 
1.65 

gaa 
Glu 

cc.g 
Pro 

too 
Ser 

gaa 
Glu 

Cala 

Glin 
245 

a.a.a. 

Lys 

ggg 
Gly 

gaa 
Glu 

Cag 
Glin 
70 

gaa 
Glu 

a.a.a. 

Lys 

gat 
Asp 

gC9 
Ala 

aac 

Asn 
15 O 

gga 
Gly 

gct 
Ala 

agt 
Ser 

to c 
Ser 

citg 
Telu 
230 

gtg 
Wall 

att 
Ile 

toa 
Ser 

gat 
Asp 
55 

a.a.a. 

att 
Ile 

gaa 
Glu 

cost 
Pro 

tot 
Ser 
135 

ttg 
Telu 

citc. 
Telu 

tog 
Ser 

gga 
Gly 

a.a.a. 

Lys 
215 

cat 
His 

agc 
Ser 

tgaacactgg 

titt 
Phe 

gCa 
Ala 
40 

gaa 
Glu 

tgc 
Cys 

a.a.a. 

acg 
Thr 

cga. 
Arg 
120 

gtt 
Wall 

gtg 
Wall 

tat 

agt 
Ser 

to c 
Ser 
200 

coc 

Pro 

cca 

Pro 

cac 

His 

100 

148 

196 

244 

292 

34 O 

388 

436 

484 

532 

628 

676 

724 

772 

818 

878 

885 

154 



Met Ile Glu 

Pro Pro Wall 

Ile Thr Glin 
35 

Arg Lieu. Asp 
5 O 

Phe Met Lys 
65 

Teu Lleu. Asn 

Glu Ile Met 

Glin Lys Gly 
115 

Ala Ser Ser 
130 

Tyr Thr Ile 
145 

Ala Wall Lys 

Cys Ser Asn 

Cys Lieu. His 
195 

Asn Ala Arg 
210 

Gly Gly Val 
225 

Thr Asp Pro 

Leu Lleu Lys 

Thr Tyr S 

155 

er Glin Thr 

Ser Met Lys Ile Phe 

Met Ile G 

Lys Ile G 

Thir Leu G 

Cys Glu G 
85 

ly Ser Ala 
40 

lu Asp Glu 
55 

ln Lys Cys 
70 

lu Ile Lys 

Lieu. Asn Lys Glu Thr 
100 

Asp Glin Asp Pro Arg 
120 

Ser Thr Ala Ser Wall 
135 

Ser Ser Asn Lieu Wall 
1 

Arg Glin G 
1.65 

50 

ly Lieu. Tyr 

Arg Glu Ala Ser Ser 
18O 

Ser Pro S 

Ser Ser S 

Phe Glu L 
2 

Ser Glin W 
245 

Telu 
260 

<210> SEQ ID NO 74 
&2 11s LENGTH 885 
&212> TYPE DNA 
<213> ORGANISM: Felis 

<400 SEQUENCE: 74 

tgctgtatta 

C gaggtgc.ca 

acttggctcg 

cctoccaagt 

citgagtaaga 

gcttgacitcg 

ccttgttctitt 

gtgtagtagc 

atgacatgtg 

ttctitcgttt 

tgaag acticc 

gtgttcagag 

gatcagtcac 

gaatggattg 

citctdtcgga 

aagctt.ccc.g 

taacggccag 

Ctttgggggc 

citgcaacticg 

citttgtttag 

er Gly Ser 
200 

er Lys Pro 
215 

eu. His Pro 
30 

al Ser His 

catus 

Cagcgtgagc 

tittgagcaag 

gttcacgaac 

citgcc cacag 

to cactcggg 

attggaacag 

citgctitcc.cg 

ccactggaga 

aggat.cctgg 

cattatctoc 

Ala Pro Arg 
10 

Met Tyr Leu 
25 

Leu Phe Ala 

Arg Asn Lieu 

Asn Lys Gly 
75 

Ser Arg Phe 
90 

Lys Lys Glu 
105 

Wall Ala Ala 

Leu Gln Trp 

Thir Leu Glu 
155 

Tyr Ile Tyr 
170 

Glin Ala Pro 
185 

Glu Arg Val 

Cys Gly Glin 

Gly Ala Ser 
235 

Gly Thr Gly 
250 

tdag CC gcgg 

ccaaaagacg 

accgaag cac 

ggtttggagg 

gaatgcaggC 

aaggtgacitt 

ttcto gaggg 

acagacgctg 

togcc.tttitt 

ttgagaaagg 

US RE39,614 E 

-contin 

Ser Wall Ala 

Leu. Thir Wall 
3O 

Val Tyr Leu 
45 

Tyr Glu Asp 
60 

Glu Gly Ala 

Glu Ala Phe 

Lys Asn. Wall 
110 

His Wall Ile 
125 

Ala Pro Lys 
1 4 0 

Asn Gly Lys 

Ala Glin Wall 

Phe Ile Ala 
19 O 

Leu Lleu Arg 
2O5 

Glin Ser Ile 
220 

Wall Phe Wall 

Phe Thr Ser 

cctgcaggcc 

tgaag.ccc.gt 

citggatgcag 

aactg.cgggc 

agaggctggc 

ggg.cgtagat 

tdaccaagtt 

tgctactgct 

gcattgcaac 

cittcaaaccg 

ued 

Pro Gly 
15 

Phe Leu 

His Arg 

Phe Wall 

eu Ser 
8O 

Lieu Lys 
95 

Ala Met 

Ser Glu 

Gly Tyr 

Gln Leu 
160 

Thr Phe 
175 

Ser Lieu 

Ala Ala 

His Lieu 

Asn Wall 
240 

Phe Gly 
255 

togcggcctg 

cc.cgtggctic 

titcgaag act 

atttgcagot 

tatgaacgga 

ataatagagt 

gct gottatg 

ggcctcactt 

attittitt tot 

gcttittaatt 

60 

120 

18O 

240 

360 

420 

480 

540 

600 

156 







Lieu. Asn. Cys 
35 

Ile Met Leu 
5 O 

Lys Gly Asp 
65 

Ser Ser Ser 

Thir Ile Ser 

Wall Lys Arg 
115 

Ser Asn Arg 
130 

Lieu. His Ser 
145 

Ala Arg Ser 

Gly Val Phe 

Asp Pro Ser 
195 

Leu Lys Lieu 
210 

161 

Glu Glu Ile Lys Ser 
40 

Asn Lys Glu Thir Lys 
55 

Glin Asp Pro Arg Val 
70 

Thr Ala Ser Wall Leu 
85 

Ser Asn Lieu Wall Thr 
100 

Gln Gly Leu Tyr Tyr 
120 

Glu Ala Ser Ser Glin 
135 

Pro Ser Gly Ser Glu 
15 O 

Ser Ser Lys Pro Cys 
1.65 

Glu Lieu. His Pro Gly 
18O 

Glin Val Ser His Gly 
200 

<210 SEQ ID NO 79 
&2 11s LENGTH 633 
&212> TYPE 
<213> ORGAN 

DNA 
ISM: Felis catus 

<400 SEQUENCE: 79 

gagtttgagc 

cacgttcacg 

ttgctg.ccca 

ggatcc acto 

cc.gattggaa 

cagotgctitc 

ggCC Cactgg 

to gaggat.cc 

tag cattatc 

ggataaggcC 

ataaagatto 

aagccaaaag acgtgaagcc 

aac accgaag caccitggatg 

Cagggitttgg aggaactg.cg 

ggggaatgca ggcagaggct 

Cagalaggtga Cttggg.cgta 

cc.gttctoga ggg to accala 

agaacagacg citgtgctact 

tggtogccitt tittgcattgc 

to cittgagaa aggcttcaaa 

cccitctocitt tattgcattt 

citttcatctt citatcttgtc 

<210 SEQ ID NO 80 
&2 11s LENGTH 610 
&212> TYPE 
<213> ORGAN 

DNA 
ISM: Canis familiaris 

&220s FEATURE 
<221 NAME/KEY: CDS 
<222> LOCAT ION: (29).. (430) 

<400 SEQUENCE: 80 

Arg Phe Glu 

Lys Glu Lys 

Ala Ala His 
75 

Gln Trp Ala 
90 

Leu Glu Asn 
105 

Ile Tyr Ala 

Ala Pro Phe 

Arg Val Lieu 
155 

Gly Glin Glin 
170 

Ala Ser Wall 
185 

Thr Gly Phe 

cgtc.ccgtgg 

cagttcgaag 

ggcatttgca 

ggctatoaac 

gatataatag 

gttgctgctt 

gctggcc toa 

aac attittitt 

ccggcttitta 

citgitaatgtt 

Cag 

US RE39,614 E 

-contin 

Ala Phe Leu 
45 

Asn. Wall Ala 
60 

Wall Ile Ser 

Pro Lys Gly 

Gly Lys Glin 
110 

Glin Wall Thr 
125 

Ile Ala Ser 
1 4 0 

Leu Arg Ala 

Ser Ile His 

Phe Wall Asn 
19 O 

Thir Ser Phe 
2O5 

citcacttggc 

acticcitcc.ca 

gctctgagta 

ggagcttgac 

agtccittgtc 

atggtgtagt 

cittatgacat 

totttctitcg 

attitccitcac 

ttcat galaca 

ued 

Lys Glu 

Met Glin 

Glu Ala 
8O 

Tyr Tyr 
95 

Leu Ala 

Phe Cys 

Lieu. Cys 

Ala Asn 
160 

Leu Gly 
175 

Wall Thr 

Gly Lieu 

toggatcagt 

agtgaatgga 

agactictotc 

togaa.gcttic 

ttittaacggc 

agc ctittggg 

gtgctgcaac 

tittctttgtt 

agttcagtaa 

caaaatctitc 

caaggcaaac actgaacatt to agagct atg aga atg citt citg aat ttg agt 

60 

120 

18O 

240 

360 

420 

480 

540 

600 

633 

52 

162 



ttg 
Teu 

cco 

Pro 
25 

Cga 
Arg 

aat 
Asn 

a Ca 

Thr 

Cala 

Glin 

tgt 
Cys 
105 

gta 
Wall 

cita 
Telu 
10 

atg 
Met 

act 
Thr 

a.a.a. 

Lys 

ttg 
Telu 

aac 

Asn 
9 O 

gCa 
Ala 

titt 
Phe 

gct 
Ala 

aat 
Asn 

tgg 
Trp 

aat 
Asn 

aag 
Lys 
75 

Telu 

gga 
Gly 

citt 
Telu 

citt 
Telu 

aga 
Arg 

citg 
Telu 

cac 

His 
60 

aac 

Asn 

tot 
Ser 

gaa 
Glu 

ggit 
Gly 

ggg 
Gly 

citg 
Teu 

alta 
Ile 
45 

Cala 

Glin 

Cala 

Glin 

tta 
Teu 

aga 
Arg 

gta 
Wall 
125 

gct 
Ala 

gtg 
Wall 
30 

ggC 
Gly 

citg 
Teu 

act 
Thr 

alta 
Ile 

tgg 
Trp 
110 

alta 
Ile 

163 

gcc 
Ala 
15 

gCa 
Ala 

gat 
Asp 

tgc 
Cys 

gcc 
Ala 

a.a.a. 

Lys 
95 

aga 
Arg 

aac 

Asn 

US RE39,614 E 

-continued 

Met Arg Met Leu Lieu. Asn Lieu Ser 

tat 
Tyr 

gag 
Glu 

ggg 
Gly 

att 
Ile 

cac 

His 

Glu 

gtg 
Wall 

acc 

Thr 

1 

gtt 
Wall 

acc 

Thr 

aac 

Asn 

a.a.a. 

Lys 
65 

ggg 
Gly 

cac 

His 

aca 

Thr 

gag 
Glu 

tot 
Ser 

ttg 
Telu 

citg 
Telu 
50 

gaa 
Glu 

gag 
Glu 

ata 
Ile 

aag 
Lys 

tgg 
Trp 
130 

gcc 
Ala 

aca 

Thr 
35 

atg 
Met 

gtt 
Wall 

gct 
Ala 

gag 
Glu 

titc. 
Phe 
115 

aca 

Thr 

tgagaacaaa CCq.gcttatt gtagtggaag attittggaga 

agaatgaggg cca accaa.ca gtagg gacitt aatggcc agt 

aagtaaatat titcagg catc citact actitt atcactitcac 

<400 

Met 
1 

Wall 

Thr 

Asn 

Lys 
65 

Gly 

His 

Thr 

Glu 

SEQUENCE: 

Arg Met Lieu 

Ser 

Telu 

Telu 
5 O 

Glu 

Glu 

Ile 

Trp 
130 

Ala 

Thr 
35 

Met 

Wall 

Ala 

Glu 

Phe 
115 

Thr 

Phe 

Telu 

Ile 

Phe 

Wall 

Arg 
100 

Telu 

Pro 

SEQ ID NO 81 
LENGTH 
TYPE 
ORGANISM: Canis familiaris 

134 
PRT 

81 

Teu 
5 

Ala 

Teu 

Pro 

Glin 

Asp 
85 

Glin 

Asp 

Glu 

<210> SEQ ID NO 82 
&2 11s LENGTH 610 

Asn 

Wall 

Ser 

Thr 

Gly 
70 

Lys 

Lys 

Tyr 

Ser 

Teu 

Glu 

Thr 

Pro 
55 

Ile 

Teu 

Lys 

Teu 

Ser 

Asn 

His 
40 

Glu 

Glin 
120 

Telu 

Pro 
25 

Arg 

Asn 

Thr 

Glin 

Cys 
105 

Wall 

Telu 
10 

Met 

Thr 

Lys 

Telu 

Asn 
90 

Ala 

Phe 

Ala 

Asn 

Trp 

Asn 

Lys 
75 

Teu 

Gly 

Teu 

titt 
Phe 
2O 

citg 
Teu 

att 
Ile 

titt 
Phe 

gtg 
Wall 

cgc 
Arg 
1 OO 

cita 
Teu 

cc.g 
Pro 

agaatggittt tttgg.cgatg 

atalactaagc titcagaga.ca 

acagatgaaa tatatttgag 

Teu 

Arg 

Teu 

His 
60 

Asn 

Ser 

Glu 

Gly 

5 

gct 
Ala 

citc. 
Teu 

cost 
Pro 

Cag 
Glin 

gat 
Asp 
85 

Cala 

Glin 

gac 
Asp 

gaa 
Glu 

Gly 

Teu 

Ile 
45 

Glin 

Glin 

Teu 

Arg 

Wall 
125 

gta 
Wall 

to c 
Ser 

act 
Thr 

agt 
Ser 

Ala 

Wall 

Gly 

Telu 

Thr 

Ile 

Trp 
110 

Ile 

gaa 
Glu 

act 
Thr 

cost 
Pro 
55 

ata 
Ile 

cita 
Telu 

a.a.a. 

citg 
Telu 

Ala 
15 

Ala 

Asp 

Ala 

Lys 
95 

Arg 

Asn 

aat 
Asn 

cat 
His 
40 

gaa 
Glu 

gac 
Asp 

titc. 
Phe 

agg 
Arg 

Cala 

Glin 
120 

Glu 

Gly 

Ile 

His 

Glu 

Wall 

Thr 

100 

148 

196 

244 

292 

34 O 

388 

430 

490 

550 

610 

164 





<400 SEQUENCE: 

titt 
Phe 

1 

citg 
Teu 

att 
Ile 

titt 
Phe 

gtg 
Wall 
65 

Arg 

cita 
Teu 

cc.g 
Pro 

<400 

Phe 
1 

Teu 

Ile 

Phe 

Wall 
65 

Arg 

Teu 

Pro 

<21 Oc 
<211 
<212> 
<213> 

<400 

acttitc.cggt gtccactcgg tottt attac accaagaaat acttgcaggt agtictaggaa 

citttgtcact citccatctitt citcctgcaca cctttitttitt togcgctcta tatgttctitt 

gct 
Ala 

citc. 
Telu 

cost 
Pro 

Cag 
Glin 
5 O 

gat 
Asp 

Cala 

Glin 

gac 
Asp 

gaa 
Glu 

gta 
Wall 

to c 
Ser 

act 
Thr 
35 

ggit 
Gly 

agt 
Ser 
115 

gaa 
Glu 

act 
Thr 
2O 

cost 
Pro 

ata 
Ile 

cita 
Telu 

a.a.a. 

citg 
Telu 
100 

PRT 

SEQUENCE: 

Ala Wall Glu 

Telu 

Pro 

Glin 
5 O 

Asp 

Glin 

Asp 

Glu 

Ser 

Thr 
35 

Gly 

Ser 
115 

Thr 

Pro 

Ile 

Telu 

Lys 

Telu 
100 

DNA 

SEQUENCE: 

85 

aat 
Asn 

5 

cat 
His 

gaa 
Glu 

gac 
Asp 

titc. 
Phe 

agg 
Arg 
85 

Cala 

Glin 

SEQ ID NO 86 
LENGTH 
TYPE 
ORGANISM: Canis familiaris 

115 

86 

Asn 
5 

His 

Glu 

Phe 

Arg 
85 

Glin 

SEQ ID NO 87 
LENGTH 
TYPE 
ORGANISM: Canis familiaris 

345 

87 

cco 

Pro 

Cga 
Arg 

aat 
Asn 

a Ca 

Thr 

Cala 

Glin 
70 

tgt 
Cys 

gta 
Wall 

Pro 

Asn 

Thr 

Glin 
70 

Cys 

Wall 

167 

atg 
Met 

act 
Thr 

a.a.a. 

Lys 

ttg 
Teu 
55 

aac 

Asn 

gCa 
Ala 

titt 
Phe 

Met 

Thr 

Lys 

Teu 
55 

Asn 

Ala 

Phe 

aat 
Asn 

tgg 
Trp 

aat 
Asn 
40 

aag 
Lys 

ttg 
Telu 

gga 
Gly 

citt 
Telu 

Asn 

Trp 

Asn 
40 

Lys 

Telu 

Gly 

Telu 

aga 
Arg 

citg 
Telu 
25 

cac 

His 

aac 

Asn 

tot 
Ser 

gaa 
Glu 

ggit 
Gly 
105 

Telu 
25 

His 

Asn 

Ser 

Glu 

Gly 
105 

citg 
Telu 
10 

ata 
Ile 

Cala 

Glin 

Cala 

Glin 

tta 
Telu 

aga 
Arg 
90 

gta 
Wall 

Telu 
10 

Ile 

Glin 

Glin 

Telu 

Arg 
90 

Wall 

gtg 
Wall 

ggC 
Gly 

citg 
Teu 

act 
Thr 

ata 
Ile 
75 

tgg 
Trp 

ata 
Ile 

Wall 

Gly 

Teu 

Thr 

Ile 
75 

Trp 

Ile 

US RE39,614 E 

-continued 

gCa 
Ala 

gat 
Asp 

tgc 
Cys 

gcc 
Ala 
60 

a.a.a. 

aga 
Arg 

aac 

Asn 

Ala 

Asp 

Arg 

Asn 

gag 
Glu 

ggg 
Gly 

att 
Ile 
45 

cac 

His 

gaa 
Glu 

gtg 
Wall 

acc 

Thr 

Glu 

Gly 

Ile 
45 

His 

Glu 

Wall 

Thr 

acc 

Thr 

aac 

Asn 
3O 

a.a.a. 

ggg 
Gly 

cac 

His 

aca 

Thr 

gag. 
Glu 
110 

Thr 

Asn 

Gly 

His 

Thr 

Glu 
110 

ttg 
Telu 
15 

citg 
Telu 

gaa 
Glu 

gag 
Glu 

ata 
Ile 

aag 
Lys 
95 

tgg 
Trp 

Telu 
15 

Telu 

Glu 

Glu 

Ile 

Lys 
95 

Trp 

aca 

Thr 

atg 
Met 

gtt 
Wall 

gct 
Ala 

gag 
Glu 
8O 

titc. 
Phe 

aca 

Thr 

Thr 

Met 

Wall 

Ala 

Glu 

Phe 

Thr 

48 

96 

144 

192 

240 

288 

336 

345 

120 

168 











177 

Val Asn. Ile Thr Glin Asn Glin Ala Ser Lieu. Cys 
2O 25 

Trp Ser Val Asn Leu Thr Ala Gly Met Tyr Cys 
35 40 

Lieu. Ile Asn Val Ser Asp Cys Ser Ala Ile Glin 
5 O 55 

Leu Lys Ala Lieu. Cys Ser Glin Lys Pro Ala Ala 
65 70 75 

Glu Arg Ser Arg Asp Thr Lys Ile Glu Val Ile 
85 90 

Leu Leu Thr Tyr Val Arg Gly Val Tyr Arg His 

<400 

100 105 

SEQ ID NO 98 
LENGTH 333 
TYPE DNA 
ORGANISM: Canis familiaris 

SEQUENCE: 98 

totgaaattt coatgg.cg at aaacticccct tacataggto 

gatc acttica attittggtgt citcggctg.cg titcactdgaa 

ttgaga.gcac agtgctittca gcatccitctg. g.gtcc tittgg 

attgat caga gattctagag ctg.cgcagta catgcc.ggcg 

Catgctg.ccg ttgcagaggg atgcCtgatt Ctgggtgatg 

CtcCttgagg gttggggagg gagtCacagg gct 

<400 

SEQ ID NO 99 
LENGTH 1269 
TYPE DNA 
ORGANISM: Canis familiaris 
FEATURE: 

NAME/KEY: CDS 
LOCATION: (57) . . (446) 

SEQUENCE: 99 

US RE39,614 E 

-continued 

Asn 

Ala 

Arg 
60 

Gly 

Glin 

Gly 

Gly 

Ala 
45 

Thr 

Glin 

Teu 

Asn 

Ser 

Telu 

Glin 

Ile 

Wall 

Phe 
110 

agcaggttitt 

atctg.ccctg 

atggcgctoc 

gtoaggttga 

ttgaccagot 

Met 

Glu 

Arg 

Ser 

Lys 
95 

Arg 

tdaccaactg 

cc.gcgggctt 

agtcggagac 

cgctccacac 

CCtcaatgag 

Wall 

Ser 

Met 

Ser 

Asn 

ccag cotacg acctg.cctg.c tottccctcg citcctcctg.c 

gc g citc togg ttg act gtg 
Ala Leu Trp Leu Thr Val 

gcc toc cog agc cct gtg 
Ala Ser Pro Ser Pro Wall 

20 

gag gag ct g g to aac atc 
Glu Glu Lieu Wall Asn. Ile 

35 

agC at g g tog togg agc gtC 
Ser Met Val Trp Ser Val 
50 55 

cita gaa tot citg atc aat 
Leu Glu Ser Lieu. Ile Asn 

70 

cag agg at g citg aaa goa 
Glin Arg Met Leu Lys Ala 

85 

to c agt gaa cqc agc cqa 

gto 
Wall 

act 
Thr 

acc 

Thr 
40 

aac 

Asn 

gto 
Wall 

citg 
Teu 

gac 

att 
Ile 

coc 

Pro 
25 

Cag 
Glin 

citg 
Telu 

to c 
Ser 

tgc 
Cys 

acc 

gct citc acc 
Ala Lieu. Thr 
10 

toc coa acc 
Ser Pro Thr 

aat cag goa 
Asn Glin Ala 

acc goc ggc 
Thr Ala Gly 

60 

gac toc agc 
Asp Cys Ser 

75 

tot caa aag 
Ser Glin Lys 
9 O 

aaa att gaa 

attggctctg 

tgc citc ggit 
Cys Lieu Gly 

15 

Ctc aag gag 
Leu Lys Glu 

30 

tdc citc togc 
Ser Lieu. Cys 
45 

atg tac to c 
Met Tyr Cys 

gcc atc caa 
Ala Ile Glin 

ccc gcg gCa 
Pro Ala Ala 

95 

gtg atc cag 

ggctoc atg 
Met 

1 

ggc citt 
Gly Lieu 

citc att 
Lieu. Ile 

aac ggc 
Asn Gly 

gca got 
Ala Ala 

65 

agg acc 
Arg Thr 
8O 

ggg att 
Gly Ile 

60 

120 

18O 

240 

333 

59 

107 

155 

251 

299 

347 

395 

178 



Ser 

a.a.a. 

Lys 

Ser 

aac 

Asn 
115 

Glu 
100 

citg 
Telu 

179 
US RE39,614 E 

-continued 

Arg Ser Arg Asp Thr Lys Ile Glu Val 
105 

ctic acc tat gta agg gga gtt tat cqc 
Leu Thir Tyr Val Arg Gly Val Tyr Arg 

120 125 

aga toaa.gcatga aaacttagca toctitatctg. tag accoaga 
Arg 
130 

taagttccag 

ggagaaccat 

ccagocaccc 

catcaacgct 

gcattacagt 

gacatgtttc 

gtgctgggga 

citgg gaataa 

ggggaCagga 

gccaag cagt 

aaag agittaa 

aactggaagc 

<400 

Met 
1 

Teu 

Ile 

Gly 

Ala 
65 

Thr 

Ile 

Wall 

Phe 

<400 

attcatttitt 

titcctdagct 

citgccttggit 

gagggaaag.c 

ggaggcagat 

ttcttagcct 

Cagggagtgg 

gcactgttgtg 

gaaagggtca 

aatttattgt 

taatatatag 

gtggggggga 

Cagaaataaa 

SEQ ID NO 100 
LENGTH 130 
TYPE 
ORGANISM: Canis 

PRT 

SEQUENCE: 100 

cittitcc.gacg 

gggacCtcag 

gCatgggg CC 

actgcatccc 

atgtgtggga 

tattitatitat 

cittggagctg 

taaaattctg 

gagatgctgc 

tttitccttgt 

aagagtagcc 

gggtgttgtc 

gatggtgaca 

familiaris 

Ala Leu Trp Leu Thr Val Val 

Ala 

Glu 

Ser 
5 O 

Telu 

Glin 

Ser 

Arg 
130 

Ser 

Glu 
35 

Met 

Glu 

Ser 

Asn 
115 

5 

Pro Ser P 
2O 

ro Wall Thr 

Leu Wall Asn. Ile Thr 

Val Trp S 

Ser Teu 

40 

er Wall Asn 
55 

le Asn. Wall 
70 

Met Leu Lys Ala Lieu 
85 

Glu Arg S 
100 

er Arg Asp 

Leu Leu Thr Tyr Val 

SEQ ID NO 101 
LENGTH 1269 
TYPE 
ORGANISM: Canis familiaris 

DNA 

SEQUENCE: 101 

120 

toacalaattit 

cctgcaccgc 

Cagc.cgggtg 

atgacitgtc.c 

gggggtottg 

tgttgttgttat 

gggg.cccagt 

citaccticact 

tottgttctg.c 

atttaaagtt 

taaaaggctg 

actgaatgtg 

agagaaaaaa 

Ile Ala 
10 

Pro Ser 
25 

Glin Asn 

Leu. Thr 

Ser Asp 

Cys Ser 
90 

Thr Lys 
105 

Arg Gly 

Teu 

Pro 

Glin 

Ala 

Cys 
75 

Glin 

Ile 

Wall 

Ile 
110 

Glin Leu Wall 

cat gga aat titc 
is Gly Asn. Phe His 

cct gaccact 

Cttagggagg 

citgccitccat 

gcc citccitcc 

cctccitcaga 

citgtacct gg 

ttaaacaagt 

gacitcgg gtt 

gggatcCtgg 

cactcagcag 

aagaaataaa 

catttggtot 

citc.ttitcact 

aaaaaaaaaa. 

Thr 

Thr 

Ala 

Gly 
60 

Ser 

Lys 

Glu 

Teu 

Ser 
45 

Met 

Ala 

Pro 

Wall 

Arg 
125 

Telu 

Lys 

Telu 

Tyr 

Ile 

Ala 

Ile 
110 

His 

tggggggggg 

ggagctgagc 

gtotgcactt 

gcaaagtgca 

gagtggCaca 

gtotttgttt 

tagaga.gtoc 

ggc.cgacaca 

citggcc.citca 

atatgttatc 

gtgtggC Cag 

gacitttgtca 

a.a.a. 

Gly 
15 

Glu 

Cys 

Cys 

Glin 

Ala 
95 

Glin 

Gly 

Gly 

Telu 

Asn 

Ala 

Arg 

Gly 

Telu 

Asn 

4 43 

496 

556 

616 

676 

736 

796 

856 

916 

976 

1036 

1096 

115 6 

1216 

1269 

180 





agag cacagt 

gatcagagat 

cittgagggitt 

agcaatgacc 

<400 

agC 
Ser 

1 

gto 
Wall 

tgg 
Trp 

citg 
Teu 

citg 
Teu 
65 

Arg 

citc. 
Teu 

<400 

Ser 
1 

Wall 

Trp 

Teu 

Teu 
65 

Arg 

Teu 

cost 
Pro 

aac 

Asn 

agc 
Ser 

atc 
Ile 
5 O 

a.a.a. 

agc 
Ser 

acc 

Thr 

gtg 
Wall 

atc 
Ile 

gtc 
Wall 
35 

aat 
Asn 

gCa 
Ala 

cga. 
Arg 

tat 

gctttcagoa 

totagagctg 

Cagagggatg 

ggggagggag 

acagtcaacc 

SEQ ID NO 104 
LENGTH 330 
TYPE 
ORGANISM: Canis 
FEATURE: 
NAME/KEY: CDS 
LOCATION: (1) . . 

DNA 

SEQUENCE: 104 

183 

to citctgggit 

cgcagtacat 

cctgattotg 

to acagggct 

agagc gcc at 

familiaris 

(330) 

act coc tocc cca acc 
Thr Pro Ser Pro Thr 

acc cag aat cag goa 
Thr Glin Asn Glin Ala 

aac citg acc gcc ggc 
Asn Lieu. Thir Ala Gly 

40 

gtc. tcc gac toc agc 
Val Ser Asp Cys Ser 

citg togc t 
Lieu. Cys S 

gac acc a 

55 

ct caa aag 
er Glin Lys 
70 

aa att gala 
Asp Thr Lys Ile Glu 

85 

gta agg g ga gtt tat 
Val Arg Gly Val Tyr 
100 

SEQ ID NO 105 
LENGTH 110 
TYPE 
ORGANISM: Canis familiaris 

PRT 

SEQUENCE: 105 

Pro Wall Thr Pro S 

Asn 

Ser 

Ile 
5 O 

Ser 

Thr 

Ile 

Wall 
35 

Asn 

Ala 

Arg 

5 
er Pro Thr 

Thr Glin Asn Glin Ala 

Asn Lieu. Thir Ala Gly 
40 

Val Ser Asp Cys Ser 

Lieu. Cys S 

55 

er Glin Lys 
70 

Asp Thr Lys Ile Glu 
85 

Val Arg Gly Val Tyr 
100 

cctittggatg 

gcc gg.cggtc. 

ggtgatgttg 

Cggggaggca 

citc. 
Telu 

to c 
Ser 
25 

atg 
Met 

gcc 
Ala 

coc 

Pro 

gtg 
Wall 

cgc 
Arg 
105 

Telu 

Ser 
25 

Met 

Ala 

Pro 

Wall 

Arg 
105 

aag 
Lys 
10 

citc. 
Telu 

tac 
Tyr 

atc 
Ile 

gCg 
Ala 

atc 
Ile 
90 

cat 
His 

Lys 
10 

Telu 

Tyr 

Ile 

Ala 

Ile 
90 

His 

gag 
Glu 

Cala 

Glin 

gCa 
Ala 
75 

Cag 
Glin 

gga 
Gly 

Glu 

Cys 

Cys 

Glin 

Ala 
75 

Glin 

Gly 

US RE39,614 E 

-continued 

gc gctgcagt 

aggttgacgc 

accag citcct 

aggccaccga 

citc. 
Teu 

aac 

Asn 

gCa 
Ala 

agg 
Arg 
60 

ggg 
Gly 

ttg 
Teu 

aat 
Asn 

Teu 

Asn 

Ala 

Arg 
60 

Gly 

Teu 

Asn 

att 
Ile 

ggC 
Gly 

gct 
Ala 
45 

acc 

Thr 

att 
Ile 

gtg 
Wall 

titc. 
Phe 

Ile 

Gly 

Ala 
45 

Thr 

Ile 

Wall 

Phe 

gag. 
Glu 

agc 
Ser 
3O 

cita 
Telu 

Cag 
Glin 

to c 
Ser 

a.a.a. 

aga 
Arg 
110 

Glu 

Ser 

Telu 

Glin 

Ser 

Arg 
110 

cggagacatt 

to cacac cat 

caatgagctic 

ggCaggtgag 

gag 
Glu 
15 

atg 
Met 

gaa 
Glu 

agg 
Arg 

Ser 

aac 

Asn 
95 

Glu 
15 

Met 

Glu 

Ser 

Asn 
95 

citg 
Telu 

gtg 
Wall 

tot 
Ser 

atg 
Met 

gaa 
Glu 
8O 

citg 
Telu 

Telu 

Wall 

Ser 

Met 

Glu 

Telu 

18O 

240 

360 

39 O. 

48 

96 

144 

192 

240 

288 

330 

184 





<210 SEQ ID NO 108 
&2 11s LENGTH 189 
&212> TYPE PRT 

187 

<213> ORGANISM: Felis catus 

<400 SEQUENCE: 108 

Met Ala Leu 
1 

Asn Ser Wall 

Lieu. Asn Arg 
35 

Ala Ser Ser 
5 O 

Val Phe Gly 
65 

His Wall Thr 

Ser Ser Ala 

Leu Asp Trp 
115 

Gly Glu Gly 
130 

Tyr Phe Glin 
145 

Cys Ala Trp 

Ser Ser Thr 

Pro Ser S 
5 

Cys Ser L. 
2O 

Arg Ala L. 

er Phe Leu 

eu Gly Cys 

eu. Thir Leu 
40 

Cys Glin Lys Asp Arg 

Gly Asp G 

55 

lin Ser His 
70 

Asn Gln Lys Ile Phe 
85 

Ala Trp Asn Thr Thr 
100 

Glin Lieu. Thr Arg Lieu 

Glu Ala P 

Arg Lieu. S 
1 

Glu Ile W 
1.65 

Ala Leu G 
18O 

<210 SEQ ID NO 109 
&2 11s LENGTH 567 
&212> TYPE DNA 
<213> ORGANISM: Felis 

<400 SEQUENCE: 109 

tittctogctc 

ttctgctotg 

gagtc.tttgg 

cc.ccaccitcc. 

gaatticcitcc 

gtggaagatc 

gtotccacca 

ggCagg gagt 

ggtotgaggc 

caccaagaag 

cittaatctitt 

acg atctocc 

aagtagttcc 

tgcatcacac 

aggagggtgg 

ttctggttcg 

aacacgtoct 

citcotcattt 

aggtoacago 

gala gagggca 

<210> SEQ ID NO 110 
&2 11s LENGTH 567 
&212> TYPE DNA 

120 

ro Leu. Thr 
135 

er Leu Tyr 
50 

al Arg Ala 

ln Lys Arg 

catus 

totgcaaggc 

agg Cacaagg 

tdaggatgga 

aggct tccag 

tgttccaagc 

to acgtgcac 

gggggalaggC 

gtocCaggag 

Ccagaga.gca 

gc gcc at 

<213> ORGANISM: Felis catus 
&220s FEATURE 
<221 NAME/KEY: CDS 
<222> LOCATION: (1) . . (567) 

Wall Ala Leu 
10 

Asp Leu Pro 
25 

Leu Gly Glin 

Asn Asp Phe 

Lys Ala Glin 
75 

His Phe Phe 
90 

Leu Lleu Glu 
105 

Glu Ala Cys 

Asn Glu Asp 

Leu Glin Glu 
155 

Glu Ile Met 
170 

Leu Arg Ser 
185 

tgttgatgaa 

gctgtatttc 

gtoctogttc 

gCggg to agc 

agCagacgag 

Caccgagagg 

gaagt cattt 

cgtcaaggcc 

gacggagttg 

US RE39,614 E 

-contin 

Wall Ala Leu 

Glin Thr His 
3O 

Met Arg Arg 
45 

Ala Phe Pro 
60 

Ala Leu Ser 

Cys Thr Glu 

Glu Phe Cys 
110 

Wal Met Glin 
125 

Ser Ile Leu 
1 4 0 

Arg Ser Lieu 

Glu Lys 

taataca agg 

ttctottgca 

gtgaggggag 

tgccalatcaa 

gacgc.citctg 

gcttggg cct 

citgtc.cttct 

citcctgttca 

cagoccagog 

ued 

Gly Cys 
15 

Gly Lieu 

Leu Pro 

Glin Asp 

Wal Wall 
8O 

Ala Ser 
95 

Thr Gly 

Glu Wall 

Arg Asn 

Ser Pro 
160 

Tyr Tyr 
175 

atctoatgat 

ggtagaggga 

cotcitcocto 

gtoccgtgca 

tgcagaagaa 

tgtgggaCtg 

gacaggagct 

gCaggcc.gtg 

ccaccagggc 

60 

120 

18O 

240 

360 

420 

480 

540 

567 

188 



<400 SEQUENCE: 

atg 
Met 

1 

aac 

Asn 

citg 
Teu 

gcc 
Ala 

gtg 
Wall 
65 

cac 

His 

tog 
Ser 

citt 
Teu 

ggg 
Gly 

tac 
Tyr 
145 

tgt 
Cys 

toa 
Ser 

<400 

Met 
1 

Asn 

Teu 

Ala 

Wall 
65 

His 

Ser 

gCg 
Ala 

to c 
Ser 

aac 

Asn 

agc 
Ser 
5 O 

titc. 
Phe 

gtg 
Wall 

tot 
Ser 

gat 
Asp 

gag 
Glu 
130 

titc. 
Phe 

gcc 
Ala 

toa 
Ser 

citg 
Telu 

gtc 
Wall 

agg 
Arg 
35 

to c 
Ser 

ggit 
Gly 

acg 
Thr 

gct 
Ala 

cgg 
Arg 
115 

gga 
Gly 

Cala 

Glin 

tgg 
Trp 

aca 

Thr 

coc 

Pro 

agg 
Arg 

tgt 
Cys 

gga 
Gly 

aac 

Asn 

gct 
Ala 
100 

Cag 
Glin 

gag 
Glu 

aga 
Arg 

gag 
Glu 

gcc 
Ala 
18O 

PRT 

SEQUENCE: 

Ala Leu Pro 

Ser 

Asn 

Ser 
5 O 

Phe 

Wall 

Ser 

Wall 

Arg 
35 

Ser 

Gly 

Thr 

Ala 

Cys 

Arg 

Cys 

Gly 

Asn 

Ala 
100 

110 

tot 
Ser 

5 

tot 
Ser 

gcc 
Ala 

Cag 
Glin 

gac 
Asp 

Cag 
Glin 
85 

tgg 
Trp 

citg 
Teu 

gct 
Ala 

citc. 
Teu 

atc 
Ile 
1.65 

ttg 
Teu 

SEQ ID NO 111 
LENGTH 
TYPE 
ORGANISM: Felis catus 

189 

111 

Ser 
5 

Ser 

Ala 

Glin 

Glin 
85 

Trp 

too 
Ser 

citg 
Teu 

ttg 
Teu 

aag 
Lys 

Cag 
Glin 
70 

gag 
Glu 

aac 

Asn 

acc 

Thr 

cco 

Pro 

too 
Ser 
15 O 

gto 
Wall 

Cala 

Glin 

Ser 

Teu 

Teu 

Lys 

Glin 
70 

Glu 

Asn 

189 

titc. 
Phe 

ggC 
Gly 

acg 
Thr 

gac 
Asp 
55 

too 
Ser 

atc 
Ile 

acc 

Thr 

cgc 
Arg 

citc. 
Teu 
135 

citc. 
Teu 

aga 
Arg 

a.a.a. 

Phe 

Gly 

Thr 

Asp 
55 

Ser 

Ile 

Thr 

ttg 
Telu 

tgt 
Cys 

citc. 
Telu 
40 

agg 
Arg 

cac 

His 

titc. 
Phe 

acc 

Thr 

citg 
Telu 
120 

acg 
Thr 

tac 
Tyr 

gCa 
Ala 

aga 
Arg 

Telu 

Cys 

Telu 
40 

Arg 

His 

Phe 

Thr 

gtg 
Wall 

gac 
Asp 
25 

citg 
Telu 

aat 
Asn 

aag 
Lys 

cac 

His 

citc. 
Telu 
105 

gaa 
Glu 

aac 

Asn 

citg 
Telu 

gaa 
Glu 

tta 
Telu 
185 

Wall 

Asp 
25 

Telu 

Asn 

Lys 

His 

Telu 
105 

gcc 
Ala 
10 

citg 
Telu 

gga 
Gly 

gac 
Asp 

gct 
Ala 

titc. 
Phe 
90 

citg 
Telu 

gcc 
Ala 

gag 
Glu 

Cala 

Glin 

atc 
Ile 
170 

agg 
Arg 

Ala 
10 

Telu 

Gly 

Asp 

Ala 

Phe 
90 

Telu 

citg 
Teu 

cost 
Pro 

Cala 

Glin 

titc. 
Phe 

Cala 

Glin 
75 

titc. 
Phe 

gag 
Glu 

tgt 
Cys 

gac 
Asp 

gag 
Glu 
155 

atg 
Met 

agC 
Ser 

Teu 

Pro 

Glin 

Phe 

Glin 
75 

Phe 

Glu 

US RE39,614 E 

-continued 

gtg 
Wall 

Cag 
Glin 

atg 
Met 

gcc 
Ala 
60 

gcc 
Ala 

tgc 
Cys 

gaa 
Glu 

gto 
Wall 

too 
Ser 
1 4 0 

aag 
Lys 

aga 
Arg 

gag 
Glu 

Wall 

Glin 

Met 

Ala 
60 

Ala 

Glu 

gCg 
Ala 

acc 

Thr 

agg 
Arg 
45 

titc. 
Phe 

citc. 
Teu 

a Ca 

Thr 

titc. 
Phe 

gtg 
Wall 
125 

citc. 
Teu 

a.a.a. 

too 
Ser 

a.a.a. 

Ala 

Thr 

Arg 
45 

Phe 

Teu 

Thr 

Phe 

citg 
Telu 

cac 

His 
3O 

aga 
Arg 

coc 

Pro 

tog 
Ser 

gag. 
Glu 

tgc 
Cys 
110 

Cag 
Glin 

Ctg 
Telu 

tac 

ttg 
Telu 

Telu 

His 

Arg 

Pro 

Ser 

Glu 

Cys 
110 

ggC 
Gly 
15 

ggC 
Gly 

citc. 
Telu 

Cag 
Glin 

gtg 
Wall 

gCg 
Ala 
95 

acg 
Thr 

gag 
Glu 

agg 
Arg 

agc 
Ser 

tat 
Tyr 
175 

Gly 
15 

Gly 

Telu 

Glin 

Wall 

Ala 
95 

Thr 

tgc 
Cys 

citg 
Telu 

cost 
Pro 

gac 
Asp 

gtg 
Wall 
8O 

to c 
Ser 

gga 
Gly 

gtg 
Wall 

aac 

Asn 

cost 
Pro 
160 

tat 

Telu 

Pro 

Asp 

Wall 

Ser 

Gly 

48 

96 

144 

192 

240 

288 

336 

384 

432 

480 

528 

567 

190 





citg 
Teu 

acg 
Thr 

tac 

gCa 
Ala 
145 

aga 
Arg 

gala gCC 
Glu Ala 

aac gag 
Asn Glu 

115 

ct g caa 
Leu Glin 
130 

gala atc 
Glu Ile 

tta agg 
Leu Arg 

&212> TYPE 

<400 

Cys 
1 

Teu 

Arg 

His 

Phe 
65 

Thr 

Teu 

Thr 

Ala 
145 

Arg 

Asp Lieu 

Leu Gly 

Asn Asp 
35 

Lys Ala 
5 O 

His Phe 

Telu Telu 

Glu Ala 

Asn Glu 
115 

Leu Glin 
130 

Glu Ile 

Leu Arg 

&212> TYPE 
<213> ORGANISM: Felis 

193 

tgt gtc atg cag gag 
Cys Val Met Gln Glu 
100 

gac toc atc ctd agg 
Asp Ser Ile Leu Arg 

120 

gag aag aaa tac agc 
Glu Lys Lys Tyr Ser 

135 

at g aga. tcc titg tat 
Met Arg Ser Leu Tyr 

15 O 

agc gag aaa. 
Ser Glu Lys 

1.65 

SEQ ID NO 114 
LENGTH 166 

PRT 

SEQUENCE: 114 

ORGANISM: Felis catus 

Pro Gln Thr His Gly 
5 

Gln Met Arg Arg Lieu 

Phe Ala Phe Pro Glin 
40 

Glin Ala Lieu Ser Wall 
55 

Phe Cys Thr Glu Ala 
70 

Glu Glu Phe Cys Thr 
85 

Cys Val Met Gln Glu 
100 

Asp Ser Ile Leu Arg 
120 

Glu Lys Lys Tyr Ser 
135 

Met Arg Ser Leu Tyr 
15 O 

Ser Glu Lys 
1.65 

SEQ ID NO 115 
LENGTH 498 

DNA 

SEQUENCE: 115 

tittctogctc cittaatctitt 

ttctgctotg 

gagtc.tttgg 

cc.ccaccitcc. 

gaatticcitcc 

acg atctocc 

aagtagttcc 

tgcatcacac 

aggagggtgg 

catus 

totgcaaggc 

gtg 
Wall 
105 

aac 

Asn 

cost 
Pro 

tat 
Tyr 

Telu 

Pro 
25 

Asp 

Wall 

Ser 

Gly 

Wall 
105 

Asn 

Pro 

Tyr 

ggg 
Gly 

tac 

tgt 
Cys 

toa 
Ser 

Telu 
10 

Ala 

Wall 

His 

Ser 

Telu 
90 

Gly 

Ser 

gag 
Glu 

titc. 
Phe 

gcc 
Ala 

toa 
Ser 
155 

Asn 

Ser 

Phe 

Wall 

Ser 
75 

Asp 

Glu 

Phe 

Ala 

Ser 
155 

tgttgatgaa 

agg cacaagg gct gtatttc 

to aggatgga gtc.ctic gttc 

aggctitcCag gcggg to agc 

tgttccaagc agCagacgag 

US RE39,614 E 

-contin 

gga gag gCt 
Gly Glu Ala 

110 

caa aga citc 
Glin Arg Lieu 

125 

tgg gag atc 
Trp Glu Ile 
1 4 0 

aca gcc ttg 
Thir Ala Leu 

Arg Arg Ala 

Ser Cys Glin 
3O 

Gly Gly Asp 
45 

Thir Asn Glin 
60 

Ala Ala Trp 

Trp Gln Lieu 

Gly Glu Ala 
110 

Glin Arg Lieu 
125 

Trp Glu Ile 
1 4 0 

Thir Ala Leu 

taataca agg 

ttctottgca 

gtgaggggag 

tgccalatcaa 

gacgc.citctg 

ued 

cco citc. 
Pro Leu 

too citc. 
Ser Lieu 

gtc. aga 
Val Arg 

cag aaa 
Gln Lys 

160 

Leu. Thr 
15 

Glin Ser 

Lys Ile 

Asn Thr 
8O 

Thr Arg 
95 

Pro Leu 

Ser Lieu 

Val Arg 

Gln Lys 
160 

atctoatgat 

ggtagaggga 

cotcitcocto 

gtoccgtgca 

tgcagaagaa 

336 

384 

432 

480 

498 

60 

120 

18O 

240 

194 



gtggaagatc 

gtotccacca 

ggCagg gagt 

ggtotgaggc 

<400 

citc. 
Teu 

agg 
Arg 

cac 

His 

titc. 
Phe 
65 

acc 

Thr 

citg 
Teu 

acg 
Thr 

tac 

gCa 
Ala 
145 

aga 
Arg 

<400 

gac 
Asp 

citg 
Telu 

aat 
Asn 

aag 
Lys 
5 O 

cac 

His 

citc. 
Telu 

gaa 
Glu 

aac 

Asn 

citg 
Telu 
130 

gaa 
Glu 

tta 
Telu 

citg 
Telu 

gga 
Gly 

gac 
Asp 
35 

gct 
Ala 

titc. 
Phe 

citg 
Telu 

gcc 
Ala 

gag 
Glu 
115 

Cala 

Glin 

atc 
Ile 

agg 
Arg 

DNA 

SEQUENCE: 

cost 
Pro 

Cala 

Glin 
2O 

titc. 
Phe 

Cala 

Glin 

titc. 
Phe 

gag 
Glu 

tgt 
Cys 
100 

gac 
Asp 

gag 
Glu 

atg 
Met 

agc 
Ser 

PRT 

SEQUENCE: 

195 

aggtoaca 

SEQ ID NO 116 
LENGTH 
TYPE 
ORGANISM: Felis catus 
FEATURE: 

NAME/KEY: CDS 
LOCATION: 

498 

(1) ... (498) 

116 

cag acc cac 
Glin Thr His 

5 

atg agg aga 
Met Arg Arg 

gcc titc ccc 
Ala Phe Pro 

gcc citc. tcg 
Ala Leu Ser 

55 

tgc aca gag 
Cys Thr Glu 

70 

gala titc toc 
Glu Phe Cys 
85 

gto gtg Cag 
Wal Wall Glin 

tdc citc citg 
Ser Leu Lleu. 

aag aaa tac 
Lys Lys Tyr 

135 

aga toc ttg 
Arg Ser Lieu 

15 O 

gag aaa. 
Glu Lys 
1.65 

SEQ ID NO 117 
LENGTH 
TYPE 
ORGANISM: Felis catus 

166 

117 

ggC 
Gly 

citc. 
Telu 

Cag 
Glin 
40 

gtg 
Wall 

gC9 
Ala 

acg 
Thr 

gag 
Glu 

agg 
Arg 
120 

agc 
Ser 

tat 
Tyr 

citg 
Telu 

cost 
Pro 
25 

gac 
Asp 

gtg 
Wall 

to c 
Ser 

gga 
Gly 

gtg 
Wall 
105 

aac 

Asn 

cost 
Pro 

tat 

Cys Asp Leu Pro Glin Thr His Gly Lieu 
1 5 

Leu Lieu Gly Glin Met Arg Arg Lieu 

Arg Asn Asp Phe Ala Phe Pro Glin 
35 40 

Pro 
25 

Asp 

citg 
Telu 
10 

gcc 
Ala 

gtg 
Wall 

cac 

His 

tog 
Ser 

citt 
Telu 
90 

ggg 
Gly 

tac 

tgt 
Cys 

toa 
Ser 

ttctggttcg to acgtgcac caccgagagg 

aac acgto:ct gggggaaggc gaagttcattt 

citccitcattt gtc.ccaggag cqtcaaggcc 

aac 

Asn 

agC 
Ser 

titc. 
Phe 

gtg 
Wall 

tot 
Ser 
75 

gat 
Asp 

gag 
Glu 

titc. 
Phe 

gcc 
Ala 

toa 
Ser 
155 

US RE39,614 E 

-continued 

gcttggg cct totgggactg 

citgtc.cittct gacaggagct 

citcct gttca gcaggcc.gtg 

agg 
Arg 

too 
Ser 

ggit 
Gly 

acg 
Thr 
60 

gct 
Ala 

Cgg 
Arg 

gga 
Gly 

Cala 

Glin 

tgg 
Trp 
1 4 0 

a Ca 

Thr 

agg 
Arg 

tgt 
Cys 

gga 
Gly 
45 

aac 

Asn 

gct 
Ala 

Cag 
Glin 

gag 
Glu 

aga 
Arg 
125 

gag 
Glu 

gcc 
Ala 

gcc 
Ala 

Cag 
Glin 
3O 

gac 
Asp 

Cag 
Glin 

tgg 
Trp 

citg 
Telu 

gct 
Ala 
110 

citc. 
Telu 

atc. 
Ile 

ttg 
Telu 

Lieu. Asn Arg Arg Ala 
10 

Ala Ser Ser Cys Glin 

Val Phe Gly Gly Asp 
45 

ttg 
Telu 
15 

aag 
Lys 

Cag 
Glin 

gag 
Glu 

aac 

Asn 

acc 

Thr 
95 

coc 

Pro 

to c 
Ser 

gtc 
Wall 

Cala 

Glin 

Telu 
15 

Glin 

acg 
Thr 

gac 
Asp 

to c 
Ser 

atc 
Ile 

acc 

Thr 
8O 

Arg 

citc. 
Telu 

citc. 
Telu 

aga 
Arg 

a.a.a. 

Lys 
160 

Thr 

Asp 

Ser 

360 

420 

480 

498 

48 

96 

144 

192 

240 

288 

336 

384 

432 

480 

498 

196 




















