US 20070218565A1

a9y United States

a2y Patent Application Publication () Pub. No.: US 2007/0218565 A1

Frank et al. 43) Pub. Date: Sep. 20, 2007
(549) METHOD TO DETECT IGE of application No. 10/763,400, filed on Jan. 23, 2004,
now abandoned, which is a division of application
(76) Inventors: Glenn R. Frank, Wellington, CO (US); No. 09/944,277, filed on Aug. 30, 2001, now Pat. No.
James P. Porter, Fort Collins, CO 6,682,894, which is a division of application No.
(US); Keith E. Rushlow, Fort Collins, 09/285,873, filed on Mar. 31, 1999, now Pat. No.
CO (US); Donald L. Wassom, Fort 6,309,832, which is a division of application No.
Collins, CO (US) 08/756,387, filed on Nov. 26, 1996, now Pat. No.
5,945,294,
Correspondence Address:
HESKA CORPORATION Publication Classification
INTELLECTUAL PROPERTY DEPT.
3760 ROCKY MOUNTAIN AVE (51) Imt. CL
LOVELAND, CO 80538 (US) GOIN 33/48 (2006.01)
(52) US.CL ... e 436/513
(21) Appl. No..  11/683,854
(57) ABSTRACT
(22) Filed: Mar. 8, 2007 . L .
The present invention includes a method to detect IgE using
Related U.S. Application Data a human Fc epsilon receptor (Fc_R) to detect IgE antibodies
in a biological sample from a cat, a dog, or a horse. The
(62) Division of app]ication No. 11/305,447, filed on Dec. present invention also relates to Kits to perform such meth-

16, 2005, now Pat. No. 7,195,767, which is a division

ods.



Patent Application Publication Sep. 20,2007 Sheet 1 of 11 US 2007/0218565 Al

Fig. 1

N w

OPTICAL DENSITY @ 450nm

=TT T

10

[Canine IgE] ug/ml

—&— D9 anti~canine IgE Mab
—— HuFcERI alpha chain




Patent Application Publication Sep. 20,2007 Sheet 2 of 11 US 2007/0218565 Al

Fig. 2

1.5

1.0 -

0.5 4.

'OPTICAL DENSITY@ 450nm
j_,

KENTUCKY BLUE GRASS  GREEN ASH

- SAMPLES

(I Positive Canine serum pool 1:10
7772 Positive Canine serum pool 1:100

| N Negative Canine serum pool 1:10
228 Negative Canine serum pool 1:100




Patent

40

Application Publication Sep. 20,2007 Sheet 3 of 11 US 2007/0218565 Al
Fig. 3
B
o5
=
O -
A ®
e
AR L o 2
S g
AN £
B
w
S~ =
° : £
T AR B 'l N TR Lo 0 S
i - WIQE
X=> AT \‘[\ LI | 5 o *%' =
£ | Z oo
o - N | Hg
< T2
3 S
— ™ S e
y ,W
\\\\\\\\\\\\\\\\\(\\I\\ LR TR RN [ g % 2
E I
TN | [ §¢
N N o=
— T L LI S T T T T T o D §
£ g o > i

(1wyBn) 36| sujue) |ejo}




Patent Application Publication Sep. 20,2007 Sheet 4 of 11 US 2007/0218565 Al

400
8 1 ng/well
o 300 +
=3
o
Ll
-
o
-
£ 200 -
0
-
£
E
o]
O 4004
1.9 pg/well
0 T T . T
4,000 1,024,000 2,048,000

1/Dilution of Human FceR1

Fig. 4



US 2007/0218565 Al

Patent Application Publication Sep. 20,2007 Sheet 5 of 11

ELOL .

lood GoQg 4dS
lood Bog wiopy MeaH
2Ly Boq MH I-1eeH
Liy Bog wiom HeaH
20dO IesH
20dd boq ey
b

99 o

. [ood E3l4 [-jeeay
oss | B

361 Bog ealy

36 Bog payling

1200 -

1000 -

800 -

600 -~

400

200 4
0

0001 X ‘bq shuiw qo

Fig. 5



US 2007/0218565 Al

Patent Application Publication Sep. 20,2007 Sheet 6 of 11

2z}
&
ve
ve
sl
Mw...,..
2sL
,nw 1 J T
g & & 3
000L x ‘Byq snulw go

lood Boq 4ds

lood Boq wiop ey

L1y Boa MH I-eeH

LIy Boqg uuom uesy

W z0do I-esn
20dD Boq eayy
(Ji°od edld |-jesy

lood Boqg esl4

361 Boq payung

Fig. 6



Patent Application Publication Sep. 20,2007 Sheet 7 of 11 US 2007/0218565 Al

4000

3601

S
© 3000 |
-
L
o
4
0
w 2000
=
£
£
o
O
1000 [

Pre-Bleed HW Cat Pre-Bleed HW Cat  HW Dog
Cat AXH3  AXH3  Cat MGC2 MGC2 Pool

Fig. 7



US 2007/0218565 Al

Patent Application Publication Sep. 20,2007 Sheet 8 of 11

569¢

lood boq ._-umc_._,

COOIN 1) [-jeay
361 20w 1eD MH 819
jood 1) [|-leay

36y jood 1®D MH

4000 -

3000 -
2000 -
1000 -

000L x ‘Byq snuiu go

04

Fig. 8



Patent Application Publication Sep. 20,2007 Sheet 9 of 11 US 2007/0218565 Al

306
307

M Non-Allergic Horse #28
24 Allergic Horse #17

OD minus bkg, x 1000

Grasses




Patent Application Publication Sep. 20,2007 Sheet 10 of 11

Fig. 10

US 2007/0218565 Al

3645

1215

ju
{0 ]
8 2
2 5
£ 8
B T
2 = :
5 3 o
§ b T+ .
T @
? ¥
c
2
85
- =
=
i)
~t
0w

25

; r
o~ [
-

Ajsusep [eondo

05}



Patent Application Publication Sep. 20,2007 Sheet 11 of 11 US 2007/0218565 Al

Fig. 11

3645

_—
1215

canine sera

—l— 5Sug/heartwomm Hi

canine sera

—$— Sug/heartworm

405

135
1fdilution

L
-

25

Ay suap |eafdo



US 2007/0218565 Al

METHOD TO DETECT IGE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a divisional of co-pending U.S.
patent application Ser. No. 11/305,447, filed Dec. 16, 2005;
which is a divisional of U.S. patent application Ser. No.
10/763,400, filed Jan. 23, 2004; which is a divisional of U.S.
patent application Ser. No. 09/944,277, filed Aug. 30, 2001,
now issued as U.S. Pat. No. 6,682,894 B2; which is a
divisional of U.S. application Ser. No. 09/285,873, filed
Mar. 31, 1999, now U.S. Pat. No. 6,309,832 B1; which is a
divisional of U.S. application Ser. No. 08/756,387, filed
Nov. 26, 1996, now issued as U.S. Pat. No. 5,945,294, each
of the foregoing entitled “METHOD TO DETECT IgE” and
incorporated by reference herein.

FIELD OF THE INVENTION

[0002] The present invention relates to a novel method to
detect epsilon immunoglobulin (IgE). The present invention
also includes novel kits to detect IgE as well as methods to
produce the detection reagent.

BACKGROUND OF THE INVENTION

[0003] Diagnosis of disease and determination of treat-
ment efficacy are important tools in medicine. In particular,
detection of IgE production in an animal can be indicative of
disease. Such diseases include, for example, allergy, atopic
disease, hyper IgE syndrome, internal parasite infections and
B cell neoplasia. In addition, detection of IgE production in
an animal following a treatment is indicative of the efficacy
of the treatment, such as when using treatments intended to
disrupt IgE production.

[0004] Until the discovery of the present invention, detec-
tion of IgE in samples obtained from non-human animals
has been hindered by the absence of suitable reagents for
detection of IgE. Various compounds have been used to
detect IgE in IgE-containing compositions. In particular,
antibodies that bind selectively to epsilon idiotype antibod-
ies (i.e., anti-IgE antibodies) have been used to detect IgE.
These anti-IgE antibodies, however, can cross-react with
other antibody idiotypes, such as gamma isotype antibodies.
The discovery of the present invention includes the use of a
Fe epsilon receptor (Fc_R) molecule to detect the presence
of IgE in a putative IgE-containing composition. A Fc R
molecule provides an advantage over, for example anti-IgE
antibodies, to detect IgE because a Fc R molecule can bind
to an IgE with more specificity (i.e., less idiotype cross-
reactivity) and more sensitivity (i.e., affinity) than anti-IgE
binding antibodies.

[0005] Lowenthal et al., 1993, Annals of Allergy 71:481-
484, dog serum can transfer cutaneous reactivity to a human.
While it is possible that Lowenthal et al. properly teach the
binding of human Fc_R to canine IgE. Lowenthal et al.,
however, do not provide data defining the particular cellular
proteins responsible for the transfer of cutaneous reactivity.
As such, a skilled artisan would conclude that the transfer of
cutaneous reactivity taught by Lowenthal et al. could be due
to a variety of different molecular interactions and that the
conclusion drawn by Lowenthal et al. is merely an interpre-
tation. In addition, Lowenthal et al. do not teach the use of
purified human Fc R to detect canine IgE. The subunits of
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human Fc R have been known as early as 1988 and have
never been used to detect canine, feline or equine IgE.
Indeed, U.S. Pat. No. 4,962,035, to Leder et al., issued Oct.
9, 1990, discloses human Fc R but does not disclose the use
of such a human Fc R to detect human or non-human IgE.
The use of purified human Fc R avoids complications pre-
sented by use of Fc_R bound to a cell, such as non-specific
binding of the Fc_R-bearing cell due to additional molecules
present on the cell membrane. That purified human Fc R
detects non-human IgE is unexpected because inter-species
binding between a Fc R and an IgE is not predictable. For
example, human Fc _R binds to rat IgE hut rat Fc_R does not
bind to human IgE.

[0006] The high affinity Fc R consists of three protein
chains, alpha, beta and gamma. Prior investigators have
disclosed the nucleic acid sequence for: the alpha chain
(Kochan et al., Nucleic Acids Res. 16:3584, 1988; Shimizu
et al., Proc. Natl. Acad. Sci. USA 85:1907-1911, 1988; and
Pang et al., J. Immunol. 151:6166-6174, 1993); the beta
chain (Kuster et al., J. Biol. Chem. 267: 12782-12787,
1992); and the gamma chain (Kuster et al., J. Biol. Chem.
265-6448-6452, 1990).

[0007] Thus, methods and kits are needed in the art that
will provide specific detection of non-human IgE.

SUMMARY OF THE INVENTION

[0008] The present invention includes detection methods
and kits that detect IgE. One embodiment of the present
invention is a method to detect IgE comprising: (a) contact-
ing an isolated human Fc,_ receptor (Fc R) molecule with a
putative IgE-containing composition under conditions suit-
able for formation of a Fc_R molecule:IgE complex, wherein
the IgE is selected from the group consisting of canine IgE,
feline IgE and equine IgE; and (b) determining the presence
of IgE by detecting the Fc_R molecule:IgE complex, the
presence of the Fc R molecule:IgE complex indicating the
presence of IgE. A preferred Fc R molecule in which a
carbohydrate group of the Fc R molecule is conjugated to
biotin.

[0009] Another embodiment of the present invention is a
method to detect IgE comprising: (a) contacting a recombi-
nant cell with a putative IgE-containing composition under
conditions suitable for formation of a recombinant cell:IgE
complex, in which the recombinant cell includes: a recom-
binant cell expressing a human Fc R molecule; and a
recombinant cell expressing an antibody that binds selec-
tively to an IgE including canine IgE, feline IgE and equine
IgE; and (b) determining the presence of IgE by detecting
the recombinant cell:IgE complex, the presence of the
recombinant cell:IgE complex indicating the presence of
IgE. A preferred recombinant cell includes a RBL-hFc R
cell.

[0010] Another embodiment of the present invention is a
method to detect flea allergy dermatitis comprising, (a)
immobilizing a flea allergen on a substrate; (b) contacting
the flea allergen with a putative IgE-containing composition
under conditions suitable for formation of an antigen:IgE
complex bound to said substrate; (¢) removing non-bound
material from the substrate under conditions that retain
antigen:IgE complex binding to the substrate; and (c) detect-
ing the presence of the antigen:IgE complex by contacting
the antigen:IgE complex with a Fc_R molecule. Preferably,
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the flea allergen is a flea saliva antigen and more preferably
flea saliva products and/or flea saliva proteins.

[0011] The present invention also includes a kit for per-
forming methods of the present invention. One embodiment
is a kit for detecting IgE comprising a human Fc_ receptor
(Fc R) molecule and a means for detecting an IgE including
canine IgE, feline IgE and equine IgE. Another embodiment
is a general allergen kit comprising an allergen common to
all regions of the United States and a human Fc_ receptor
(Fc R) molecule. Another embodiment is a kit for detecting
flea allergy dermatitis comprising a human Fc_ receptor
(Fe R) molecule and a flea allergen.

[0012] Another embodiment of the present invention is an
isolated human Fc_ receptor (Fc_R) alpha chain protein, in
which a carbohydrate group of the Fc R alpha chain protein
is conjugated to biotin. A preferred Fc R alpha chain protein
comprises PhFc Ra,,,-BIOT.

BRIEF DESCRIPTION OF THE FIGURES

[0013] FIG. 1 depicts ELISA results using biotinylated
alpha chain of human Fc R to detect canine IgE antibodies.

[0014] FIG. 2 depicts ELISA results using biotinylated
alpha chain of human Fc R to detect plant allergen-specific
canine IgE antibodies.

[0015] FIG. 3 depicts ELISA results using biotinylated
alpha chain of human Fc R to detect human or canine IgE
antibodies.

[0016] FIG. 4 depicts ELISA results using biotinylated
alpha chain of human Fc_R to detect flea allergen-specific
canine IgE antibodies.

[0017] FIG. 5 depicts ELISA results using biotinylated
alpha chain of human Fc_R to detect flea allergen-specific
and heartworm antigen-specific canine IgE antibodies.

[0018] FIG. 6 depicts ELISA results using biotinylated
alpha chain of human Fc R to detect flea saliva-specific
canine IgE antibodies.

[0019] FIG. 7 depicts ELISA results using biotinylated
alpha chain of human Fc R to detect heartworm antigen-
specific feline IgE antibodies.

[0020] FIG. 8 depicts ELISA results using biotinylated
alpha chain of human Fc R to detect heartworm antigen-
specific feline IgE antibodies.

[0021] FIG. 9 depicts ELISA results using biotinylated
alpha chain of human Fc R to detect antigen-specific equine
IgE antibodies.

[0022] FIG. 10 depicts ELISA results using basophilic
leukemia cells expressing alpha chain of human Fc R to
detect canine IgE antibodies in sera from heartworm-in-
fected dogs.

[0023] FIG. 11 depicts ELISA results using basophilic
leukemia cells expressing alpha chain of human Fc R to
detect canine IgE antibodies in sera from flea saliva sensi-
tized dogs.

DETAILED DESCRIPTION OF THE
INVENTION

[0024] The present invention relates to the discovery that
purified high affinity human Fc epsilon receptor (i.e., Fc _RI;
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referred to herein as Fc_R) can be used in certain non-human
(i.e., canine, feline or equine) epsilon immunoglobulin
(referred to herein as IgE or IgE antibody)-based detection
(e.g., diagnostic, screening) methods and kits. The use of
human Fc R to detect non-human IgE is unexpected because
canine, feline and equine immune systems are different from
the human immune system, as well as from each other (i.e.,
molecules important to the immune system usually are
species specific).

[0025] One embodiment of the present invention is a
method to detect a non-human IgE using an isolated human
Fc R molecule. It is to be noted that the term “a” entity 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. It is also to be noted
that the terms “comprising”, “including”, and “having” can
be used interchangeably. Furthermore, a compound
“selected from the group consisting of” refers to one or more
of the compounds in the list that follows, including mixtures

(i.e., combinations) of two or more of the compounds.

[0026] According to the present invention, an isolated, or
biologically pure, Fc_R molecule, is a molecule that has
been removed from its natural milieu. As such, “isolated”
and “biologically pure” do not necessarily reflect the extent
to which the molecule has been purified. An isolated human
Fc R molecule of the present invention can be obtained from
its natural source (e.g., from a human mast cell), can be
produced using recombinant DNA technology or can be
produced by chemical synthesis.

[0027] AFc R molecule (also referred to herein as Fc R or
Fc R protein) of the present invention can be a full-length
protein, a portion of a full-length protein or any homolog of
such a protein. As used herein, a protein can be a polypeptide
or a peptide. A Fc R molecule of the present invention can
comprise a complete Fc R (i.e., alpha, beta and gamma Fc R
chains), an alpha Fc _R chain (also referred to herein as Fc R
a chain) or portions thereof. Preferably, a Fc R molecule
comprises at least a portion of a Fc_R o chain that binds to
IgE, i.e., that is capable of forming an immunocomplex with
an IgE constant region. Preferably, a Fc R molecule of the
present invention binds to IgE with an affinity of about
K, =108 more preferably with an affinity of about K ,=10"
and even more preferably with an affinity of about K ,=10"°.

[0028] An isolated Fc _R molecule of the present inven-
tion, including a homolog, can be is identified in a straight-
forward manner by the Fc_R molecule’s ability to form an
immunocomplex with an IgE. Examples of Fc R homologs
include Fc R proteins 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, myris-
toylation, prenylation, palmitoylation, amidation and/or
addition of glycerophosphatidyl inositol) such that the
homolog includes at least one epitope capable of forming an
immunocomplex with an IgE.

[0029] Fc R homologs can be the result of natural allelic
variation or natural mutation. Fc_R homologs of the present
invention can also be produced using techniques known in
the art including, but not limited to, direct modifications to



US 2007/0218565 Al

the protein or modifications to the gene encoding the protein
using, for example, classic or recombinant DNA techniques
to effect random or targeted mutagenesis.

[0030] According to the present invention, a human Fc R
a chain of the present invention is encoded by at least a
portion of the nucleic acid sequence of the coding strand of
a cDNA encoding a full-length Fc R a chain protein repre-
sented herein as SEQ ID NO:1, the portion at least encoding
the IgE binding site of the Fc R a chain protein. The
double-stranded nucleic acid molecule including both the
coding strand having SEQ ID NO:1 and the complementary
non-coding strand (the nucleic acid sequence of which can
be readily determined by one skilled in the art and is shown
herein as SEQ ID NO:3) is referred to herein as Fc R nucleic
acid molecule nhFc Ra,,o5. Translation of SEQ ID NO:1
suggests that nucleic acid molecule nhFc_Re, o5 encodes a
full-length Fc R o chain protein of about 257 amino acids,
referred to herein as PhFc Ra.,s,, represented by SEQ ID
NO:2, assuming an open reading frame having an initiation
(start) codon spanning from about nucleotide 107 through
about nucleotide 109 of SEQ ID NO:1 and a termination
(stop) codon spanning from about nucleotide 878 through
about nucleotide 880 of SEQ ID NO:1. The coding region
encoding PhFc_Ra,s,, including the stop codon, is repre-
sented by nucleic acid molecule nhFcRao,,,, having a
coding strand with the nucleic acid sequence represented
herein as SEQ ID NO:4. SEQ ID NO:1 encodes a signal
peptide of about 25 amino acids as well as a mature protein
of about 232 amino is acids, denoted herein as PhFc Rat,5,,
the amino acid sequence of which is represented herein as
SEQ ID NO:6. The nucleic acid molecule encoding the
apparent mature protein is referred to as nhFc Rog,, the
nucleic acid sequence of the coding strand of which is
denoted herein as SEQ E) NO:7. SEQ ID NO:1 also encodes
a hydrophobic transmembrane domain and a cytoplasmic
tail which as a group extend from about amino acid 205 to
about amino acid 257 of SEQ ID NO:2. Knowledge of these
nucleic acid and amino acid sequences allows one skilled in
the art to make modifications to the respective nucleic acid
molecules and proteins to, for example, develop a Fc R o
chain protein with increased solubility and/or a truncated
protein (e.g., a peptide) capable of detecting IgE, e.g.,
PhFc Ra,5, and PhFcRa,,,. Preferred Fc R molecules
include PhFcRa257, PhFcRa,s, PhFcRa,;, and
PhFc Ra., ,,. Preferred nucleic acid molecules to encode a
Fc.R  molecules include nhFcRa,,,, nhFcRa,;oq,
nhFc_Roy,,, nhFc Raosg,, nhFc Rogg, and/or nhFe Rous 6.

[0031] TIsolated Fc R molecule protein of the present
invention can be 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 that is capable of expressing the
protein, the recombinant cell being produced by transform-
ing a host cell with one or more nucleic acid 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 techniques 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 more sites within a chromosome of
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the transformed (i.e., recombinant) cell in such a manner that
their ability to be expressed is retained. Suitable and pre-
ferred nucleic acid molecules with which to transform a cell
are as disclosed herein for suitable and preferred Fc R
nucleic acid molecules per se. Particularly preferred nucleic
acid molecules to include in recombinant cells of the present
invention include nhFc Ra,,,, nhFc Ra, o5, nhFc R0, 5,
nhFc _Raog,, nhFe Ragee and/or nhFe Ros 6.

[0032] 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. Host cells of the present invention
either can be endogenously (i.e., naturally) capable of pro-
ducing a Fc_R molecule protein 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 protozoa and ectoparasite), insect,
other animal and plant cells.

[0033] Preferably, a recombinant cell is transfected with a
recombinant molecule of the present invention is a molecule
that can include at least one of any nucleic acid molecule
heretofore described operatively linked to at least one of any
transcription control sequence capable of effectively regu-
lating expression of the nucleic acid molecule(s) in the cell
to be transformed, examples of which are disclosed herein.
A particularly preferred recombinant molecule includes
pVL-nhFc_Raoy,,. Details regarding the production of Fc R
molecule nucleic acid molecule-containing recombinant
molecules are disclosed herein. Particularly preferred
recombinant cell of the present invention includes 7richop-
lusia ni-pVL-nhFc Roy;, 5.

[0034] A Fc R molecule of the present invention can
include chimeric molecules comprising a portion of a Fc R
molecule that binds to an IgE and a second molecule that
enables the chimeric molecule to be bound to a substrate in
such a manner that the Fc R portion binds to IgE in
essentially the same manner as a Fc_R molecule that is not
bound to a substrate. An example of a suitable second
molecule includes a portion of an immunoglobulin mol-
ecule.

[0035] A Fc R molecule of the present invention can be
contained in a formulation, herein referred to as a Fc R
formulation. For example, a Fc R can be combined with a
buffer in which the Fc_R is solubilized, and/or a carrier.
Suitable buffers and carriers are known to those skilled in the
art. Examples of suitable buffers include any buffer in which
a Fc R can function to selectively bind to IgE, such as, but
not limited to, phosphate buffered saline, water, saline,
phosphate buffer, bicarbonate buffer, HEPES buffer (N-2-
hydroxyethylpiperazine-N'-2-ethanesulfonic acid buffered
saline), TES buffer (Tris-EDTA buffered saline), Tris buffer
and TAE buffer (Tris-acetate-EDTA). Examples of carriers
include, but are not limited to, polymeric matrices, toxoids,
and serum albumins, such as bovine serum albumin. Carriers
can be in mixed with Fc R or conjugated (i.e., attached) to
Fe R in such a manner as to not substantially interfere with
the ability of the Fc R to selectively bind to IgE.

[0036] AFcR ofthe present invention can be bound to the
surface of a cell expressing the Fc_R. A preferred Fc R-
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bearing cell includes a recombinant cell expressing a nucleic
acid molecule encoding a human Fc R alpha chain of the
present invention. A more preferred recombinant cell of the
present invention expresses a nucleic acid molecule that
encodes at least one of the following proteins: PhFc Rat,s,
and PhFc_Ra.,,,. An even more preferred recombinant cell
expresses a nucleic acid molecule including nhFc Ro, ,,
nhFc _Roys,,, nhFc Roges and/or nhFe Ros, ¢ with a recom-
binant cell expressing a nucleic acid molecule comprising a
nucleic acid sequence including SEQ ID NO:1 or SEQ ID
NO:4, or a nucleic acid molecule comprising an allelic
variant of a nucleic acid molecule comprising SEQ ID NO:1
or SEQ ID NO:4, being even more preferred. An even more
preferred recombinant cell is a RBL-hFc R cell.

[0037] In addition, a Fc R formulation of the present
invention can include not only a Fc R but also one or more
additional antigens or antibodies useful in detecting IgE. As
used herein, an antigen refers to any molecule capable of
being selectively bound by an antibody. As used herein,
specific binding of a first molecule to a second molecule to
refers to the ability of the first molecule to preferentially
bind (e.g., having higher affinity higher avidity) to the
second molecule when compared to the ability of a first
molecule to bind to a third molecule. The first molecule need
not necessarily be the natural ligand of the second molecule.
Examples of such antibodies include, but are not limited to,
antibodies that bind selectively to the constant region of an
IgE heavy (i.e., anti-IgE isotype antibody) or antibodies that
bind selectively to an IgE having a specific antigen speci-
ficity (i.e., anti-IgE idiotypic antibody). Examples of such
antigens include any antigen known to induce the production
of IgE. Preferred antigens include allergens and parasite
antigens. Allergens of the present invention are preferably
derived from fungi, trees, weeds, shrubs, grasses, wheat,
corn, soybeans, rice, eggs, milk, cheese, bovines (or cattle),
poultry, swine, sheep, yeast, fleas, flies, mosquitos, mites,
midges, biting gnats, lice, bees, wasps, ants, true bugs or
ticks. A suitable flea allergen includes an allergen derived
from a flea, in particular flea saliva antigen. A preferred flea
allergen includes a flea saliva antigen Preferred flea saliva
antigens include antigens such as those disclosed in PCT
Patent Publication No. WO 96/11271, published Apr. 18,
1996, by Frank et al. (this publication is incorporated by
reference herein in its entirety), with flea saliva products and
flea saliva proteins being particularly preferred. According
to the present invention, a flea saliva protein includes a
protein produced by recombinant DNA methods, as well as
proteins isolated by other methods disclosed in PCT Patent
Publication No. WO 96/11271.

[0038] Preferred general allergens include those derived
from grass, Meadow Fescue, Curly Dock, plantain, Mexican
Firebush, Lamb’s Quarters, pigweed, ragweed, sage, elm,
cocklebur, Box Elder, walnut, cottonwood, ash, birch, cedar,
oak, mulberry, cockroach, Dermataphagoides, Atternaria,
Aspergillus, Cladosporium, Fusarium, Helminthosporium,
Mucor, Penicillium, Pulu/alria, Rhizopus and/or Tricophy-
ton. More preferred general allergens include those derived
from Johnson Grass, Kentucky Blue Grass, Meadow Fescue,
Orchard Grass, Perennial Rye Grass, Redtop Grass, Timothy
Grass, Bermuda Grass, Brome Grass, Curly Dock, English
Plantain, Mexican Firebush, Lamb’s Quarters, Rough Pig-
weed Short Ragweed, Wormwood Sage, American Elm,
Common Cocklebur, Box Elder, Black Walnut, Eastern
Cottonwood, Green Ash, River Birch, Red Cedar, Red Oak,
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Red Mulberry, Cockroach, Dermataphagoides farinae,
Alternaria alternata, Aspergillus ummigatus, Cladosporium
herbarum, Fusarium vasinfectum, Helminthosporium sati-
vum, Mucor recemosus, Penicillium notatum, Pulll/aria
pullulans, Rhizopus nigricans and/or Tricophyton spp. Pre-
ferred parasite antigens include, but are not limited to,
helminth antigens, in particular heartworm antigens, such as
Di33 (described in U.S. patent application Ser. No. 08/715,
628, filed Sep. 18, 1996, to Grieve et al.). The term “derived
from” refers to a natural allergen of such plants or organisms
(i.e., an allergen directly isolated from such plants or organ-
isms), as well as, non-natural allergens of such plants or
organisms that posses at least one epitope capable of elic-
iting an immune response against an allergen (e.g., produced
using recombinant DNA technology or by chemical synthe-
sis).

[0039] The present invention also includes human Fc R
mimetopes and use thereof to detect IgE. In accordance with
the present invention, a “mimetope” refers to any compound
that is able to mimic the ability of a Fc_R molecule to bind
to IgE. A mimetope can be a peptide that has been modified
to decrease its susceptibility to degradation but that still
retains IgE-binding activity. Other examples of mimetopes
include, but are not limited to, carbohydrate-based com-
pounds, lipid-based compounds, nucleic acid-based com-
pounds, natural organic compounds, synthetically derived
organic compounds, anti-idiotypic antibodies and/or cata-
lytic antibodies, or fragments thereof. A mimetope can be
obtained by, for example, screening libraries of synthetic
compounds for compounds capable of binding to IgE. A
mimetope can also be obtained by, for example, rational
drug design. In a rational drug design procedure, the three-
dimensional structure of a compound of the present inven-
tion can be analyzed by, for example, nuclear magnetic
resonance (NMR) or x-ray crystallography. The three-di-
mensional structure can then be used to predict structures of
potential mimetopes by, for example, computer modeling.
The predicted mimetope structures can then be produced by,
for example, chemical synthesis, recombinant DNA tech-
nology, or by isolating a mimetope from a natural source.
Specific examples of Fc R mimetopes include anti-idiotypic
antibodies, oligonucleotides produced using Selex technol-
ogy, peptides identified by random screening of peptide
libraries and proteins identified by phage display technol-
ogy.

[0040] One embodiment of the present invention is a
method to detect non-human IgE which includes the steps
of: (a) contacting an isolated human Fc_ receptor (Fc _R)
molecule with a putative IgE-containing composition under
conditions suitable for formation of an Fc R molecule:IgE
complex; and (b) detecting levels of IgE by detecting said
Fc R molecule:IgE complex. Presence of such a Fc R mol-
ecule:IgE complex indicates that the animal is producing
IgE. Preferred non-human IgE to detect using a human Fc R
molecule include canine IgE, feline IgE and equine IgE. The
present method can further include the step of determining
whether an IgE complexed with a Fc_R molecule is heat
labile. Methods to determine heat lability of IgE are dis-
closed in the Examples section. Preferably, an IgE is heat
labile when incubated at about 56° C. for about 4 hours.
Without being bound by theory, Applicants believe that heat
labile forms of IgE bind to certain allergens and non-heat
labile forms of IgE bind to other types of allergens. As such,
detection of heat labile IgE compared with non-heat labile
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IgE can be used to discriminate between allergen sensitivi-
ties. For example, Applicants believe that IgE antibodies that
bind to certain flea allergens and heartworm allergens are
heat labile while IgE antibodies that bind to certain plant
allergens are not heat labile. Thus, the presence of non-heat
labile IgE can indicate that an animal is sensitive to certain
plant allergens but not to certain flea or heartworm allergens.
Moreover, Applicants believe that identification of heat
labile IgE and non-heat labile IgE using a human Fc R
suggests the presence of different sub-populations of IgE
that may or may not have substantially similar structures to
known IgE. As such, a Fc R molecule of the present
invention may be useful for detecting molecules bound by
the Fc R molecule but not identical to a known IgE.

[0041] As used herein, canine refers to any member of the
dog family, including domestic dogs, wild dogs and zoo
dogs. Examples of dogs include, but are not limited to,
domestic dogs, wild dogs, foxes, wolves, jackals and coy-
otes. As used herein, a feline refers to any member of the cat
family, including domestic cats, wild cats and zoo cats.
Examples of cats include, but are not limited to, domestic
cats, lions, tigers, leopards, panthers, cougars, bobcats, lynx,
jaguars, cheetahs, and servals. As used herein, equine refers
to any member of the horse family, including horses, don-
keys, mules and zebras.

[0042] As used herein, the term “contacting” refers to
combining or mixing, in this case a putative IgE-containing
composition with a human Fc R molecule. Formation of a
complex between a Fc R and an IgE refers to the ability of
the Fc R to selectively bind to the IgE in order to form a
stable complex that can be measured (i.e., detected). As used
herein, the term selectively binds to an IgE refers to the
ability of a Fc R of the present invention to preferentially
bind to IgE, without being able to substantially bind to other
antibody isotypes. Binding between a Fc R and an IgE is
effected under conditions suitable to form a complex; such
conditions (e.g., appropriate concentrations, buffers, tem-
peratures, reaction times) as well as methods to optimize
such conditions are known to those skilled in the art, and
examples are disclosed herein. Examples of complex for-
mation conditions are also disclosed in, for example, in
Sambrook et al., Molecular Cloning: A Laboratory Manual,
Cold Spring Harbor Labs Press, 1989, the reference Sam-
brook et al., ibid., is incorporated by reference herein in its
entirety.

[0043] As used herein, the term “detecting complex for-
mation” refers to determining if any complex is formed, i.e.,
assaying for the presence (i.e., existence) of a complex. If
complexes are formed, the amount of complexes formed
can, but need not be, determined. Complex formation, or
selective binding, between Fc R and any IgE in the com-
position can be measured (i.e., detected, determined) using
a variety of methods standard in the art (see, for example,
Sambrook et al. ibid.), examples of which are disclosed
herein.

[0044] In one embodiment, a putative IgE-containing
composition of the present method includes a biological
sample from an animal. A suitable biological sample
includes, but is not limited to, a bodily fluid composition or
a cellular composition. A bodily fluid refers to any fluid that
can be collected (i.e., obtained) from an animal, examples of
which include, but are not limited to, blood, serum, plasma,
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urine, tears, aqueous humor, central nervous system fluid
(CNF), saliva, lymph, nasal secretions, milk and feces. Such
a composition of the present method can, but need not be,
pretreated to remove at least some of the non-IgE isotypes
of immunoglobulin and/or other proteins, such as albumin,
present in the fluid. Such removal can include, but is not
limited to, contacting the bodily fluid with a material, such
as Protein G, to remove IgG antibodies and/or affinity
purifying IgE antibodies from other components of the body
fluid by exposing the fluid to, for example, Concanavalin A.
In another embodiment, a composition includes collected
bodily fluid that is pretreated to concentrate immunoglobulin
contained in the fluid. For example, immunoglobulin con-
tained in a bodily fluid can be precipitated from other
proteins using ammonium sulfate. A preferred composition
of the present method is serum.

[0045] In another embodiment, a composition of the
present method includes an IgB-producing cell. Such a cell
can have IgE bound to the surface of the cell and/or can
secrete IgE. Examples of such cells include basophil cells
and myeloma cells. IgE can be bound to the surface of a cell
either directly to the membrane of a cells or bound to a
molecule (e.g., an antigen) bound to the surface of the cell.

[0046] A complex can be detected in a variety of ways
including, but not limited to use of one or more of the
following assays: an enzyme-linked immunoassay, a radio-
immunoassay, a fluorescence immunoassay, a chemilumi-
nescent assay, a lateral flow assay, an agglutination assay, a
particulate-based assay (e.g., using particulates such as, but
not limited to, magnetic particles or plastic polymers, such
as latex or polystyrene beads), an immunoprecipitation
assay, a BioCore™ assay (e.g., using colloidal gold) and an
immunoblotting assay (e.g., a western blot). Such assays are
well known to those skilled in the art. Assays can be used to
give qualitative or quantitative results depending on how
they are used. Some assays, such as agglutination, particu-
late separation, and immunoprecipitation, can be observed
visually (e.g., either by eye or by a machines, such as a
densitometer or spectrophotometer) without the need for a
detectable marker. In other assays, conjugation (i.e., attach-
ment) of a detectable marker to the Fc R or to a reagent that
selectively binds to the Fc R or to the IgE being detected
(described in more detail below) aids in detecting complex
formation. Examples of detectable markers include, but are
not limited to, a radioactive label, a fluorescent label, a
chemiluminescent label, a chromophoric label or a ligand. A
ligand refers to a molecule that binds selectively to another
molecule. Preferred detectable markers include, but are not
limited to, fluorescein, a radioisotope, a phosphatase (e.g.,
alkaline phosphatase), biotin, avidin, a peroxidase (e.g.,
horseradish peroxidase) and biotin-related compounds or
avidin-related compounds (e.g., streptavidin or Immu-
noPure® NeutrAvidin). Preferably, biotin is conjugated to
an alpha chain of a Fc R. Preferably a carbohydrate group of
the Fc R alpha chain is conjugated to biotin. A preferred
Fc R molecule conjugated to biotin comprises PhFc Rat, -
BIOT (the production of which is described in the Examples
section).

[0047] In one embodiment, a complex is detected by
contacting a putative IgE-containing composition with a
Fc R molecule that is conjugated to a detectable marker. A
suitable detectable marker to conjugate to a Fc_R molecule
includes, but is not limited to, a radioactive label, a fluo-



US 2007/0218565 Al

rescent label, a chemiluminescent label or a chromophoric
label. A detectable marker is conjugated to a Fc R molecule
or a reagent in such a manner as not to block the ability of
the Fc R or reagent to bind to the IgE being detected.
Preferably, a carbohydrate group of a Fc R is conjugated to
biotin.

[0048] In another embodiment, a Fc R molecule:IgE com-
plex is detected by contacting a putative IgE-containing
composition with a Fc R molecule and then contacting the
complex with an indicator molecule. Suitable indicator
molecules of the present invention include molecules that
can bind to either the Fc_R molecule or to the IgE antibody.
As such, an indicator molecule can comprise, for example,
a Fc R molecule, an antigen, an antibody and a lectin,
depending upon which portion of the Fc R molecule:IgE
complex being detected. Preferred identitying labeled com-
pounds that are antibodies include, for example, anti-IgE
antibodies and anti-Fc R antibodies. Preferred lectins
include those lectins that bind to high-mannose groups.
More preferred lectins bind to high-mannose groups present
on a Fc R molecule of the present invention produced in
insect cells. An indicator molecule itself can be attached to
a detectable marker of the present invention. For example,
an antibody can be conjugated to biotin, horseradish per-
oxidase, alkaline phosphatase or fluorescein.

[0049] In one preferred embodiment, a Fc_R molecule:IgE
complex is detected by contacting the complex with a
reagent that selectively binds to a Fc R molecule of the
present invention. Examples of such a reagent includes, but
are not limited to, an antibody that selectively binds to a
Fc R molecule (referred to herein as an anti-Fc_R antibody)
or a compound that selectively binds to a detectable marker
conjugated to a Fc_R molecule. Fc_R molecules conjugated
to biotin are preferably detected using streptavidin, more
preferably using ImmunoPure® NeutrAvidin (available
from Pierce, Rockford, I11.).

[0050] In another preferred embodiment, a Fc R mol-
ecule:IgE complex is detected by contacting the complex
with a reagent that selectively binds to an IgE antibody
(referred to herein as an anti-IgE reagent). Examples of such
an anti-IgE reagent include, but are not limited to, a sec-
ondary antibody that is an anti-isotype antibody (e.g., an
antibody that selectively binds to the constant region of an
IgE), an antibody-binding bacterial surface protein (e.g.,
Protein A or Protein G), an antibody-binding cell (e.g., a B
cell, a T cell, a natural killer cell, a polymorphonuclear
leukocyte cell, a monocyte cell or a macrophage cell), an
antibody-binding eukaryotic cell surface protein (e.g., an Fc
receptor), and an antibody-binding complement protein.
Preferred anti-IgE reagents include, but are not limited to,
D9, and CMI antibody #9, CMI antibody #19, CMI antibody
#59 and CMI antibody #71 (available from Custom Mono-
clonal International, West Sacramento, Calif.). In particular,
as used herein, an anti-IgE antibody includes not only a
complete antibody but also any subunit or portion thereof
that is capable of selectively binding to an IgE heavy chain
constant region. For example, a portion of an anti-IgE
reagent can include an Fab fragment or a F(ab'), fragment,
which are described in detail in Janeway et al., in Immuno-
biology, the Immune System in Health and Disease, Garland
Publishing, Inc., NY, 1996 (which is incorporated herein by
this reference in its entirety).
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[0051] In one embodiment a complex can be formed and
detected in solution. In another embodiment, a complex can
be formed in which one or more members of the complex are
immobilized on (e.g., coated onto) a substrate. Immobiliza-
tion techniques are known to those skilled in the art. Suitable
substrate materials include, but are not limited to, plastic,
glass, gel, celluloid, paper, PVDF (poly-vinylidene-fluo-
ride), nylon, nitrocellulose, and particulate materials such as
latex, polystyrene, nylon, nitrocellulose, agarose and mag-
netic resin. Suitable shapes for substrate material include,
but are not limited to, a well (e.g., microtiter dish well), a
plate, a dipstick, a bead, a lateral flow apparatus, a mem-
brane, a filter, a tube, a dish, a celluloid-type matrix, a
magnetic particle, and other particulates, A particularly
preferred substrate comprises an ELISA plate, a dipstick, a
radioimmunoassay plate, agarose beads, plastic beads, latex
beads, immunoblot membranes and immunoblot papers. In
one embodiment, a substrate, such as a particulate, can
include a detectable marker.

[0052] A preferred method to detect IgE is an immunosor-
bent assay. An immunoabsorbent assay of the present inven-
tion comprises a capture molecule and an indicator mol-
ecule. A capture molecule of the present invention binds to
an IgFE in such a manner that the IgE is immobilized to a
substrate. As such, a capture molecule is preferably immo-
bilized to a substrate of the present invention prior to
exposure of the capture molecule to a putative IgE-contain-
ing composition. An indicator molecule of the present inven-
tion detects the presence of an IgE bound to a capture
molecule. As such, an indicator molecule preferably is not
immobilized to the same substrate as a capture molecule
prior to exposure of the capture molecule to a putative
IgE-containing composition.

[0053] A preferred immunoabsorbent assay method
includes a step of either: (a) binding an Fc R molecule to a
substrate prior to contacting a Fc_R molecule with a putative
IgE-containing composition to form a Fc_R molecule-coated
substrate; or (b) binding a putative IgE-containing compo-
sition to a substrate prior to contacting a Fc_R molecule with
a putative IgE-containing composition to form a putative
IgE-containing composition-coated substrate. Preferably,
the substrate includes of a non-coated substrate, a Fc R
molecule-coated substrate, an antigen-coated substrate or an
anti-IgE antibody-coated substrate.

[0054] Both a capture molecule and an indicator molecule
of the present invention are capable of binding to an IgE.
Preferably, a capture molecule binds to a different region of
an IgE than an indicator molecule, thereby allowing a
capture molecule to be bound to an IgE at the same time as
an indicator molecule. The use of a reagent as a capture
molecule or an indicator molecule depends upon whether the
molecule is immobilized to a substrate when the molecule is
exposed to an IgE. For example, a Fc R molecule of the
present invention is used as a capture molecule when the
Fc R molecule is bound to a substrate. Alternatively, a Fc . R
molecule is used as an indicator molecule when the Fc R
molecule is not bound to a substrate. Suitable molecule for
use as capture molecules or indicator molecules include, but
are not limited to, a Fc_R molecule of the present invention,
an antigen reagent or an anti-IgE antibody reagent of the
present invention.

[0055] An immunoabsorbent assay of the present inven-
tion can further comprise one or more layers and/or types of
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secondary molecules or other binding molecules capable of
detecting the presence of an indicator molecule. For
example, an untagged (i.e., not conjugated to a detectable
marker) secondary antibody that selectively binds to an
indicator molecule can be bound to a tagged (i.e., conjugated
to a detectable marker) tertiary antibody that selectively
binds to the secondary antibody. Suitable secondary anti-
bodies, tertiary antibodies and other secondary or tertiary
molecules can be selected by those of skill in the art.
Preferred secondary molecules of the present invention
include, an antigen, an anti-IgE idiotypic antibody and an
anti-IgE isotypic. Preferred tertiary molecules can be
selected by a skilled artisan based upon the characteristics of
the secondary molecule. The same strategy is applied for
subsequent layers.

[0056] In one embodiment, a desired antigen is used as a
capture molecule by being immobilized on a substrate, such
as a microtiter dish well or a dipstick. Preferred antigens
include those disclosed herein. A biological sample collected
from an animal is applied to the substrate and incubated
under conditions suitable (i.e., sufficient) to allow for anti-
gen:IgE complex formation bound to the substrate (i.e., IgE
in a sample binds to an antigen immobilized on a substrate).
Excess non-bound material (i.e., material from the biologi-
cal sample that has not bound to the antigen), if any, is
removed from the substrate under conditions that retain
antigen:IgE complex binding to the substrate. Preferred
conditions are disclosed herein in the Examples section and
generally in Sambrook et al., ibid. An indicator molecule
that can selectively bind to an IgE bound to the antigen, the
indicator molecule can be conjugated to a detectable marker
(preferably to an enzyme label, to a colorimetric label, to a
fluorescent label, to a radioisotope, or to a ligand such as of
the biotin or avidin family), is added to the substrate and
incubated to allow formation of a complex between the
indicator molecule and the antigen:IgE complex. Excess
indicator molecule is removed, a developing agent is added
if required, and the substrate is submitted to a detection
device for analysis. A preferred indicator molecule for this
embodiment is a Fc_R molecule, preferably conjugated to
biotin, to a fluorescent label or to an enzyme label.

[0057] In one embodiment, a Fc_R molecule is used as a
capture molecule by being immobilized on a substrate, such
as a microtiter dish well or a dipstick. A biological sample
collected from an animal is applied to the substrate and
incubated under conditions suitable to allow for Fc R mol-
ecule:IgE complex formation bound to the substrate. Excess
non-bound material, if any, is removed from the substrate
under conditions that retain Fc_R molecule:IgE complex
binding to the substrate. An indicator molecule that can
selectively bind to an IgE bound to the Fc R is added to the
substrate and incubated to allow formation of a complex
between the indicator molecule and the Fc R molecule:IgE
complex. Preferably, the indicator molecule is conjugated to
a detectable marker (preferably to an enzyme label, to a
colorimetric label, to a fluorescent label, to a radioisotope, or
to a ligand such as of the biotin or avidin family). Excess
indicator molecule is removed, a developing agent is added
if required, and the substrate is submitted to a detection
device for analysis. A preferred indicator molecule for this
embodiment is an antigen that will bind to IgE in the
biological sample or an anti-IgE isotype or idiotype anti-
body, either preferably being conjugated to fluorescein or
biotin.
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[0058] In one embodiment, an anti-IgE antibody (e.g.,
isotype or idiotype specific antibody) is used as a capture
molecule by being immobilized on a substrate, such as a
microtiter dish well or a dipstick. A biological sample
collected from an animal is applied to the substrate and
incubated under conditions suitable to allow for anti-IgE
antibody:IgE complex formation bound to the substrate.
Excess non-bound material, if any, is removed from the
substrate under conditions that retain anti-IgE antibody:IgE
complex binding to the substrate. A Fc R molecule is added
to the substrate and incubated to allow formation of a
complex between the Fc R molecule and the anti-IgE anti-
body.IgE complex. Preferably, the Fc R molecule is conju-
gated to a detectable marker (preferably to biotin, an enzyme
label or a fluorescent label). Excess Fc R molecule is
removed, a developing agent is added if required, and the
substrate is submitted to a detection device for analysis.

[0059] In one embodiment, an immunosorbent assay of
the present invention does not utilize a capture molecule. In
this embodiment, a biological sample collected from an
animal is applied to a substrate, such as a microtiter dish well
or a dipstick, and incubated under conditions suitable to
allow for IgE binding to the substrate. Any IgE present in the
bodily fluid is immobilized on the substrate. Excess non-
bound material, if any, is removed from the substrate under
conditions that retain IgE binding to the substrate. A Fc R
molecule is added to the substrate and incubated to allow
formation of a complex between the Fc_R molecule and the
IgE. Preferably, the Fc.R molecule is conjugated to a
detectable marker (preferably to biotin, an enzyme label or
a fluorescent label). Excess Fc R molecule is removed, a
developing agent is added if required, and the substrate is
submitted to a detection device for analysis.

[0060] Another preferred method to detect IgE is a lateral
flow assay, examples of which are disclosed in U.S. Pat. No.
5,424,193, issued Jun. 13, 1995, by Pronovost et al.; U.S.
Pat. No. 5,415,994, issued May 16, 1995, by Imrich et al;
WO 94/29696, published Dec. 22, 1994, by Miller et al.; and
WO 94/01775, published Jan. 20, 1994, by Pawlak et al.;
each of these patent publications is incorporated by refer-
ence herein in its entirety. In one embodiment, a biological
sample is placed in a lateral flow apparatus that includes the
following components: (a) a support structure defining a
flow path; (b) a labeling reagent comprising a bead conju-
gated to an antigen, the labeling reagent being impregnated
within the support structure in a labeling zone; and (c) a
capture reagent comprising an IgE-binding composition.
Preferred antigens include those disclosed herein. The cap-
ture reagent is located downstream of the labeling reagent
within a capture zone fluidly connected to the labeling zone
in such a manner that the labeling reagent can flow from the
labeling zone into the capture zone. The support structure
comprises a material that does not impede the flow of the
beads from the labeling zone to the capture zone. Suitable
materials for use as a support structure include ionic (i.e.,
anionic or cationic) material. Examples of such a material
include, but are not limited to, nitrocellulose (NC), PVDF,
carboxymethylcellulose (CM). The support structure defines
a flow path that is lateral and is divided into zones, namely
alabeling zone and a capture zone. The apparatus can further
comprise a sample receiving zone located along the flow
path, more preferably upstream of the labeling reagent. The
flow path in the support structure is created by contacting a
portion of the support structure downstream of the capture
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zone, preferably at the end of the flow path, to an absorbent
capable of absorbing excess liquid from the labeling and
capture zones.

[0061] In this embodiment, the biological sample is
applied to the sample receiving zone which includes a
portion of the support structure. The labeling zone receives
the sample from the sample receiving zone which is directed
downstream by the flow path. The labeling zone comprises
the labeling reagent that binds to IgE. A preferred labeling
reagent is an antigen conjugated, either directly or through
a linker, to a plastic bead substrate, such as to a latex bead.
The substrate also includes a detectable marker, preferably
a colorimetric marker. Typically, the labeling reagent is
impregnated to the support structure by drying or lyophiliza-
tion. The sample structure also comprises a capture zone
downstream of the labeling zone. The capture zone receives
labeling reagent from the labeling zone which is directed
downstream by the flow path. The capture zone contains the
capture reagent, in this case a Fc_R molecule, as disclosed
above, that immobilizes the IgE complexed to the antigen in
the capture zone. The capture reagent is preferably fixed to
the support structure by drying or lyophilizing. The labeling
reagent accumulates in the capture zone and the accumula-
tion is assessed visually or by an optical detection device.

[0062] In another embodiment, a lateral flow apparatus
used to detect IgE includes: (a) a support structure defining
a flow path; (b) a labeling reagent comprising a Fc R
molecule as described above, the labeling reagent impreg-
nated within the support structure in a labeling zone; and (c)
a capture reagent comprising an antigen, the capture reagent
being located downstream of the labeling reagent within a
capture zone fluidly connected to the labeling zone in such
a manner that the labeling reagent can flow from the labeling
zone into the capture zone. The apparatus preferably also
includes a sample receiving zone located along the flow
path, preferably upstream of the labeling reagent. The appa-
ratus preferably also includes an absorbent located at the end
of the flow path.

[0063] One embodiment of the present invention is an
inhibition assay in which the presence of IgE in a putative
IgE-containing composition is determined by adding such
composition to a Fc_R molecule of the present invention and
an isolated IgE known to bind to the Fc R molecule. The
absence of binding of the Fc R molecule to the known IgE
indicating the presence of IgE in the putative IgE-containing
composition.

[0064] The present invention also includes Kits to detect
IgE based on each of the disclosed detection methods. One
embodiment is a kit to detect IgE comprising a human Fc,
receptor (Fc_R) molecule and a means for detecting an IgE
including canine IgE, feline IgE and/or equine IgE. Suitable
and preferred Fc R molecules are disclosed herein. Suitable
means of detection include compounds disclosed herein that
bind to either the Fc_R molecule or to an IgE. A preferred kit
of the present invention further comprises a detection means
including one or more antigens disclosed herein, an antibody
capable of selectively binding to an IgE disclosed herein
and/or a compound capable of binding to a detectable
marker conjugated to a Fc _R molecule (e.g., avidin, strepta-
vidin and ImmunoPure® NeutrAvidin when the detectable
marker is biotin). Such antigens preferably induce IgE
antibody production in animals including canines, felines
and/or equines.
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[0065] A preferred embodiment of a kit of the present
invention is a flea allergen kit comprising a flea allergen
such as those disclosed herein. A particularly preferred flea
allergen for use with a flea allergen kit includes a flea saliva
product or a flea saliva protein.

[0066] Another preferred kit of the present invention is a
general allergen kit comprising an allergen common to all
regions of the United States and a human Fc R molecule of
the present invention. As used herein, a “general allergen”
kit refers to a kit comprising allergens that are found
substantially throughout the United States (i.e., essentially
not limited to certain regions of the United States). A general
allergen kit provides an advantage over regional allergen kits
because a single kit can be used to test an animal located in
most geographical locations on the United States. Suitable
and preferred general allergens for use with a general
allergen kit of the present invention include those general
allergens disclosed herein.

[0067] Another preferred kit of the present invention is a
food allergen kit comprising a food allergen including beef,
chicken, pork, a mixture of fish, such as cod, halibut or and
tuna, egg, milk, Brewer’s yeast, whole wheat, corn, soybean,
cheese and rice, and a human Fc_R molecule of the present
invention. Preferably, the beef, chicken, pork, fish, corn and
rice, are cooked.

[0068] A preferred kit of the present invention includes
those in which the allergen is immobilized to a substrate. If
a kit comprises two or more antigens, the kit can comprise
one or more compositions, each composition comprising
one antigen. As such, each antigen can be tested separately.
A kit can also contain two or more diagnostic reagents for
IgE, additional isolated IgE antigens and/or antibodies as
disclosed herein. Particularly preferred are kits used in a
lateral flow assay format. It is within the scope of the present
invention that a lateral flow assay kit can include one or
more lateral flow assay apparatuses. Multiple lateral flow
apparatuses can be attached to each other at one end of each
apparatus, thereby creating a fan-like structure.

[0069] In particular, a method and kit of the present
invention are useful for diagnosing abnormal conditions in
animals that are associated with changing levels of IgE.
Particularly preferred conditions to diagnose include aller-
gies, parasitic infections and neoplasia. For example, a
method and kit of the present invention are particularly
useful for detecting flea allergy dermatitis (FAD), when such
method or kit includes the use of a flea saliva antigen. FAD
is defined as a hypersensitive response to fleabites. Prefer-
ably, a putative IgE-containing composition is obtained from
an animal suspected of having FAD. Preferred animals
include those disclosed herein, with dogs and cats being
more preferred. In addition, methods and kits of the present
invention are particularly useful for detecting helminth
infection, in particular heartworm infection, when such
methods or kits include the use of a helminth antigen, such
as Di33. Preferably, a putative IgE-containing composition
is obtained from an animal suspected of having a helminth
infection. Preferred animals include those disclosed herein,
with dogs and cats being more preferred.

[0070] The following examples are provided for the pur-
poses of illustration and are not intended to limit the scope
of the present invention.
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EXAMPLES

Example 1

[0071] This example describes the construction of a
recombinant baculovirus expressing a truncated portion of
the a-chain of the human Fc_ receptor.

[0072] Recombinant molecule pVL-nhFc _Raoy,,, contain-
ing a nucleic acid molecule encoding the extracellular
domain of the Fc_Ra chain, operatively linked to baculovi-
rus polyhedron transcription control sequences was pro-
duced in the following manner. A cDNA clone encoding the
full-length alpha chain (o chain) of the human Fc,_ receptor
was obtained from Dr. Jean-Pierre Kinet (Harvard Univer-
sity, Cambridge, Mass.). The cDNA clone included an about
1198 nucleotide insert, referred to herein as nhFc_Ra,;og.
The nucleic acid sequence of the coding strand of
nhFc Rat, ;o5 is denoted herein as SEQ ID NO:1. Translation
of SEQ ID NO:1 indicates that nucleic acid molecule
nhFc Ra ;05 encodes a full-length human Fe, receptor a
chain protein of about 257 amino acids, referred to herein as
PhFc Ra,5,, having amino acid sequence SEQ ID NO:2,
assuming an open reading frame in which the initiation
codon spans from about nucleotide 107 through about
nucleotide 109 of SEQ ID NO:1 and the termination codon
spans from about nucleotide 878 through about nucleotide
880 of SEQ ID NO:1. The complement of SEQ ID NO:1 is
represented herein by SEQ ID NO:3. The proposed mature
protein In (i.e., Fc _Ra chain from which the signal sequence
has been cleaved), denoted herein as PhFc_Rat,;,, contains
about 232 amino acids which is represented herein as SEQ
ID NO:6. The nucleic acid molecule encoding PhFc Ra.,5,
is denoted herein as nhFc_Ra g, the coding strand of which
is represented by SEQ ID NO:7.

[0073] To produce a secreted form of the extracellular
domain of the Fc R o chain, the hydrophobic transmem-
brane domain and the cytoplasmic tail of the Fc R o chain
encoded by nhFc Ra, |, were removed as follows. A Fc R
. chain extracellular domain nucleic acid molecule-contain-
ing fragment of about 612 nucleotides was PCR amplified
from nhFc_Ra 45 using a forward primer EJH 040 contain-
ing a BamHI site, having the nucleic acid sequence 5' CGC
GOA TCC TAT AAT ATG GCT CCT GCC ATG G 3
(denoted SEQ ID NO:8) and a reverse primer IgE ANTI-
SENSE containing an EcoRI site, having the nucleic acid
sequence 5' GGC GAA TTC TTA AGC TTT TAT TAC AG
3' (denoted herein as SEQ ID NO:9). The resulting PCR
product was digested with BamHI and EcoRI to produce
nhFc_Roy, ,. Nucleic acid molecule nhFc Ra,, contained
an about 591 nucleotide fragment encoding the extraceliular
domain of the human Fc_R o chain, extending from about
nucleotide 107 to about nucleotide 697 of SEQ ID NO 1,
denoted herein as nucleic acid molecule nhFc Ras,;, the
coding strand of which has a nucleic acid sequence denoted
SEQ ID NO:10. Translation of SEQ ID NO:10 indicates that
nucleic acid molecule nhFc _Rog, , encodes a Fc R protein of
about 197 amino acids, referred to herein as PhFc_Ra.,,,,
having amino acid sequence SEQ ID NO:11. Nucleic acid
molecule nhFc Ray,, encodes a secretable form of the
human Fc R o chain which does not possess a leader
sequence, which is denoted herein as PhFc_Ra,,, having
amino acid sequence SEQ ID NO:13. The coding region for
PhFc Ra,,, is denoted nhFc_Ras, 4, the coding strand of
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which has a nucleic acid sequence denoted SEQ ID NO:12.
The complement of SEQ ID NO:12 is represented herein by
SEQ ID NO:14.

[0074] In order to produce a baculovirus recombinant
molecule capable of directing the production of PhFc_Ra, o,
the nucleic acid molecule nhFc Rag,, was subcloned into
unique BamHI and EcoRI sites of pVL1392 baculovirus
shuttle plasmid (available from Pharmingen, San Diego,
Calif) to produce a recombinant molecule referred to herein
as pVL-nhFc Rao,,. The resultant recombinant molecule
pVL-nhFc Ray, , was verified for proper insert orientation
by restriction mapping.

Example 2

[0075] This example describes
PhFc Ra,;, protein.

[0076] The recombinant molecule pVL-nhFc_Ra,, was
co-transfected with a linear Baculogold baculovirus DNA
(available from Pharmingen) into ZIrichoplusia ni cells
(available from Invitrogen Corp., San Diego, Calif.; High
Five™ cells) using the following method. About 1.5 liter
cultures of serum-free ex-Cell Medium (available from
Invitrogen) were seeded with about 1x10° cells per ml of
medium. The Trichoplusia ni cells were infected with
recombinant molecule pVL-nhFc _Ro., , at a multiplicity of
infection (MOI) of about 2 to about 5 particle forming units
(pfu) per cell to produce recombinant cell Trichoplusia
ni-pVL-nhFc Roy, . The infection was allowed to proceed
at a controlled temperature of 27° C. for 48 hours, to produce
recombinant protein PhFc Ra.,-,. Following infection, cells
were separated from the medium by centrifugation, and the
medium was frozen at -70° C.

the production of

[0077] PhFcRa,,, was purified from the culture medium
described immediately above by affinity chromatography
using an IgE antibody produced by the myeloma cell line
U266DI (American Tissue Type Catalogue No. TIB196)
linked to sepharose 4B. The amino acid composition and
N-terminal amino acid sequence of the affinity purified
PhFc Ro,,,, were determined using methods standard in the
art. The results indicated that PhFc_Ra.,,, was properly
processed by the Trichoplusia ni cells.

Example 3

[0078] This example describes the biotinylation of a
recombinant human Fc R alpha chain protein.

[0079] Aflinity purified recombinant protein PhFc Ra., 55,
prepared as described above in Example 2, was biotinylated
as follows. About 440 micrograms (pg) of PhFc Ra, ,, were
diluted in about 1.5 milliliter (ml) of acetate buffer (0.1 M
NaAc, pH 5.5) containing about 200 microliter (ul) of 0.1 M
NalO,,. The mixture was incubated for about 20 minutes, on
ice, and about 2 pl of glycerol was added following the
incubation. The mixture was then dialyzed against about 2
liters of acetate buffer in a 3 ml Slide-A-Lyzer cassette
(available from Pierce, Rockford, Ill.), 2 times for about 2
hours each time. About 3.72 pg of biotin-LC-hydrazide
(available from Pierce) was dissolved in about 200 ul of
dimethylsulfoxide (DMSO) and injected into the cassette.
The cassette was then rocked at room temperature for about
2 hours. Following the incubation, the mixture containing
recombinant protein and biotin dialyzed 3 times, a first time
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for about 18 hours and two times for about 2 hours, each
time at 5° C. against phosphate buffered saline. The bioti-
nylated protein was recovered from the dialysis, and is
referred to herein as PhFc Ra, ,,-BIOT.

Example 4

[0080] This example describes detection of canine IgE in
a solid-phase ELISA using PhFc_Ra,,,,-BIOT.

[0081] Wells of two Immulon II microtiter plates (avail-
able from Dynatech, Alexandria, Va.) were coated with
duplicate samples of about 100 pl/well of various concen-
trations of purified canine IgE as denoted in FIG. 1. The
canine IgE was obtained from a canine IgE producing
hybridoma, such as heterohybridoma 2.39 (described in
Gebhard et al., Immunology 85:429-434, 1995) and was
diluted in a CBC buffer (15 mM Na,CO, and 34.8 mM
NaHCO,;, pH 9.6. The coated plates were incubated over-
night at 4° C. Following incubation, the canine IgE-contain-
ing solution was removed from each plate, and the plates
were blotted dry. The plates were then blocked using about
200 pl/well of 0.25% bovine serum albumin (BSA) con-
tained in phosphate buffered saline (PBSB) for about 1 hour
at room temperature. The plates were then washed four
times with 0.05% Tween-20 in PBS (PBST) using an
automatic washer (available from Dynatech). Experimental
samples consisting of about 100 pl/well of a 1:4000 dilution
of 40 pg/ml PhFc_Ra,,,-BIOT (about 145 pg/ml; described
in Example 3), contained in PBSB with 0.05%Tween-20
(PESBT) were added to each well of one plate coated with
canine IgE.

[0082] Control samples consisting of about 100 ul of
biotinylated anti-canine IgE monoclonal antibody D9 (sup-
plied by Dr. DeBoer, U. of Wisconsin, Madison, Wis.) were
added to each well of the other plate coated with canine IgE.
The plates were incubated for 1 hour at room temperature
and then washed four times with PBST. About 100 pl of
about 0.25 pg/ml streptavidin conjugated to horseradish
peroxidase (available from Kirkegaard and Perry Laborato-
ries (KPL), Gaithersburg, Md.; diluted in PBST) was added
to each well that received experimental or control samples.
The plates were then incubated for 1 hour at room tempera-
ture and washed four times with PBST. About 100 pl of
TMB substrate (available from available from KPL), that
had been pre-warmed to room temperature, was added.
Plates were then incubated for 10 minutes at room tempera-
ture and then about 100 pl/well of Stop Solution (available
from KPL) was added. Optical densities of wells were read
on a Spectramax Microtiter Plate (available from Molecular
Devices Inc.) reader at 450 nm within 10 minutes of adding
the stop solution.

[0083] The results shown in FIG. 1 indicate that the alpha
chain of human Fc R detects the presence of canine IgE
(closed squares) in a solid-phase assay in a similar manner
as the control antibody that binds specifically to canine IgE
(D9; closed circles).

Example 5

[0084] This example describes detection of plant allergen-
specific canine IgE using PhFc Ra,,,-BIOT.

[0085] Multiple wells of an Immulon II microtiter plate
(available from Dynatech) were coated with either about 100
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wl/well of 1 pg/ml of Kentucky Blue Grass allergen or about
100 pl/well of about 1 pug/ml of Green Ash allergen (both
available from Greer Inc., Lenoir, N.C.) both diluted in CBC
buffer. The plate was incubated overnight at 4° C. The plate
was blocked and washed as described in Example 4. Two
different pools of canine sera were then added to the
antigen-coated wells. The first pool consisted of sera isolated
from 8 dogs reported to be allergen reactive. The second
pool consisted of sera isolated from 8 dogs reported to be
allergen non-reactive. Each pool of sera was diluted 1:10 or
1:100 in PBST. About 100 pl of each concentration of each
diluted sera sample was added to the wells and incubated for
1 hour at room temperature. The plate was then washed four
times with PBST. About 100 pl/well of a 1:4000 dilution of
40 g/ml PhFc Ra,,,-BIOT (described in Example 3), con-
tained in PBSBT was added to the antigen-coated wells. The
plate was incubated for 1 hour at room temperature. The
plate was then washed four times with PBST. About 100
wl/well of about 0.25 pg/ml of neutravidin conjugated to
horseradish peroxidase (available from Pierce) contained in
PBSBT, was added. The plate was incubated for 1 hour at
room temperature. The plate was then washed and the
presence of neutravidin bound to the plate detected using the
method described in Example 4.

[0086] The results shown in FIG. 2 indicate that the alpha
chain of human Fc R detects the presence of canine IgE
antibodies that bind specifically to a common grass allergen
or to a common tree allergen. In addition, detection of canine
IgE antibodies is dose dependent.

Example 6

[0087] This example describes detection of total canine
IgE using PhFc Ra,,,-BIOT.

[0088] Multiple wells of an Immulon II microtiter plate
(available from Dynatech) were coated with about 100
wl/well of about 1 pg/ml CMI anti-canine IgE antibody #6
(available from Custom Monoclonals International, West
Scramento, Calif.) diluted in CBC buffer. The plate was
incubated overnight at 4° C. The plate was blocked and
washed as described in Example 4. About 100 ul/well of a
1:60 dilution in PBSBT of sera samples from a variety of
sources were then added to multiple wells coated with
anti-IgE antibody. The samples included:(1) serum from a
dog known to be allergic to flea saliva; (2) serum from dogs
infected with D. immitis; (3) and (4) a pool of dog sera from
defined as canine allergy calibrators (available from Bio-
Products DVM, Tempe, Ariz.); (5) pools of dog sera con-
taining antibodies that have low binding to Kentucky Blue
Grass allergen; (6) pools of dog sera that have high binding
to Kentucky Blue Grass allergen; (7) a pool of dog sera from
dogs known to be allergic to flea saliva, the sample was heat
inactivated (at 56° C. for 4 hours); (8) a pool of dog sera
from dogs known to be allergic to flea saliva; or (9) a pool
of dog sera from dogs raised in a barrier facility (i.e.,
negative control). A set of positive control samples consist-
ing of IgE derived from the canine heterohybridoma
described in Example 4 were also added to the plate to
generate a standard curve. The plate was incubated for 1
hour at room temperature and then washed four times with
PBST. The presence of canine IgE was detected using either
about 100 pl/well of a 1:4000 dilution of 40 pg/ml
PhFc Ra, ,,-BIOT (described in Example 3) or about 100
wl/well of about 1 pg/ml CMI anti-canine IgE antibody #19
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(available from Custom Monoclonals International), both
contained in PBSBT. The plate was incubated for 1 hour at
room temperature. The plate was then washed, contacted
with about 0.25 pg/ml streptavidin conjugated to horseradish
peroxidase, washed again, and the presence of streptavidin
bound to the plate was detected using the method described
in Example 4. The optical density readings obtained for the
control samples were used to generate a standard curve that
was used to determine the total IgE bound to wells that had
received test samples.

[0089] The results shown in FIG. 3 indicate that canine
IgE from a variety of dog sera are detected using the alpha
chain of human Fc R in a manner similar to using an
antibody that binds specifically to canine IgE. The absence
of detectable amounts of IgE in the heat treated sample
(Sample 7) indicates that the antibody detected by
PhFc Ra,,,-BIOT is IgE. In addition, the results indicate
that PhFc_Ra,,,-BIOT is an effective reagent for detecting
IgE that binds to allergen Kentucky Blue Grass, Samples 5
and 6), as well as a parasite antigen (D. Immitis, Sample 2).

Example 7

[0090] This example describes detection of canine IgE in
dog sera isolated from dogs known to be allergic to flea
saliva, using PhFc Ra,,,-BIOT.

[0091] Multiple wells of an Immulon IT microtiter plate
were coated with about 100 pl/well of varying concentra-
tions of flea saliva recombinant protein fspN (described in
PCT Patent Publication No. WO 96/11271, ibid.; concen-
trations shown in FIG. 4) diluted in CBC buffer. The plate
was incubated overnight at 4° C. The plate was then blocked
and washed as described in Example 4. About 100 ul/well of
a 1:10 dilution in PBSBT of a pool of sera isolated from dogs
known to produce IgE that binds specifically to flea saliva.
Some wells did not receive dog sera so that background
binding levels could be determined. The plate was incubated
for 1 hour at room temperature and then washed four times
with PBST. About 100 pl/well of a 1:4000 dilution of 40
ug/ml PhFc Ra,,,-BIOT (described in Example 3) con-
tained in PBSBT was added. The plate was incubated for 1
hour at room temperature. The plate was then washed,
contacted with about 0.25 ug/ml streptavidin-conjugated to
horseradish peroxidase, washed again, and the presence of
streptavidin bound to the plate was detected using the
method described in Example 4.

[0092] The results shown in FIG. 4 indicate that canine
IgE that binds specifically to a flea saliva antigen is detected
using the alpha chain of human Fc R.

Example 8

[0093] This example describes detection of total canine
IgE in dog sera isolated from dogs known to be allergic to
flea saliva, heartworm-infected dogs and specific pathogen
free (SPF) dogs, using PhFc Ra.,,,-BIOT.

[0094] Multiple wells of an Immulon II microtiter plate
were coated with about 100 pl/well of about 1 pg/ml CMI
anti-canine IgE antibody #6 (available from Custom Mono-
clonals International) in CBC buffer. The plate was incu-
bated overnight at 4° C. The plate was blocked and washed
as described in Example 4. About 100 pl/well of different
samples of IgE-containing fluids in PBSBT were added to
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multiple wells coated with the anti-canine IgE antibody. The
samples included: (1) 100 pg/ml of canine IgE purified from
the heterohybridoma described in Example 4; (2) a 1:10
dilution of a pool of sera from dogs known to be allergic to
flea saliva, (3) a 1:10 dilution of the same sera pool as in (2)
but heat inactivated; (4) a 1:10 dilution of serum from a dog
known to have clinical flea allergy dermatitis (dog CPO2);
(5) a 1:10 dilution of heat inactivated CPO2 serum; (6) a
1:10 dilution of serum from a heartworm-infected dog (dog
417); (7) a 1:10 dilution of heat inactivated 417 serum; (8)
a 1:10 dilution of a pool of sera from heartworm-infected
dogs; (9) a 1:10 dilution of the same sera pool as in (8) but
heat inactivated; and (10) a pool of sera from dogs raised in
a barrier facility. Each sample was diluted in PBSBT. The
plate was incubated for 1 hour at room temperature and then
washed four times with PBST. About 100 pl/well of a 1:4000
dilution of 40 pg/ml PhFc Ra,,,-BIOT (described in
Example 3) in PBSBT was added. The plate was incubated
for 1 hour at room temperature. The plate was then washed,
contacted with about 0.25 ug/ml streptavidin-conjugated to
horseradish peroxidase, washed again, and the presence of
streptavidin bound to the plate was detected using the
method described in Example 4.

[0095] The results shown in FIG. 5 indicate that canine
IgE from dogs allergic to flea saliva and from dogs infected
with heartworm are detected using the alpha chain of human
FcR. In addition, the absence of colorimetric signal in
samples of heat inactivated sera indicates that antibody
bound to the anti-IgE antibody and detected by Fc R alpha
chain is an epsilon isotype antibody and not another isotype.

Example 9

[0096] This example describes detection of IgE that spe-
cifically binds to flea saliva, using PhFc R, ,,-BIOT.

[0097] Multiple wells of an Immulon IT microtiter plate
were coated with about 100 pl/well of about 0.1 pg/ml of flea
saliva collected using the method described in PCT Patent
Publication No. WO 96/11271, ibid., in CBC buffer. The
plate was incubated, blocked and washed as described in
Example 4. The IgE-containing samples described in
Example 8 were then applied to the flea saliva coated plate.
The plate was then treated using the method described in
Example 8.

[0098] The results shown in FIG. 6 indicate that canine
IgE that binds specifically to flea saliva, contained in serum,
is detected using the alpha chain of human Fc_R. In addition,
the absence of calorimetric signal in samples of heat inac-
tivated serum indicates that antibody bound to the flea saliva
protein and detected by Fc R alpha chain is an epsilon
isotype antibody.

Example 10

[0099] This example describes the detection of feline IgE
using PhFc_Ra,,,-BIOT.

[0100] Multiple wells of an Immulon IT microtiter plate
were coated with about 100 pl/well of about 10 ng/ml Di33
protein (described in U.S. patent application Ser. No.
08/715,628, ibid.) or 10 pg/ml crude homogenate of heart-
worm, both in CBC buffer. Crude homogenate of heartworm
is the clarafied supernatant of adult heartworms homog-
enized in PBS. The plate was incubated overnight at 4° C.
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The plate was blocked and washed as described in Example
4. Serum samples from 2 heartworm infected cats were then
added to Di33-coated wells and to heartworm antigen-
coated wells. About 100 pl/well of a 1:10 dilution in PBSBT
of sera from heartworm-infected cat # AXH3 or from cat
#MGC2 were added to the plate. Negative control samples
consisting of serum from pre-infection bleeds of cat #AXH3
and cat# MGC2 were also added to the plate at a dilution of
1:10 in PBSBT. A positive control sample consisting of a
pool of sera from heartworm-infected dogs was also added
to the plate at a dilution of 1:10 in PBSBT. The plate was
incubated for 1 hour at room temperature and then washed
four times with PBST. About 100 pl/well of a 1:4000
dilution of 40 pg/ml PhFcRa,,,-BIOT (described in
Example 3) in PBSBT was added. The plate was incubated
for 1 hour at room temperature. The plate was then washed,
contacted with 1:4000 dilution of a 0.5 mg/ml solution of
streptavidin-conjugated to horseradish peroxidase, washed
again, and the presence of streptavidin bound to the plate
was detected using the method described in Example 4.

[0101] The results shown in FIG. 7 indicate that feline IgE
that binds specifically to crude homogenate of heartworm or
Di33 protein is detected using the alpha chain of human
Fc R.

Example 11

[0102] This example describes detection of feline IgE
using PhFc_Ra,,,-BIOT. Multiple wells of an Immulon II
microtiter plate were coated with Di33 as described in
Example 10, in CBC buffer. The plate was incubated over-
night at 4° C. The plate was blocked and washed as
described in Example 4. Serum samples from 2 heartworm
infected cats were then added to Di33-coated wells. About
100 pl/well of a 1:10 dilution in PBSBT of serum from
heartworm-infected cat # MGC2 and a pool of sera from
heartworm-infected cats, as well as heat inactivated samples
of each of these sera, were added to the plate. A positive
control sample consisting of a pool of sera from heartworm-
infected dogs was also added to the plate at a dilution of 1:10
in PBSBT. The plate was incubated for 1 hour at room
temperature and then washed four times with PBST. About
100 pl/well of a 1:4000 dilution of 40 pg/ml PhFc Ra, ,,-
BIOT (described in Example 3) in PBSBT was added. The
plate was incubated for 1 hour at room temperature. The
plate was then washed, contacted with streptavidin-conju-
gated to horseradish peroxidase, washed again, and the
presence of streptavidin bound to the plate was detected
using the method described in Example 4.

[0103] The results shown in FIG. 8 indicate that feline IgE
from heartworm-infected cats that specifically binds to the
heartworm antigen Di33 is detected using the alpha chain of
human Fc_R. In addition, the absence of calorimetric signal
in samples of heat inactivated sera indicates that antibody
bound to the Di33 protein and detected by Fc R alpha chain
is an epsilon isotype antibody.

Example 12

[0104] This example describes detection of equine IgE in
a solid-phase ELISA using PhFc_Ra,, ,,-BIOT.

[0105] Horse sera from a horse known to be allergic to
certain allergens and horse sera from a horse known not to
be allergic the same allergens, were assayed for the presence
of IgE using PhFc Ra, ,,-BIOT as follows. A North Atlan-
tic/Ohio Valley Regional Panel plate of a Canitec™ Aller-

Sep. 20, 2007

gen-Specific IgE Kit (available from BioProducts DVM)
was blocked and washed as described in Example 4. Two
samples of about 1:10 dilutions of the two horse sera were
prepared using PBSBT. The two samples were added to the
blocked plate and the plate was incubated for 1 hour at room
temperature. The plate was washed as described in Example
4. About 100 pl/well of a 1:4000 dilution of 40 pg/ml
PhFc Ra, ,,-BIOT (described in Example 3), contained in
PBSBT was added to each well. The plate was then washed,
contacted with 1:4000 dilution of a 0.5 mg/ml solution of
streptavidin-conjugated to horseradish peroxidase, washed
again, and the presence of streptavidin bound to the plate
was detected using the method described in Example 4.

[0106] The results shown in FIG. 9 indicate that equine
IgE from a horse known to be allergic to certain allergens
specifically binds to certain plant and mite allergens is
detected using the alpha chain of human Fc R.

Example 13

[0107] This example describes detection of canine IgE in
a solid-phase ELISA using basophilic cells transfected with
human Fc R alpha chain.

[0108] Rat basophilic leukemia (RBL) cells transfected
with a nucleic acid molecule encoding a human Fc R alpha
chain (referred to herein as RBL-hFc_R cells; described in
Miller et al., Science 244:334-337,1989) were used to detect
canine IgE as follows. About 4x10* RBL-hFc R cells con-
tained in Earles Modified Eagles Medium containing 10%
fetal bovine serum (EMEM-FBS) were added to each well
of 96-well flat bottom tissue culture plates. The RBL-hFc R
cells were incubated overnight at 37° C. Following the
incubation the plates were washed 4 times with PBST. The
cells were then fixed for about 2 minutes using about 200 pl
per well of absolute alcohol at room temperature. The plates
were then washed 8 times with PBST to remove residual
alcohol.

[0109] Serial dilutions in EMEM-FBS (concentrations
shown in FIG. 10) were prepared using a pool of sera from
dogs infected with heartworm. Serial dilutions in EMEM-
FBS (concentrations shown in FIG. 11) were prepared using
a pool of sera from dogs sensitized to flea saliva. Additional
samples were prepared in which both pools of sera were heat
inactivated for about 4 hours at 56° C. The heat treated
samples were diluted as described above.

[0110] About 100 pul of each dilution of each serum sample
was added to separate wells containing fixed RBL-hFc R
cells and the plates were incubated at 37° C. for about 1
hour. Following the incubation, the plates were washed 4
times with PBST. About 5 pg of a murine 1gG monoclonal
antibody anit-canine IgE antibody (i.e., Custom Monoclonal
Antibody #71; available from Custom Monoclonal Interna-
tional) in 100 ul of EMEM-FBS was added to each well. The
plates were incubated for about 30 minutes at 37° C.
Following the incubation, the plates were washed 4 times
with PBST. About 100 ng of horseradish peroxidase labelled
donkey anti-murine IgG (available from Jackson Laborato-
ries, Westgrove, Pa.) in 100 pl EMEM-FBS was added to
each well, and the plates were incubated for about 30
minutes at room temperature. Following the incubation, the
plates were washed 4 times with PBST. The presence of
anti-murine I1gG bound to the plates thereby indicating the
ability of RBL-hFc R cells to bind to canine IgE was
detected using the method described in Example 4.

[0111] The results shown in FIG. 10 indicate that canine
IgE from heartworm-infected dogs (#) is detected using
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RBL-h Fc R cells expressing the alpha chain of human
FcR. In addition, the absence of colorimetric signal in
samples of heat inactivated samples of such sera (M) indi-
cates that antibody detected by the Fc R alpha chain on the
RBL-h Fc R cells is an epsilon isotype antibody. Similarly,
the results shown in FIG. 11 indicate that canine IgE from
dogs sensitized with flea saliva (#) is detected using RBL-h
FcR cells expressing the alpha chain of human FcR. In
addition, the absence of colorimetric signal in samples of
heat inactivated samples of such sera (M) indicates that

antibody detected by the Fc R alpha chain on the RBL-h
Fc R cells is an epsilon isotype antibody.

[0112] While various embodiments of the present inven-
tion have been described in detail, it is apparent that modi-
fications 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.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 13
<210> SEQ ID NO 1

<211> LENGTH: 1198

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens
<220> FEATURE:

<221> NAME/KEY: CDS

<222> LOCATION: (107)..(877)
<400> SEQUENCE: 1

tactaagagt ctccagcatc ctccacctgt ctaccaccga gcatgggcct atatttgaag 60
ccttagatct ctccagcaca gtaagcacca ggagtccatg aagaag atg gct cct 115
Met Ala Pro
gcc atg gaa tcc cct act cta ctg tgt gta gece tta ctg tte tte get 163
Ala Met Glu Ser Pro Thr Leu Leu Cys Val Ala Leu Leu Phe Phe Ala
5 10 15

cca gat ggc gtg tta gca gtc cct cag aaa cct aag gtc tcc ttg aac 211
Pro Asp Gly Val Leu Ala Val Pro Gln Lys Pro Lys Val Ser Leu Asn

20 25 30 35

cct cca tgg aat aga ata ttt aaa gga gag aat gtg act ctt aca tgt 259
Pro Pro Trp Asn Arg Ile Phe Lys Gly Glu Asn Val Thr Leu Thr Cys

40 45 50
aat ggg aac aat ttc ttt gaa gtc agt tcc acc aaa tgg ttc cac aat 307
Asn Gly Asn Asn Phe Phe Glu Val Ser Ser Thr Lys Trp Phe His Asn
55 60 65
ggc agc ctt tca gaa gag aca aat tca agt ttg aat att gtg aat gcc 355
Gly Ser Leu Ser Glu Glu Thr Asn Ser Ser Leu Asn Ile Val Asn Ala
70 75 80
aaa ttt gaa gac agt gga gaa tac aaa tgt cag cac caa caa gtt aat 403
Lys Phe Glu Asp Ser Gly Glu Tyr Lys Cys Gln His Gln Gln Val Asn
85 90 95

gag agt gaa cct gtg tac ctg gaa gtc ttc agt gac tgg ctg ctc ctt 451
Glu Ser Glu Pro Val Tyr Leu Glu Val Phe Ser Asp Trp Leu Leu Leu

100 105 110 115

cag gcc tct gct gag gtg gtg atg gag ggc cag ccc ctc ttec ctec agg 499
Gln Ala Ser Ala Glu Val Val Met Glu Gly Gln Pro Leu Phe Leu Arg

120 125 130
tgc cat ggt tgg agg aac tgg gat gtg tac aag gtg atc tat tat aag 547
Cys His Gly Trp Arg Asn Trp Asp Val Tyr Lys Val Ile Tyr Tyr Lys
135 140 145
gat ggt gaa gct ctc aag tac tgg tat gag aac cac aac atc tcc att 595
Asp Gly Glu Ala Leu Lys Tyr Trp Tyr Glu Asn His Asn Ile Ser Ile
150 155 160

aca aat gcc aca gtt gaa gac agt gga acc tac tac tgt acg ggc aaa 643
Thr Asn Ala Thr Val Glu Asp Ser Gly Thr Tyr Tyr Cys Thr Gly Lys
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—-continued
165 170 175
gtg tgg cag ctg gac tat gag tct gag ccc ctc aac att act gta ata 691
Val Trp Gln Leu Asp Tyr Glu Ser Glu Pro Leu Asn Ile Thr Val Ile
180 185 190 195
aaa gct ccg cgt gag aag tac tgg cta caa ttt ttt atc cca ttg ttg 739
Lys Ala Pro Arg Glu Lys Tyr Trp Leu Gln Phe Phe Ile Pro Leu Leu
200 205 210
gtg gtg att ctg ttt gct gtg gac aca gga tta ttt atc tca act cag 787
Val Val Ile Leu Phe Ala Val Asp Thr Gly Leu Phe Ile Ser Thr Gln
215 220 225
cag cag gtc aca ttt ctc ttg aag att aag aga acc agg aaa ggc ttc 835
Gln Gln Val Thr Phe Leu Leu Lys Ile Lys Arg Thr Arg Lys Gly Phe
230 235 240
aga ctt ctg aac cca cat cct aag cca aac ccc aaa aac aac 877
Arg Leu Leu Asn Pro His Pro Lys Pro Asn Pro Lys Asn Asn
245 250 255
tgatataatt actcaagaaa tatttgcaac attagttttt ttccagcatc agcaattget 937
actcaattgt caaacacagc ttgcaatata catagaaacg tctgtgctca aggatttata 997

gaaatgcttc attaaactga gtgaaactgg ttaagtggca tgtaatagta agtgctcaat 1057
taacattggt tgaataaatg agagaatgaa tagattcatt tattagcatt tgtaaaagag 1117
atgttcaatt tcaataaaat aaatataaaa ccatgtaaca gaatgcttct gagtaaaaaa 1177
aaaaaaaaaa aaaaaaaaaa a 1198
<210> SEQ ID NO 2

<211> LENGTH: 257

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 2

Met Ala Pro Ala Met Glu Ser Pro Thr Leu Leu Cys Val Ala Leu Leu
1 5 10 15

Phe Phe Ala Pro Asp Gly Val Leu Ala Val Pro Gln Lys Pro Lys Val
20 25 30

Ser Leu Asn Pro Pro Trp Asn Arg Ile Phe Lys Gly Glu Asn Val Thr
35 40 45

Leu Thr Cys Asn Gly Asn Asn Phe Phe Glu Val Ser Ser Thr Lys Trp
50 55 60

Phe His Asn Gly Ser Leu Ser Glu Glu Thr Asn Ser Ser Leu Asn Ile
Val Asn Ala Lys Phe Glu Asp Ser Gly Glu Tyr Lys Cys Gln His Gln
85 90 95

Gln Val Asn Glu Ser Glu Pro Val Tyr Leu Glu Val Phe Ser Asp Trp
100 105 110

Leu Leu Leu Gln Ala Ser Ala Glu Val Val Met Glu Gly Gln Pro Leu
115 120 125

Phe Leu Arg Cys His Gly Trp Arg Asn Trp Asp Val Tyr Lys Val Ile
130 135 140

Tyr Tyr Lys Asp Gly Glu Ala Leu Lys Tyr Trp Tyr Glu Asn His Asn
145 150 155 160

Ile Ser Ile Thr Asn Ala Thr Val Glu Asp Ser Gly Thr Tyr Tyr Cys
165 170 175

Thr Gly Lys Val Trp Gln Leu Asp Tyr Glu Ser Glu Pro Leu Asn Ile
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180 185 190

Thr Val Ile Lys Ala Pro Arg Glu Lys Tyr Trp Leu Gln Phe Phe Ile
195 200 205

Pro Leu Leu Val Val Ile Leu Phe Ala Val Asp Thr Gly Leu Phe Ile
210 215 220

Ser Thr Gln Gln Gln Val Thr Phe Leu Leu Lys Ile Lys Arg Thr Arg
225 230 235 240

Lys Gly Phe Arg Leu Leu Asn Pro His Pro Lys Pro Asn Pro Lys Asn
245 250 255

<210> SEQ ID NO 3

<211> LENGTH: 1198

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 3

tttttttttt tttttttttt tttttttact cagaagcatt ctgttacatg gttttatatt 60
tattttattg aaattgaaca tctcttttac aaatgctaat aaatgaatct attcattctce 120
tcatttattc aaccaatgtt aattgagcac ttactattac atgccactta accagtttca 180
ctcagtttaa tgaagcattt ctataaatcc ttgagcacag acgtttctat gtatattgca 240
agctgtgttt gacaattgag tagcaattgc tgatgctgga aaaaaactaa tgttgcaaat 300

atttcttgag taattatatc agttgttttt ggggtttgge ttaggatgtg ggttcagaag 360

tctgaagecct ttcctggtte tcttaatctt caagagaaat gtgacctgct gctgagttga 420
gataaataat cctgtgtcca cagcaaacag aatcaccacc aacaatggga taaaaaattg 480
tagccagtac ttctcacgecg gagcttttat tacagtaatg ttgaggggect cagactcata 540
gtccagctge cacactttge ccgtacagta gtaggttcca ctgtcttcaa ctgtggcatt 600
tgtaatggag atgttgtggt tctcatacca gtacttgaga gcttcaccat ccttataata 660
gatcaccttg tacacatccc agttcctcca accatggcac ctgaggaaga ggggctggcece 720
ctccatcacc acctcagcag aggcctgaag gagcagccag tcactgaaga cttccaggta 780
cacaggttca ctctcattaa cttgttggtg ctgacatttg tattctccac tgtcttcaaa 840
tttggcattc acaatattca aacttgaatt tgtctcttct gaaaggctgc cattgtggaa 900
ccatttggtg gaactgactt caaagaaatt gttcccatta catgtaagag tcacattctc 960

tcctttaaat attctattcc atggagggtt caaggagacc ttaggtttct gagggactgce 1020
taacacgcca tctggagcga agaacagtaa ggctacacac agtagagtag gggattccat 1080
ggcaggagcc atcttcttca tggactcctg gtgcttactg tgctggagag atctaagget 1140
tcaaatatag gcccatgctc ggtggtagac aggtggagga tgctggagac tcttagta 1198
<210> SEQ ID NO 4

<211> LENGTH: 774

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<220> FEATURE:

<221> NAME/KEY: exon

<222> LOCATION: (1)..(774)

<400> SEQUENCE: 4

atg gct cct gcc atg gaa tcc cct act cta ctg tgt gta gcc tta ctg 48
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—-continued

Met Ala Pro Ala Met Glu Ser Pro Thr Leu Leu Cys Val Ala Leu Leu
1 5 10 15

ttc ttc gect cca gat gge gtg tta gca gtc cct cag aaa cct aag gtc 96
Phe Phe Ala Pro Asp Gly Val Leu Ala Val Pro Gln Lys Pro Lys Val

tce ttg aac cct cca tgg aat aga ata ttt aaa gga gag aat gtg act 144
Ser Leu Asn Pro Pro Trp Asn Arg Ile Phe Lys Gly Glu Asn Val Thr

ctt aca tgt aat ggg aac aat ttc ttt gaa gtc agt tcc acc aaa tgg 192
Leu Thr Cys Asn Gly Asn Asn Phe Phe Glu Val Ser Ser Thr Lys Trp

ttc cac aat ggc agc ctt tca gaa gag aca aat tca agt ttg aat att 240
Phe His Asn Gly Ser Leu Ser Glu Glu Thr Asn Ser Ser Leu Asn Ile

gtg aat gcc aaa ttt gaa gac agt gga gaa tac aaa tgt cag cac caa 288
Val Asn Ala Lys Phe Glu Asp Ser Gly Glu Tyr Lys Cys Gln His Gln

caa gtt aat gag agt gaa cct gtg tac ctg gaa gtc ttc agt gac tgg 336
Gln Val Asn Glu Ser Glu Pro Val Tyr Leu Glu Val Phe Ser Asp Trp
100 105 110

ctg ctc ctt cag gce tect get gag gtg gtg atg gag ggc cag ccc cte 384
Leu Leu Leu Gln Ala Ser Ala Glu Val Val Met Glu Gly Gln Pro Leu
115 120 125

ttc ctc agg tgc cat ggt tgg agg aac tgg gat gtg tac aag gtg atc 432
Phe Leu Arg Cys His Gly Trp Arg Asn Trp Asp Val Tyr Lys Val Ile
130 135 140

tat tat aag gat ggt gaa gct ctc aag tac tgg tat gag aac cac aac 480
Tyr Tyr Lys Asp Gly Glu Ala Leu Lys Tyr Trp Tyr Glu Asn His Asn
145 150 155 160

atc tcc att aca aat gcc aca gtt gaa gac agt gga acc tac tac tgt 528
Ile Ser Ile Thr Asn Ala Thr Val Glu Asp Ser Gly Thr Tyr Tyr Cys
165 170 175

acg ggc aaa gtg tgg cag ctg gac tat gag tct gag ccc ctc aac att 576
Thr Gly Lys Val Trp Gln Leu Asp Tyr Glu Ser Glu Pro Leu Asn Ile
180 185 190

act gta ata aaa gct ccg cgt gag aag tac tgg cta caa ttt ttt atc 624
Thr Val Ile Lys Ala Pro Arg Glu Lys Tyr Trp Leu Gln Phe Phe Ile
195 200 205

cca ttg ttg gtg gtg att ctg ttt gct gtg gac aca gga tta ttt atc 672
Pro Leu Leu Val Val Ile Leu Phe Ala Val Asp Thr Gly Leu Phe Ile
210 215 220

tca act cag cag cag gtc aca ttt ctc ttg aag att aag aga acc agg 720
Ser Thr Gln Gln Gln Val Thr Phe Leu Leu Lys Ile Lys Arg Thr Arg
225 230 235 240

aaa ggc ttc aga ctt ctg aac cca cat cct aag cca aac ccc aaa aac 768
Lys Gly Phe Arg Leu Leu Asn Pro His Pro Lys Pro Asn Pro Lys Asn
245 250 255

aac tga 774

<210> SEQ ID NO 5

<211> LENGTH: 774

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 5

tcagttgttt ttggggtttg gcttaggatg tgggttcaga agtctgaagc ctttcctggt 60
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—-continued
tctcttaate ttcaagagaa atgtgacctg ctgctgagtt gagataaata atcctgtgtce 120
cacagcaaac agaatcacca ccaacaatgg gataaaaaat tgtagccagt acttctcacg 180
cggagctttt attacagtaa tgttgagggg ctcagactca tagtccagct gccacacttt 240
gcccgtacag tagtaggttc cactgtcttc aactgtggca tttgtaatgg agatgttgtg 300
gttctcatac cagtacttga gagcttcacc atccttataa tagatcacct tgtacacatc 360
ccagttccte caaccatggc acctgaggaa gaggggctgg ccctccatca ccacctcagce 420
agaggcctga aggagcagcc agtcactgaa gacttccagg tacacaggtt cactctcatt 480
aacttgttgg tgctgacatt tgtattctcc actgtcttca aatttggcat tcacaatatt 540
caaacttgaa tttgtctctt ctgaaaggct gccattgtgg aaccatttgg tggaactgac 600
ttcaaagaaa ttgttcccat tacatgtaag agtcacattc tctcctttaa atattctatt 660
ccatggaggg ttcaaggaga ccttaggttt ctgagggact gctaacacgc catctggage 720
gaagaacagt aaggctacac acagtagagt aggggattcc atggcaggag ccat 774

<210> SEQ ID NO 6

<211> LENGTH: 232

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 6

Val Pro Gln Lys Pro Lys Val Ser Leu Asn Pro Pro Trp Asn Arg Ile
1 5 10 15

Phe Lys Gly Glu Asn Val Thr Leu Thr Cys Asn Gly Asn Asn Phe Phe
20 25 30

Glu Val Ser Ser Thr Lys Trp Phe His Asn Gly Ser Leu Ser Glu Glu
35 40 45

Thr Asn Ser Ser Leu Asn Ile Val Asn Ala Lys Phe Glu Asp Ser Gly
50 55 60

Glu Tyr Lys Cys Gln His Gln Gln Val Asn Glu Ser Glu Pro Val Tyr
65 70 75 80

Leu Glu Val Phe Ser Asp Trp Leu Leu Leu Gln Ala Ser Ala Glu Val
85 90 95

Val Met Glu Gly Gln Pro Leu Phe Leu Arg Cys His Gly Trp Arg Asn
100 105 110

Trp Asp Val Tyr Lys Val Ile Tyr Tyr Lys Asp Gly Glu Ala Leu Lys
115 120 125

Tyr Trp Tyr Glu Asn His Asn Ile Ser Ile Thr Asn Ala Thr Val Glu
130 135 140

Asp Ser Gly Thr Tyr Tyr Cys Thr Gly Lys Val Trp Gln Leu Asp Tyr
145 150 155 160

Glu Ser Glu Pro Leu Asn Ile Thr Val Ile Lys Ala Pro Arg Glu Lys
165 170 175

Tyr Trp Leu Gln Phe Phe Ile Pro Leu Leu Val Val Ile Leu Phe Ala
180 185 190

Val Asp Thr Gly Leu Phe Ile Ser Thr Gln Gln Gln Val Thr Phe Leu
195 200 205

Leu Lys Ile Lys Arg Thr Arg Lys Gly Phe Arg Leu Leu Asn Pro His
210 215 220

Pro Lys Pro Asn Pro Lys Asn Asn
225 230
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<210> SEQ ID NO 7

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:
<220> FEATURE:

<221> NAME/KEY:
<222> LOCATION:

<400> SEQUENCE:

gtc cct
Val Pro
1

ttt aaa
Phe Lys

gaa gtc
Glu Val

aca aat
Thr Asn
50

gaa tac
Glu Tyr
65

ctg gaa
Leu Glu

gtg atg
Val Met

tgg gat
Trp Asp

tac tgg
Tyr Trp
130

gac agt
Asp Ser
145

gag tct
Glu Ser

tac tgg
Tyr Trp

gtg gac
Val Asp

ttg aag
Leu Lys
210

cct aag
Pro Lys
225

cag
Gln

gga
Gly

agt
Ser
35

tca
Ser

aaa
Lys

gtc
Val

gag
Glu

gtg
Val
115

tat
Tyr

gga
Gly

gag
Glu

cta
Leu

aca
Thr
195

att

Ile

cca
Pro

aaa
Lys

gag
Glu
20

tcce
Ser

agt
Ser

tgt
Cys

tte
Phe

gge
Gly
100

tac
Tyr

gag
Glu

acc
Thr

cce
Pro

caa
Gln
180

gga
Gly

aag
Lys

aac
Asn

699
DNA

Homo sapiens

exon
(1)..(699)

7

cct aag gtc tcc ttg aac cct cca tgg aat aga
Pro Lys Val Ser Leu Asn Pro Pro Trp Asn Arg

aat gtg act ctt aca tgt aat ggg aac aat ttc
Asn Val Thr Leu Thr Cys Asn Gly Asn Asn Phe
25 30

acc aaa tgg ttc cac aat ggc agc ctt tca gaa
Thr Lys Trp Phe His Asn Gly Ser Leu Ser Glu
40 45

ttg aat att gtg aat gcc aaa ttt gaa gac agt
Leu Asn Ile Val Asn Ala Lys Phe Glu Asp Ser
55 60

cag cac caa caa gtt aat gag agt gaa cct gtg
Gln His Gln Gln Val Asn Glu Ser Glu Pro Val
70 75

agt gac tgg ctg ctc ctt cag gcc tct gct gag
Ser Asp Trp Leu Leu Leu Gln Ala Ser Ala Glu
85 90 95

cag ccc ctc ttc ctc agg tgc cat ggt tgg agg
Gln Pro Leu Phe Leu Arg Cys His Gly Trp Arg
105 110

aag gtg atc tat tat aag gat ggt gaa gct ctc
Lys Val Ile Tyr Tyr Lys Asp Gly Glu Ala Leu
120 125

aac cac aac atc tcc att aca aat gcc aca gtt
Asn His Asn Ile Ser Ile Thr Asn Ala Thr Val
135 140

tac tac tgt acg ggc aaa gtg tgg cag ctg gac
Tyr Tyr Cys Thr Gly Lys Val Trp Gln Leu Asp
150 155

ctc aac att act gta ata aaa gct ccg cgt gag
Leu Asn Ile Thr Val Ile Lys Ala Pro Arg Glu
165 170 175

ttt ttt atc cca ttg ttg gtg gtg att ctg ttt
Phe Phe Ile Pro Leu Leu Val Val Ile Leu Phe
185 190

tta ttt atc tca act cag cag cag gtc aca ttt
Leu Phe Ile Ser Thr Gln Gln Gln Val Thr Phe
200 205

aga acc agg aaa ggc ttc aga ctt ctg aac cca
Arg Thr Arg Lys Gly Phe Arg Leu Leu Asn Pro
215 220

ccc aaa aac aac tga
Pro Lys Asn Asn
230

<210> SEQ ID NO 8

<211> LENGTH:

<212> TYPE:

32
DNA

ata
Ile

ttt
Phe

gag
Glu

gga
Gly

tac
Tyr
80

gtg
Val

aac
Asn

aag
Lys

gaa
Glu

tat
Tyr
160

aag

Lys

gct
Ala

cte
Leu

cat
His

48

96

144

192

240

288

336

384

432

480

528

576

624

672

699
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<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic Primer

<400> SEQUENCE: 8

cgcggatcct ataaatatgg ctcctgeccat gg

<210> SEQ ID NO 9

<211> LENGTH: 26

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Primer

<400> SEQUENCE: 9

ggcgaattct taagctttta ttacag

<210> SEQ ID NO 10

<211> LENGTH: 591

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens
<220> FEATURE:

<221> NAME/KEY: CDS

<222> LOCATION: (1)..(591)

<400> SEQUENCE: 10

atg gct cct gcc atg gaa tcc cct act cta ctg tgt gta gcc tta
Met Ala Pro Ala Met Glu Ser Pro Thr Leu Leu Cys Val Ala Leu
1 5 10 15

ttc ttc gct cca gat ggc gtg tta gca gtc cct cag aaa cct aag
Phe Phe Ala Pro Asp Gly Val Leu Ala Val Pro Gln Lys Pro Lys
20 25 30

tcc ttg aac cct cca tgg aat aga ata ttt aaa gga gag aat gtg
Ser Leu Asn Pro Pro Trp Asn Arg Ile Phe Lys Gly Glu Asn Val
35 40 45

ctt aca tgt aat ggg aac aat ttc ttt gaa gtc agt tcc acc aaa
Leu Thr Cys Asn Gly Asn Asn Phe Phe Glu Val Ser Ser Thr Lys
50 55 60

ttc cac aat ggc agc ctt tca gaa gag aca aat tca agt ttg aat
Phe His Asn Gly Ser Leu Ser Glu Glu Thr Asn Ser Ser Leu Asn
65 70 75

gtg aat gcc aaa ttt gaa gac agt gga gaa tac aaa tgt cag cac
Val Asn Ala Lys Phe Glu Asp Ser Gly Glu Tyr Lys Cys Gln His
85 90 95

caa gtt aat gag agt gaa cct gtg tac ctg gaa gtc ttc agt gac
Gln Val Asn Glu Ser Glu Pro Val Tyr Leu Glu Val Phe Ser Asp
100 105 110

ctg ctc ctt cag gecec tect get gag gtg gtg atg gag ggc cag ccc
Leu Leu Leu Gln Ala Ser Ala Glu Val Val Met Glu Gly Gln Pro
115 120 125

ttc ctec agg tgc cat ggt tgg agg aac tgg gat gtg tac aag gtg
Phe Leu Arg Cys His Gly Trp Arg Asn Trp Asp Val Tyr Lys Val
130 135 140

tat tat aag gat ggt gaa gct ctc aag tac tgg tat gag aac cac
Tyr Tyr Lys Asp Gly Glu Ala Leu Lys Tyr Trp Tyr Glu Asn His
145 150 155

atc tcc att aca aat gcc aca gtt gaa gac agt gga acc tac tac
Ile Ser Ile Thr Asn Ala Thr Val Glu Asp Ser Gly Thr Tyr Tyr
165 170 175

acg ggc aaa gtg tgg cag ctg gac tat gag tct gag ccc ctc aac

ctg
Leu

gtc
val

act
Thr

tgg
Trp

att
Ile
80

caa

Gln

tgg
Trp

cte
Leu

atc
Ile

aac
Asn
160

tgt
Cys

att

32

26

48

96

144

192

240

288

336

384

432

480

528

576
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Thr Gly Lys Val Trp Gln Leu Asp Tyr Glu Ser Glu Pro Leu Asn Ile
180 185 190

act gta ata aaa gct 591
Thr Val Ile Lys Ala
195

<210> SEQ ID NO 11

<211> LENGTH: 197

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 11

Met Ala Pro Ala Met Glu Ser Pro Thr Leu Leu Cys Val Ala Leu Leu
1 5 10 15

Phe Phe Ala Pro Asp Gly Val Leu Ala Val Pro Gln Lys Pro Lys Val
20 25 30

Ser Leu Asn Pro Pro Trp Asn Arg Ile Phe Lys Gly Glu Asn Val Thr
35 40 45

Leu Thr Cys Asn Gly Asn Asn Phe Phe Glu Val Ser Ser Thr Lys Trp
50 55 60

Phe His Asn Gly Ser Leu Ser Glu Glu Thr Asn Ser Ser Leu Asn Ile
65 70 75 80

Val Asn Ala Lys Phe Glu Asp Ser Gly Glu Tyr Lys Cys Gln His Gln
85 90 95

Gln Val Asn Glu Ser Glu Pro Val Tyr Leu Glu Val Phe Ser Asp Trp
100 105 110

Leu Leu Leu Gln Ala Ser Ala Glu Val Val Met Glu Gly Gln Pro Leu
115 120 125

Phe Leu Arg Cys His Gly Trp Arg Asn Trp Asp Val Tyr Lys Val Ile
130 135 140

Tyr Tyr Lys Asp Gly Glu Ala Leu Lys Tyr Trp Tyr Glu Asn His Asn
145 150 155 160

Ile Ser Ile Thr Asn Ala Thr Val Glu Asp Ser Gly Thr Tyr Tyr Cys
165 170 175

Thr Gly Lys Val Trp Gln Leu Asp Tyr Glu Ser Glu Pro Leu Asn Ile
180 185 190

Thr Val Ile Lys Ala
195

<210> SEQ ID NO 12

<211> LENGTH: 516

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens
<220> FEATURE:

<221> NAME/KEY: CDS

<222> LOCATION: (1)..(516)

<400> SEQUENCE: 12

gtc cct cag aaa cct aag gtc tcc ttg aac cct cca tgg aat aga ata 48
Val Pro Gln Lys Pro Lys Val Ser Leu Asn Pro Pro Trp Asn Arg Ile
1 5 10 15
ttt aaa gga gag aat gtg act ctt aca tgt aat ggg aac aat ttc ttt 96
Phe Lys Gly Glu Asn Val Thr Leu Thr Cys Asn Gly Asn Asn Phe Phe

20 25 30
gaa gtc agt tcc acc aaa tgg ttc cac aat ggc agc ctt tca gaa gag 144

Glu Val Ser Ser Thr Lys Trp Phe His Asn Gly Ser Leu Ser Glu Glu
35 40 45
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aca aat tca agt ttg aat att gtg aat gcc aaa ttt gaa gac agt gga 192
Thr Asn Ser Ser Leu Asn Ile Val Asn Ala Lys Phe Glu Asp Ser Gly
50 55 60

gaa tac aaa tgt cag cac caa caa gtt aat gag agt gaa cct gtg tac 240
Glu Tyr Lys Cys Gln His Gln Gln Val Asn Glu Ser Glu Pro Val Tyr
65 70 75 80

ctg gaa gtc ttc agt gac tgg ctg ctc ctt cag gcc tct get gag gtg 288
Leu Glu Val Phe Ser Asp Trp Leu Leu Leu Gln Ala Ser Ala Glu Val
85 90 95

gtg atg gag ggc cag ccc ctc ttc ctc agg tgc cat ggt tgg agg aac 336
Val Met Glu Gly Gln Pro Leu Phe Leu Arg Cys His Gly Trp Arg Asn
100 105 110

tgg gat gtg tac aag gtg atc tat tat aag gat ggt gaa gct ctc aag 384
Trp Asp Val Tyr Lys Val Ile Tyr Tyr Lys Asp Gly Glu Ala Leu Lys
115 120 125

tac tgg tat gag aac cac aac atc tcc att aca aat gcc aca gtt gaa 432
Tyr Trp Tyr Glu Asn His Asn Ile Ser Ile Thr Asn Ala Thr Val Glu
130 135 140

gac agt gga acc tac tac tgt acg ggc aaa gtg tgg cag ctg gac tat 480
Asp Ser Gly Thr Tyr Tyr Cys Thr Gly Lys Val Trp Gln Leu Asp Tyr
145 150 155 160

gag tct gag ccc ctc aac att act gta ata aaa gct 516
Glu Ser Glu Pro Leu Asn Ile Thr Val Ile Lys Ala
165 170

<210> SEQ ID NO 13

<211> LENGTH: 172

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 13

Val Pro Gln Lys Pro Lys Val Ser Leu Asn Pro Pro Trp Asn Arg Ile
1 5 10 15

Phe Lys Gly Glu Asn Val Thr Leu Thr Cys Asn Gly Asn Asn Phe Phe
20 25 30

Glu Val Ser Ser Thr Lys Trp Phe His Asn Gly Ser Leu Ser Glu Glu
35 40 45

Thr Asn Ser Ser Leu Asn Ile Val Asn Ala Lys Phe Glu Asp Ser Gly
50 55 60

Glu Tyr Lys Cys Gln His Gln Gln Val Asn Glu Ser Glu Pro Val Tyr
65 70 75 80

Leu Glu Val Phe Ser Asp Trp Leu Leu Leu Gln Ala Ser Ala Glu Val
85 90 95

Val Met Glu Gly Gln Pro Leu Phe Leu Arg Cys His Gly Trp Arg Asn
100 105 110

Trp Asp Val Tyr Lys Val Ile Tyr Tyr Lys Asp Gly Glu Ala Leu Lys
115 120 125

Tyr Trp Tyr Glu Asn His Asn Ile Ser Ile Thr Asn Ala Thr Val Glu
130 135 140

Asp Ser Gly Thr Tyr Tyr Cys Thr Gly Lys Val Trp Gln Leu Asp Tyr
145 150 155 160

Glu Ser Glu Pro Leu Asn Ile Thr Val Ile Lys Ala
165 170
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What is claimed is:
1. A method to detect a plant allergy in an animal
comprising:

(a) contacting a plant allergen with a putative IgE con-
taining composition from said animal, under conditions
suitable for formation of an antigen:IgE complex;

(b) detecting the presence of a antigen:IgE complex, if
present, by contacting the putative antigen:IgE com-
plex with a FceR molecule under conditions suitable
for formation of an antigen:IgE:FceR molecule com-
plex, wherein the presence of an antigen:IgE:FceR
complex indicates the animal is allergic to the plant
from which the allergen is derived.

2. The method of claim 1, wherein said animal is a canid

or a feuid.

3. The method of claim 1, wherein said putative IgE
containing composition comprises an animal fluid is selected
from the group consisting of serum, plasma, blood, urine,
tears, saliva, nasal secretions and milk.

4. The method of claim 1, wherein said allergen is
selected from the group consisting of a grass allergen, a
plantain allergen, a pigweed allergen, a ragweed allergen, a
sage allergen, an elm allergen, a cocklebur allergen, an elder
allergen, a walnut allergen, a cottonwood allergen, an ash
allergen, a birch allergen, a cedar allergen, an oak allergen,
and a mulberry allergen.

5. The method of claim 1, wherein said allergen is
selected from the group consisting of a Johnson Grass
allergen, a Kentucky Blue Grass allergen, a Meadow Fescue
allergen, an Orchard Grass allergen, a Perennial Rye Grass
allergen, a Redtop Grass allergen, a Timothy Grass allergen,
a Bermuda Grass allergen, a Brome Grass allergen, a Curly
Dock allergen, an English Plantain allergen, a Mexican
Firebush allergen, a Lamb’s Quarters allergen, a Rough
Pigweed allergen, a Short Ragweed allergen, a Wormwood
Sage allergen, an American Elm allergen, a Common Cock-
lebur allergen, a Box Elder allergen, a Black Walnut aller-
gen, an Eastern Cottonwood allergen, a Green Ash allergen,
a River Birch allergen, a Red Cedar allergen, a Red Oak
allergen, and a Red Mulberry allergen.

6. The method of claim 1, wherein said FceR molecule is
conjugated to a detectable marker.

7. The method of claim 1, wherein said isolated FeeR
molecule comprises at least a portion of a human FceR alpha
chain that binds to IgE.

8. The method of claim 1, wherein said FceR molecule
comprises at least a portion of an amino acid sequence
selected from the group consisting of SEQ ID NO:2, SEQ ID
NO:6, SEQ ID NO:11 and SEQ ID NO: 13.

9. The method of claim 1, wherein said FceR molecule is
encoded by a nucleic acid molecule comprising a nucleic
acid sequence selected from the group consisting of SEQ ID
NO:1, SEQ ID NO:4, SEQ If) NO:7, SEQ ID NO:10 and
SEQ ID NO:12.

10. The method of claim 1, wherein said allergen is bound
to a substrate.

Sep. 20, 2007

11. A method to detect plant-allergen-specific IgE in an
animal, said method comprising:

(a) contacting a plant allergen with a putative IgE con-
taining composition from said animal, under conditions
suitable for formation of an antigen:IgE complex;

(b) detecting the presence of said antigen:IgE complex, if
present, by contacting the putative antigen:IgE com-
plex with a FceR molecule under conditions suitable
for formation of an antigen:IgE:FceR molecule com-
plex, wherein the presence of an antigen:IgE:FceR
molecule complex indicates the presence of plant-
allergen-specific IgE.

12. The method of claim 11, wherein said animal is a

canid or a felid.

13. The method of claim 11, wherein said putative IgE
containing composition comprises an animal fluid is selected
from the group consisting of serum, plasma, blood, urine,
tears, saliva, nasal secretions and milk.

14. The method of claim 11, wherein said allergen is
selected from the group consisting of a grass allergen, a
plantain allergen, a pigweed allergen, a ragweed allergen, a
sage allergen, an elm allergen, a cocklebur allergen, an elder
allergen, a walnut allergen, a cottonwood allergen, an ash
allergen, a birch allergen, a cedar allergen, an oak allergen,
and a mulberry allergen.

15. The method of claim 11, wherein said allergen is
selected from the group consisting of a Johnson Grass
allergen, a Kentucky Blue Grass allergen, a Meadow Fescue
allergen, an Orchard Grass allergen, a Perennial Rye Grass
allergen, a Redtop Grass allergen, a Timothy Grass allergen,
a Bermuda Grass allergen, a Brome Grass allergen, a Curly
Dock allergen, an English Plantain allergen, a Mexican
Firebush allergen, a Lamb’s Quarters allergen, a Rough
Pigweed allergen, a Short Ragweed allergen, a Wormwood
Sage allergen, an American Elm allergen, a Common Cock-
lebur allergen, a Box Elder allergen, a Black Walnut aller-
gen, an Eastern Cottonwood allergen, a Green Ash allergen,
a River Birch allergen, a Red Cedar allergen, a Red Oak
allergen, and a Red Mulberry allergen.

16. The method of claim 11, wherein said FceR molecule
is conjugated to a detectable marker.

17. The method of claim 11, wherein said isolated FceR
molecule comprises at least a portion of a human FceR alpha
chain that binds to IgE.

18. The method of claim 11, wherein said FceR molecule
comprises at least a portion of an amino acid sequence
selected from the group consisting of SEQ ID NO:2, SEQ ID
NO:6, SEQ ID NO:11 and SEQ ID NO: 13.

19. The method of claim 11, wherein said FceR molecule
is encoded by a nucleic acid molecule comprising a nucleic
acid sequence selected from the group consisting of SEQ ID
NO:1, SEQ ID NO:4, SEQ ID NO:7, SEQ ID NO:10 and
SEQ ID NO:12.

20. The method of claim 11, wherein said allergen is
bound to a substrate.
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