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lia VISE protein. The invention also provides devices, methods, and kits comprising such peptide compositions and usetul for the

o detection of antibodies that bind to Borrelia antigens and the diagnosis of Lyme disease.
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PEPTIDES AND METHODS FOR THE DETECTION OF LYME DISEASE
ANTIBODIES

CROSS-REFERENCE TO RELATED APPLICATIONS
{8001} This application claims the benefit of UK, Provisional Application No. 61/262,099,

filed November 17, 2009, which 1s herein incorporated by reference in its entirety.

DESCRIPTION OF THE TEXT FILE SUBMITTED ELECTRONICALLY

10002] The contents of the text file submitted electronically herewith are incorporated herein
by reference in thetr entitety: A computer readable format copy of the Sequence Listing
{filename: ABAX 035 01WO Seqlist STZ5.ixt, date recorded: November 16, 2010, file

size 29 kilobytes).

BACKGROUND OF THE INVENTION

{0003} Lyme disease is a debilitating condition that has become a significant public health
concern. The discase 1s caused by mntection with a pathogenic Borrelia bacterium (a
spirochete) and is transmitted by the bite of various species of Borrelia-infocted Ixodes ticks.
Accurate and early detection of Lyme disease is critical to effective treatment, The ounly
clinical symptom safficient for diagnosis of Lyme disease is the presence of erythema
migrans, a rash having a distinctive bulls-cye appearance. However, erythoma migrans is
only present carly during wnfection and, even then, does not appear in all infected individuals.
Other clinical symptoms that have been associated with Lyme disease, such as Bell’s palsy,
are not specific enough, either aloue or 10 combimation, to determine chimical diagnosis n the

absence of erythema migrans.

{30304] In the absence of erythema migrans, the basis for diagnosis of Lyme disease s an
antibody response to a pathogenie Borrelia spocies, such as Borrelia burgdorferi, Borrelia
afzelli, or Borrelia gavinidi. o North America, the Center for Disease Control (CDC)
recommends a two-tier approach for serodiagnosis of Lyme discasc consisting of a sensitive
first-ticr assay, such as ELISA, followed by a western blot if the first tier assay is positive or

equivocal. First tier assays have traditionally made use of a whole-cell Borrelia burgdorferi
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auntigen or recombinant Borrefia proteius. Such assays can be difficult to interpret, though,
and are complicated by Borrelia antibodies arising from vaccination rather than infection. In

addition, whole cell sonicaies used in some Borrchia assays react with Treponema antibodies,

{6005} More recently, the C6 peptide assay, based on the conserved IR6 domain of the
variable surface antigen (VISE) of Borrelia, has become widely accepted as a first-tier assay
having a high degree of sensitivity for disseminated and late Lyme disease. The C6 peptide
assay uses a single 25 amino acid sequence of the Borrelia burgdorferi VIsE protein as the
test antigen. Although it has been suggested that the €6 peptide assay may be suitable fora
single-tier approach to diagnosis of Lyme discase, it 18 becoming apparent that the C6 assay
is not sufticiently sensitive for such purposes because it fails to detect certain strains of

infectious Borrelia,

16006} Accordingly, there remains a need in the art for additional assays for detecting

Borrelia antigens and serodiagnosis of Lyme disease.

SUMMARY OF THE INVENTION
{0007} The present invention is based, in part, on the discovery that certain sequence variants
in the IR6 domain of the Barrelia VIsE protein provide for robust detection of an antibody
response against a wide range of Borrelia species. Accordingly, the invention provides
compostiions, devices, methods, and kits usctul for the detection of antibodies that bind to

Borrelia antigens and the diagnosis of Lyme disease.

{8008} In one aspect, the invention provides peptides capable of binding to antibodies that
recognize Borrelia antigens. In certain embodiments, the peptides comprise a VisE IR6
domain and a sequence from at least one {e.g., two, three, etc.) other Borrelia antigen. In
certain embodiments, the at least one other Borrelia antigen is a surface antigen (e.g., OspC,

p41, or a combination thereof).

10009] In certain embodiments, peptides of the mvention comprise a sequence of SEQ 1D
NO: 1,
M-K-2G-Xa-D- X - A-A - XK - V-R- K- G-M- AKX - G- X0 -F-A-304- X5 (SEQ D
NO:1)

|x]
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whereim X3 1¢ an amino acid selected from the group counsisting of R and (3, X, 15 an amine
acid selected from the group consisting of N and D, X ts an amino acid selected from the
group consisting of N and E, Xy is an amino acid selected from the group consisting of V, F
and L, Xy; is an amino acid selected from the group consisting of 1 and M, X4 is an aming
acid selected trom the group consisting of K, @ and H, X9 18 an amino acid selected from the
group consisting of N, ¢ and E, X;; is an amino acid selected from the group consisting of E
and Q, Xo 18 an amino acid selected from the group consisting of L, V, Y and W, and X5 18

an amino acid selected from the group consisting of K and R.

{3010} In certain embodiments, peptides of the wvention cotaprise a sequence of SEQ 1D
N 1, wherein Xz 18 an amino acid selected from the group consisting of R and @, X4 is N,
X 1s an anino acid selected trom the group consisting of N and E, X 18 an amino acid
selected from the group consisting of V, F and L, Xy; 18 §, X4 is an amino acid selected from
the group consisting of K, Q@ and H, X9 1s an amino acid selected from the group consisting
of N, (¢ and E, X5y is E, X5, 18 an amino acid selected from the group consisting of |, W, and
Y, and X5 18 K. In other embodiments, peptides of the invention comprise a sequence of
SEQ ID NG: 1, wherein X3 18 an amino acid selected from the group consisting of R and Q,
X418 D, X, 15 an amino acid selected from the group consisting of N and E, X4 1s an amino
acid selected from the group consisting of V, Fand L, ¥y, 1 an amino acid selected from the
group consisting of T and M, X4 is an amino acid selected from the group consisting of K,
and H, Xjo 18 an amino acid sclected from the group consisting of N, Q and E, Xy is an
amino acid selected from the group consisting of E and Q, X4 1s an amino acid selected from
the group consisting of I, W, and Y, and X5 18 an amino acid selected from the group

consisting of K and R.

{6011} In certamn erabodirents, peptides of the mmvention comprise a sequence of SEQ 1D
NO: 1 and further comprise an additional N-terminal peptide sequence. The additional N-
terminal peptide sequence can comprise 1,2, 3,4, 5,6, 7, 8, 9, 10, or more armno acids and
can be either a native or non-native sequence. In certain embodiments, peptides of the
invention comprise a sequence defined by SEQ ID NO: 1 and further comprise an additional
(C-terminal sequence. The additional C-terminal peptide sequence can comprise 1,2, 3,4, 5,

6,7, 8,9, 10, or more amino acids and can be either a native or non-native sequence, In

(U]
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certain embodiments, the non-native sequence comprises a non-VIsH Borrelio antigen (e.g., a

Borrelia OspC or p41 antigen).

{3012] In other embodiments, the peptides of the invention comprise a sequence of SEQ ID
NQ?,, T -1‘12-113~ﬁ4-1‘15-Ilg;mn';'Q-D-ﬁ1()“1\’1“K~X13“X} 4"D'X16~I~A-—AA}L'XZQ~X3 1"\7“L'X24~G"I\«’1'A’5&~K“
Xag-(G-K57-F-A-X34-X35--N-E-C30-D-0q1-A-B-cy-G (SEQ 1D NO:2) wherein 1y 1S an amino
acid selected from the group consisting of N and D, 1, 18 an amino acid selected from the
group consisting of N and D, n3 18 an amino acid selected from the group consisting of A and
V, ng is an amino acid selected from the group consisting of A and V, ns is an amino acid
selected from the group consisting of A and V, 1y 18 an amino acid selected from the group
consisting of F and Y, ny is an amino acid selected from the group consisting of S and T, mys
18 an amino acid selected {from the group consisting of D, E, N, and Q, X3 18 an amino acid
selected from the group consisting of R and @, X4 is an amino acid selected from the group
consisting of N and D, X5 1s an amino acid selected from the group consisting of N and E,
X0 18 an amino acid selected from the group consisting of V, F and L, X;; 13 an amino acid
selected from the group consisting of [ and M, X4 18 an amino acid sclected from the group
consisting of K, (3 and H, Xz 15 au amino acid selected from the group consisting of N, (3
and B, X;; is an amino acid selected from the group consisting of E and Q, X34 1s an amino
acid selected from the group consisting of L V, Y and W, X5 18 an arnino acid selected from
the group consisting of K and R, c30 is an amino acid sclected from the group consisting of H
and D, ¢4y 18 an amino acid selected from the group consisting of K and R, and ¢44 18 2n
amino acid selected from the group consisting of K and R. 1o certain related embodiments,
o 15 an amino acid selected from the group consisting of D, N, and , X418 N, Xy 18 1, Xy
is B, X34 1s an amino acid selected from the group consisting of |, W, and Y, and X5: s KL In
other related embodiments, nyg1s an amino acid selected from the group consisting of D, N,

and Q, X4 18 I3, and X5s 18 an amuno acid selected from the group consisting of I, W, and Y.

{8013} In certain embodiments, peptides of the invention coruprise at least 23, 30, 35, 44, 45,
or more amino acids. In certain embodiments, peptides of the invention are isolated {e.g.,
synthetic and/or purified) peptides.  In certain embodiments, peptides of the invention are
conjugated to a ligand. For example, in certain embodiments, the peptides are biotinylated.
In other erabodiments, the peptides are conjugated to avidin, streptavidin, or neutravidin, In

other embodiments, the peptides are conjugated to a carrier protein {e.g., serum albumin or an
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immunoglobulin Fe domain). In still other embodiments, the peptides are conjugated to a

dendrimer and/or part of a multiple antigenic peptides systems (MAPS).

{3814} In certain embodiments, peptides of the invention are attached o or immobtlized on a
solid support. In certain embodiments, the sohid support is a bead (e.g., a colloidal particle,
nanoparticle, latex bead, etc.), a flow path in a lateral flow immunoassay device (e.g., a
porous membrane}), a flow path in an analytical rotor, or a tube or well {e.g., in a plate

suitable for an ELISA assay).

10015} In avother 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 1D NO:1, a peptide
comprising a sequence of SEQ 1D NO:2, or mixtures thereof. In certain embodiments, the
composition comprises a mixture of two, three, four, or more differcut peptides of the

invention, wherein cach peptide comprises a sequence of SEQ 1D NO:T or SEQ 1D NO:2.

{0016} In certain ernbodirnents, the peptides are conjugated to a bigand. For example, in
certain embodiments, the peptides are biotinylated. In other embodiments, the peptides are
conjugated to avidin, streptavidin, or neutravidin. fo other embodiments, the peptides are
conjugated to a carrier protein (e.g., serum albumin or an imnmunoglobulin Fe domain). In
still other embodiments, the peptides are conjugated to a dendrimer and/or are part of a

multiple antigenic peptides system (MAPS})

{8017} In another aspect, the invention provides nucleic acids comprising a sequence
encoding a peptide of the invention. In addition, the mvention provides vectors comprising
such nucleic acids, and host cells comprising such vectors. In certain erubodimeuts, the
vector is a shuttle vector. In other embodiments, the vector is an expression vector {e.g., a
bacterial or eukaryotic expression vector), In certain embodiments, the host cell 1s a bacterial

cell. In other embodiments, the host cell is a cukaryotic cell.

{3018} In another aspect, the invention provides devices. In certain embodiments, the
devices are useful for performing an fromunocassay. For example, in certain embodiments,

the device is a lateral flow immunoassay device. In other embodiments, the device is an

(o)}
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analytical rotor. lun other embodiments, the device is a tube or a well, e.g., in a plate suitable
for an ELISA assay. In still other embodiments, the device is an electrochemical, optical, or

opto-electronic sensor,

16619} In certain embodiments, the device compriscs a peptide of the mvention. In other
embodiments, the device comprises a muxture of different peptides of the invention. For
example, in certain embodiments, the device comprises two, three, four, or more different
pepiides of the wvention. In cerlain embodiments, the peplide or each peptide 1o the mixture
comprises a sequence of SEQ [D NO:1 or SEQ 1D NO:2. In certain embodiments, the

peptides are attached to or immobilized upon the device,

10028} In another aspect, the invention provides methods of detecting in a sample an antibody
to an epitope of a Borrelic antigen. In certain embodiments, the methods comprise
contacting a sample with a peptide of the invention, and detecting formation of an antibody-
peptide comiplex comprising said peptide, wherein formation of said complex is indicative of
the presence of an antibody to an epitope of a Borrelia antigen in said sample. In certain
embodimeuts, the Borrefia antigen is from an 1nfectious Borrelia species, such as Borrelia
burgdorferi, Borrelia qfzelli, or Borrelia garinii. In certain cmbodiments, the methods
comprise contacting the sample with a nuxture of two, three, four, or more different peptides

of the invention.

{0021} In cortain embodiments, the peptide or each peptide in the mixture is an isolated {e.g.,
synthetic and/or purified) peptide. In certain embodiments, the peptide or mixture of peptides
is attached to or immobilized upon a solid support. In certain embodiments, the solid support
is a bead (e.g., a colloidal particle, nanoparticle, latex bead, etc.), a flow path in a lateral flow
immunoassay device {e.g., a porous merubrane), a flow path in an analytical rotor, or a tube
or a well {e.g., in a plate suitable for an ELISA assay}. In certain embodiments, the solid
support comprises metal, glass, a cellulose-based material (e.g., nitrocetlulose), or a polywmer
{e.g., polystyrene, polyethylene, polypropylene, polyester, nylon, polysulfone, etc.}. In
certain embodiments, the peptide or mixture of different peptides is attached to a dendrimer

and/or incorporated into a MAPS systen.

)
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10022} In certain embodiments, the detecting step comprises 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 rotor. In still
other embodiments, the detecting step comprises analyzing the sample with an

electrochemical sensor, an optical sensor, or an opto-electronic sensor.

{0023} In certain ervbodireents, the sample is a bodily fhad, such as blood, serum, plasma,
cerebral spinal fluid, urine, mucus, or saliva. In other embodiments, the sample is a tissue
{e.g., a tissue homogenate) or a cell lysate. In certain embodiments, the sample s from a wild
antmal {e.g., a deer or rodent, such as a mouse, chipmunk, squirrel, ete.}). In other
embodiments, the sample 1s from a lab animal {e.g., a mouse, rat, guinea pig, rabbit, monkey,

primate, eic.). In other embodiments, the sample 1s from a domesticated or feral animal {e.g.,

a dog, a cat, a horse}. In still other erbodiments, the sample 15 from a human.

{8024} In another aspect, the invention provides methods of diagnosing Lyme discase in a
subject. In certamn erobodivuents, the methods comprise contacting a sample frow the subject
with a peptide of the invention, and detecting formation of an antibody-peptide complex
comprising said peptide, wherein formation of said corplex 1s indicative of the subject
having Lyme disease. In certain embodiments, the methods comprise contacting the sample

with a mixture of two, three, four, or more different peptides of the invention.

16025} In certain embodiments, the peptide or each peptide in the mixture is an isolated {e.g.,
synthetic and/or purified) peptide. In certain embodiments, the peptide or mixture of
different peptides is attached to or immobilized upon a solid support. For exaraple, in certain
embodiments, the solid support s a bead (e.g., a colloidal particle, nanoparticle, latex bead,
etc.), a flow path in a lateral flow impunoassay device {e.g., a2 porous membranc), a flow
path in an analytical votor, or a tube or a well {e.z., in a plate suitable for an ELISA assay). Io
certain embodiments, the solid support comprises metal, glass, a cellulose-based material
(e.g., nitroceltulose), or a polymer {e.g., polystyrene, polycthylene, polypropylene, polyester,

peptides is attached to a dendrimer and/or incorporated into a MAPS system.

~d
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18026} In certain embodiments, the detecting step comprises 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 rotor. In still
other embodiments, the detecting step comprises analyzing the sample with an

electrochemical sensor, optical sensor, or opto-electronic sensor.

{6027} In certain ervbodireents, the sample is a bodily fhad, such as blood, serum, plasma,
cerebral spinal fluid, urine, or saliva. In other embodiments, the sample is a tissue (e.g2., a
tissue horoogenate) or a cell lysate. In certain exobodivuents, the subject is a wild animal
{e.g., a deer or rodent, such as a mouse, chipmunk, squirrel, ete.}. In other embodiments, the
subject 18 a lab animal {e.g., a mouse, rat, guinea pig, rabbit, monkey, primate, cte.). In other

embodiments, the subject is a domesticated or feral animal {e.g., a dog, a cat, a horse). In still

Ly

other embodiments, the subject 1s a human,

{0028} In yet another aspect, the invention provides kits. In certain embodiments, the kits
comprise a peptide of the invention. In certain embodiments, the ks comprise two, three,
four, or more different peptides of the invention. The peptides can comprise a sequence of
SEQ ID NO:1 or SEQ ID N2, In certain embodiments, the peptides are attached to or
immobilized on a solid support. For example, in certain embodiments, the solid supportis a
bead (e.g., a collowdal particle, nanoparticle, latex bead, etc.), a flow path in a lateral flow
immunoassay device, a flow path in an analytical rotor, or a tube or a well {e.g., in a plate).
In certain embodiments, the peptide or mixture of different peptides is attached to a

dendrimer and/or incorporated into a MAPS system.

16029} In certamn ernbodireents, 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, such as a lateral flow immunoassay device, an analytical rotor, an electrochemical
sensor, an optical sensor, or an opto-electronic sensor. In certain embodiments, the
population of beads, the plate, or the device is useful for performing an immunoassay. For
example, in certain embodiments, the population of beads, the plate, or the device 15 useful
for detecting formation of an antibody-peptide complex comprising an antibody froma

sample and a peptide of the invention. In certain embodiments, a peptide or a mixture of

o0
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different peptides of the invention 8 attached to or immobilized on the beads, the plate, or the

device.

{6038] In certain erubodiments, the kits further comprise an instruction. For example, in
certain embodiments, the kits comprise an instruction indicating how to use a peptide of the
invention to detect an antibody to a Sorrelia antigen or to diagnose Lyme disease. In certain
embodiments, the kits comprise an instruction indicating how to use a population of beads, a
plate, or a device {e.g., cotaprising a peptide or a rowxture of different peptides of the

invention) to detect an antibody to a Borrelia antigen or to diagnose Lyme disease.

{0031} Additional aspects and embodiments of the invention will be apparent from the

detatled description that follows,

BRIEF DESCRIPTION OF THE DRAWINGS
{0032] Figure 1 18 a diagram of an indirect sandwich assay which can be used to detect
antibodies to Borrelia antigens. In this embodiment, anti-human IgG/1gM or anti-dog
1g(5/1gM antibodies are immobilized to a suitable substrate {e.g., nitrocellulose membrane) at
a test site. Antibodies in a test sample are bound by the immobilized antibodies. Test sample
auntibodies to appropriate Borrelia antigens will theu bind to peptides of the mvention. Wheu
the peptides of the invention are conjugated to biotin, colloidal gold-labeled streptavidin can
be used to detect the presence of the peptides at the test site. It can be appreciated that the
indirect sandwich assay can be operated in the reverse-that is the peptides of the invention
can be immobilized to a subsirate to capture anti-Borellia antibodics in a test sample and anti-
haman 1g(3/1gM or anti-dog Ig(G/1gM antibodies conjugated to a label {e.g. colloidal gold)
can be used to detect the presence of the antibodies bound to the immobilized peptides at the

iest site,

10033} Figure 2 i3 a diagraro of a lateral flow immunoassay device based on the idivect
sandwich assay of Fig. 1. In this embodiment of a lateral flow immunocassay device, sample
18 applied at a sample loading pad and then flows through the conjugate pad to the test
membrane. Peptide-biotin-streptavidin-gold complexes are solubilized as the samiple passes
through the conjugate pad and comploxes between peptides of the fnvention and appropriate

anti-Borrelia antigen antibodies are then formed. The test site comprises sample appropriate

G
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aunti-Ig(s or anti-lgM antibodies, which bind to all antibodies 10 the sample. Protein L, for
example, can be used in place of anti-Ig(s or anti-IgM antibodies. H sufficient antibodies in
the saraple have bound to peptides of the invention, a positive signal will appear at the test
stte. In another embodiment of a lateral flow immunoassay device, peptides of the invention
are immobilized at the test site {(T) and sample appropriate anti-IgG or anti-IgM antibodies
{e.g. anti-human or anti-canine} conjugated to a detectable label (e.g. colloidal gold particles)
are present in the conjugate pad. Sample passing through the conjugate pad solubilizes the
labeled antibodies and any anti-Borrelia antigen antibodies present in the test sample bind to
the labeled antibodies and such antibody complexes are captured by the immobilized Borellia
peptides of the invention at the test site, thereby producing a positive signal, In either
embodiment, the device can further comprise a coutrol site (U} at which binding partners that

recognize the labeled peptide or labeled antibody 1n the conjugate pad s immobihized.

10034} Figure 3 1s a diagrarm of a double antigen sandwich assay which can be used to detect
antibodies to Borrelia 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, Auntibodies in a test sample are bound by the immobilized peptides of the
invention. Test sample antibodies to appropriate Borrelia antigens will then bind to a second
set of peptides of the invention that are conjugated to a detector molecule {e.g., colloidal
gold, horse radish peroxidase (HRP), alkaline phosphatase (ALP}), which detects the

presence of the antibodies bound to the first set of peptides immobilized at the test site.

DETAILED DESCRIPTION

{0035] As used herein, the following terms shall have the following meanings:

{0036} The term “antigen,” as used herein, refers to a molecule capable of being recognized
by an antibody. An antigen can be, for example, a peptide or a modified form thercof. An

antigen Can cormprise one Or more epitopes.

{0037} The term “cpiiope,” as used herein, 18 a portion of an antigen that 1s specifically
recognized by an antibody. An epitope, for example, can comprise or consist of a portion of
a peptide {e.g., a peptide of the invention). An epitope can be a linecar epitope, sequential

epttope, or a conformational epitope.

10
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{0038} The terms “nucleic acid,” “oligonucieotide” and “polynuclectide™ are used
interchangeably herein and encompass DNA, RNA, ¢DNA, whether single stranded or

double stranded, as well as chemical modifications thercof

{0039] 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-termunal end 1o the right.

{0040} Additional terms shall be defined, as required, in the detailed description that follows,

Compositions and Devices

{30341} The present invention is based, in part, on the discovery that certain sequence variants
in the IR6 domain of the Borrelia VIsE protein provide for robust detection of an antibody
response against a wide range of Borrelia species. Accordingly, in one aspect, the invention

provides peptides capable of binding to antibodies that recognize Borrelia antigens.

{0042} In certain cmbodiments, peptides of the invention comprise a VisE IR6 domain, ora
fragroent thereof, and a sequence (e.g., a sequence comprising an epitope) from at least one
{e.g., two, three, ote.} other Borrelia antigen. In certain embodiments, the at least one other
Borrefia anttigen 1s a surface antigen or an antigen selected from the group consisting of
OspA, OspB, OspC, pdl, and combinations thereof. Thus, for example, in certain
embodiments, peptides of the invention comprise (1) a VISE IR6 domain, or a fragment
thereof, and (ii} a sequence comprising an epitope of an (spA protein, a sequence comprising
an epttope of an OspB proten, a sequence comprising an epitope of an OspC protein, a
sequence comprising an epitope of a p41 protein, or a combination of such sequences. In
other embodiments, peptides of the invention comprise (i} a VIsE IR6 domain, or a fragment
thereof, (11} a sequence comprising an epttope of an OspC protein, and (i) a sequence

comprising an opitope of a p4! protein.
{3043} In certain embodiments, peptides of the invention comprise or consist of a sequence of

SEQ ID NO: §, M-EK2G-XKa-D-Xe- 1A AR X 0- K- VAL Xy - G- M- AKX oG- Ko - FrA-Kou-

Xos5 (SEQ D NO:1) wherein X5 is an amino acid selected from the group consisting of R and

1t
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J, ¥4 1s an amino acid selected froru the group consisting of N and D, X 18 an arno acid
selected from the group consisting of N and E, X0 is an amino acid selected from the group
consisting of V, F and L, Xy 18 an amino acid selected trom the group consisting of T and M,
K14 18 an amino acid selected from the group consisting of K, Q and H, X0 1s an amino acid
selected trom the group consisting of N, Q and E, X 1s an amino acid selected from the
group consisting of E and (3, Xy, is an amino acid selected from the group consisting of I, V,

Y and W, and Xjs 18 an amino acid sclected from the group consisting of K and R,

{0044} In certain embodiments, peptides of the invention comprise or consist of a sequence of
SEQ ID NO: 1, wherein X3 1s an atoino acid selected from the group counsisting of R and
X8 N, X4 1s an amino acid selected from the group consisting of N and E, Xjp is an amino
acid selected from the group consisting of V, Fand L, Xy 18 §, X4 is an amino acid selected
from the group consisting of K, (3 and H, X0 13 an amino acid selected from the group
consisting of N, Q and E, X5 18 E, Xou 18 an amino acid selected from the group consisting of
I, W,and Y, and X5 is K. In other embodiments, peptides of the invention comprise or
consist of a sequence of SEQ D NO: 1, wherein X5 is an amino acid selected from the group
consisting of R and Q, Xy 15 D, X¢ 18 an amino acid selecied from the group consisting of N
and B, X,; 1s an amino acid selected from the group consisting of V, F and L, X; is an amino
acid selected from the group consisting of Tand M, Xy, 1s an anuno acid selected from the
group consisting of K, (J and H, X4 is ann amino acid selected from the group consisting of N,
Q and E, X5 15 an amino acid selected from the group consisting of E and Q, X4 18 an amino
acid selected from the group consisting of I, W, and Y, and Xos is K. In still other
cembodiments, peptides of the mvention comprise or consist of a sequence of SEQ ID NO: |,
wherein X; is an amino acid selected from the group consisting of R and Q, X415 I, Xg is an
amino acid selected from the group consisting of N and B, X 18 an amino acid selected from
the group counsisting of V, Fand L, Xy; 18 an amino acid selected from the group cousisting of
{and M, Xy, is an amino acid selected from the group consisting of K, Q and H, X0 is an
amine acid selected from the group cousisting of N, Q and E, X, 1s an arno acid selected
from the group consisting of E and QQ, X, is an amino acid sclected from the group consisting

of L W,and Y, and Xpsis Kor R,

10045} In certain embodiments, a peptide of the mnvention comprises or consists of the

sequence M-K-R-N-IN--A-A-V-1-V-L-K-G-M-A-K-N-G-E-F-A-[-K (8EQ 1D NO: 3} M-

12
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K-R-D3-D-N--A-A-V-I-VAL-K-G-M-A-K-N-G-E-F-ASL-KO(SEQ 1D NO: 4); M-K-R-N-D-N-
A=AV -M-V-L-KA-G-MeASKN-G-E-F-ASK (SEQ 1D NGO 51 MAK-R-D-D-N-E-A-A-V -
M-V-L-K-G-M-A-K-N-G-E-F-A-I-K (SEQ 1D NO: 6); M-K-R-N-D-N-I-A-A-V-1-V-L-K-G-
M-A~KN-G-E-F-A-V-K (SEQ 1D NO: 7); M-K-R-D-B-N-1-A-A-V-1-V-LAK-G-M-A-K-N-
G-E-F-A-V-K (SEQ ID NO: 8); M-K-R-N-D-N-{-A-A-V-M-V-L-K-G-M-A-K-N-G-E-F-A-
V-KCESEQ ID NG 9% M-K-RAD-DA-N-ISA-A-V M-V LAKCG-M-A-K-N-G-E-F-A- VK (SEQ
1D NO: 10 M-K-R-N-D-N-1-A-A-V-E-V-L-K-G-M-A-KCN-G-B-F-A-W-K (SEQ 1D NO:
11y M-KAR-D-D-N-T-A-A-VA-V-L-K-G-M-ASK-N-G-E-F- AWK (SEQ D NO: 12); M-K-
R-N-D-N-f-A-A-V-M-V-L-K-G-M-A-K-N-G-E-F-A-W-K (SEQ ID NO: 13); M-K-R-D-D-
N-F-A-A-V-M-V-L--G-MAA-K-N-G-E-F-A-W-K(SEQ 1D NO: 14y M-K-R-N-D-N-I-A-
A-Y-E-V-L-K-G-M-A-K-N-G-E-F-A-Y-K (SEQ ID NO: 15); M-K-R-D-D-N-I-A-A-V--V-
L-K-G-M-A-K-N-G-E-F-A-Y-K (SEQ ID NO: 16); M-K-R-N-D-N-I-A-A-V-M-V-L-K-G-
M-A~KN-G-E-F-A-Y-K (SEQ 1D NO: 17); M-K-R-D-D-N--A-A-V-M-V-L-K-3-M-A-K-
N-G-E-F-A-Y-K (SEQ ID NO: 18); M-K-R-N-D-N-I-A-A-V-I-V-L-K-G-M-A-K-N-G-Q-F-
A-BK(SEQ 1D NO: 19); M-K-R-D-D-N-1-A-A-V-1-V-L-K-G-M-A-K-N-G-(-F-A-L-K
(SEQ ID NO: 20} M-K-R-N-D-N-L-A-A-V-M-V-L-K-G-M-A-K-N-G-Q-F-A--K (SEQ 1D
NO: 21y M-K-R-D-D-N--A-A-V-M-V-L-K-G-MAASK-N-G-Q-F-A--K (SEQ 1D NO: 22);
M-K-R-N-D-N-1-A-A-V-[-V-L-K-G-M-A-K-N-G-3-F-A-V-K (SEQ 1D NO: 23} M-K-R-D-
D-N-I-A-A-V-IV-L-K-G-MAASK-N-G-Q-F-A-V-K (SEQ 1D NO: 24); MAK-R-N-D-N-I-A-
A-V-M-V-L-K-G-M-A-K-N-G-(3-F-A-V-K (SEQ ID NO: 25); M-K-R-D-D-N-[-A-A-V-M-
V-L-K-G-M-A-K-N-G-Q-F-A-V-K (SEQ ID NO: 26); M-K-R-N-D-N-1-A-A-V-I-V-L-K-G-
M-A-KN-G--F-A-W-K (SEQ 1D NG: 27) M-KGR-D-D-NEA-A-V--V-LAK-G-M-A-K-
N-G-Q-F-A-W-K (SEQ ID NO: 28); M-K-R-N-D-N-I-A-A-V-M-V-L-K-G-M-A-K-N-G-(3-
F-A-W-K (SEQ D NO: 29); M-K-R-D-D-N-FA-AV-M-VL-KA-G-M-A-KN-G-G-F-A-W-
K (SEQ 1D NO: 30); M-K-R-N-D-N-I-A-A-V-I-V-L-K-G-M-A-K-N-G-Q-F-A-Y-K (SEQ
3 NG: 31y M-K-R-D-D-N-1-A-A-V--V-LAK-G-M-A-KSN-G-O-F-A-Y K (SEQ ID NO:
323 M-K-R-N-D-N-I-A-A-V-M-V-L-K-G-M-A-K-N-G-Q-F-A-Y -K (SEQ 1D NO: 33); or
M-K-R-D-D-NAEA-A-V-M-VAL-K-G-M-ACKN-G-O-F-A-Y-K(SEQ D NO: 34,

{0046} In other embodiments, a peptide of the invention comprises or consists of the
sequence M-K-R-N-D-N-L-A-A-V-E-V-L-K-G-M-AGK-N-G-E-F- ALK (SEQ 1D NO: 35);
M-K-Q-N-D-N-FFA-A-VAEV-L-K-G-M-A-K-N-G-E-F-A-L-K (SEQ 1D NO: 36); M-K-R-N-
D-E- - A-AV VLK AG-M-A-KN-G-E-F-ASIC{SEQ 1D NO: 378 M-K-G-N-D-E-1-A-A-

s
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V--V-L-K-G-M-AK-N-G-E-F-A-L-KO(SEQ 1D NO: 38) M-K-R-N-D-N-I-A-A-F-I-V-L-K-
G-M-A-K-N-G-E-F-A-I-K (8EQ 1D NO: 39); M-K~(3-N-D-N-I-A-A-F-1-V-L-K-G-M-A-K-~
N-G-E-F-A--K (SEQ ID NO: 40); M-K-R-N-D-E-[FA-A-F-I-V-L-K-G-M-A-K-N-G-E-F-A-
KO(SEQ D NO: 41y M-K-Q-N-D-E-F-A-A-F-}-V-L-K-G-M-A-K-N-G-E-F-A-1-K (SEQ 1D
NO: 42y M-K-R-N-D-N-E-A-A-L-L-V-L-K-G-M-A-K-N-G-E-F-A-BK (SEQ 1D NO: 43) M-
K-Q-N-B-N-{-A~A-L-J-V-L-K-G-M-A-K-N-G-E-F-A-]-K (SEQ 1D NO: 44); M-K-R-N-D-
E-1-A-A-L-}-V-L-K-G-M-A-K-N-G-E-F-A-1-K (SEQ 1D NO: 45); M-K-Q-N-D-E-f-A-A-L-
V-L-KAG-M-A-K-N-G-E-F-A-L-KC(SEQ 1D NO: 46); M-K-R-N-D-N--A-A-V--V-L-00-G-
M-A-K-N-G-E-F-A-[-K (SEQ ID NO: 47); M-K-Q-N-D-N-1-A-A-V-1-V-L-(}-G-M-A-K-N-
G-H-F-A--K (SEQ ID NO: 48); M-K-R-N-D-BE-L-A-A-V-1-V-L-3-G-M-A-K-N-G~-E-F-A-l-
K (SEQ 1D NO: 49); M-K~-Q-N-D-E-1-A-A-V-1-V-L-Q-3-M-A-K-N-G-E-F-A--K (SEQ ID
NO: 56y M-K-R-N-D-N-1-A-A-F-1-V-L-Q-G-M-A-K-N-G-E-F-A-1I-K (SEQ D NO: 51); M-
KoQ-N-D-N-E-A-A-F--V-L-Q-G-M-AK-N-G-E-F-A-F-KC(SEQ 1D NO: 52); M-K-R-N-D-
E-I-A-A-F-I-V-L-Q-G-M-A-K-N-G-E-F-A-1-K (SEQ 1D NO: 33y M-K-3-N-D-E-I-A-A-F-

VL A-G-M-ACK-N-G-E-F-A-L-K (SEQ 1D NO: 54); M-KGRAN-D-N-LA-A-L--V-L-3-G-
M-A-K-N-G-E-F-A-I-K (SEQ 1D NO: 55); M-K-Q-N-D-N-I-A-A-L-I-V-L-Q-G-M-A-K-N-

G-BE-F-A-I-K (SEQ ID NG: 56); M-K-R-N-D-E-FA-A-LA-V-L-0-G-M-A-K-N-G-E-F-A-1-
K (SEQ 1D NO: 57 M-K-G-N-D-E-1-A-A-L-I-V-L-K-G-M-A-K-N-G-E-F-A-F-K (SEQ ID
NG 58) MAKSR-N-D-NAEA-A-V-I-V-L-H-G-M-ACK-N-G-E-F-A-L-K(SEQ 1D NO: 59);
M-K-Q-N-D-N--A-A-V-1-V-L-H-G-M-A-K-N-G-E-F-A-{-K (SEQ ID NO: 60); M-K-R-N-
D-E--A-A-V--V-L-H-G-M-A-K-N-G-E-F-A-I-K (SEQ ID NO: 61); M-K-(Q-N-D-E-I-A-A-
Vel-Ve L -H-G-M-A-K-N-G-E-F-A-L-K (SEQ 1D NG: 623 M-KGR-N-D-N-1-A-A-F-1-V-L-H-
G-M-A-K-N-G-E-F-A-I-K (8EQ 1D NO: 63); M-K-Q-N-D-N-I-A-A-F-I-V-L-H-G-M-A-K-~
N-G-E-F-A-L-KC{SEQ 1D NO: 64y M-K-R-N-D-E-BA-A-P-L-V-L-H-G-M-A-K-N-G-E-F- A-
K (SEQ ID NO: 65); M-K-Q-N-D-E-I-A-A-F-I-V-L-H-G-M-A-K-N-G-E-F-A-1-K (SEQ 1D
NO: 66); M-K-R-N-D-N-1-A-A-L-I-V~-L-H-G-M-A-K-N-G-E-F-A-I-K (SEQ 1D NO: 67); M-
K-Q-N-D-N-{-A-A-L-1-V-L-H-G-M-A-K-N-G-E-F-A-[-K (SEQ ID NO: 68} M-K-R-N-D-
E-I-A-A-L-I-V-L-H-G-M-ASK-N-G-E-F-A-L-K (SEQ 1D NO: 69); or M-K-(3-N-D-E~1-A-A-
L-1-V-L-H-G-M-A-K-N-G-E-F-A-L-K (SEQ D NO: 70).

{30347} In certain embodiments, peptides of the invention comprise a sequence of SEQ 1D

NO: 1 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,
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14, 15, 20, 25, or more amino acids, In certain embodiments, the N-terminal peptide
sequence has a length of about 5 to about 18, about 10 to about 15, about 15 to about 26,
about 20 to about 25, about 23 to about 38, about 30 to about 40, or about 40 to about 50
amino acids. The additional N-terminal peptide sequence can be a native sequence. As used
herein, a “native” sequence s a peptide sequence from a naturally-occurring Borrelia VIsE
sequence, or a variant thereof. In certain embodiments, the peptide sequence is a fragment of
a naturally-occurring Borrelia VISE sequence. The peptide sequence can be, e.g., from a
conserved or non~conserved region of VIsE. The peptide sequence can comprise, e.g., an
epitope, such as an immunodominant epitope or any other epitope recognizable by a host
{e.g., human, dog, eic.) e systern. VISE proteins and peptides thereof have been
described, e.g., in U.S. Patent Nos. 6,475,492, 6,660,274, 6,719983, and 6,740744, 1.5,
Patent Application 2009/0162875, and European Patent Nos. 0894143, 1012181, 1171605,

and 15891409, the contents of which are incorporated herein by reference.

{0048} Variant polypeptides are at least about 80, 85, 90, 85, 98, or 99% identical to a peptide
shown in SEQ ID NO: 1-70 and are also polypeptides of the invention. Percent sequence
identity has an art recogmized meaning and there are a nuruber of methods to measure identity
between two polypeptide or polynucleotide sequences. See, e.g., Lesk, Ed., Computational
Molecular Biology , Oxtord University Press, New York, (1988); Smith, Ed., Bioccomputing:
Informatics And Genome Projects , Academic Press, New York, (1993); Griffin & Griffin,
Eds., Computer Analysis Of Sequence Data, Part 1, Humana Press, New Jersey, (1994); von
Heinje, Sequence Analysis In Molecular Biology , Academic Press, (1987): and Gribskov &
Devercux, Eds,, Sequence Analysis Primer , M Stockton Press, New York, (1991). Methods
for aligning polynucieotides or polypeptides are codified in computer programs, mncluding the
GCG program package (Devercux of al,, Nuc, Acids Res, 12:387 (1984)), BLASTP,
BLASTN, FASTA (Atschul et al., J Molec. Biol. 215:403 (1990)), and Bestfit program
{Wisconsin Sequence Analysis Package, Version 8 for Unix, Genetics Computer Group,
University Research 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
exammple, the computer program ALIGN which emplovs the FASTA algorithm can be used,

with an affine gap search with a gap open penalty of —12 and a gap extension penalty of 2.
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{8049] When using any of the sequence alignment programs to determine whether a
particular sequence is, for instance, about 95% identical to a reference sequence, the
parameters are sct such that the percentage of identity is calculated over the full length of the
reference polynucleotide and that gaps in identity of up to 5% of the total number of

nucleotides 1n the reference polynucleotide are allowed.

1005¢] Variants of the peptide sequences can be readily selected by one of skill in the art,
based in part on kunown properties 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, 28, or
more contiguous aming 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 more {e.g., 2, 3,
4, 5, 6, or more) conservative amino acid substitutions, (it} deletion of T or more {e.g., 2, 3, 4,
3, 6, or more) amino acids, or {ii1) a combination thereof. Deleted amino acids can be
contiguous or non-contiguous. (onservative amino acid substitutions are those that take
place within a family of amino acids that are related in their side chains and chemical
properties, These inclade, e.g., (1) acidic amino acids: aspariate, glutamate; (2) basic amino
acids: lysing, arginine, histidine; (3) nonpolar amino acids: alanine, valine, leucine,
isoleucine, proline, phenvlalanine, methiomne, tryptophan; {4) uncharged polar amino acids:
glycine, asparagine, glutamine, cysteine, sering, threonine, tyrosing; (5) aliphatic amino acids:
glyeine, alanine, valine, leucine, 1soloucing, serine, threonine, with serine and threonine
optionally grouped separately as aliphatic-hydroxyl; (6} aromatic amino acids: phenylalanine,
tyrosine, tryptophan; (7) amide armno acids: asparagine, ghutarnine; and {9) sulfur-containing
amino acids: cysteine and methionine. See, e.g., Biochemistry, Znd ed., Ed. by L. Stryer, W
H Freeman and Co.: 1981, Methods for confirmuing that variant peptides are suitable arc

conventional and routine,

{00581} Vanants of the peptide sequences encompass vanatious on previously defined peptide
sequences. For example, a previcusly 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 one, two, three, four or more amino acids may be substituted by conservative aming

acids, ete. Furthermore, if a region of a protein has been identified as containing an epitope
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of wnterest, an wvestigator can "shuft” the region of interest {e.g., by about 5 amino acids in

sither direction) from the endpoints of the original rough region to optimize the activity.

{B052] In certain embodiments, the additional N-terminal peptide sequence can comprise or
consist of another IR6 domain peptide. In other embodiments, the native sequence s a VIsE

sequence that is naturally adjacent to the N-terminal end of a ViIsE IR6 domain.

{3053} In certain embodiments, the additional N-terminal peptide sequence is a non-native
sequence. As used herein, 2 “non-native” sequence is any protein sequence, whether from a
Borrelia protein or otherwise, other than a native VIsE peptide sequence. In certain
embodiments, the additional N-terminal peptide sequence comprises an epitope of a Borrelia
antigen, such as OspA, OspB, DbpA, flagella-associated proteins FlaA (p37) and FlaB (p41),
OspC (25 kd), BBK3Z, BrapA (p39), p21, p39, p66 or p&3. Polypeptides or peptides derived

from other microorganisms can also be used,

{8054} A peptide of the invention comprising an additional N-terminal peptide sequence can
be designed for diagnosing Borrelia infections early after infection {e.g., within one o two
weeks after the onset of infection). Among the pathogenic Borrelia proteins whose
expression has been recognized in early stages of infection {e.g., to which IgM antibody
appears carly after infection} are OspC, BBK32, the flagella-associated protein FlaB {(pd1),
and, o a lesser extent, BmpA (p39), and the flagella-associated protein FlaA (p37).
Polypeptides or peptides which derive from those polypeptides are suitable for assays for
carly mnfection. For example, some suttable linear epitopes which can be used for the
diagnosis of early infection inchude peptides in OspC: PYVVAESPKKP (SEQ 1D NO: 713,
ILMTLFLFISCNNS (SEQ 1D NO: 72), and one or more epitopes contained between amino
acids 161 and 210, as reported by Jobe et al. (2003) Clin Diagn Lab Immunol 10, 573-8), the
contents of which are incorporated herein by reference. The OspC peptides described in U.S.
Pat. No. 6,716,574, the contents of which are incorporated herem by reference, can also be
used. Other suitable regions, which have been shown not to contain major cross-reactive
epitopes, have been identified in FlaB (p41), such as residues 120 to 235, See, e.g., Crother
et al. ({2003} Infect. Immun. 71, 3419-3428; Wang et al. (1999} Clin Microbial Rev 12, 633-
653; and U.S. Patent Nos. 5,618,533, 5,643,733, 5,643,751, 5,932,220, and 6,617,441, the

contents of each of which is incorporated herein by reference. (ther peptides bearing either

[y
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finear or conformational epitopes are known in the art, Methods for identifying additional
non-native epitope sequences, particularly from variable regions of, e.g., OspC, BBK32 or

DibpA, are discussed in, e.g., US 2009/0162875.

18055} In certain embodiments, the additional N-terminal peptide sequence s from OspC.
For examiple, in certain embodiments, the additional N-terminal peptide sequence is a
sequence of SEQ 1D NO: 73, ny-np-S-P-ns-n6-P (SEQ ID NO: 73} or a fragment thereof (e.g.,
a C-terminal {ragment), wherein ny 18 an amino acid selected from the group consisting of A
and V, 1y 1s an amino acid selected from the group consisting of E and D, 15 is an amino acid
selected from the group consisting of K and R, and ue 15 an amino acid selected frov the

group consisting of K and R.

{3036} In certain embodiments, the additional N-terminal peptide sequence is a combination
of sequences. For example, the additional N-terminal peptide sequence can comprise a
native, a non-native sequence, or any combination of such sequences {e.g., two Or niore

native sequences, two or more non-native sequence, a native and non-native sequence, ¢tc.).

{3057} In cortain embodiments, peptides of the mvention comprise a sequence defined by
SEQ ID NO: 1 and further comprise an additional C-tervoinal sequence. 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, The additional C-terminal peptide sequence can be a native sequence.
For example, in certain embodiments, the additional C-terminal peptide sequence can
comprise or consist of another IR6 domain peptide. In other embodiments, the native
sequence is a VIsE sequence that is naturally adjacent to the C-terminal end of a VisE IR6

domain.

{G058] In certain embodiments, the additional C-terminal peptide sequence is a non-native
sequence, In certain embodiments, the additional C-termunal peptide sequence comprises an
epitope of a Berrelia antigen, such as OspA, OspB, DbpA, flagella-associated proteins FlaA
(p37) and FlaB (p41}, OspC (25 kd), BBK32, BmpA {(p39), p21, p39, p66 or p8§3, as
discussed above. Polypeptides or peptides derived from other microorganisms can also be

used.
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{80589} In certain embodiments, the additional C-termiinal peptide sequence is from FlaB
{p41). For example, in certain embodiments, the additional C-terminal peptide sequence is a
sequence of SEQ 1D NO: 74, V-c-E-G-¢5-(3-Q-E-G-A-Q-(3-P-5 (SEQ ID NO: 74y ora
fragment thereof (e.g., an N-terminal fragment}, wherein ¢, is an amino acid selected from
the group consisting of Q and R, and ¢s is an amino acid selected from the group counsisting
of V and A. In other embodiments, the additional C-terminal peptide sequence is a sequence
of SEQ 1D NO: 76, A-V-c3-E-G-c-(Q-Q-E-G-A-Q-(-P-8 (SEQ 1D NO: 76) or a fragment
thereof (e.g., an N-terminal fragment}, wherein ¢; 1s an amino acid selected from the group

consisting of O and R, and c¢ is an amino acid selected from the group consisting of V and AL

{0068} In certain embodiments, the additional C-terminal peptide sequence is a combination
of sequences. For example, the additional C-terminal peptide seguence can comprise a
native, a non~-native sequence, or any combination of such sequences {(e.g., two or more

native sequences, two or more non-native sequence, a native and non-native sequence, cic.).

{8061} In certain embodiments, peptides of the invention comprise a sequence defined by
SEQ ID NG: 1 and further coruprise an additional N-termuinal peptide sequence and an
additional C-terminal peptide sequence. The additional N-terminal and C-terminal peptide
sequences can be as described above, Peptides of the juvention do not consist of a full-length
VIsE protein. However, in certain embodiments, peptides of the invention can comprise a
full-length VIsE protein. In other cmbodiments, peptides of the fnvention do not comprisc a

full-length VIsE protein.

{0062 In addition to the sequences described above, the additional N-terminal and C-
terminal sequences can coraprise or consist of a flexible sequence, designed to better present
the peptides of the invention for detection in an immunoassay {e.g., ELISA assay, lateral flow
imnunoassay, agghutination assay, etc.). Such flexible sequences can be readily identified by

persons skitled 1o the art.

10063} In certain embodiments, the peptides of the invention comprise or consist of a
SCUeTICE of SEQ iD NO2, m~113—n3»n4~115—n6»n7»(}—D~n10—M~K»X13—X14~D»X16—3»A~A»X20»
X21~\/an-XQ;[;*G-}\/E-AmK"ng"GmX;;1-F“A'§~X34-X35-DmN-E-ng-DmC41'A"E"CM"G (SEQ 1D NO?,}

wherein n; is an amino acid selected from the group consisting of N and D3, n» is an amino
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acid selected from the group consisting of N and D, 13 18 an amino acid selected from the
group consisting of A and V, ny ts an amino acid selected from the group consisting of A and
WV, 15 18 an amino acid selected from the group consisting of A and V, 1ig 15 an amino acid
selected from the group consisting of F and Y, ny ts an amino acid selected from the group
consisting of S and T, njeis an amino acid selected from the group consisting of DL E, 3, and
N, X3 18 an amino acid selected from the group consisting of R and Q, Xy, 15 an amino acid
selected from the group consisting of N and D, X4 1s an amino acid selected from the group
consisting of N and E, Xog 18 an armno acid selected from the group consisting of V, Fand L,
Ko 1s an anino acid selected from the group consisting of { and M, X5, 1s an amino acid
selected from the group consisting of K, Q and H, Xy is an amino acid selected from the
group consisting of N, ¢ and E, X; is an amino acid selected from the group consisting of E
and Q, Xs4 18 an amino acid sclected from the group consisting of LV, Y and W, Xysis an
amino acid selected from the group consisting of K and R, c30 1s an amino acid selected from
the group consisting of H and D, ¢4 18 an amino acid selected trom the group consisting of K
and R, and ¢4 18 an amino acid selected from the group counsisting of K and R, In certain
related embodiments, nyg 1s an aminoe acid selected from the group consisting of D, Q, and N,
Kiais N, Xop s | Xas 18 B, X4 18 an amino acid selected from the group consisting of [, W,
and Y, and X35 18 K. In other related embodiments, nyo1s an amino acid selected from the
group consisting of  and N, Xy is N, Xoy 18 1, X5 18 B, X4 18 an amino acid selected from
the group consisting of I, W, and Y, and X5 1s K. In other related embodiments, nygis an
amino acid selected from the group consisting of D, (3, and N, X4 1 D, and X34 18 an amino
acid selected from the group consisting of I, W, and Y. In still other related embodiments,
o 15 an amino acid selected from the group consisting of Q and N, X4 18 D, and 354 15 an

amino acid selected from the group consisting of {, W, and Y.

{0064} In certamn ervbodirnents, peptides of the invention comprise a sequence defined by
SEQ 1D NG 2 and further comprise an additional N-ternunal peptide sequence, an additional
C-terminal peptide sequence, or a combination thereof. The additional N-termoinal and C-

terminal peptide sequences can be as described above.
{3065] In certain embodiments, peptides of the invention comprise or consist of 25 or more

{e.g., 26,27, 28, 29, or more} amino acid residues. In certain embodiments, peptides of the

invention comprise or consist of 30 or more {e.g., 31, 32, 33, 34, or more) amino acid
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residues. In certain embodiments, peptides of the invention comprise or cousist of 35 or
more {e.g., 36, 37, 3§, 39, or more) amino acid residues. In certain embodiments, peptides of
the mvention comprise or consist of 40 or more (e g, 41, 42, 43, 44, or more) amino acid
restidues. In certain embodiments, peptides of the invention comprise or consist of 45 or
more {e.g., 46, 47, 48, 49, or more} amino acid residucs, 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, 60, 65,

76, 75, R0, 85, 90, 95, 100, or more amine acid residues.

18066} In certain embodiments, peptides of the wnvention coraprise an epttope of a peptide
sequence described herein. For example, in certain embodiments, peptides of the invention

comprise an epitope of a sequence selected from the group consisting of SEQ 1D NO: 1-70.

18067} In certain embodiments, peptides of the mvention coruprise a fragment of a peptide
sequence described herein. For example, in certain embodiments, peptides of the invention
comprisc a fragment of a sequence selected from the group consisting of SEQ D NO:1-70.
The fragment can be, e.g., at least 5,6, 7, 8,9, 104, 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
amino acids in fength. The fragment can be contiguous or can include one or more deletions
{e.g.,adeletionof 1,2, 3,4,5,6,7, 8,9, 10, or more amino acid residues). In certain
embodiments, the fragment comprises a sequence sct forth in U.S. Patent Nos, 6,475,492,
6,660,274, 6,719983, or 6,740744, 1S, Patent Application 2009/31628735, or European
Patent Nos. 0894143, 1012181, 1171605, or 1589109, In certain embodiments, the fragment
does not consist of a sequence set forth in one or more of U.S. Patent Nos. 6,475,492,
6,660,274, 6,719983, and 6,740744, U.S. Patent Application 2009/0162875, and European
Patent Nos, 3834143, 1012181, 1171605, and 1389109, 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-termiual peptide sequence, ora
combination thercof. The additional N-terminal and C-terminal peptide sequences can be as

described above.

10068} Peptides of the invention comprising an additional N-termunal or C-terminal peptide

sequence can further comprise a linker connecting the peptide {e.g., a peptide of SEQ 1D
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NO:T or SEQ 1D NG:2, or a fragment thereof) with the additional N-termmnal 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 residues such as glycine or alanine. In one
cembodiment, the spacer is a triplet glycine spacer. In another embodiment, the spaceris a
triplet alanine spacer. In vet another embodiment, the spacer comprises both glycine and

alanine residues. Alternatively, the linker can be a chemical (i e., non-peptide) linker.

{0069} In certain embodiments, peptides of the mvention are produced by synthetic chemistry
{i.e., a “synthetic peptide”). In other emabodiments, peptides of the mvention are produced
biologically (7.e., by cellnlar machinery, such as a ribosome}. In certain embodiments,
peptides of the invention are isolated. As used herein, an “isolated” peptide is a peplide that
has been produced either synthetically or biologically and then purified, at least partially,
from the chemicals and/or cellular machinery used fo produce the peptide. In certain
embodiments, an isolated peptide of the invention is substantially purified. The term
“substantially purified,” as used herein, refers to a molecule, such as a peptide, that s
substantially free of celiular roaterial (proteins, lipids, carbohydrates, nucleic acids, ete.),
culture medium, chemical precursors, chemicals used in synthesis of the peptide, or
combinations thereof., A peptide that is substantially purified bas less than about 40%, 30%,
25%, 20%, 15%, 10%, 5%, 2%, 1% or lecss of the cellular maternial, culture medium, other
polypeptides, chemical precursors, and/or chemicals used m synthesis of the peptide.
Accordingly, a substantially pure molecule, such as a peptide, can be at least about 60%,
T0%, T5%, 80%, 85%, 90%, 95%, 98%, or 99%, by dry weight, the molecule of interest. An
isolated peptide of the tnvention can be tn water, a buffer, or in a dry form awaiting
reconstitution, e.g., as part of a kit, An isolated peptide of the present invention can be in the
form of a 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 morganic and organic acids and bases,

100790} In certain embodiments, peptides of the mvention are affinity puritied. For exarple,
in certain embodiments, the peptides of the invention are purified by means of their ability to
bind to anti-Borrefia antibodics {e.g., antibodics to VIsE proteins and, optionally, other

Borrelia antigens) by contacting such antibodies with the peptides of the invention such that
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peptide-antibody complexes are able to form, washing the peptide-antibody complexes to
remove impurities, and then elating the peptides from the antibodies. The antibodies can be,
e.g., attached to a solid support. Methods of affinity purification are well-known and routine

to those skilled 1o the art.

{8071} In certain embodiments, peptides of the invention are modified. The peptides of the
invention may be modified by a variety of techniques, such as by denaturation with heat
and/or a detergent {e.g., SBS). Alternatively, peptides of the 1ovention may be modified by
association with one or more further moieties. The association can be covalent or non-
covalent, and can be, for example, via a terminal amino acid hinker, sach as lysine or
cysteine, a chemical coupling agent, or a peptide bond. The additional moiety can be, for
exammple, a ligand, a higand receptor, a fusion pariner, a detectable label, an enzyme, or a

substrate that immobilizes the peptide.

{0072] Peptides of the invention can be conjugated to a ligand, such as biotin {(e.g., viaa
cysteine or lysine residue), a lipid molecule {e.g., via a cysteine residue}, or a carrier protein
{e.g., serurn albumin, immuvoglobulin Fe domain via e.g., a cysieine or lysine residuc).
Attachment to ligands, such as biotin, can be useful for associating the peptide with ligand
receptors, such as avidin, streptavidin, polymernic streptavidin (see e.g., US 2010/0081125
and US 2010/0267166, both of which are herein incorporated by reference), or neutravidin.
Avidin, streptavidin, polymeric streptavidin, neutravidin, in turn, can be linked to a signaling
moiety {e.g., a moiety that can be visualized, such as colloidal gold, a fluorescent motety, or
an enzyme (horseradish peroxidase or alkaline phosphatase) or a solid substrate {e.g., an
Immobilon or nitrocellulose membrane). Alternatively, the peptides of the mvention can be
fused or hnked to a ligand receptor, such as avidin, streptavidin, polymeric streptavidin, or
newtravidin, thereby facilitating the association of the peptides with the corresponding hgand,

s

such as biotin and any moiety {e.g., signaling moiety) or solid substrate attached thereto.

%

Examples of other Hgand-receptor pairs are well-known in the art and can similarly be used.

10073} Peptides of the mnvention can be fused to a fusion pariner (e.g., a peptide or other
moiety} that can be used to improve purification, to enhance expression of the peptide in a
host cell, to aid in detection, to stabilize the peptide, cte. Examples of suitable compounds

for fusion partners include carrier proteins (e.g., serum albumin, tmmunoglobulin Fe

A
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domain), beta-galactosidase, glutathione-S-transferase, a histidine tag, ete. The fuston can be
’ g g
achieved by means of, e.g., a peptide bond. For example, peptides of the invention and
fusion partners can be fusion proteins and can be directly fused in-frame or can comprise a

p I ¥ p
peptide linker, as discussed above in the context of additional N-terminal and C-terminal

peptide sequences.

8074} In addition, peptides of the invention may be modified to include any of a variety of
known chemical groups or molecules. Such meodifications include, but are vot himited to,
glycosylation, acetylation, acylation, ADP-ribosylation, amidation, covalent attachment to
polyethylene glycol (e.g., PEGylation), covalent attachmeut of flavin, covalent attachment of
a heme moiety, covalent attachment of a nucleotide or nucleotide derivative, covalent
attachment of a lipid or ipid derivative, covalent attachiuent of phosphatidylinositol, cross-
linking, cychization, disulfide bond formation, demethylation, formation of covalent cross-
links, formation of cystine, formation of pyroglstarnate, formylation, gamma carboxylation,
glycosylation, GPI anchor formation, hydroxylation, todination, methylation, myristovlation,
oxidation, proteolytic processing, phosphorylation, prenylation, racemization, selenoylation,
sulfation, ubiguitination, modifications with {atty acids, transfer-RNA mediated addition of
amino acids to proteins such as arginylation, ctc. 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,

{6075] Modifications as set forth above are well-known to those of skill in the art and have
been described in great detail in the scientific literature, Several particularty common
maodifications, glycosvlation, lipid attachment, sulfation, gamma-carboxylation of glutamic
acid residues, hydroxylation and ADP-nibosylation, for instance, are described in many basic
texts, such as Proteins-Structure and Molecular Properties, 2nd ed., T. E. Creighton, W.H.
Freemuan and Company, New York (1993}, Mauoy detailed reviews are available on this
subject, such as by Wold, F., Posttransiational Covalent Modification of Proteins, B. C.
Johnson, Ed., Academic Press, New York 1-12 (1983); Seitter et al. (1990) Meth. Enzymol.
182:626-646 and Rattan et al. (1992} Ann. N.Y. Acad. Sci. 663:48-62.
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{8076} In certain embodiments, peptides of the invention are attached to or immobilized on a
substrate, such as a solid or semi-solid support. The attachment can be covalent or non-
covalent, and can be facilitated by a motety associated with the peptide that enables covalent
or non~covalent binding, such as a moitety that has a high affinity to a component attached to
the carrier, support or surface. For example, the peptide can be associated with a hgand, such
as biotin, and the component associated with the surface can be a corresponding ligand
receptor, such as avidin. The peptide can be attached to or immobilized on the substrate

either prior to or after the addition of a sample containing antibody during an immunoassay,

186771 In certain embodiments, the substrate is a bead, such as a colloidal particle (eg., a
cotloidal nanoparticle made from gold, silver, platinum, copper, 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, or PVDF). Such particles can coraprise a label {e.g., 2
colorimetric, chemiluminescent, or fluorescent label) and can be useful for visualizing the
location of the peptides during immunocassays. In certain embodiments, a terminal cysteine
of a peptide of the invention s used to bind the peptide directly to the vanoparticles made

from gold, silver, platinum, copper, metal composites, other soft metals, ctc.

{0078} In certain embodiments, the substrate is a dot blot or a flow path in a lateral flow
immunoeassay device, For example, the peptides can be attached or immobilized on a porous
membrane, such as a PVDF membrane {e.g., an Immobilon™ membrane}, a nitrocellulose

membrane, polycthylene mermbrane, nylon membrane, or a similar type of membrane.

10079} In certain embodiments, the substrate 1s a flow path in an analytical rotor. In other
embodiments, the substrate is a tube or a well, such as a well 1o a plate {e.g., a nucrotiter
plate} suitable for use in an ELISA assay. Such substrates can comprise glass, cellulose-
based materials, thermoplastic polymers, such as polyethylene, polypropyiene, or polyester,
sintered structures composed of particulate materials (e.g., glass or various thermoplastic
polymers), or cast membrane film composed of nitroccliulose, nylon, polysulfone, or the like,
A substrate can be sintered, fine particles of polyethyvlene, commonly known as porous
polyethylene, for exaruple, 0.2-15 micron porous polyethylene from Chromex Corporation

{Albuquerque, NM}. All of these substrate materials can be used in suitable shapes, such as
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films, sheets, or plates, or they way be coated onto or bonded or laminated to appropriate
inert carriers, such as paper, glass, plastic films, or fabrics. Suitable methods for
immobilizing peptides on solid phases mchade 1onie, hydrophobic, covalent interactions and

the like,

{008¢] Accordingly, in another aspect, the invention provides devices. In certain
embodiments, the devices are useful for performing an immunoassay. For example, in
certain embodiments, the device 1s a lateral flow immunocassay device, In other
embodiments, the device is an analytical rotor. In other embodiments, the device is a dot
blot. In other embodiments, the device is a tube or a well, e.¢., 10 a plate suatable for an
ELISA assay. In still other embodiments, the device is an electrochemical sensor, an optical

sensor, or an opto-clectronic sensor.

10081} In certain embodiments, the device compriscs a peptide of the mvention. In other
embodiments, the device comprises a muxture of different peptides of the invention. For
example, in certain embodiments, the device comprises two, three, four, or more different
pepiides of the wvention. In cerlain embodiments, the peplide or each peptide 1o the mixture
comprises a sequence of SEQ [D NO:1 or SEQ 1D NO:2. In certain embodiments, the

peptides are attached to or immobilized upon the device,

10082} In another aspect, the invention provides corupositions COMprising one or more
peptides of the invention. For example, in certain embodiments, the invention provides a
composition comprising a peptide comprising a scquence of SEQ 1D NO:1, a peptide
comprising a sequence of SE(Q 1D NO:2, or mixtures thereof. In certain embodiments, the
compostiion comprises a mixture 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 muore peplides {e.g., all possible peptides defined by
SEQ ID NO:1 or SEQ ID NO:2). In certain embodiments, the peptides are modified (e.g., by

association with one or more further moisties}, as described herein,

{0083} In certain embodiments, the compositions comprise onc or more peptides of the
invention and one or more additional peptides, such as a Borrefia peptide or antigen, a
peptide or antigen trom one or more infectious Borrelia species, or a peptide or antigen from

one or more causative agents of Lyme disease. The Borrelia peptide or antigen can be any
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Baorrelia peptide or antigen described herein (e.g., an OspA, OspB, DbpA, flagella-associated
proteins FlaA (p37) and FlaB (p41), OspC (25 kd), BBK32Z, BmpA (p39), p21, p39, p66, p83,
or VIsE protein}, or any fragment or epitope thercof. Some suitable Borrefia peptides have
been described, e.g., in U.S. Patent Application 2009/0162875. The combination may
comprise a cockiail {a simple mixture) of individual peptides or polypeptide, 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 residuc {e.g.
tysine residue). A peptide of the mvention may be fused at its N-terminus or C-terminus to
another suitable peptide. Two or more copies of a peptide of the invention may be joined to
one another, alone or in combination with one or more additional peptides. Combinatious of
fused and unfused peptides or polypeptides can be used. In one embodiment, the additional
peptide(s) contain B-ccll and/or T-cell eptiopes from a Borrelia peptide or antigen, a peptide
or antigen from an infectious Borrefia species, or a peptide or antigen from a causative agent

of Lyme disease,

{B084] In another aspect, the invention provides nucleic acids comprising a sequence
encoding a peptide of the mvention. Nucleic acids of the wnvention coutain less than an entire
microbial genome and can be single- or double-stranded. A nucleic acid can be RNA, DNA,
cBINA, 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
polynucleotides. For example, the nucleic acids can be 50%, 75%, 90%, 95%, 96%, 97%,
88%, 99%, or 100% purified. The nucleic acids of the invention encode the peptides
described herein. In certain erabodiments, the nucieic acids encode a peptide having the
sequence of SEQ 1D NO: 1-70 or combinations thereof. Nucleic acids of the tnvention can
comprisc other nucleotide sequences, such as sequences coding for linkers, signal sequences,
TMR stop transfer sequences, transmembrane dovoains, or ligands aseful in protein

purification such as glutathione-S-transferase, histidine tag, and staphylococcal protein A.

{0085] Nucleic acids of the invention can be isolated. An “isolated” nucleic acids is one that
is not immediately contiguous with one or both of the 5" and 3’ flanking genomic sequences

that it 18 naturally associated with. An isolated nucleic acid can be, e.g., a recombinant DNA
molecule of any length, provided that the nucleic acid sequences naturally found immediately

flanking the recombinant DNA molecule in a naturally-oceurring genome s removed or

b
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absent. Isolated nucleic acids also include non-naturally occurnng nucleie acid wolecules.
Nucleie acids of the invention can also comprise fragments that encode immunogenic
pepiides. Nucleic acids of the invention can encode full-length polypeptides, peptide

fragments, and variant or fusion peptides.

{0086} 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 individual, Nucleic acids can also be synthesized in the laboratory, for
example, using an automatic synthesizer. An amplification method such as PCR can be used
to anplhity nucleic acids, at least 1o part, from either genowmic DNA or ¢DNA encoding the

polypeptides.

{3087} Nucleic acids of the imvention can comprise coding sequences for naturally occurring
polypeptides or can encode altered sequences that do not occur 1n nature, It desired, nucleic
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 polynucieotides of the wvention 1n host cells. An
expression vector can be, for example, a plasmid, such as pBR322, pUC, or ColElL, or an
adenovirus vector, such as an adenovirus Type 2 vector or Type 5 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 virys, mouss mammary tumor virus, Moloney murine leukemia virus, and Rous
sarcomma virus, Minichromosomes such as MC and MC1, bacteriophages, phagermds, 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 are capable of replication under their own coutrol in a cell) can also be

used.

{0088 Methods for preparing polynucleotides operably linked to an expression control
sequence and expressing them n a host cell are well-known n the art. See, e.g., U.S. Pat.
No. 4,366,246, A nucleic acid of the invention is operably linked when it is positioned
adjacent to or close to one or more expression control elements, which direct transcription

and/or translation of the polynucieotide.
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{0089] Thus, for example, a peptide of the mnvention can be produced recombinantly
following conventional genetic engineering techniques. To produce a recombinant peptide of
the invention, a nucleic acid encoding the peptide is inserted into a suitable expression
system. Generally, a recombinant molecule or vector is constructed in which the
polynucieotide sequence encoding the selected peptide is operably linked to an expression
control sequence permitting cxpression of the peptide. Numerous types of appropriate
expression vectors are known in the art, including, e.g., vectors containing bacterial, viral,
yeast, fungal, insect or mammalian expression systems. Methods for obtaining and using
such expression vectors are well-known. For guidance in this and other molecular biology
techniques used for compositions or methods of the invention, see, e.g., Sambrook et al.,
Molecular Cloning, A Laboratory Manual, current edition, Cold Spring Harbor Laboratory,
New York: Miller et al, Genetic Engineering, 8:277-298 (Plenum Press, current edition}, Wu
et al., 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, {Ausabel et al, Eds.,) John Wiley & Sous, NY {current edition), and references cited

therein.

8098} Accordingly, the invention also provides vectors comprising nucleic acids of the
invention, and host cells comprising such vectors. In certain embodiments, the vector s a
shuttle vector. In other embodiments, the vector is an expression vector {e.g., a bacterial or
cukaryotic expression vector), In certain embodiments, the host cell is a bacterial cell. In

other embodiments, the host cell 1s a eukaryotic cell.

{6091] Suitable host cells or cell lines for the recombinant nucleic acids or vectors of the
invention transfection by this method include bacterial cells. For example, various strains of
E coli{e.g., HB101, MC1061) are well-known as host cells in the field of biotechnology.
Various strains of B. subtilis, Pseudomonas, Streptomyces, and other bacilli and the like can
also be employed in this method. Alternatively, a peptide of the invention can be expressed

in yeast, insect, mammalian, or other cell types, using conventional procedures.
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18092} The present mvention 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 cxpression vector containing a polynucleotide of
the invention under the control of an expression control sequence {e.g., a transcriptional
regulatory scquence). The transfected or transformed host cell 1s then cultured under
conditions that allow expression of the peptide or polypeptide. The expressed peptide or
polypeptide is 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,
including liquid chromatography such as normal or reversed phase, using HPLC, FPLC and
the hike, aftinity chromatography, such as with 1norganic ligands or monoclonal antibodices,
size exclusion chromatography, immobilized metal chelate chromatography, gel
electrophoresis, and the like. One of skill i the art may select the most appropriate 1solation
and purification technigues without departing from the scope of this invention. One skilled in
the art can determng the purity of the peptide or polypeptide by using standard mcthods
including, e.g., polyacrylamide gel electrophoresis (e.g., SDS-PAGE), capillary
electrophoresis, colunmn chromatography (e.g., high performance liquid chromatography

(HPLCY), or amino~ternmnal amino acid analysis,

Methods

8093} In another aspect, the invention provides methods of detecting in a sample an antibody
to an epitope of a Borrefia antigen. In certain embodiments, the methods comprise
contacting a sample with a peptide of the invention, and detecting formation of an antibody-
peptide complex comprising said peptide, wherein formation of said coruplex is mdicative of
the presence of an antibody to an epitope of a Borrelia antigen in said sample. In certain
embodiments, the Borrefia antigen is from an infectious Borrelia specics. In certain
embodimeuts, the Borrefia antigen is from a pacthogenic Borrelia species, such as Borvelia
burgdorferi sensu stricto, Borrelia afzelli, or Borrelia garinii. Other species of Borrelia
which have been implicated in Lywe disease, such as 8 lusitaniae and B. valaisianae, 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 18 to be understood that the
term "pathogenic Borrelia,” as used herein, refers to any such Borrelia species that causes

Lyme disease.
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{8094} In certain embodiments, the methods comprise contacting the sample with a rxture
of two, three, four, or more {e.g., 5, 6,7, 8,9, 10, 15, 20, 25, 30, 40, 50, 60, 70, &4, 90, 100,
150, 200, 250, 300, 400, 500, or more) ditterent peptides of the invention, In certain
embodimeuts, 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., a Borrelia peptide, or
antigenic fragment or epitope thereod, such as an OspA, OspB, DbpA, flagelia-associated
proteins FlaA (p37) and FlaB (p41), OspC (25 kd), BBK32, BmpA (p39}, p21, p39, p66, p&3,

or VIsE protein).

{8095} In certain embodiments, the peptide or each peptide in the voixtare 1s an isolated {e.g.,
synthetic and/or purified) peptide. In certain embodiments, the peptide or mixture of peptides
18 attached to or immobilized upon a solid support, In certain embodiments, the solid support
is a bead {e.g., a collpidal particle, nanoparticle, latex bead, etc.}, a flow path in a lateral flow
imnunoassay device {e.g., a porous membrane}, a flow path in an analytical rotor, 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).

{3096} In certain embodiments, the detecting step comprises performing an ELISA assay. In
other erabodimeuts, the detecting step comprises performing a lateral How imrunoassay. o
other embodiments, the detecting step comprises performing an agglutination assay. In other
embodiments, the detecting step comprises spinning the sample 1n an analytical rotor, In still
other embodiments, the detecting step comprises analyzing the sample with an

clectrochemical, optical, or opto-clectronic sensor.

{0097} There arc a number of different conventional assays for detecting formation of an
antibody-peptide complex comprising a peptide of the invention. For example, the detecting
step can comprise performing an ELISA assay, performing a lateral flow immunoassay,
performing an agglutination assay, analyzing the sample in au analytical rotor, or analyzing
the sample with an electrochemical, optical, or opto-clectronic sensor. These different assays

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

16098} In one embodiment, the methods mvolve detecting the presence of naturally occurring

antibodies against a Sorrelia antigen {e.g., the antigen of a pathogenic Borrelia, such as 8.
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Burgdorferiy which are produced by the infected subject’s immune system wn its biological
fluids or tissues, and which are capable of binding specifically to a peptide of the invention or
combinations of a peptide of the mvention and, optionally, one or more suttable additional

antigenic polypeptides or peptides.

{8099} Suitable immunoassay methods typically include: receiving or obtaining {e.g., from a
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 of the mmvention, under
conditions eftective for the formation of a specific peptide-antibody complex (e.g., for
specific binding of the peptide to the antibody); and assaying the contacted (veacted) sample
for the presence of an antibody-peptide reaction {e.g., determining the amount of an antibody-
peptide complex). The presence of an clevated amount of the antibody-peptide complex
indicates that the subject was exposed to and infected with an infectious Borrelia species. A
peptide, including a modified form thereof, which "binds specifically” to {e.g., "is specitic
for" or binds "preferentially” to) an antibody against a Borrefia antigen interacts with the
antibody, or forms or undergocs a physical association with it, in an amount and fora
sufficient tirae 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
auntibody than for other antibodies 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 1n the sample. Such affinity or degree of specificity can be determined by a
variety of routine procedures, including, e.g., competitive binding studies. In an ELISA
assay, a positive response 1s defined as a value 2 or 3 standard deviations greater than the
mean value of a group of healthy controls. In some embodiments, a second tier assay is

required to provide an uneguivocal serodiagnosis of Lyme discase.

{60108 Phrases such as "sample containing an antibody” or "detecting an antibody in a
sample” are not meant to exchude samples or determinations (e.g., detection attempts) where
no antibody is contained or detected. In a general sense, this invention involves assays to
deterruine whether an antibody produced in response to infection with an infectious Borrelia

is present in a samiple, irrespective of whether or not it 1s detected.
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100161 Counditions for reacting peptides and auntibodies so that they react specifically are
well-known to those of skill in the art. See, e.g., Current Protocols in Immunoclogy {Coligan

et al., cditors, John Wiley & Sons, Inc),

1606102] The mothods comprise receiving or obtaining a sample of body fluid or tissuc likely
to contain antibodies from a subject, The antibodies can be, e.g., of 1gG, Igh, tgD, IgM, or
igA type. Generally, igM and/or IgA antibodies are detected, e.g., for detection at carly
stages of mfection. Although, n the case of a Borrelia infection, IgM antibodies can persist
for a long time. 1gG antibodies can be detected when some of the additional peptides
discussed above are used 1u the method (e.g., peptides for the detection of flagellum
proteins}. The sample is preferably easy to obtain and may be serum or plasma derived from
a venous blood sample or even from a finger prick, Tissue from other body parts or other
bodily thiids, such as cerchro-spinal fluid (CSF), saliva, gastric secretions, mucus, urine, ¢1¢.,

are known to contain antibodies and may be used as a source of the sample.

{00103} Once the peptide antigen and sample antibody are permitied to react in a suitable
medium, an assay is performed to determuine the presence or absence of an antibody-peptide
reaction. Among the many types of suitable assays, which will be evident to a skilied worker,

are immunoprecipitation and agglutination assays,

100104] In certain embodiments of the invention, the assay comprises: immobilizing the
antibody(s} in the sample; adding a peptide of the invention; and detecting the degree of
antibody bound to the peptide, e.g., by the peptide being labeled or by adding a labeled
substance, such as a labeled binding partner (e.g., streptavidin-colloidal gold complexjora
iabeled antibody which specifically recognizes the peptide, See, e.g., Figure 1. In other
embodiments, the assay comprises: immobilizing a peptide of the mvention; adding the
sanmple containing antibodics; and detecting the amount of antibody bound to the peptide,
e.z., by adding another peptide of the nvention conjugated, directly or indirectly, to a label
{e.g., colloidal gold complex, fluorescent label, enzyme {e.g., horseradish peroxidase or
alkaline phosphatase}) or by adding a labeled substance, such as a binding partner or a
iabeled antibody which specifically recognizes the sample antibodies (e.g., anti-human IgG
antibodies, anti-human IgM antibodies, anti-dog IgG antibodics, anti-dog IgM antibodies,

protein A, protein G, protein L, or combinations thereof, etc.). See, e.g., Figure 3. In still

[
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other embodiments, the assay comprises: reacting the peptide and the sample containing
antibodies without any of the reactants being immobilized, and then detecting the amount of
complexes of antibody and peptide, e.g., by the peptide being labeled or by adding a labeled
substance, such as a labeled binding partner {e.g., streptavidin-colloidal gold complexi ora

iabeled antibody which specifically recognizes the peptide.

100105] Immobilization of a peptide of the invention can be cither 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
semi-solid carrier, support or surface, can be achieved by the peptide having, associated with
it, a moiety which enables its covalent or non-covalent binding to the solid or semi~solid
carrier, support or surface. For example, the moiety can have atfinity to a component
attached to the carrier, support or surface. In this case, the moiety may be, e.g., a bictin or
biotinyl group or an analogue thereof bound to an amine acid group of the peptide, such as 6-
aminohexanoic acid, and the component is then avidin, streptavidin, neutravidin, or an
analogue thereof. An alternative is a situation in which the moiety has the amino acid
sequence His-His-His-His-His-His (SEQ 1D NO:73) and the carrier comprises a
Nitrilotriacetic Acid (INTA) derivative charged with Ni™~ or Co™ ions. Suitable carriers,
supports, and swrfaces include, but are not Hmited to, beads {e.g., magnetic beads, colioidal
particles or nanoparticles, such as colloidal gold, or nanoparticles comprising silica, latex,
polystyrene, polycarbonate, or PDVF), latex of co-polymers such as styrene-divinyl benzene,
hydroxylated 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 antibodies or Fab fragments of such antibodies,

{00106] The protocols for inumunocassays using antigens for detection of specific antibodies
are well known 1o 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 n Imymunology (supra). In certain embodiments, a peptide
of the ivention is immaobilized on a solid or semi-solid surface or carrter by means of
covalent or non-covalent binding, etther prior to or afier the addition of the sample containing

antibody.
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180167] Devices for performing specific binding assays, especially immunoassays, are
known and can be readily adapted for use in the present mcthods. Solid phase assays, in
general, are easier to perform than heterogeneous assay methods which require a separation
step, such as precipitation, centrifugation, filiration, chromatography, or magnctism, because
separation of reagents is faster and simpler. Solid-phase assay devices include microtiter
plates, flow-through assay devices {e.g., lateral flow immunocassay devices), dipsticks, and

immunocapillary or immunochromatographic imamumoassay devices,

106108] In erubodiments of the invention, the solid or sem-solid surface or carrier 18 the floor
or wall in a microtiter well, a filter surface or membrane {(e.g., a nitrocellulose membrane or a
PVDF (polyvinvhidene fluoride) membrane, such as an Immobilon™ membrane), a hollow
fiber, a 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 liguid phase, can be retained by means of a filter, a substance capable of
formaing micelies or participating in the formation of roicelles allowing a liquid phase to be
changed or exchanged without entraining the nucelles, a water-seluble polymer, or any other

suitable carrier, support or surface.

{36109} In some embodiments of the invention, the peptide is provided with a suitable label
which enables detection. Conventional labels may be used which are capable, alone or in
concert with other compositions or compounds, of providing a detectable signal, Suitable
detection methods include, e.g., detection of an agent which is tagged, directly or indirectly,
with a {lnorescent label by immunofluorescence microscopy, including confocal microscopy,
or by flow cytometry (FACK), detection of a radioactively labeled agent by autoradiography,
clectron microscopy, imnmnostaining, subcellular fractionation, or the like. Inone
embodiment, a radicactive element {e.g., a radicactive amino acid) 18 incorporated directly
into a peptide chain; in another embodiment, a fluorescent label is associated with a peptide
vig biotin/avidin interaction, association with a fluorescein conjugated antibody, or the like.
in one embodiment, a detectable specific binding partner for the antibody is added to the
mixture. For example, the binding partner can be a detectable secondary antibody or other

binding agent (e.g., protein A, protein G, protein L} which binds to the first antibody. This

I’
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secondary antibody or other binding agent can be labeled, e.g., with a radicactive, enzymatic,
fluorescent, fluminescent, or other detectable label, such as an avidin/biotin system. In
another embodiment, the binding partner is a peptide of the invention, which can be
conjugated directly or indirectly {e.g. via biotin/avidin interaction) to an enzyme, such as
horseradish peroxidase or alkaline phosphatase. In such crabodiments, the detectable signal
is produced by adding a substrate of the enzyme that produces a detectable signal, such as a

chromogenic, fluorogenic, or chemiluminescent substrate.

{60118] 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 embodiment,
the binding partoer is labeled directly. In another embodiment, the binding partner is
attached to a signal gencrating reagent, such as an enzyme that, in the presence of a suitable
substrate, can produce a detectable signal. A surface for immobilizing the peptide may

optionally accompany the detection systemn,

{00111} In embodiments of the invention, the detection procedure comprises visibly
inspecting the antibody-peptide complex for a color change, or nspecting the antibody-
peptide complex for a physical-chemical change. Physical-chemical changes may occur with
oxidation reactions or other chemical reactions. They may be detected by eye, using a

spectrophotometer, or the like.

{0031 12] A particularly useful assay format is a lateral flow inymnunoassay format. Antibodies
to human or animal {(e.g., dog, ruouse, deer, etc.) immunoglobulins, or staph A or G protein
antibodies, 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 is immobilized on membrane, such as nitrocelinlose or a PYDF {(polyvinylidene
fluoride) membrane (e.g., an Immobilon™ membrane). When a sohation of sample (blood,
serum, etc.} 1s 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 (PVDF or nitrocellulose containing
the diagnostic peptide} by capillary action, I antibodies against the diagnostic peptide are

present, they bind to the diagnostic peptide striped on the membrane, thereby generating a
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signal {e.g., a band that can be seen or visualized). An additional antibody specific to the

labeled antibody or a second labeled antibody can be used to produce a control signal.

{3031 13] An alternative format for the lateral flow immunoassay comprises the peptides or
compositions of the nvention being conjugated to a ligand {e.g., biotin} and complexed with
labeled ligand receptor {(e.g., streptavidin-colloidal gold). The labeled peptide complexes can
be placed on the sample application pad or conjugate pad. Anti-human fgG/1gM or anti-
animal {e.g., dog, mouse, deer) IgG/IgM antibodies or other peptides of the invention are
immobilized on a membrane, such as nitrocetlulose of PVDF, at a test site {(e.g., a test line).
When sample s added to the sample application pad, antibodies 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 or mitroceliulose containing the diagnostic peptide) by capillary action and bind to the
immobilized anti-human IgG/IgM or anti-animal IgG/TgM antibodies {or protein A, protein
G, protein L, or combinations thereof) or immobilized peptides of the invention. If any of the
sample antibodies are bound to the labeled peptides of the invention, the label associated with
the peptides can be secn or visualized at the test site. One embodiment of this type of lateral
flow device s shown in Figure 2. Another embodiment of this type of lateral flow device in
which the peptides of the invention are used both as the imruobilized capture agent at a test
site and as a soluble labeled complex to react with antibodies in a sample is shown in Figure
3. Suitable controls for this assay can include, e.g., a chicken IgY-colloidal gold conjugate
located at the sample application pad or conjugate pad, and an anti-chicken IgY antibody

immobilized at a control site located proximal to the test site.

{00114] Another assay for the screening of blood products or other physiological or
biological fhuids is an cuzywme hinked imomunosorbent assay, i.e., an ELISA. Typically i an
ELISA, isolated peptides or compositions of the invention are adsorbed to the surface of'a
raierotiter well durectly 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
as bovine serum albumin (BSA), heat-inactivated normal goat serum (NGS), or BLOTTO (a2
buffered solution of nonfat dry milk which also contains a preservative, salts, and an
antifoaming agent). The well is then incubated with a biological sample suspected of

containing specific anti-Borrelia (e.g., B. burgdoferiy antibody. The sample can be applied
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neal, 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 oceur, the well 18 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-human immunoglobulin (aHulg)
from another animal, such as dog, mouse, cow, clc.} or ancther peptide of the mvention that
is conjugated to an enzyme or other label by standard procedures and is dissolved tn blocking
buffer. The label can be chosen from a variety of enzymes, including horseradish peroxidase
{HRP), beta-galactosidase, alkaline phosphatase, glucose oxidase, etc. Sufficient tivoe is
allowed for specific binding to occur again, then the well is washed again to remove unbound
conjugate, and a suitable substrate for the enzyme s added. Color 1s allowed to develop and
the optical density of the contents of the well is determined visually or instrumentally
{mcasured at an appropriate wave length). The catoff O value may be defined as the mean
O3 standard deviations (SBs) of at least 50 serum samples collected from individuals from
an arca where Lyme discase s not cndemic, or by other such conventional definttions. In the

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

{80115} In one embodiment of an ELISA, a peptide of the invention 1s immobilized on a
surface, such as a ninety-six-well ELISA plate or equivalent solid phase that is coated with
strepiavidin or an equivalent biotin-binding compound, such as avidin or nuetravidin, at an
optimal concentration in an alkaline coating buffer and incubated at 4° C overnight. Aftera
suitable number of washes with standard washing buffers, an optimoal concentration of a
bigtinylated form of a peptide or composition of the invention, dissolved in a conventional
blocking buffer, 1s applied to cach well. A sample 1s then added, and the assay proceeds as

above. Conditions for performing ELISA assays are well-known in the art.

{80116] In another embodument, the methods comprise an agglutination assay. For example,
in certain embodiments, colloidal particles (e.g., colloidal gold, etc.} or latex beads are
conjugated to peptides or corupositions of the wvention. Subseguently, the biological fluid s
incubated with the bead/peptide conjugate, thereby forming a reaction mixture. The reaction
roixture is then avalyzed to determine the presence of the antibodies. To certain
embodiments, the agglutination assays comprise the use of a second population of particles,

such as collowdal particles {e.g., colloidal gold, etc.) or latex beads, conjugated to (1)
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auntibodies specific to the peptides of compositions of the mvention, in the case of'a
competition assay, or {2) antibodies capable of detecting samiple antibodies (e.g., anti-human
1gG or IgM antibodies, anti-dog IgG or IgM antibodics, ete.), in the case of a sandwich assay.
Suitable agglutination methods can comprise centrifugation as a means of assessing the

extent of agglutination,

180117] In still other embodiment, peptide or compositions of the invention are electro- or
dot-blotted onto nitrocellulose paper. Subsequently, a sample, such as a biological flud {e.g,,
serum or plasmay} 1s 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
immunocenzymatic methods or by visualization using colloidal nanoparticles couples to
secondary antibodies or other antibody binding agents, such as protein A, protein G, protein

L, or combinations thereof.

{00118} It should be understood by one of skill in the art that any number of conventional
protein assay formats, particularly immunocassay formats, may be designed fo utilize the
isolated peptides of this mvention {or the detection of Borelia antibodies and infection by
pathogenic Borrelia (e.g., B. burgdorferi) in a subject. This invention is thus not limited by
the selection of the particular assay format, and 1s believed to encompass assay formats that

are known to those of skill in the art,

{60119} In certain embodiments, the sample used in the methods is a bodily fluid, such as
blood, serum, cerchral spinal fluid, urine, or saliva. In other embodimenis, the sample is a
tissue {e.g., a tissue homogenate) or a cell lysate. In certain embodiments, the sample is from
a wild animal {e.g., a deer or rodent, such as a mouse, chipmunk, squirrel, etc.). In other
embodiments, the sample s from a lab animal {e.g., a miouse, rat, guinea pig, rabbit, wounkey,
primate, etc.). In other embodiments, the sample is from a domesticated or feral animal {e.g.,

a dog, a cat, a borse). In still other erubodiments, the sample 18 from a human.

100126] Much of the preceding discussion 18 directed fo the detection of antibodies against
pathogenic Borrelin. However, it is to be understood that the discussion also applies to the

detection of primed T-cells, etther in vitro or in vivo.
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{00121] s expected that a cell-mediated iromuue respounse {e.g., a T-helper respouse} is
generated, since 1g( is produced. It is therefore expected that it will be possible to determine
the immunological reactivity between primed T-cells and a peptide of the invention. n vitro
this can be done by incubating T-cells isolated from the subject with a peptide of the
invention and measuring the immunoreactivity, e.g., by measuring subsequent T-cell
profiferation or by measuring release of cytokines from the T-cells, sach as IFN-y. These

methods are well-known in the art,

106122] When a method of the invention 1s carried out i 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 of the favention. A positive
skin reaction at the location of injection indicates that the subject has been exposed to and
infected with a pathogenic Borvelia capable of cansing Lyme disease, and a negative skip
response at the location of injection indicates that the subject has not been so
exposed/intected. This or other in vivo tests rely on the detection of a T-cell response in the

subject.

186123] In another aspect, the invention provides methods of diagnosing Lyme disease in a
subject. The subject can be a subject suspected of having antibody against a causative agent
of Lyme disease. The diagnostic method s usetul for diagnosing subjects exhibiting the

clinical symptoms of Lyme disease.

{00124} In certain embodiments, the methods comprise contacting a sample from the subject
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 subject
having Lyme discase, In certain embodiments, the methods comprise contacting the sample
with a mixture of two, three, four, ormore {e.g., 5,6,7, 8,9, 10, 15, 20, 25, 30, 48, 50, 60,
76, 80, 90, 100, 150, 200, 250, 300, 400, 500, or more) different peptides of the invention. In
certain embodiments, the methods comprise contacting the sample with a muixture of one or
more peptides or the invention and one or more other peptides {e.g., a Borrelia peptide, or
auntigenic {ragment or epitope thereot, such as an OspA, OspB, DbpA, flagelia~-associate
proteins FlaA (p37) and FlaB (p41), OspC (25 kd), BBK32Z, BmpA (p39), p21, p39, p66, p83,

or VISE protein).
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{80125] In certain embodiments, the peptide or each peptide in the mixture is an isolated
{e.g., synthetic and/or purified) peptide. In certain erabodiments, the peptide or mixture of
different peptides ts attached to or immobtlized upon a substrate {e.g., a solid or semi-solid
support)., For example, in certain embodiments, the substrate 15 a bead {e.g., a colloidal or
other type of particle or nanoparticle), a flow path in a lateral flow imnunoassay device (e.g.,
a porous membrane), a flow path in an analytical rotor, or a tube or a well {e.g., in a plate

suitable for an ELISA assay).

{86126] There are a number of different conventional assays for detecting formation of an
antibody-peptide complex comprising a peptide of the invention. For example, the detecting
step can comprise performing an ELISA assay, performing a lateral flow immunoassay,
performing an agglutination assay, analyzing the sample in an analytical rotor, or analyzing
the sample with an clectrochemucal, optical, or opto-clectronic seusor. These different assays

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

{60127] In certain erubodiments, the sample s a bodily fluid, such as blood, seram, cerebral
spinal 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 subject is a wild anivoal {e.g., a
deer or rodent, such as a mouse, chipmunk, squirrel, etc.}. In other embodiments, the subject
is a lab animal (e.g., a mouse, rat, guinea pig, rabbit, monkey, primate, etc.). In other

embodiments, the subject is a domesticated or feral animal {e.g., a dog, a cat, a horse). In still

other embodiments, the subject 1s a human,

Kits

{601 28] In yet another aspect, the mvention provides kits. In certain embodiments, the kits
comprise a peptide of the invention. In certain embodiments, the kits comprise two, three,
four, or more different peptides of the jnvention. The peptides can comprise a sequence of
SEQ 1D NO:1 or SEQ ID NO:2. In certain embodiments, the peptides are attached to or
immobilized on a solid support. For exaraple, in certain embodiments, the solid supportis a
bead (e.g., a colloidal particle or a nanoparticle}, a flow path in a lateral flow immunoassay

device, a tlow path in an analyviical rotor, or a tube or a well {e.g., 1n a plate).
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{00129] Reagents for particular types of assays can also be provided in kits of the invention.

Thus, the kits can inchude a population of beads (e.g., suitable for an agglutination assay or a
iateral tlow 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
analyvtical rotor, or an electrochemical, optical, or opto-clectronic sensor. The population of
beads, the plate, and the devices are useful for performing an immunocassay. For exaniple,
they can be useful for detecting formation of an antibody-peptide complex comprising an
antibody from a sample and a peptide of the juvention. In certain embodiments, a peptide,
mixture of different peptides of the invention, or a peptide composition of the invention is

attached to or immobilized ou the beads, the plate, or the device,

{00136] In addition, the kits can include various diluents and butfers, labeled conjugates or
other agents for the detection of specifically bound antigens or antibodies, and other signal-
generating reagents, such as enzyme substrates, cofactors and chromogens. Other
components of a kit can easily be determined by one of skill in the art. Such components
may include coating reagents, polyclonal or monoclonal capture antibodices specific for a
pepiide of the invention, or a cocktail of two or ruore of the antibodies, purified or semi-
purified extracts of these antigens as standards, monoclonal antibody detector antibodices, an
aunti-mouse, anti-dog, anti-chicken, or anti-human antibody with indicator molecule
conjugated thereto, indicator charts for colorimetric comparisons, disposable gloves,
decontamination instructions, apphicator sticks or containers, a sample preparatory cup, ctc.
In one embodiment, a kit comprises buffers or other reagents appropriate for constituting a

reaction medium allowing the formation of a peptide-antibody complex.

{00131] Such kits provide a convenient, efficient way {or a clinical Isboratory to diagnose
infection by a pathogenic Borrefia, such as a 8. burgdorferi. Thus, i certain erobodiments,
the kits further comprise an instruction. For example, in certain embodiments, the kits
comprise an nstruction judicating how to use a peptide of the invention to detect an antibody
to a Borrelia antigen or to diagnose Lyme disease. In certain embodiments, the kits comprise
an mstruction indicating how to use 4 population of beads, a plate, or a device (e.g.,
comprising a peptide or a mixture of different peptides of the invention} to detect an antibody

to a Borreflia antigen or to diagnose Lyme disease.
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186132 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, inexpeunsive,
rapid, sensitive and accurate detection of Lyme disease, and avoid serologic cross-reactivity
with other conditions with "Lyme-like" symptoms, such as myalgias, arthralgias, malaise or
fever, including conditions such as syphilis, chronic arthritis, and multiple sclerosis. This
allows for an accurate diagnosis. Furthermore, a diagnostic test of the invention {e.g., an
ELISA assay, lateral flow immunoassay, or agghutination assay) is uscful in serum samples
that contain anti-OspA antibodies or other antibodies produced in response to a vaccine based
on the outer surface proteins of Sorrelia. A VISE IR6 peptide of the invention does not cross-
react with such antibodies, thereby allowing the differcutiation of vaccinated individuals from

individuals who were naturally infected with B. burgdorferi.

{383133] To the extent that any definitions in documents incorporated by reference are
inconsistent with the definitions provided herein, the definitions provided herein 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 obvious to one skilled in the art, can be made without departing from the spinit of

the invention. Accordingly, the invention is limited only by the following claims.
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What is claimed:

[

Lo

An isolated peptide comprising a sequence of Formula SEQ ID NO: 1, M-K-X3-X4-D-

K- I-A-A-Xi9-XK 1= V-L-X - G-M-A-K-X9-G-Xo 1 -F-A-Xo-X0s (SEQ ID NO: 1)
wherein X; is an amino acid selected from the group consisting of R and 3, X, is an
amino acid selected from the group consisting of N and D, X, 1s an amino acid sclected
from the group consisting of N and E, X015 an armino acid selected from the group
consisting of V, F and L, Xy; is an amino acid selected from the group consisting of I and
M, X4 1s an amino acid selected frora the group counsisting of K, Q and H, X918 an
amino acid selected from the group consisting of N, Q and E, X,; 1s an amino acid
sclected from the group consisting of E and , X4 1s an amine acid selected from the
group consisting of I, V, Y and W, and Xys 1s an amino acid selected from the group

consisting of K and R.

The 1solated peptide of claim 1, wherein X5 15 an amino acid selected from the group
consisting of R and Q, X4 1s N, X is an amino acid selected from the group consisting of
N and E, X4 1s an amino acid selected from the group consisting of V, Fand L, Xy, 1s L,
X4 18 an amino acid selected from the group consisting of K, 3 and H, X9 is an amino
acid selected from the group consisting of N, G and E, X5 18 E, X4 is an amino acid

selected from the group consisting of [, W, and Y, and X5 s K,
g 9 9 9

The solated peptide of claim 1, wherein X5 1s an amino acid selected frovu the group
consisting of R and Q, X, 1s D, X, 18 an amino acid selected from the group consisting of
Noand E, Xyg 18 an amino acid selected from the group consisting of V, Fand L, X, is an
amino acid selected from the group consisting of I and M, Xy4 is an amino acid selected
from the group consisting of K, Q and H, X, 1s an amino acid selecied trom the group
consisting of N, Q and E, X5, is an amino acid selected from the group counsisting of E
and €, X i1s an amino acid selected from the group consisting of I, W, and Y, and X5 18

an amino acid selected from the group consisting of K and R.

The 1solated peptide of claim 1, comprising an additional N-termunal peptide
sequence, wherein the additional N-terminal peptide sequence is a native VisE sequence

or nonu-VIsE Borrelia antigen,
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The 1solated peptide of claim 4, wherein the additional N-terrminal peptide seguence 13
a sequence of SEQ ID NO: 73, ni-12-8-P-ns-ne-P (SEQ 1D NO: 73) or a fragment thereof,
wherein n; 18 an amino acid selected from the group consisting of A and V, n 18 an amino
acid selected from the group consisting of E and D, ns is an amino acid selected from the
group consisting of K and R, and ng 18 an amino acid selected from the group consisting

of K and R,

The 1solated peptide of claim 1, comprising an additional C-terronal peptide
sequence, wherein the additional C-terminal peptide sequence is a native VIsE sequence

or nonu-VIsE Borrelia antigen,

The solated peptide of claim 6, wherein the additional C-terminal peptide sequence is
a sequence of SEQ 1D N 74, V-co-E-G-¢5-(3-Q-E-G-A-Q-Q-P-S (SEQ ID NO: 74)or a
fragment thereof, wherein ¢; 18 an amino acid selected from the group consisting of Q and

R, and ¢s is an amino acid selected from the group consisting of V and A.

The isolated peptide of claim 6, wherein the additional C-terminal peptide sequence is
a sequence of SEQ 1D NO: 76, A-V-¢3-E-G-0e-Q-(-E-G-A-Q-Q-P-8 (SEQ 1D NO: 76) or
a fragment thereof, wherein ¢3 18 an amino acid selected from the group consisting of

and R, and ¢4 1s an amino acid selected from the group consisting of V and A.
The isolated peptide of claim 1, comprising at least 30, 35, 40 or 45 amino acids.

The isolated peptide of claim 1, wherein said isolated peptide is conjugated to a

Higand.
The 1solated peptide of claim 1, wherein said tsolated peptide is biotinylated.

The isolated peptide of claim 1, wherein said isolated peptide 1s conjugated to

streptavidin.
The 1solated peptide of claim 1 attached or immobilized to a solid support.

The isolated peptide of claim 1 attached or immobilized to a bead, a flow path in a

lateral flow immunoassay device, a well in a microtiter plate, or a flow path 1n a rotor,
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The 1solated peptide of claim 1, wherein the peptide comprises a sequence selected

from the group conststing of SEQ 1 NOs: 3-70.

The 1solated peptide of claim 1, wherein the isolated peptide comprises at least 30, 35,
490 or 45 contiguous armno acids from a sequence of SEQ 1D NG:2, ny-np-rs-nu-ns-tig-iy-
Q-Dnpp-M-K-X 53K 14-D- X618 A= Xog- Ko 1~V Lo X oG- M- AKX 0- G- X5 - F-A- X3
Xy5-D-N-E-¢35-D-C41-A-E-c0-G (SEQ ID NG:2)

wherein n; 18 an amino acid sclected from the group consisting of N and D, ny 18 an amino
acid selected from the group cousisting of N and I, n3 is an amino acid selected from the
group consisting of A and V, ny 18 an amino acid selected from the group consisting of A
and V, ns 18 an amino acid selected from the group consisting of A and V, 54 1S an amino
acid sclected from the group consisting of F and Y, 117 15 an amino acid selected from the
group consisting of S and T, nio 18 an armvino acid selected from the group consisting of I3,
N and Q, ¢19 18 an amino acid selected from the group consisting of H and D, ¢4y is an
amino acid selected tror the group consisting of K and R, and ¢4 18 an amino acid

sclected from the group consisting of K and R,

The isolated peptide of claim 14, wherein X418 N, Xp1 18 |, X351 18 H, X34 1S an amino

acid sclected from the group consisting of I, W, and Y, and X5 s K.

The isolated peptide of claim 14, wherein Xy, is D, and X34 18 an amino acid selected

from the group consisting of I, W, and Y.

A mixture of 1solated peptides comprising a first isolated peptide and a second
isolated peptide, wherein the first isolated peptide s different from the second isolated
peptide, and wherein the first and second isolated peptides cach comprise a sequence of

SEQ D NO:,

M-K-K5-Xg-D-K - J- A AKX 11 V-1 X 1 4-G-MACK- X 50X - FoA - X 00~ Xos (SEQ D
NO:D

wherein X3 18 an amino acid selected from the group consisting of R and (3, X4 is an
amino acid selected from the group consisting of N and D3, X¢ ts an amino acid selected
from the group consisting of N and E, X0 18 an amimno acid selected from the group
consisting of V, Fand L, Xj; is an amino acid selected from the group consisting of | and
M, X418 an amino acid selected from the group consisting of K, Q and H, Xy 1s an

amino acid selected trorn the group consisting of N, Q and E, Xo; 1s an ammino acid
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selected from the group consisting of B and 3, Xy 18 an amino acid selected from the
group consisting of I, V, Y and W, and Xys 1s an amino acid selected from the group

consisting of K and R.

A mixture of 1solated peptides comprising three or more different isolated peptides,
wherein each isolated peptide comprises a sequence of SEQ ID NO:1, M-K-X3-X4-D-Xg-
LA-A-X 0¥y - V-L- X - G- M- AKX 0-G- X0 -F-A - X0 - X5 (SEQ TD NO: T

wherein X5 18 an amino acid selected from the group consisting of R and Q, Xy 18 an
amino acid selected from the group consisting of N and I3, X, 13 an amino acid selected
from the group consisting of N and B, Xy 15 an amino acid selected from the group
consisting of V, Fand L, Xy; 18 an amino acid selected from the group counsisting of | and
M, X4 1s an amino acid selected from the group consisting of K, Q and H, Xy is an
amino acid selected from the group consisting of N, ¢ and B, X1 is an amino acid
selected from the group consisting of E and €, X4 18 an amino acid selected from the
group cousisting of L, V, Y and W, and Xos 18 an arnno aad selected from the group

consisting of K and R.

The mixture of claim 19 or 28, wherein each isolated peptide is conjugated to a

Higand.

The mixture of claim 19 or 20, wherein one or more of the isolated peptides 18

biotinylated.

The mixture of claim 19 or 28, wherein one or more of the isolated peptides s

conjugated to streptavidin,

The mixture of claim 19 or 28, wherein each isolated peptide 1s immobilized to a solid

support,

A method for detecting in a sample an antibody to an epitope of a Borvelia antigen,
the method comprising:

contacting a sample with an isolated peptide of claim 1; and

detecting formation of an antibody-peptide complex comprising said isolated peptide,

wherein formation of said complex 1s indicative of an antibody to an epitope of a

Borrelia antigen being present in said sample.
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The method of claim 28, wherein said Borrelia antigen s from a Borrefia

burgdorferi, Borrelia afzelli, or Borrelia garinii species.

The method of claim 25, wherein said isolated peptide is immobilized to a solid

support.

The method of claim 27, wherein said solid support 18 a bead, a flow path in a lateral

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

The method of claim 28, wherein said detecting step comprises (1) performing an
ELISA assay, (1) running a lateral flow assay, (i) performing an agglutination assay, or

{(iv} running the sample through an analytical rotor,
The method of claim 28, wherein said sample is from a human or canine subject.

The method of claim 28, wherein said sample is a blood, serum, cerebral spinal fluid,

urine, or saliva sample.

The method of claim 253, comprising contacting the sample with two or more isolated

peptides of claim 1.

A method for diagnosing Lyme discase in a subject, the mucthod comprising:
contacting a sample from the subject with an isolated peptide of claim §; and
detecting formation of an antibody-peptide complex comprising said peptide, wherein

formation of the complex 8 indicative the subject having Lyme disease.

A kit comprising one or more isolated peptides of claam 1 and a labeling reagent
capable of binding to an antibody that recognizes an epitope of said one or more 1solated

peptides,

The kit of claim 34, wherein said one or more isolated peptides are attached to a solid

support.

The kit of claim 34, wherein said one or more isolated peptides are attached to a bead,

a tube or a well, a lateral flow assay device, or an analytical rotor,
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37.  The kit of claiva 34, wherein the labeling reageut is an anti-human or anti-canine 1gG

antibody conjugated to a detectable label.

38, The kit of claim 37, wherein the detectable label is colloidal gold particles.
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