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PEPTIDES, BEVICES, AND METHODS FOR THE BETECTION OF ANAPLASMA
ANTIBODIES

CROSS-REFERENCE TO RELATED APPLICATIONS

{8001} This application claims the benefit of U.S. Provisional Application No. 61/929,6535, filed
Jaruary 21, 2014, and U.S. Application No. 14/511,916, filed October 18, 2014, both of which

are hereby incorporated by reference in their entiretics.

DESCRIPTION OF THE TEXT FILE SUBMITTED ELECTRONICALLY

{8802] The contents of the text file submitted electronically herewith are incorporated herein by
reference in their entirety: A computer readable format copy of the Sequence Listing (filename:

ABAX 041 0TWO Seqlast ST2Z5.xt, date recorded Fanuary 20, 20153, file size 263 kilobytes).

BACKGROUND OF THE INVENTION

{0083} Anaplasma are a genus of gram-negative bacteria that are obligate intracellular pathogens
capable of infecting granuiocytes, platelets and erythrocytes in vertebrate hosts. Anaplasma
bacteria arc transmitted to hosts through arthropod vectors, particularly various specics of ticks.
A. phagocytophifum infects neutrophils and causes anaplasmosis in mammals, including humans,
The incidence of human granulocytotropic {or granulocytic} anaplasmosis (HGA, formerly
known as human granulocytotropic chrlichiosis) has increased steadily, from 1.4 cases per
million persons in 2000 to 6.1 cascs per million persons in 2010, 4. phagocviophilum is
transmitted primarily by fxodes spp. of ticks. Becausce these fvodes species ticks also transmit
Borrelia burgdorferi (the causative agent of Lyme discase), simultancous infection with 4.

phagocviophilum and B. burgdorferi is common.

{0004] 4. platys causes infectious eyclic thrombocoytopenia by mfecting platelets and 1s thought
to be transmitted by Rhipicephalus and Dermacentor spp. ticks. Although dogs are the most

common host for 4. platys infection, infection in other mammals, including cats, iropalas, and
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sheep, have been reported. Co-infection of A, platys and Ehrlichia canis duc to the common

vector of transmission has been known to occur,

{8005} Indircct immunofluorescence assays (IFA} and enzyme-linked immunosorbent assays
(ELISA)} have typically been used to detect Anaplasma infection. These assays detect the binding
of anti-Anaplasma antibodies from a subject’s blood, plasma, or serum to infected cells, ccl
lysates, or partially purificd whole Anaplasma proteins. However, these assays for detecting
anti-dnaplasma antibodics are Hmited in uscfulness because of sensitivity and specificity issucs
directly related to the nature of the Anaplasma antigens used in these tests, Although polymerase
chain reaction {PCR}-based tests with improved specificity and sensitivity have been developed,
there 1s a continued need in the art for additional sensitive and specific assays for detecting

Anaplasma antigens and serodiagnosis of anaplasmosis.,

SUMMARY OF THE INVENTION
{0086} The present invention 1s based, in part, on the discovery that certain sequence variants of
fragments of the dnaplasma outer membrane proteins provide for robust detection of an antibody
response against Anaplasma species. Accordingly, the invention provides compositions, devices,
methods, and kits usefl for the detection of antibodics that bind to draplasma antigens and the

diagnosis of anaplasmosis.

{80887} In one embodiment, the present invention provides populations of peptides capable of
binding to antibodics that recognize 4naplasma antigens. In certain embodiments, the population
of isolated peptides comprises three or more different peptides, wherein cach peptide in the
population comprises a sequence of Abaxis 1D 2, E-T-R-V-A-Y-P-Y-Xo-K-D-G-R-T-V-K-X; 7~
D-8-H-X-F- D W3- ToP-X0p-P-K-X3-G-F-K-D-C (SEQ ID NO: 1} or a fragment thereof,
wherein Xy is an amino acid sclected from the group consisting of I, P or H, Xy7 is an amino acid
selected from the group consisting of I, W, or Y, X5 is an amino acid sclected from the group
consisting of R, B}, or N, Xy is an amino acid selected from the group consisting of E or N, and
XKy 18 an amino acid selected from the group consisting of L or V. In other embodiments, cach
peptide in the population comprises a sequence of Abaxis 1D 3, FE-X5-G-Y-E-X5-F-K-T-X;;-G-

FR-X45-S-G-T-K-E-C (SEQ 1D NO: 2) or a fragment thercof, wherein X5 is an amino acid
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sclected from the group consisting of L, V or A, X5 is an amino acid selected from the group
consisting of K, N or Q, X;; is an amino acid selected from the group consisting of R, D, or N,

and X5 18 an amino acid selected from the group consisting of E, N or (3.

{0088} In another embodiment of the invention, cach peptide in the population comprises a
sequence of APL-IDL, E-T-K-V-Xs- ¥ -2G-Y-L-K-X-G-R-T-V-K-L-X -8 -H- Ko - F-D-W- X5
T-P-Xp-P-K-X3;-G-F-K-D-G-G-G-G-G-K-D-G-T- Xy s~ V-E-Xy3-K-A- X5 - K-F- Xy - W-N-X 5 5-P-
D-Xeoo-R-1-Xga-F-K-Xes-C (SEQ ID NO: 3) or a fragment thereof, wherein Xs is an amino acid
sclected from the group consisting of ¥V or A, X5 is an amino acid selected from the group
consisting of G, T or H, Xj; 18 an amino acid sclected from the group consisting of E, N, or Q,
X5 18 an aminoe acid selected from the group consisting of D or N, X1 is an amino acid selected
from the group consisting of R, D, or N, X5 1s an amino acid selected from the group consisting
of 3, D, or E, X35 18 an amino acid selected from the group consisting of E or N, X3 is an amino
acid selected from the group consisting of L or V, X5 18 an amino acid selected from the group
consisting of K or (3, Xug 18 an amino acid selected from the group consisting of F or V, Xs;p 18 an
amino acid selected from the group consisting of D or N, Xy 18 an amuno acid selected from the
group consisting of E or (3, X5 is an aminge acid selected from the group consisting of 5 or (,
Xeo ts an amine acid selected from the group consisting of F or W, Xg; is an amino acid selected
from the group consisting of [ or V, and Xge is an amino acid selected from the group consisting
of ¢ or D, In yet another ewbodiment, cach peptide in the population comprises a sequence of
APL-ID2, C-K-B-G-T-Xo- V-E-Xo-K-A-X - K-F- X 5o WeN-X - P-D- X0 - R X0 F- K7 {(SEQ
1D NO: 4) or a fragment thereof, wherein X is an amino acid sclected from the group consisting
of K or (3, X is an aming acid sclected from the group consisting of F or V, Xy, is an amino acid
sclected from the group consisting of D or N, X5 is an amino acid sclected from the group
consisting of E or Q, X5 is an amino acid selected from the group consisting of S or 3, X5 is an
amino acid selected from the group consisting of F or W, X4 is an amino acid selected from the
group consisting of Lor V, and X7 is an amino acid sclected from the group consisting of (J or
D. In another embodiment, cach peptide in the population comprises a sequence of APL-1D3, C-
Xp-G-G-K-S-P-A-R-X;o-T-E-E-R-V-A-G-D-L-D-H-K-X,5-V-D-5-D-K-K-H-D-A-E-K-T-E-E-
K-R-H (SEQ ID NO: 5) or a fragment thercof, whercin X is an amino acid selected from the

group consisting of L or V, Xyp is an amino acid selected from the group consisting of S or Y, and
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X3 18 an amino acid selected from the group consisting of E or N, In certain embodiments, cach
peptide in the population comprises a sequence of APL-IDS 1, C-G-K-1-L-N-L-V-8-A-V-Q-E-
K-K-P-P-E-A-P-A-A-D-E-A-A-G-P-A-T-H (SEQ ID NO: 6) or 3 fragment thereof,

{0089} In some embodiments of the invention, a population of isolated peptides comprises three
or more different peptides, wherein cach peptide in the population comprises a sequence of APL-
D6, C-K-D-G-X5-R-V-E-Ko-K-A-E-X 3-F-N-X6-Q- X5 P-N-P-X 0~ 1-K-Y-R- X7 {(SEQ D NO:
7} or a fragment thereof, wherein Xs 18 an amino acid selected from the group consisting of S or
Q, Xo 15 an amino acid selected from the group consisting of F or Y, X3 is an amino acid
selected from the group consisting of R or H, X5 18 an aminoe acid selected from the group
consisting of W or Y, Xy is an amino acid selected from the group consisting of S or 3, X5 48
an amino acid selected from the group consisting of K or H, and X7 is an amino acid sclected
from the group consisting of N or D, In another embodiment, cach peptide in the population
comprises a sequence of APL-ID7, C-G-K--L-N-L-V-8-X6-X ;-N-E-K-E-P-P-E-A-P-A-A-D-
E-A-A-G-P-A-T-H (SEQ 1D NO: 8) or a fragment thercof, wherein X0 1s an amino acid selected
from the group consisting of V, L or 1, and X, 18 an amino acid selected from the group
consisting of A or L. In stilf another embodiment, cach peptide in the population comprises a
sequence of APID 2-1, E-T- K-V V- X0 VALK X -G-RAT-VAK-L-D-8-H- XK - F- B WK 5- T
P-Xog-P-K-X3-G-F-K-D-C (SEQ 1D NG: 9) or a fragment thergof, wherein Xs is an amino acid
selected from the group consisting of V or A, X5 18 an amino acid selected from the group
consisting of G, For H, Xj; is an amino acid selected from the group consisting of E, N, or (3,
X5 18 an amino acid sclected from the group consisting of R, D, or N, X3¢ is an amino acid
selected from the group consisting of Q, D, or E, Xj5 18 an amino acid selected from the group

consisting of E or N, and X3; is an amino acid selected from the group consisting of L or V.

18018} In certain ecmbodiments, the populations of draplasma peptides may further comprise one
or more antigenic peptides from another microbial species. In one embodiment, the population
of Anaplasma peptides further comprises one or more antigenic peptides from an Ehriichia
species {e.g., E. canis, E. chaffeensis, E. ewingii, and E. muris), and/or a Borrelia species {e.g.,

B. burgdorferi, B. afzelli, or B. garinii).
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18011} Peptides of the invention may comprise at least 20, 30, 35, 40, 45, 50, or more amino
acids. In some embodiments, peptides of the invention are isolated {e.g., synthetic and/or
purified) peptides. In particular embodiments, peptides of the invention arc conjugated to a
figand. For example, in certain embodiments, the peptides are biotinylated. In other
embodiments, the peptides are conjugated to streptavidin, avidin, or ncutravidin, In other
cmbodiments, the peptides are conjugated to a carrier protein {e.g., serum albumin, kevhole
Hmpet hemocyanin (KLH), or an immunoglobulin Fo domain). In still other ecmbodiments, the
peptides are conjugated to a dendrimer and/or are part of a multiple antigenic peptides system
(MAPS). In certain embodiments, the peptides are conjugated to a detectable entity or label,
suach as an enzyme, a metallic nanomaterial, or a fluorophore. In certain embodiments, the

peptides are conjugated to metallic nanoparticles, nanoshells, nanoplates, nanorings or nanorods.

{0012} In certain embodiments, peptides of the invention are attached to or immobilized on a
solid support. In one embodiment, the peptides of the invention are attached to a solid support
through a metallic nanolayver. In certain embodiments, the solid support 1s a bead or plorality of
beads {e.g., a colloidal particle, metallic nanomaterial such as nanoparticle, nanoplate, or
nanoshell, latex bead, etc.}, a flow path in a lateral How immunoassay device {e.g., a porous
membrane), a blot (Western blot, a slot blot, or dot blot}, a flow path in an analytical or

centrifugal rotor, or a tube or well {e.g., in a plate suitable for an ELISA assay}.

{8813} In one aspect, the present invention provides a composition comprising one or more

populations of isolated peptides described herein.

{8614} In some embodiments, the composition comprises a population of isolated peptides, said
population comprising three or more different peptides, whercin cach peptide in the population

comprises a sequence, or a fragment thereof, of SEQIDNO: 1,2,3,4,5,6,7, 8, or 9.

{0615} In cortain embodiments, the composition further comprises one or more antigenic

peptides from an Anaplasma species, an Ehrlichia species, and/or a Borrelia specics.

{8016} In some embodiments, the composition compriscs at least two different populations of
peptides described herein. In certain embodiments, at least one of the peptide populations is

g

)
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defined by SEQ ID NO: 3, For instance, in one embodiment, at least one of the peptide
populations comprises three or more different peptides, wherein cach peptide in the population

COMPFISCs a scquence, or a fragment thereof, of SEQ 1D NO: 3.

{8017} In certain embodiments, the composition further comprises a second population of
isolated poptides. In some embodiments, the sccond peptide population s defined by SEQ 1D
NQO: 7. Insome other embodiments, cach peptide in the seccond peptide population comprises the

sequence, or a fragment thereof, of SEQ ID NO: 6.

{8018} In some embodiments, the composition further comprises a third population of isolated
peptides that is different from the first and second peptide populations. In certain embodiments,
cach peptide in the third peptide population comprises the sequence, or a fragment thereof, of

SEQ ID NO: 6.

[8019] In another aspect, the present invention also provides a method for detecting in a sample
an antibody to an epitope of an 4naplasma antigen. In one embodiment, the method comprises
contacting a sarople with a peptide or population of peptides of the invention; and detecting
formation of an antibody-peptide complex comprising the peptide or one or more peptides in the
population, wherein formation of the complex is indicative of an antibody to an epitope of an
Anaplasma antigen being present in the sample. The methods can be used to detect antibodices to

antigens from A. phagocytophilum, 4. platys, or A. marginale species,

{0020} In another embodiment, the present invention provides a method for diagnosing
anaplasmosis or cyclic thrombocytopenia in a subject. In onc embodiment, the method
compriscs contacting a sample from the subject with a peptide or population of peptides of the
invention; and detecting formation of an antibody-peptide complex comprising the peptide or
one or more peptides in the population, wherein formation of the complex is indicative of the

subject having anaplasmosis or cyclic thrombocytopenia.

{8621} The present invention also includes a method for identifying the specics of Anaplasma
infecting a subject. In one embodiment, the method comprises contacting a sample from the

subject with a first peptide or first population of peptides and a sccond peptide or second

6
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population of peptides, whercin the first peptide or first population of peptides specifically binds
to antibodies against antigens from multiple dnaplasma species, and wherein the second peptide
or second population of peptides specifically binds to antibodics against antigens from a single
Anaplasma species; detecting formation of a first antibody-peptide complex comprising said first
peptide or one or more peptides in the first population; and detecting formation of a second
antibody-peptide complex comprising said sccond peptide or onc or more peptides in the sceond
population, wherein formation of both the first and sccond antibody-peptide complexes indicates
that the subject is infected with the Anaplasma species that is specifically bound by the sccond

population of isolated peptides.

{8022} In certain embodiments of the method, the first peptide or first population of peptides
specifically binds to antibodies against antigens from A, phagocytophilum, A. platvs, and A.
marginale. In other embodiments, the first peptide or first population of peptides specifically
binds to antibodies against antigens from 4. phagocviophilum and 4. platys. Tn some
erobodiments, the second peptide or second population of peptides specifically binds to
antibodies against antigens from 4. plarys. In other embodiments, the second peptide or second
population of peptides specifically binds to antibodies against antigens from 4.
phagocytophilum. 1o one embodiment of the method, the first peptide or first population of
peptides is defined by SEQ ID NO: 3 and the second peptide or second population of peptides is
defined by SEQ ID N 4, and the formation of both the first and second antibody-peptide
complexes indicates that the subject is infected with 4. plazys. In another embodiment of the
method, the first peptide or first population of peptides is defined by SEQ 1D NO: 3 and the
second peptide or second population of peptides is defined by SEQ 1D NO: 4, and the formation
of the first antibody-peptide complex, but not the second antibody-peptide complex indicates that

the subject is infected with 4. phagocyiophifum.

{8023} In other embodiments, the method for identifying the species of Anaplasma infecting a
subject comprises contacting a sample from the subject with a first population of peptides and a
cell extract of a single Anaplasma species, wherein the first population of isolated peptides
specifically binds to antibodies against antigens from multiple Anaplasma specics; detecting

formation of a first antibody-peptide complex comprising one or more peptides in the first
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population; and detecting formation of an antibody-celi extract complex comprising one or more
components in the cel extract, wherein formation of both the first antibody-peptide complex and
the antibody-cell extract complex indicates that the subject is infocted with the Anaplasma

species that produced the cell extract.

{0024} In any of the methods described above and herein, the peptide or population of peptides
can, in some cmbodiments, be attached to or immobilized upon a solid support. In onc such
embodiment, the peptide or population of peptides is attached to the solid support through a
metallic {e.g., gold) nanolaver. In certain embodiments, the solid support is a bead or plurality of
beads {e.g., a colloidal particle, a metallic nanowatenial such as nanoparticle, nanoplate,
nanoshell, nanorod, a latex bead, ete.), a flow path in a lateral flow immunoassay device (e.g., a
porous membrane), a flow path in an analvtical or centrifugal rotor, a blot (Western blot, a slot
blot, or dot blot), or a tube or a well {e.g., in a plate suitable {for an ELISA assay). Insome
erobodiments, the solid support comprises metal, glass, a cellulose-based material {e.g.,
nitrocellulose), or a polvmer {e.g., polystyrene, polyethylene, polypropylene, polyesier, nvlon,
polysulfone, ete.). In other embodiments, the peptide or population of different peptides is
attached to a dendrimer and/or incorporated into a multiple antigenic peptide system (MAPS)
system. In certain other embodiments, the peptide or population of different peptides 1s attached

to BSA, KLH, ovalbumin or a similar carrier,

{8828} In any of the methods described above and herein, the detecting step may comprise
performing an ELISA assay. In other embodiments, the detecting step comprises performing a
lateral flow immunoassay. In other embodiments, the detecting step comprises performing an
agglutination assay. In other embodiments, the detecting step comprises spinning the sample in
an analytical or centrifugal rotor. In other embodiments, the detecting step comprises analyzing
the sample using a Western blot, a slot blot, or a dot blot. In still other embodiments, the
detecting step comprises analyzing the sample with an clectrochemical sensor, an optical sensor,
or an opto-clectronic sensor. In certain embodiments, the detecting step comprises performing a
wavelength shift assay. In certain embodiments, the detecting step comprises performing an

Indirect Fluorescent Antibody test.
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18026} The sample from the subject used in any of the methods described above and herein, in
some embodiments, is a bodily fluid, such as blood, scrum, plasma, cercbrospinal fluid, urine,
mucus, or saliva. In other embodiments, the sample is a tissue {e.g., a tissuc homogenate) or a
cell lysate. In certain embodiments, the sample 18 from a wild animal (e.g., a deer or rodent, such
as a mouse, chipmunk, squirrel, ete.}. In other cmbodiments, the sample is from a lab animal
{e.g., a mouse, rat, guinca pig, rabbit, monkey, primate, ¢tc.). In other embodiments, the sample
is from a domesticated or feral animal {e.g., a dog, a cat, a horse). In still other embodiments, the

sarnple 18 from a human.

[00237] The present invention also includes kits comprising a peptide or population of peptides of
the invention. In one embodiment, the kit comprises at least one population of peptides of the
invention and a labeling reagent capable of binding fo an antibody that recognizes an epitope of
one or more peptides in the population. The labeling reagent may be an anti-huran, anti-canine,
or anti-feline TgG or IgM antibody conjugated to a detectable label. In other embodiments, the
labeling reagent is protein A, protein G, and/or a protein A/G fusion profein comjugated to a
detectable label. In related embodiments, the detectable label is an enzyme, a metallic
nanomaterial, fluorophore, or colored latex particle. Examples of metallic nanomaterials
include, but are not limited to, metallic nanoparticles, nanoshells, nanorings, nanorods, and

nanoplates.

{8328} In certain embodiments, the peptides in the kit are attached to or immobilized on a solid
support optionally through a metallic nanolayer. In certain embodiments, the solid supportis a
bead {e.2., a colloidal particle, a metallic nanomaterial such as nanoparticle, nanoplate, or
nanoshell, a latex bead, ¢tc.), a flow path in a lateral flow immunoassay device, a flow path in an
analytical or contrifugal rotor, or a tube or a well (e.g., in a plate). In some embodiments, the
peptide or peptides in the kit are attached to a dendrimer and/or incorporated into a MAPS
system. In certain other embodiments, the peptide or mixture of different peptides is attached to

BSA.

{6029} In some embodiments, the kits further comprise a population of beads or a plate (e.g., a

plate suitable for an ELISA assay). In other embodiments, the kits further comprise a device,



WO 2015/112558 PCT/US2015/012187

such as a lateral flow immunocassay device, an analytical or centrifugal rotor, a Western blot, a
dot blot, a slot blot, an clectrochemical sensor, an optical sensor, or an opto-clectronic sensor. In
certain embodiments, the population of beads, the plate, or the device is useful for performing an
immunoassay. For cxample, in certain embodiments, the population of beads, the plate, or the
device 1s uscful for detecting formation of an antibody-peptide complex comprising an antibody
from a samplc and a peptide of the invention. In certain embodiments, a peptide or population of
different peptides of the invention is attached to or immobilized on the beads, the plate, or the

device,

{0030] The kits of the invention may further comprise a set of instructions indicating, for
example, how to use a peptide or population of peptides of the invention to detect an antibody to
an Anaplasma antigen or to diagonose anaplasmosis or cyclic thrombocyiopenia in a subject. In
certain embodiments, the kits comprise an instruction indicating how to use a population of
beads, a plate, or a device {e.g., comprising a peptide or a population of different peptides of the
invention} to detect an antibody to one or more Anaplasma antigens or to diagnose anaplasmosis

or cyelic thrombocytopenia.

{8331} Additional aspects and embodiments of the invention will be apparent from the detailed

description that follows,

BRIEKF DESCRIPTION OF THE DRAWINRGS
{0032} Figare 1 is a diagram of a double antigen sandwich assay which can be used to detect
antibodics to Angplasma antigens. In this embodiment, peptides of the invention are
immobilized to a suitable substrate (e.g., nitrocellulose membrane, well of an ELISA plate) at a
test site. Antibodics to Anaplasma antigens in a test sample are bound by the immaobilized
peptides of the tnvention. Test sample antibodies to appropriate Anaplasma antigens will then
bind to a second set of peptides of the invention that are conjugated to a detectable label {(e.g.,
metallic nanomaterial such as nanoparticle, nanoplate, or nanoshell {e.g., colloidal gold), horse
radish peroxidase (HRP), alkaline phosphatase (ALP), §-galactosidase (B-GAL}, fluorophore,
colored latex particle, quantum dot}, which detects the presence of the antibodies bound to the

first set of peptides immobilized at the test site. In certain embodiments, to amplity the detection

10
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signal, protein A and/or protein G molecules conjugated to a detectable label (e.g., metallic
nanomaterial such as nanoparticle, nanoplate, or nanoshell {e.g., colloidal gold), HRP, ALP, -
GAL, fluorophore, colored latex particle, quantum dot) may be applied to the test site where they
will bind to the Fe region of any antibodies to dnaplosma antigens captured by the immobilized

peptides of the invention.

{0033} Figure 2 is a diagram of one type of indirect sandwich assay which can be used to detect
antibodics to Anaplasma antigens. In this embodiment, anti-human 1gG/igM, anti-dog IgG/igM,
or anti-cat IgG/IgM antibodies are immobilized to a suitable substrate {e.g., nitroccllulose
membrane, well of an ELISA plate) at a test site. Antibodics to Anaplasma antigens in a test
sample are bound by the immobilized antibodies. Test sample antibodies to appropriate
Anaplasma sntigens will then bind to peptides of the invention that are conjugated to a detectable
iabel (e.g., metallic nanomatcrial such as nanoparticle, nanoplate, or nanoshell {e.g., colloidal

gold}, HRP, ALP, 8-GAL, fluorophore, colored latex particle, or quantum dot}).

{0634} Figure 3 is a diagram of another type of indirect sandwich assay which can be used to
detect antibodics to Araplasma antigens. In this embodiment, peptides of the invention can be
immobilized to a substrate (e.g., nitrocellulose membrane, well of an ELISA plate) to capture
anti-Anaplasma antibodics in a test sample. Anti-human 1gG/igM, anti-dog 1gG/igM, or anti-cat
1eG/IgM antibodies conjugated to a detectable label (e.g., metallic nanomaterial such as
nanoparticle, nanoplate, or nanoshell {e.g., colloidal gold), HRP, ALP, B-GAL, fluorophore,
colored latex particle, quantum dot) can be used to deteet the presence of the antibodies bound to

the immobilized peptides at the test site.

{0035} Figure 4 15 a diagram of an immunocassay device which can be used to detect antibodies
to Anaplasma antigens. In this embodiment of an immunoassay device, poptides of the invention
are immobilized to a suitable substrate {e.g., nitroceliulose membrane, well of an ELISA plate) at
a test site. Anti-Anaplasma antibodies in a test sample are bound by the immobilized peptides of
the invention. Protein A, Protein G, or a Protein A/G fusion protein conjugated to a detectable
label {e.g., metallic nanomaterial such as nanoparticle, nanoplate, or nanoshell {e.g., colloidal

gold), HRP, ALP, B-GAL fluorophore, colored latex particle, quantum dot} is added to the
11
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system and binds to the Fo portion of the captured anti- Anaplasma antibody, thereby producing
a positive signal. In this embodiment, the device can further comprise a control site at which
binding partners that recognize the detectable label-conjugated protein A, detectable label-
conjugated protein G, and/or detectable label-conjugated protein A/G fusion are immobilized.
Such binding partners may include, but are not limited to, anti-protein A, anti-protein G, mousc

g3, and/or other similar IgG molecules.

{0036} Figure 5 is a line graph of ELISA scores {(OD650 nm) with APL-ID1 peptides of plasma
samples drawn at various intervals from dogs infected with cither 4. phagocviophilum (dog 3-13)

or 4. platys {(dog 15-13}.

{8037] Figare 6 is a line graph of ELISA scores {OD650 nm) with APL-ID2 peptides of plasma
samples drawn at various intervals from dogs infected with either 4. phagocviophilum {(dog 3-13)

or 4. platys {(dog 15-13}.

{0038} Figare 7 depicts one example of a lateral flow assay device that can be used to detect
antibodics to dnaplasma antigens. Peptides of the invention are Hinked to a carrier protein {e.g.
bovine serum albumin} and the resulting BSA-peptide conjugates are immobilized on a
nitrocellulose (NC) membrane at a test site (T). The same BSA-peptide conjugates are
conjugated to a detectable label (e.g., colloidal gold) and deposited in a conjugate pad positioned
upstream of the test site. Gold~conjugated protein A and gold-conjugated protein G (e
amplifier} is added to the conjugate pad to enhance the signal by binding to the Fe portion of the
captured anmti-Anaplasma antibody. The device further comprises a controd site (C} at which
binding partners that recognize the gold-conjugated protein A and/or gold-conjugated protein G

are immobilized.

{0039} Figure 8 iliustrates the operation of the lateral flow assay device in Figure 7. A test
sample is applied to the sample port of the device and mobilizes the peptide conjugates present
on the conjugate pad. Any anti-draplasma antibodics present in the test sample will specifically
bind to the peptide conjugates and the formed complexes will migrate to the nitroccliulose

membrance containing the test and control sites. The labeled peptide-antibody complexes are

12
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captured by immobilized peptides of the invention at the test site. Gold-conjugated protein A and
gold-conjugated protein G also present on the conjugate pad are mobilized by the sample and
bind to the Fo regions of IgG and IgM molecules present in the sample. Binding of the gold-
conjugated protein A and/or protein G to the captured peptide-antibody complexes amplify the
signal at the test site. Gold-conjugated protein A and/or gold-conjugated protein G is captured by
a binding partaer {e.g. anti-Protein A and/or anti-Protein G antibody) immobilized at the control

site, thereby producing a signal indicating that the device is operational.

DETAILED DESCRIPTION
{0040] The present invention 1s based, in part, on the discovery that certain sequence variants of
fragments of the Anaplasma outer mernbrane proteins provide for robust detection of an antibody
response against Anaplasma species. Accordingly, the invention provides compositions, devices,
methods, and kits usetul for the detection of antibodies that bind to Anaplasma antigens and for

the diagnosis of anaplasmosis.

{8041] The term “antigen,” as used herein, refers to a molecule capable of being recognized by
an antibody. An anfigen can be, for exampie, a peptide or a modified form thereof. An antigen

can comprise one or More epitopes.

{8842} The term “epitope,” as used herein, is a portion of an antigen that is specifically
recognized by an anfibody. An epitope, for example, can comprise or consist of a portion of a
peptide {e.g., a peptide of the invention). An gpitope can be a lincar epitope, scquential epitope,
or a conformational epitope. In certain embodiments, epitopes may comprise non-contiguous

Fegions.

18043} The terms “nucleic acid,” “oligomucieotide” and “polynucleotide”™ are used
interchangeably herein and encompass DNA, RNA, ¢cDBNA | whether single stranded or double

stranded, as well as chemical modifications thercof.
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18044} Single letter amino acid abbreviations used herein have their standard meaning in the art,
and all peptide sequences described herein are written according to convention, with the N-

terminal end to the left and the C-terminal end to the right.

Compositions and Devices

{8045} The present invention provides isolated peptides capable of binding to antibodics that
recognize Anaplasma andigens and devices incorporating such peptides. In onc cmbodiment, the
present invention provides a population of isolated peptides comprising three or more differcnt
peptides, wherein cach peptide in the population comprises a sequence of Abaxis D 2 (SEQ ID
WO 1), Abaxis TD 3 (SEQ ID NO: 2), APL-IDI (SEQ TD NO: 3), APL-ID2 (SEQ ID NO: 43,
APL-ID3 (SEQ 1D NO: 5), APL-IDS.1 (SEQ 1D NO: 6), APL-ID6 (SEG ID NO: 7}, APL-1D7
(SEQ ID NO: 8), APID 2-1 (SEQ ID NO: 9}, or fragments thereof. For instance, inone
erobodiment, the population of 1solated peptides comprises three or more different peptides,
wherein cach peptide in the popuolation comprises a sequence of E-T-R-V-A-Y-P-Y-Xo-K-D3-G-
R-T-V-K-X7-D-8-H-Xo - F-D-W-(3-T-P- 20 3g-P-K- X5 -G-F-K-D-C (SEQ ID NG: 1), 0r a
fragment thereof, wherein Xo 18 an amino acid selected from the group consisting of L, P or H,
X7 18 an amino acid selected from the group consisting of I, W, or Y, X5 is an amino acid
selected from the group consisting of R, B3, or N, Xys is an amino acid selected from the group

consisting of E or N, and X3 18 an amino acid selected from the group consisting of L or V.

{80461 In some embodiments, peptides of the invention comprise a sequence of SEQ 1D NO: 1,
wherein Xog 18 N and/or X371 18 V. In other embodiments, peptides of the invention comprise a
sequence of SEQ 1D NG: 1, wherein Xg is P, X7 1s 1, and/or X is N, In certain embodiments,
the population of isolated peptides comprises three or more peptides comprising or consisting of

any one of the scquences in Table 1.

Table {. Abaxis ID 2 Peptides

Seguence SEQ D
NGO,
E~T=R=V=A=Y=P=Y=T=K=D=G=ReT VoK LoD S BB F o D W Qo T P E 10
B oK DGR T VoK [ =D §=H-R=F = D=W-Q=T~P~E~ 11

14
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Segquence SEQ ID
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Seguence
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NQ.
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Seguence
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Segquence SEQ ID
NG,
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{8047} In another embodiment, the population of solated peptides comprises three ot more
different peptides, wherein cach peptide in the population comprises a sequence of 1-E-X3-G-Y-
E-X7-F-K-T- X 1-G-1-R-X G 5-8-G-T-K-E-C {(SEQ 1D NO: 2), or a fragment thereof, wherein Xs 18
an amino acid selected from the group consisting of L, V or A, X5 15 an amino acid selected from
the group consisting of K, N or Q, X is an amino acid selected from the group consisting of R,
D, or N, and X5 is an amino acid selected from the group consisting of E, N or Q. In some
embodiments, peptides of the invention comprise a sequence of SEQ 1D NO: 2, wherein X is A,
and/or X5 is N. In other embodiments, peptides of the invention comprise a sequence of SEQ ID
NO: 2, wherein Xy is R, and/or X5 is Q. In particular embodiments, the population of isolated
peptides comprises three or more peptides comprising or consisting of any one of the sequences
in Table 2.
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Table 2. Abaxis ID 3 Peptides
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YK Y -L-K-X 5 -G-R-T-V-K-L-X-8-H- X - F-D- WX 5- TP X P- K- X - G-F-K-D-G-G-G-
G-G-K-D-G-T-X 5o VB Xy K- A= Xy - K- Fo X gy e W IN- X 57-P-D- X g0 R 1= X3 - F-K-Xg6-C (SEQ ID
MNO: 33, or a fragment thereof, wherein X 18 an amino acid selected from the group consisting of
Vor A, X5 1s an amino acid selected from the group consisting of G, I or H, X; 18 an amino acid
sclected from the group consisting of E, N, or (J, X5 15 an amino acid sclected from the group
consisting of D or N, X5y 18 an amino acid sclected from the group consisting of R, D, or N, Xy
is an aming acid sclected from the group consisting of Q, D, or E, Xz 18 an amino acid selected
from the group consisting of E or N, X3 18 an amino acid selected from the group consisting of L
or V, X4s 18 an amino acid sclected from the group consisting of K or 3, Xy is an amino acid
selected from the group consisting of F or V, X5y 18 an amino acid selected from the group
consisting of D or N, Xas 18 an amino acid selected from the group consisting of E or Q, Xsy 18 an
amino acid selected from the group consisting of 8 or Q, X is an anmuno acid selected from the
group consisting of F or W, Xz 1s an amino acid selected from the group consisting of Tor V,

and Xes 1s an amino acid selected from the group consisting of Q or D

[0049] In related embodiments, peptides of the invention comprise a sequence of SEQ ID NG: 3,
wherein X5 is A, Xy5 18 I, and/or X5y 18 V. In other embodiments, peptides of the invention
comprise a sequence of SEQ ID NO: 3, wherein Xys 15 Q, Xus 18 F, and/or Xs; 18 N, In still other
embodiments, peptides of the invention comprise a sequence of SEQ ID NO: 3, wherein Xsy 18 E,
Xs718 S, and/or Xgo 1s W, In some embodiments, peptides of the mvention comprise a sequence
of SEQ ID NO: 3, wherein X is T and/or Xge 18 D, In particular embodiments, the population of
isolated poptides comprises three or more peptides comprising or consisting of any ong of the

sequences in Table 3.

Table 3. APL-ID{ Peptides

Seguence SEQ ID
NGO,

T=KeV=VmY =G=Y = Lo K =E=GmR =T = VK= L= D= S ~H=R=F === (=T=P~E=P= 199
K-L=G=F~K=D=-G~G=G~G~G~K-D~G~T-K~V-E-F~K~A~-D~K~F~E~W{-N-5~P~
D

D-F-R-T-T=-F-K-0~C

BT K=V oY = T =Y = L= KB Re T VoK LB G He R e [ = O T P B = P 200
: D-G-G-G-G-G-K-D=G~T-K-V-E~F~K~A-D-K-F~E~W{-N-5-P-




PCT/US2015/012187

P
- ¥
I
\J
[P
I
[P
9 I
-
~
T
~
T
~
T
-
I
P
s
P
s

v
B
kel

B

L
i

s
s
kel

~Y-T-Y-1-

S

~-D
T
T

~Y=G-Y-1-
R

K-D

K
K
K
K

o A=Y - T Y -
._.A._.Y._.

kel
kel

~F—
ol

—T -
Z
ol

—T -
Z
ol

—T -
Z

S W e

~
I
~
I
~
T
~
T
~
T

WO 2015/112558

D-F-R-T-I-
D-F-R-T-T-

',<__
K__

K._
K._

b | e < Wy N (28]
- ol PN = = ot
[N Newa Sommrd Sommrd Sommrd

= FakeN [\ [\ [\ [

|#2]
i i i i i i i i i i i i P
Oy My Oy My Oy My &R &R &R iy [AFR SN} Oy
i i i i i i i i i i i i P
S O] S Op] S Op] EA fx] fx] ] -] W [EARNp]
i i i i i i i i i i i i P
oy oy = oy = SN NI~ NI~ 2 oy Ny 7
i i i i i i i t i t i t i i i P
R = = = B = B = = o= B
i i i i i i i t i t i t i i i P
O O O (@ e (@ e (@ e =] O (@l
i i i i i i i { i { i { i i i P
= [y = I = [y = = = fxy = = = I
i i i i i i i { i { i { i i i i [
[ [ [ [ [ e [ 5 ¢ ¢ [N oo I
i i i i i i i { i { i { i i i i i i i P
] ] ] [ETR ] [ETR ] [ETR ] ) ) ) [EXR ) [EXR ) [EXRN ]
i i i i i i i { i { i { i i i i i i i P
R NGl R i ol ik FolET T [T g |5
{ i { i { i i t i t i t { { { i i i i b
[Ep IR [Ep IR [Ep IR [Cp K [Cp K [Cp K 1y 1y 1y [Ep RN [Ep RN U
[ [ [ [ [ [ ! ! ! el el i
[Nl [Nl [Nl I e I e I e jex} jex} jex} [es A [es A 1o
{ i { i { i i t i t i t { { { i i i i b

%W P e P e P e o o o s s s e e P

2 P P P Lo Lo Lo P P P e e Lol

= N N N N N N o o o e e N
{ i { i { i i t i t i t { { { i i i i b

00 . " . " . " = = . ., . ., . .

ms = = = e = = - =i =i P P >

px { i { i { i i § i § i § i { { { i i i i b

@ = 0 ) ) D D D = O 0] 0] ) ) ]
{ i { i { i i t i t i t i i i i i b
{ i { i { i i t i t i t i i i i i b
0o 0 X 0 X (G2l (G2l (G2l [} g g 5 g
{ 1 { 1 { 1 { i { i { i i i { i { [
s s B EA I = & = & = (@ (@ @
{ 1 { 1 { 1 { i { i { i i i i i
KN ] KN ] KN ] p 5 p D p 5 N X X e
{ 1 { 1 1 { i i i i i i 1
0B 0B 3 [ Y 51 5 — 1] (R e (R e [@F @]
{ 1 { 1 1 { i i i i i [ [ i [ i i i i
S O 15 3 B &) & o @ (@ (@3] s i
{ 1 { { i i i i i i i i i i
m o . s o '

|

K~V=V~Y~H

m I’
N S 4

B

~Y=G
K,..r

-1
K,..r

[
Z

H o
o
-
"Y
o

kel

A
A

\ ~

...T\/' —
<

K__

m
L
m
|

D-F~-R-I-I~-

D-F-R-T-T-
D-F-R-T-T~

B

=



SEQ ID
NQ.

3

=
h

.
™
i

o~

PCT/US2015/012187
R v

-

Al N~

m
¥

0=

-

W~

iy

~He B B D
F~K-A-D-K~F-E-

L

"

C:
eyl

’....‘J

Seguence
TG \X"K—D"G"T"K"\‘\IF"E"

e (e e (e (T (T

WO 2015/112558

£~ o) () o’ s (@] (s8] e iy D ™~
e=d e==d ==s [ (@ [ (@ [\ ] o~ 'S
(o] [} [\ (e} (e} [\ [\ [\ o~y (] o~

i i i i i i i } i } i i i i i
Oy My Oy My &R &R iy [N g Dy Ly Ly
i i i i i i i } } i i i i i i
=] U = [l EA [£a] L] [EXRS: o3 W a3 [EXRVH]
i i i i i i i } } i i i i i i
[ [ [ax} [ax} [ax} [m} (RN AR [A R AN
i i i i i i i } } i i i i i i i
= O B = B = B = B = E- E- = = =
i1 i1 i t i t i t } i } i } i i i i i i i
O O (@ e (@ e (@ e Gl Gl Gl (@ 3 (@ 3 (@ 3
i i i i i { i { i { } i } i } i i i i i i i
= Iy = Iy = = = = b = b = b = = =
i i i i i { i { i { } i } i } i i i i i i i
[ [ QX QX QX [ [ [ e [ [ [
i i i i i { i { i { } i } i } i i i i i i i
[EXR ] [EXR ] fu (2 fu (2 fu (2 [y 3 [y 3 [y 3 [EXR ] [EXR ] [EXR ]
i i i i i { i { i { } i } i } i i i i i i i
e e e e e (S (S (S o« o« S
i i { i i t i t i t } i } i } i i { i { i {
o (m o fmx jmx fmx (m fmx jmo jmag (o jE o
i i { i i t i t i t } i } i } i i { i { i {
[Ep [Ep [CpRE N [CpRE N [CpRE N Uy Uy Uy [Ep Rt [Ep Rt [Ep Rt
i i { i i t i t i t } i } i } i i { i { i {
il il & & & Z B Z B Z B Z = Z = Z =
H i { i i t i t i t } i } i } i i { i { i {
P e P e o o o = e = = = =
DVRN OJCRN OSORS KNGRN ORORY CROR USRS 0N OIS DN 0N
i i { i i t i t i t } H } H } H i { i { i {
= = e e e o> o> o> o o o
i i { i i § i § i § } i } i } i i { i { i {
= 5 = 5 =D =D =D — = O = O = 0 = 0 = 0
{ i { i i t i t i t } H } H i i i i i i
oo oo R R R S S o0 o0 aagan]
{ i { i i t i t i t } i } i i { i { i {
0 X 0 X U X U X O X (G (G U0 U0 U0
{ 1 { 1 { i { i { i i H i H i { i { i {
ey ey AN AN AN = O = O ARG ARG ARG
{ 1 { 1 { i { i { i i H i H i { i { i {
(D KN ] p 5 p 5 p D » (D » (D N N N
{ 1 { 1 { i { i { i i H i H i { i { i {
SN G RN P B G RS S GO G S I GO O e B &) [ =D O D O D OO
{ 1 i { 1 i { b { i i { i i i H i i 1 i { [ i {
P OS] P OG] P GRG I P IOIG | L) b oD Ol D Ol D Ol U
{ 1 i { 1 i { bt { i i { ] i H i i o i { i i
OB gl B MmO e O X W OO X O XD O M

{ | i { | i { bt { i i i l i i {1 i i i i

o Do O B (O Ty (3 B ot Y fme o Y g 4D Taafde

{ i i { i i { Pt { i i i H { i i
oG HE N HED X H R N e R

{ i i { i i { bt { i i i H { i

ol D T H s T D T bl Try H

{ 1 i { 1 i { bt { i i H { i

M D e OO il O i O (G iae

R IR I A T A S B A T {0

P (R E R s RO Ry ' [ = RO B 5 R £ =1 T

{ 1 i { 1 i { b { } i 4]

NG D E N E R s D g D b

D-F~R-I-I~

T
E
T
E
T
E

%__

-
AN T

~p-E-P-
[ p-E- P
~P-E-P-

W—N—-S—

A
W-N-5-

W

4

O-T

5y

=0 ="

¥

T
5y
T
4

T

¥

=

:
v
‘5‘

W

_E‘_E_
_E‘_E_
_E‘_E_

\
\
\

D__
D__
D__

b

~A—
b

~A—
b

~R-F-D-

~R=F~D-
~R=F~D-

Iw—
v
v
v

~H
K
~E
K

i)

O

i)

O
")
|-
h

o

|-
™

|-
o
™

o
™
.

T___E___

~V

T___E___

-y
Sy -

-T-K

4
v

K-L~-N
K-L~-N

4

~T-1
~T-1

2
2
2

ol
A
ol
A
ol
A

~R-T-V-K~L~N-

~R=T Y

._.D._.
._.D._.
._.D._.

-K

- ._"3._"11_‘\'

o~
T
o~
T
—~
T
5

...]‘_\’]'...
Q...
_.Q__y

XL

- ~
-Q-C
e
~Y =L
-
2T
e
N2 N
v
~Y~L~-
e
NN

—i
PTG .

'y{,..f
'y{,..f

V==Y =G

.
.
:
:
;

-1
;

=
o
=
o
-
o
F
Y
-
o
F

“'Y“‘

A
-~

\ ~

K%~
-

K__

m
L
m
|

i

B

D-F-R-T-T-
D-F-R-T-T~
D-F~R-T-T~

2




PCT/US2015/012187

WO 2015/112558

s S <t ) o P~ o o o= i o en < vy
- e e e e e e =% =% =t <t =<t <t
M e o o o ™ ™ ™ o o o 4 4 4
w
i i i i i i i i t i t i i i i P
Oy My Oy My Oy My &R [SRE AT [SRE AT iy [AFR SN} ay Oy
i i i i i i i i { i { i i i i P
S O] S Op] S Op] =] ¢« = =1 2 ¢s -] W ] [EARNp]
i i i i i i i i { i { i i i i P
oy oy oy [a R [a T4 [a T4 7 oy 7 ny Q7
i i i i i i i t i t i t i i i i P
R = = = B = B = = o= B B
1 1 1 Pt Pt Pt i P M P
O O O (@ e (@ e (@ e =] O @ Ch
i i i i i i i { i { i { i i i i P
= [y = I = [y = = = I fxy = = = I
i i i i i i i { i { i { } i i i i [
[ [ [ 0N 0N 0N [ b < ¢ [ 0O g g
i i i i i i i { i { i { } i } i i i i i i i i i P
] ] ] [ETR ] [ETR ] [ETR ] [ [as ) LR LR [EXR ) [EXR ) [EXR
i i i i i i i { i { i { } i } i i i i i i i i i [
xoeg xoeg ol o L el [ 3 1 [} <] [N [ ) eq ) eq [
{ i { i { i i t i t i t } i } { i { i { i i i i b
{ i { i { i i t i t i t } i } { i { i { i i i i b
[Ep IR [Ep IR [Ep IR [Cp K [Cp K [Cp K [CpEa w 1y [CpRRE [CpRRE [Ep RN [Ep RN U
{ i { i { i i t i t i t } i } { i { i { i i i i b
g cal il il & I e I e (R [ jex} [ R [ R [es A [es A [ Ry cal Ly
{ i { i { i i t i t i t oot } R P P i i i i b [Q\]
%W P e P e P e o o o [ o = g g e e P
o (o P P Lo Lo Lo P | P P P e e Lol
{ i { i { i i t i t i t } H } { i { i { i i i i b
== E - E - E - - - - - IS - IS [ - [ - ~, -
= > > > el o el o el o o R > o o> B o o B e >
px { i { i { i i § i § i § } i } { i { i { i i i i b
mm.m = 5 = 5 = 5 ] ] ] — 0 — Q0 = 0 = 0 = O = O =0
{ i { i { i i t i t i t i i i i i i i i b
oo oo oo R R R o 0 i o o o
{ i { i { i i t i t i t i { { i i i i b
0 X 0 X 0 X et (G2l (G2l U0 e D D 5 g
1 1 { 1 i { i { i i { { i { i { b
3 3 [N &) AN AN =z O [ = U =z U = U
i i (o [ Lo Lo P ] P P P
&5 &5 G (D &) r (5 r (5 N &) g (D Nepne] G O
] ] £ ! Lo Lo | { i i U
&5 [SHRRNDE Fe I ] (G2 D) s i G G S B A B O] D= OO OO O o3 0 oa U o
1 1 { 1 b { i i { i i i i { [ { [ i P i { i b i
h 0O B B O O Sl O CH i 0 O O Ciio U s O Gl O G
1 1 { 1 bt { i i { i i i i { i { i i P i { i b i
3 3 [ Y O MO O N H B X XD O g O MID O XD O X O X
| | { | bt { i i { i i i i i i i i i i i i i [ i
] o] >~ 0 Y ToppA (O o> (O Do o 03 T O3 T o O Toa >4 (O Tafpd (2 [
i { Pt { i i { i i i i { i { i i P i { i [ i
NG A NGO NG D NG > g e e e i e R i
i { bt { i i { i i i i { i { i i P i { i [ i
JRESEN =l et Tog b T e T His oM T H > T > T > T H
1 bt { i i { i i i i { i { i i P i { i [N i
h 5o OO i O o aol NG 'Y O MmN, U MmN U i U
1 bt { ! i { ! i i i { 1 { 1 i i i { } b }
| [ R Sl o o 5 ES RS R S = T B e T B e R BT
1 b { } i { } i i i { i { i i [ i { ! b !
el BG D RG D R T VTV D b QD b D M IE M ] M @




ol
25]
258

NG,

246
248
249

SEQ ID
2

=N
[

-

]

3

=
g
h
—
T

.
T
hos

-
T
hos

-
T
hos

i)
i)
i)

b

PCT/US2015/012187
R v
R v
R v
)__E__

K-A~D~-K-F-E~W-N
)__E__

K-A~D~-K-F-E~W-N
)__E__

K-A~D~-K-F-E~W-N

-
=
I
.
=N~
-
=
I
-
=
I
=
L
=
L
=
L

¥

Al N~

vy

¥

4

W -
W~N=G~

m

~He D B D
m

m

W01

W01

W-0O-T

-
y
-

y
-
T

-
4
-

4
-
¥

-

4

_E‘_E_

\

K~F=E=f=N=§=P~

1:“... £
1:“... £

.

/
/
/

D__

n

A
n

A
n

A
b

~D=F~D~

K~A-D-K-F~E~

K~A-D-K-F~E~

K~A-D-K-F~E~
{~D-F-D-

[~D-F-D-

-D-F-D-
K
K
~H
K

—He D= B D W O
K

—He D= B D W O

e
e

e

-
F
-
-

P

-
-

P

-
-

P

T T
P Ko VB E
-

-

F

-

P

-
o

-

B -
L
el

-

F—
eyl

- &
D

"

-5
-5

E-

E-

E-
L-N-S-H
L-N-S-H

7
7
7

-L-D-S-
-L-D-S-
-L-D-S-
._.'\IT._.E —

-3
-3
-3

K-L~-N

-T-K

7K

kY,

v

7K

kY,

v

T I

kY,

v

~F

4
4
4
4

-K

p
\/
Vo

-
i

k.
.

-
R=T =Y

N AR

=T KB

T K= —F~
T =K~V ~F~
T =K~V ~F~

-T-K
-T-K

Seguence
~K~D~G
-l

€]
€]
€]
a
a
-K-D~-G
-
Lo
-
Lo
-
Lo
ran
¢

-E-T-V-K-L-D
-E-T-V-K-L-D
-E-T-V-K-L-D

-F~T-
~F~T-
~F~T-
~R-T
~R-T
._.D._.

I
""K"D“'
3
£
""K"D“' >
~
AT
~
4
o=
&
-K

\F
4
~
[ e
\F
~
&)
~
&)
~
&)
=
o
i

K-
T
T
K
T
~
U
~
U
~
U

~Y~L~K-

g
g
g
[
\J
[
\J
)
[
\J
A
A
A
=Y Tk

JRO Y G
JRO Y G

-
-
-

I
I
I

~
T

~
T

~
T
—i
oL
—i
oL
—i
oL

=Y -1

b

- T
I
\J
I
I
~
T
~
T
~
T
T
XL
T
Iy
I
T
XL

XL

e (e e (e (T (T

[P
[P

v
B
kel
B
kel
B

-D

—D-
—D-
—D-
—Y

K
K
K
A

K-D

K
Is
£

=AY

G B
(SR
G B
(SR
G5
(Gl
G5
(Gl
G5
(Gl
K-

WO 2015/112558

D-F-R-T-I-
D-F-R-T-T-
D-F-R-T-T-

K~
K~

K._
K._

S-H-D-F-D-1

- G

K~L~N

—~T=F

SR

o~
T

...]‘_\’]'...

K=V =V=7 =G

m I’
L

B

260

T

~P-E-P-
W-N-S-1

4

o-T

T

A~

-

~D~-F~D~1¥

_E‘_E_

[

\

D__
D__

b

~A—
b

~A—

K
-B
K

-
T
L

a
o}

-
T
L

Sy -
Sy -

-T-K

2
2

o
{

o

~R-T-V-K~L~N-

._.D._.
._.D._.

~K

—~

~N~G

XL

e
(2
_.L._
e

(2

Mt
— Y
Mo

K,..r
-1
K,..r

[
Z

-
ir
oyl

ol

\ ~

<

\ ~

<

K__

Mo

D-F~-R-I-I~-

D-F~-R-I-1~—

2



PCT/US2015/012187

WO 2015/112558

o}
VY= =S 1 S oS v SN < -G o~ o 0
Ww Iz RN N N o o o o3 o ,w/_
1.__ i 1_ i 1_ i -M -_ -_ } H i { i {
,1_._ D_L ,L_._ D_L ,L_._ D_L t_.h tﬂ tﬂ h“,... D_._ nuf DWL Oy
ao |mo lma mo mo mow R @ o
D_._ N_w_ D_._ N_w_ D_._ N_w_ DWL _ DWL _ DWL _ h“,... _\“ nuf _\“ D_L m_w
R e N L 5 BE Ak
Sl i e i e i ¢ ¢
TS Y OFET T EY 0T g % it
TR ol ol O ol il el il
e re e e me |mo e Dolre e e |wo |mo
‘_ n_n ‘_ n_n ‘_ n_n ,_b m_a ,_b m_a ,_b m_a @ _ _ _ M mw L“ \_ L“
Rl il i L i N I X oEx o Esxo m m m
O_J _“_E O_J _“_E O_J _“_E mﬁ _“_r mﬁ _“_r mﬁ _“_r m“D m“D m“D Pm._ m._ m._ O_Q T_L T_L nmu. T_L
=@ |zm |za@ mm lme lme o ma =ao= 2 jom [om jom lom |om
"I ol o o ol ol o ok ol A ol ol R ol ol ol ol
LTI T R o i R I R I I LR R
I il S R S
4} nﬂ F_u nﬂ F_u nﬂ F_u T_* h_u T_* h_u T_* h_u T“L T“L T“L 6] 6] 6] .fﬁ m_u m_u m_L m_u
ol ol o R ol ol o o ol “o |wo |wo
=0 (20 =0 =0 oo oo ¢ 2e mo m
R P R e Il [l SRR = © Ola o ola & o
: ﬂ A ﬂ A : v_l ﬂ_L ﬂ_L ﬂ_L . mw mw + mw ﬁw \m ﬁw
oo il b by o i O e e o it
mﬁ w_\J mﬁ i w_\J ﬁﬂ ﬁﬂ ﬁﬂ { — _\mv Tﬁ _h mv _h
R A R QY R e
FEE T RE T T n TR R TR TR
N NG aal el [l T NG R ] 34 1x] [




PCT/US2015/012187

WO 2015/112558

o
o8 O O R - > R - = S S S T -
= e oy oy o3 o3 o3 o o o o4 o4 ] o3 o3 o4
w2
| 11 11 | | | oo oo ] i i [ [ |
gy gy gy &3] &3] &% Py 53] 53] o8] o8] Oy oy Q4 Py AN
| 1o o 1 1 1 o } } i i o o |
FRE A A I A G A Ll 7 S Gl il i
T\__ D_._ N_w_ D_._ N_w_ DWL DWL v_\ DWL v_\ ww . ww “ ww . . _\“ L _ i AR AR 4y
m_.* W\ m_.* W\ m_.* W\ m_; s m_; .rw“ m_; .rw“ ﬁﬂ ,,.ln..“ E-2 ,,.ln“.“ -+ = mw = mw = ,..l_ﬂ mm._ _.\J_% mm._ _.\J_% m._._ 2
Rl i i ol Rl i i B I I T T - I
o o o A i i ol ol ol ol ol ol ol ol
A A o o e o o A o
[EXR ] [EXR ] [EXR ] [ET [ET [ET B B B [EE - - LT LT [EXRy ]
O I A A O ) N P P P H
RO S R O AU A O R A " " DI RO RO KD
S R ORE ol ol o Sl ol i R ol i
,u_o _“_E ,u_o _.._r ,u_o _“_E mﬁ _“_r mﬁ _“_r mﬁ _._r mﬂv wﬂ mﬂv wﬂ mﬂv wﬂ o_u mM._ omu mM._ mM._ o_u T_L o_u T_L nﬂu T_L
G A R ol A A T (ol A L B A ol A O R i el
=B R RN R O ORI RN ORORE R N IORORN GRORN RO ORI DS R l0R0
N Al Y R R M M RN Ml S Gl B il
O i A i A M N S A R S i L
R O s G o Il G 0l R Lyl Il S i (Al O I Gl G i G Ll G G Il
GRONE O O O o ol RN i ON o i 7O1EF %7 |37
S S S O FoleE v (v
Y OET R ORY AT FT IR 7 S A i
_\_ m\ _\_ m\ _\_ m\ T_. n_u T_. n_u T_. n_u v_ /\ n_.u /m mm /m mm vm mm
SRS RS SR ST 0B 110 0 O IR S OB O
O O (O B OB AR B IO 10 0 AR R B OB
R N kil A s O i RIOB 0 OB A 0B )
V_L ﬂ m._ V_L ﬂ ?_.ﬁ V_L ﬂ ?_.ﬁ v_l mu ?_.ﬁ v_l mu v_l mu b mﬁ \_J JL f\m._ h._u mﬁ f\m._ h._u JL 0 T
RO K0 K Kot o il O e el o k0
SO0 Rl ol Kot ol ol D ol ol ol ol folidol loolo
R A R QY R e
OB KRORN KNORE NOR KON N0 N RO ERONN KON
NGO NG D NG Y G Y e T g -] il dg Qi g O M 0




PCT/US2015/012187

WO 2015/112558

o (5] o e <t 5 O e~ e wy
O i on N N N N N N < <
= Fake [\ [\ [\ [\ [\ o o o
W
i i i i i i i i i } i i i P
Oy My Oy My Oy My &R &R &R [N iy [AFR SN} Oy
i i i i i i i i i } i i i i P
S O] EX RN ED] EX RN ED] =] ¢« fx] fx] (L2 RS] o] w2 ] 02
i i i i i i i i i } i i i P
oy oy = oy = SN NI~ NI~ [a¥] 2 oy Ny 7
i i i i i i i t i t i t } i i i P
R o= o= [+ = [+ = [+ = E- = B B B
i i i i i i i t i t i t } i i i i P
O O O (@ e (@ e (@ e (@ = O @ (@ e
i i i i i i i { i { i { } i i i i P
= Iy = Iy = = = = = [ = = =
i i i i i i i { i { i { } } } i i i i [
[ [ [ (e (e (e [ [ [ b ¢ ¢ [ [ [
i i i i i i i { i { i { } } } i i i i i i i P
[EXR ] [EXR ] [EXR ] o (2 o (2 o (2 £ £ £ ] ] ] TR TR [ETR )
i i i i i i i { i { i { } } } i i i i i i i P
RGR RGI RGE kB RoE ol (A i N G N i i il
NG NG NG NG NG NG i i i o o o o5 o5 oo
{ i { i { i i t i t i t } } } { { { i i i i b
[Ep IR [Ep IR [Ep IR [Cp K [Cp K [Cp K w w w 1y 1y 1y [Ep RN [Ep RN U
{ i { i { i i t i t i t } } } { { { i i i i b
= = = & & & Z Z Z = = = Z M Z M Z Ml
{ i { i { i i t i t i t } } } { { { i i i i b
[ P P P > > > o] o] o] = = = P R 2 P R 2 1
2 P P P Lo Lo Lo | | | P P P e e Lol
{ i { i { i i t i t i t } } } { { { i i i i b
200 N - N - N - ! = . . . IS . .
mm. o > > e e e = > > o> = = > > >
P { i { i { i i § i § i § } } } i { { { i i i i b
(@3] = 3 = 3 = 3 =B =B =B = = = = 0 Gl Gl =0 =0 = O
D O A A R PE SRR dho|kd |k
{ i { i { i i t i t i t } } } i i i i i b
0 X 0 X 0 X (G2l (G2l (G2l @] @] [} [} g g 5 g
{ 1 { 1 { 1 { i { i { i i i i i i { i { [
ey ey o e = O = O = = = = (@ (@ @
P P P Lo Lo Lo [ [ [ [ i i i
KN ] KN ] KN ] p 5 p 5 p 5 R R R R hte hte e
£ £ £ Lo Lo Lo ] ] ] ] ] ] ]
0 S G RN P B ) — O U O U O o] o] o] o] &) [ @R el [ @R el (@2 el o
{ 1 { 1 { 1 { i { i i { i i i i i [ [ i [ i i i i
D O U O D M Oy O B b b b b @ O > (@3 Rs] i oA C
{ 1 { 1 { 1 { i { i { i i ] i i i i i i i i i i
o |G — 3 m O |G =B o [ =i st e NG NG LD DG G
{ | { | { | { i { i { i i i i i i i i i i i i
>~ >~ >0 0 0 0 b b b [ [ETR ] [EFR I Tea | oM £
i { i { { i { i { i i i i i i i i i i i i
e RO R i 0 8 Aot i hilaln
i o i i i T YRR R R
i ol 7 7 7 SRR R R I
| .| = o] o] o] T ey f B4 ey f B4 [ | E- 3]
1 { 1 { } } i i i i i ! 1 !
e = £ e RGO e R i ] 1] 3=l [




PCT/US2015/012187

WO 2015/112558

= £ o o @ : <
N @ 2 b = : <5
o5 zaien (o] (a0 (a0 (a0 i) o
w
i i i i i i i i i i i i i i
Oy My Oy My Oy My &R &R &R iy [a¥ &R Oy
i i i i i i i i i i i i i i
S O] S Op] S Op] EA fx] fx] ¢s = €8} [EARNp]
i i i i i i i i i i i i i i
R R R R R R 7 { Z [a NI
i i i i i i i t i t i t i H i i i
R R R 4 = B4 = B4 = = B = B
1 i 1 i 1 i i t i t i t i i i P
O O O (@ e (@ e (@ e =] O [£a] Ch
i i i i i i i { i { i { i i i i i
= [y = [y = [y = I = I = I fxy = [y B =
i i i i i i i { i { i { i i i i i i
0 0 0 0 X 0 X 0N b 0O X ¢ e 0O g g
i i i i i i i { i { i { i i i i i i i i i
] ] ] [ETR ] [ETR ] [ETR ] ] LR ) ) [EXR ) [EXRN ]
i i i i i i i { i { i { i i i i i i i i i
Y xoeg xoeg M g M g M g 4 o« 4 1 o e o e
{ i { i { i i t i t i t { i { { i i i i i
{ i { i { i i t i t i t { i { { i i i i i i
[Ep IR [Ep IR [Ep IR [Cp K [Cp K [Cp K 1y [CpRRE 1y [Ep RN [Ep RN U
P [ [ [ [ [ ! P ! i i i
g cal [Nl [Nl I e I e I e jea} [ R jex} [es A [es A 1o
{ i { i { i i t i t i t { i { { i i i i i i
%W P e P e P e o o o = g = e e P
2 P P P Lo Lo Lo P P P e e Lol
{ i { i { i i t i t i t { i { { i i i i i i
== E - E - E - - - - - IS IS [ - [ - ~, -
mmn > > o N:\/\. = N:\/\. = N:\/\. = : = e = Pl Pl _v\\l =
px { i { i { i i § i § i § i { i { { i i i i i i
R R F I R P R TR O B - R - ! NG G FI G I F I & B F &
{ i { i { i i t i t i t i i i i i i i i
oo oo oo R R R o o o o o
{ i { i { i i t i t i t i i i i i i i i
0o 0o 0o (G2l (G2l (G2l [} [} g g 5 g
1 { 1 { 1 { i { i { i i i i i { i { i {
&) o o AN AN AN =z p ] ] e
1 { 1 { 1 { i { i { i i i i i i
& AN AN w05 w05 w05 N N X X e
] £ £ Lo Lo Lo ] ] ] ] ]
6] — DUl D [ Y [ B A AR O] P — — (R e — —
1 { 1 { 1 { i { i i { i i i | i i i
h ] ] ] oS D (5 h 1 [ 4 o4
1 { 1 { 1 { i { i { i i i i i i i 1
h (G ] m oo W ] o NG LD NG i s &)
| { | { | { i { i { i i i i i i i
] e Pl R R R Dt g § D ESR s ETR e b
{ i { { i { i { i i i i i i i i
NG hYe SN FS i el > > =y
{ i i { i { i i i i i i i i
ey [s > [ d [s > =i =i o
{ 1 i { i i i i i i i i i
AN & & & Do g adl N e
{ 1 ! ! ! 1 i 1 i 1 i
=] -3 -3 -3 T2y [EXR RS [EXR RS E-
P [ [ o RN R i
N e oG o] [ R (]

B

=




PCT/US2015/012187

WO 2015/112558

[
W e = o o % e ) ~ 2 o o - ey e < )
hs o3 oy oy (o] (o] [an] o o o [29] [29]
e e e e e ) ) 2e 2e 2a o o o o o
w

i i i i i i i i i | i | i i i i i i i i

R A R A A A i R R A

S i G o G map 7 G
R R R o o ok G 0 0 0 s O O O
T S S S S N N L L i A e A
S e i i ol S SO i e e ki
ORN FROR FOR R ol i SONN ERONE SRR SRR SR SR SN 0
R i A A i PEODE IDF 2N 9F |9Y 9% |9F
ol o o A R D e
R R o ok R o ol
ol b il ol kil o ROl SOl R Ol b Ol i o
,u_o _.._r ,u_o _.._r ,u_o _“_r rﬁ _“_r rﬁ _“_r rﬁ _“_r Nﬂv wmj va wmj S Pw._ S Pw._ S Pw._ o“u T“L o“u T“L nmu. T“L
REo g am Qo am o P em jom lem lom jlom |om o
B IR o ol I b ol R R ER iR oiolE biol ol oo
R i e O i L il o il ohol kol nlol kil loko
o O A W A N ) IO A N (A N GO I N O
NI I N I A I G Ll OO Y R e Y Re Ry
SHONN O N O R i ; SO O R
QN |ox o oK |ox X i D P o
m”_ m\ m”_ m\ N m\ N_.d n_u N_.d n_u N_.d n_u v_.,m W m_u = U = W
_\_ m\ _\_ m\ D b 5 b 5 b 5 n Nepne] ..mA m_u _.ﬁ m_u
Lholhdolddolibolhd ol & ) b ol d ol d
I ORI KNS KO O O SRR KRNI K
0 RGO ORI (O O 0! KOOI K
S O R KO [ RPN KON} K
ok ol i ok ok i il
3 JL { w_\J JL Tﬂ w_\/ mﬁ Tﬂ .,,\_J JL Tﬂ .,,\_J JL r_l .,,\_J ﬁﬂ e T e A T
Ol O R O e O O ol O VI IR PV
T_u_ J‘. m._._ T_u_ hMJ .| Dmr m.,.. T“.l._ Dmr m.,.. T“.l._ _nmi m.,.. T“.l._ m_._ ..,.l.ﬁ HW m_._ ..,.l.ﬁ Wv. m_.* ..,.l.ﬁ
W KON KRUSN KON KON K INOMSERUNY N




PCT/US2015/012187

WO 2015/112558

[ °
- £~ ) o = - o~ e <+ Wy o) r~ e e <
o & & o) < ot =t <t N <t <F <t <F < Y
= o o o e o o P ) P o o o o o
w
! P P i i Pt i P P P !
D_._ [a ] Oy My Oy My o) &R iy [aRE ¥ [N Ly [AFR SN} [AFR SN} o]
! Pl Pl i i i P i P P P !
i i i i P P P !
SR [ [ [oX Oy = Oy = [at} [at} [N [a VI oy [a¥)
m_; 1\_ m_.L 1\_ m_.L 1\_ = m_.* M_ m_.* M_ mm w m“i w ﬂr, W_f m._ W_A m._ W_A m_._ 3
P P P | | | P i g i 00
m_u;m m_u;m O (@ e (@ e (@ e Gl mv} Q& mwh_g mwh_g n_uhm_g
i i P [t [t [t P P P P P [
TR Y OEY IEY R% TR oIEE ol ol o
1 1 1 Tt | | i i P P P P
mﬂ v_h. .ﬂ v_h. .ﬂ v_h. F_u NG [ [ [ [ ¢ ¢ oo [ [ [
} It It P Py Py Py P P P P
O O O O O O Ly 0 b O By 0 By 0 B ) By ) By 3 For
Pl Pl Pl Pt Pt Pt [ [ P P P Pl P P
SR R I o o ik R A R R Rl ol o
i i P P P i i ]
[l K [l K [l K - K_ - K_ - K_ t-rt NG t-rt NG o Vm [ Vm o Vm ket ket iy [
P P P P P P P P P P P D D o
o_o _.._r o_o _.._r o_o _.._r mﬁ _._r mﬁ _._r mﬁ _._r [Ip R [Ip R [SpRmEs [SpRmEs [SpRmEs o [ o [ U [
i [ [ P P P i i U
s s s 0 0 0 O g O £ oo oo oo s g sl 1 [
i i i P P P P P P P P P P i
o b b b o i o i g g s s 9 M g 9
2 P P P P P P P P P P P i P P
E od e e |Be Be B O o P P - N CSF T P
= i i i P P P [ [ P P P i i P
@ ﬂ h_u In m,_u In m,_u Tn “.,_u Tn “.,_u Tn “.,_u o o ) ) ) ] ] B0
o0 o o b b ] P P P P P P P P
. . . P P P P i P P i
r_J xﬁ r_J xﬁ r_J xﬁ m_u % m_u % m_u % U X N G W e 9 9 5
W m\ m”_ 0 £l Bl O Bl O Bl O W & W & N ,f_u = ,f_u ,f_u l.m h_u mu h_u ﬁr h_u
1 i P P : : i i i
_ nw _ 0 A O O ,T.w_ u\ ;m U] ;m U] N ,f_u N ,f_u N ,f_u ,wm & ,wm & ,v &
1 i i i i P P i i i
ﬂnwn_\,LGCLGm.\._LGCLGCLG LGCIGCLn_uC]n_uCLn_quﬁ_uCkﬁ_quh_u
T AT T A T AR S AT I A T U AT T I AR B T A T U AP I AR T AR
V_kah_gﬂfﬂﬁmkﬁv_ln_cﬂv_ln_c nwv_ln_u RGN INECE RGNS RGNl PR GIel R G e R G el P
| i I A S T U A T T I Y I A T U A I A R TN R R
ORI G I P G F e I OB G O RN PR O w ik O im0t O GRS I GINE ES NG Vel S &
AN NI KO N N G AR S N ; oo T Y
3 Do 0 D= 0 D>+ (3 D O Bupp (D DY fmp e O x> D S T+ O T
I A T R T B R D A T T AT IS NI IR B S R
vﬂnv_«w_vKVVKVVKVAKVAK = ol B Y ol el = I
T T e I R R R I A A N i vi T i IR N R SRR R
mﬁ { w_\J JL Tﬂ w_\/ JL Tﬂ .,,\_J JL Tﬂ .,,\_J JL = .,,\_J JL Hs T H e T > T D T e
RN Rl R0 i i N RTINS U AT I U R SRR I BT
n_u %_ _\ n_w _m _\ hm _m , n_u _m , n_u ol , n_u x N ,f_.u x N ,f_u i mu g_w X mu v“\ N
RN RN [} 1 - 3 i i b
T_u Vﬂ m._ T_u m\“ m._ T_u m\“ m,._ T“.._ m\“ m,._ T“.._ = m,._ T“.._ ww B ] ww B ] B d B O B T
) 1 IR T T IR A IR R
NGO NG DR NG DR R R MG T R o [ A1 ] N ]




WO 2015/112558 PCT/US2015/012187

{0850} In some embodiments, the population of isolated peptides comprises three or more
different peptides, wherein cach peptide in the population comprises a sequence of C-K-D-G-T-
Ko V-E-Ko-K-A- X5 K-F-X 5 WN- X B D2 -R-1-X0-F-K-X o7 (SEQ ID NO: 4, 0ra
fragment thereof, wherein Xg 18 an amino acid sclected from the group consisting of K or Q, Xo
is an aming acid sclected from the group consisting of F or V, X, is an amino acid sclected from
the group consisting of D or N, Xy5 is an amino acid sclected from the group consisting of E or
Q, Xz 18 an amino acid sclected from the group consisting of S or @, Xy; 18 an amino acid
selected from the group consisting of F or W, Xoy is an amino acid sclected from the group
consisting of [ or V, and X7 is an amino acid selected from the group consisting of Qor D, In
related embodiments, peptides of the invention comprise a sequence of SEQ ID NO: 4, wherein
Xgis Q, Xois F, and/or Xy is N. In other emmbodiments, peptides of the invention comprise a
sequence of SEQ ID NO: 4, wherein X518 E, X518 5, and/or X5 is W, In still other
erobodiments, peptides of the invention comprise a sequence of SEQ ID NO: 4, wherein Xy 8 1
and/or X3y is D, In particular embodiroents, the population of 1solated peptides comprises three

or more peptides comprising or consisting of any one of the sequences in Table 4

Table 4. APL-1D2 Peptides

Seguence SEQ ID NGO
C~-¥-D~-G~T-K-V~E-F~K~A~-D~K~-F~-E-W-N~-5~P~D~F-R~-1-~1~-F~K~-0Q 351
C~-K~D-G~-T=K BeV-K-A-D-K-F=E-W-N-S-~FP-D-pF-R-T-T-F-K~0(} 352

G K-A-D-K-F-E-W-N-S-P~-D-F-R-I-I-F-EK~-Q 353

G- A-D-K-F-E-W-N-§=P-D-F=R-I~I~F~K-Q 354

G K-A-N-K~F~E~W~N-5~P-D~F~R-I-I~F-K~Q 355

-G VoK AN K Fm B W N S P Do P B Lo Lo F o Ko ) 356

G ~K~A~N-K~F~E-W{-N-$~P~D-F~R-I-I~-F-K~(Q 357

G- VoK AN K E B W N G P D Fe R L L= B K0 358

G K-A=~D~K-F-Q~W-N~-3~P-D~F~R~-I~I-F~K~-Q 359

-(5- =D Ko For Qi N S P Do Fo B Lo T Foe K o) 360

8 “De K B G Nw G P D F o B T T P K= 361

; G-T -0 ~DeKr QW NS Pr D F R L= [~ F~K~Q 362
CoK=D=GmT=K=V =B F oK AN~ K= F Q= W=N= 5= P=D=F=R=T =T~ F~K=Q 263
C~X~D-G-T~K-V-E~V-K~A-N-K~F~Q~W~N-3-P~D-F~R-I-I-F-K~0 364
C-K=D=G=T=Q=V=E=F-K=A~N=K~F~Q=f=N=3=P=D=F=R~I =L ~F~K-Q 365
C~K-D=G-T-Q-V-E-V-K-A-N-K-F~-Q-W-N-§-P-D-F-R-I-I-F-K-Q 366
C=K=D=G=T=K-V-E~F~} Y K= E=Q=W=N=Q=P~D=F~R=I~I~F~K~Q 367
C~X-D-G~-T—-K-V~E R-A-D~-K-F~Q~-W-N~-Q-P~-D~-F-R~-I~1-F~K~( 368
C-K-D-G-T-0-V-E K=A-D-RK-F-C-W=-N-Q=-P-D-P-R~T-T-F~K-( 369
C¥~-D-G-T-0-V-E K D-K-F-Q-W-N-Q-P-D-F-R-I-I-F-K-Q 370

33
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Seguence SEQ ID NGO

C-K=D=GmT =RV =EnF oK AN =K F o Qe N == P Do P B T D= P K 371

C—RK-D-G-T-K-V-E-V-K-A-N-K-F-Q-W-N-Q-F- 372

CmK=D= T Qe Ve B P Ko AN K P Q= W~ N~ O~ P~ 373
C~-K-D-G~T-Q-V-E~V-K-A~-N-K-F~0~W-N-0~P~ 274
CoKmDm G T K Ve B F e Ko A D Ko B Qo W N Q~»~= 375
C=K-D~G~T-K~-V-E~V-K~A~D-K-F-~-W-N~Q~P- 376

CmKm DG T 0 -FwaWwNwaLwD"NwaIwIwaKwQ 377
C-K-D=G-T-Q-V-E-V-K-A-D-K-F-Q-W-N-Q~ 378
CrKmDmGm TR V=B F Ko AmNm K Fe Qe W NG P 379

G-T-K-V-E-V-K-A-N-K-F-G-W-N-
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G-T-K-V-E-F-K-A-D-K-F-Q-W-N-Q-P-D-W-R-I-V-F-K-D 391

C=R=D=G=T=K=V=E=V=K~A~D=K~F~0~{~N=Q~P~D=f =R~ ~V~F~K~D 392
C-KeDmGmT =~ VeBrF-K-A~D-K-F~G-W-N~G~P~D-W-R-I~V-F~K-D 393

\
o

K D G T Qe = BV K A DK F = Qe W~ N~ Q= P~ D~W~R~ I =V~ F~K~D 394
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G"T"Q"V"E"H"I ~A-N-E-F-O-W-N-O-P-D-W-R-I-V-F-K-D 397

..,.1

C-¥-D-G-T-0-V-E-V-K-A-N-K-F-Q-W-N-O-P-D-W-R-I-V-F-K-D 398

{80851} In another embodiment of the invention, the population of isolated peptides comprises
three or more different peptides, wherein each peptide in the population comprises a sequence of
C-X5-G-G-K-S5-P-A-R-X 1o-T-E-E-R-V~-A-G-D-L-D-H-K-Xo3-V-D-5-D-K-K-H-D-A-B-K-T-E-
E-K-R-H (SEQ ID NO: 53, or a fragment thereof, wherein X5 is an amino acid selected from the
group consisting of I or V, Xy is an amino acid selected from the group consisting of Sor Y, and
Xo3 is an amino acid selected from the group consisting of E or N, In related embodiments,
peptides of the invention comprise a sequence of SEQ 1 NGO: 5, wherein X, i3 V. In other
embodiments, peptides of the invention comprise a sequence of SEQ 1D NG: 5, wherein X is

Y. In stilf other embodiments, peptides of the invention comprise a sequence of SEQ 1D NQ: 5,
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wherein X,: is E. In some embodiments, the population of isolated peptides comprises three or

more peptides comprising

or consisting of any one of the sequences in Table 5.

Table 5. APL-ID3 Peptides

Sequence SEQ IR

N,

CrI=GmGmKmS=P=AnRmSmTwF=E RV A= G D L D He Ko B Vo Do S e K Ko 399
E-K-R-H

SR Y T BB RV A= G De L D He KBV - D G- D=K~K- 400
R-K-R-H

R-3-T-E-E-R-V-A-G-D-L-D-H-K-E-V-D-5-D-K-K- 4431
—K-R~H

R-Y-T-E-E-R-V-A-G-D-L-D-H-K-E-V-D-5-D-K-K- 402
~K~-R-H

R-5-T-E-E-R-V-A-G-D-L~-D-H-K-N-V-D-5-D-K-K- 403
K-FE-H

R-Y-T-E-E-R-V-A-G-D-L-D-H-K-N-V-D-5-D-K-K- 404
E-K-R-H

R-5-T-E-E-R-V-A-G-D-L~-D-H-K-N-V-D-5-D-K-K- 405
K-R-H

R-Y-T-E-E-R-V-A-G-D-L-D-H-K-N-V-D-5-D-K-K~- 406
K-R-H

{8652} In one cmbodiment, the peptides of the invention comprise a sequence of C-G-K-I-L-N-

L-V-S-A-V-(3-E-K-K-P-P-E-A-P-A-A-D-E-A-A-G-P-A-T-H (SEQ 1D NO: 6}, or a fragment

thereof. The population of isolated peptides may comprise three or more peptides, cach peptide

comprising a scquence of SEQ 1D NO: 6 or fragments of this scquence. In some embodiments,

peptides comprising the sequence of SEQ ID NO: 6 may be included in other peptide

populations of the invention described hercin.

{0033} In another embodiment of the invention, the population of isolated peptides coraprises

three or more different peptides, wherein cach peptide in the population comprises a sequence of

C-K-D-G-Xs-R-V-E-Xo- K- A-F-X 13- F-N-X 60~ X g-P-N-P- X5~ I-K-Y-R-Xo7 (SEQ TD NO: 73,

or a fragment thereof, wherein X is an amino acid selected from the group consisting of S or (3,

¥o is an amino acid selected from the group consisting of F or Y, X3 is an amino acid sclected
& 5

from the group consisting of R or H, X6 18 an amino acid selected from the group consisting of

WorY, X;s s an amino acid selected from the group consisting of S or Q, X, 18 an aminoe acid

(98]
(3]
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sclected from the group consisting of K or H, and X,7 is an aming acid selected from the group

consisting of N or B3,

{0054} In related embodiments, peptides of the invention comprise a sequence of SEQ 1D NOG: 7,
wherein X515 Q, Xo 18 Y, and/or X5 is H. In other embodiments, peptides of the invention
comprise a sequence of SEQ 1D NO: 7, wherein X6 18 W and/or Xy 1s K. In still other
embodiments, peptides of the invention comprise a sequence of SEQ 1D NG: 7, wherein Xjgi8 5
and/or X»7 18 D. In some embodiments, the population of isolated peptides comprises three or

ore peptides comprising or consisting of any onc of the scquences in Table 6.

Table 6, APL-1D6 Peptides

Seguence SEQ ID NO,

C-K=D=Gm§~R-V-E-F~K~A~E~R=F-N-W~Q~S~P~N-P-K-I~K-Y~R-N 407
CoK=D=G=§=R=V=E=Y~K~A~E~ thanWwa ~P-N-P-K-I-K-Y-R-N 408
C-K~D=G~Q-R~V~E~F~K~A~E~R~F~N~{~Q~5~P~N~P~K~T~K~Y~R~N 409
C-K=D=Gm0=R=V=E=Y=K=A=F~R=F=N={=(=5=D=N= Pk T =K~ Y ~F=N 410
C-K-D=Gm§~R-V~E-F-K-A~F~ h"F"N"WwQ"S"v“N"”wkw_wkwv R-N 411
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Segquence SEQ D NO.

=P 435

Q-F 436

Q Q=P 437
Q Q-P 438
0 =P 439
o QP 440
3 o-P 442
Q- ) 443
9] 444
S~ 445
3 446
o 447
9 448
=0 449
Q 450
= 451
S 452
; 453
ey 454
3 435
3 456
nes 457
Q 438

{88558} In some embodiments of the invention, the population of isolated peptides comprises
three or more different peptides, wherein cach peptide in the population comprises a sequence of
CoG-KA-L-N-L-V-8-K 9- X -N-E-K-K-P-P-E-A-P-A-A-D-E-A-A-G-P-A-T-H {(SEQ ID NO: &),
or a fragment thereof, wherein X 18 an amino acid selected from the group consisting of V, L or
§, and X1; i3 an amino acid selected from the group consisting of A or L. In such embodiments,
peptides of the invention comprise a sequence of SEQ 1D NO: &, wherein Xy is A, In other
embodiments, peptides of the invention comprise a sequence of SEQ 1D NO: 8, wherein Xjp s L
in still other embodiments, the population of 1solated peptides comprises three or more peptides

.
Ji

comprising or consisting of any onc of the sequences in Table 7.
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Table 7. APL-ID7 Peptides

Sequence SEQ 1D NO.
C-G-K-I-L-N-L~-V-3-V-A-N-E~-K-K-P-P-E~A~-P-A-A~-D-E~-A-A~-G~ 459
P-A-T~H
CG-K-IT-L-N-L-V-S-V-L-N-E-K-K-P-P-E~-B-P-A-A-D-E~-A-A-G— 460
P-A~T-H
C-GXK-I-L-N-L-V-3~-L-A-N-E-K-K-P-P-E-A-P-A-A-D-E-A-A-G~- 461
P-A-T-H
CG-K-I-L-N-L-V-S-L-L-N-E-K-K-P-P-E-A-P-A-A-D-E-A-A—-G— 462
P-A -

C-G- K I-L-N~L~-V~-3~I~-A-N~E~K~K~P~P~E~A~P~A~A~-D~-E~A~A~G~ 463
P-A-T-H
C-G-K~-I-L-N~-L-V-5-I-L-N-E-K~-E~-?P-?P-E-A-P-A-A-D-E-A-A~-G- 464
P-A-T-H

{8656} In other embodiments of the invention, the population of isolated peptides comprises
three or more different peptides, wherein cach peptide in the population comprises a sequence of
E-T-K-VaXs- Y- Xom Y -L- K- X - G-RA-T- V- K- LD 8- H- 30 - F =D WX o5 TP X P K- X5 -G-F K-
D-C (SEQ 1D NO: 9}, or a fragment thereof, wherein Xs is an amino acid selected from the
group consisting of V or A, X5 is an aming acid sciected from the group consisting of G, L or H,
X4y 18 an amino acid sclected from the group consisting of E, N, or Q, X5y 18 an amino acid
selected from the group consisting of R, D, or N, X5 is an amino acid sclected from the group
consisting of Q, D, or E, Xy 18 an amino acid sclected from the group consisting of E or N, and

XKy 1s an amino acid selocted from the group consisting of L or V.

{8057} In related embodiments, peptides of the invention comprise a sequence of SEQ 1D NOG: 9,
wherein X518 V, X518 (3, and/or Xy is8 N. In other embodiments, peptides of the invention
comprise a sequence of SEQ ID NO: 8, wherein X,y is R and/or X5 18 E. In still other
erobodiments, peptides of the invention comprise a sequence of SEQ ID NO: 9, wherein Xz is N
and/or X3; is L. In some embodiments, the population of 1solated peptides comprises three or

more peptides comprising or consisting of any one of the sequences in Table 8.
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Table 8. APID 2-1 Peptides

Segquence SEQGID
NG,

V=Y =G Y = L= K B =G R=T =V =K~ L= D= § = H =R~ = D=W{~Q~T~P~F~ 465

=F=K=D=C

VY T Y Lo K B G R T e Vo Ko Ly Dy § o How B o D (o o P B e 466

I Ym0
T L L7

BT KoV Y Hom L K B G R TV K L= D G He R F = D= W QT P 46
P=K=l == F=K=D=C

3

¢

E-T-K-V-A-Y-G-Y-L-K-E-G-R-T-V-K-L-D-5-E-R-F-D-W-Q-T-P-E~- 468

i R-T-V-K-L-D-S-E-R-F-D-W-O-T-P-E- 469

~K-E~G-R~T-V-K~-L~D-8
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~R=F=D~{~O~T~P~E~ 478

—E-N-G-F-T-V-K-L-D-5
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{0058] In certain embodiments, peptides of the invention comprise a sequence of SEQ 1D NO: 1,
SEQ 1D NO: 2, SEQ 1D NO: 3, SEQ 1D NO: 4, SEQ 1D NO: 5, SEQ ID NO: 6, SEQ ID NO: 7,
SEQ 1D NO: 8, or SEQ ID NO: 9 and an additional N-terminal peptide sequence (e.g., an N-
terminal extension). The additional N-terminal peptide sequence can comprise 1,2, 3, 4,5, 6,7,
8,9, 10, 11,12, 13, 14, 15, 20, 25, or more amino actds. In certain embodiments, the N-ternunal
peptide sequence has a length of about 5 to about 10, about 10 to about 15, about 15 to about 20,
about 20 to about 25, about 25 to about 30, about 30 1o about 40, or about 40 to about 50 amino
acids. In one embodiment, the N-terminal peptide sequence can be one or more linking residues
{e.g. one or wore glycine, cysteine, or serine residues). For instance, in certain embodiments, the
carboxyi-terminal cysteine residue in any of the sequences described herein can be located at the
amino terminus instead. In a simotlar manner, the amino-terminal cysteine residue in any of the

sequences described heretn can be located at the carboxyl terminus instead.

{8039] The additional N-terminal peptide sequence can be a native sequence. As used herein, a
“native” sequence is a peptide sequence from a naturally-occurring Anaplasma major surface
protein 2 {MSP2y/pd4 or OMP/pd4d sequence, or a variant thereof. In certain embodiments, the
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peptide sequence is a fragment of a naturally-occurring Anaplasma MSP 2/pdd or OMP/pdd
sequence. The peptide sequence can be, e.g., from a conserved or non-conscrved region of MSP
2/p44 or OMP/pd4. The peptide sequence can comprise, e.g., an epitope, such as an
immunodominant cpitope or any other cpitope recognizable by a host (e.g., human, dog, ctc.}
immune system. Adnaplasma MSP 2/pdd or OMP/pd4d proteins and peptides thercof have been
described, e.g., in Genebank Accession Nos, AAQG30097.1, ACVES580.1, ACVE5559.1,
AFHS6270.1, ADUS6E30.1, AEHS0270.1, and AAQ91849.1 as well as in U5, Patent Nos,
7,507,789, 8,303,959, 8,158,370, and U.S. Patent Publication No. 2013/0064842, the contents of

cach of which arc incorporated herein by reference in their entiretics,

{8060} Variant polypeptides are at least about 80, 85, 90, 95, 98, or 89% identical to a peptide
shown in SEQ ID NOs: 1-543 and are also polypeptides of the invention. Percent sequence
identity has an art recognized meaning and there are a number of methods to measure identity
between two polypeptide or polynucleotide sequences. See, e.g., Lesk, Ed., Computational
Molecular Biology, Oxford University Press, New York, (1388); Smith, Ed., Biocomputing:
fnformatics And Genome Projects, Academic Press, New York, (1993); Griffin & Gritfin, Eds.,
Computer Analysis Of Sequence Data, Part I, Humana Press, New Jersey, (1994); von Heinje,
Seqguence Analysis In Molecular Biology, Academic Press, (1987); and Gribskov & Devereux,
Eds., Sequence Analysis Primer, M Stockton Press, New York, (1991}, Methods for aligning
polynuclestides or polypeptides are codified in computer programs, including the GCG program
package (Devereux ef af., Nuc. Acids Res. 12:387 (1984)), BLASTP, BLASTN, FASTA
(Atschul ef o/, J Molec. Biol. 215:403 (1990}}, and Bestfit program {Wisconsin Sequence
Analysis Package, Version 8 for Unix, Genetics Computer Group, University Rescarch Park, 575
Science Drive, Madison, Wis. 53711) which uses the local homology algorithm of Smith and
Waterman { Adv. App. Math., 2:482-489 (1981}). For example, the computer program ALIGN
which cmploys the FASTA algorithm can be used, with an atfine gap scarch with a gap open

penalty of —12 and a gap cxtension penalty of —2.

{8061} When using any of the sequence alignment programs to determing whether a particular
sequence is, for instance, about 95% identical to a refercnce sequence, the parameters are set

such that the percentage of identity s calculated over the full length of the reference
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polynuclestide and that gaps in identity of up to 5% of the total number of nucleotides in the

reference polynucleotide are aowed.

{8062 Variants of the peptide sequences can be readily sclected by one of skill in the art, based
in part on known propertics of the sequence. For example, a variant peptide can include amino
acid substitutions {e.g., conservative amino acid substitutions) and/or deletions {e.g., small,
single amino acid deletions, or deletions encompassing 2, 3, 4, 5, 10, 15, 20, or more contiguous
amino acids). Thus, in certain embodiments, a variant of a native peptide sequence is one that
differs from a naturally-occurring sequence by (i) one or morc {e.g., 2, 3, 4, 5, 6, or morc}
conservative amino acid substitations, (i) deletion of L or more {e.g., 2, 3, 4, S, 6, or more)
arnino acids, or (i1t} a combination thereof, Deleted amino acids can be contiguous or non-
contiguous, Conscervative amino acid substitutions are those that take place within a family of
arnino acids that are related in their side chains and chemical propertics. These include, ez, (1)
acidic amino acids: aspartate, glutarnate; (2} basic amino acids: lysine, arginine, histiding; (3)
nonpolar amino acids: alanine, valine, leucine, isoleucine, proline, phenylalanine, mwethionive,
tryptophan; {4) uncharged polar amino acids: glycine, asparagine, ghitamine, cysieine, sering,
threonine, tyrosing; (5} aliphatic amino acids: glycine, alanine, valine, leucine, isoleucine, sering,
threonine, with serine and threonine optionally grouped separately as aliphatic-hydroxyl; {6)
aromatic amino acids: phenvlalaning, tyrosine, tryptophan; (7) amide aming acids: asparagine,
glutamine; and (9} sulfur-containing aminoe acids: cyvsteine and methionine., See, e.g.,
Biochemistry, 2nd ed., Ed. by L. Strver, W H Freeman and Co.: 1981, Methods for confirming

that variant peptides arc suitable are conventional and routine.

{8063} Variants of the peptide sequences encompass variations on previously defined peptide
sequences. For example, a previously described peptide sequence comprising a known epitope
may be lengthened or shortened, at one or both ends {e.g., by about 1-3 amino acids), and/or ong,
two, three, four or more amino acids may be substituted by conservative amino acids, etc.
Furthermore, if a region of a protein has been identified as containing an epitope of interest, an
investigator can "shift" the region of interest (e.g., by about 5 amino acids in cither direction)

from the endpoints of the original rough region to optimize the activity,
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{0064} In certain cmbodiments, the additional N-terminal peptide sequence can comprise or
consist of another peptide having a sequence of SEQ ID NO: 1, SEQ ID NO: 2, SEQ ID NO: 3,
SEQ ID NO: 4, SEQ ID NG: 5, SEQ ID NOG: 6, SEQ ID NOG: 7, SEQ 1D NG: 8, or SEQ 1D NO:
9. Thus, in some embodiments, a peptide of the invention can be a multimer of sequences
having a sequence of SEQ 1D NO: {, SEQ 1D NO: 2, SEQ 1D NO: 3, SEQ ID NO: 4, SEQ 1D
NQO: 5, SEQ D NQO: 6, SEQ ID NO: 7, SEQ ID NO: &, or SEQ ID NO: 9. In other embodiments,
the N-terminal peptide sequence is g native MSF 2/p44 or OMP/pd4 peptide sequence that is
naturally adjacent to the N-terminal end of a sequence of any onc of SEQID NOs: 1 to 9. In
other emmbodiments, the peptide can comprise a fusion of sequences of any onc of SEQ 1D NOs:

{ to 9 optionally through one or more linking amino acids. For example, in one embodiment, the
peptide can comprise a sequence of SEQ ID NO: T or SEQ ID NO: 2 linked to SEQ ID NO: 4
optionally through one or more linking amino acids {e.g. glycing, serine, or cysteine residues).

In another embaodirent, the peptide can comprise a sequence of SEQ 1D NO: 5 hinked to SEQ ID
WO 4 or SEQ ID NO: 6 optionally through one or more linking amino acids {e.g. glycine, serine,
or cysteine residues). o another embodiment, the peptide can comprise a sequence of SEQ ID
WO 9 linked to SEQ ID NG: 4, SEQ ID NO: 7, or SEQ ID NO: 8 optionally through one or

more linking amino acids (e.g. glycine, sering, or cysteine residues).

{80653] In cortatn embodiments, the additional N-terminal peptide sequence 1s a non-native
sequence. As used herein, a “non-native” sequence is any protein sequence, whether from an
Anaplasma protein or otherwise, other than a native MSP 2/pd4 or OMP/p44 peptide sequence.
in certain embodiments, the additional N-terminal peptide sequence comprises an epitope of an
Anaplasma surface antigen. Other Anaplasma antigens inchide, but are not limited to MSPS,
HSP60, Aspld (Kahlon ef g¢l., Infect Immun., Vol RE{1}: 65-79, 2013}, and the antigens
described in Zhi e al., J. Clin. Microbiol., Vol. 35(10): 2606-2611, 1997, Polypeptides or
peptides derived from other microorganisms can also be used, including Ehriichia antigens and
Borrelia antigens. Protein and peptide sequences corresponding to Ehrlichia antigens have been
described. See, e.g., U.S. Application No. 14/052,296, U.S. Patent Nos. 6,306,402, 6,355,777,
7,204,992, 7,407,770, 8,828,675, and WO2006/13R8509, the contents of cach of which are
incorporated herein by reference in their entiretics. Protein and peptide sequences corresponding

to Borrelia antigens have been described. See, e.g., U.S. Patent Nos. 6,716,574, 5,618,533,
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5,643,733, 5,643,751, 5,932,220, 6,617,441, 7,887 815, 8,568,989, and 8,758,772, the contents

of cach of which arc incorporated herein by reference in their entirctics.

{8066} In cortain embodiments, the additional N-terminal peptide scquence 1s a combination of
sequences. For example, the additional N-terminal peptide scquence can comprise a native
sequence, a non-native sequence, or any combination of such sequences (e.g., two or more native
sequences, two or more non-native Sequences, or one of more native sequences in combination

with one or more non-native SCqUenCes).

{8067} In certain embodiments, peptides of the invention comprise a sequence of SEQ ID NO: 1,
SEQ IDNG: 2, SEQ ID NGO: 3, SEQ ID NG: 4, SEQ IDNOG: 5, SEQ ID NO: 6, SEQ ID NG: 7,
SEQ 1D NO: 8, or SEQ ID NO: 9 and an additional C-terminal sequence {(e.g., a C-terminal
extension}. The additional C-terminal peptide sequence can comprise 1, 2,3,4,5,6,7,8,9, 10,
11,12, 13, 14, 15,20, 25, or more amino acids. In certain embodiments, the additional C-
terminal sequence has a length of about § to about 10, about 10 to about 15, about 15 to about
20, about 20 to about 25, about 25 to about 30, about 38 to about 40, or about 40 to about 50
amino acids. The additional C-terminal peptide sequence can be a native MSP 2/pd4 or
OMP/pdd sequence. In certain embodiments, the C-terminal peptide sequence is a fragment of a
naturally-occurring Anaplasma MSP 2/pd4 or OMP/p44 sequence. The peptide sequence can be,
e.g., from a conserved or non-conserved region of MSP 2/p44 or OMP/p44. The peptide
sequence can comprise, e.g., an epitope, such as an immunodominant epitope or any other

epitope recognizable by a host {c.g., human, dog, ctc.} immunc system.

18068} In certain embodiments, the additional C-terminal peptide sequence can comprise or
consist of another peptide having a sequence of SEQ ID NO: 1, SEQ ID NO: 2, SEQ ID NO: 3,
SEQ ID NO: 4, SEQ ID NO: 5, SEQ ID NO: 6, SEQ ID NO: 7, SEQ 1D NO: 8, or SEQ 1D NO:
9. For example, in certain embodiments, a peptide of the invention can be a multimer of
sequences cach having a sequence of SEQ 1D NO: |, SEQ ID NO: 2, SEQ ID NO: 3, SEQ ID
NO: 4, SEQ D NQO: 5, SEQ IDNG: 6, SEQ ID NO: 7, SEQ ID NO: §, or SEQ IDNG: 9. In
other embodiments, the native sequence is a sequence {e.g., a MSP 2/p44 or OMP/pd4 sequence)

that is naturally adjacent to the C-terminal cnd of a sequence of SEQ 1D NG: 1, SEQ 1D NO: 2,

46



WO 2015/112558 PCT/US2015/012187

SEQ ID NO: 3, SEQ ID NO: 4, SEQ 1D NO: 5, SEQ 1D NO: 6, SEQ ID NOG: 7, SEQ 1D NO: 8,
or SEQ 1D NG: 9.

{8069} In cortain embodiments, the additional C-terminal peptide sequence is a non-native
sequence. In some embodiments, the additional C-terminal peptide sequence comprises an
epttope of an Anaplasma surfacc antigen other than MSP 2/pd4 or OMP/pd4. Polypeptides or
peptides derived from other microorganisms can also be used. For instance, in some
cmbodiments, the Anaplasma peptide sequence can further comprise an epitope from an

Ehriichia or Borrelia antigen.

{0870} In certain embodiments, the additional C-terminal peptide sequence 18 a combination of
sequences. For example, the additional C-terminal peptide sequence can comprise a native, a
non-native sequence, or any combination of such sequences {e.g., two or more nafive sequences,
WO OF IMOTe NON-Native Sequences, or One or more native sequences in combination with one or

MOTe NON~-Native sequences).

{8871} In cortain embodiments, peptides of the invention comprise a sequence defined by SEQ
IDNO: §, SEQ IDNO: 2, 5EQ ID NO: 3, SEQ 1D NO: 4, SEQ ID NO: §, 5EQ 1D NO: 6, SEQ
NG 7, SEQ ID NO: &, or SEQ 1D NO: 9 and further comprise an additional N-terminal
peptide sequence and an additional C-terminal peptide sequence. The additional N-terminal and
C-terminal peptide sequences can be as deseribed above. Peptides of the invention generally do
not consist of a full-length MSP 2/pd4 or OMP/pd4 protein. However, in certain embodiments,
peptides of the invention can comprise a full-length MSP 2/p44 or OMP/pd4 protein. In other
embodiments, peptides of the invention do not comprise a full-length MSP 2/pd4 or OMP/pdd

protein.

{86721 A peptide of the invention comprising an additional N-terminal and/or C-terminal peptide
sequence can be designed for diagnosing dnaplasma infections (e.g. anaplasmosis) carly after
infection {e.g., within onc to two weeks after the onsct of infection). For example, in certain
embodiments, the additional N-terminal and/or C-terminal peptide sequence comprises an

antigen or cpitope associated with carly stages of Anaplasma infection.
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{60473} In addition to the sequences described above, the additional N-terminal and C-terminal

sequences can comprise or consist of a flexible sequence, designed to better present the peptides
of the invention for detection in an inumunoassay {e.g., ELISA assay, lateral flow immunoassay,
agglutination assay, ctc.). Such flexible sequences can be readily identified by persons skilled in

the art.

{8674} In certain embodiments, peptides of the invention comprise or consist of 20 or more {e.g.,
21,22,23,24,25, 20,27, 28, 29, or more) amino acid residues. In certain embodiments,
peptides of the invention comprise or consist of 30 or more {e.z., 31, 32, 33, 34, or more) amino
acid residues. In certain embodiments, peptides of the invention comprise or consist of 35 or
more {e.g., 36, 37, 38, 39, or more} amino acid residucs. o certain embodiments, peptides of the
invention comprise or consist of 40 or more {e.g., 41, 42, 43, 44, or more) amino acid residues.
In certain embodiments, peptides of the invention comprise or consist of 45 or more (e.g., 46, 47,
48, 49, or more} amino acid residues. In certain embodiments, peptides of the invention
comprise or consist of 50 or more {e.g., 51, 52, 53, 54, or more) amino acid residues. In certain
embodiments, peptides of the invention comprise or consist of 55, 68, 65, 70, 75, 80, 85, 96, 95,
160, or more aming acid residues. In some embodiments, peptides of the invention comprise or
consist of about 20 to about 75 amino acids, about 25 to about 65 amino acids, or about 30 t©

about 55 amino acids.

{8875} In certain cmbodiments, peptides of the invention comprise an epitope of a peptide
sequence described herein, For example, in certain embodiments, peptides of the invention

comprise an ¢pitope of a sequence sclected from the group consisting of SEQ) D NOs: 1-543.

{8876} In some embodiments, peptides of the invention comprise a fragment of a peptide
sequence described herein, For example, in cortain embodiments, peptides of the invention
comprisc a fragment of a scquence sclected from the group consisting of SEQ 1D NOs: 1-543.
The fragment can be, eg., atleast 5, 6,7, 8,9, 10, 11, 12, 13, 14, 15,16, 17, 18, 19,20, 21, 22,
23,24, 25,26,27, 28,29, 30, 31, 32, 33, 34, 35, 36,37, 38, 39, 40, 41, 42, 43, or 44 anino acids

in length. The fragment can also be at least 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 538,
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59, 60, 61, 62, 63, 64, 65, or 66 amino acids long. In some embodiments, the fragment is no
ionger than 20, 21, 22, 23, 24, 25,26, 27, 28,29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41,
42,43, 44, 45, 46,47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, o1 66
amino acids long. The fragment can be contiguous or can include one or more delctions {e.g., a
deletionot'1, 2, 3,4, 5,6, 7, 8,9, 10, or more amino acid residues). For instance, in one
cmbaodiment, peptides of the invention comprise a fragment of SEQ 1D NO: 3. Such fragments
may cormprisc at least 10, 15, 20, 25, 30, or 35 contiguous amino acids from SEQ ID NO: 3. In
some embodiments, the fragments comprise amino acids 1 to 35 of SEQ D NO: 3. Thus, in one
emabodiment, a peptide of the invention compriscs or consists of a sequence of E-T-K-V-X5-Y-
KoY -LAK-X - G-R-T-V-KAL- X S-HA X0 - F-D- WX 05 - T-P-Xog-P- K20 -G-F-K-D (SEQ 1D
NO: 543), wherein X5 18 an arnino acid selected from the group consisting of Voor A, X5 is an
amino acid selected from the group consisting of G, T or H, X1 is an amino acid selected from
the group consisting of B, N, or Q, X5 is an amino acid selected from the group consisting of D
or N, Xz; ts an amino acid selected from the group counsisting of R, T3, or N, X5 is an amino acid
selected from the group consisting of Q, D, or B, X5 15 an amino acid selected from the group

consisting of B or N, and X3 i1s an amino acid selected from the group consisting of L or V.

{88771 Peptides of the invention that comprise a fragment of a peptide sequence described herein
can further comprise an additional N-terminal peptide sequence, an additional C-terminal peptide
sequence, or a combination thereof. The additional N-terminal and C-terminal peptide sequences

can be as described above.

{0678] Peptides of the invention comprising an additional N-terminal or C-terminal peptide
sequence can further comprise a linker connecting the peptide (e.2., a peptide of SEQ 1D NG: 1,
SEQ D NG: 2, SEQ ID NO: 3, SEQ ID NO: 4, SEQ ID NO: 5, SEQ ID NO: 6, SEQ ID NO: 7,
SEQ ID NO: 8, or SEQ 1D NO: 9, or a fragment thereot) with the additional N-terminal or C-
terminal peptide sequence. The linker can be, e.g., a peptide spacer. Such spacer can consist of,
for example, between about one and five {e.g., about three) amino acid residues, preferably
uncharged amino acids, e.g., aliphatic residucs such as glvcine or alanine. In once embodiment,
the spacer 15 a triplet glycine spacer. In another cmbodiment, the spacer is a triplet alanine

spacer. In another embodiment, the spacer consists of five glycine amino acids. In yet another
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embodiment, the spacer comprises both glycine and alanine residucs. Alternatively, the linker

can be a chemical {{.e., non-peptide) linker.

{8679} In certain embodiments, peptides of the invention are produced by synthetic chomistry
{i.e., a “synthectic peptide™). In other embodiments, peptides of the invention are produced
biologically (i.e., by cellular machinery, such as a ribosome, in ccll expression systems or in
vitro translation systems). In certain embodiments, peptides of the invention are isolated. As
used herein, an “isolated” peptide is a peptide that has been produced cither synthetically or
biclogically and then purified, at least partially, from the chemicals and/or cellular machinery
used to produce the peptide. In certain embodiments, an isolated peptide of the invention 1s
substantially purified. The term “substantially purified,” as used herein, refers to a molecule,
suach as a peptide, that is substantially free of cellular material (proteins, lipids, carbohydrates,
nucleie acids, ete.), culture medium, chemical precursors, chemicals used in synthesis of the
peptide, or combinations thercof. A peptide that 1s sobstantially purified has less than about
40%, 30%, 25%, 20%, 15%, 10%, 59, 2%, 1% or less of the cellular matenial, culture mediom,
other polypeptides, chemical precursors, and/or chemicals used in synthesis of the peptide.
Accordingly, a substantially pure molecule, such as a peptide, can be at least about 60%, 70%,
75%, 8BO%, 85%, 90%, 95%, 98%, or 99%, by drv weight, the molecule of interest. An isolated
peptide of the invention can be in water, a buffer, or in a dry form awaiting reconstitation, e.g.,
as part of a kit. An isolated peptide of the present invention can be in the form ofa
pharmaceutically acceptable salt. Suitable acids and bases that are capable of forming salts with
the peptides of the present invention are well known to those of skill in the art, and include

inorganic and organic acids and bascs.

{0080} In cortain embodiments, peptides of the invention are affinity purified. For example, in
certain embodiments, the peptides of the invention are purified by means of their ability to bind
to anti-Anapiasma antibodies {e.g., antibodics to MSP 2/pd4 or OMP/pd4 proteins and,
optionally, other Anapiasma antigens) by contacting such antibodics with the peptides of the
invention such that peptide-antibody complexes arc able to form, washing the peptide-antibody

complexes to remove impurities, and then cluting the peptides from the antibodies. The
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antibodics can be, e.g., attached to a solid support. Methods of affinity purification are well-

known and routine to those skilled in the art,

{0081} In certain embodiments, peptides of the invention are modificd. The peptides of the
invention may be modified by a varicty of techniques, such as by denaturation with heat and/or a
detergent {e.g., SDS). Alternatively, peptides of the invention may be modified by association
with one or more further moictics. The association can be covalent or non-covalent, and can be,
for example, via a tcrminal aming acid Hnker, such as tysine or cysteinge, a chemical coupling
agent, or a peptide bond. The additional moicty can be, for example, a ligand, a ligand receptor,

a fusion pariner, a detectable label, an enzyroe, or a substrate that immobilizes the peptide.

[0082] Peptides of the invention can be conjugated to a ligand, such as hiotin (e.g., via a cysteine
or lvsine residue), a lipid molecnle {e.g., via a cysicine residue), or a carrier protein {e.g., serum
albumin, immunoglobulin Fe domain, kevhole liropet hemocyanin (KLH)} via e.g., 3 cysteine or
lysine residue). Attachment to ligands, such as biotin, can be useful for associating the peptide
with Hgand receptors, such as avidio, streptavidin, polymeric streptavidin {see, e.g., US
2013/0081125 and US 2014/0267166, both of which are herein incorporated by reference}, or
neutravidin, Avidin, streptavidin, polymeric streptavidin, or neutravidin, in turm, can be linked to
a signaling moiety {e.g., an ¢nzyme, such as horse radish peroxidase (HRP) or alkaline
phosphatase (ALP} or B-galactosidasce (B-GAL) or other moicty that can be visualized, such as a
metallic nanomaterial such as nanoparticle, nanoplate, or nanoshell {e.g., colloidal gold), a
fluorescent moiety, or a quantum dot} or a solid substrate {e.g., an Fromobilon™ or nitrocellnlose
membrane or Porex® membrane). Alternatively, the peptides of the invention can be fused or
linked to a ligand receptor, such as avidin, streptavidin, polymeric streptavidin, or neutravidin,
thereby facilitating the association of the peptides with the corresponding ligand, such as biotin
and any motety {e.g., signaling moiety} or solid substrate attached thercto. Examples of other

ligand-receptor pairs are well-known in the art and can similarly be used.

{0883} Peptides of the invention can be fused to a fusion partner {(e.g., 8 peptide or other moicty)
that can be used to improve purification, to enhance expression of the peptide in a host cell, to

aid itn detection, to stabilize the peptide, etc. Examples of suitable compounds for fusion partners
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include carrier proteins {e.g., scrum albumin, immunoglobulin Fe domain, KLH}, cnzymes {(e.g.,
horse radish peroxidase (HRP}, beta-galactosidase, glutathione-S-transforase, alkaline
phosphatase), maltose-hinding protein (MBP) or a histidine tag, cte. The fusion can be achicved
by means of, e.g., a peptide bond. For cxample, peptides of the invention and fusion partners can
be fusion proteins and can be dircetly fused in-frame or can comprise a peptide linker, as
discussed above in the context of additional N-terminal and C-terminal peptide sequences. In
certain embodiments, a population of peptides of the invention can be linked by a dendrimer,

c.g., as in a MAPS structure.

{0084} In addition, peptides of the invention may be moditfied to include any of a variety of
known chemical groups or molecules. Such modifications include, but are not limited to,
glvcosylation, acetylation, acylation, ADP-ribosylation, amidation, covalent attachoment to
polyvethylene glycol {e.g., PEGvlation), covalent attachment of flavin, covalent attachment of a
heme moicty, covalent attachment of a nucleotide or mucleotide derivative, covalent attachment
of a lipid or lipid derivative, covalent attachroent of phosphatidylinositol, cross-linking,
cychization, disulfide bond formation, demethylation, formation of covalent cross-links,
formation of cysting, formation of pyroglutamate, formylation, gamma carboxylation,
glvcosylation, GPI anchor formation, hydroxvlation, iodination, methylation, myristoylation,
oxidation, proteciytic processing, phosphorylation, prenylation, racemization, selenovlation,
sulfation, ubiquitination, modifications with fatty acids, transfer-RNA mediated addition of
amino acids to proteins such as arginylation, etc. Analogues of an amino acid {including
unnatural amino acids) and peptides with substituted linkages are also included. Peptides of the
invention that consist of any of the sequences discussed herein may be modified by any of the

discussed modifications. Such peptides still “consist of” the amino acids.

18085} Modifications as sct forth above are well-known to those of skill in the art and have been
deseribed in great detail in the scientific literature. Scveral particularly common modifications,
glvcosylation, lipid attachment, sulfation, gamma-carboxylation of ghatamic acid residues,
hydroxylation and ADP-ribosylation, for instance, are described in many basic texts, such as
Proteins-Structure and Molecular Propertics, 2nd ed., T. E. Creighton, W H. Freeman and

Company, New York (1993). Many detailed reviews arc available on this subject, such as by

2
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Waold, F., Postiranslational Covalent Modification of Proteins, B, C. Johnson, Ed., Academic
Press, New York 1-12 (1983); Seifter ef af. (1990) Meth, Enzymol. 182:626-646 and Rattan &/
al {1992) Ann. N.Y. Acad. Sci. 663:48-62.

{0086} In certain cmbodiments, peptides of the invention are attached to or immobilized on a
substrate, such as a solid or semi-solid support. The attachiment can be covalent or non-covalent,
and can be facilitated by a moicty associated with the peptide that cnables covalent or non-
covalent binding, such as a motety that has a high affinity to a componcent attached to the carrier,
support or surface. For example, the peptide can be associated with a ligand, such as biotin, and
the component associated with the surface can be a corresponding ligand receptor, such as
avidin, In some embodiments, the peptide can be associated with a fusion partner, e.g., bovine
serurn albumin (BSA), which facilitates the attachment of the peptide to a substrate. In other
erobodiments, the peptides of the invention are attached to or immmobilized on a substrate via a
metallic nanolayer. In one erobodiment, the metallic nanolayer is comprised of cadmium, zine,
mercury, or a noble metal, such as gold, silver, copper, and platinam. The peptide or population
of peptides can be attached to or immobilized on the substrate either prior to or after the addition

of a sample containing antibody during an immunoassay.

{80871 In certain embodiments, the substrate 1s a bead or phurality of beads, such as a coloidal
particie {e.g., a collpidal nanoparticle made from gold, silver, platinam, copper, cadmium, metal
composites, other soft metals, core-shell structure particles, or hollow gold nanospheres) or other
type of particle (e.g., a magnetic bead or a particle or nanoparticle comprising silica, latex,
polystyrene, polycarbonate, polyacrylate, PYDF, or PMMAY}. Such particles can comprise a
label {e.g., a colorimetric, chemiluminescent, quantum dot or fluorescent label} and can be useful
for visualizing the location of the peptides during immunoassays. In certain embodiments, a
terminal cysteine of a peptide of the invention is used to bind the peptide directly to a metallic

nanomaterial or nanostructure.

18088} The metallic nanomaterials or nanostructures nsed in some embodiments of the invention
can be made from gold, silver, platinam, palladium, copper, cadmium, metal composites, or

other soft metals. In some embodiments, the metallic nanomaterials or nanostructures, inchuding
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the composite nanostructures, have a geometry sclected from spherical nanoparticles, pyramidal
nanoparticles, hexagonal nanoparticles, nanoshells, nanoplates, nanotubes, nanowires, and
combinations thercof. Examples of metallic nanoshells include gold hollow spheres, gold-coated
sitica nanoshells, and silica-coated gold shells. Nanoplates have lateral dimensions {c.g. edge
icngths) that arc greater than their thickness, Nanoplates include nanodisks, nanopolygons,
nanchcxagons, nanocubes, nanorings, nanostars, and nanoprisms. In some embodiments, the
metallic nanostructurcs have other shapes or trregular shapes. In certain embodiments, the size
and shape of the metallic nanostructures arc not uniform — i.e. the metallic nanostructures arc a

heterogencous mixiure of different shapes and sizes of nanostructures.

{0089] For spherical nanoparticles, suitable diameter ranges include from about S nm to about
200 run, from about 10 nm to about 100 miv, and from about 20 nin to gbout 60 o, For
nanoplates, edge lengths may be from about 10 nm to about 800 nimy, from about 20 run to about
500 nm, from about to 50 i to aboeut 200 numy, from about 30 nun to about 100 num, or from about
10 nm to about 300 nm. The thickness of the nanoplates can range from about | to about 100
nm, from about 5 o to about 80 numy, from about 10 nun to gabout 50 nom, or from about 8 nm to

about 20 nm.

{8090} In some embodiments, the nanoplates have an aspect ratio greater than 2. The aspect
ratio 18 the ratio of the edge length to the thickness. Preferably, the nanoplates have an aspect
ratio from about 2 to about 25, from about 3 to about 20, from about 5 to about 10, from about 2

to about 15, or from about 10 to about 38,

18091} In certain ecmbodiments, the substrate is a dot blot or a flow path in a lateral flow
immunoassay device. For example, the peptides can be attached or immobilized on a porous
membrane, such as a PVDE membrane {e.g., an Immobilon™ membrane), a nitrocellulose

membrane, polyethylene membrane, nylon membrane, or a similar tyvpe of membrane.

{00692} In cortain embodiments, the substrate is a flow path in an analytical or centrifugal rotor.
in other cmbodiments, the substrate is a tube or a well, such as a well in a plate {e.g., a microtiter
plate) suitable for use in an ELISA assay. Such substrates can comprisc glass, celiulose-based
materials, thermoplastic polymers, such as polycthylene, polypropylenc, or polyester, sintered

4
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structures composed of particulate materials (e.g., glass or various thermoplastic polymers), or
cast membrance film composed of nitrocelinlose, nylon, polysulfone, or the like. A substrate can
be sintered, fine particles of polyethylene, commonly known as porous polycthylene, for
example, 0.2-15 micron porous polyethylene from Chromex Corporation { Albuguerque, NM}.
All of these substrate materials can be used in suitable shapes, such as films, sheets, or plates, or
they may be coated onto or bonded or laminated to appropriate inert carricrs, such as paper,
glass, plastic films, or fabrics. Suitable methods for immobilizing peptides on solid phases

include tonic, hydrophobic, covalent interactions and the like.

[8083] Accordingly, in another aspect, the invention provides devices. In certain embodiments,
the devices are useful for performing an immunoeassay. For example, in certain embodiments,
the device is a lateral flow immunoassay device. An exemplary lateral flow immunoassay device
comprising peptides of the invention is described in Exarple 2. In certain embodiments, the
lateral flow immunoassay device comprises a population of peptides, wherein cach peptide in the
population comprises a sequence of SEQ D NG: 3, SEQ IDNG: 4, SEQID NO: 6, SEQID
WO 7, or SEQ D NO: 9. In some embodiments, the device 1s a slide coraprised of a plurality of
beads to which a peptide or population of peptides is attached. An example of such a device
comprising peptides of the invention suitable for use, for example, in an indirect fluorescent
antibody assay is deseribed in Example 3. In other embodiments, the device is an analyiical or
centrifugal rotor. In other embodiments, the device 1s a dot blot, slot blot, or Western blot. In
other embodiments, the device is a tube or a well, e.g., in a plate suitable for an ELISA assay. An
exemplary device comprising poptides of the invention for use in an ELISA assay is described in
Example 1. In still other embodiments, the device is an electrochemical sensor, an optical sensor,

or an opto-clectronic sensor.

18094} In certain embodiments, the device comprises a peptide or population of peptides of the
invention. In other embodiments, the device comprises a mixture of different peptides of the
nvention. For example, in certain embodiments, the device comprises two, three, four, or more
different peptides of the invention. In certain embodiments, the peptide or each peptide in the
population comprises a sequence of SEQ D NO: 1, SEQ ID NO: 2, SEQ ID NO: 3, SEQ ID NO:
4, SEQ IDNQO: 5, SEQID NGO 6, SEQ IDNO: 7, SEQ IDNO: &, or SEQIDNO: % or a
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fragment thereof. In other embodiments, the peptide or cach peptide in the population comprises
a sequence of SEQ ID NO: 3, SEQ ID NO: 4, or a fragment thereof. In certain embodiments, the
population of peptides arc attached to or immobilized upon the device optionally through a
metallic nanolayer. The devices may be usced to detect the presence of antibodics to Anaplasma
antigens from multiple specics (e.g., 4. phagocviophilum, 4. platys, and A. marginale) in a
sample simultancously. In one embodiment, the device comprises a population of isolated
peptides comprising three or more different peptides, wherein cach peptide in the population
comprises a sequence of SEQ ID NG: 3. In another embodiment, the device comprises a
population of isolated peptides comprising threc or more different peptides, wherein cach peptide
in the population comprises a sequence of SEQ ID NO: 4. Tn another embodiment, the device
comprises a population of isolated peptides comprising three or muore different peptides, wherein
cach peptide in the population comprises a sequence of SEQ ID NG: 1. In still another
erobodiment, the device comprises a populdation of 1solated peptides comprising three or more
different peptides, wherein each peptide i the population comprises a sequence of SEQ ID NO:
8. Inother embodiments, the device comprises a population of isolated peptides coraprising
three or more different peptides, wherein cach peptide in the population comprises a sequence of

SEQ D NO: 2, SEQ ID NO: 5, SEQ ID NO: 6, SEQ ID NO: 7, or SEQ 1D NO: 9.

{8895} In another aspect, the invention provides compositions comprising one or more peptides
of the invention. For example, in certain embodiments, the invention provides a composition
comprising a peptide comprising a sequence of SEQ ID NG 3, or populations thereof. In certain
embodiments, the composition comprises a population of 2, 3,4, 5,6, 7. 8, 8, 10, 15, 20, 25, 30,
44, 54, 60, 70, 80, 50, 100, 150, 200, 254, 300, 400, 500, or more peptides {e.g., all possible
peptides defined by SEQ 1D NO: 3}, Thus, the present invention provides a population of
isolated peptides comprising three or more different peptides, whercin cach peptide in the
population comprises a sequence of SEQ ID NO: 3. In certain embodiments, the peptides in the
population or mixture comprise an N-terminal and/or C-terminal addition, and/or are modified
{e.g., by association with one or more further moieties), as described herein. In certain
embodiments, the peptides comprise the same N-terminal and/or C-terminal additions. In other

embodiments, the peptides comprise different N-terminal and/or C-terminal additions.
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{8096} In some embodiments, the invention provides a composition comprising a peptide
comprising a sequence of SEQ 1D NG: 4, or populations thereof. In certain embodiments, the
composition comprises a population of 2, 3,4, 5,6, 7,8, 9, 10, 15, 20, 25, 30, 40, 50, 60, 70, 80,
90, 100, 150, 200, 250, 300, 400, 500, or more peptides {e.g., all possibie peptides defined by
SEQ 1D NO: 4). Thus, the present invention provides a population of isolated peptides
comprising three or more different peptides, whercin cach peptide in the population comprises a
sequence of SEQ ID NO: 4. In certain embodiments, the peptides in the population or mixture
comprise an N-terminal and/or C-terminal addition, and/or are modificd (e.g., by association
with onc or more further moictics), as described herein. In certain embodiments, the peptides
comprise the same N-terminal and/or C-ternunal additions. In other embodiments, the peptides

comprise different N-termunal and/or C-terminal additions.

{80971 In still other embodiments, the invention provides a composition comprising a peptide
comprising a sequence of SEQ ID NO: 1, SEQ ID NO: 2, SEQ ID NO: §, SEQ ID NO: 6, SEQ
D NG: 7, SEQ ID NG: 8, SEQ ID NO: 9, SEQ 1D NO: 543, or populations thereof. In certain
embodiments, the composition comprises a population of 2, 3,4, 5,6, 7, 8,9, 10, 15, 20, 25, 30,
44, 50, 60, 70, 80, 90, 100, 150, 200, 254, 300, 400, 500, or more peptides {e.g., all possible
peptides defined by SEQ ID NO: 1, SEQ 1D NO: 2, SEQ ID NO: §, SEQ ID NO: 7, SEQ ID NO:
& SEQID NG: 9, SEQ ID NO: 5343). Thus, the invention provides a population of isolated
peptides comprising three or more different peptides, wherein each peptide in the population
comprises a sequence of SEQ ID NO: 1. In ancther embodiment, the invention provides a
population of isolated peptides comprising threc or more different peptides, wherein cach peptide
in the population comprises a sequence of SEQ 1D NG: 2. In other embodiments, the invention
provides a population of isolated peptides comprising three or more different peptides, wherein
cach peptide in the population comprises a sequence of SEQ ID NG: 5, SEQ ID NO: 7, SEQ ID
NO: 8, SEQ ID NO: 9, or SEQ 1D NO: 543, The peptides in the population or mixture may
comprise an N-terminal and/or C-terminal addition, and/or be medified {e.g., by association with

one or more further moietics}, as described herein.
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{8098} In some embodiments, the composition comprises a population of isolated peptides, said
population comprising three or more different peptides, wherein cach peptide in the population

comprises a sequence, or a fragment thereof, of SEQIDNO: 1,2,3,4,5,6,7. 8, 0r 9.

{0099} In some embodiments, the composition comprises at least two different populations of
peptides described herein, In certain embodiments, at least one of the peptide populations is
defined by SEQ 1D NO: 3 (i.c., comprising three or more different peptides, wherein cach

peptide in the population comprises a scquence, or a fragment thereof, of SEQ 1D NO: 3).

{00108} In certain embodiments, the composition further coroprises a second population of
isolated peptides. In some embodiments, the second peptide population is defined by SEQ 1D
NO: 7. Insome other embodiments, cach peptide in the second peptide population comprises the

sequence, or a fragment thercof, of SEQ ID NO: 6.

{00101} In some embodiments, the composition further comprises a third population of 1solated
peptides that is different from the first and second peptide populations. In certain embodiments,
cach peptide in the third peptide population comprises the sequence, or a fragment thereof, of

SEQ 1D NO: 6.

{06102} In a particular embodiment, the composition comprises three different populations of
peptides, a first peptide populations which is defined by SEQ ID NO: 3, a second peptide
population which s defined by SEQ ID NO: 7, and a third peptide population in which cach

peptide comprises the sequence, or a fragment thercof, of SEQ 1D NO: 6.

180103} In certain embodiments, the compositions comprise ong or more peptides {or one or
more populations of peptides} of the invention and one or more additional peptides, such as an
Anaplasma peptide or antigen, a peptide or antigen from one or more Ehrlichia specics, and/or a
peptide or antigen from one or more Borrelia species. The Anaplasma peptide or antigen can be
any Anaplasma surface peptide or antigen, or any peptide or antigen described herein, For
instance, in cortain embodiments, the compositions comprise a mixture of peptides, wherein cach

peptide has a sequence of SEQ 1D NO: 3, SEQ D NO: 6, or SEQ ID NG: 7. In other
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embodiments, the compositions comprise a mixture of peptides, wherein cach peptide has a

sequence of SEQ 1D NO: 3, SEQ 1D NO: 4, or SEQ ID NO: 6.

{00104] Suitable £hrlichia poptides that can be mixed with the Anaplasma peptides of the
invention include any Ehrlichia surface peptide or antigen including, but not limited to, OMP-1,
p3&, pd3, pi20, pl40, p153, pis6, p200, gpl 9, gp36, gpd7, gp200, or HGE-3 protein, or any
fragment or epitope thereof. Other suitable Ehrlichia peptides include peptides described in ULS,
Application No. 14/052,296 and U.S. Patent No. 8,828,675, the contents of cach of which are
hereby incorporated by reference in their entiretics. Suitable Borrelia peptides that can be mixed
with the 4naplasma peptides of the invention mclude any Borrelia surface peptide or antigen
including, but vot limited to, OspA, OspB, DbpA, flagella-associated proteins FlaA (p37) and
FlaB (p41), OspC (25 kd), BBE32, BmpA (1393, p21, p39, pb6 or p83 protein, or any fragment
or epitope thereof, Other suitable Borrelia peptides inchude peptides described in ULS. Patent
Wos., 8,568,989 and 8,758,772, the contents of each of which are hereby incorporated by
reference in their entireties. The combination may comprise a cocktail {a simple mixtare) of
individual peptides or polypeptides, it may be in the form of a fusion peptide or polypeptide
{e.g., a multimeric peptide), or the peptides may be linked by a dendrimer (e.g., as in a MAPS
structure} optionally through a linking residue {e.g. lysine or cysteine residue}. For instance, in
certain embodiments, a composition comprises one or more peptides of the mvention {e.g., 8
peptide having a sequence of SEQ 1D NO: 1, SEQ ID NO: 2, SEQ 1D NO: 3, SEQ 1D NG: 4,
SEQ ID NO: 5, SEQ ID NO: 6, SEQ ID NO: 7, SEQ ID NO: & SEQ ID NO: 9 or SEQ ID NO:
543% and one or more antigenic Ehrlichia peptides and/or one or more antigenic Borrelia

peptides.

{00105] When a composition comprises multiple peptides or peptide populations, the ratio
among the various peptides or peptide populations can be varied in order to tailor the
composttion’s performance, ¢.g., in torms of sensitivity and selectivity, For example, ina
composition comprising two peptide populations, the molar ratio of the two peptide populations
can vary anywhere between 20:1 to 1:20, e.g., 20:1, 10:1, 511, 3.1, 201, 11F, 22, 13, 125, 110, or
1:20. Or, the percentage of weight ratio can vary between 25:5 to 5:95, e.g., 95:5, 20:10, 80:20,

70:30, 60:40, 50:50, 40:60, 30:70, 206:80, 10:90, or 5:25. In a composition comprising three or
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more peptide populations, the percentage of moles or weight of cach peptide population can vary
from 19 to 98% of the total moles or weight of all three peptide populations, c.g., 1%, 2%, 3%,
10%, 15%, 20%, 25%, 30%, 33%, 40%, 50%., 60%, 70%, 80%, 90%, 95%, 98%, ctc. Ina
certain embodiment, the composition comprises three peptide populations, APL-ID1 {(defined by
SEQ 1D NO: 3), APL-1D5 1 {cach peptide comprising SEQ 1D NO: 6), and APL-1D6 {definced by
SEQ 1D NO: 7) in a weight ratio of 50:25:25. In another embodiment, the composition
comprises three peptide populations, APL-1D1 {defined by SEQ ID NO: 3), APL-1D5 .1 {cach
peptide comprising SEQ 1D NO: 6), and APL-1D6 {(defined by SEQ 1D NO: 7), wherein cach

peptide population constitutes a third of the composition by weight.

{00106} A peptide of the mvention may be fused at 1ts N-terminus or C-termings to another
suitable peptide. Two or more copies of a peptide of the invention may be joined fo one another,
alone or in combination with one or more additional peptides. Combinations of fused and
unfused peptides or polypeptides can be used. In one erabodiment, the additional peptide(s)
contain B-cell and/or T-cell epitopes from an Anaplasma peptide or anfigen, a peptide or antigen
from an infectious dnaplasma species, or a peptide or antigen from a causative agent of

anaplasmosis.

{80107} In another aspect, the invention provides nucleic acids comprising a sequence encoding
a peptide of the invention. Nucleic acids of the invention contain less than an entire microbial
genome and can be single- or double-stranded. A nucleic acid can be RNA, DNA, ¢DNA,
genomic DNA, chemically synthesized RNA or DNA or combinations thereof. The nucleic
acids can be purified free of other components, such as proteins, lipids and other
polvnuclestides. For example, the nucleic acids can be 50%, 75%, 90%, 95%, 26%, 97%, 98%,
99%, or 100% purificd. The nucleic acids of the invention encode the peptides described herein,
in certain embodiments, the nucleic acids encode a peptide having the sequence of SEQ 1D NQs:
1-543, or combinations thercof. Nucleic acids of the invention can comprise other nucleotide
sequences, stich as sequences coding for linkers, signal sequences, TMR stop transfer sequences,
transmembrane domains, or ligands uscful in protein purification such as glutathione-S-

transforase, histidine tag, MBP tag and staphylococeal protein A.
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180108} Nucleic acids of the invention ¢an be isolated. An “isolated”™ nucleic acid is one that ig
not immediately contiguous with onc or both of the 5 and 3’ flanking genomic sequences with
which it 18 naturally associated. An isolated nucleic acid can be, e.g., a recombinant DNA
molecule of any length, provided that the nucleic acid secquences naturally found immediately
flanking the recombinant DNA molecule in a naturally-occurring genome is romoved or absent,
Isolated nucleic acids also include non-naturally occurring nucleic acid molecules. Nucleic acids
of the invention can also comprise fragments that encode immunogenic peptides. Nucleie acids
of the invention can cncode full-length polypeptides, peptide fragments, and variant or fusion

peptides.

[80109] Nucleic acids of the invention can be isolated, at least in part, from nucleic acid
sequences present in, for example, a biological sample, such as blood, serum, saliva, or tissue
from an infected mdividual., Nueleie acids can also be synthesized in the laboratory, for
example, using an automatic synthesizer. An amplification method such as PCR can be used to
aroplify nucleic acids, at least in part, from cither genomic DNA or ¢DNA encoding the

polvpeptides.

{88118} Nucleic acids of the invention can comprise coding sequences for natarally occurring
polypeptides or can encode altered sequences that do not oceur in nature. I desired, macleic
acids can be cloned into an expression vector comprising expression control elements, including
for example, origins of replication, promoters, enhancers, or other regulatory elements that drive
expression of the polvnucleotides of the invention in host cells. An cxpression vector can be, for
example, a plasmid, such as pBR322, pUC, or ColEl, or an adenovirus vector, such as an
adenovirus Type 2 vector or Type § vector. Optionally, other vectors can be used, including but
not limited to Sindbis virus, simian virus 40, alphavirus vectors, poxvirus vectors, and
cytomegalovirus and retroviral vectors, such as murine sarcoma viras, mouse mammary tamor
virus, Moloney murine leukemia virus, and Rous sarcoma virus. Minichromosomes such as MC
and M1, bacteriophages, phagemids, yeast artificial chromosomes, bacterial artificial
chromosomes, viras particles, virus-like particles, cosmids (plasmids into which phage lambda
cos sites have been inserted) and replicons {genetic elements that arc capable of replication under

their own control in a cell) can also be used.
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{06111} Methods for preparing polynucleotides operably linked to an expression control
sequence and expressing them in a host cell arc well-known in the art. See, e.g., U.S. Pat. No.
4,366,246, A nucleic acid of the invention is operably Hnked when 1t 18 positioned adjacent to or
close to one or more expression control clements, which direct transcription and/or translation of

the polynucicotide.

{00112} Thus, for cxample, a peptide of the invention can be produced recombinantly following
conventional genetic engincering techniques. To produce a recombinant peptide of the
invention, a nucleic acid encoding the peptide 1s inserted into a suitable expression system.
Generally, a recorobinant molecule or vector is constructed in which the polynucleotide sequence
encoding the selected peptide is operably linked to an expression control sequence permitting
expression of the peptide. WNuomerous types of appropriate expression vectors are known in the
art, including, e.g., vectors containung bacterial, viral, yeast, fungal, insect or manmumalian
expression systerns, Methods for obtaining and using such expression veetors are well-known.
For guidance in this and other molecular biology techniques used for compositions or methods of
the invention, see, e.g., Sambrook ef ¢/, Molecular Cloning, A Laboratory Manual, current
edition, Cold Spring Harbor Laboratory, New York; Miller e ¢/, Genetic Engincering, &:277-
298 (Plemum Press, current edition}, Wu ef af., Methods in Gene Biotechnology ({CRC Press,
New York, N.Y ., current edition), Recombinant Gene Expression Protocols, in Methods in
Molecular Biology, Vol. 62, (Tuan, ed., Humana Press, Totowa, N.J., current edition), and
Current Protocols in Molecular Biology, (Ausubel ef ¢/, Eds.,) John Wiley & Sons, NY {current

edition}, and references cited therein.

{06113} Accordingly, the invention also provides vectors comprising nucleic acids of the
invention, and host cells comprising such vectors. In certain embodiments, the vector is a shuttle
vector. In other embodiments, the vector is an ¢xpression vector {e.g., a bacterial or eukarvotic
gxpression vector). In certain embodiments, the host cell is a bacterial cell. In other

cmbodiments, the host cell is a cukaryotic cell
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180114} Suitable host cells or cell lings for expression of the recombinant nucleic acids or
vectors of the invention include bacterial cells. For example, various strains of £ cofi {e.g.,
HB101, MC1061) arc well-known as host celis in the field of biotechnology. Various sirains of
B subtilis, Pseudomonas, Streptomyces, and other bacilli and the like can also be employed to
express the nucleic acids or vectors of the invention. Alternatively, a peptide of the invention
can be cxpressed in yeast, insect, mammalian, or other cell types, using conventional procedures.

Cell-free in vitro synthesis and/or enzyme-mediated synthetic machineries may also be used.
- - 3 -

{00115} The present invention also provides a method for producing a recombinant peptide or
polypeptide, which involves transfecting or transforming, e.g., by conventional means such as
electroporation, a host cell with at least one expression vector containing a polynucleotide of the
invention under the conirol of an expression control sequence {e.g., a transcriptional regulatory
sequence). The transfected or transformed host cell is then cultured under conditions that allow
expression of the peptide or polypeptide. The expressed peptide or polypeptide s recovered,
isolated, and optionally purified from the cell {or from the culture medium, if expressed
extracellularly) by appropriate means known to one of skill in the art, mcluding iquid
chromatography such as normal or reversed phase, using HPLC, FPLC and the like, affinity
chromatography, such as with inorgaunic ligands or monoclonal antibodies, size exclusion
chromatography, immobilized metal chelate chromatography, gel ¢lectrophoresis, and the like.
One of skill in the art may select the most appropriate isolation and purification techniques
without departing from the scope of this invention. One skilled in the art can determine the
purity of the peptide or polypeptide by using standard methods including, e.g., polvacrylamide
gel clectrophoresis {e.g., SDS-PAGE), capillary clectrophoresis, column chromatography {(e.g.,

3

high performance liguid chromatography (HPLC)), amino-terminal amino acid analysis, and

B

quantitative amino acid analysis.

Methods

{06116} In another aspect, the invention provides methods of detecting in a sample an antibody
to an cpitope of an Anaplasma antigen. In one embodiment, the method comprises contacting a
sarple with a peptide of the invention, and detecting formation of an antibody-peptide complex

comprising said peptide, wherein formation of said complex is indicative of the presence of an



WO 2015/112558 PCT/US2015/012187

antibody to an cpitope of an 4naplasma antigen in said sample. In some embodiments, the
Anaplasma antigen is from an infectious Anaplasma species, such as Anaplasma
phagocytophilum, Anaplasma platys, or Anaplasma marginale. Other species of Anaplasma
which have been implicated in anaplasmosis can also be detected using the methods of the
invention, provided they induce antibodies which can react specifically with a peptide of the
invention. Thus, it is to be understood that the term “pathogenic 4naplasma,” as used herein,
refers to any such Anaplasma species that causes anaplasmosis in a human or an animal, In
particular ecmbodiments, the methods provide detection of antibodics to Anaplasma antigens

from multiple specics in a samaple simultancously.

{00117} In certain embodiments, the method of detecting in a sample an antibody to an epitope
of an Anaplasma antigen comprises contacting the sample with a population of two, three, four,
or more {e.g.,5,6,7,8,9, 10, 15, 20, 25, 30, 40, 50, 60, 70, 80, 90, 100, 150, 200, 250, 300, 400,
500, or more) different peptides of the invention, and detecting formation of an antibody-peptide
complex comprising said one or more peptides in the population, whercin formation of said
complex is indicative of an antibody to an epitope of an duaplasma antigen being present in said
sample. For instance, in one particular embodiment, the method comprises contacting the
sample with a population of two or more different isolated peptides, wherein cach isolated
peptide comprises a sequence of SEQ D NG: 3. In another particular embodiment, the method
comprises contacting the sample with a population of two or more different isolated peptides,
wherein cach isolated peptide comprises a sequence of SEQ 1D NO: 4. In still another
embodiment, the method comprises contacting the sampic with a population of two or more
different isolated peptides, wherein cach isolated peptide comprises a sequence of SEQ 1D NO:
1. in some embodiments, the method comprises contacting the sample with a population of two
or more different isolated peptides, wherein cach isolated peptide comprises a sequence of SE(
1D NO: 2, SEQ ID NO: 5, SEQ ID NO: 6, SEQ ID NO: 7, SEQ ID NO: 8, SEQ ID NO: 9, or
SEQ 1D NO: 543 In certain embodiments, the method compriscs contacting the sample with a
mixture of one or more peptides of the invention and one or more other peptides {e.g., an
Ehrlichia peptide, or antigenic fragment or epitope thereof and/or a Borrelia peptide or antigenic

fragment or epitope thereof).
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{00118} In certain embodiments, the peptide or cach peptide in the population s an isolated (e.g.,
synthetic and/or purified) peptide. In some embodiments, the peptide or population of peptides
is attached to or immobilized upon a solid support. In such embodiments, the solid supportis a
bead or plurality of beads (e.g., a metallic nanomaterial such as nanoparticle, nanoplate, or
nanoshell, a nanoparticle, a latex bead, ete.), a flow path in a lateral flow immunoassay device
{e.g., a porous membranc), a flow path in an analytical or centrifugal rotor, a blot (Western blot,
dot blot, or slot blot}, a tube or a well {e.g., in a plate suitable for an ELISA assay), or a sensor
{e.g., an clectrochemical, optical, or opto-clectronic sensor). In some embodiments, the peptide
or population of peptides is attached to or immobilized upon a solid support through a metallic
nanolayer that, in some embodiments, may be comprised of cadroium, zing, mercury, or a noble
metal {e.g., gold, silver, copper, and platinum). In some embodiments, the peptides or
populations of peptides of the invention arc immobilized on a composite nanolayer {for example

comprising silver and gold) or gold-coated silver nanolayers.

{00119] There are a number of different conventional assays for detecting formation of an
antibody-peptide complex comprising a peptide of the invention. For example, in some
embodiments, the detecting step comprises performing an ELISA or immunofloorescence assay.
In other embodiments, the detecting step comprises performing a lateral flow immunoassay. In
other embodiments, the detecting step comprises performing an agglutination assay (e.g., a
hemagghatination or particle/bead agglutination assay). In still other embodiments, the detecting
step comprises spinning the sample in an analytical or centrifugal rotor. In some embodiments,
the detecting step comprises performing a Western blot, slot blot, or dot blot. In certain
embodiments, the detecting step comprises performing a wavelength shift assay. Such
wavelength shift assays may entail measuring or determining a change in the surface plasmon
resonance or localized surface plasmon resonance wavelength resulting from binding of
antibodics to peptides attached to metaliic nanolavers or metallic
nanoparticles/nanoshells/nanoplates. In other embodiments, the detecting step compriscs
performing an Indirect Fluorescent Antibody test. In some embodiments, the Indirect
Fluorcscent Antibody test comprises reacting samples suspected of containing antibodies against
Anaplasma sntigens with beads {c.g. latex beads) coated with the peptides of the invention,

which are further immobilized on a glass slide, and subscquently reacting the slide with

Fi

6
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fluorescently labeled anti-dog 1gG or IgM antibodies to detect bound anti-Anaplasma antibodics.
An example of an Indirect Fluorescent Antibody test is described in Example 3. In stili other
embodiments, the detecting stop comprises analyzing the sample with an clectrochemical,
optical, or opto-clectronic sensor. These different assays are described hercin and/or are well-

known to those skilled in the art.

{00128} In onc embodiment, the method involves detecting the presence of naturally occurring
antibodics against one or morc Anaplasma antigens {e.g., the antigen of a pathogenic Anaplasma,
such as A. phagocytophilum, A. platvs, or A. marginaley which are produced by the infected
sabject’s immune system in its biological fluids ot tissues, and which are capable of binding
specifically to a peptide of the invention or cornbinations of a peptide of the inveuntion and,

optionally, one or more suitable additional antigenic polypeptides or peptides.

{00121} Suitable iomunoassay methods typically include: receiving or obtaining {e.g., froma
patient) a sample of body fluid or tissue likely to contain antibodies; contacting {e.g., incubating
or reacting) a sample to be assayed with a peptide or population of peptides of the invention,
under conditions effective for the formation of a specific peptide-antibody complex {e.g., for
spectfic binding of the peptide to the antibody); and assaying the contacted {reacted} sample for
the presence of an antibody-peptide reaction {e.g., determining the amount of an antibody-
peptide complex}. The presence of an elevated amount of the antibody-peptide complex
indicates that the subject was exposed to and infected with an infectious dnaplasma species. A
peptide, including a modified form thereof, which “binds specifically” to {e.g., “is specific for”
or binds “preferentially” t0} an antibody against an 4rnapigsma antigen interacts with the
antibody, or forms or undergoces a physical association with it, in an amount and for a sufficient
time to allow detection of the antibody. By “specifically” or “preferentially,” it is meant that the
peptide has a higher affinity {e.g., a higher degree of selectivity) for such an antibody than for
other antibodics in a sample. For example, the peptide can have an affinity for the antibody of at
least about 1.5-fold, 2-fold, 2.5-fold, 3-fold, or higher than for other antibodics in the sample.
Such affinity or degree of specificity can be determined by a varicty of routine procedurcs,
including, e.g., competitive binding studies. In an ELISA assay, a positive response is defined as

a value 2 or 3 standard deviations greater than the mean value of a group of healthy controls. In
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some embodiments, a second tier assay is required to provide an unequivocal serodiagnosis of

anaplasmosis.

{60122] Phrases such as “sample containing an antibody” or “detecting an antibody in a sample”
are not meant to exclude samples or determinations {e.g., detection attemps) where no antibody
is contained or detected. In a general sense, this invention involves assays to determine whether
an antibody produced in response o infection with an infoctious Anaplasma species is present in

a sample, irrespective of whether or not it is detected.

[80123] Conditions for reacting peptides and antibodies so that they react specifically are well-
known to those of skill in the art. See, e.g., Current Protocols in mmuanology {Coligan ef af.,

editors, John Wiley & Sons, Inc).

{06124} The methods of the invention comprise receiving or obtaining a sampie of body fluid or
tissue likely to contain antibodies from a subject. The antibodies can be, e.g., of IgG, IgE, IgD,
IgM, or IgA type. Generally, IgM and/or IgA antibodies are detected, e.g., for detection at early
stages of infection. Ig( antibodies can be detected when some of the additional peptides
discussed above are used in the method (e.gz., peptides for the detection of flagellum proteins}.
The sample is preferably casy to obtain and may be whole blood, plasma, or serum derived from
a venous blood sample or even from a finger prick. Tissue from other body parts or other bodily
fluids, such as cerebro-spinal fluid (CSF), saliva, gastric secretions, mucus, urine, of¢., are
known to contain antibodics and may be used as a source of the sample. The sample may also be

a tissue extract or a cell lysate.

{86125} Once the peptide or population of peptides of the invention and sample antibody are
permitted to react in a suitable medium, an assay is performed to determine the presence or
absence of an antibody-peptide reaction. Among the many types of suitable assays, which will be

evident to a skilled worker, arc immunoprecipitation and agglutination assays.

{00126} In certain ecmbodiments of the invention, the assay compriscs: immobilizing the

antibody{s} in the sample; adding a peptide or population of peptides of the invention; and
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detecting the degree of antibody bound to the peptide or peptides, e.g., by the peptide being
abeled or by adding a labeled substance, such as a labeled binding partner {e.g., streptavidin-
HRP or streptavidin-colioidal gold complex) or a labeled antibody which specifically recognizes
the peptide or peptides. See, e.g., Figure 2. In other embodiments, the assay comprises:
immobilizing a peptide or population of peptides of the invention; adding the sample containing
antibodics; and detecting the amount of antibody bound to the peptide or peptides, e.g., by
adding another peptide or population of peptides of the invention conjugated, directly or
indireetly, to a label {e.g., metallic nanomaterial such as nanoparticle, nanoplate, or nanoshell,
fluorescent label, cnzyme {e.g., horseradish peroxidase or alkaline phosphatase}} or by adding a
iabeled substance, such as a binding partner or a labeled antibody which specifically recognizes
the sample antibodics (e.g., anti-human IgG antibodies, anti-human IgM antibodics, anti-dog 1gG
antibodies, anti-dog IgM antibodies, anti-cat IgG antibodies, anti-cat IgM antibodics, protein A,
protein G, protein A/G fasion proteins, protein L, or combinations thereof, ete.). See, e.g.,

Figures §, 3, and 4.

{08127} In other embodiments, the assay comprises: imynobilizing a peptide or population of
peptides of the invention; adding the sample containing antibodies; and detecting the amount of
antibody bound to the peptide or peptides, e.g., by adding a first binding partner which
specifically recognizes the sample antibodics {e.g., anti-human IgG antibodies, anti-human IgM
antibodies, anti-dog IgG antibodies, anti-dog IgM antibodics, anti~cat Ig(G antibodies, anti-cat
IgM antibodics, protein A, protein G, protein A/G fusion proteins, protein L, otc.), and further
adding a second binding partaer {e.g., protein A, protein G, protein A/G fusion proteins, protein
L, ete.}, wherein the second binding partner is labeled and recognizes said first binding partner.
in still other embodiments, the assay comprises: reacting the peptide or population of peptides
and the sample containing antibodics without any of the reactants being immobilized, and then
detecting the amount of complexes of antibody and peptide or peptides, e.g., by the peptide being
iabeled or by adding a labeled substance, such as a labeled binding partner (e.g., streptavidin-
HRP or streptavidin-colloidal gold complex) or a labeled antibody which specifically recognizes

the peptide.



WO 2015/112558 PCT/US2015/012187

{08128} Immobilization of a peptide or population of peptides of the invention can be either
covalent or non-covalent, and the non-covalent immobilization can be non-specific {e.g., non-
specific binding to a polystyrene surface in, e.g., a microtiter well). Specific or semi-specific
binding to a solid or scmi-solid carrier, support or surface, can be achieved by the peptide
having, associated with it, a moicty which cnables its covalent or non-covalent binding to the
solid or semi-solid carrier, support or surface. For example, the moicty can have affinity to a
component attached to the carrier, support or surface. In this case, the moicty may be, eg., a
biotin or biotiny! group or an analogue thercof bound to an amino acid group of the peptide, such
as 6-aminchexanoic acid, and the component is then avidin, streptavidin, neutravidin, or an
analogue thereof. An alicrnative 18 a situation in which the moiety is a histiding tag {e.g. six
consecutive histidine amino acids) and the carrier coroprises a Nitrilotriacetic Acid (NTA)
derivative charged with Ni++ or Co++ ions, In certain embodiments, the moiety s a fusion
partner, e.g., BSA. In exemplary embodiments, peptides of the invention may be conjugated to
BSA via N-terminal and/or C-terminal residues of the peptides. In one embodiment, one, two,
three, four, five, 10, 15, 20, 25, 30 or more peptides of the invention may be substituted into,
e.g., conjugated with BSA. As would be understood by one skilled 1o the art, substitation levels
may impact the sensitivity of the assay. Lower concentrations of highly substituted BSA are
needed to achigve sensitivity offered by high concentrations of BSA-peptide containing fower
molecules of peptide.  In certain other embodiments, the fusion partner may be MAPS. In

certain exemplary embodiments, MAPS may consist of 4, 8, or more asyvmmetric branches.

180129} Suitable carriers, supports, and surfaces include, but are not Himited to, metallic
nanolayers, beads (e.g., magnetic beads, colloidal particles or metallic nanomaterials, such as
metallic nanoparticles, nanoplates, or nanosheils, such as colloidal gold, or particies or
nanoparticles comprising silica, latex, polystyrene, polycarbonate, or PDVE), latex or co-
polymers such as styrene-divinyl benzene, hydroxyvlated styrene-divinyl benzene, polystyrene,
carboxylated polystyrene, beads of carbon black, non-activated or polystyrene or polyvinyl
chloride activated glass, epoxy-activated porous magnetic glass, gelatin or polysaccharide
particles or other protein particles, red blood cells, mono- or polyclonal antibodics or Fab

fragments of such antibodics.
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{88138} The protocols for immunocassays using antigens for detection of specific antibodies are
well known in art. For example, a conventional sandwich assay can be used, or a conventional
competitive assay format can be used. For a discussion of some suitable types of assays, see
Current Protocols in Immunology {supra). In certain embodiments, a peptide or population of
peptides of the invention is immobilized on a solid or semi-solid surface or carrier by means of
covalent or non-covalent binding, either prior to or after the addition of the sample containing

antibody.

{80131} Devices for performing specific binding assays, especially imumunoassays, are known
and can be readily adapied for use in the present methods. Solid phase assays, 1o general, are
casier to perform than heterogencous assay methods which require a separation step, such as
precipitation, centrifugation, filtration, chromatography, or magnetism, becaunse separation of
reagents is faster and siropler. Solid-phase assay devices include microtiter plates, How-through
assay devices {e.g., lateral flow immunoassay devices), dipsticks, and immunocapillary or

immunochromatographic immunoassay devices,

{80132} In embodiments of the tnvention, the solid or semi-solid surface or casrier is the floor or
wall in a microtiter well, a filter surface or membrane (e.g., 8 nitrocellulose membranc ora
PVDF {polyvinylidenc fluoride} membrane, such as an Immobilon™ membrane), polyethylene
membrane such as Porex® membrane, a hollow fiber, 8 beaded chromatographic medium (e.g.,
an agarose or polyacrylamide gel}, a magnetic bead, a fibrous cellulose matrix, an HPLC matrix,
an FPLC matrix, a substance having molecules of such a size that the molecules with the peptide
bound thereto, when dissolved or dispersed in a liquid phase, can be retained by means of a filter,
a substance capable of forming micclles or participating in the formation of micelles allowing a
figuid phase to be changed or exchanged without entraining the miceclces, a water-soluble

polymer, or any other suitable carrier, support or surface.

180133} In some embodiments of the invention, the peptide is provided with {e.2. conjugated to)
a suitable label which enables detection. Conventional labels may be used which arc capable,
alone or in concert with other compositions or compounds, of providing a detectable signal,

Suitable labels inchude, but are not limited to, cnzymes {e.g., HRP, beta-galaciosidase, alkaline
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phosphatase, etc.), fluorescent labels, quantum dots, radicactive labels, colored latex particles,
and metal-conjugated labels (e.g., metallic nanolayers, metalfic nanomaterial-conjugated labels).
Suttable metallic nanomaterials include, but are not limited to, metallic nanoparticles, metallic
nanoplates, and metallic nanoshells. Suitable metallic nanomatcerial labels include, but arc not
Himited to, gold particles or nanoplates, stiver particles or nanoplates, copper particles or
nanoplates, platinum particles or nanoplates, palladium particles or nanoplates, cadmium
particles or nanoplates, composite particies or nanoplates, gold hollow spheres, gold-coated silica
nanoshells, and silica-coated gold shells. Metallic nanclayers suitable for detectable layers
include nanolayers comprised of cadmium, zinc, mercury, and noble metals, such as gold, silver,
copper, and platinum. In some embodirents, the metallic nanolayers comprise composite gold-

stiver or silver nanolayers coated with gold.

{00134} Sunable detection methods nclude, e.g., detection of an agent which is tagged, directly
or indirectly, with a colorimetric assay {e.g., for detection of HRP or beta-galactosidase activity}),
visual inspection using light microscopy, immunofluorescence microscopy, including confocal
microscopy, or by How cytometry (FACS), autoradiography (e.g., for detection of a radicactively
labeled agent), electron microscopy, immunostaining, subeellular fractionation, or the like. In
one erobodiment, a radicactive element {e.z., a radicactive aminge acid) is incorporated directly
into a peptide chain; in another embodiment, a fluorescent label is associated with a peptide via
biotin/avidin interaction, association with a fluorescein conjugated antibody, or the like. Inone
embodiment, a detectable specific binding partner for the antibody is added to the mixture. For
example, the binding partacr can be a detectable secondary antibody or other binding agent (e.g.,
protein A, protein G, protein L or combinations thercof) which binds to the first antibody. This
sccondary antibody or other binding agent can be labeled, e.g., with a radioactive, enzymatic,
fluorescent, quantum dot, luminescent, metallic nanomaterial such as metallic nanoparticle,
metallic nanoplate, or metallic nanosheli {(e.g. colloidal gold}, or other detectabic label, such as
an avidin/biotin system. In another embodiment, the binding partner is a peptide or population of
peptides of the invention, which can be conjugated directly or indirectly {e.g. via biotin/avidin
interaction) to an cnzyme, such as horseradish peroxidase or alkaline phosphatase or other

signaling moicty. In such cmbodiments, the detectable signal is produced by adding a substrate
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of the enzyme that produces a detectable signal, such as a chromogenic, fluorogenic, or

chemiluminescent substrate.

{80135] A “detection system” for detecting bound peptide, as used herein, may comprise a
detectable binding pariner, such as an antibody specific for the peptide. In one cmbodiment, the
binding partner is labeled directly. In another cmbodiment, the binding partner is attached to a
signal generating reagent, such as an cnzyme that, in the presence of a suitable substrate, can
produce a detectable signal. A surface for immobilizing the peptide may optionally accompany

the detection system.

{00136} In some embodiments of the invention, the detection procedure comprises visibly
inspecting the antibody-peptide complex for a color change, or inspecting the antibody-peptide
complex for a physical-chemical change. Physical-chemical changes may ocour with oxidation
reactions or other chemical reactions. They may be detected by eye, using a spectrophotometer,

or the Hike.

{00137} A particularly uscful assay format is a lateral flow immumoassay format. Antibodies to
human or animal (e.g., dog, mouse, deer, ete.) immunoglobuling, or staph A, G, or L proteins,
can be labeled with a signal generator or reporter (e.g., colloidal gold) that is dried and placed on
a glass fiber pad (sample application pad or conjugate pad}. The diagnostic peptide or
population of peptides of the invention is immobilized on membrane, such as nitrocellulose ora
PVDF (polyvinylidene fluoride} membrane {e.g., an Immobilon™ membrane). When a solution
of sample (blood, serum, ctc.} is applied to the sample application pad {or flows through the
conjugate pad), it dissolves the labeled reporter, which then binds to all antibodies in the sample.
The resulting complexes are then transported into the next membrane {(PYDF or nitrocctiulose
containing the diagnostic peptide) by capillary action. If antibodics against the diagnostic
peptide or population of peptides arc present in the sample, they bind to the diagnostic peptide or
population of peptides striped on the membrane, thereby generating a signal {e.g., a band that can
be scen or visualized). An additional antibody specific to the labeled antibody or a second

iabeled antibody can be used to produce a control signal.
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180138} An alternative format for the lateral flow immunoassay comprises the peptides or
compositions of the invention being conjugated to a ligand {e.g., biotin} and complexed with
iabeled ligand receptor {e.g., streptavidin-colloidal gold). The labeled peptide complexes can be
placed on the sample application pad or conjugate pad. Anti-human IgG/IgM or anti-animal
{c.g., dog, mouse, deer) 1gG/igM antibodies or other peptides of the invention arc immobilized
on a membranc, such as nitroccllulose or PYDF, or Porex® membrane at a test site {e.g., a tost
linc). When sample is added to the sample application pad, antibodics in the sample react with
the labeled peptide complexes such that antibodies that bind to peptides of the invention become
indirectly labeled. The antibodies in the sample are then transported into the next membrane
{(PVDIF, Porex® membrane, or nitrocellnlose containing the diagnostic peptide) by capillary
action and bind to the immobilized anti-human IgG/IgM or anti-animal 1gG/IgM antibodies (or
protein A, protein G, protein A/G fusion proteins, protein L, or combinations thercof) or
iramobilized peptides of the invention. If any of the sample antibodies are bound to the Iabeled
peptides of the invention, the label associated with the peptides can be seen or visualized at the
test site. Another embodiment of this type of lateral flow device in which the peptides of the
invention are used both as the immobilized capture agent at a test sife and as a soluble labeled
complex to react with antibodies in a sample is shown in Figure 1. In such embodiments, to
amplify the detection signal, protein A, protein G, and/or protein A/G fusion proteins conjugated
to a detectable label {e.g., metallic nanomaterial such as nanoparticle, nanoplate, or nanoshell,
HRP, B-GAL, ALP, fluorophore, colored latex particle or quantum dots) may be applied to the
test site where they will bind to the Fo region of any antibodies to dnaplasma antigens captured
by the immobilized peptides of the invention, Suitable countrols for this assay can include, e.g., a
chicken IgY-colloidal gold conjugate located at the sarple application pad or conjugate pad, and
an anti-chicken Ig¥ antibody immobilized at a control site located proximal to the test site.

Chicken anti-Protein A may also be used as the procedural control line.

[88139] Another assay for the screening of blood products or other physiological or biological
fluids is an enzyme linked immunosorbent assay, ie, an ELISA. Typically in an ELISA,
isolated peptides or mixtures or populations of peptides of the invention are adsorbed to the
surface of a microtiter well divectly or through a capture matrix {e.g., an antibody). Residual,

non-specific protein-binding sites on the surface are then blocked with an appropriate agent, such
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as bovine scrum albumin (BSA), heat-inactivated normal goat serum (NGS), or BLOTTO
blocking buffer (a buffered solution of nonfat dry milk which also contains a preservative, salts,
and an antifoaming agent, availablc from Thermo Scientific as Blocker'™ BLOTTO). The well
is then incubated with a biological sample suspected of containing specific anti-Anaplasma (e.g.,
anti-A. phagocviophilum or anti-A. platys) antibody. The sample can be applied neat, or more
often it can be diluted, usually in a buffered solution which contains a small amount (0.1-5.0%
by weight) of protein, such as BSA, NGS, or BLOTTO. After incubating for a sufficient length
of time to allow specific binding to occur, the well is washed to remove unbound protein and
then incubated with an optimal concentration of an appropriate anti-immunoglobulin antibody
{e.g., for human subjects, an anti-homan tmmunoglobulin (atHulg) from another animal, such as
dog, mouse, cow, cte.} or another peptide or population of peptides of the invention that is
conjugated to an enzyme or other label by standard procedures and s dissolved in blocking
buffer. The label can be chosen from a varicty of cnzymes, including horscradish peroxidase
{HRP), beta-galactosidase, alkaline phosphatase (ALP), glucose oxidase, B-GAL, cte. Sufficient
time is allowed for specific binding to occur again, then the well is washed again to remove
unbound conjugate, and a suitable substrate for the cnzyme is added. Color is aliowed to
develop and the optical density of the contents of the well is determined visually or
instrumentally {measured at an appropriate wave length}, The cutoff OD value may be defined
as the mean OD+3 standard deviations (SDs) of at lecast 50 serum samples collected from
individuals from an arca where anaplasmosis is not endemic, or by other such conventional

definitions. In the case of a very specific assay, OD+2 S can be used as a cutoff value.

{00148} In onc embodiment of an ELISA, a peptide or population of peptides of the invention is
immobhilized on a surface, such as a ninety-six-wel ELISA plate or equivalent solid phase that i
coated with streptavidin or an equivalent biotin-binding compound, such as avidin or
neutravidin, at an optimal concentration in an alkaline coating buffer and incubated at 4° C
overnight, After a suitable number of washes with standard washing buffers, an optimal
concentration of a biotinylated form of a peptide or composition of the invention, dissolved ina
conventional blocking buffer, 1s apphied to cach well. A sample 1s then added, and the assay

proceeds as above. Conditions for performung ELISA assays are well-known in the art.
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{08141} In another embodiment of an ELISA, a peptide or population of peptides of the
invention is immobilized on a surface, such as a nincty-six-well ELISA plate or equivalent solid
phase via a fusion partner, e.g., BSA or MAPS. A sample is then added and the assay proceeds

as above.

{00142} An altornative format for the ELISA assay featurcs the peptide(s} of the invention being
attached {e.g., fused) to an appropriate enzyme, such as HRP. Stops for carrying out such an
ELISA include: coating the wells of a plate with anti-dog, anti-cat, or anti-human IgG/igM;
incubating samples suspected of containing antibodics to the peptides of the invention with the
immobilized anti-species IgG/gM; removing unreacted sample and washing the wells with a
suttable wash buffer; applying enzyme-coupled (e.g., HRP-coupled) peptide or population of
peptides of the invention and allowing it to react with any captured anti-Anaplasma antibodies;
and visualizing the enzyme-coupled peptide by applying an appropriate enzyme substraie {e.g.,

TMB).

{80143} In another embodiment, the methods comprise an agglufination assay. For example, in
certain embodiments, metallic nanoparticles, metallic nanoplates, or metallic nanoshells (e.g.,
colloidal gold, etc.) or latex beads are conjugated to peptides or compositions of the invention,
Subsequently, the biclogical fhud 1s incubated with the bead/peptide conpugate, thereby forming
a rcaction mixture, The reaction mixfire is then analyzed to determine the presence of the
antibodics. In certain embodiments, the agghitination assays comprise the use of a second
population of particles, such as metallic nanoparticles, metallic nanoplates, or metallic nanoshells
{e.g., colloidal gold, etc.) or latex beads, conjugated to (1) antibodies specific to the peptides or
composttions of the invention, in the casc of a competition assay, or (2} antibodics capable of
detecting sample antibodics {e.g., anti-human g or IgM antibodies, anti-dog 1gG or IgM
antibodics, anti-cat IgG or IgM antibodics, cte.}, in the case of a sandwich assay. Suitable
agglutination methods can comprise centrifugation as a means of assessing the extent of

agglutination.

{00144} In still other embodiments, peptide or compositions of the invention arc electro- or dot-

blotted onto nitroccllulose paper. Subsequently, a sample, such as a biological fluid {e.g., scrum

-
!
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or plasmay} is incubated with the blotted antigen, and antibody in the biological fluid is allowed to
bind to the antigen{s}. The bound antibody can then be detected, e g, by standard
immunocnzymatic mcthods or by visualization using metallic nanomaterial such as
nanoparticles, nanoplates, or nanoshelis coupled to secondary antibodies or other antibody
binding agents, such as protein A, protein G, protein A/G fusion proteins, protein L, or

combinations thereof

{80145} 1t should be understood by one of skill in the art that any number of conventional protein
assay formats, particularly immunoassay formats, may be designed to utilize the isolated
peptides or populations of peptides of this invention for the detection of Anaplasma antibodies
and infection by pathogenic Anaplasma {e.g., 4. phagocviophilum, A. plaiys, ot 4. marginaley in
a subject. This invention is thus not limited by the selection of the particular assay format, and is

behieved to encompass assay formats that are known to those of skill in the art.

{80146} In cortain embodiments, the sample used in the methods is a bodily fluid, such as blood,
plasma, serum, cerebrospinal fhuid, urine, or saliva. In other embodiments, the sample s a tissue
{e.g., a tissue homogenate) or a cell lysate. In certain embodiments, the sample is from a wild

antmal {e.g., a deer or rodent, such as a mouse, chipmunk, squirrel, ete). In other embodiments,
the sample s from a lab amimal {e.g., a mouse, rat, guinea pig, rabbit, monkey, primate, ete.}. In

other embodiments, the sample is from a domesticated or feral animal {e.g., a dog, a cat, a horse}.

In still other embodiments, the sample is from a human.

{603147] Much of the preceding discussion is directed to the detection of antibodies against
pathogenic Anaplasma. However, it is to be understood that the discussion also applies to the

detection of primed T-cells, cither in vitro or in vivo.

{00148} 1t i3 expected that a cell-mediated immumne response (e.2., a T-helper response) is
generated, since fgG is produced. 1t is therefore expected that it will be possibic to determine the
immunological reactivity between primed T-cells and a peptide of the invention. fn vitro this can
be donc by incubating T-cells isolated from the subject with a peptide or population of peptides

of the invention and measuring the immunoreactivity, e.g., by measuring subsequent T-cell
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proliferation or by measuring release of cytokines from the T-cells, such as {FN-y. These

methods are well-known in the art,

[B3149] When a method of the invention is carried owut in vive, any of a variety of conventional
assays can be used. For example, one can perform an assay in the form of a skin test, e.g., by
intradermally injecting, in the subject, a peptide or population of peptides of the invention. A
positive skin reaction at the location of injection indicates that the subject has been exposed to
and infected with a pathogenic Anaplasma species capable of causing anaplasmosis, and a
negative skin response at the location of injection indicates that the subject has not been so
exposed/infected. This or other in vive tests rely on the detection of a T-cell response in the

subject.

{86150} The present invention also provides a method for diagnosing anaplasmosis in a subject.
Anaplasmosis in humans was previcusly known as human granulocytic chrlichiosis and has more
recently been termed human granulocytic anaplasmosis. Some strains of Anaplamsa {e.g., 4.
platysy cause cyclic thrombocytopenia in animals {e.g. in dogs, the disease is termed Infectious
Canine Cyclic Thrombocytopenia (ICCT)). Thus, the present invention also provides a method
for diagnosing cyclic thrombocytopenia or ICCT in a subject. The subject can be a subject
suspected of having antibody against a causative agent of anaplasiwosis or eyclic
thrombocytopenia. The diagnostic method is useful for diagnosing subjects exhibiting the
clinical symptoms of anaplasmosis or cyclic thrombocytopenia. Clinical symptoms of human
anaplasmosis {7.e., human granulocyiic anaplasmosis} inchude, but are not himited to, fever,
headache, malaise, chills, myalgia, abdominal pain, cough, confusion, thrombocytopenia,
icukopenia, and elevated serum fransaminase levels. Clinical symptoms of anaplasmosis or
cychic thrombocyiopenia in animals {e.g. canines) include, but are not limited to, profound
anemia, tachycardia, dyspnea, diarrhea, anorexia, weight loss, ataxia, leukopenta, lethargy,
lvmphadenomegaly, pale mucous membranes, fever, mucopurulent nasal discharge, inappetance,

weak or painful limbs, and lameness.

{08151} In some embodiments, the methods comprise contacting a sample from the subject with

a peptide of the jnvention, and detecting formation of an antibody-peptide complex comprising
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said peptide, wherein formation of said complex is indicative of the subject having anaplasmosis
or cyelic thrombocytopenia. In certain embodiments, the methods comprise contacting the
sample with a population of two, three, four, or more {e.g., 5,6, 7, 8, 9, 10, 15, 20, 25, 30, 40, 50,
60, 70, 80, 30, 100, 150, 200, 250, 300, 400, 500, or more) different peptides of the invention
and detecting formation of an antibody-peptide complex comprising said one or more peptides in
the population, whercin formation of the complex 1s indicative of the subject having
anaplasmosis or cyclic thrombocytopenia. For instance, in one particular embodiment, the
methods comprise contacting the sample with a population of two or more different isolated
peptides, wherein cach isolated peptide comprises a sequence of SEQ 1D NO: 1. In another
particular embodiment, the roethods comprise contacting the sample with a population of two or
more different isolated peptides, wherein each isolated peptide comprises a sequence of SEQ 1D
WO 3. Insull another embodiment, the methods comprise contacting the sample with a

population of two or more different isolated peptides, wherein cach isolated peptide comprises a
sequence of SEQ ID NO: 4. In some embodiments, the methods comprise contacting the sample
with a population of two or more different 1solated peptides, wherein cach isolated peptide
comprises a sequence of SEQ ID NG: 2, SEQID NG: 5, SEQIDNG: 6, SEQIDNG: 7, SEQ ID
NG &, SEQID NG: 9, or SEQ 1D NO: 543.

{00152} In certain embodiments, the methods comprise contacting the sample with a mixture of
one or more peptides of the invention and one or more other peptides {e.g., an Ehriichia peptide,
or antigenic fragment or epitope thereof, or a Borrelia peptide, or antigenic fragment or epitope
thereof.) Co-infections with Anaplasma and Ehrlichia or Borrelia specics are common. Thus,
diagnostic methods of the invention that employ populations of peptides comprising the
Anaplasma peptides described herein and one or more peptides from an Earlichia or Borrelia
species are useful for detecting such co-infections. Exemplary Efrlichia antigenic peptides that
may be used with the dnaplasma peptides of the invention are deseribed in ULS. Application No.
14/052,296 and U.S. Patent No. 8,828,673, both of which are incorporated by reference hercin in
their entiretics. Exemplary Borrelia antigenic peptides that may be used with the Anaplasma
peptides of the invention are described in U.S. Patent Nos. 8,568,989 and 8,758,772, both of

which arc incorporated by reference herein in their entiretics. Other Ehrlichia and Borrelia
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antigens arc known in the art and may be used in combination with the Araplasma poptides of

the invention to detect co-infections in a subject.

{80153} In certain embodiments, the peptide or each peptide in the population is an isolated {e.g.,
synthetic and/or purified) peptide. In some embodiments, the peptide or population of different
peptides is attached to or immobhilized upon a substrate {e.g., a solid or semi-solid support}). For
example, in certain emabodiments, the substrate is a bead or plurality of beads {e.g., a colloidal or
other type of particle or metallic nanomaterial such as nanoparticie, nanoplate, or nanoshell), a
flow path in g lateral flow immunoassay device {e.g., a porous membrane), a flow path in an
analytical or centrifugal rotor, a blot {e.g., a Western blot, dot blot, or slot blot), a tube or a well
{e.g., in a plate suitable for an ELISA assay}, or a sensor {e.g., an electrochemical, optical, or
opto~-clectronic sensor). In some embodiments, the peptide or population of peptides 1s attached
to or immobilized upon a solid support through a roetallic nanolayer that, in some erobodiments,
may be comprised of cadmiom, zing, mercury, or a noble metal {e.g., gold, silver, copper, and

platinom}.

{08154] There are a number of different conventional assays for detecting formation of an
antibody-peptide complex comprising a peptide of the 1nvention. For example, the detecting step
can comprise performing an ELISA assay, performing a lateral flow immunocassay, performing
an aggiutination assay, performing a wavelength shift assay, analyzing the sample using a
Western blot, a slot blot, or a dot blot, performing an Indirect Fluorescent Antibody test,
analyzing the samplc in an analytical or centrifugal rotor, or analyzing the sample with an
clectrochemical, optical, or opto-clectronic sensor. These different assays are described above

and/or are well-known to those skilled in the art.

1801558} In certain embodiments, the sample used in the diagnostic methods of the invention is a
bodily fluid, such as blood, plasma, serum, cerebrospinal fluid, urine, or saliva. In other
embodiments, the sample is a tissue {e.g., a tissue homogenate) or a cell lysate. In certain
embodiments, the subjoct is a wild animal {e.g., a deer or rodent, such as a mouse, chipnunk,

squirrel, ctc.}. In other cmbodiments, the subject is a lab animal {e.g., a mouse, rat, guinea pig,
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rabbit, monkey, primate, otc.). In other embodiments, the subject is a domesticated or foral

animal {e.g., a dog, a cat, a horse}. In still other embodiments, the subject is a human.

{80156] The present invention also includes a method for identifying the specics of Anaplasma
infecting a subject. Such methods aid in the treatmoent of the infection in the subject because
treatment regimens may differ depending on the particular Anaplasma specics causing the
infection. The species identification methods are also useful in the epidemiology of Anaplasma
infections and anaplasmosis. In certain embodiments, the method distinguishes between
infections caused by 4. phagocytophifum and infections caused by A. platvs. In one embodiment,
the method comprises contacting a sample from the subject with a first peptide or population of
isolated peptides and a second peptide or population of 1solated peptides, wherein the first
peptide or population of isolated peptides specifically binds o antibodics against antigens from
multiple dnaplasma species, and wherein the second peptide or population of isolated peptides
specifically binds to antibodies against antigens from a single dnaplasma species. Formation of
a first antibody-peptide complex comprising said first peptide or one or more peptides in the first
population and formation of a second antibody-peptide complex comprising said second peptide
or one or more peptides in the second population are detected, wherein formation of both the first
and second antibody-peptide complexes mdicates that the subject is infected with the Anaplasma

species that is specifically bound by the second peptide or population of isolated peptides.

{80157} In some embodiments, the first peptide or first population of peptides specifically binds
to antibodics against antigens from 4. phagocviophilum, A. plaiys, and A. marginale. In certain
embodiments, the first peptide or first population of peptides specifically binds to antibodics
against antigens from both 4. pliagocytophibum and 4. platys. For example, in one embodiment,
the first peptide comprises a sequence of SEQ 1D NO: 3. In another embodiment, the first
population of peptides comprises three or more different peptides, wherein cach peptide in the
population comprises a sequence of SEQ 2 NO: 3 or a fragment thereof, In such embodiments,
the first population of peptides may comprisc three or more peptides listed in Table 3 {(i.e., three

or more peptides comprising or consisting of sequences of SEQ 1D NOs: 199-350).
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{00158} In certain embodiments, the second peptide or second population of peptides specifically
binds to antibodics against antigens from 4. platys. For instance, in one embodiment, the second
peptide comprises a sequence of SEQ ID NO: 4. In another embodiment, the second population
of peptides compriscs three or more different peptides, wherein cach peptide in the population
comprises a sequence of SEQ ID NO: 4 or a fragment thereof. In such embodiments, the first
population of peptides may comprise three or more peptides listed in Table 4 (i e., three or more
peptides comprising or consisting of sequences of SEQ 1D WOs: 351-398). In other
cmbaodiments, the sccond peptide or sccond population of peptides may comprise a sequence of
SEQ 1D NOs. 6-8. In related embodiments, the sccond population of peptides comprises three or
more different peptides listed in Tables 6 or 7 {i.e., three or more peptides comprising or

consisting of sequences of SEQ 13 NQOs: 407-464).

{80159} In such embodiments in which the second peptide or second population of peptides
specifically binds to antibodies against antigens from A, platvs, formation of both the {irst and
seeond antibody-peptide complexes indicates that the subject is 1nfected with 4. platys. To related
embodirnents, formation of the first antibody-peptide complex, but not the second antibody-
peptide complex indicates that the subject is infected with 4. phagocyviophilum. For instance, in
certain embodiments, the first population of isolated peptides s defined by SEQ ID N(O: 3 and
the second population of isolated peptides is defined by SEQ 1D NO: 4, and formation of both
the first and second antibody-peptide complexes 1s detected indicating that the subject is infected
with 4. plaiys. In other embodiments, the first population of isolated peptides is defined by SEQ
1D NO: 3 and the sccond population of isolated peptides is defined by any one of SEQ ID NOs: 6
to 8, and formation of both the first and sccond antibody-peptide complexes is detected
indicating that the subject is infocted with 4. platvs. In some embodiments, the first population
of isolated peptides is defined by SEQ ID NO: 3 and the sccond population of isolated peptides
is defined by SEQ 1D NO: 4, and formation of the first antibody-peptide complex, but not the
second antibody-peptide complex is detected indicating that the subject is infected with 4.
phagocytophilum. In other embodiments, the first population of isolated peptides is defined by
SEQ 1D NO: 3 and the second population of isolated peptides is defined by any one of SEQ ID
NOs: 6 to 8, and formation of the first antibody-peptide complex, but not the second antibody-

peptide complex is detected indicating that the subject is infected with 4. plagocviophilum.
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{06166} In alternative embodiments, the second peptide or second population of peptides
specifically binds to antibodics against antigens from 4. phagocyiophilum. For instance, in one
embodiment, the second peptide comprises a sequence of SEQ 1D NO: |, In another
embodiment, the second population of peptides comprises three or more different peptides,
wherein cach peptide in the population comprises a sequence of SEQ 1D NO: 1 or a fragment
thercof. In such cmbodiments, the first population of peptides may comprise three or more
peptides listed in Table 1 (i.e., three or more peptides comprising or consisting of sequences of
SEQ 1D NOs: 10-117). In other embodiments, the sccond peptide or second population of
peptides may comprise a sequence of SEQ 1D NOs. 2, 5, or 9. In related embodiments, the
seeond population of peptides comprises three or more different peptides histed 1n Tables 2, 5, or
8 {i.e., three or more peptides comprising or consisting of sequences of SEQ 1D NOs: 118-198,

399-406, or 465-542}.

{00161} In such embodiments i which the second peptide or second population of peptides
specifically binds to antibodies against antigens {from A, phagocyiophilum, formation of both the
first and second antibody-peptide complexes indicates that the subject is infected with 4.
phagocytophilum, In related embodiments, formation of the first antibody-peptide complex, but
not the second antibody-peptide complex indicates that the sebject 18 infected with 4. platys. For
instance, i certain embodiments, the first population of isolated peptides is defined by SEQ ID
NO: 3 and the second population of isolated peptides is defined by SEQ 1D NO: 1, and formation
of both the first and second antibody-peptide complexes is detected indicating that the subject is
infected with 4. phagocytophilum. In other embodiments, the first population of isolated
peptides is defined by SEQ 12 NO: 3 and the second population of isolated peptides is defined
by any onc of SEQ ID NOs: 2, 5, or 9, and formation of both the first and second antibody-
peptide complexes is detected indicating that the subject is infected with 4. phagocyiophifum. In
some embodiments, the first population of isolated peptides is defined by SEQ 1D NO: 3 and the
second population of isolated peptides is defined by SEQ 1D NO: 1, and formation of the first
antibody-peptide complex, but not the sccond antibody-peptide complex is detected indicating
that the subject is infected with 4. platvs. In other embodiments, the first population of isolated

peptides is defined by SEQ ID NO: 3 and the second population of isolated peptides is defined
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by any one of SEQ 13 NOs: 2, 5, or 9, and formation of the first antibody-peptide complex, but
not the second antibody-peptide complex is detected indicating that the subject is infected with

A. platys.

{00162} The first and second antibody-peptide complexes can be detected using various methods
including, but not limited to, performing an ELISA assay, running a lateral flow assay,
performing an agglutination assay, performing a Western blot, a slot blot, or dot blot, performing
a wavelength shift assay, performing an Indirect Fluorcsceont Antibody test, or running the
sample through an analytical or centrifugal rotor. Such methods and devices for use in the

methods are described 1n detail above.

{00163} In other cmbodiments, the method for identifying the species of Anaplasma infecting a
sabject comprises contacting a sample from the subject with a fivst population of peptides and a
cell extract of a single Anaplasma species, wherein the first population of isolated peptides
specifically binds to antibodies against antigens from multiple Anaplasma specics; detecting
formation of a first antibody-peptide complex comprising one or more peptides in the first
population; and detecting formation of an antibody-celi extract complex comprising one or more
components in the cell extract, wherein formation of both the first antibody-peptide complex and
the antibody-cell extract complex indicates that the subject is infected with the Anaplasma
species that produced the cell extract. In some embodiments, the cell extract is from 4.

phagocyiophilum.

{60164] A cell extract comprises components of cells, It can be generated by lysing cells {e.g.,
with detergents} and removing unwanted components {(¢.g., using centrifugation to remove
insoluble matter such as membranc fragments, vesicies, and nuclei). A cell extractcan be a
whole-cell lysate or partial-cell lysate. Cell extracts usually consist mostly of cytosol. Various
methods of making cell extracts arc well known to those of skill in the art. Commercial kits are

available for generating cell extracts.

Kits
{80165] In vet another aspect, the invention provides kits for use in the detection and diagnostic
assays described herein. In some embodiments, the kits comprise one or more peptides of the
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invention. In certain embodiments, the kits comprise a population of peptides of the invention.
The peptides can comprise a sequence of SEQ D NO: 1, SEQ 1D NO: 2, SEQ 1D NO: 3, SEQ
IDNO: 4, SEQ ID NG: 5, SEQ ID NOG: 6, SEQ ID NG: 7, SEQ ID NG: 8, SEQ ID NO: 9, SEQ
1D NO: 343, or fragments thercof. In onc embodiment, the Kits comprise two or more
populations of peptides of the invention. For example, in one ermbodiment, the kits comprise a
first population of peptides defined by SEQ 1D NO: 3 and a sccond population of peptides
defined by SEQ ID NO: 4. In particular embodiments, the peptides are attached to or
immobilized on a solid support. In some embodiments, the peptides arc attached to or
immobilized on a solid support through a metallic nanolayer (e.g., cadmium, zine, mercury, gold,
silver, copper, or platinagm nanolayer). In certain erobodiments, the solid support is a bead or
plurality of beads {e.g., a colloidal particle or a metallic nanomaterial such as nanoparticles,
nanoplates, or nanoshells), a flow path in a lateral flow immunoassay device, a flow path in an
analytical or centrifugal rotor, a tube or a well {e.g., in a plate), or a sensor {e.g., an

clectrochemical, optical, or opto-clectronic sensor).

[00166] Reagents for particular types of assays can also be provided in kits of the invention,

Thaus, the kits can inchide a population of beads (e.g., suitable for an agglutination assay or a

lateral flow assay), or a plate {e.g., a plate suitable for an ELISA assay}. In other embodiments,

the kits comprise a device, such as a lateral flow immunoassay device, an analytical or
centrifugal rotor, a Western blot, a dot blot, a slot blot, or an electrochemical, optical, or opto-
electronie sensor. The population of beads, the plate, and the devices are useful for performing
an immunoassay. For example, they can be useful for detecting formation of an antibody-
peptide complex comprising an antibody from a sample and a peptide of the invention. In
certain embodiments, a peptide, a population of different peptides of the invention, or a peptide

composition of the invention is attached to or immobilized on the beads, the plate, or the device.

{80167} In addition, the kits can include various diluents and buffers, labeled conjugates or other
agents for the detection of specifically bound antigens or antibodics (¢.g. labeling reagents), and
other signal-generating reagents, such as enzyme substrates, cofactors and chromogens, In onc
embodiment, the kits comprise a labeling reagent capable of binding to an antibody that

recognizes an epitope of onc or more peptides of the invention. For instance, in some
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embodiments, the kit comprises an anti-human, anti-caning, or anti-feline 1gG or IgM antibody
conjugated to a detectable label {e.g., a metallic nanomaterial such as a nanoparticie, a nanoplate,
or a metallic nanoshell, a metallic nanolayer, a fluorophore, a quantum dot, a colored latex
particle, or an cnzyme) as a labeling reagent. In other embodiments, the kit comprises protein A,
protein G, protein A/G fusion proteins, protein L, or combinations thereof conjugated to a
detectable label {e.g., a metallic nanomaterial such as a metallic nanoparticle, a metallic
nanoplate, a metallic nanoshell, a metallic nanolayer, a fluorophore, a quantum dot, a colored
iatex particle, or an enzyme) as g labeling reagent. An exemplary protein A/G fusion protein
combines four Fo-binding domains from protein A with two from protein G. See, e.g., Sikkema,
IW.IDD., Amer. Biotech, Lab, 7:42, 1989 and Eliasson et /., J. Biol. Chem. 263, 4323-4327,
198§, both which are hereby incorporated by reference in their entireties, In still other
embaodiments, the labeling reagents of the kit are a second population of peptides of the invention
conjugated to a detectable label {e.g., a metallic nanomaterial sach as a metallic nanoparticle, a
metallic nanoplate, a metallic nanoshell, a metallic nanolayer, a fluorophore, a colored latex
particle, or an enzyme}. The second population of peptides can be the same as or different than
the first popuolation of peptides, which may optionally be attached to or immobilized upon a solid

support.

{08168] Other components of a kit can casily be determined by one of skill in the art. Such
components may include coating reagents, polyelonal or monoclonal capture antibodics specific
for a peptide of the nvention, or a cocktail of two or more of the antibodies, purified or semi-
purified extracts of these antigens as standards, monoclonal antibody detector antibodics, an anti-
mouse, anti-dog, anti-cat, anti-chicken, or anti-human antibody conjugated to a detectable label,
indicator charts for colorimetric comparisons, disposable gloves, decontamination instructions,
applicator sticks or containers, a sample preparatory cup, ctc. In one embodiment, a kit
compriscs buffers or other reagents appropriate for constituting a reaction medium allowing the

formation of a peptide-antibody complex.

{80169 Such kits provide a convenient, cfficient way for a clinical laboratory to diagnose
infection by a pathogenic Anaplasma specics, such as 4. phagocviophilum, A. plaiys, or 4.

marginale. Thus, in certain embodiments, the kits further comprise an instruction. For example,

0
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in certain embodiments, the kits comprise an instruction indicating how fo use a peptide or
population of peptides of the invention to deteet an antibody to one or more Anaplasma antigens
or to diagnose anaplasmaosis or cyclic thrombocytopenia. In certain embodiments, the kits
comprise an instruction indicating how to usec a population of beads, s plate, or a device (e.g.,
comprising a peptide or a population of different peptides of the invention) to detect an antibody

to one or more Anaplasma antigens or to diagnose anaplasmosis or cyclic thrombocytopenia.

{86176} The peptides, compositions and devices comprising the peptides, kits and methods of the
invention offer a number of advantages. For example, they allow for simple, incxpensive, rapid,
sensitive and accurate detection of anaplasmosis or cychic thrombocytopenia, and avoid serologic
cross-reactivity with other conditions with similar svmptoms. This allows for an accurate
diagnosis. Furthermore, a diagnostic test of the invention {e.g., an ELISA assay, lateral flow
fmamunoassay, or agglutination assay} is useful in serum samples that contain anti- MSP 2/p44 or
anti-OMP/pd4 antibodies or other antibodies produced in response to a vaccine based on the

outer surface proteins of Anaplasma.

{80171} The following examples ilhustrate various aspects of the invention. The examples
should, of course, be understood to be merely illustrative of only certain embodiments of the

mvention and not to constitute lmitations upon the scope of the invention.

EXAMPLES

Example 1. ELISA Assay

{88172} Two different populations of peptides were synthesized using standard synthesis
procedures. Each peptide in the first population of peptides (APL-ID1} contained a sequence of
SEQ 1D NO: 3. The first population of peptides specifically binds to antibodics elicited by both
A. phagocyviophilum and A. plaivs. Each peptide in the second population of peptides (APL-ID2)
contained a sequence of SEQ 12 NO: 4. The sccond population of peptides specifically binds to

antibodics elicited primarily by A. platvs.
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{88173} Each peptide in the two populations was linked separately to the carrier protein bovine
serum albumin (BSA) using thio-cther chemistry. The resulting BSA-peptide conjugates were
used as capture entitics in 36-well ELISA plates to create two separate ELISA assays {onc
population of peptides per plate). The plates were blocked with 5% non-fat milk powder

dissolved in 25 mM borate buffer (pH2.5) to prevent undesirable non-specific hinding.

100174} Dogs were inoculated with 4. phagocviophilum-intected tick cell cultures to initiate
cxposure of the dogs to 4. phagocviophilum. Stabilized blood obtained from animals known to
harbor 4. platys infection as determined by PCR and microscopic examination was inoculated
into a separate group of dogs for initiating infection with 4. plarys. Blood sarples from each

group of inoculated dogs were collected at various days following inoculation.

{00175} Plasma prepared from the blood samples was tested for reactivity with the APL-TDT and
APL-ID2 peptides using the ELISA plates described ahove. The plasma samples were diluted
1:250 to 1:1000 1n blocking solution and added to blocked wells in cach of the two ELISA
plates. After a one-hour incubation period, the unreacted materials were removed by washing the
micro wells, The specifically captured anti-peptide dog g or IgM were detected by reaction
with HRP-labeled Protein A, HRP was assayed using a commercial TMB substrate. The optical

density of each well was read at 650 nm with a plate reader.

{08176] Reactivity of plasma samples obtained from an 4. platys-infected dog {15-13) dog and
an 4. phagocyiophilism-infected dog (3-13) with APL-IDI peptides and APL-1D2 peptides are
shown in Figures 5 and 6, respectively. The samples from the 4. phagocviophilum-infected dog
{dog 3-13) showed significant reactivity with APL-1D1 peptides, whereas the reactivity of such
samples with APL-IDZ peptides was much lower. In contrast, samples from the 4. plafys-
infected dog {dog 15-13) showed similar reactivity towards both populations of peptides. These
cxperimental results show that populations of peptides defined by SEQ 1D NO: 3 (APL-ID1) and
SEQ 1D NO: 4 {APL-1D2) have a high degree of sensitivity in detecting the presence of
antibodics to Anagplasma antigens. In addition, the results show that these two populations of
peptides can be used to identify the infocting species of Anaplasma. A sample that tests positive

for reactivity with APL-ID1 peptides, but not APL-1D2 peptides is positive for 4.
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phagocytophilum, whercas a sample that tests positive for reactivity for both peptides is positive

for 4. platvs.

Example 2. Lateral Flow Assay

{80177} A lateral flow immunoassay in a double antigen sandwich format was constructed to
detect the presence of antibodics specific for Anaplasma antigens. A population of peptides
comprising peptides with a sequence of SEQ 1D NG: 3 (APL-ID1), SEQ 1D NO: 6 (APL-IDS. 1),
or SEQ D NO: 7 (APL-ID6) was linked to BSA and the resulting complexes were used both as
test conjugate (peptides labeled with gold nanoparticles) and as capture (imunobilized at the test
Hine of the device). The signal produced at the test line was enhanced by Protein A and Protein
G-gold conjugates (amplifier) added to the labeled peptide conjugate. The device is depicted in
Figure 7.

[88178] The operation of the device is tHustrated in Figure 8. To conduct the assay, one drop of
anti-coagulated whole blood, serum, or plasma s apphied to the sarople port of the device. The
blood separation pad filters blood cells from whole blood. Plasma {or serom) mobilizes and
binds specifically to the test conjugate present on the conjugate pad and any formed antibody-
peptide complexes migrate to the nitroceliulose membrane containing the test and the control
regions. The application of a chase buffer after sample application moves the free and the bound
test conjugates through the nitrocelhulose membrane towards the apper absorbent pad. The
labeled peptide~-antibody complexes move to the test line where immobilized peptides capture
labeled peptide-antibody complexes via the second binding sites on the antibodics. Protein A-
gold and Protein G-gold conjugates in the conjugate mixture bind to captured antibodics
amplifying the detection signal. The appearance of one red line at the test site and a second red
ling at the control site indicates the presence of antibodics to Anaplasma spp. {e.g..
phagocytophilum or platys) in the sample. The appearance of a red line at only the control site
indicates the absence of antibodies to all of the Anaplasma spp. in the sample. The test is
considered invalid if (i} a signal at the test line appears but no signal at the control line is present

or {ii) no signal is obscrved at cither the control or test lines.
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{88179} Nincty-five dog plasma samples positive for Anaplasma spp. as determined by indirect
immunofluorescence assay, IDEXX SNAP 4DX Plus™, and ELISA using the same peptide
mixture, were tested in the lateral flow device. In addition, fifty-one dog plasma samples that
were determined to be negative for Anaplasma spp. by the same methods were also cvaluated.
Each samplc was tested twice in the device. Each test was performed by a different operator. At
the end of the test period, cach test was marked by the operator as cither positive or negative,
Additionally, scanned images of each test were obtained and analyzed by the Imagel method. A
test where both operators agreed on the designation was recorded as the same designation
{pos/neg}). Where operators disagreed, a third test was run by a third operator and taken as the
final result (pos/neg) for that sample. The results are summarized in Table 9 below. The lateral
flow assay had a sensitivity of 97.9% and a specificity of 90.2%. This example demonstrates that
a population of peptides comprising peptides having a sequence of SEQ ID NO: 3, SEQ ID NO:
6, or SEQ ID WNO: 7 can effectively detect antibodies against dnaplasma antigens when

employed in a lateral How assay format,

Table 9. Lateral Flow Assay Results of Known Anaplasma-Positive and Negative Samples

Megative by Lateral Flow Pasitive by Lateral Flow
No. of known negative 46 S
samples
Ng. of known positive 5 93
samples

Example 3. Indirect Fluorescent Antibodv Assav

{60180] An indirect fluorescent antibody test is constructed using latex beads coated with one or
more peptides of the invention. In certain embodiments, the peptides defined by SEQ 1D NO: 3
{APL-1D1), SEQ ID NO: 4 (APL-1D2), and/or SEQ 1D NO: 6 {APL-1D5.1) arc used. The
peptides of the invention are coated onto malcimide-derivatized latex beads using thio-cther
chemistry. Alternatively, the peptides of the invention may be conjugated to BSA via thio-cther
or stmilar chemistrics and are passively absorbed on to latex beads. A population of such beads

is then immobilized on a glass slide using known techniques.
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{00181} To conduct the assay, one drop of secrum or plasma (diluted appropriately with a suitable
buffer} from dogs suspected of having anti-Anaplasma antibodies, is applied to the glass slide
coated with latex beads. Following a suitable incubation time, the unreacted materials are
washed away and a drop of fluorescently labeled anti-dog 1gG {or 1gM) is applied and the slides
arc incubated for an additional time period. The final preparation is viewed under a fluorcscent
microscope to determine fluorescently tagged latex beads. The classification of the test
scruny/plasma as positive or negative is based on comparison with appropriate controls. An
cnzyme label may be used in place of the fluorescent label in which casc the visualization step
eroploys an enzyme substrate. For example, anti~dog TgG/IgM labeled with alkaline phosphatase
can be visualized by exposing the slide to a BCIP-nitro BT substrate. Labeled Protein A, Protein
G, or Protein A/G fusion can be used in place of labeled anti~-dog TgG and anti~dog TgM to detect

antibodies bound to the peptide-coated beads.

Exammie 4. Identilication of the Species of Anapiasma Infecting Dogs in Unknown Samples

{83182} This example demonstrates successful identification of the species of Anaplasma

infecting dogs using the peptide populations of the invention and Araplasma cell extracts.

{88183] Forty one dog plasma samples, which were all tested and classified by visual inspection
as positive for Anaplasma infection using the IDEXX SNAP 4DX Plus'™ assay, were tested in
an ELISA assay similar to that described in Example 1. Three 96-well ELISA plates were
coated with various peptides or celi extract {(prepared using a commercial kit from Sigma-
Aldrich) at room temperature for 1 hour, Plate 1 was coated with 100 pL/well of a mixture of
three peptide populations: APL-ID1 (SEQ 1D NO: 3, final concentration 7Tug/mL), APL-ID5 .1
(SEQ ID NO: 6, final concentration 7ug/mb), and APL-1D6 (SEQ 1D NO: 7, final concentration
7ug/ml}. Plate 2 was coated with 100 gL/well of a mixture of two peptide populations: APL-
ID5.1 {(SEQ D NO: 6, final concentration 7pg/mb}, and APL-ID6 (SEQ ID NOG: 7, final
concentration 7ug/mL). Plate 3 was coated with 100 pl/well of an 4. phagocytophilum whole-
cell lysate (final concentration Sug/mb}. The peptide mixture on plate 1 specifically binds to
antibodics elicited by both 4. phagocytophilum and A. platvs. The peptide mixture on plate 2
specifically binds to antibodies elicited primarily by 4. platyvs. The whole-ccll lysate on plate 3
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specifically binds to antibodies elicited primarily by 4. phagocyiophifum. The plates were then

washed.

{00184} The plates were then blocked with 300 ul/well of 7% non-fat milk in 250 miM borate
buffer (pHY.5} at room temperature for | hour to prevent undesirable non-specific binding. The

plates were washed again.

{00185] Plasma samples from dogs with or without Anaplasma infection (the “unknown

~
7
I

samples™) were diluted /100 in 7% milk, and 100 pL/well of cach sample were added to the

ELISA plates and incubated at room temperature for 1 hour. The plates were washed again.

[80186] The plates were then incubated with 100 ul/well of Protein A-HRP conjugate (diluted
1:1000) at room femperature for 1 hour. The plates were washed again, and 100 uL/well of
substrate (TMB) was added and incubated at room temperatare for 10 minutes. OD readings of
all the samples were obtained and compared to standard curves. For plate 1 and plate 2 (the two
“peptide” plates), serial dilutions of pooled positive saroples were used to create standard curves.
For plate 3 (the lysate plate), a two point curve was made using a negative sample and a canine

sample from a dog which was experimentally infected with 4. pliagocytophilum ("3-137).

[B8187] Species identification results of these samples using the peptide-cell extract ELISA,
along with the results of the SNAP test and an indirect immunofluorescence assay (JFA}, are
shown in Table 10, Both the SNAP and the IFA tests only detected Arnaplasma at the genus

level and could not be used to determine the species of dnaplasma.

Table 1{. Identification of Anaplasina Species in Unkaown Samples

Sample | Combo latys hago NN Plus™ e
D | Score’ | Score’ | WCLscore® | CTIIOGNN | sropigomay | IFA U
cell extract” result
i 214 G8&6 315 platys 31.6% 25600
2 g i o7 NEG 40.1% 25600
3 37 19 107 phago 14.7% 12800
4 i7 5 i51 phago 30.1% 25600
5 Gl 24 38 phago 18.3% o400
6 37 27 47 phago 23.8% £400
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Anaplasma | gy ap anx
Sample | Combo | platys PRago | yoined with | PUS IFA titer’
D Score’ Score® | WCLSCOTE” | Lontidas ang | (Anaplasma) ’
cail extract’ result
7 21 6 30 phago 7.0% 3200
8 10 2 39 phago 18.7% 6400
9 29 2 172 phago 32.0% 25600
10 i2 1 86 phago 14.5% 12800
i & -1 89 NEG 12.4% 3200
2 165 0 110 phago 39.0% 25600
13 52 2 362 phago 37.3% 25600
4 18 -1 69 phago 46.0% 25600
is 49 3 206 phago 39.3% 25600
16 26 10 79 phago 22.2% 3200
17 34 4 30 phago 25.3% 6400
8 40 2 82 phago 34.3% 25600
19 6 2 51 NEG 11.4% 3200
240 232 0 141 phago 26.8% 1600
21 5302 245 8 platys 25.9% 12800
22 91 33 10 platys 17.5% 1600
23 12 7 24 phago 46.3% 51200
24 483 714 ) platys 11.7% 6400
25 61 53 18 platys 19.7% 6400
26 117 122 49 platys 7.3% 51200
27 244 140 16 platys 27.7% 12800
28 25 37 15 platys 28.2% 12800
29 56 72 21 platys 17.9% 12800
30 156 250 2 platys 9.2% 1600
31 517 880 i7 platys 39.3% 12800
32 23 25 30 phago 8.3% 3200
33 & 4 24 NEG 20.9% 25600
34 18 23 5 platys 13.8% 1600
35 82 79 33 platys 45.0% 5400
36 35 27 18 platys 17.1% 3200
37 354 256 26 platys 49.0% 6400
38 ) 19 36 NEG 43.9% 25600
39 20 45 20 platys 19.7% 12800
40 60 186 8 platys 1.3% 1600
i ) < 1:50
41 2 1 46 NEG 4.9% (NEG)

@ Combo Score was calculated by comparing OD readings of unknown samples from Plate 1 to a

standard curve generated with OD readings of a serially diluted calibrator made of known positive

sarapies analyzed under the same conditions {with peptide populations APL-ID1, APL-IDS.1, and APL-

D86).
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" platys Score was caleutated by comparing OD readings of unknown samples from Plate 2 to a
standard curve generated with OD readings of a serially diluted calibrator made of known positive
sampies analyzed under the same conditions (with peptide populations APL-IDS.1, and APL-ID6).

¢ phago WCL Score was calculated by comparing 0D readings of unknown samples from Plate 3
to a two point standard curve comprised of result from a healthy dog’s plasma sampie (negative control)
and result from a plasma sample from 3-13, a dog experimentally infected with A phagocviophifum,
analyzed voder the same conditions {(with 4. phagocyiophilum whole-cell lysate).

9 Identification of the Anaplasma species infecting dogs in unknown samples using the Combo
Score, platys Score, and phagoe WCL Score. Samples with Combo Scores of 9 or lower are classified as
negatve for dnaplasma infection (“NEG™). Samples with Combo Scores higher than 9 are classified as
posittve for Anaplasma infection and the infecting Anaplasma species are assigned by comparing the
platys Score with the phago WCL Score--sampies with higher platys Scores thao phago WCL Scores are
classified as positive for 4. platvy infection (“platys™), and samples with lower platys Scores than phago
WL Scores are classified as positive for 4. phagocytophifum infection (“phago™). If a sample’s platys
Score 1s 1dentical to its phago WCL Score, and its combo score 1s greater than 9, the sample s classified
as positive for Anaplasma infection with species indeterminate.

CIDEXX SNAP 4DX Plus™ assay was performed according to manufacturer’s instruction.
Percentages were calculated through densitometry analysis of images of the SNAP cassettes. They
represent “(density of test sample)/{density of test sample + density of positive control)”.

" The IFA assay was performed with a commercial kit which used 4. phagocytophilum cells to
detect antibodies against Anaplasma. IFA titers were determined by serially dituting plasma samples and
testing each dilution with unowobilized 4. phagocyiophilum cells.

{00188} The result in this Example demonstrates that the specics of Anaplasma infecting a
subject can be successfully identified using the peptide populations and ceil extract. In addition,
a positive control sample from an 4. phagocytophilum-infected dog, 3-13, was correctly

identificd in this Exampie {data not shown).

180189} To the extent that any definitions in documents incorporated by reference are
inconsistent with the definitions provided herein, the definitions provided hercin are controlling.
Although the invention has been described with reference to the presently preferred
embodiments, it should be understood that various changes and modifications, as would be
obvigus to one skilled in the art, can be made without departing from the spirit of the invention,

Accordingly, the invention is limited only by the following claims.

{00190} The disclosures, including the claims, figures and/or drawings, of cach and ¢cvery patent,
patent application, and publication cited herein are hereby incorporated hercin by refercnce in

their entireties.
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CLAIMS:

1. A composition comprising a population of isolated peptides, said population comprising
three or more different peptides, wherein cach peptide in the population comprises a sequence of:

(1) Abaxis 1D 2 (SEQ ID NO: 1) or a fragment thereof, wherein Xo is an amino acid
selected from the group consisting of I, P or H, X, 18 an amino acid sclected from the group
consisting of I, W, or Y, Xy is an amino acid selected from the group consisting of R, D, or N,
Koy 18 an amino acid selected from the group consisting of E or N, and X3y is an amino acid
sclected from the group consisting of L or V;

(i1) Abaxis 1D 3 (SEQ ID NO: 2} or a fragment thereof, wherein X5 is an amino acid
selected from the group consisting of L, V or A, X 1s anamino acid selected from the group
consisting of K, N or Q, X1 is an anuno acid selected from the group consisting of R, D, or N,
and X5 18 an amino acid selected from the group consisting of E, N or (;

(1) APL-IDI (SEQ ID NGO: 3} or a fragment thereof, wherein Xs is an amino acid
selected from the group consisting of V or A, X5 is an amino acid selected from the group
consisting of G, T or H, X is an amino acid selected from the group consisting of E, N, or Q,
Xys 18 an amino acid selected from the group consisting of D or N, X3; 18 an amino acid selected
from the group consisting of R, B, or N, X5 is an amino acid selected from the group consisting
of Q, D, or E, Xy¢ 18 an amino acid selected from the group consisting of E or N, X3 i8 an amino
acid selected from the group consisting of L or V, Xys 18 an amino acid selected from the group
consisting of K or (3, Xuz is an amino acid selected from the group consisting of F or V, Xs; is an
amino acid selected from the group consisting of D or N, X4 is an amino acid sclected from the
group consisting of E or (3, X5 is an aming acid selected from the group consisting of S or J,
Ko 1s an amino acid selected from the group consisting of F or W, X4 is an amino acid selected
from the group consisting of L or V, and X4 is an amino acid sclected from the group consisting
of Jor D

(iv) APL-ID2 (SEQ 1D NO: 4) or a fragment thercof, wherein X, is an amino acid
sclected from the group consisting of K or , Xo i3 an amino acid selected from the group
consisting of F or V, X5, 18 an amino acid sclected from the group consisting of D or N, X5 is an
amino acid selected from the group consisting of E or Q, Xz 18 an amino acid seiccted from the

group consisting of S or (3, Xy, is an amino acid selected from the group consisting of F or W,
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X4 1s an aming acid sclected from the group consisting of 1 or V, and X7 is an amino acid
selected from the group consisting of Q or D;

(v} APL-ID3 (SEQ ID NO: 5) or a fragment thereof, wherein X 18 an amino acid
selected from the group consisting of L or V, X, 18 an amino acid sclected from the group
consisting of S or Y, and X33 18 an amino acid sclected from the group consisting of E or N

(vi) APL-ID5. 1 (SEQ 1D NO: 6} or a fragment thereof]

(vii) APL-ID6 (SEQ ID NO: 7) or a fragment thereof, wherein X5 is an amino acid
selected from the group consisting of S or Q, Xy is an amino acid selected from the group
consisting of F or Y, Xz is an amino acid sclected from the group consisting of R or H, Xys is an
amino acid selected from the group consisting of W or Y, X5 18 an amino acid selected from the
group consisting of § or @, X 1s an amino acid selected from the group consisting of K or H,
and X7 is an amino acid selected from the group consisting of N or I;

{(viii) APL-1D7 (SEQ 1D NO: 8) or a fragment thercot, wherein X 1 an amino acid
selected from the group consisting of V, L or §, and X5, is an amino acid selected from the group
consisting of A or L; or

() APID 2-1 (SEQ ID NO: 9) or a fragment thercof, wherein Xs 1s an amino acid
selected from the group consisting of V or A, X5 is an aming acid selected from the group
consisting of G, T or H, Xj; is an amino acid selected from the group consisting of E, N, or G,
X1 18 an amino acid selected from the group consisting of R, D, or N, X5 is an amino acid
selected from the group consisting of 3, D, or E, Xog 1s an amino acid selected from the group

consisting of E or N, and X3 18 an amino acid selected from the group consisting of L or V.

2. The composition of claim 1, wherein one or more of the peptides is conjugated to a
ligand.
3. The composition of any one of the proceeding claims, wherein one or more of the

peptides is conjugated to biotin, avidin, streptavidin, neutravidin, serum albumin, keyhole limpet

hemocyanin (K1L.H), an ¢nzyme, or a metallic nanomaterial.

4. The composition of any one of the proceeding claims, wherein the population of peptides

is immobilized to a solid support optionally through a metallic nanolayer.

9
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5. The composition of claim 4, whercin the solid support i3 a plurality of beads, a flow path

in a lateral flow immunoassay deviee, a well in a microtiter plate, or a flow path in a rotor.

6. The composition of any one of the procecding claims, whercin the fragment is at least 15,
20, 25, 30, 35, 40, 45, 50, 55, or 60 amino acids long.

7 The composition of any one of the proceeding claims, wherein the composition further
comprises onc or Mmore antigenic poptides from an Anaplasma species, an Efrfichia specics,

and/or a Borrelia species.

8. The composition of any one of the proceeding claims, wherein the corposition

comprises at least two different populations of peptides recited in claim 1.

9. The composition of clairo &, wherein af least one of the populations of peptides 1s defined

by SEQ 1D NO: 3.

1. The composition of claim 9, wherein the composttion further comprises a second

population of isolated peptides defined by SEQ ID NG 7.

1. The composition of claim [0, wherein the composition further comprises a third

population of isolated peptides, wherein cach peptide comprises the sequence of SEQ 1D NG: 6.

i2. The composition of claim 9, wherein the composttion further comprises a sccond

population of isolated peptides, wherein each peptide comprises the sequence of SEQ ID NO: 6,

13 A method for detecting in a sample an antibody to an cpitope of an Anaplasma antigen,
the method comprising:

contacting a sample with the composition of any one of claims 1-12; and

detecting formation of an antibody-peptide complex comprising one or more peptides in
the composition, wherein formation of said complex is indicative of an antibody to an epitope of

an Anaplasma antigen being present in said sample.
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4. The method of claim 13, wherein said Anaplasma antigen is from dnaplasma

phagocviophilum, Anaplasma platys, or Anaplasma marginale.

15. The method of any onc of claims 13-14, wherein the composition of isolated peptides is

immobilized to a solid support optionally through a metallic nanolayer.

16. The method of claim 15, wherein said solid support is a plurality of beads, a flow path in

a lateral flow assay device, a well in a microtiter plate, or a flow path in a rotor,

17.  The method of any one of claims 13-16, wherein said detecting step comprises (1)
performing an ELISA assay, (1) running a lateral flow assay, (ii1) performing an agglutination
assay, {iv) performing a Western blot, a slot blot, or dot blot, (v} performing a wavelength shift
assay, {vi} performing an Indirect Floorescent Antibody test, or (vii) running the sample through

an analytical or cenirifugal rotor,

18. The method of any one of claums 13-17, wherein said sample is from a human, canine, or
» 5

feline subject.

19. The method of any one of claims 13-18, wherein said sample is a blood, serum, plasma,

cercbrospinal fhud, tissue extract, urine, or saliva sample.

28. A method for diagnosing anaplasmosis in a subject, the method comprising:
contacting a sample from the subject with the composition of any one of claims 1-12; and
detecting formation of an antibody-peptide complex comprising one or more peptides in
the composition,

wherein formation of the complex is indicative of the subject having anaplasmosis.

21. The method of claim 20, wherein said subject is a human, canine, or feline.
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22. A kit comprising the composition of any one of claims 1-12 and a labeling reagent
capable of binding to an antibody that recognizes an epitope of one or more peptides in the

composition.

23 The kit of claim 22, wherein the peptides in the composition are attached to or

immobilized on a solid support optionally through a metallic nanolayer.

24. The kit of claim 22, whercin the labeling reagent is an anti-human, anti-canine, or anti-

feline 1g( or IgM antibody conjugated to a detectable label,

25, The kit of claim 24, wherein the detectable label is an enzyroe, a metallic nanoparticle,

metallic nanoshell, metallic nanolayer, Huorophore, or colored latex particle.

26. The kit of claim 22, wherein the labeling reagent 1s protein A, protein G, and/or a protein

A/G fusion protein conjugated to a detectable label,

27. The kit of claim 26, wherein the detectable label 1s an enzyme, a metallic nanoparticie,

metallic nanoshell, metallic nanolayer, fluorophore, or colored latex particle.

238. A method for identifying the species of dnaplasma infecting a subject, the method
comprising:

(a) contacting a sample from the subject with a first population of isolated peptides and a
second population of isolated peptides, wherein the first population of isolated peptides
specifically binds to antibodies against antigens from multiple Araplasma specics, wherein the
second population of isolated peptides specifically binds to antibodics against antigens from a
single Anaplasma specics;

(b} detecting formation of a first antibody-peptide complex comprising one or more
peptides in the first population; and

(¢} detecting formation of g sccond antibody-peptide complex comprising one or more

peptides in the second population, whercin formation of both the first and sccond antibody-
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peptide complexes indicates that the subject is infected with the Anaplasma specics that is

specitically bound by the second population of isolated peptides.

29, The method of claim 28, wherein the first population of isolated peptides specifically

binds to antibodies against antigens from A. phagocytophifum and A, platys.

30.  The method of claim 29, wherein the first population of isolated peptides is defined by

SEQ 1D NO: 3.

31, The method of claim 28, wherein the second population of isolated peptides specifically

binds to antibodics against antigens from 4. plafvs.

32. The method of claim 31, wherein the second population of 1solated peptides is defined by

SEQ 1D NO: 4.

33.  The method of any one of claims 28-32, wherein the first population of 1solated peptides
is defined by SEQ ID NO: 3 and the second population of isolated peptides 18 defined by SEQ 1D
NO: 4, and wherein formation of both the first and second antibody-peptide complexes indicates

that the sabject is infected with 4. platys.

34, The method of any one of claims 2&-32, wherein the first population of isolated peptides
is defined by SEQ 1D NO: 3 and the second population of isolated peptides is defined by SEQ ID
NO: 4, and wherein formation of the first antibody-peptide complex, but not the second

antibody-peptide complex indicates that the subject is infected with 4. phagocyiophilum.

35. A method for identifying the specics of Anaplasma infecting a subject, the method
comprising:

(a) contacting a sample from the subject with a first population of isolated peptides and a
cel extract of a single Anaplasma species, wherein the first population of isolated peptides

specifically binds to antibodics against antigens from multiple 4dnaplasma species;
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(b} detecting formation of a first antibody-peptide complex comprising one or more
peptides in the first population; and

(¢} detecting formation of an antibody-cell cxiract complex comprising one or more
components in the ceH extract, whercin formation of both the first antibody-peptide complex and
the antibody-cell extract complex indicates that the subject is infected with the Anaplasma

species that produced the cell extract.

36.  The method of claim 35, wherein the first population of isolated peptides specifically

binds to antibodies against antigens from A. phagocytophifum and A, platys.

37. The method of claim 36, wherein the first population of isolated peptides s defined by

SEQ 1D NO: 3.

38. The roethod of any ove of clavms 35-37, wherein the cell extract 5 from 4.

phagocytophilum.
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