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COMPOSITIONS AND METHODS FOR THE
PREVENTION AND DIAGNOSIS OF LYME DISEASE
This invention was made with government
support under Grant number AI 26815 awarded by the
5 Department of Héalth and Human Services. The
government has certain rights in the invention.

TECHNiCAL FIELD OF THE INVENTION

This invention relates to compositions and
methods useful for the prevention, treatment and

10 diagnosis of Lyme disease in humans and other animals.

' More particulafly, this invention relates to OSpA and
OspB polypeptides which are able to elicit in a treated
patient, the formation of an immune response which is
effective to treat or protect against Lyme disease.

15 This invention also relates to a screening method for
selecting the OspA and OspB polypeptides of this
invention which are able to elicit such an immune
response. Also within the'scope of this invention are
antibodies directed against the OspA and OspB

20 polypeptides and diagnostic kits comprising the
antibodies or the polypeptides.

BACKGROUND OF THE INVENTION

_ Lyme borrellosz.s is the most common vector-
borne infection 1n ‘the United States ([S.W. Barthold,
25 et al., "an Animal-Model For Lyme Arthritis", Ann. N.Y.
Acad, Sci., 539, pp. 264-73 (1988)]. It has been



15- This invention also relates to a screening nethod for

gelegfing the OspA and GspB pol ypeptides of this : I nvention which
- are'able to elicit such an i mune response. Also within the scope
~of this invention are anti bodi es directed agai nst the GspA and

GspB 20 pol ypeptides and di agnostic kits conprising the

anti bodi es or the pol ypepti des. -2 - BACKGROUND OF THE

| NVENTI ON ' Lyne borreliosis is the nost conmmon vector-

borne infection in the United States [S. W Barthol d, 25 et al., "An

Ani mal Model For Fiid | ey etk ' 58Re
26473 (1988)] |b¥%§§ﬁ%§2#ﬁ éveryVtbontinent except ctita. e pp.

reported in every PortiGithihabdrqrk Af re Risease is @9 gAY (SFPRGENG;
Lyme Di sea;e |hs arsyaa Imﬁcfx?ndiw as darythemsa amiderans, aeh bely thayrabe

m gr ans, ich may ol | gwed. we . ' _
cardiac, 5 and | oiqﬂbﬁa"d'ﬁ%‘i r?é??qﬁ }s‘? &éﬁtﬁé’ fg@épsq%zﬁ%ﬂg?élgg[ g%ﬁ?f%?' _
Lyme di sease i s5a and riziontt |gbnemeahitiels spi rochete known as Borrelia

burgdorferi, transmtted prigpdidyeis@iesest Cb6 L dis@aSepastaof the
I xodes ricinus conplex. B. buradorferi 10 has also been shown to.be carried
in other species dtecentlyzecegnized Rty eoRete KnokR a5 Rerre it

appears burgdorferi, transmitted primarily by ixodes ticks that

are part of the Ixodes ricinus complex. B. burgdorferi

10 has also been shown to be carried in other species of
ticks and in mosquitoes and deer flies, but it appears
that only ticks of the I. ricinus complex are able to
transmit the disease to humans.

Lyme disease generally occurs in three

15 stages. Stage one involves localized skin lesions
(erythema migrans) from which the spirochete is
cultured more readily than at any other time during
_infection [B.W. Berger et al., "Isolation And
characterization Of The Lyme Disease Spirochete From

20 The Skin Of Patients With Erythema Chronicum Migrans",
J. Am. Acad. Dermatol., 3, pp. 444-49 (1985)].
Flu-like or meningitis-like symptoms are common at this

time. Stage two occurs within days or weeks, and
involves spread of the spirochete through the patient's

25 blood or lymph to many different sites in the body
including the brain and joints. Varied symptoms of
this disseminated infection occur in the skin, nervous
system, and musculoskeletal system, although they are
typically intermittent. Stage three, or late

30 infection, is defined as persistent infection, and can
be severely disabling. Chronic arthritis, and
syndromes of the central and peripheral nervous system
appear during this stage, as a result of the ongoing
infection and perhaps a resulting auto-immune disease

35 [R. Martin et al., "Borrelia burgdorferi - Specific And
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[R Martin et al..enZaid-alirkdd!rgiRidcddrberpadddy (ELISA) is one method
-3 of detection, using sonicated whole spirochetes as thé
antigen [J.E. Craft et al., "The Antibody Response In
10 Lyme Disease: Evaluation Of Diagnostic Tests", J.
Infect. Dis., 149, pp. 789-95 (1984)]. However,
serologic testing is not yet standardized, and results )
may vary between laboratories and commercial kits,
causing false negétive and, more commonly, false
15 positive results. 1In addition, the disease often goes
unrecognized, as the ticks are small and easy to miss,
and the characteristic rash only occurs in 60-80% of
cases and may be misinterpreted when it does occur.
At present, all stages of Lyme disease are
20 treated with antibiotics. Treatment of early disease
is usually effective, however the cardiac, arthritic,
and nervous system disorders associated with the later
stages often do not respond to therapy [A.C. Steere,
"Lyme Disease", New Eng. J. Med., 321, pp. 586-96
25 (1989). _
Two lines of evidence suggest that the host
immune response to specific antigens of B. burgdorferi
may be partially responsible for the pathogenicity of
Lyme disease. First, patients treated with
30 corticosteroids (which suppress the immune system) show
improvement of their symptoms [A.C. Steere et al.,
"Lyme Carditis: Cardiac Abnormalities Of Lyme
Disease™, Ann. Intern. Med., 93, pp. 8-16 (1980)].
Second, some patients that do not respond to
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system di sorders the Tater o not" “r espond
to therapy [A C. Boxmedia Specigs¥, D&E&'@_i,ﬂ!eﬁéghg 59, mPd. 3837400y,
586-96 25 (1989). (19g6)). BorrBAid b#ﬁ%dﬁif@*hﬂ%ﬁ@% %ug&%&bﬂﬂaﬂmxthe host

| mmune response to speC|f|c an I.gens ur, dorfer| be parti.ally
responsi bl e for tK¥lindegydial iy surrou ﬁi At i by
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Car di ac Abnornallt sease 3, pp. 8-16
(1980)]. Secoruntammlr;faqeemmm Ao ORPA)r e[@p@nd Bagbour et al.,

"Lyme Disease Spirochetes And Ixodid Tick Spirochetes
Share A Common Surface Antigenic Determinant Defined By
15 A Monoclonal Antibody", Infect. Immun., 41, pp. 795-
804 (1983); J.L. Benach et al., "A Murine IgM
Monoclonal Antibody Binds An Antigenic Determinant In
Outer Surface Protein A, An Immuncdominant Basic
Protein Of The Lyme Disease Spirochete", J. Immunol.,
20 140, pp. 265-72 (1988)] and a 34 kd outer surface
protein B (OspB) [A.G. Barbour et al., "Variation In A
Major Surface Protein Of Lyme Disease Spirochetes",
Infect. Immun., 45, pp. 94-100 (1984)]. The two
proteins have been shown to vary from different
25 isolates or from different passages of the same isolate
as determined by their molecular weights and reactivity
with monoclonal antibodies. In addition, OspB may not
be produced at all in culture [T.G. Schwan et al.,
"Changes In Infectivity And Plasmid Profile Of The Lyme
30 Disease Spirochete, Borrelia Burgdorferi, As A Result
Of In Vitro cultivation", Infect. Immun., 56, pp. 1831-
36 (1988)].
Early in human infection, antibodies are
generated primarily against a 41 kd flagella-associated
35 antigen. Later on, high titer antibodies to both OspA



-4- - antibiotics appear to manifest an autoi nmune di sorder initiated

by infection with B. burgdorferi. Li ke Treponena pal |l i dum
whi €h causes syphilis, and | eptospirae, which cause an infectious 5
jaundi ce, Borrelia belong to the eubacterial phylum of spirochetes [A G

Bar bour and S.F. Hayes, "Biology O Borrelig Species", Mcrobiol. Rev.,
50, pp. 381-400 (1986)]. Borrelia burgdorferi have a protoplasmc
cylinder that is surrounded by a cell nenbrane, then by 10 flagella, and
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Lyme infected for months or years. It has thus been
suggested that the spirochete may be able to sequester
itself in certain intracellular sites where it remains :

15 unavailable to éifculating antibody molecules.
Development of a laboratory model for Lyme

disease has proved elusive. Several groups have found
spirochetemia in rabbits, Peromyscus mice, and Syrian
hamsters after inoculation with B. burgdorferi, but no

20 other manifestations of Lyme disease have been found.
[W. Burgdorfer, "The New Zealand White Rabbit: an
Experimental Host For Infecting Ticks With Lyme Disease
Spirochetes", Yale J. Biol. Med., 57, pp. 609-12
(1984); A.N. Kornblatt et al., "Experimental Lyme

25 Disease In Rabbits: Spirochetes Found In Erythema
Migrans And Blood", Infect. Immun., 46, pp. 220-23
(1984); A.N. Kornblatt et al., "Infection In Rabbits
With The Lyme Disease Spirochete", Yale J. Biol. Med.,
57, pp. 613-14 (1984); J.L. Benach et al.,

30 "“Experimental Transmission Of The Lyme Disease
Spirochete To Rabbits", J. Infect. Dis., 150, pp. 786-
87 (1984); J.G. Donahue et al., "Reservoir Competence
Of White-Footed Mice For Lyme Disease Spirochetes",

Am. J. Trop. Med. Hyg., 36, pp. 92-96 (1987); E.C.
35 Burgess et al., "Experimental Inoculation Of Peromyscus



30 Disease Spirochete, Borrelia Burgdorferi, As A Result O In Vitro

Cultivation", Infect. Immun., 56, pp. 1831- 36 (1988)].
Eardy in hunan i nfection, antibodies are generated primarily against a
41 kd fl agel | a- aSSOCIated 35 antigen. Later on, high titer antibodies to
bot h GspA - 5- and OGspB appear
[J.E. Craft et al., "Antigens of Borrelia Burgdorferi Recogni zed During
Lyme Di sease: Appearance O A New | nmundgPobul i n M Response And
E?pans:on O The Innunoglobulin G Response Late In The 5 Illness", J.

I n nvest -39 (1986 wever, '
response i s genera’rﬂ% Bﬁé%%f—*—%—l%h@%ﬁ?—%ﬁf %Eé%g?éﬂ?%?h?hgggge
i nfective agent Traﬁsm$$ﬁibﬂﬁntEmLMlLﬂiggnﬁduﬁﬂbdﬂzﬂﬂvy35at9P (R5B-59

Moody et al., "Expeld t rg ORI € | nudflelLeWi s Rats", Am
J. Trop. Med. Fyg.F#%ggfégé'éﬁgﬁg%inggs ﬁgé ?gﬁiﬁn hu%gﬁs have been
shown to be persi sHiistégathology c@ éEXP%¥1m6ﬂ¥h§15rI?SQFEedIHaﬂé§efﬁu§15€en

suggested that '“?ﬁ@iﬁfﬁ@e5§s€§¥eb§pﬁ§$§hé@e§egﬂﬁﬁéﬁia Burgteefbrin,
certain intracellular sttes where it remains 1£ ynavall ?Iatlng
ant i body nplecule§ﬁZﬂlLJﬂZZLJQﬂh—¥%$%+e%%%ﬁ $la PBbosgboF% ﬁggéﬁ for
Lyne ) tdlsease hnﬁgpr@unﬂsehustvel SeWBnﬁbcgionpsfhay21anunamsters With
spirochetem a in it Per o an kAN a3 ersqafter

i nocul ation with Yﬂﬁréﬁﬁ??ﬁ?P¥Pg¥$cﬁ%E§ﬁ" LAl ierd ggg'éfzﬁyne

di sease have been ppuntio99-101 (1984).]

10 Several animal models have been developed
however, which suggest that it may be possible to
immunize against B. burgdorferi infection. Early
studies with hamsters showed that passive immunization,:
i.e. transfer of serum from rabbits inoculated with

15 B. burqgdorferi, conferred protection from subsequent
infection with the same strain [R.C. Johnson et al.,
vpassive Immunization Of Hamsters Against Experimental
Infection With The Lyme Disease Spirochete", Inf. Imm.,
53, pp. 713-14 (1986)], however this immunity did not

20 extend to strains from other geographic locations [R.C.
Johnson et al. "Experimental Infection Of The Hamster
With Borrelia Burgdorferi", Ann. N.Y. Acad. Sci., 539,
pp. 258-63 (1988)]. 1In addition, active immunization
of hamsters with whole inactivated B. burgdorferi also

25 confers immunity, but again it appears to be somewhat
strain specific [R.C. Johnson et al., "Active
Immunization Of Hamsters Against Experimental Infection
With Borrelia Burgdorferi®, Inf. Imm. 54, pp. 897-98
(1986)]. Hamsters are not an optimal model system

30 however, as they do not appear to develop the clinical

symptoms associated with Lyme disease.

An animal model utilizing laboratory rats
demonstrated that although they become persistently
infected and develop arthritis and carditis, these
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263 69 (1986); = B o19B9808 Chidli1nr’ tRf 2koR Ceall lifn NS S (0.1
ynme Di sease Spirochetes”, J. & . crobiol., 20, , pR. 1099-%91,
(1984).] Schaible et al., "The Severe Combined Immunodeficiency
Mouse: A Laboratory Model For The Analysis Of Lyme
10 Arthritis And carditis", J. Exp. Med., 170, pp. 1427-
.32 (1989)]. Using this system, it was shown that
B. burgdorferi-specific immune mouse sera as well as a
monoclonal antibody to OspA, were able to prevent or
slow the development of Lyme disease in SCID mice when
15 passively transferred at the time of infection. [U.E.
Schaible et al., "Monoclonal Antibodies Specific For
The Outer Surface Protein A (OspA) Of Borrelia
Burgdorferi Prevent Lyme Borreliosis In Severe Combined
Immunocdeficiency (SCID) Mice", Proc. Natl. Acad. Sci.
20 UsA, 87, pp. 3768-72 (1990)]. However,
immunocompromised animals are not well suited for the
study of potential vaccines. Others have attempted to
infect immunocompetent strains of laboratory mice, but
have failed, see S.W. Barthold et al., supra. Thus,
25 additional animal systems and vaccine development is
required.

As prevention of tick infestation is
imperfect, and Lyme disease may be missed or
misdiagnosed when it does appear, there exists an

30 urgent need for the determination of the antigens of
B. burgdorferi and related proteins which are able to
elicit a protective immune response. In addition, in
order to develop agents and methods to prevent and
diagnose Lyme disease, an appropriate animal model

35 which mimics the human disease is required with which
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preventlon of Lyme disease. The preferred compositions

10 and methods of this embodiment are characterized by
OspA polypeptides which elicit in a treated patient,
the formation of an immune response which is effective
to treat or protect against Lyme disease as caused by :
infection with B. burgdorferi.

15 In another preferred embodiment, this
invention proﬁides OspB polypeptides and
pharmaceutically effective compositions and methods
comprising those polypeptides, which are useful for the
treatment or prevention of Lyme disease. The preferred

20 compositions and methods of this embodiment are
characterized by OspB polypeptides which elicit in a
treated patient, the formation of an immune response
which is effective to treat or protect against Lyme
disease as caused by infection with B. burgdorferi.

25 In yet another embodiment, this invention
provides antibodies directed against the OspA or OspB
polypeptides of this invention, and pharmaceutically
effective compositions and methods comprising those
antibodies. The antibodies of this embodiment are

30 those that are immunologically reactive with the OspA
or OspB polypeptides of this invention, and are
effective to treat or protect against Lyme disease as
caused by infection with B. burgdorferi.
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ani mal nodel 35 whi mmcs the human di,sease is reQU|red w th which
protect the anlmal against Lyme disease.

15 In another embodiment, this invention
provides diagnostic means and methods characterized by
OspA or OspB polypeptides, or antibodies directed
against these polypeptides. These means and methods
are useful for the detection of Lyme disease and

20 B. burgdorferi infection. They are also useful in
following the course of treatment against such
infection.

Finally this invention provides DNA sequences
that code for the OspA and OspB polypeptides of this

25 invention; recombinant DNA molecules that are
characterized by those DNA sequences, unicellular hosts
transformed with those DNA sequences and molecules, and
methods of using those sequences, molecules and hosts
to produce the OspA and OspB polypeptides of this

30 invention.

BRIEF DESCRIPTION OF THE DRAWING

Figure 1 depicts the DNA and amino acid
sequences of the OspA polypeptide of B. burgdorferi



-8- s to study and select such antigens, and to explore the | mune
response they may confer. DI SCLOSURE OF THE | NVENTI ON
The present invention solves the problens 5 referred to above by providing
in one preferred enbodi ment OspA pol ypepti des and pharmaceutically
effective conpositions and nethods conprisingd hose pol ypepti des, which
are useful for the treatnent or prevention of Lyne disease. The
preferred conpositions 10 and nethods of this enbodi nent are characterized

by  GspA pol ypepid,das, Wicsh #£ld tiHe ideghdricted fad ieNigonucidetias mation
of an imune response which 'is effective to treat or protect against
Lyne di sease as cREiqens used f ALY (4 98 ydorferi. 15

I n anot her preferred enbodi nent, this i nvention provides GspB

pol ypepti des and phar "egETAILED | DEREREPTIO T met hods

conprising those pol ypeptides, which are useful for the treatment or
prevention of Lyme di sease. THis pinsfegrriazh 2elakgste iQspA anf RSB Is of

t hi s enbodi nent_ are ]ﬁgﬁ# t el ESnP PSS B Whstigdicit in
a treated psat ipeon]t}.’,pet e %?’ngétr%%%‘bo%%n |mfil}gd,:ey_r esp%ﬁgéelmghﬁh és
effective to treatanfiipndiast GRRRCILISHR contajning the A0
infection with B. jj¥skdiey, .arkb methods for |the atetoet e, enbeatiment

L ven o ol st e S 064 g8k 205451 5o B0 21y B8
one embodiment, this invention relates to compositions

10 and methods comprising OspA polypeptides that elicit in
treated animals, including humans, an immune response
which is sufficient to protect the animal for some
period of time against Lyme disease-related disorders
as a result of infection with B. burgdorferi.

15 In another embodiment, this invention relates
to compositions and methods comprising OspB
polypeptides that elicit in treated animals, including
humans, an immune response which is sufficient to
protect the animal for some period of time against Lyme

20 disease-related disorders as a result of infection with
B. burgdorferi.

In another embodiment, this invention relates
to compositions and methods comprising anti-OspA or
anti-OspB polypeptide antibodies that are effective to

25 protect a treated animal for some period of time
against Lyme disease-related disorders resulting from
infection with B. burgdorféri.

In still another embodiment, this invention
relates to diagnostic means and methods for the

30 detection of Lyme disease.

In order to further define this invention,
the following terms and definitions are herein
provided.



-.ef fettsi ve conpositions and nmet hods conprising those anti bodi es. The
anti bodi es of this enbodinent are 30 those that are inmunol ogically
reactive with the GspA or GspB pol ypeptides of this invention, and are
effective to treat or protect against Lynme di sease as caused by
infection with B. burgdorferi. -9-
This invention further provides a novel SCreeni ng process, using a
speci fi ¢ nonhuman, mammal i an nodel , fof'ééiébting the preferred GspA
and GspB pol ypepti des and antibodies of this invention that are 5

effective to protect against X’espe&i S, & e .-oSpg%é%ﬁ%&g;ﬂié’&%ﬁl&ﬁ

this invention conprises thé I nmuni Zi ng a
C3H He nouse with cmnﬁa:pmrotantl@splaqmil}%rﬁm diseane'bane AASRAi s

i nvention; 10 i
bur gdor feri; and polypeptides IfdH Fadbedtiod hrﬁo%sge&%i%ﬁré@s}eﬂéﬁ fob.

pol ypept i des or araansp drezsiaghioh ta’r"@ef‘?%c?’mé"i% of %t%ﬁmf‘ffer%rﬁ"hh‘l’h
agai nst Lyne digeasuikd from infectjomneitiers !m___g_h'ﬁwmﬁon

provi des di agnosti c ans and net hods haracterl

pol ypepti des, or X%ae?’cﬁ’?aéﬁ'eoar léjg%’r%‘stc‘?ﬁg’s@/%’ol ?‘?Akg%s fFhese
means and net hods disardensefand fathemdayimetismeyeryarﬁedilmm 20 B.
burgdorferi infection. They A §Al$hesEin] *dspa polypeptide" denotes

the OspA protein of SEQ ID NO: 4 and serotypic variants

10 thereof, excluding strains 2S7 and B31; fragments
containing at least 10 amino acids taken as a block
from the amino acid sequence of the OspA protein of
SEQ ID NO: 4 and serotypic variants thereof; and
derivatives of either of the above, said derivatives

15 being at least 80% identical in amino acid sequence to
said OspA protein of SEQ ID NO: 4, serotypic variants
thereof and fragments thereof. Alternatively, "OspA
polypeptide" denotes polypeptides selected from the
group consisting of: polypeptides that are

20 immunologically reactive with antibodies generated by
infection of a mammalian host with B. burgdorferi,
which antibodies are immunologically reactive with the
OspA protein of SEQ ID NO: 4 and serotypic variants
thereof excluding ZS7 and B31 (i.e., excluding

25 polypeptides that are immunologically reactive with
antibodies that are immunologically reactive only with
the OspA proteins of strains ZS7 and/or B31l);
polypeptides that are capable of eliciting antibodies
that are immunologically reactive with B. burgdorferi

30 and the OspA polypeptide of SEQ ID NO: 4 and serotypic
variants thereof excluding ZS7 and B31, (i.e.,
excluding polypeptides that elicit antibodies that are
immunologically reactive only with the OspA
polypeptides of strains 2S7 and/or B31l); and

35 polypeptides that elicit in a treated mammalian host an



fol 1dbwi ng the course of treatment against such I nfection.

Finally this invention provides DNA sequences that code for the OspA and
CspB pol ypeptides of this 25 invention, reconbinant DNA nol ecules that are
characteri zed by those DNA sequences, unicellular hosts transfornmed with
t hose DNA sequences and nol ecul es, and met hods of using those sequences,
nol ecul es and hosts to produce the OspA and OspB pol ypeptides of this 30
I nvention. BRI EF DESCRI PTI ON ¥ THE DRAW NG

Figure 1 depicts the DNA and am no acid sequences of the GspA

pol ypepti de of B. burgdorferi . . inst0 -
strain NAO, and t hbERRGCREEPRRse Ehat; 5 eEfestiye t° BFPRers 89347Fs
anplify the gene. Lyme disease a®ETdws&D BFSDRESTE D nORiThEBL NbEKGdOKferi

This i nvention rel S i.d ; ks n
anti - OspB polypept?ﬁg tﬁgggg?ébgl §§§€5%§0§?%¥gﬁghgoﬁ?gﬁggﬁée?ﬁgﬂggpgfies
and ant i bodi es, immunadeabgallyrreactiecvithnther @gPAcRPIYPEREAde ©

prevention of Lymegghseasfe: Mi' 8ndPEeLbteplityvatDantsorheesbadi ment, this
i nvention relates to conpositions . . .
As used herein, a "serotypic variant" of an
OspA polypeptide, also referred to as an "OspA
variant®, is any polypeptide which may be encoded, in
whole or in part, by a DNA sequence which hybridizes,

10 at 20-27°C below Tm, to any portion of the DNA segquence
encoding the OspA polypeptide of SEQ ID NO: 4.
Alternatively, a "serotypic variant" of an OspA
polypeptide is any polypeptide which may be encoded, in’
whole or in part, by a DNA sequence which hybridizes to

15 any portion of a DNA sequence encoding a derivative of
the OspA protein of SEQ ID NO: 4 or fragments thereof,
said derivatives being at least 80% identical in amino
acid sequence to the OspA protein of SEQ ID NO: 4 or
fragments thereof.

20 One of skill in the art will understand that
serotypic variants of OspA polypeptides include those
polypeptides encoded by DNA sequences of which any

s portion may be amplified by using the polymerase chain
reaction and oligonucleotide primers derived from any

25 portion of the DNA sequence encoding the OspA protein
of SEQ ID NO: 4. In addition, serotypic variants of
OspA polypeptides include those polypeptides encoded by
DNA sequences of which any portion may be amplified by
using the polymerase chain reaction and oligonucleotide

30 primers derived from any portion of a DNA sequence
encoding a derivative of the OspA protein of SEQ ID NO:
4 or fragments thereof, said derivatives being at least
80% identical in amino acid sequence to the sequence of
the OspA protein of SEQ ID NO: 4 or fragments thereof.



10 ahd net hods conprising GspA pol ypeptides that elicit in treated

ani mal s, including humans, an i nmune response which is sufficient to
pratect the aninmal for sone period of time against Lyne disease-rel ated
di sorders as a result of infection with B. burgdorferi. 15 In

anot her enbodi nent, this invention relates - 1830-conpositions and net hods
conprising GCspB pol ypeptides that elicit in treated animals, including
humans, an i mune response which is sufficient to protect the animal for
sone period of tine against Ageerdingi teasrerehhoddmgntopfickbias a result

Ui st nvent] on el STESCRAE S BESYpLe varhent, pEdsAC SRR EPTIPCRE s
or anti - OspB pofypRpRideurgdeorterssthainaNaoeiseprpydded. 25Thist ect a
treated animal foryspi@Enee(sed pd KHOHE10), PP8MNStrhYAC28b383SaitebEedn
di sorders resulting from 1d |nfeg;|on mnthtﬁg Bur dor&erg. . strain.
In still anothe? cRBUAPrRFIY SRRYSRGSFYPBthe Papl: BOlVBeRTigRoSE) BERRRS
and nmethods for the4GOaties2cpositdbénsyneAdcseding to the definithionsrdek to
Lg;teihﬁr de“:gpgvit ggfbi-ﬂ{e&ﬁb@é‘; the pPSLLPh! 8P BB #b"RodNdodekiAbhbARS BFC
at least 10 amino acids taken as a block from the amino
acid sequence of SEQ ID NO: 10, or derivatives at least

10 80% identical in amino acid sequence to SEQ ID NO: 10
or fragments thereof, are all considered to be OspA
polypeptides. 1In addition, polypeptides
immunologically reactive with antibodies generated by
infection of a mammalian host with B. buradorferi,

15 which antibodies are immunologically reactive with the
protein of SEQ ID NO: 10 or fragments thereof, and
polypeptides capable of eliciting antibodies that are
immunologically reactive with B. burgdorferi and the
protein of SEQ ID NO: 10, are also considered to be

20 OspA polypeptides.

One of skill in the art will understand that
probes and oligonucleotide primers derived from the DNA
encoding the 25015 OspA variant (SEQ ID NO: 9),
particularly from regions encoding amino acid

25 substitutions as compared to the OspA polypeptide of
strain N40 (SEQ ID NO: 4), may be used to isolate and
clone further variants of surface proteins from other
B. burgdorferi strains and perhaps from other
spirochetes as well, which are useful in the methods

30 and compositions of this invention.

As used herein, the "OspB polypeptides which
confer protection against Lyme disease" are OspB
polypeptides which prevent or lessen the severity, for
some period of time, of any one of the disorders which

35 results from infection with B. burgdorferi, including



As useed herein, the "GOspA pol ypeptides which confer protection agai nst

Lyne di sease" are OspA pol ypepti des which prevent or |essen the
severity, for sonme period of time, of any one of the disorders which 5
result frominfection with B. burgdorferi, including eryt hema m grans,
arthritis, carditis, neurological di sorders, and other Lyne

di sease-rel ated di sorders. As used herein, "OspA polypeptide"
denot es the OspA protein of SEQ ID NO 4 af Serotypic variants 10

t hereof, excluding strains ZS7 and B31; fragnents containing at |east 10

TS oor {2 G e ket SrYAPEr 145, 514 EPEbFRSErR L obRea A
protein of SEQ r bt an of 5

derivatives of eitdisoxderse amdvetheni bywerdiseasesrdbatédi djsardeeast 80%
identical in amno acid sequ | Ch | S . 4,
serotypic variants theré%$C§%%8f$%iﬁéﬁkslégéélé#£§§$€g?égtFé%#g%QEEEpA_
pol ypept i de" denotthe RspBcprotiein sef cBi curgderferi strainuB3ioaddsting

of : polypeptides thatoeysidOvatiANES| Obrébty fLAGheNEs ebAtadhiRgdhes
gener ated by infection of ,a na | i an host w gdorferl,_

h, B.. bur
whi ch antibodi es alePFEMIR BN AFLAF LHEEN 2% ? PPk fr BspRepABiePn of

SEQ ID NO 4 and sstid ypeguence avf Sthe OspRrpodétekn| ofli Bg HSrgdodfBRi
(i.e., excluding 2 Y. tides ' | e ive with
ant i bodi es t hat ar%tF%§%ﬁ€$Qg+€§I?£P$%%§{$V% onl'y %E#ﬁgi%gffhgﬁéspA
proteins of strai ndezbrathvesrofi3aither ofothpcphovies said devivapives of

eliciting anti Ppedigsing at Bbadt CadfMAGhLPELR! 1Y ARARS1 ¥8idM EBgBence to
burgdorferi 30 .and the CBpA%§O|¥§q%%|de of SEQ ID NO 4 and_serotypic
variants thereof eXi¢RFPR PXote 1B (purgdoriery SFX3IRgBAdr ypept i des

that elicit antibogkestypit waeiantsi thereddgandl fyageaents vehepbpgtwi th the
P P YPeRt Rl PLRLS AL B Yo b o Eert5e 8 KBS ET AL
selected from the group consisting of: polypeptides

15 that are immunologically reactive with antibodies
generated by infection of a mammalian host with
B. burgdorferi, which antibodies are immunologically
reactive with the OspB protein of B. burgdorferi strain |
B31 and serotypic variants thereof; polypeptides that

20 are capable of eliciting antibodies that are
immunologically reactive with B. burgdorferi and the
OspB protein of B. burgdorferi strain B31 and serotypic
variants thereof; and polypeptides that elicit in a
treated mammalian host an immune résponse that is

25 effective to protect against Lyme disease as caused by
infection with B. burgdorferi and that are capable of
eliciting antibodies that are immunologically reactive
with the OspB protein of B. burgdorferi strain B31 and
serotypic variants thereof.

30 As used herein, a "serotypic variant" of an
OspB polypeptide is any polypeptide which may be
encoded, in whole or in part, by a DNA sequence which
hybridizes, at 20-27° below Tm, to any portion of the
DNA sequence encoding the OspB polypeptide of SEQ ID

35 NO: 11. Alternatively, a "serotypic variant" of an




-12 = - i mune response that is effective to protect against Lyne

di sease as caused by infection with B. burgdorferi and that are capable
of seliciting antibodies that are i mmunol ogically reactive with the GspA
pol ypeptide of 5 SEQ ID NGO 4 and serotypic variants thereof.

As used herein, a "serotypic variant" of an CspA pol ypepti de, also
referred to as an "GspA variant”, is any. pg ypeptide which may be
encoded, in whol e or in part, by a DNA sequence which hybridizes, 10 at
20-27[err]C below Tm to any portion of the DNA sequence encodi ng t he

GspA pol ypeptide qig35Q,d tfde is 4h LSt Yde awh SE€RORNPI Bevari ant "
of an GspA pol ypé%’%d%;a%’any pol ype}ﬁﬂ?gﬁth nﬁ%Abe enggded i.nh
whol e or in part, ®jcedela SRqiRAte Hhith PRETi dPYed 18eGHED58r FR&RPof a
EPAffSSﬁiﬂfg Sﬂg?gﬁ ﬁdﬂﬂééygéhdﬂyqﬁ?:tioﬁfﬁfCSpﬂNprséthnoé ERQoaDnYOa 4
. . sal rivatiye Stn8Q% i denti.cal in
ani no acid se iyative @t Cgtbﬁ g?%%eéﬁg€+P§E%£I%E§IO%D4ﬁéf it E’k_
fragments theresf.f2fgments ther€ng, osaididerivatheearbeinyl atndepstafg?
t hat SerOtyp'Ci%gﬁéfgéa‘fﬂ gﬁPﬁbp9é¥@3£%%@§ﬁcénﬁbuéﬁetBBﬁQ protein of

pol ypepti des encode sequences o h any portion may be
anpl i fi ed by usi ngSEQeIRoNQpethser chragments  £he¥eeh- and ol i gonuci eot i de

priners derived fromany 25 garyien eérbbgpDblivacianbseognosgang the OspA
protein of SE

pol ypepti des incIS%ég§aggﬁﬁﬂﬁ%9pggg:étggﬁﬁiggg%yg§g 48t' 81 andilygspA

10 appreciate that serotypic variants of OspB polypeptides
include those polypeptides encoded by DNA sequences of
which any portion may be amplified by using the
polymerase chain reaction and oligonucleotide primers
derived from any portion of the DNA sequence encoding

15 the OspB protein of SEQ ID NO: 11. In addition,
serotypic variants of OspB polypeptides include those
polypeptides encoded by DNA sequences of which any
portion may be amplified by using oligonucleotide
primers derived from any portion of a DNA sequence

20 encoding a derivative of the OspB protein of SEQ ID NO:
11 or fragments thereof, said derivatives being at
least 80% identical in amino acid seéuence_to the
sequence of the OspB protein of SEQ ID NO: 11 or
fragments thefeof.

25 It should also be understood that each of the
OspA and OspB polypeptides of this invention may be
part of a larger protein. For example, an OspA
polypeptide of this invention may be fused at its N-
terminus or C-terminus to another OspA polypeptide, or

30 to a non-OspA polypeptide or combinations thereof.
OspA polypeptides which may be useful for this purpose
include polypeptides derived from SEQ ID NO: 4, SEQ ID
NO: 10, and serotypic variants of either of the above.
Non-OspA polypeptides which may be useful for this

35 purpose include polypeptides derived from SEQ ID NO: 11



DNA seguences of which any portion nay be anplified by usi ng the
pol ymerase chain reaction and ol igonucl eotide 30 prinmers derived from any

portion of a DNA sequence encodi ng a derivative of the OspA protein of
SEQ I D NO 4 or fragnents thereof, said derivatives being at |east

80% identical in am no acid sequence to the sequence of the GspA
protein of SEQID NO 4 or fragnents thereof.16 -

- 13 - According to one enbodi nent of this i nvention, a
serotypic variant of an OspA pol ypepti de fromB. burgdorferi _strain N4O
i s provided. This and serqtamRliq sayiantg thegeof o’%ﬁ%tb_am”ers

in 5 amno aci d saGEI06fdsHyBd it dd e P edid dEr dmérit i thereof40 at 39
positions. Accordi to the defjnitions set . foit above t{g lgr%ei n of
SEQ ID NO 10, fr $.ofouradgprery ur RTALINF AP S TATHERES LRt ock
fromthe am no aral irbrs @ o ddr £l Ihrdeind and firagments ccheteofast

10 80% i dent i ci'agT i n am no acf'trg %gﬁ%&dife%%%%@%e%&?nti ffmtg

thereof, are a consi dered n-addi t7on,

pol ypept i des iprateinsyiceupnising muktiple senotipiesvapiants «f YspA
infection of a marggd/ah digss péiybddt RS A0FS St dnstPuctdld CHo@NiddOfh OEhéar €
I mmunol ogically reactive wththe™ " protein of,Sﬁﬁ%lD NO 10 or fragnents
t her eof , and REthRds iand RBRAF 1IN ¢ thiRy NSRS tFRfPare

i mmunol ogi cal |y r gaadtieimsvdre Rffwotgiws f i i tledptévent iom, otreatméntSE hd D
NG 10, are alfd) 'Cﬁ%%ndo(asrieg df f&ﬁne disease as caused by a wide spectrum
of B. burgdorferi isolates.
The OspA and OspB polypeptides may also be

part of larger multimeric proteins. These fusion
proteins or multimeric proteins may be produced

15 recombinantly, or may be synthesized chemically. They
also may include OspA and OspB polypeptides fused or
coupled to moieties other than amino acids, including
lipids and carbohydrates.

As used herein, a "protective antibody" is an

20 antibody that confers protection against Lyme disease
as caused by infection with B. burgdorferi, when used
to passively immunize a naive animal.

As used herein, a "protective epitope" is
(1) an epitope which is recognized by a protective

25 antibody, and/or (2) an epitope which, when used to
immunize an animal, elicits an immune response
sufficient to prevent or lessen the severity for some
period of time, of any one of the disorders which
result from infection with B. burgdorferi. A

30 protective epitope may comprise a T cell epitope, a B
cell epitope, or combinations thereof.

As used herein, a "T cell epitope" is an
epitope which, when presented to T cells by antigen
presenting cells, results in a T cell response such as

35 clonal expansion or expression of lymphokines or other



20 C§pA pol ypepti des. One of skill in the art wll understand

t hat probes and ol i gonucl eotide prinmers derived fromthe DNA

encodi ng the 25015 OspA variant (SEQ ID NO 9), particularly from

regi ons encoding anmno acid 25 substitutions as conpared to the GspA

pol ypepti de of strain NAO (SEQ ID NO 4), may be used to isolate and
clone further variants of surface proteins from other B. burgdorferi
strains and perhaps from ot her spirochetdd as well, which are useful in
t he nethods 30 and conpositions of this invention. As used

herein, the "GOspB pol ypept,i des which confer protection against Lynge
di sease" are OspBlmmungstimiatery Balarphesent?® or Fes&PHRPR JRY | @)so
for some peri @& @h ldpitopd rsvodiized Byheylictwier ¢ Wi Kis Xhdesway s

o o1, et oy o bt s A

di sorders, and ot lsérdng® diesldaspiteips dds di Sbrakelrls epitope which elbcited

herein, "GCspB g,ol épps@r'oq% T LY esponddle OspB protein of B. burgdorferi
sero

strain B3-1 an typic variants thereof; fragments containing at
| east 10 anino aci ds taken & A¥9dbHERYEM the'Barf epitopel’ S e of

the GspB protein @finpldaty $pAHiR(l confdiiniati IorBIIf Al AfidemivhieEi ants
thereof; and reacts with a specific antibody.
As used herein, a "therapeutically effective
10 amount of an OspA polypeptide" is the amount required
to prevent or lessen the severity, for some period of
time, of any one of the disorders which result from
infection with B. burgdorferi.
As used'herein, a "therapeutically effective
15 amount of an OspB polypeptide" is the amount required
to prevent or lessen the severity, for some period of
time, of any one of the disorders which result from
infection with B. burgdorferi.
As used herein, an "anti-OspA polypeptide
20 antibody" is an immunoglobulin molecule, or portion
thereof, that is immunologically reactive with an OspA
polypeptide of the present invention.
As used herein, an "anti-OspB polypeptide
antibody" is an immunoglobulin molecule, or portion
25 thereof, that is immunologically reactive with an OspB
polypeptide of the present invention.
An anti-OspA polypeptide antibody or anti-
OspB polypeptide antibody may be an intact
immunoglobulin molecule or a portion of an
30 immunoglobulin molecule that contains an intact antigen
binding site, including those portions known in the art
as F(v), Fab, Fab' and F(ab')2. It should be
understood that an anti-OspA polypeptide antibody or
anti-OspB polypeptide antibody may also be a protective
35 antibody.



deriVatives of either of the above, said derivatives 10 being at |east 80%
|penplcal I n amno acid sequence to the GspB protein of B. burgdorferi
strain B31, serotypic variants thereof and fragnents thereof.

Al ternatively, "GspB polypeptide" denotes polypeptides sel ected from
the group consisting of: polypeptides 15 that are inmunol ogically reactive
wi th anti bodi es generated by infection ofga.mammalian host wth B.
burgdorferi, which antibodies are inmmunol ogically reactive with the
GspB protein of B. burgdorferi strain B31 and serotypic variants
thereof; polypeptides that 2§ ﬁéédcﬁéﬁbhﬂ o& ehhé'rh'pagta&hilbgdieefetzlta'.weare

|nnunolog|cally reactlve wth r . f B.
burgdorferi strai ARRYREAAY §Br8P§bTégpg pQEYP %thgpgéPgégﬁdagngbgp?ldes
that elicit in a amouhteztqdiredntbi prelient ex LrssErRd tbepseyerikyy, £Or25
effective to protect agaiosh LYTE:fbeeaRcany BANSEE Blie diskRtRehl Gt h

B. burgdorferi capa C|t|ng antibhodies that are
i mmunol ogi cal | $ r resuilte from wnfhcthencupshp IBerRyrgdorferi strain

Paerotypic variantt of an am‘s“%er Bereidl 8 ""‘herape&‘m‘iyh?m&tm
ol ype Jde yhich ma
be encoded, inameynE 6f PR P Fﬁ‘oﬁég BBEXP %& . lﬁy\g?‘idlzesy

%; EQ-Zr[err]_belqwdﬁmm &@qaareﬂotblpnevénther_leBHAns¢@uem@yegn¢dd|@?nrma
OepB pol ypeptide of 3EElRodd oMOrihk, B GrYALRLCE the' Hisinadrs Wi
10 result from infection with B. burgdorferi.

The OspA polypeptides of this invention in
addition to including polypeptides corresponding to the
native polypeptides (e.g., SEQ ID NO: 4 and serotypic
variants thereof) 'include fragments and derivatives of

15 those polypeptides and fragments. The fragments of
such native polypeptides contain at least 10 amino
acids taken as a block from the sequence of the OspA
polypeptide of SEQ ID NO: 4 and serotypic variants
thereof. The derivatives of this invention are at

20 least 80% identical in amino acid sequence to the OspA

protein of SEQ ID NO: 4, serotypic variants thereof and

fragments thereof.
Likewise, the OspB polypeptides of this
invention in addition to including polypeptides
25 corresponding to the native polypeptides (e.g., B31
OspB and serotypic variants thereof) include fragments
and derivatives of those polypeptides and fragments.
The fragments of such native polypeptides contain at
least 10 amino acids taken as a block from the sequence
30 of B31 OspB and serotypic variants thereof. The
derivatives of this invention are at least 80%
identical in amino acid sequence to the OspB protein of
SEQ ID NO: 11, serotypic variants thereof and fragments

thereof.



- 15% - CspB pol ypeptide is any pol ypeptide which nmay be encoded, in

whol e or in part, by a DNA sequence which hybri di zes to any portion of a
DNA sequence encoding a derivative of the GspB protein of SEQID NO 11
or 5 fragments thereof, said derivatives being at |east 80% i denti cal
In am no acid sequence to the GspB protein of SEQ ID NO 11 or
fragnments thereof. As with serotypic variants of CGspA

pol ypepti des, one of skill in the art wll egngy 10 appreciate that

serotypic variants of GspB pol ypeptides i ncl ude those pol ypepti des

encoded by DNA sequences Ofai?l?ﬁF §§Fﬁ$¥ GOEL ! Qﬂ?”ggeQSnE”PhbéhéﬁaRy Hﬁgng

t he pol ynerase chain re Irgonucl €oti
fromany portion opreﬁerfbw\@equembeveacndﬁngt18hehen€EpEPp@%PélﬂroPSBEQ I D

NO 11. In additio C ;
those ool ypept PILEPERE %Qéy§§ £XA5haAtS 8Fe RGH:PoCAPER gds§eeeeaude

uences I C
may be anplified b?raétmgn§$|§%Hﬁ%¢%@??d&helt bFWHEPSeHéF|9€Er??B§Faﬁ9
gg&;:gﬁhgj a DN$15€HE$Bﬁ€e3@?&nf@@iﬁﬂeﬁtderFﬁﬁté!&mpietheaEEoEspamlnbn of

or fr s i hereo tivat t
80% i dentical in affhd ﬁgPﬁ %Eﬁﬁgﬂ%%' B°§ﬁtlca 1?33ué%§§eg$£?§ngcga§ pe®as
protein of SEQ | D éé¥riédoout dufimgnentafterrpvépaggtion of the |t shoul d
al so be under st ood Bfgégﬁéfﬁegf tgﬁch de£§9§t§0QsCBEBnQ€i¥Qeéébﬂe§nafOEBBS

i nvention may be g protein. For exanple 8
pol ypepti de of thlBOlﬁPentiéﬁthyc d?usﬁeranPF31RP derlYéFﬁYﬁﬁs Bich

C-termnus to apot gy Sﬁpﬁreehae&pbydﬁeaetlﬁe Feed aﬁmn5$p6aﬁbbxyeptbﬂe or
conbi nati ons t her eof

pur pose |ncIudBYBBP§§%pF£ﬁ%sgﬁé$P geiB%Tééngg ﬁtﬁ gggééﬁf%gbrggbﬁﬁ

10, and serotypi c yarthetpodfpeptiae. ofThéy mbyvelso indidndéspplypeptides
Ry e e 1l Eelaft VEr A" <hBLR i 2aeRUAPBECOhBCbE RoPE! ¥RERLI des:
acids with a different natural amino acid, an amino
15 acid derivative or non-native amino acid, conservative
substitution being preferred. For example the
following substitutions may be made: 3-methylhistidine
may be substituted for histidine; 4-hydroxyproline may
be substituted for proline; 5-hydroxylysine may be
20 substituted for lysine; and the like.

The OspA and OspB polypeptides of the present
invention may also be modified to increase their
immunogenicity, for example by coupling to
dinitrophenol groups or aréanilic acid, or by

25 denaturation with heat and/or SDS. Particularly if the
OspA and OspB polypeptides are small polypeptides
synthesized chemically, it may be desirable to couple
them to an immunogenic carrier. The coupling of
course, must not interfere with the ability of either

30 the polypeptide or the carrier to function
appropriately. For a review of some general
considerations in coupling strategies, see Antibodies,
A Laboratory Manual, Cold Spring Harbor Laboratory, ed.
E. Harlow and D. Lane (1988). Useful immunogenic

35 carriers are well known in the art. Examples of such



- 167 - and serotypic variants thereof, the B. buradorferi

fl agel | a-associ ated protein and fragments thereof ot her B. burgdorferi
prat ei ns and fragments thereof, and non-B. burgdorferl protei ns and
fragnents thereof. 5 I n one enbodi nent of this invention, fusion
proteins conprising nultiple serotypic variangs of CspA and/ or GspB

pol ypepti des are constructed for use in the nmet hods and conpositions of
this invention. Such proteins are effective in the prevention,

treatment and 10 |§P€PQ§éSaP$ k¥Ro Tl SE fﬁﬁ;@&hgﬁgéfgnpﬁ @Knaﬁf aRBGMA HE)

of B. burgdorferi ates A ‘and ept |
may al so be pargueh ?%rB%YlﬂﬁI??ﬁ%Wlél?NQ&%l SAhhggéE$ﬁ§EBH%9 Pgﬁelns
or nmultineric prot @ﬁlﬁﬁédbpr@f@ﬂﬂG@dri&atie@oablﬂanéfgulmn)mayeaeblood

EXP;BgZLfggscpﬁgggc%i¥s' t%ﬁ%ﬂ?%dtS%sﬁgfe¥?%gg5%her£§gé agﬁ?%gggcb ads;

|nclud|ng | 5 pi alst ivaitedr babhdn at @s. bentonite. As used herein, a
"protective antibody” is an Kgxfg%% b&gyogﬁgEngpﬁgﬁélaéoggcghgnpgggbﬁgt

Lynme di sease as caused by | lon_ W t dorferi, when used
passi vely i muni zeiaventienamayebe used in the fggmuggdahghgrﬂacgutlcally

‘protective epitopgcckftable(2alD e@miaaﬁléha@hdsSanGCBesesedhbyhaare
protective 25 antéggggleag /gorﬁz%g ItOPEhm@ﬁe poT@Sngisgstgf the

10 present invention are well known to those of skill in
the art, and include inorganic and organic acids and
bases.

According to one embodiment of this

invention, we describe a method which comprises the

15 steps of treating'a patient in a pharmaceutically
acceptable manner with a therapeutically effective
amount of an OspA polypeptide, or a fusion protein or a
multimeric protein comprising an OspA polypeptide of
this invention, which confers protection against Lyme

20 disease in a manner sufficient to prevent or lessen the
severity, for some period of time, of any one of the
disorders which result from infection with
B. burgdorferi. The OspA polypeptides that are
preferred for use in such methods and compositions are

25 those that contain prbtective epitopes. Such
protective epitopes may be B cell epitopes, T cell
epitopes, or combinations thereof.

According to another embodiment of this

invention, we describe a method which comprises the

30 steps of treating a patient in a pharmaceutically
acceptable manner with a therapeutically effective
amount of an OspB polypeptide, or a fusion protein or a
multimeric protein comprising an OspB polypeptide of
this invention, which confers protection against Lyme

35 disease in a manner sufficient to prevent or lessen the



i mrunis<ze an animal, elicits an inmmune response sufficient to prevent or

| essen the severity for sone period of time, of any one of the

di sorders which _result frominfection with B. burgdorferi. A 30
protective epitope may conprise a T cell epitope, a B cell epitope, or
conbi nati ons thereof. As used herein, a "T cell epitope" is an
epi t ope which, when presented to T cells by antigen presenting cells,
results in a T cell response such as 35 cl 6oh&@l éxpansi on or expression of

| ynphoki nes or ot her - 17 -

I mmunostinul atory nolecules. A T cell epitope. nay_al b '
recogni zed by cyt ARG cf%s IS ‘?ﬁi&oé)po“af? ?’ ?%‘Fr%%l‘sﬁ?g?ggﬁgpe

burgdorferi infectdiorders wisichomesuldelfrapiinfectiom witkl | epitope

which elicits 5 sty T ce r Qﬁ%; : S herein, a
"B cell epitope” ia%’—t%"‘ie)ﬂ&mLéﬁnim es és)pa |%Ip%%¥ﬁ%$%??%néz Haﬁggnt I gen

whi ch reacts \prefersghcidr msmtimaiych methods and compeStHLIPREeRFS a
"therapeutical ly eff&ctiNSsd OnAW Kt Lin o SBe Dok YOSPEOPES , | fhibR BAPUNt

required to prevent or_lessen the severjty,.for sone period of,
tinme, of any one dtetBecetsARAENWPEH ch ?%E{JI%/FW%‘?S' °¥P\‘F%’E}P?‘Bﬂ{:%\?{’ﬁ B.

burgdorferi. thereof. As used herein, a "therapeutically effective 15
anoqnt of an GspB p0|ypeptiC@ﬂeiébéémiéggggge&EEQBAegnd OspB polypeptides
of this invention for use in these compositions and
10 methods are those containing both strong T cell and B
cell epitopes. Without being bound by theory, we
believe that this is the best way to stimulate high
titer antibodies that are effective to neutralize

B. burgdorferi infection. Such preferred OspA and OspB

15 polypeptides will be internalized by B cells expressing
surface immunoglobulin that recognizes the B cell
epitope. The B cells will then process the antigen and
present it to T cells. The T cells will recognize the
T cell epitope and respond by proliferating and

20 producing lymphokines which in turn cause B cells to
differentiate into antibody producing plasma cells.
Thus, in this system, a closed autocatalytic circuit
exists which will result in the amplification of both B
and T cell responses, leading ultimately to production

25 of a strong immune response which includes high titer
antibodies against the OspA or OspB polypeptide.

To prepare such preferred OspA and OspB
polypeptides, in one embodiment, overlapping fragments
of the OspA and OspB polypeptides of this invention are

30 used. The polypeptides that contain B cell epitopes
are identified by their ability to (1) be recognized by
a protective anti-B. burgdorferi or anti-OspA or anti-
OspB antibody (2) remove protective antibodies from
polyclonal rabbit anti-B. burgdorferi serum or

35 (3) elicit an immune response which is protective



to pfevent or |essen the severity, for sone period of time, of any one

of the disorders which result from i nfection with B. burgdorferi.

As .used herein, an "anti-GspA pol ypeptide 20 antibody"” is an i munogl obulin
nol ecul e, or portion t hereof, that is inmmunologically reactive with an
GspA pol ypepti de of the present invention. As used
herein, an "anti-QOspB pol ypepti de anti body" is an inmunogl obulin

nmol ecul e, or portion 25 thereof, that is inmuddlogically reactive with an
CBFB golypephide of the present invention. An anti - GspA

pol ypepti de anti body or anti - OCspB pol ypeptide antibody nma

i nt act | MunogRgdinsh %ﬁméc@%%eBFeaaﬁoéngﬁdoPYaﬁn§B°F¥ﬂﬂ %@?gbulln

nDI?cuIe Lhat contgi Ngy bpEagi . anti gen bi ndi ng site, |nclud|ng t hose
portions known in The ar% b, and.F(ab h d be
under st ood that an ant|-CEpA@ﬁoF?%géPFgé°§nP?bgdﬁeg} gplgﬁPe g ﬁﬁh

pol ypepti de anti boggstrjctedp OspA pndt OspBvpol§peptidedythat contaln T

As used herein, ?boaéferB?ﬁBbQQ|L¥eeiaﬁﬁih¥§ed 13”9E95005¥aﬂeéﬁﬁhgc§ﬂém

pol ypepti de ant urred To preven | esSen the
severity, for sﬁqe pheivdabilityetoostimplafke BF°9H§eHP§6P&eP§dWﬁth 5

result frominfect,pfopih8 Brolutedehf By T cell clones generated from
-humans of various HLA types, from the lymph nodes of
C3H/He mice, or from domestic animals. Compositions
10 comprising multiple T cell epitopes recognized by
individuals with different Class II antigens are useful
for prevention and treatment of Lyme disease in a broad
spectrum of patients. '

In this'preferred embodiment of the present

15 invention, an OspA or OspB polypeptide containing a B
cell epitope is fused to one or more OspA or OspB
polypeptides containing strong T cell epitopes. The
fusion protein comprising the OspA or OspB polypeptide
that carries both strong T cell and B cell epitopes is

20 able to elicit high titer antibody responses effective
to neutralize infection with B. burgdorferi.

Strong T cell and B cell epitopes have also
been observed in components of other viruses. For
éxample, strong T cell epitopes have been observed in

25 hepatitis B virus core antigen (HBcAg). Furthermore,
it has been shown that linkage of one of these segments
to segments of the surface antigen of Hepatitis B
virus, which are poorly recognized by T cells, results
in a major amplification of the anti-HBV surface

30 antigen response, [D.R. Milich et al., "Antibody
Production To The Nucleocapsid And Envelope Of The
Hepatitis B Virus Primed By A Single Synthetic T Cell
Site", Nature, 329, pp. 547-49 (1987)]. Therefore, in
yet another preferred embodiment, OspA and OspB

35 polypeptides containing B cell epitopes are fused to



As used herein, a "therapeutically effective anount of an anti-GspB

pol ypepti de antlbody Is the anount required to prevent or |essen the
sevwerity, for sone period of time, of any one of the disorders which 10
result frominfection with B. burgdorferi. The GspA

pol ypeptides of this invention in addition to including polypeptides
corresponding to the native pol ypeptides_(g39-, SEQ ID NO 4 and
serotypic variants thereof) include fragnents and derivatives of 15
those -pol ypeptides and fragnments. The fragments of such native

pol ypeptides cont agagatantgagt #BcAl B2 to athég hﬁk&@eas @hhlikac leonterid he
sequence of the GspA ser.otypi c . variants

ti de. of
t hereof. The deri vEFFoBRY nggﬁi epﬁggppﬁockgrgrggugg Peggflﬁﬁbg’ f&Ftal in
am no aci d sequenceohpribéngspa 05pproteospafp6EQpbbtmeb thatenmnﬂahlclt

vari ants thereof agdhighfEigggnsﬁtaggﬁngBFPOHSQ- Fuahg%gw 5&??ﬁ§§p25

pol ypeptides of th nvent 1 on on to in I ng poIYp
correspondi ng t6 tpelypeptddgorppspindag éeBg09133fP1t°P€BBBYa §£¥%¥¥

variants thereof) hngkygﬁgfTaﬁgﬁﬂtﬁpltop@”@fdeth L pasgabrt € OspB or

pol ypepti des and fragne gn%nts of sug ngtlv%gp epti des
contain at Ieagﬁageléﬁrﬁ553898§epaP §40, pHPIER A nce 30
of B31 GspB and sepauypept\ia@ aphtatihdnegoh. BTeell epdeoipeamayedbeoffused to

I 0% '
rotein of - SEQRIBRERYIT, 8dloppytirs Betha gl bRRRAIR, R B PE

t her eof . 10 flagella-associated protein. Alternatively, an OspA or

OspB polypeptide containing a T cell epitope may be
fused to another B. burgdorferi protein or fragment
thereof, containing a B cell epitope. Likewise a non- °
B. burgdorferi B cell epitope may be fused to a strong

15 OspA or OspB T cell epitope of this invention, and so
forth.

In a preferred embodiment of this invention,
fusion proteins comprising OspA and/or OspB
polypeptides are constructed comprising B cell and/or T

20 cell epitopes from multiple serotypic variants of
B. burgdorferi, each variant differing from another
with respect to the locations or sequences of the
epitopes within the OspA or OspB polypeptide. Such
fusion proteins, when used in the methods and

25 compositions of this invention, are particularly
effective in the prevention, treatment and diagnosis of
Lyme disease as caused by a wide spectrum of
B. burgdorferi strains.

. Multimeric proteins comprising an OspA or

30 OspB polypeptide are also part of this invention.
Preferably, they consist of multiple T or B cell
epitopes or combinations thereof repeated within the
same molecule, either randomly, or with spacers (amino
acid or otherwise) between them. The preparation of

35 multimeric proteins is well known in the art.



- 19% - In accordance with the present invention, the
Qreferred derivatives result when native GspA or GspB pol ypepti des or
fragments are nodified or subjected to treatnments to enhance their

i mmunogeni ¢ charactér in 5 the intended recipient. For exanple, various

am no acid substitutions, nodifications or deletions nmay be carri ed
out during or after preparation of the pol ypeptides. Such derivatives of
native OspA and GspB pol ypepti des i ncl ude, for exanpl e, derivatives
which 10 may be produced by reacting free amno, carboxyl, or hydr oxyl
side groups of the ami no acighresitues PESSENY appraciftelObypenki 8€. They
may al so include pol ypepti des, whi ch resul& fro suBstktutl n_gf one or
more ani no aci qRFYARAry SkitLr B thaarh aﬁingkﬁc gP2aR*® ﬁf 15 acid
derivative or non-péiypeptides ofithisohseentiong as wabit asufusmobsi agd

f d. . . ' ' ' :
S eyl hi st i i no S hipSEhe ErSte Pk odopbRihihy; KRS, "Ry BBl pared by,

be substituted $orrecohbinant- hgarsxytheniheakapepas2005usenbinasdonsr

lysine; and the |ikgareof. The GspA and GspB pol ypepti des of the
present  inventron nmay also be nodified to increas ,hheir
i mmunogeni city, for exanpl e BYrceXdPPhg. t GSPA PB&HPFP%& efoP2Y¥r B8ps or

?LsaniIiEsazid,dorgéﬁeﬁéfdanayugaébﬁnimbhb heahsanding €DhE. OBpAt genkaoify i f
e PA an p 0 eptides,are.s I YREPRde S hesiaz
chenmically, it na§§a55§£%¥$£§$£lt%tE%§B|§E§ (Eghegﬁtgbén§?ﬁnﬁﬁoég%i?ﬁh Bt
carrier. The coapl 8BQ OD NO: Bpuesedenivativesi pfepisherwpfhthieakpvei-ty of

either 30 the po'yBﬁRtEﬂ@o&in%hSSﬁgréhﬁroéﬁBfEBQng tides2RRBOBEratYMc FOr
a review of some genera onst deration$ in, coupling strategie

Ant i bodi es A Lussiapbeythareaf avg| despvphives, EBP%EQSOPaVoH,?"eﬁ.%%

be cloned, e.g., using PCR and oligonucleotide primers -
derived from the DNA sequence encoding the OspA and

15 OspB polypeptides of B. burgdorferi strains N40 or
25015. Such DNA may be expressed to produce other OspA
and OspB polypeptides which are useful in the methods
and compositions of this invention. Oligonucleotide
primers as well as conserved and divergent DNA

20 sequences within the OspA and OspB genes may also be
used to isolate and clone other related surface
proteins from B. burgdorferi and related spirochetes
which may contain regions of DNA sequence homologous to
the OspA and OspB polypeptides of this invention.

25 If the OspA or OspB polypeptides of this
invention are produced recombinantly they may be
expressed in unicellular hosts. As is well known to
one of skill in the art, in order to obtain high
expression levels of foreign DNA sequences in a host,

30 the sequences must be operatively linked to
transcriptional and translational expression control

.sequences that are functional in the chosen expression
host. Preferably, the expression control sequences,
and the gene of interest, will be contained in an

35 expression vector that further comprises a bacterial



E. Hard ow and D. Lane (1988). Useful inmunogenic 35 carriers are well known

in the art. Exanples of such - 20 -
carriers are keyhole |inpet henocyanin (KLH); al bum ns such as bovi ne
serum al bum n (BSA) and oval bum n, PPD (purified protein derivative of
tuberculin); red bl ood cells; tetanus toxoid; cholera toxoid; agarose
beads; 5 activated carbon; or bentonite. Any GspA or OspB
pol ypepti de of the present i nvention may BB wsed in the formof a
pharmaceutical ly acceptable salt. Suitable acids and bases which are

capable of formng salts with the pol ypeptides of the 10 present invention
are wel | known tosehestioh mbrrkeri and orfgim of ze@lisatded-i ndfgdHe and

organi ¢ aci ds and Ba8s¢8n host is a eukA &an&euq,OQﬁeeﬁQ?QE@@ﬂbdﬁ
this inventioﬁ?pﬁe desgribe a net hod m%?gh conprises the

5 _steps of
treating a patienVeFkor BRIMAHCEUEEBEE| FOMPYISE: AR FRPTRETIEN wPF%e%
therapeutical l'y eﬁ%&fhlven thenenxpression BogA.pol ypeptide, or a fusion
protein or a mul timeric ot gj ri.sl.ng I t f
this inventi on,5 whi ch confe epﬁgge%%%ﬁk’%&% r?gtt%o%‘}%é %&%?’%g’gs%?ﬁdﬁ OaspB
manner suffici ent podypeptdédesopf] tbdesn inlyentions magr ioxy mayonofoeBassie ¢d of
tinme, of any one_gfj g dndel ders Wl laypeedlst o WPt iec luaryidtic,

B. burgdorferi. T%ég%spAsggPypeptides that, are =t pr ef rréﬂ for JW; i:
such nethods and d8nfP88erRdAY dsepreferred that a signal sequence be

encoded so that the protein is secreted and matured
10 from the eukaryotic host.

An amino terminal methionine may or may not
be present on the expressed OspA and OspB polypeptidés
of this invention. If the terminal methionine is not t
cleaved by the expression host, it may, if desired, be

15 chemically removed by standard techniques.

A wide variety of expression host/vector
combinations may be employed in expressing the DNA
sequences of this invention. Useful expression vectors
for eukaryotic hosts, include, for example, vectors

20 comprising expression control sequences from SV40,
bovine papilloma virus, adenovirus, cytomegalovirus and
retroviruses. Useful expression vectors for bacterial
hosts include known bacterial plasmids, such as
plasmids from E.coli, including col E1, pCR1l, pBR322,

25 pMB9 and their derivatives, wider host range plasmids,
such as RP4, phage DNAs, e.g., the numerocus derivatives
of phage lambda, e.g., NM989, and other DNA phages.
Useful expression vectors for yeast cells include the
21 plasmid and derivatives thereof. Useful vectors for

30 insect cells include pVL 941.

In addition, any of a wide variety of
expression control sequences -- sequences that control
the expression of the DNA sequence when operatively
linked to it -- may be used in these vectors to express

35 the DNA sequences of this invention. Such useful



25 those that contain protective epitopes. Such protective epitopes may

be B cell epitopes, T cell epi t opes, or conbi nations thereof.

According to anot her enbodi nent of this i nvention, we describe a nethod
whi ch conprises the ™30 steps of treating a patient in a pharmaceutically
acceptabl e manner with a therapeutically effective anount of an GspB
pol ypeptide, or a fusion protein or a multimeric protein conprising an
CspB pol ypepti de of this invention, whith28onfers protection agai nst

Lyne 35 disease in a manner sufficient to prevent or lessen the

- 21 - severity, for ,sone periqQd of tinme, Q of t he

di sorders which re§6PFe§F&RP|ﬁFEEFPgnsﬁﬁ?ﬁncesBlnﬁgPéﬁ:gaﬁ XPRES AR

pol ypepti des that &b@\trolplseet;aremdsf assoedateds wdlhnetirodtwred genEssidfi ons

are 5also those t el G0N Y QUBEEEKS RPLEMESs Matiiifibs o udhfill

epitopes, T cell irons
nost preferred CspexpresSioB gonirept sequencesf ingiladieny &an @xamplesdhe

these conpositigns 4 %'}qyl\(/&vn{%tﬂ%%s pbRot RRSE 00 BAiNIcRY alagr{bvsitxrdylg thegde

and B cell epitopes out bei ng bound by t heor bel i e t hat
this i s the best waystemtithe 32 Fyghem. theedim b&'@%?ﬂ%ﬁﬁm'ar

effective to neutr @alje> operator and promoter regions of phage lambda,
the control regions of fd coat protein, the promoter
for 3-phosphoglycerate kinase or other glycolytic

10 enzymes, the promoters of acid phosphatase, e.g., PhoS5,
the promoters of the yeast c-mating system and other
sequences known to control the expression of genes of
prokaryotic or eukaryotic cells or their viruses, and
various combinations thereof.

15 In a preferred embodiment, OspA and OspB
polypeptides are inserted into the expression vector
pDC 197-12 and transcribed from the lambda PL promoter.
Transcription in this system is controlled by the
thermolabile repressor CI857.

20 In another preferred embodiment, DNA encoding
OspA or OspB polypeptides of this invention is inserted
in frame into an expression vector that allows high
level expression of the polypeptide as a fusion
protein. Such a fusion protein thus contains amino

25 acids encoded by the vector sequences as well as amino
acids of the OspA or OspB polypeptide. Expression of
OspA and OspB polypeptides as fusion proteins may
increase stability and/or facilitate purification.

A wide variety of unicellular host cells are

30 useful in expressing the DNA sequences of this
invention. These hosts may include well known
eukaryotic and prokaryotic hosts, such as strains of
E.coli, Pseudomonas, Bacillus, Streptomyces, fungi,
yeast, insect cells such as Spodoptera frudiperda

35 (SF9), animal cells such as CHO and mouse cells,



B. blUrgdorferi infection. Such preferred GspA and GspB 15 pol ypeptides wil|l

Qp Internalized by B cells expressing surface i mmunogl obul i n that

recogni zes the B cell epitope. The B cells will then process the antigen
and present it to T cells. The T cells will recognize the T cel

epi tope and respond by proliferating and 20 produci ng | ynphoki nes which in
turn cause B cells to differentiate into antibody producing plasma
cells. Thus, in this system a closed auto¥atalytic circuit exi sts
which will result in the anplification of both B and T cell responses,

| eading ultimately to production 25 of a strong immune response which
i ncl udes hi gh titehfricanngreseliBankesi aellengieRpasofo8spp FBFypepBrlel-

To prepare such prggerjed éﬁ@ﬁsmdwwgnd hubk@hYeeplisfeas waldnas plant

enbodi nment , overlapplng pent s pB_pol ptides of
this i nvention arec8bl ﬁs%ﬂ #ﬁ%uﬁd??bgﬁ¥?desw?hﬁfegﬁﬁtgﬁn—ﬁié ¥$§ BFt opes
are identified by yheoe.ability to (1) be recognlzed by a protective

anti - B. burgdor%erl or ant|-£§ppo$y%§n£f cou gsgg EPQEXOQZEh ENRYE

protective antibodies from onal er| serum
or 35 (3) elicit aallnvaqeorssgn@sexnneéﬁlpa pﬁbtﬁéilﬁéquences will

bufsdbrferilaga'ns%uh¥€§oﬂ'é&ﬁﬁflfswéﬁﬂs€g Byptak8cthanpwWht BequeBces of
this invention. Neither will all hosts function
equally well with the same expression system. However,

10 one of skill in the art may make a selection among
these vectors, expression control sequences and hosts
without undue experimentation and without departing
from the scope of this invention. For example, in
selecting a vecﬁdf, the host must be considered because

15 the vector must replicate in it. The vector's copy
number, the ability to control that copy number, and
the expression of any other proteins encoded by the
vector, such as antibiotic markers, should also be
considered.

20 In selecting an expression control sequence,
a variety of factors should also be considered. These
include, for example, the relative strength of the
sequence, its controllability, and its compatibility
with the DNA sequence of this invention, particularly

25 as regards potential secondary structures. Unicellular
hosts should be selected by consideration of their
compatibility with the chosen vector, the toxicity of
the product coded for by the DNA sequences of this
invention, their secretion characteristics, their

30 ability to fold the OspA or OspB polypeptide correctly,
their fermentation or culture requirements, and the
ease of purification from them of the products coded
for by the DNA sequences of this invention.

Within these parameters, one of skill in the

35 art may select various vector/expression control



As récognition of T cell epitopes is MHC restricted, OspA and GspB
pol ypeptides that contain T 5 cell epitopes are identified in vitro by
testing them for their ability to stinmulate proliferation and/or

cyt oki ne production by T cell clones generated from humans of vari ous

HLA types, fromthe |ynph nodes of C3H He mce, or from donestic

ani mal s. Conpositions 10 conprising nultiple T cell epitopes recognized by
individuals with different Cass Il antigens 28 e- usef ul for prevention
and treatnment of Lyne disease in a broad spectrum of patients.

In this preferred enbodi nent of the present 15 invention, an GspA or OspB
pol ypepti de cont alsaq@rmahostedwmemabmfﬁ sthatsewiilb express nbhe DNAA or

OspB pol ypeptlgseey] éért&f' O%gYJnfféﬁ SR fORESntdPfon of UShORarge

pr otein conprisin pA or g ypeptid that carri es bot h strong
T cell and B cell wk%p@y%lz@l {EHEe « dee%m‘?mhlifhu?t%‘? PR i horgl

responses effective t 0 nerlé ahdZEculé£ i Vb iy Behd R 4vd | OspB

of other viruseh. ERpvPertien yiiichFed Sheodsq Bh 1IB 09 FeafefsBooE™ °
gbse[)ved [ E 25 thﬁpmislhm&n«txm may cbenisgbat¢diBErep . ttrelrfenmm)tetlonf orL
as been shown
. ?é%p%?%&%@ﬁrif‘fé& SEHIE Uy of é%éfﬂ&%? 85°1, the

surface anti gen O I rus oor reco
cells, results  conventignal Jmethods a%ﬁ‘%“%’r-n‘f helmlrd W%mga%asby

antigen response, iﬁéﬁzaéﬂﬁéﬁﬂaftoﬁjrevef@édb@ﬂdse, usingugrrop Feréhand
Nucl eocapsi d And Envel o s Prined B%?A Si ngl e

Synthetic T cet9 th eSJrf]ée' &%ﬁbty3€gP°$ﬁt°%ﬁaip% tj‘é%hi)"]‘ Yhetefore,
yet another pref erimsigaimieli Mbgdnd€smA nonocmia BSamol yadpesipssieat ai ni ng
B cel | epitopes ar xéfﬁ§§%ﬁ chromatography; immobilized metal chelate

chromatography; gel electrophoresis; and the like. One:
of skill in the art may select the most appropriate

15 isolation and purification techniques without departing
from the scope of this invention.

In addition, the OspA and OspB polypeptldes
of this invention may be generated by any of several
chemical techniques. For example, they may be prepared

20 using the solid-phase synthetic technique originally
described by R. B. Merrifield, "Solid Phase Peptide
Synthesis. I. The Synthesis Of A Tetrapeptide", J. Am.
Chem. Soc., 83, pp. 2149-54 (1963), or they may be
prepared by synthesis in solution. A summary of

25 peptide synthesis techniques may be found in E. Gross &
H. J. Meinhofer, 4 The Peptides: Analysis, Synthesis,
Biology; Modern Techniques Of Peptide And Amino Acid
Analysis, John Wiley & Sons, (1981) and M. Bodanszky,
Principles Of Peptide Synthesis, Springer-Verlag

30 (1984). _

Typically, these synthetic methods comprise
the sequential addition of one or more amino acid
residues to a growing peptide chain. Often peptide
coupling agents are used to facilitate this reaction.

35 For a recitation of peptide coupling agents suitable



- 23%-s segnents of HBCAG or to other antigens which contain strong
T cell epitopes, to produce a fusion protein conprising an GspA or GspB
pol-ypeptide that can elicit a high titer antibody response. For

i nstance, an OspA 5 pol ypeptide containing a B cell epitope nmay be fused to
a strong T cell epitope of the B. burgdorfqrb pB or

flagel | a-associ ated protein. Simlarly, an Osp pol ypepti de containing a
B cell epitope nmay be fused to a strong T cell epitope of the B.

burgdorferi OspA ofo 10l ageld BaESSPObd St O Chde M\ tB6ARAEKS! YsupPaOsPA
or CspB pol ypeptide containing a T cel] epltﬁggﬁgg

[ be fus 0
anot her B. bur gdor§@¥mahlyt ephtRer  thg@pine ox ,Xyl:oﬁ‘a?ﬂi ﬂg the cel |
et)i tope.lSLge\'/A\vi se %éf%ﬂ%amim?' a®id gﬁ@ﬁ?ﬁé hfs ot bt &ptédpey naysbetﬁbsfed to a
strong pA or . Ccée epitope of this invention, an rth.
In a preferred e ﬁ%ﬁ%v%$yt?§§°Y%9£%t?{ﬁfe°tlnqd%f%%pbro eﬁ%gfgﬁﬁﬁ i si ng
GspA and/ or Csp propetyimgtgresp aie woihkizedt for campno saaiyds cehtaindhgr
T 20 cell epitopes_f [ S Pl Coy VT of uggdor feri
each vari ant diffé?i%% ?%%%a%%?%é?fgﬁy éﬁ?ha¥ %%ééf t% Yﬂggkgga??ons or
sequences of the ProeettingsgyvPeps nkaown chipthe £i9hd of ypeptide. such

fusion proteins, wWeRtNesfsi dnd LebBIhDES Ay ZoneenbO6hal O8BbPEvViAtions
i nvention, are partlicularly

vention. are paLLEAEn! Vuay S EEGlA Ey . 050 BAE Y SPhbERer LU B b
buradorferi str@i nbn Organic Synthékis) nkcadepiotBresscOrp8lying an GspA or
30 GspB pol ypeptide are al s0pPagtqPhgt 0 SaASUEE | Affbodiment of this
invention, anti-OspA polypeptide antibodies as well as
anti-OspB polypeptide antibodies are generated. Such
antibodies are immunoglobulin molecules or portions
15 thereof that are‘immunologically reactive with an'OSpA
or OspB polypeptide of the present invention. It
should be understood that anti-OspA and anti-OspB
polypeptide antibodies include antibodies
immunologically reactive with fusion proteins and
20 multimeric proteins comprising OspA or OspB
polypeptides.

Anti-OspA and anti-OspB polypeptide
antibodies of this invention may be generated by
infection of a mammalian host with B. burgdorferi, or

25 by immunization of a mammalian host with an OspA or
OspB polypeptide of the present invention. Such
antibodies may be polyclonal or monoclonal, it is
preferred that they are monoclonal. Methods to produce
polyclonal and monoclonal antibodies are well known to

30 those of skill in the art. For a review of such
methods, see Antibodies, A Laboratory Manual, supra,
and D.E. Yelton, et al., Ann. Rev. of Biochem., 50,
pp. 657-80 (1981). Determination of immunoreactivity
with the OspA or OspB polypeptides of this invention

35 may be made by any of several methods well known to



Pref &rably, they consist of nmultiple T or B cell epi t opes or

Qonbinations t hereof repeated within the sane nol ecul e, either
randomy, or with spacers (am no acid or otherw se) between them The
preparation of 35 nultineric proteins is well known in the art.

- 24 - It will be readily appreciated by one of ordi nary
skill in the art that the GspA or GspB pol ypeptides of this invention,
as well as fusions and mul timeric proteims3&ontaining them may be

prepared by 5 reconbi nant means, chem cal neans, or conbinations

t her eof . For exa onpe ated b
recombi nant means ¥Re$@ ¢h esy&{%fk ’g‘én’é‘ﬁ)%fg B“E)%#J'r‘gﬁﬁ‘ga%ﬂ 1@??38 Rﬁo (SEQy
ID NO 3), or the id¥apfadd BEXZAD NO 9, or derivatives of e| t her of the

above. DNA encodi ng GspA }g‘&g %%)pqrp Mpfx?{i dg%%gnﬁmj gb¥ variants

t hereof and derivatives ther ew se . 0., u5|ng PCR
and ollgonucleotldmnplboéxes maﬂebevmﬁbdrxmn@¢mpgﬁmF39qaeﬂ@@ Bathedsgieoke

GspA and 15 Gs t
Sugh DNA 1oy bg?eg e - %+Q§§15ﬁ Sha P geohéRE | oF tﬁmanbEQaeé as éaliteq

produce other OspA ., and OspB pti des
whi ch are useful ikythefegthemswith é%d—%%ﬁ%%%ggﬁé%s ofntpir@s 8 %ﬁ&lon
A i gonucl eoti de aﬁfin@§ Baﬁolﬁﬁépﬁ§d§OﬂﬁeihedlesdmdyvalgenbeD&BedOto

sequences wi thin thg g%ngaggp§B§hdqgé§§ Bg¥y3£391885 containing

protective epitopes.
10 This invention also provides an animal model

in which to screen the various OspA and OspB
polypeptides and anti-OspA and anti-OspB polypeptide
antibodies of thls invention for their ability to
confer protectlon against Lyme disease.

15 It will be understood that by following the
screening process of this invention, described infra,
one of skill in the art may determine without undue
experimentation whether a particular OspA or OspB
polypeptide or antibody would be useful in the

20 prevention of Lyme disease. The screening process
comprises the steps of

1) immunizing an animal with an OspA
or OspB polypeptide or anti-OspA or anti-OspB
polypeptide antibody;

25 2) inoculating the immunized animal

with B. burgdorferi; and

3) selecting those OspA or OspB
polypeptides or anti-OspA or anti-OspB polypeptide
antibodies which confer protection against Lyme

30 disease subsequent to inoculation with

B. burgdorferi.

While any animal that is susceptible to
infection with B. burgdorferi may be advantageously
useful in this screening process, C3H/He mice are

35 preferred, as they are not only susceptible to



used 't isolate and clone other related surface proteins from B.

byrgdorferi and rel ated spirochetes whi ch may contain regions of DNA
sequence honol ogous_to the GspA and GspB pol ypeptides of this invention.
25 If the OspA or OspB pol ypeptides of this i nvention are
-produced reconbi nantly they may be expressed in unicellular hosts. As
Is well known to one of skill in the art, in order to obtain high
expression |l evels of foreign DNA sequences - Bla-host, 30 the sequences nust
be operatively linked to transcriptional and translational expression
control sequences that are functional in the chosen expression

host. Preferably, imfectigneditoareomlss sisfiaiicdle to Igme (HSpSRH AS

interest, will be LQahad I8 Huhads .35 THUY 655 i E@IHMAC icd haihd Wifiefacy of
conprises a bacteri al 2

sel ection marker FRERAMSHs & hafh iinkegHion fa’l%éiiseae%?pr‘?sréi-%%ﬁtie‘?’s a

eukaryotic cell, the expresghe immuwectatriarhaf dcHelrdrhiowa lc ovidth ScthearospA
expressi on marker usef ul i ' -6%%%' s _ The DNA
sequences encoé:l né’rt ﬁfﬁﬁﬁlﬁfﬁg%xe%%ep [ deqsIS_oafntf%iqssrl’anent i on may
or may not encode polypegitide agdgiradye may heracogrrkishad Huststapdard
eUka{jygt Ic, h t' E &;Hﬂé‘s.! S Fﬁfrefaerdé;&ii(;@i i S orf SR QfiEcéh be
enco

ed S0 a éiéﬂﬁiéﬂéé)52é§“ﬂ§¥f%oé¥2sr“%‘ﬁé%%rator Manual, supra.

Preferably, if a polypeptide is used, it will be

10 administered with a pharmaceutically acceptable
adjuvant, such as complete or incomplete Freund's
adjuvant, RIBI (muramyl dipeptides) or ISCOM
(immunostimulating complexes). Such adjuvants may
protect the polypéptide from rapid dispersal by

15 sequestering it in a local deposit, or they may contain
substances that stimulate the host to secrete factors
that are chemotactic for macrophages and other
components of the immune system. Preferably the
immunization schedule will involve two or more

20 administrations of the OspA or OspB polypeptide, spread
out over several weeks.

Once the OspA and OspB polypeptides or
anti-OspA or anti-OspB polypeptide antibodies of this
invention have been determined to be effective in the

25 screening process of this invention, they may then be
used in a therapeutically effective amount in
pharmaceutical compositions and methods to treat or
prevent Lyme disease which may occur naturally in
humans and other animals.

30 The pharmaceutical compositions of this
invention may be in a variety of conventional depot
forms. These include, for example, solid, semi-solid
and liquid dosage forms, such as tablets, pills,
powders, liquid solutions or suspensions, liposomes,

35 capsules, suppositories, injectable and infusible



10 frem the eukaryotic host. An am no term nal nethionine may

or may not be present on the expressed OspA and OspB pol ypepti des of
thi.,s invention. If the term nal nethionine is not cl eaved by the
expression host, it may, if desired, be 15 chenically removed by standard

t echni ques. A wide variety of expression host/vector

combi nations may be enployed in expressing the DNA sequences of this

i nvention. Useful expression vectors f or 3@ukaryoti c hosts, include, for

gxanple, veffors 20 conprising expression control sequences from SV40,

ovi ne papilloma virus,,K adenovirus, cytonegal ovirys an efL oviruses.
Useful expressi on SRx4%YNS or e RAS rre‘?aérﬂfﬂ S ?%ecrf%%eu ?f(l;)vx}tﬁ}r1 acteri al
pl asmi ds, such as jnterdesmastie fobradniuistratichudindg poplitlagtie, pBR322,
25 pMB9 and their %géiyallyes, wi der host range plasm ds, such as RP4,

phage DNAs, e.g., et Sls derivatives of phage_ |l anbda, e.g. . :
NVB89, and ot her DNA phages.Such desdgg ZoaRedRAHnt QESP?%¥m9%%€F16eIIs

i ncl ude the 2 ) ' ' t .
5 [%E%%pi%%é%%ﬁw EoF Vit d VAS e @ednt 4/swh ibh VeEE OkRolAr

vari ety of | exphesohene o PeH 1L e ALY - o SRS SATRAET R b Fal

the expression of FdpudintseineDade Whfor opedmple 2| BIBI, ISCQM fonit -- may

gﬁcﬁsﬁge}3|these Ygféﬁgggégsfxgigﬁfng? 5Iﬁh£ﬁg55§¥&§?€§éiOieéh£ﬁih?vgakhﬁn-
proteins, such as human serum albumin, buffer

10 substances, such as phosphates, glycine, sorbic acid,
potaésium sorbate, partial glyceride mixtures of
saturated vegetable fatty acids, water, salts or
electrolytes such as protamine sulfate, disodium
hydrogen phosphafé, sodium chloride, zinc salts,

15 colloidal silica, magnesium trisilicate, polyvinyl
pyrrolidone, cellulose-based substances, and
polyethylene glycol. Adjuvants for topical or gel basg
forms may be selected from the group consisting of
sodium carboxymethylcellulose, polyacrylates,

20 polyoxyethylene-polyoxypropylene-block polymers,
polyethylene glycol, and wood wax alcohols.

The vaccines and compositions of this
invention may also include other components or be
subject to other treatments during preparation to

25 enhance their immunogenic character or to improve their
tolerance in patients.

Generally, the OspA or OspB polypeptide may
be formulated and administered to the patient using
methods and compositions similar to those employed for

30 other pharmaceutically important polypeptides (e.g.,
the vaccine against hepatitis).

Compositions comprising anti-OspA or
anti-OspB polypeptide antibodies may be administered by
a variety of dosage forms and regimens similar to those

35 used for other passive immunotherapies and well known



expression control sequences include the expression control sequences
associ ated with structural genes of t he foregoi ng expression vectors.
Exanpl es of useful expressi on control sequences include, for exanple,
the 5 early and | até pronoters of SV40 or adenovirus, the |lac system
the trp system the TAC or TRC system the maj or operator and pronoter
regi ons of phage | anbda, the control regions of fd coat protein, the

pr onot er for 3-phosphogl ycerate kinase ofr ®mher glycolytic 10 enzynes,
the pronoters of acid phosphatase, e.g., Pho5, the pronoters of the
yeast a-mating system and ot her sequences known to control the
expressi on of genesoothosepefkekidli inotheukuktyot In addisien,t A& may; beses,

and  various conbshahiQ88ohleEE0ous? h antibbBidsPkef ebxas h
enbodi ment, GspA g%é %é%%a ° pofype%?%dgssgfe ?ﬂsérteé fnto t he %Zgigggion

vector  pDC 197-a8 diaphthgrdiay | BEEUAPBANRRceKQRBYADPL T3FdRoPe
Transcription in tgb3oRYAleBtES, Copt aptiBlobycsheuch abepenliaillldnsgpr essor

Cl 857. 20 In angther preferred e di, t, DNA di CspA
or CspB ponpep?idE?tEPcyﬁ&%nFﬁvgﬂgiSﬁi?ga?ﬁggpbgge‘ in ?P;ﬁelP%to an P
expression vector that aIIOMAnyigha;macéetébaéivrsssepnabﬂetﬁ@spabypepﬁﬁde
as a fusion pr Bﬁhﬂdtiﬁycga ehtiakgn piﬁ%ﬁ@e%ﬁé,C%‘ti-'a&%swlﬁ% 25

aci ds encoded by the vVector Sequences s we as  amno , aci ds of the

OspA or CBpB_poIypeptrééssE?pﬂésQroﬁuBPUtaneEBEAlﬁﬂ&cééﬁB'p8P§b§EtP&@g &9
fusion proteins maggminikteredfe 85pRI bit ¥spBdpolybepitlidedior pwtiospn @
A w de variety of unicellula useful .i.n expr%ssing t he

r host cells are 3
DNA sequences &P tHP§1’°sPPn98RV989g1?ﬁe§8£ﬁBgag FRIPCRHTHEE we FP%known
eukaryotic and prokgamplie; hhet polgpeptiadesoraantibbdy may de i,

Cooaororas; o o piia S BTG Bnel Uipoc, /S8 prgtbA b ! o
acceptable dosage form including those which may be
administered to a patient intravenously as bolus or by

15 continued infusion over a period of hours, days, weeks
or months, intramuscularly =-- including paravertebrally
and periarticularly -~ subcutaneously,
intracutaneously, intra-articularly, intrasynovially,
intrathecally, intralesionally, periostally or by oral

20 or topical routes. Preferably, the compositions of the
invention are in the form of a unit dose and will
usually be administered to the patient intramuscularly.

The OspA and OspB polypeptides or anti-OspA
or anti-OspB polypeptide antibodies may be administered

25 +to the patient at one time or over a series of
treatments. The most effective mode of administration
and dosage regimen will depend upon the level of
immunogenicity, the particular composition and/or
adjuvant used for treatment, the severity and course of

30 the expected infection, previous therapy, the patient's
health status and response to immunization, and the
judgment of the treating physician. For example, the
more highly immunogenic the polypeptide, the lower the
dosage and necessary number of immunizations.

35 Similarly, the dosage and nécessary treatment time will



- 277 - African green nonkey cells such as COS 1, COS 7, BSC 1, BSC

Qp, and BMI 10, and human cells, as well as plant cells in tissue

culsture. We prefer E. coli A89 or JMLO9. 5 It should of course

be understood that hot all vectors and expression control sequences wl |
function equally well to express the DNA sequences of this invention.

" Neither will all hosts function equal |y Mﬁ£ Wi th the sanme expression

system However, 10 one of skill in the art” 'é'ﬁake a sel ection anong

t hese vectors, expression control sequences and hosts wi t hout undue

experinmentation and w th e hes s L3 o NLHON
For exanple, in %%g%%%é%dﬁp\%%% %o 1¥%é§ﬁ:g&é% %sfﬁggng%%%%grggﬂge%guse
15 the vector nustadpyvantt e Genexallyethecdesage cvbil consiishept 1ferg

ability to control Yo f\UIDE flied OspE &X 51961 vydeat h
proteins encoded Bgat é)QQf %gctor pgﬁghIZs %nﬂ?ibioltoqj%15 ﬁ? ?@eﬁ %oﬁ}dagﬁso
be consi der ed. Preferably, the dagagevi} aﬁ°%§b?és%$§% @6%??§I“g'

sequence, as VagémdyaDiy f acherdosagdl flonl anp artiodspileortdanthe@spB
i ncl ude, for exanpl

control lability, éﬂ§ﬁ¥$£g5% I:%#%???é%eagifmﬁ%hé? BN ?ge ﬁgﬁgé g;sthis

i nvention, particularly 25 aknragprefepvednenbodiment dof ythis ytnveation,

Uni cel | ul ar the OspA or OspB polypeptide is administered with an
adjuvant, in order to increase its immunogenicity.

10 Useful adjuvants include RIBI, and ISCOM, simple metal
salts such as aluminum hydroxide, and oil based '
adjuvants such as complete and incomplete Freund's
adjuvant. When an oil based adjuvant is used, the OspA"
polypeptide usually is administered in an emulsion with

15 the adjuvant.

In yet another preferred embodiment, E. coli
expressing proteins comprising OspA and/or OspB
polypeptides are administered orally to nbn-human
animals to confer protection from infection and disease

20 as caused by B. burgdorferi. For example, a palatable
regimen of bacteria expressing an OspA and/or OspB
polypeptide of this invention may be administered with
animal food to be consumed by wild mice or deer, or by
domestic animals. Ingestion of such bacteria may

25 induce an immune response comprising both humoral and
cell-mediated components. See J.C. Sadoff et al.,
"Oral Salmonella Typhimurium Vaccine Expressing
Circumsporozoite Protein Protects Against Malaria",
Science, 240, pp. 336-38 (1988) and K.S. Kim et al.,

30 "Immunization Of Chickens With Live Escherichia coli
Expressing Eimeria acervulina Merozoite Recombinant
Antigen Induces Partial Protection Against
Coccidiosis", Inf. Immun., 57, pp. 2434-40 (1989).

According to yet another embodiment, anti-

35 OspA and anti-OspB polypeptide antibodies as well as



host 3 »shoul d be sel ected by consideration of their conmpatibility with

the chosen vector, the toxicity of the product coded for by the DNA
sequences of this _  invention, their secretion characteristics, their 30
ability to fold the GspA or OspB pol ypeptide correctly, their
fermentation or culture requirenents, and the ease of purification from
them of the products coded for by the DNA sequences of this invention.
Wthin these paraneters, one of skill in thHe 35 art may sel ect various

vect or/ expressi on control - 28 -

Tvent i on on 1 or Gt ERA g roPRp RSTPREREIACE phoinis  FRVERELSy! abR
EglESSOrOFESe7t?§g§§ef?lf?s diagnosfihe agémts| £or cdepecting ihfecCkponand
i n\eent i gn )r/rgypbe i%%%t%ﬂ—%#ﬁg&gf ?r%%%%??%?%%ﬁtgé??u?gggzd
Fprifheghrzhg? apycaﬂableanebin@ing teoantibedyidroheshbes PRefuardglin
and 10 the 11 ke PP e e e e e e |1 gands
or nonocl onal ant i Bedpékgdoxferl, g%&c?%%i%ﬂtgh?%ﬁ%foﬁ¥3pﬁ§?a ﬁﬁDB?Iized
netal chel ate chi ndthg ot apBY ; baedidetr tet i ophoartigenantiheéheofi ke. One
of skill in the art may SelegﬁcﬁhSiggﬁgséfgrQaéﬁeéemay be included in a
kit which may also comprise instructions for use and
10 other appropriate reagents. The polypeptide or
antibody may be labeled with a detection means that
allows for the detection of the OspA or OspB
polypeptide when it is bound to an antibedy, or for the’
detection of the anti-OspA or anti-OspB polypeptide
15 antibody when it is bound to B. burgdorferi.

The detection means may be a fluorescent
labeling agent such as fluorescein isocyanate (FIC),
fluorescein isothiocyanate (FITC), and the like, an
enzyme, such as horseradish peroxidase (HRP), glucose

20 oxidase or the like, a radicactive element such as 125y

or 3lcr that produces gamma ray emissions, or a
radicactive element that emits positrons which produce
gamma rays upon encounters with electrons present in

the test solution, such as 11C, 150, 13y.

or

25 The linking of the detection means is well
known in the art. For instance, monoclonal anti-OspA
or anti-OspB polypeptide antibody molecules produced by
a hybridoma can be metabolically labeled by
incorporétion of radioisotope-containing amino acids in

30 the culture medium, or polypeptides may be conjugated
or coupled to a detection means through activated
functional groups.

The diagnostic kits of the present invention

may be used to detect the presence of a quantity of

35 B. burgdorferi or anti-B. burgdorferi antibodies in a



15 iSalation and purification techniques w thout departing fromthe
scope of this invention. In addition, the GspA and GspB
pol.ypepti des of this invention nay be generated by any of several

chem cal techniques. For exanple, they may be prepared 20 using the

sol i d- phase synthetic technique originally described by R B

Merrifield, "Solid Phase Peptide Synthesis. |I. The Synthesis O A
Tetrapeptide", J. Am Chem Soc., 83, pp~ 2649-54 (1963), or they nay be
prepared by synthesis in solution. A summary of 25 peptide synthesis

techni ques may be found in E. Goss & H J. Meinhofer, 4 The Peptides:
Anal ysi's, Synthesi body fBuddogenpiBdEnghTashFedids &lays@%: e Y& AN no

Acid  Analysis, ¢ahe Wiheprérseped eh®d&iments)l aBodwpzior, ospBPrincipl es
Of Peptide Synthesis, Springer

- Ver | 0-(1984). .. Typigcally,
t hese synéhetic npzﬁgﬁge?ﬁ i 8t a“%gﬁgs? qﬁﬁn%ﬂ517ﬁﬁﬂqiaﬂ+¥ 0 gﬁ%r ﬁvre
am no acil r esi dned bodya composig ipapbifdé&heh pneseditt dmveaptiioe is bound
coupling agents ar S:ouée%otﬁdf gﬁ'géi&@t %ybliicglrl%agf Qasoiptidn FrdafidmAt i on
of peptide coupli ng-agents suit e . . -
29 - for the agueocusssedium.hebsesfudesouidpapdrdiges axs yell known

Normally, either the aeNar®, aAEDYRM1UAEOWR d¥slliiked ddxtiamNiaarttiet
residue is protected_by a suitable, |, el ecti,vely renovahl otecting
group. A different P9 P&?é'@?ieﬁgpﬁigﬁ(ﬁniyicbﬁﬂri%d fc(frosa?‘rﬁalrfd'&fg ds

contal ni ng polyacrylamide; nitrocellulose or nylon-based

10 materials; tubes, plates or the wells of microtiter
plates. The polypeptides or antibodies of the present
invention may be used as diagnostic agents in solution
form or as a substantially dry powder, e.g., in .
lyophilized form;

15 OspA and OspB polypeptides and anti-OspA and
anti-OspB polypeptide antibodies provide much more
specific reagents than those currently available for
diagnosis, and thus may alleviate such pitfalls as
false positive and false negative results. One skilled

20 in the art will realize that it may be advantageous in
the preparation of such reagents to utilize OspA and
OspB polypeptides comprising epitopes from other
B. burgdorferi proteins, including the flagella-
associated protein, and antibodies directed against

25 such polypeptides.

The OspA and OspB polypeptides and anti-OspA
and anti-OspB polypeptide antibodies of the present
invention, and compositions and methods comprising
them, may also be useful for detection, prevention, and

30 treatment of other infections caused by spirochetes
which may contain surface proteins sharing amino acid
sequence or conformational similarities with the OspaA
or OspB polypeptides of the present invention. These
other spirochetes include Borrelia Hermsii and Borrelia

35 Recurientis, Leptospira, and Treponena.



a redctive side group e.g. lysine. A variety of protecting groups known
in the field of peptide synt hesi s and recogni zed by conventi onal

abhrevi ati ons therein, may be found in T. G eene, Protective G oups 10
In Organic Synthesis, Academ c Press (1981). According to

anot her enbodi nent of this I nvention, anti-OspA polypeptide anti bodies
as well as anti-GCspB pol ypepti de anti bodi es are generated. Such

anti bodi es are i mmunogl obul i n nol ecul es or p&*%i-ons 15 thereof that are

I mmunol ogically reactive with an GspA or GspB poI ypepti de of the present
invention. It shoul d be under st ood that a,nt I - A and anti -

B
pol ypepti de anti bodi es i ncl dde exfgthddiads t YRt Ay, ’?PSZ*E%‘?WW th
fusion proteins am%daidﬂdddIﬂﬁhé:ﬂvrmdwﬂﬁg(uxamprﬁsu;ﬁauybtnfdiﬂﬁa

pol ypepti des. ti- nd anti - @
anti bodi es of thi ?hieﬁ?erﬁ’ﬁwqfﬁ/ar}% gea erplfrepcf’%e Pllh}%/ %lloaﬁl{el?n pnly,
mammal i an host wi taindBartamgm)rﬁaarhg amsAsrysd msnnmma:mm tite sonpeeef an

host with an ‘g§ﬂ5 qﬁ%; he present invention. Such
anti bodi es may e p(ﬁ ycq onal or | on rP{er.t S preferred that they

are nonocl onal . Methods to produce pol ycl onal and nonogl onal anti bodi es

are well known toBRemH&sd of Rgyelonme ?1e°%racn npmal mededy of such

nmet hods, see Antibodies, A La D E. YeIton et
al., Ann. Rev. of Blochen1 D 57 8 t of

| mrunor eactivity W th th lr ypeg‘fjﬁqoe%%f hi s | nvent lon 35

may be made by an;saxfees'evxhealosm hmﬁ.s cwepn Mmep@.des and anti-OspA and

10 anti-OspB polypeptide antibodies of the present
invention for their ability to elicit an immune
response effective to treat or protect against
B. burgdorferi infection and/or Lyme disease, by
testing numerous strains of inbred mice. We chose to

15 use mice because of the extensive immunologic, bioleogic
and genetic parameters available for manipulation.

We examined the susceptibility of various
strains of mice to infection with the highly virulent
N40 strain of B. burgdorferi, inoculated via several

20 different routes. [S.W. Barthold et al., J. Inf.Dis.,
162, pp. 133-138 (1990).] We chose mice having maximum
genetic disparity and representing different H-2
haplotypes. The mice used for these studies were
Balb/cByJ, C3H/HeJ, C57BL/6J, SJL/J, and SWR/J mice,

25 purchased from the Jackson Laboratory (Bar Harbor,
ME.), and CRL/:SKH(hr/hr)Br (hairless) purchased from
Charles River Laboratories (Raleigh, NC.). All mice
were housed in Micro-Isolator cages (Lab Products,
Maywood, NJ) and provided food (Agway, Syracuse, NY)

30 and water ad libidum.

First, we grew the N40 isolate of
B. burgdorferi in modified Barbour-Stoenner-Kelly
(BSK-II) medium [A.G. Barbour et al., Yale Journal Of
Biol. Med., 57, pp. 521-25 (1986)] at 34°C., to a
35 concentration of approximately 1 X 10% viable



- 307 those of skill in the art, including by inmmunobl ot assay and
ELI SA. Anti-OspA and anti-OspB pol ypepti de anti bodi es may
be .used in conpositions and nmethods for 5 the prevention and treatnent of
Lynme di sease as caused by infection with B. burgdorferi. Anti-GOspA and
anti - OspB pol ypeptide anti bodies nmay al so be used to I dentify OspA and
GspB pol ypepti des cont ai ni ng protective epitopes. 10 Thi s

i nvention al so provides an ani mal nodel =i¥P vihich to screen the various
OCspA and GCspB pol ypepti des and anti-OspA and anti-GCspB pol ypepti de

antibodies of this,inyvention for their abhility_t onfef prot L.an
agai nst Lyne disea§%91ﬁ%iilng{ organisyy ibégﬁng%F%¥%§He?h%¥ 8§“ﬁ§ﬁb§vﬁng
t he screeni ng gmdcessachenacygtometer i wsingledark bfileldf mdcroscopye of
skill in the art may determ ] ri s At aepher a
particul ar GspA or OGspB -ggl¥%%€?¥%%g§?y§%tY 5 éeﬁoﬁﬁgg%ggugg u E%n t he
20 prevention of Lwyithdiesescof Tsplxerhehengrangtegsfrom goKpiPsestehe

st eps of 8 ' iz [ ] an GspA

or GspB pol ypep?i b %r1qnidt p‘%\a%r ant%-%’? 81 dge, V%%%ypept-i ge

anti body; 25 intraperitghpeal; nintradermal heinthagastyign and

with B. burgdorferipntfiffasal inoculations. ﬁfteﬁeﬁﬁcéb?g,tEﬁéemQEBAwQ&e
GspB pol ypeptides or anti-OspA or,antl-CBgB go ypepti de,

anti bodi es whi ch (SAPEATRPERcEi PBnCaEAPRSRioyhEe Jghs AndyPxEanguinated, by
to i nocul ati on W tBardiocente8isburgdorferi. VWi | e any ani mal
that is suscep{&ble to

We removed various organs from each mouse and
cultured them for B. burgdorferi infection. Tissues
were homogenized in 1 ml of BSK II medium, then a 0.5
ml aliquot of the homogenate was placed in 7 m1 of BSK
II medium and cultured for 2 weeks.

15 We evaluated brain, lung, liver, heart,
spleen, kidney and joints of all four limbs (shoulder,
elbow, carpus, metacarpus, hip knee, tarsus,
metatarsus, and phalanges) from the infected mice for
histopathology by immersion fixing these tissues in

20 neutral-buffered formalin (pH 7.2). In addition, we
demineralized the joints and processed and stained the
tissues with hematoxylin-eosin by routine histological
techniques.

We also tested the sera of infected mice for

25 anti-B. burgdorferi antibody using an enzyme-linked
immunosorbent assay (ELISA). In this assay, we used
spirochetes as antigen, prepared as follows. We grew
650 ml of B. burgdorferi strain N40 in BSK II medium to
a maximum density, by culturing at 33°C for 2 weeks.

30 We then pelleted the spirochetes at 12,000 rpm in a
Beckman J4 centrifuge for 20 min. at 15° C. The pellet
was washed twice with phosphate buffered saline (PBS),
and finally resuspended in 10 ml PBS. The spirochetes
were then sonicated at 15 second intervals for 3 min.

35 on ice. We then centrifuged, as described supra and



infettion with B. burgdorferi may be advantageously useful in this
screenlng process, C3H He mce are 35 preferred, as they are not only

susceptible to - 31 - i nfection
but are al so susceptlble to Lyme di sease, as occurs in humans. Thus in
C3H He mi ce, the efficacy of responses to I®th infection and di sease can
be tested. The i nmuni zation of the animal with the GspA 5 or

CspB pol ypeptide or anti-GCspA or anti-GCspB pol ypepti de anti body may be
acconpl i shed by stahiieeried tibe osupermstaiorthrdeghi ael-dbswdsrponfditench

Lechni ques, e AnhDRGLEPnApd 2L Lb¥e MNUBhceRitPaRion of €hEI Bilivyatt 2

pol ypeptide is use ni ster maceutical |y
accept abl e adj ubynspesctrasaep¥onpl ete or inconplete Freund S

adjuvant, RIBI (nuranyl di pe@ﬁédﬁﬁis&rwﬁ@forﬁémeeatuﬁnbatbngtandard
conplexes) Such adj uvants ma r pt ect

e
di spersal by 155scBE@SeaRFag ?flP% %??BEE?tﬁEpg£?¥gsp%r9ﬁebyﬁﬁ e gntﬁ?ﬁ
subst ances that stisatadewite 00stml oofeantigehaatoasconceh&ratien of 10

chenotactic for nacazﬁﬂ?gggl %gg§%€§é|su & npoeﬁgtgeggnhhgnkgggg9 8¥§ten1

Preferably the I nvol ve Two or
admi ni strations oflaheléﬁppenoxtﬂpsep@b?bepﬂtaemogﬁﬁeégG (TGQP:over sever al

weeks. Burlingame, CA)).

10 The results of these studies showed that
C3H/He mice, upon intradermal infection with all doses
ranging from 1 X 10! - 1 x 108 B. burgdorferi strain
N40, develop clinical symptoms of a disease that is
remarkably similar to Lyme disease in humans. Mice

15 inoculated intradérmally at 3 weeks of age developed
spirochetemia and severe arthritis within two weeks. A
high proportion of infected mice also developed .
carditis. The results of the ELISA showed that C3H/He
mice had high levels of anti-B. burgdorferi antibodies,

20 and spirochetes were culturable from the spleens from
day 3 to 5 after inoculation. C3H/He mice remained
persistently infected for at least 12 months after
inoculation, and had a 100% correlation between
positive spirochetal spleen cultures, seroconversion,

25 and disease. The results further indicated that
arthritis and carditis occur at the same infection dose
level, and seroconversion occurs only in mice that are
actively infected. We therefore chose the C3H/He mouse
as our animal model for Lyme disease in humans because

30 it is a fully immunocompetent adult host that 1) is
susceptible to B. burgdorferi infection with small
numbers of organisms given intradermally, 2) develops
multisystemic and persistent infection and 3) develops
a 100% incidence of polyarthritis and carditis. These



Once’t+he OspA and OspB pol ypepti des or anti-GOspA or anti-GspB

pol ypeptide antibodies of this I nventi on have been determ ned to be
effiective in the 25 screening process of this invention, they may then be
used in a therapeutically effective anount in phar maceut i cal
conpositions and nethods to treat or prevent, Lyne di sease whi ch may
occur naturally in humans and ot her aninmals.” 30 The
pharmaceutical conpositions of this invention may be in a variety of

conventional depot haratc%&r&stm@%féﬂ%ﬂﬁre fth t‘?f@@%‘}ﬁ/ﬁé%dmﬂse seﬁ{a Rt i d
and liquid dosage forns, such as tablets, pil ers l'iquid

sol utions or suspeﬁyﬁéﬁéblﬁl&&§5ﬂ2¥hﬁﬁ5Kﬁﬂﬁﬂn@§§m§%uﬂﬁiﬁ Sries, injectable
and infusible - 32 - sol utions.

The preferred for mpstapglds TTPeN Fadsive iindrendec trivete off caifyiHe fired i on and

pr ophyl act.i c appl i cation. . Such dosage forms may incl ude
pharmaceuti- 5 cally accept ablee poarduiceds iy cddinalamabbitti gntiie known

Lo those of skils g th%%@o&fe%efﬁocaa&{e ge%.-@nq,y  RAAN G 1K e

exanple, R BI, um na un1nun1stearate
| eci thin, serum Zpadmdnyhmwai&mté'érlum é-loourfhlﬂe Buf fsrggorferi

substances, such agRRGSRMRIRS Yy H/dd¥®s SO ,C AC G&nd 49. One week

later, we bled the animals for serum. We then
passively immunized C3H/He mice at 6 weeks of age with

10 0.1 ml of a 1:5 dilution of this polyclonal rabbit
serum. The passively immunized mice and control mice
immunized with normal rabbit serum were then challenged,
17 hours later with 1 x 10* B. burgdorferi by -
intradermal inoculation as described supra. We

15 sacrificed the mice after two weeks and analyzed their
blood, spleens and joints as described supra.

We found that the control mice had developed
spirochetemia and severe arthritis at their ankle
joints, while in all of the passively immunized mice,

20 arthritis was prevented and spirochetes could not be
cultured from their blood or spleen. These studies
demonstrated that rabbits infected with B. burgdorferi
strain N40 produce antisera containing antibodies
effective to neutralize B. burgdorferi infection in our

25 in vivo infectivity assay.

We next determined if C3H/He mice could be
passively immunized against Lyme disease by transfer of
polyclonal anti-B. burgdorferi serum from infected
C3H/He mice. We inoculated a group of healthy 3 week

30 old C3H/He mice or New Zealand white rabbits
subcutaneously with 1 x 107 killed B. burgdorferi
strain N40 in complete Freund's adjuvant and boosted at

10 days with 1 x 107 killed B. burgdorferi strain N40O
in incomplete Freund's adjuvant. We then collected



pot as8si um sorbate, partial glyceride m xtures of saturated vegetable

fatty acids, water, salts or el ectrol ytes such as protam ne sul fate,

di sodi um hydrogen phosphat e, sodium chloride, zinc salts, 15 coll oi dal
silica, magnesiumtrisilicate, polyvinyl pyrrolidone, cellul ose-based
subst ances, and pol yet hyl ene gl ycol. Adjuvants for topical or gel base
forms may be sel ected fromthe group consisting of sodi um

car boxynet hyl cel | ul ose, polyacrylates, 20 = 41 =

pogyoxygthylenﬁ pﬁlyoxypropylene bl ock polyners, pol yet hyl ene egcoI
and wood wax al cohol s The vacgcines and.g 05| of t

i nvention may alsﬁeFHBI§Hemoﬁﬁér198Hﬂﬁﬁéﬁt?189 RE ra%bg%%? fﬁﬁﬂf

:reatnents dﬁr!nglpseﬂarntphbspnaii butifered shdiine rPBS)geni ¢ character or
o inprove their t ol eragpce @&Ehgially, the
GspA or CspB pol ypepti de rra3’c %g;%%uteﬁ te& én%doéfdm S Stered to the
patient using 1ntrhdmﬂdyc¢|¢pgs10ﬂlipﬁn9fs iffiviea und g fiegdad &?ﬁ#/dg%dmf% 30
ot her phar mace t i ?:ghld'o'lnw&ﬂag OQOM%OU&%S ﬁxﬁlugu’zed wilthf n6¥atd Neouse
agai nst hepat i np03|t|ons co |S|n antl-Cs A or

anti - GspB pol ypepPrdé'a&ﬁ’tlltb&Giré@ maPT%e 934, 1°é"vé'f ety of
dosage forms and jagciRated mﬂealinﬂdé tﬂmad&&maaaq forr thichaomtassiateral

| mrunot her api es anqg wel |, kng . . -
P dd w1th x 104_B. burgdorferi strain N40 or strain 33

B31l. After 5 or 14 days, the mice were euthanized by

10 exposure to carbon dioxide. We then removed

' approximately 95% of the spleen from each mouse,

homogenized it, and placed approximately 50% of the
homogenate in 7 ml of BSK II medium. We also removed
blood by cardiac éxsanguination and cultured 0.1 ml of

15 the blood in 7 ml of BSK II medium. Both the spleen
and blood cultures were then incubated at 33° C for 2
weeks as described supra. We examined the cultures for
the presence of spirochetes by dark field microscopy.
Twenty high power fields were scanned. We also

20 evaluated the histopathology of the heart and joints at
14 days after infection.

As shown in Table I, none of the passively
immunized mice had positive spirochete cultures, while
at least 1 to 100 spirochetes were detected in all of

25 the control mice immunized with normal mouse or rabbit
serum. Furthermore, the protective effect of the
rabbit serum was maintained at a dilution of 1:500.

In addition to conferring protection from

infection, the passive immunization also conferred

30 protection from disease. These studies demonstrated
that passive immunization is protective in the mouse
model and this protection extends across strains.
These studies also demonstrated that it is possible to
generate, in C3H/He mice immunized with B. burgdorferi,



to those of skill in the art. In addition, it may be advant ageous to
couple such anti bodies to toxins such as di pht heri a, pseudononas
exetoxin, ricin A chain, gelonin, etc., or antibiotics such as
pen|C|II|ns, 5 tetracyclines and chl or anpheni col . Any
pharmaceutically acceptabl e dosage route, i ncl udi ng parenteral,

i ntravenous, intramuscul ar, i ntral esional or subcutaneous injection,
may be used to adm ni ster the OspA org£spB pol ypeptide or anti-GCspA or
10 anti-GspB pol ypepti de anti body conposition. For exanpl e, the

pol ypeptide or anti body may be adm nistered to the patient in any

phar maceuti cal 4§ immuféCE@EpShSe dRsbge ¢an Nbé nplotdecyivdosga st Lymy be

adm nistered tQ,a patient_intra sl bol us or by 15 conti nued
i nf usi on over glﬁ%$§8d18fnﬂbﬂ?s¥§@§g% Mhﬁ%k or months, intramuscularly

-- including paravertebrally and periarticularly -- subcutaneously,

i ntracutaneously, intra-articularly, intraE?ﬁdvially, i ntrathecally,
intralesionally, periostally or leye®ral 20 oOspiémdpi cal rowrdE:isPr ef er adbiyis
t he conposi ®i ons of the i nversuitees®*ar e i nedtiweest orm of a unit dose and

Wil | usuagé Fgglnlstered to the patient intranuscularly.
The GspA and éhup ypepti des orsggnbtddayOSPA sdey Réayant i - @edap pol ypephadse
anti bodi es may be admi nistered 25 to the patient at one tine or over a

seri es of PigethRIEE M The nost effective node of administration and
dosage regi Menuoddelshti depeadreepon t he | evel of i nmunogenicity, the
parti cul ar 1@onpésit>on and/ or 0/dj uvant udéd for treatnment, the severity
and course of éﬁggngs EXRECEed I nfgetion, preyjgous therapy, t he patient's
heal t h' st at us t b5 POREorkedi | NMTUNI zati on, and the j udgnment of the
treating physch@n15For exaqple %1 0/10 nDréﬁhPﬁhly i mmM¥geni c the°"°
pol ypepti dgg t Ez' ol = dq,sf'age and neggssary nunber of
i Muni zat i oNs. gal + aieivh) RiFdadrsert Ne dosage and necessary treatment time will
N4O (1:500) 0/10 0/5
Normal rabbit serum (1:5)** 9/10 8710 8710 6/9 10710 10/10

Mice challenged with 831
20 antiserus (Dilution)

Rabbit anti-B. burgdorferi .
N4D (1:5) 0/5 0/5 /5 0/5

Normal rabbit serum (1:5) 5/5 &/5 5/5 5/5

* Expressed as number of positive cultures/total number of cultures.

25 ** Either a blood or spleen culture was positive in all control animals.

Example III - Cloning of the N40 OspA gene

We cloned the OspA gene of B. burgdorferi
strain N40 by the polymerase chain reaction [H. Erlich
et al. Eds., "Polymerase Chain Reaction", Cold Spring

5 Harbor Press, pp. 25-29 (1989)]. Spirochetes were
grown in 10 ml BSK II medium at 34°C for 7 days, then
harvested by centrifugation at 16K in a Beckman J4
centrifuge for 30 minutes. Genomic DNA was purified by
SDS lysis and phenol-chloroform extraction as described

10 in F. Hyde and R. Johnson, "Genetic Relationship Of The
Lyme Disease Spirochetes To Borrelia, Treponema, And



- 34~ be lowered if the polypeptide is adm nistered with an

adj uvant. Generally the dosage will consist of 10 [err]g to 100 ng of
the purified GspA or. GspB pol ypeptide, and preferably, the dosage will
consi st of 100-1000 [err]g. 5 Cenerally, the dosage for an anti-GspA or

anti - CspB pol ypepti de anti body wi | beOSngSOg In a
preferred enbodi nent of this invention, 3 GspA or OspB pol ypeptide is
adm nistered with an adj uvant, in or der to Pncrease its I mmunogeni city.

10 Useful adjuvants include RIBlI, and | SCOM sinple netal salts such as

al um num hydr oxi de has dj Nt Sy h asconpl et,g,a
i nconpl et e Freund' ggﬁﬂggg%%%a EgpthQ Gl migee 'azfdvgﬁﬁ Fg uggd t he

GCspA pol ypepti d€188dal-ly is administered in an enulsion with 15 t he

23%?g§2fng pr ot ei ns conplrnsygE %ggk&ﬁbgy%ﬁ%@h&e@fe%hQQPﬁﬁ&hedildéﬁ'for
i Si and/ or 0 es are
admi ni st er ed orallysﬁoaﬁoﬁrﬁﬁgﬁﬁ in tgﬁlﬁﬁF§§ EV é&ﬁgb €n from

i n}‘ ect ibf)n and d'rsseamgaauaaemuaedahu Brdmmgd@y&mes@mmmlam Yale
pal at abl e regi pen_of b cter sy
pol ypepti de of thi g?‘ﬁﬁﬁgﬁ% ebg gg‘% ﬁ%gtogpg?e\?\n tlﬁ'%%/n% SR 0dE S o
be consumed by mﬁl&asedeonrtbeekpoum spquencéoefstthe Asplaigene fgezt i on of
such bacteria may 569\5_&%&@141”@&%1&@%@%%% .C YERgstirmh  beith unoral and
cell -medi ated conp ff _et al.

"Molecular Ana1y51s Of Linear Plasmid-Encoded Major

10 Surface Proteins, OspA And OspB, Of The Lyme Disease
Spirochaete Borrelia Burgdorferi™, Mol. Micro., 3,
pp. 479-86 (1989)]. The first member of the pair

corresponded to the first 17 nucleotides of the coding :

sequence of the B31 OspA gene, and included an EcoR1
15 site and ribosome binding site at the 5' end to
facilitate cloning (SEQ ID NO: 1). The second member
of the pair corresponded to the complement of the last
nine amino acids of the B31 OspA gene, and included a
BamHl site, again to facilitate cloning (SEQ ID NO: 2).
20 The sequence of these oligonucleotides is depicted in
Figure 1. We purified the oligonucleotides by
desalting over a Sephadex G~25 column essentially as
follows. The oligonucleotides were dissolved in 0.4 ml
dH20 and 0.2 ml was then lcaded onto a Sephadex G-25
25 column equilibrated with H,0. Fractions of 200 ul,
eluted from the column by adding 2.5 ml of H,0, were
assayed for DNA by spectrophotometry. The majority of
the oligonucleotide eluted in the second fraction.
We then performed PCR in a 100 pl reaction
30 containing 20 uM of each oligonucleotide primer, 10pl
of 1 ng/pul B. burgdorferi template DNA prepared as
described supra, 0.5 ul Tag DNA polymerase (Cetus
Perkin~Elmer), 16 ul of 1.25 mm dNTPs, 10 ikl of 10x
buffer (500 mM KCl, 100 mM Tris-Hcl pH 8.3, 15 mM
35 MgCl,) and dH,0 to 100 sl. We initially denatured the



"Oral .Sal nonel | a Typhi nuri um Vacci ne Expressi ng Ci rcunsporozoite

Protein Protects Against Ml aria", Sci ence, 240, pp. 336-38 (1988) and
K'S Kimet al., 30 "Imunization O Chickens Wth Live Escherichia col
Expressing Eineria acervulina Merozoite Reconbi nant Anti gen I nduces
Partial Protection Against Coccidiosis", Inf. Inmun., 57, pp. 2434-40
(1989). According to yet anoth& enbodi nent, anti- 35 GspA
and anti-GspB pol ypepti de anti bodi es as well "as

- 35 - the GspA and OGspB pol ypeptides of this invention, are usefu

as di agnostic agergeqngdlqtedmcwwog,g%gifdoQ_hen_ Wer'F B 3¢ ¥ffllds of

because the pol ypeptides are capab bi nding to anti body "nol ecul es
produced in 5 aniBGR #sing ananpeading tepperataine, @i (4af Gy @pd ang
burgdorferi, and thigen¥iddeiperat@@pdd g20fc. binding to B. burgdorferi
or antigens thereof. Such .di.agngsti.c agents may he . ncluded
in a kit which may al so CoMpHR: 3R g’ﬁ?“f dashd a&eﬁeﬁom
gppropri ate rederthe genomhid \DNpiylagarose gul idlettrophdredizbenea it h a
etection neans that |!8W§j g&ﬁ%@ : > CspB

pol ypepti de when i ll's ag'c‘)ﬁé tolae(rilr gyt]i ]% Y, orl ol(rgnt t#g,qm@do g?gction of

the anti-CspA or &embragisB (fshledehege & SchngldodKegne, NH)i.s Fheénd to B.

burgdorferi. purified DNA was eluted from the membrane by incubating
the membrane in 500 gl 1M NaCl at 55°C for 1 hr. The
10 eluted DNA was then ethanol precipitated. We then
partially digested the DNA with EcoRl and BamHl1l (to
avoid cleavage at an expected internal EcoR1l site) and
repurified the full length amplified gene by agarose :
gel electrophoresis and electroelution as described
15 supra. The EcoRl-BamHl fragment was then ligated using
T4 DNA ligase (Boehringer Mannheim, Danbury, CT) into
an EcoR1l, BamHl1l cleaved expression vector pDC 197-12
(Kindly provided by W. Fiers, University of Ghent)
overnight at 15°C. The ligation mixture was
20 phenol/chloroform extracted, ethanol precipitated and
resuspended in 50 ul of H,0.
_ We selected pDC 197-12 as the expression
vector because it contains the bacteriophage lambda P
promoter and the thermolabile phage lambda cI857
25 repressor, which is able to completely suppress
transcription from the lambda P, promoter. The cI857
repressor is active at 30°C., and inactive at 42°cC.,
thus allowing inducible expression of genes controlled
by the P promoter. By growing bacteria containing pDC
30 197-12 at 30°C., large guantities of plasmid-containing
bacteria can be obtained without concern for production
of potentially toxic or growth inhibitory proteins.
pDC 197-12 also contains a tetracycline resistance
gene, allowing selection of positive transformants on
35 agarose plates containing tetracycline.



The detection nmeans nay be a fluorescent | abel i ng agent such as

fl uorescein isocyanate (FlIC), fluorescein isothiocyanate (FITC), and
the |ike, an enzyme, such as horseradi sh peroxi dase (HRP), glucose 20
oxi dase or the like, a radioactive el enent such as 125I or [err]Cr that
produces ganmma ray em ssions, or a radi oagfive element that emts

posi trons whi ch produce gamma rays upon encounters with el ectrons
present in the test solution, such as [err]C, [err]0O, or [err]N 25
The |inking of the deteCt'O“wEEéfénéfofﬁé& the K@@&leﬂ hiRgtark. iheb

I nstance, nonoclonal anti-G0s anti-0s pti de  anti body

mol ecul es producedegypeteny nﬁtE%ﬁnbés gBBFREaPF9VFQSQIQH by

i ncorporation of rgdi ebzab Cnﬂi-aaﬁdnuna%ﬁslayodasungSQlébercpbrrat&on,

medi um  or polypeptldgalfg%sfﬁnﬁ thggégpgesgred ggmBe% nEOAg?hgggggrgg

nmeans through acti %8t i-agnostic
kits of the presenbyi sukttring in ImyiberukeBrothdébean Obe G':prceSem.oﬁa ofWe

want 11 of 250 BB Skl 0L e Ry hE AR g b Y ok,

preferred enbodinEﬁésuspandhﬁAlnrocspBlterpobygedﬂhde pelhatedCde or

ggbhaCEpB pOIypept;gguspeg éhbggXlﬁOEROB[Ei99t8£ ¢ 81aPt ﬁssntpefygg IOgnd

resuspended them in 10 ml 20% glycerol, and finally

10 pelleted and resuspended in 2 ml of 10% glycerol. We
then mixed 40 ul of competent cells in an
electroporation cuvette with 5 ul of the ligated DNA.
We electroporated the bacteria at 2.5 KV with an
electroporator from BioRad (Richmond, CA) set at a

15 capacitance of 25 microF and 200 ohms resistance. We
then transferred the suspension to 1 ml of SOC broth [2
grams bactotryptone, 5 grams bactoyeast, 0.5 grams
NaCl, and 20 mM glucose per liter], incubated with
shaking for one hour at 37°C, and plated onto L-broth

20 plates containing 15ug/ml tetracycline.

Example IV - Sequence analysis of the OspA gene
from strain N40

Colonies containing the 197-OspA-N40 plasmid
were identified as follows. Colonies were picked into
25 2 ml L-Broth with tetracycline, and incubated with
shaking overnight at 30°C. The cells were then
pelleted, resuspended in 200 ul GTE buffer (50 mM
glucose, 25 mM Tris, 10 mM EDTA) and incubated for 10
minutes at room temperature. We then added 400 ul of a
30 solution containing 0.2N NaOH and 1.9% SDS and
incubated again for 10 minutes. We then added 300 ul
of 7.5 M ammonium acetate, and incubated for 10 minutes
on ice. After spinning 10 min. at 12,000 rpm, we
removed the supernatant and precipitated the DNA from



5 to"a solid support typically by adsorption from an aqueous nedi um
Useful solid matrices are well known in the art, and include crosslinked
dextran; agarose; _ polystyrene; polyvinylchloride; cross-linked

pol yacryl am de; nitrocellul ose or nylon-based 10 materials; tubes, plates
or the wells of mcrotiter pl ates. The pol ypeptides or anti bodies of the
pr esent I nvention may be used as diagnostic agents in solution form
or as a substantially dry powder, e.g., in~ 48 yophilized form 15

OCspA and GCspB pol ypepti des and anti-GCspA and anti - CspB pol ypepti de

ant i bodi es provide much npre specjfic reagents than those currentl

avail abl e for dtaghb A ingh SRyl (Y ’aﬁ‘?&ﬁ%ﬁré"QUCﬁmlﬁ t'?%l‘%a%sthzn

fal se positive antcdmpbeteBgadiyestasurith EdvRslkand eghmMl iandhe art wil |
Lo uti1ize Coph aibectroiol G55e on iy aoadolfe ICED" e bEehits SFTERR! ©
B. burgdorferi prospisyeneicvasiideterminedgesing a Sem?tbﬂtpf%tﬁ%n,
ot e ) EEoRIBLL cEvatEt PP A EBisometec e prfiers
anti bodi es of the gynrthegsized ah¥ale FNIV@ESEYApositi ons and met hods
conpri sing them may al spsbehewefith Figutet BLition, ofvR gaheé ovas apduild
Lreatrent of ot her ke SNt SRusEraby 281 1SRIEN > ny cHbEDL ARV RETHRA"
simlarities with ddmpuéispe (SEQOID GipB bl ghephe A0 dIsphegenesent the
Envent!on. Thegg .se$&££@§_éfi£ﬂ£h€§ﬁﬁ % ¢ Use Bord Bl g3 1erydi defOfmined
orrelia 35 Recurientis, Leptospira, an reponensa. e
that N40 OspA differs from B31 OspA at 2 positions,
corresponding to nucleotides 117 and 446. As a result
of these differences, the OspA protein from N40 (SEQ IDT
NO: 4) has an aspéragine at amino acid 39 instead of a
15 1lysine, and a glutamic acid at amino acid 149 instead
of glycine. The sequence (SEQ ID NO: 3) of the N40
OspA gene was also compared to the sequence of the OspA
gene from strain 2ZS7 [B. Wallich et al., "Cloning And
Sequencing Of The Gene Encoding The Outer Surface
20 Protein A (OspA) Of A European Borrelia Burgdorferi
Isolate"”, Nuc. Acid Res., 17, p. 8864 (1989)]. The N40
OspA sequence (SEQ ID NO: 3) differs from ZS7 at '
nucleotide 490, causing a glycine to occur at amino
acid 164 instead of serine. These comparisons suggest
25 that OspA is highly conserved among different

B. burgdorferi isolates.

Example V - Cloning of OspB and the 41 kd
flagella-associated protein
We cloned the genes for OspB and the

30 flagella-associated protein from B. burgdorferi strain
N40 using oligonucleotide primers and PCR, as described
in Example III. The oligonucleotide primers used to
amplify the OspB gene were (SEQ ID NO: 5)
5' AGAGAATTCAGGAGAATTTATGAGATTATTAATA 3' and (SEQ ID

35 NO: 6) 3' GAAAGTCTCGAATTTTTGCTGAAATTTTCCTAGGTCT 5°'.



- 37 = In order that this invention may be better

under st ood, the follow ng exanples are set forth. These exanples are for
pur.poses of illustration only, and are not to be construed as limting

the scope of 5 the invention in any manner. Exanmple | - Devel opnent of
an ani mal nodel for Lyne disease W devel oped

an ani mal nodel in which to screen the Qspédy and GspB pol ypepti des and
anti-GOspA and 10 anti-GspB pol ypeptide antibodies of the present
invention for their ability to elicit an inmmne response effective to

treat or protect afgknséquenc8 oBUtHESETELIigbRhETébRIA88diar bhyea dnsehse,
by testing nunmerous Strains of iggred ce. We_chosg to 15.use m.ce
because of the extBRSYDeSPANERGROEE (! 5i%§§%i%ene gﬁﬂmggﬁeggggnggﬁﬁéers
avail abl e for nani§ﬂ£?1h0531 [S. Bergstrdn¢ ekaalngdstpea3usc®pei bility of
vari ous strains,of mce to.i.nf ' ] t | Vit Ul gRt N40
strain of B. burgdB}%g?P?°$ﬁ8§ﬁthégiéggszgég?a 82%hg?#¥gr§%# ?gu¥gs. [S. W
Barthold et al .5 JflagélDasassociated ppptein3weng ($BQ0YD)NQ& dhose mice

having maxi mum .59eﬂéhhﬁ#é&éRé&héXT@@ﬂméﬂﬁfﬁﬁ@ﬂitﬂﬂTﬂhfﬁeraﬁa kis®g ID
hapl ot ypes. The m ce used  or t hese st udi es mgre gélg/ ByJd, C% HeJ,
C57BL/ 6J, SIL/J, aR@:Shw 3'nPCRARACAGTARGGAAYCTATRFERACS 8§s n*LaB8fat ory
(Bar Harbor, MEspquangeCBE/ thEbehol hypBuclaatidess)ispbaskdsen them

Charl es River Laboyatories (Raleigh, : 1.C housed i n
M cro-1sol ator cag §°Yﬂa5e3§888§t§? tﬁg&é&%ﬁ%g}gkuﬁegﬁd%gggvided f ood

(Agway, Syracuse, BY)burgdorferi strain B31 [G.S. Gassman, et al. ,
"Nucleotide Sequence Of A Gene Encoding The Borrelia

Burgdorferi flagellin," Nuc. Acid Res., 17, pp. 3590
(1989)]. The amplified N40 OspB and 41 kd flagella-
associated protein genes were then isolated and

15 directionally cloned into pDC 197-12 as described

supra.

Example VI - Cloning of additional B. burgdorferi
proteins

We clone additional genes from B. burgdorferi

20 strain N40 by constructing an expression library in
AZAP (Stratagene, San Diego, CA). To construct the
library, we use 10 micrograms of genomic B. burgdorferi
DNA, randomly sheared by repeated passage through a
syringe, and methylated with EcoRl methylase. We then

25 1ligate EcoRl linkers onto the ends of the genomic DNA
fragments, and insert them into the AZAP vector, which
expresses DNA inserts at the EcoRl1l site as lac fusion
proteins. We induce the recombinant phage of the
library to express the lac-B. burgdorferi fusion

30 proteins by incubating the plaques on nitrocellulose
filters soaked with IPTG, following the manufacturer's
protocol. The fusion proteins bind to the filters,
which are then screened by incubation with polyclonal
anti-B. burgdorferi antiserum from C3H/He mice infected



30 and water ad |ibidum First, we grew the N4O isol ate of
B.- burgdorferi in nodified Barbour-Stoenner-Kelly (BSK-11) medium[A G
Bar.bour et al., Yale Journal O Biol. Med., 57, pp. 521-25 (1986)] at
34[err]C., to a 35 concentration of apprOX|nater 1 x 10[err] viable

- 38 - (spiralling) organisns/m, as determ ned by counting and
on a hemacytoneter using dark field nicroscgp _ W i nocul at ed
the various strains of mce wi th doses of Spirochetes ranging from1l x
10 to 51 x 10[err] at 3 days or 3 weeks of age, via i nt raperitoneal,

i ntradermal , 'ntragféﬁrh b@PgdﬁrféP%raQQSaESEPQSHhaEhEP Aljbegeglctdays,

the nmce were sacrif di oxi d as and. exsan U|nated gy
cardi ocent esis. 10binding of VberEﬁ%WéHYVGPFéﬁngrB¥n§“P?8ﬁPégEh ABH289and

cultured themfor B Qﬂksﬂﬂﬁéegmsgﬁs&&sencoiﬁgﬁgue&d goder anbarmgasezed in

ol aced in 7 m of BSRMGSFY ABEIERTEnd BOP: ALE0LE0P DhgREReTas enich

VF|e¥aIua}¢gbbr?iEco%magtslatethehsate of priphrynankibindy biddiognwdldf
a our linbs (s b u o u hi e, tarsus,
B f8Lerten Bl *RiboRRER B BRIECARAUReI] Bekhg

nmet at ar sus, and ph ecte mce
téchniques well known in the art.
After identifying plaques expressing lac-

B. burgdorferi fusion proteins, we excise the
10 pBluescript plasmid from the AZAP phagemid particles by
infecting with helper phage according to the
manufacturer's instructions. As a result, we have
several additional B. burgdorferi genes which encode
proteins or fragments thereof, that are recognized by
15 polyclonal anti-B. burgdorferi antiserum.

Example VII - Expression of an OspA-derived
polypeptide N40-OspA

We induced the recombinant A89 bacteria
harboring the OspA-197-N40 plasmid to express
20 recombinant N40 OspA protein (N40-Ospa) by culturing
them in 3 ml BSK II medium overnight at 30°C, and then
inducing at 42°C for 2 hours. We then concentrated the
cells to an OD.,, of 4.0, and boiled an aliquot of 100-
500 pl of concentrated cells for 5 min. We then
25 electrophoresed 50 pl of the boiled cells on an SDS-
polyacrylamide gel and stained with Coomassie brilliant
blue. A unique band was present in lanes of extracts
from induced cultures, accounting for approximately 5%
of the total bacterial protein. The unique band
30 migrated at 31 kd, the size expected for the
recombinant OspA protein.
In order to determine if the new band on the
gel represented N40-OspA, we performed an immunoblot of
the bacterial proteins as follows. We first induced



hisfépathology by i mrersion fixing these tissues in 20 neutral -buffered

formalin (pH 7.2). In addition, we dem neralized the joints and
processed and stai ned t he ti ssues with hematoxylin-eosin by routine

hi st ol ogi cal t echni ques. W also tested the sera of

i nfected mce for 25 anti-B. burgdorferi antibody using an enzymne-|inked

| mmunosor bent assay (ELISA). In this assay, mggused spi rochetes as
antigen, prepared as follows. W grew 650 of B. burgdorferi strain
NO in BSK Il nmediumto a maxi mum density, by culturing at 33[err]C for

2 weeks. 30 Ve theehaebh%@hhheosak?%&%tﬁaoabsia& ana @nw&o@homs&@kmn
J4 centrifuge for 20 mn was washed tw ce

phosphat e buf f er edPS&LPHe SEBBRIPS as e SUPras s Hendben ﬁ?ﬁ@%ﬁeqﬁ§§
The spirochetes théepeotb&hssﬁbl natedc@ulhiosecemdlpst gSehle ilctier3 &1 n.

35 on ice. W then_centri ed, as ribe [

- 39 - filteréﬁgPﬁé& g&?ﬁgfaHQ%iﬁr3%9%1%%%?§§§%98F8ﬁ FF%&F? hrﬁM&

det ermi ned the proati 60cyRdsst katingn anf ellectiiotreasfer appagpésts FFOsDY.

The ELI SA was perf accgi.di d Siqn crotiter
Qﬁ.gﬁQd pedichgn! ge%%@ﬁart%e s&g%@ With W@Sind o

pl ates from Dynat ec coate f, antigen at a
concentration of 16ilutien pg antizB.ddyxrdderferi, iRmunge MOREESH@SXNM body
was | abel ed per gregageadast deschr-ibeds gubd@,( bagdwith tBe lntgane, CA)).

B. buragdorferi monoclonal antibody VIIIC3.78 prepared

10 by fusion of spleen cells from mice immunized with -
whole, live B. burgdorferi, infra. The strips were
incubated for 1 hour at room temperature, washed for
1 hour at room temperature with PBS, incubated with a
1:5200 diluﬁion'df alkaline phosphatase labeled goat

15 anti-mouse IgG (TAGO) and developed with nitroblue
tetrazolium 5-bromo 4-chloro-indolyl phosphate. The
immunoblot showed that the unique 31 kd band expressed
by the E. coli stained with mouse serum as well as the
monoclonal antibody, positively identifying it as N40-

20 OspA. By performing the experiment with osmotic shock
extracts of the E.coli [H.C. Neu and L.A. Heppel, "The
Release Of Enzymes From Escherichia Coli By Osmotic
Shock During The Formation Of Spheroplasts", J. Biol.
Chem., 240, pp. 3685-3692 (1965)], we were able to

25 determine that the recombinant N40-OspA protein is
localized at least in part to the periplasmic space.

We also isolated the recombinant protein by

transfer to an Immobilon membrane (Schleicher &
Schuell,.Keene, NH) and had the amino terminus

30 sequenced at the Protein Chemistry Facility at Yale

' University. The sequence of the first 15 amino acids
of the protein corresponded to the sequence predicted
from the DNA sequence (SEQ ID NO: 3} of the N40 OspA
gene, providing further evidence that N40-OspA was

35 being expressed in the recombinant bacteria.



-

10 > The results of these studi es showed that C3H He m ce, upon
intradermal infection with all doses ranging from1 X 101 - 1 X 10[err]
B. -burgdorferi strain- N40, develop clinical synptons of a disease that
S remarkably simlar to Lyme disease in humans. M ce 15 inocul at ed
intradermal |y at 3 weeks of age devel oped spirochetem a and severe
arthritis wwthin two weeks. A hi gh proportion of infected mce al so
devel oped carditis. The results of the EF%BA showed that C3H He

m ce had high levels of anti-B. burgdorferi antibodies, 20 and spirochetes
were culturable fromthe spleens from day 3 to 5 after inocul ation.

C3H He m ce remai ned perS|stentI |nfected for at Least 12.nppnths after
i nocul ation, and hEﬂa%PEEO@KEBrrg% ¥%§ ﬁatlonﬁgéLg%9§ ¥piPochet al
spl een cul tures, seroconversion er

I ndi cat ed t hat arthriti g %€r3é£é§m98&&rh NiBeogﬁﬂEwhngBFEOEodose-

| evel , and seroconversion o 'n mce t
i nfected. W thereéblelthaselmh@n€3$¢$kon%es§hat was puetegtie ﬁGGéFSFor'

Lyme di sease ing hu g £aNsE, 3OWe'inaécédfa&byeﬁwﬂos@w’eﬁéeﬁ&oaduht iRost
that 1) is sus

e to B. ng? feri infection mnt sna
numbers of organi s#s gP%eﬁulﬁ?¥%d%¥ Fterda as,degpribed ﬁ%PF$SysF§nFEeﬁnd
persistent infectipalaated) tHeveeDDs, resaspéffednthdanta of mpobyaPBhyitis
and carditis. These

characteristics arBelhehed Fhep aoedpy andoreguspgrdse in" 181" ot PBs.

We then determined the number of cells by
10 spectrophotometry at an ODsoo' and diluted the cells to
5 x 107/ml in PBS.

We then injected groups of five C3H/He mice
intraperitoneallylwith 1 ml of 5 x 10° 1ive E. coli
expressing N40-OspA, once per week for 3 weeks. As a

15 control, we injected five mice with E. coli transformed
with the vector, pDC197-12. We bled the mice on the
fourth week and prepared an immunoblot, as described
supra, to determine if the mice were synthesizing
antibody against N40-OspA. In this blot we ran a

20 protein extract of whole, heat killed B. burgdorferi
strain N40, transferred the proteins to nitrocellulose
strips and incubated the strips with a 1:100 dilution
of serum from the actively immunized mice as described
supra. By the fourth week after the initial injection,

25 a strong immune response to N40-OspA was elicited in
all of the actively immunized animals. The antibody
response could be detected by immunoblot to a dilution
of 1:1000.

During the fifth week, we challenged the mice

30 with B. burgdorferi strain N40 to determine if active
immunization would elicit a protective immune response
against various strains of B. burgdorferi. Mice were
infected intradermally with 1 x 10? B, burgdorferi
strain N40, B31, or CD16, prepared as described supra.



avai lable with other known ani mal nodel s. Exanple Il - Passive

I'mmuni zation of C3H He m ce We produced pol ycl onal rabbit
anti - 5 B. burgdorferi N40 antiserum by inocul ati on of New Zeal and
white rabbits wth 1 x 108 live B. burgdorferi i ntravenously at days O,
14, 21, and 49. One week | ater, we bled the animals for serum W then
passi vely immni zed C3H He mce at 6 weeks of age with 10 0.1 m of a 1:5
dilution of this polyclonal rabbit sé?lmr The passively i mmuni zed mnice
and control mce i mmuni zed with normal rabbit serumwere then

chal | enged 17 hours later with 1 x 10[er%£ B. burgdorf

i ntrader mal i n8bel mirenvesedthen; pagrifpred LeE 259 r}flgﬁﬁsthénﬂ1ce

after two weekgyafgdatBal ¥aedihbettion aﬁhOaﬂsesséeessdesdrﬁbeﬂt supsa.

descri bed supra. th C o] C d devel oped
splrocheten1g and severeAﬁrFHPVPléna¥agﬁ8|?£ Eﬁ% REEE kh%% Segglle Yn aF
of thehp?33|vehF§uv§uylinﬂunnzed QﬂthaELhEQLLseuaﬁegsenenuéﬁ-aﬁnA . .

spi rochet es _cou n r s se

P deﬂﬁﬁ?t?gggg Pﬁot88£%E ?go# Hf&egién %Qeﬂ Qil Qkaﬂns be

st udi es ecte dorferi

strain N4O proBucburgdorfexicsashedi ngsadetssnined fr°9fPéEPFvé“90
neutralize B. Q#r%@BrEﬁﬁEquEeCtIﬁncbﬂt955t25théncﬁhtﬁolnﬁieblVlty assay.
m

W next deter nce ni zed agai nst
Lyme di sease bymmupigegd, with Eé—ﬁ@i}ckﬁﬁgpréﬁgl ge BBFSé&rgg%Fm§§run1from
i nfected C%mkhaumlene Yepangenkat edadigyodpvelopedl ihfegtionk 30 old

C3H He m ¢ Rge%?g' AL eEABRES 1&28t§.EQ‘i“E§F99'ﬂ§| Whth 1 X

10[ err] ki PO d ef e Freund' s adjuvant
and boosted ataddltiondaybewmab°r1%Y19FthF Rmmp@azsd BDABad St ¥erest rai n

N40 in i ncomalele el $eat S134ie¥aNkiskaskhat ¢al bageed (chi
square p £ 0.05)

TABLE II
15 Immunizing Agent Borretia Blood splenic Arthritis Carditis
strain cultures® cul tures®*
S5day l4day Sday Jléday Y4day Yiday
E. coli expressing
OspA N4O 0710 0/5 0/10 2/5 2/5
20 B31 0/5 0/5
tD16 0/5 0/5
E. coli lacking OspA N4O 9/9 S/5 779 S/5 5/5
B31 $/5 5/5

16 3/5

25 * Expressed as number of positive cultures/total number of cultures.

Example IX - Passive immunization of mice with serum
from actively immunized mice

We next determined if passive immunization of
mice with serum from mice actively immunized with E.

30 coli expressing N40-OspA, was able to confer protection
against infection with B. burgdorferi. We passively
immunized mice as described supra, with 0.1 ml of serum
from actively immunized mice, either undiluted or
diluted 1:5. We used normal rabbit serum at a dilution

35 of 1:5 as a control. The next day, we inoculated the
mice with B. burgdorferi strain N40, and evaluated



- 41 - serumfromthe i mmuni zed mce or rabbits and diluted it 1:5

wi-t h phosphate buffered saline (PBS). We adm nistered 0.1 ni

of .the serum intradermally to groups of five uninfected C3H He mice. 5
Control groups of mce were i munized with normal nouse or rabbit serum
One day after immunization, we I nocul ated the mce intradermally on the
contral at eral side with 1 x 10[err] B. burgdorferi strain NAO or strain
B31. After 5 or 14 days, the mice were eut lrarfZet by 10 exposure to carbon
di oxi de. Wﬁ t hen renoved approxi mately 95% of the spleen from each
nouse, onogeni zed it, and placed approximajely 50% of th h enat e
in7 m of BSKII %m%ﬁuwmag%osr gfafter b’f%%%c‘b’y%arﬁ?a escribed’

ex;anguigatLonhanqs adured 0.1 m of 15 the blood in 7 m of BSK I
medi um Both the spleen nd_bl ood. ¢ ur e re en., | ed at
33[err] Cfor 2 wee[<s as"de k&?‘i’%eﬁngt%?%? éx%éngréﬁégﬁggc |tures for
}helgresence of spimmehized bjceawéréi Bullyiprotecksd fromTimfegtapghagoRer
i el ds were scanne V. t bt h 3 '
ag %%%‘gﬁgg?@gng n@k&é. SrihieePbit #PEE NokeWe ) thauRgael

and joints at [ e ection. As ,shown in Table
I, none of the paseitll9spA isnmuRfielent ckoneeniRsi PYokeshiPBchtrd
“cultures, while gupkehgent intecéfénswitrchetpsragserdeiccted in all of
25 the control mce inmmuni zed with nornmal npuse or rabbit serum

Furthernore, the protective effect of flag iy rabbit serum was nmaintained
at a dilution of 1:500.

Passive Immmization Blood Cultures*
10 5 day

E. coli expressing OspA

ndil.) 0/4

E. coli expressing OspA

1:5) . 074
15 Normal rabbit

serum (1:5) 8/10

* Expressed as number of positive cultures/total number of cultures.

Example X - Passive immunization of mice with anti-
B. burgdorferi monoclonal antibodies

20 We prepared anti-B. burgdorferi monoclonal
antibodies by fusion of spleen cells from mice infected
with B. burgdorferi strain N40, to mouse P3X63AgS8
myeloma cells, according to methods well known to those
of skill in the art. We then determined the isotypes

25 of the monoclonals, and selected four for passive
immunization: VIIIC3.78 (complement fixing IgG3);
IG12.57 (non-complement fixing IgGl); IIIH2.33
(complement fixing IgG2a); and VIAl2.71 (complement
fixing IgG2a).

30 We immunized C3H/He mice with 0.1 ml of
undiluted supernatant from monoclonal antibody
producing cells, and the next day, inoculated the
animals with B. burgdorferi strain N40, as described
supra. Five days later, we tested blood samples for

35 infection. As shown in Table IV, immunization with the



In addition to conferring protection from i nfection, the passive
I mruni zation al so conferred 30 protection from di sease. These studies

denonst r at ed t hat passive inmmunization is protective in the nouse

nodel and this protection extends across strains. These studies al so
denonstrated that it is possible to generate, in C3H He m ce i muni zed
with B. burgdorferi, - 42

an immune response which can be pr *%*ctive agai nst Lyne
dlsease in naive C3H He m ce.

;??Lfi{is (}”qﬁqg¥§m%pt fixing Igéﬁcﬁg%oclonal aé¥#$€¢g3V111c3.78
cuLtures N ecsorcfettehchulll proteatidw(Erom infection, @hlbyeldday

Sday l4day l4da¥inization witd®he nonfBdSEAHERE £1ifY! #5692

monoclonal did not confer protection. The two IgG2a

5 monoclonals conferred intermediate protection, i.e.,
protection to some animals. These studies demonstrate
that immunity to B. burgdorferi infection can be
conferred by passive immunization with a monoclonal
antibody. We deposited VIIIC3.78 under the rules and

10 regulations of the Budapest Treaty, with In Vitro
International, Inc., Linthicum, Maryland. This deposit
was accorded accession number IVI 10256.

Table 1V
Monoclonal Antibot:iy Blood Cultures*
15 5 day
1gG3 - VIIIC3.78 0/5
1gG1 - 1G12.57 5/5
19G2a - 111H2.33 175
1gG2a - VIA12.71 2/4

20 * Expressed as number of positive cultures/total nt._nber of cultures.

Example XI - Synthesis of OspA fusion proteins

We construct recombinant genes which will
express fragments of N40-OspA in order to determine
which fragments contain protective epitopes. First, we

25 produce overlapping 200-300 bp fragments which
encompass the entire nucleotide sequence of the N40
OspA gené, either by restriction enzyme digestion, or
by amplification of specific sequences of 197-OspA-
N40, using PCR and oligonucleotide primers containing

30 restriction endonuclease recognition sequences, as
described supra. We then directionally clone these
fragments into pGEMEX (Promega, Madison WS) cleaved
with EcoRl1 and BamHl. pGEMEx allows high level
expression of recombinant proteins as T7 gene 10 fusion



Mousé -anti-B. burgdorferi 10 N40 (1:5) 0/ 8 0/ 8

Nor mal nouse serum (1:5) 8/ 8 8/ 8 Rabbit anti-B

bur.gdor f eri N4O (1:5) 0/10 0/ 10 0/5 0/10 0/ 10
0/ 10 Rabbit anti-B. burgdorferi 15 N40 (1:50) 0/ 10

0/5 Rabbit anti-B. burgdorferi NAD ¢ 41: 500) 0/ 10

0/5 Normal rabbit serum (1:5)** 9/10 8/10 8/ 10 6/9

10/ 10 10/ 10 Ni ce chall enged with B31 20 Ant i serum

CDi | ution) |%¥3¥élﬁ§“"ﬁ%aﬂﬁ&ﬁiﬁﬁiéﬁ'of therﬁﬁLdépi»fu51on proteins
0/5 0/5 /5 n% t serum
(1:5) 5/5 is driven xugpe bacterlopQﬁgg T7 prom er.5/

Expressed as nunbesligjorposidotirie pitineasd tuded tinbirect the tRCRsare 25

Eith bl ood |
Beanpl e 111 - 0 o orud i 1€ 3¢ Focdi€ 18 & lafifliffa Rladne |\
CspA gene of B.5 builyiddf évlien cloned r-‘emip I\F@b@xtm R¥BTRSIRE 3% n

reaction [H Erlicigion prdtéin, Eiifinta it YRS a8 <&@t N ERPd OframéOb el

Spring the OspA protein. We express the OspA fragments as
fusion proteins because small protein fragments are
commonly not expressed stably in E.coli.

10 : We transform E.coli JM 109 with recombinant
pGEMEX plasmids by electroporation, as described supra.
We use E. coli JM109 as the host, because it contains
the gene for T7 RNA polymerase under the IPTG induced
lac uv5 promoter. We induce the transformed bacteria

15 with IPTG, and théy produce T7 RNA polymerase, which
directs up to 50% of the cell protein as recombinant
T7-OspA fusion protein.

The T7-OspA fusion protein produced in this

manner is insoluble, and can be easily purified by

20 recovery of the insoluble pellet fraction, followed by
solubilization of the recombinant protein in
denaturants. We choose to use urea to solubilize the
fusion protein from pGEMEX for purification.

Another way to synthesize fusion proteins is

25 to utilize the vector pGEX-2T (Pharmacia, Piscataway,
N.J.) which allows expression of inserted genes as
glutathione S-transferase fusion proteins. We
amplified the OspA gene from the N40 strain of
B. burgdorferi as described supra, using

30 oligonucleotide primers containing EcoRl and BamH1l
restriction sites. We then purified and cloned the
PCR-amplified OspA gene into pGEX-2T in frame with the
glutathione S-transferase gene, using methods well
known to those of skill in the art. We then

35 transformed E.coli strain JM109 using electroporation,



5 Harbor Press, pp. 25-29 (1989)]. Spirochetes were grown in 10 n

BSK Il medium at 34C for 7 days, then harvested by centrifugation at
16K in a Becknman J4 centrifuge for 30 mnutes. Genom c DNA was
purified by SDS | ysis and phenol -chl orof orm extracti on as descri bed
10 in F. Hyde and R Johnson, "Genetic Relationship O The Lynme

Di sease Spirochetes To Borreli a, Treponena,_Agg _

- 43 - Leptospira”, spp. J. din. Mcro.; 20, pp. 151-54 (1984).
W obtained a pair of oligonucleotides for use as prinmers in the

anplification, fro h L.go : | n Is t 133 4 at
Yal e University.gh hgfggghg%cgggkﬁgﬁgggf%ggxﬁéﬁéggﬁ eéghggﬂféﬁﬁiﬁffon
t he known sequenceceohtapniogprlgé&gs-from B. burgdorferi strain B3l [S.

?gr%ﬁ]{om et al., " Mol ecyedgréwdsyd m10culitiees Bifathed teagedindy or

B o Bur o  chacPebge.” ek Inauglea Beglh BBt Sapor GRS,

menber of the psir fusion protein, referred to as OspA 1-819, with 1 mM
IPTG, according to the manufacturer's protocol. We
‘then washed the cells in PBS, resuspended in 5 ml PBS
with 1% Triton, and lysed the cells by sonication. We
then centrifuged the lysate at 13K rpm for 10 minutes,

10 and loaded the supernatant onto a glutathione sepharose

4B column (Pharmacia). We eluted OspA 1-819 with 5mM
glutathione, according to the manufacturer's
instructions.

Example XII - Active immunization of mice with
15 OspA 1-819

We immunized mice with 20 micrograms of
purified OspA 1-819 by subcutaneous injection, once per
week for 3 weeks. As a control, we injected mice with
purified glutathione S-transferase prepared as

20 described in Example XI. We bled the mice on the
fourth week and prepared an immunoblot as described in
Example VII, to determine if the mice were synthesizing
antibody against N40-OspA. We found that the mice
immunized with OspA 1-819 produced a very strong immune

25 response to N40-OspA, as an antibody response could be
detected to a dilution of 1:64,000 by immunoblot.

_ _ We then challenged the mice with 1 x 104
B. burgdorferi strain N40 and evaluated them for
infection and disease at 5 or 14 days, as described

30 supra; As shown in Table V, histopathologic
examination of the joints and heart showed no evidence
of disease in animals immunized with OspA 1-819 and
blood and spleen cultures showed no evidence of
infection. In contrast, control animals readily

35 developed infection as well as arthritis and carditis.



corrésponded to the first 17 nucl eotides of the coding sequence of the
B31 OGspA gene, and included an EcoRI 15 site and ri bosonme binding site at
the 5 end to facilitate cloning (SEQ ID NO 1). The second nenber

of the pair corresponded to the conplenment of the | ast ni ne am no aci ds
of the B31 GspA gene, and included a BanHl site, again to facilitate
cloning (SEQ ID NO 2). 20 The sequence of &thgge-oligonucleotides is
depicted in Figure 1. We purified the oligonucleotides by desal ting
over a Sephadex G 25 columm essentially as foll ows. The

ol i gonucl eoti des wehesei ssolied dembndtrhated tthe&hPOi@m@n@ zempomag t hen

| oaded onto a Sephadex oy]
of 200 [err]l, 98P&Fe6%? 21 gﬁlen S‘ﬂ'ibt‘ gg’ %u‘ﬁ‘zﬁfgeg[ s errggtﬂs.\j\gfe
assayed for DNA bysuﬁéacnephot9n§U&}Y Pﬁ@tﬁ§Foﬁgﬁ}n§ﬁ subngyen

ol i gonucl eoti de e'H?g%ckﬁohhﬁnaeiﬁﬁdc&ﬁﬁ&bh@nmanlfestatlons ofet dilase.
performed PCR in a [err]] reaction 30 containing 20 [err]-M of each

ol i gonucl eotidegpriner, 10[err]]l Of ke 90/ [€rr]1 B. burgdorferi tenplate
DNA prepared as descri bed supra, 0.5 ferr]l Taq DNA pol ynerase (Cetus
Perkin-Elmer), 16 [err]l of 1.25 ﬂﬁdeTPs S?mcerr]l of J0x Quffer (500
mM KO, 100 mM Tris-Hcl pH 8.3, 15! T‘I‘Pr]) Mdﬂ[erﬁ'ﬁ"to 100
Eirr]l Ve |n|t:alh¥udgnﬁ@u&ed thQLJ_ﬁgy 4day l4day -
- tenpl at e DNA at 94[err]C and t he erforped 30 ¢ s of
PCR usi ng an anneaPithd ienperature E 5[erWFCP and QB yﬁ}E
10 Glutathione
s-transferase 6/12 5/5 3/5 10710 10710

* Expressed as number of positive cul_tures/total number of cultures.

Example XIII - Identlflcatlon of OspA fragments that
elicit protective antibody

15 production -~ B cell epitopes

One way to identify regions of the OspA
protein that contain protective B-cell epitopes is to
determine which regions of the OspA protein are
recognized by monoclonal antibodies that confer

20 protection against B. burgdorferi infection.

We began by producing fragments of the OspA
protein. First, we PCR-amplified portions of the OspaA
gene using oligonucleotide primers containing EcoRl and
BamHl sites as described supra. We synthesized

25 fragments consisting of nucleotides 200-819 and 400-819
of SEQ ID NO: 3. We then cloned these fragments into
PGEX-2T in frame with the glutathione S-transferase
protein. We then transformed E.coli with the
recombinant plasmids, and induced expression of the

30 OspA fragments as glutathione S-transferase fusion
proteins. We refer to those fusion proteins as OspA
200-819 and OspA 400-819.

Next, we prepared an immunoblot with whole
cell extracts from E.coli expressing either the OspA



extefisi on tenperature of 72[err]C The PCR anplified GspA
gene was isolated from 5 the genom c DNA by agarose gel electrophoresis on
a 1% gel, and purified by electroelution onto a DEAE menbr ane

(Schl ei cher & Schuell, Keene, NH). The purified DNA was eluted fromthe
menbrane by i ncubati ng the nenbrane in 500 [err]l 1M NaCl at 55[err]C
for 1 hr. The 10 eluted DNA was then ethanolssprecipitated. We then
partially digested the DNA with EcoRl and BanHl (to avoi d cl eavage at
an expected internal EcoRl site) and repurified the full length
anplified gene by glut@ih iR tg-afri=d ra sen df wd o rpsd e i, as

DNA || gase (Boohr Wgsé’p‘ b

cl eaved expr essi omsﬁe{glruumm S-trangfiératey fusionaoratein (Qspik 1-
University of Ghenplo, A QUpindatdle el L mhend 58 o e e vas 20
e

phenol/chloroforn1extracted preci pitat resuspended in 50
[err]] of Herrgo. m0n001°nal antllmgiygé(@& - T BN HousLY {$heW phRssi on

vector because It &yl rdbietingl cidaniogpl anbdpdiesrl infetiom! eseand
the thernol abile pha e Ia [ 857 25 re.:ﬁ:|1 sor ch is able 11
conpl etely suppreds crit iMAPIT IR arrfa% F;f%??? %r%#}%? " The

clh857 . repres;ctrnn;lse misi\cm qtrcﬁiﬁmsq C., and inactive at 42[ err]C.,
thus allow ng inducible exprgssl P[err]
pronoter. By grow ng bacteri‘a cont a| i ng %@%%%ﬁ% tfatl'tleB err]C,, large

quantities of 10 asreeparvired hnhdthe PW@H‘&Q cant beodnt B wi 8 hbSit

concern for producéﬁégaed wiih fIPt£tdgd dry (t,f)xtlgeo(ﬁslggog\éﬂiel (@E@ltpruo. 3)

pr ot ei ns. pDC 12 al so co t
al l owi ng sel ecti orP‘%ﬁw‘f:ﬁﬁlri‘f‘i}egqt?’affE;aq?&neg g(r:]y i%g%’rf%ié f)l ?% not

contai ning tetracymddessarily imply that the epitope recognized by
VIIIC3.78 is the only protective epitope in the OspaA

15 protein. Nor does it imply that the region encoding
the B-cell epitope recognized by VIIIC3.78 does not
also contain a T-cell epitope. However, it does
illustrate one method that may be used to identify
protective epitopes of the OspA protein.

20 Another way to identify regions of OspA that
contain B cell epitopes is to use OspA fusion proteins
to absorb antibodies from protective polyclonal serum.
The various T7-OspA or OspA-glutathione S-transferase
fusion proteins are coupled to CnBr activated Sepharose

25 in order to construct a column, using standard
techniques.

We prepare polyclonal rabbit anti-
B. burgdorferi antiserum as in Example II.
We then pass the rabbit serum over the OspA-

30 fusion protein column, to absorb antibodies which
recognize the fusion protein. The residual serum is
then used to passively immunize C3H/He mice, as
described supra.

After two days, the immunized mice are

35 challenged with B. burgdorferi strain N40 and then



- 45°%~ We transfornmed the ligation mxture into

conpetent E. coli strain A89 (Kindly provided by F. Col dberg, Harvard
Uni.versity) using el ectroporation, as follows. W first prepared
conpetent A89 bacteria 5 by culturing in 1 liter L-Broth to an O)err] of

. 0.6. W then pelleted the cells at 4000 rpmfor 15 m nutes, _
.resuspended in 0.5 liter cold dH err]0, pelleted and resuspended agai n
in 0.5 1iter cold dH err]0, pelleted and - ¥&suspended themin 10 ml 20%
glycerol, and finally 10 pelleted and resuspended in 2 m of 10% gl ycerol.
e then mxed 40 [err]1_of conpetent cells in an , el ect roporati on
cuvette with 5 [ersaarbficad afberctWondeeks agwdeseEiP8foEdREs -t hdoints

bacteria at 2.5 KVapktBldAicallf! 864 RPetalegica Py BerBadneR €broraintA)
set at a 15 capaC|tanﬁe of , 25 n1cr8F and 220 ohns rgfis ance. v& t?en
transferred the susPEFRRBALIGNs Apd FheEPLegR 1S °°érﬁﬁ§ FREEBTPGESRe,
5 grans bact oyeastsprochetes. Aftlrf] twande€®s pibygltuves are examihed

i ncubated with ' e, ho, t r | gt.e -
L broth 20 pl atZs %%%?%#%?ﬁ%ﬁéﬁﬁér?fgﬁfﬁt £ 818 A1 ProBBiod! A5 ldeBl fpea
Sequence anal ysi s 8#prae (¥gpAagenable to determine whigh, §usapp REoteins

Col oni es cont ai ni ngrshgpi@7t658 ¥ pratattive aMeiBodilesti beeduas
foll ows. Col oni es were pi [

ol ot ol Onl &5 el ek el 22 2ull b Prch bl LI LBhageycliney, onc

pel I eted, resuspengledogni2@0shehr fisidh pribteing56-nbdbntaiglingoBece2d nM

Then added 400t p, ESebpedaLeds § 2 ndOaep1 o BLA bECRL LBRTILGTRE" BulEly V¢
protection to passively immunized mice.

Once we have localized various epitopes to
regions of the fusion proteins, we conduct further
analyses using shért synthetic peptides of 5-35 amino

15 acids. The use of synthetic peptides allows us to
further define each epitope, while eliminating
variables contributed by the non-OspA portion of the

fusion protein.

Example XIV - Immunization of C3H/He mice with
20 ’ OspA 400-819

We immunized mice with 10 ug of either OspA
400-819 or OspA 1-819 in complete Freund's adjuvant,
and boosted with another 10 ug in incomplete Freund's
adjuvant twice at 10 day intervals. Fourteen days
25 later, we challenged the mice with 1 x 104
B. burgdorferi strain N40, and evaluated for infection
at 14 days. As shown in Table VI only 1 of the 5 mice
immunized with OspA 400-819 showed evidence of
infection, whereas all of the control mice had positive
30 spirochete cultures. These results provide further
evidence that the 400-819 fragment of SEQ ID NO:3
encodes an OspA polypeptide containing a protective
epitope.



30 sol.tion containing 0.2N NaOH and 1.9% SDS and I ncubat ed again for
10 mnutes. W then added 300 [err]1l of 7.5 M ammoni um acetate, and
i hgubated for 10 m nutes on ice. After spinning 10 min. at 12,000 rpm
we removed t he supernatant and precipitated the DNA from
- 46 - It by adding 500 [err]1 of isopropanol. The DNA was then
conpletely digested with EcoRl and BanH]_and el ectrophoresed on an
agarose gel. The sequence of the OspR7gene was determined using a
Sequenase kit (U.S. 5 Biochemi cal, Ceveland, OH) and oligonucl eotide
prinmers synt hesi zed at Yale University. As shown in Figure
1, the OspA gene was found to A FL9 nucl eotides in length. By conparing
t he DNA sequence (SEQ ID NO 3) of the NAO OspA gene to the 10 sequence
of the GspA gene of strain B31, we determ ned t hat p OspA differs from
B31 OGspA at 2 positions, correspondi ng to nucl eoti de 7 and 446. As a
resul t of these differencesretibhe Oslpdl prot esmenic om N4flenliSEQ | D NO 4)
has an aspr dgmmieinpdsenti no adrain 39 i nStwerd® of &ulteest ysi fdtredd a gl utamic
acid at am nq,aglLd.d@d i nstegg of ghkycine. §Re sequegge (SEQ ID NO 3)
of the N4O CspA gene was al so conpared to the sequence of the GspA
gene from st rosroF8Y [ B. Wal MPch et alM3, "d onPfig And V3Sequencing OF The
CGene Encodi ngthgi.cut er Surface

S-transferase N&O 4/5 3/5 5/5

10 * Expressed as number positive cultures/total number of cultures

** Mice in this group had previously been immunized with OspA 1-819. They were last
boosted approximately 3 months before initiation of this experiment.

*+* Expressed as number of mice with positive blood and/or splenic culture/
total number of mice

15 Example XV - Active Immunization of C3H/He mice
with OspA fusion proteins
OspA fusion proteins which are found to react with
protective monoclonal antibodies or which deplete the
polyclonal rabbit serum of protective antibodies, are used
20 to actively immunize C3H/He mice. We use between 10 and 100
micrograms of the OspA fusion protein emulsified in equal
volumes of Freund's adjuvant and boost twice at 2 and 4
weeks. After three weeks we bleed the animals and measure
the indirect fluorescent antibody titer by means of Western
25 Dblot. .
We also immunize mice with E. coli expressing the
recombinant OspA fusion protein, as described in
Example VIII. The antibody responses elicited by both
methods of immunization are compared for optimal production.
30 We then infect the immunized mice at 14, 30 and 94 days
following immunization, and sacrifice them 5, 14, or 60 days
later. We evaluate the mouse joints for inflammation and
culture the spleens and blood for spirochetes. We then
compare the protective effect of the purified antigen and
35 the E. coli expressing antigen.



20 Protein A (GspA) O A European Borrelia Burgdorferi | sol ate", Nuc.
Acid Res., 17, p. 8864 (1989)]. The MNO GspA sequence (SEQ ID NGO 3)

differs fromZS7 at nucl eoti de 490, causing a glycine to occur at am no
acid 164 instedad of serine. These conparisons suggest 25 that OspAis

hi ghly conserved anong different B. burgdorferi isolates. Exampl e V
- Goning of CspB and the 41 kd fl agel | a- associ at ed
protein ' W cl oned the geresofer OspB and the 30
flagel | a-associ ated protein fromB. burgdorferi strain N4O usi ng

ol i gonucl eotide prinmers and PCR, as descri bed in Exanple I'l11. The

ol i gonucl eotide prinmers used to anplify the OspB gene were (SEQ I D NO

5) 5' AGAGEARRPAGCGXUEATTIAEBRELITATIANTAL30spAdepdkoPRD $bako 6) 3

GAAAGTCTCGAATTTTTGCTGAAATTTTONTAECTrDsE-protective antibodies

- 47 - The sequence of these oligonucleotides is ba nown
e

. . 2 . d, t
sequence of the OspB gedatdibodiss pdigdsededn thespphiy EgllﬁanggﬁssP§8ﬁ1

et al., supraknafh@re diriezeedchealingt Rpitopesuthdtt aranghaiedt AmoAy kd 5
flagell a associ at,ed protei,n were_( SEQ |

L L .Y .
AGAGAATTCAGGANRF P fmﬁﬁw% ppil cRBfeg) pyetection
ACAAAACAGT AACARGEAT InEeeBienAwith these various strains of

B. burgdorferi. To determine which epitopes of N40-OspA are
able to elicit such antibodies, we immunize C3H/He mice with
the various OspA fusion proteins, and challenge the mice

10 with various strains of B. burgdorferi as described supra.
We have isolated over 200 B. burgdorferi specimens from New
England. We inject these various specimens into C3H/He mice
to determine which are infective and/or arthritogenic, and
then inoculate the various infective strains into mice which

15 have been actively immunized with OspA fusion proteins. We
design a vaccine around the epitopes that are shown to
confer protection against infection with many different
strains of B. burgdorferi.

Tables VII and VIII show the results of

20 experiments conducted to determine whether immunization with
recombinant OspA would protect mice from infection with
other strains of B. burgdorferi. We immunized mice either
with 10 ug of OspA 1-819 or by i.p. injection of live E.
coli expressing N40-OspA, as described supra. Mice were

25 boosted twice, at 10 day intervals, with the same amount of
antigen. Fourteen days after the second boost we inoculated
the mice with 1 x 10% B. burgdorferi strain 297 (isolated
from human spinal fluid). We then evaluated the mice for
infection at 14 days, as described supra. Five of the mice

30 were also evaluated for disease. As shown in Table VII,
immunization with oSpA from B. burgdorferi strain N40
conferred almost complete protection from infection, and
complete protection from disease.



sequence of these oligonucleotides is based on the known sequence of the
fl.agellin gene from10 B. burgdorferi strain B31 [G S. Gassman, et al.
"“Nucl eoti de Sequence O A Gene Encoding The Borrelia Bur gdor feri
flagellin,” Nuc. Acid Res., 17, pp. 3590 (1989)]. The anplified N40
CspB and 41 kd fl agel | a- associ ated protein genes were then isol ated
and 15 directionally cloned into pDC 197-12 as_ descri bed supra.

Exanple VI - Coning of additional B. burgdor 7 pr ot ei ns
We clone additional genes fromB. burgdorferi 20 strain N4O by constructing
an expression library in AZAP (Strq%bgegﬁpe, San Diego, CA). To construct
t he library, we use 10 m crograns of genom c B. burgdorferi DNA
randomy sheared by repeated passage through a vinge, and et hyl at ed
with EcoR methylase. W then 25 |igate EcoRl Iinker%eﬁhto t hpoahds of the
genom ¢ DNA 5f I RANRMN Sgen@Nd | NER fendeNE M saddifGeet e *vect arditivhi ch
expresses DNA inserts at the EcoRl site as |ac fusion proteins. W

i nduce the reconbi%dhpﬂgﬁgge of tR¥ libPhry to e¥Press th¥’lac-B
buradorferi fusi on%’%pr Ot el hs by incubating the plaques on nitrocell ul ose
filters soaked w ta I h‘_I'G foll ow ng the manufacturer's protocol. The
fusi on proteing_,bi ¢ereet he filter i.ch are t screeged by

i ncubati on mﬁtﬁopoTyaTg¥% anf?:B. burg%grferi éﬂ??serun1??on1C3FVFb

m ce infected E. coli not
expressing
N4O-0spA

15 * Expressed as number of mice with positive blood and/or
splenic culture/total number of mice evaluated

Similar experiments were conducted with B.
burgdorferi strain B31l. In these experiments however,
we also sought to determine the longevity of

20 protection. Mice were immunized with 10 ug OspA 1-819
and boosted twice, as described supra. We then
infected the mice with B. burgdorferi strain B31 and
evaluated for infection and disease at 6 months after
challenge. As shown in Table VIII immunization with

25 OspA 1-819 from B. burgdorferi strain N40 conferred
complete and long-lasting protection from infection and
disease as caused by B. burgdorferi strain B31.

Table VIII
Blood
30 and/or Arthritis
Splenic and/or
Immunizing Agent Chal lenge Sacrifice Cultures*® Carditis**
OspA 1-819 831 6 mo. 076 0/6
Glutathione
35 s-transferase 831 6 mo. 4/6 6/6

* Expressed as number of mice with positive blood and/or
splenic culture/total number of mice evaluated

** pisease at & months was evidenced by chronic scarring and plasma
cell infiltrates indicative of resolving chronic infection.



- 48 with B. burgdorferi, as described supra. W detect bi ndi ng

of the primary antibody by subsequent binding of al kal i ne phosphat ase
conj ugat ed goat anti-nouse secondary anti body. The al kal i ne phosphat ase
which 5 collects at” the site of primary anti body binding wll be

det ect ed by exposure to BCI P and NBT, using techni ques well known in the
art. After identifying plaques expreSS|ng | ac- B
burgdorferi fusion proteins, we excise the =182pBl uescript plasnid fromthe
AZAP phagem d particles by i nfecting with hel per phage according to the

manuf acturer's instructions._ _As resulf.,, we hav addi tional B
buradorferi genes EamRte Ve - 1 L5icat t % @i%tﬁf that are
recogni zed by 15 pol yclonal anti = contain le VI

- Expression of an OspA-deri %Q]!}%o

W i nduced the reconbi nant ﬁéggb tlon in nl orin f%e%%gﬁi

plasmid to expresgmmmmm mwrelmuaqm@s\m apribedig@s ng
themin 3 m B 'dnfiﬂiiéﬂ?hafa&%ma&md ¥y Wtigedfs cHitaitihg bothldcicea 1at

42[err]C for 2 hours en concentrated the . cells to an err] of
4.0, and boiled angd Bysallorepigeres. s&e (igentify; "Js f or
5 mn. W then 25 ghetdime rftarichiny [Terod1ll @bﬂﬁ@émldeed.nfddts Q3 /s SDS-

pol yacryl am de gel and St %Ed !WI t @o‘%‘}%@s%&a@r{ lﬂ«t’(f”lrn com¥1ldte A uni que

band was present i rom i'nduced "Cultures, accounting
for approxi mat el y E'x%und'@‘ adjuvasttal asmclesdribes @unna. Trr@mmy@em 30

mgrated at 3]1{ Q-Eﬁﬁéc cHré hﬁrvesﬁéﬁ?(ﬂﬂa N v IS I 18l n.
In order to d errﬁnel ﬁ?qgv and on
lines are generated. These T cell lines are then
cloned using limiting dilution and soft agar
techniques. We use these T cell clones to determine
which OspA fusion proteins contain T cell epitopes.

15 The T cell clones are stimulated with the OspA fusion
proteins and syngeneic antigen presenting cells.
Exposure of the T cell clones to fusion proteins that
contain T cell epitopes causes the T cells to
proliferate, which we measure by 3H-Thymidine

20 incorporation. We also measure lymphokine production
by the stimulated T cell clones by standard methods.

To determine T cell epitopes of OspA
polypeptideé recognized by human T cells, we isolate T
cell clones from B. burgdorferi-infected patients of

25 multiple HLA types. T cell epitopes are identified by
stimulating the clones with various OspA fusion
proteins, and measuring 3H-Thymidine incorporation.

The various T cell epitopes are then correlated with
Class II HLA antigens such as DR, DP, and DQ. The

30 correlation is performed by utilization of B
lymphoblastoid cell lines expressing various HLA genes.
When a given T cell clone is mixed with the appropriate
B lymphoblastoid cell line and an OspA polypeptide, the
B cell will be able to present the OspA polypeptide to



gel tepresented N4O- GspA, we performed an i mmunobl ot of t he bacteria
protelns as follows. W first induced

49 - the bacteria to express N40- OspA and el ectrophoresed
boiled sanmpl es as described supra. W then transferred the proteins to
nitrocel l ul ose strips (Schleicher & Schuel I, Keene, N. H.) by
electrotransfer for 2.5 hrs. 5 at 60 volts using an el ectrotransfer
apparatus from Bi oRad. W t hen reacted'TH§3STr|ps with a 1:100
dilution of anti-B. burgdorferi imune nouse serum prepared as
described supra, or. wth the anti B.. burgdorferi_nonocl | ti bod
VI11C3.78 preparedth® T U?e*ﬁ3|dﬁr?&lgﬁﬁﬁ%hoﬁeg?sé??gnyﬁ?ﬁgr?ﬁnﬁﬁi d mnt%

whol e, live B. burpgpni@ine iﬁ&éﬁpoﬂ%ﬁﬁéﬁrips were i ncubated for 1 hour

at room tenperature, washed ey BS,

I ncubated with a 1: 5200 ?Lﬁ?%ﬂ %Nné&?gilne %ggégééﬁlaﬁé%gﬁggoat 15

anti-mouse 19G (TAEK&edndndéhe$ewmmuhmpheHTt¢eb1ueplt0pe§traﬁbchu§15 br ono

4-chl oro-i ndol y} p@%é@?ﬁé t§T@§ ful f&@“ﬁ? $€ﬁeﬁéo$6d iB@énﬁhanBfQHﬁmél kd
I ne

band expressed Sta nouse serun1a wel |
nonocl onal ant|bod9159@§¢t%Qe?yb¥%%®t$P??ﬁﬁuPt°§sahﬂeveQOPaE%ﬁEF By
perform ng the expgkgﬁgatlahth osnoti c shock extracts of the E. col

Col i By Osmotic ook DA rE-IReL PR FREY ot LROLRREPg facpLs ShiEdbds
in other B. burgdorferi proteins such as OspB and the
10 flagella-associated protein, and design combination
vaccines based on these epitopes, in conjunction with B
cell epitopes from OspA polypeptides.

Example XVIII - <Construction of OspA fusion proteins
comprising T and B cell epitopes
15 After identifying the epitopes of N40-OspA

that are recognized by T cells, we construct
recombinant proteins comprising these epitopes as well
as the B cell epitopes recognized by neutralizing.
antibodies, for example those in Example X. These

20 fusion proteins, by virtue of containing both T cell
and B cell epitopes, permit antigen presentation to T
cells by B cells expressing surface immunoglobulin.
These T cells in turn stimulate B cells that express
surface immunoglobulin, leading to the production of

25 high titer neutralizing antibodies.

We also construct OspA fusion proteins by
linking regions of N40-OspA known to contain B cell
epitopes to strong T cell epitopes of other antigens.
We synthesize an oligonucleotide homologous to amino

30 acids 120 to 140 of the Hepatitis B virus core antigen.
This region of the core antigen has been shown to
contain a strong T cell epitope [D. R. Millich, et al.,
supra. The oligonucleotide is then ligated to the 5!
and 3' ends of segments of DNA encoding the B cell

35 epitopes recognized by neutralizing antibodies, as in



Chent . 240, pp. 3685-3692 (1965)], we were able to 25 determine that the

reconbi nant N40- GspA protein is | ocalized at least in part to the
‘peri pl asm c space. We al so isolated the recomnbi nant protein
by transfer to an | mobilon menbrane (Schleicher & Schuel |, Keene,
NH) and had the am no term nus 30 sequenced at the Protein Chenistry
Facility at Yale Uni versity. The sequence of the first 15 am no acids
of the protein corresponded to the sequence predicted fromthe DNA

sequence (SEQ ID NO 3) of the N4O GspA gene, providing further evidence
that N4O- OSDA was ?%?ax%?]'[{% exXppes SRtbddb {fen € m&‘ﬁ@éui’@&tﬁé %hen used

- 50 - Active, 1 nmuni zati on of

E. coli expreSS|ngF¢MEXRE$ﬁ$ a fusion Pr°t%¥ﬁrﬁﬂﬁpﬁk§%¥%1%e% ¢elluepikope
was able to el | g dm BEpATRHE 4 CSRMBE dFPtop@SEPewt €5é i yeragmtisden s

Lyne di sease. W induced, expsression. of, the of el re of
bacteria as descr g ‘P RERIpC tl?fél‘%t%ds?ﬂ%n%e?ﬂor?jéﬁ Hg‘kb%n ed
themin 3 n ofs P&Sesponspelégﬁmbt reem gegdorfexdi r esuspended in 1 m of -

PBS. W t hen deter dt
an OD[err], and dil ut (randntehe ‘Eglweéoﬂétf@éésa by1 40 SREESALRIRIRgBERY B

cell epitopes of N40-OspA incorporated into the
flagellin protein of Salmonella. Bacterial flagellin
are potent stimulators of cellular and humoral
10 responses, and can be used as vectors for protective
antigens [S. M. C. Newton, C. Jacob, B. Stocker,
"Immune Response To Cholera Toxin Epitope Inserted In
Salmonella Flagellin", Science, 244, pp. 70-72 (1989)].
We cleave the cloned H 1-d flagellin gene of Salmonella
15 muenchens at a unique Eco RV site in the hypervariable
region. We then insert blunt ended fragments of the
OspA gene encoding protective B cell epitopes using T4
DNA ligase. The recombinant plasmids are then used to
transform non-flagellate strains of Salmonella for uSe
20 as a vaccine. Mice are immunized with live and
formalin killed bacteria and assayed for antibody
production to protective antigen. 1In addition spleen
cells are tested for proliferative cellular responses
to the peptide of interest. Finally the mice immunized
25 with this agent are challenged with B. burgdorferi as
described supra.

We also construct OspA fusion proteins
comprising B cell epitopes from OspA and T cell
epitopes from OspB, the 41 kd flagella-associated

30 protein, or other proteins isolated from the expression
library constructed from B. burgdorferi DNA. We also
construct OspA fusion proteins comprising T cell
epitopes from OspA and B cell epitopes from OspB and/or
the flagella-associated protein or other B. burgdorferi

35 proteins. Construction of these fusion proteins is



5 x 1Q[err]/m in PBS. We then injected groups of five C3H He
m.ce intraperitoneally with 1 m of 5 x 106 live E coli expr essi ng
N4Q- GspA, once per week for 3 weeks. As a 15 control, we injected five mce
with E. coli transforned with the vector, pDCl97-12. W bled the mce
on the fourth week and prepared an i munobl ot, as descri bed supra, to
determine if the mce were synthesizing anti body agai nst N4O-GspA. In
this blot we ran a 20 protein extract of wholé® -heat killed B. burgdorfer
strain N4O, transferred the proteins to nitrocellul ose strips and

i ncubated the strips with a 1:100 dilution of serumfromthe actively

i muni zed mice as akeanpbished by reenidnane I, terhptrues 1 ¥ell HEnPYR:t | al
injection, 25 a StyPnhddEGE LEEPPNEE e Nk OsFusibon epfetétsiand  al |

of the actively imunjzed, ani pals. The aniiho respons
det ected by immuuﬂﬂ?&b?§L%F *Yﬁ??ﬁg]aga%ﬂé%fghﬁﬁx are Rised fgukgfﬁg?ﬁg
the fifth week, weandatdmpeeitides tcadeott tRatburapdrpeevenst rbymeN40 t o

determne if active, ' nj | § Gl t ret ' ' e
response a?’ai ré’ts?/%§+or%%¢s I‘aélalil;b B u'{rcg%o‘; er?il.?' cié ﬁgggyﬂ

infected intradermally with 1 x 10[err] B._burgdorferi strain N4O, B31,
or CD16, prepared Exanple rXBed sGhpning and sequence analysis of a
- 51 - serotypic variant of the OspA gene

B. burgdorferi strain 25015 was kindly
provided by John Anderson. We isolated SEQ ID NO: 9,
10 encoding a serotypic variant of an OspA polypeptide,
using oligonucleotide primers (SEQ ID NO: 1 and SEQ ID
NO: 2) and PCR amplification, as described in

Example III. We then sequenced this gene using the
Sequenase Kit, as described in Example IV.

15 As shown in SEQ ID NO: 9, the gene encoding
this serotypic variant from strain 25015 was found to
be 819 nucleotides in length. Like the OspA gene from
strain N40, SEQ ID NO: 9 encodes a protein of 273 amino
acids (SEQ ID NO: 10). However, the 25015 OspA variant

20 migrates by SDS-PAGE at 32.5 kd rather than 31 kd. By
comparing SEQ ID NO: 10 to the sequence of the N40 OspA.
protein (SEQ ID NO: 4), we determined that the 25015
OspA variant contains 39 amino acid substitutions
compared to N40-OspA. These substitutions occur at

25 positions 39, 47, 53, 55, 90, 95, 96, 102, 114, 133,
137, 138, 141, 144, 149, 161, 164, 176, 190, 198, 199,
207, 208, 214, 215, 217, 218, 229, 234, 240, 241, 245,
247, 251, 254, 258, 263, 264, and 273. The finding of
an OspA variant that differs to such a large extent

30 from other known OspA polypeptides was both surprising
and promising. The OspA variant expressed by strain
25015 may represent a novel class of surface proteins,
and/or the surface protein from a novel class of

Borrelia.



The m.ce were then sacrificed after 5 or 14 days, and eval uated for

I nfection and di sease as descri bed supra. As shown in Table
I, the mce that were actively immuni zed with E. coli expressing

N40- GspA 5 were full'y protected frominfection with all strains of B
burgdorferi tested, as determ ned from bl ood and spleen cultures. In
contrast, the control m ce I mmuni zed with E_ coli harboring the parent
pl asm d wi t hout the OspA gene, readily dev@ﬁoped i nfection. 10 Repeated
experinents gave identical results. In addition, the majority of the

Square p <0, 05" Mafipie xR 2 SRECSCILATLE! pREETLedAARel! daVS (O
| muni zi ng Agent Borrelia Bl oB¥ CsitEHE—AR do 25015

strain cultures* cultures* : 1l4da
We f rs etermlned whether pa2dd¥e y
5day 1l4day l4day 1l4day © é expressi.n Og A

N40
0/10 0/5 0/10 2Agmunizakionpgf C3H/He mice withpgerum frgmsrabbitsy s
CD16 0/'5 5 thunlzedEw1%ﬁ| LB&%QE@rG&Q A sH4QIinINA0 Tould//conferS

5/5 CD16 3/'5
25 * Expressed a?rﬁﬁﬁﬁ§ﬁ°8faﬁ&%PFtv§uPﬁFFHF8§/ﬁngFt&ﬁngPgﬁ cul tures.
Example I X - Passgggggggg@gzgggpstmhln1eéomﬁuh §er pmoduce polyclonal

fromactively |nnun5£% t”%%?ﬁ-B. burgdorfer1Mﬁ4%eéhﬂT§é?ﬂﬂ'“#%(%ndEET%géa

I mruni zati on of tively 1 nmunize

coli expressing N4@e@sﬁﬁphmm§ sbliset sabbitsr witht 80 iHoh of e%iﬁﬁQﬁnfr°m-
infection with;B RYRGAY LT by rWEoP2RE$iV]aYproximately 1 x 107
spirochetes) in complete Freund's adjuvant, then
boosted 2 weeks later with an additional 30 ug of
extract in 1ncomplete Freund's adjuvant. We used 0.1
ml of a 1:5 dllutlon of the rabbit serum to passively
15 immunize five C3H/He mice, as described in Example II.
Control mice were immunized with normal rabbit serum.
After 17 hours we challenged the mice with 1 x 104
B. burgdorferi strain 25015. Two weeks later, we
evaluated the mice for spirochetemia and disease. All
20 of the immunized mice were positive for infection and
disease, indicating that passive immunization with
rabbit anti-B. burgdorferi strain 25015 serum does not
confer protection from infection with strain 25015.

Example XXI - Synthesis of 25015 variant glutathione
25 S-transferase fusion protein

We inserted SEQ ID NO: 9, encoding the 25015
OspA variant, into the vector pGEX-2T using EcoR1l and
BamH1 linkers as described in Example XI. We then
expressed the variant as a glutathione S-transferase
30 fusion protein, and purified the recombinant fusion
protein on a glutathione sepharose 4B column, as
described previously.



i mmuni zed nice as described supra, with 0.1 ml of serum fromactively

i nuni zed mice, either undiluted or diluted 1:5. We used nornal rabbit
serumat a dilution 35 of 1:5 as a control. The next day, we inocul ated the
mce with B. blrgdorferi strain N4O, and eval uat ed

- 52 - bl ood cultures 5 days after infection, as described supr a.
As shown in Table Il1l, the passively I mmuni zed mce were fully
protected frominfection at 5 5 days -swlesting that serumfromm ce
actively i mmunized with GspAis sufficient to confer protection from
subsequent- infection with B. burgdorferi. TABLE
111 . ExampleiX®LT rmAdizive cimmuniBibion @f tlmir%*wnlm

5 day E. coli ex iant fUSlOD

0/ 4 E. coli expressing OspA 2

0/ 4 We immunizZed groups of 5 mlce ‘'with 10 ug ospa

1-819 or 10 pg of the 25015 variant fusion protein and
5 boosted twice at 10 day intervals, as described-suﬁ;g.
Control mice were immunized with glutathione
S-transferase. We then challenged the immunized mice
14 days later with 1 X 10% B. burgdorferi strain 25015,
and evaluated for infection and disease after 20 days.
10 As shown in Table IX preliminary results indicate that
immunization with the 25015 variant conferred total
protection from infection and substantial protection
‘from disease, as caused by B. burgdorferi strain 25015,

TABLE IX
15 1mmnizing Agent Borrelia Blood Splenic Arthritis Carditis
strain cul tures®* cul tures®
N40 OspA 1-819 25015 0/4 174 /4 0s4
25015 variant 25015 0/3 0/3 0/3 173
fusion protein
20 Glutathione 25015 2/5 2/5 1/5 1/5

S-transferase
* Expressed as number of positive cultures/total number of cultures

In the above experiment, immunization with OspA 1-819 from
B. burgdorferi strain N40 also appeared to confer protection

25 from infection and disease as caused by B. burgdorferi
strain 25015. However, results of other experiments
indicate that OspA from B. burgdorferi strain N40 is not
able to confer effective protection against infection or
dlsease as caused by B. burgdorferi strain 25015.

30 For example, we immunized 20 mice with OspA from
B. burgdorferi strain N40, either by injection of
recombinant fusion protein, or by i.p. inoculation of live
E. coli expressing N40~-OspA. Mice were boosted and then
challenged 14 days later with 1 X 10? B. burgdorferi strain

Y



15

Nor mal rabbit serum (1:5) 8/ 10

Expressed as nunber of positive cultures/total nunber of cultures.

Example X -

bur gdorferi

nohocl onal anti bodies 20

Passi ve i nmuni zation of mce with anti -

bur gdorferi nmonocl onal anti bodi es by fusion of spleen cells fro
I nfected with B. burgdorferi strain Q, to nouse P3X63Ag8
cells, according to nethods well known t°0 those of skill in the

then determ ned the isotypes 25 of the nonocl onal s,
passi ve
(non-conpl e

1’xi Ng

VI A12. 71 (conpitdneitther q];u&atgwcg@eg—tmsferase or
#¥h Ane ppcNG7ai2d ety RAtBut riemerNoc nalhan ifody

mce with O.
pr oduci ng cel

i L o VT 55 2 BT

burgdorferi
bl ood sanps end@rweie |ﬁ6tecéﬂmctmnahmnec&ablﬁdm/ infreatriigmtwidh B h t he

53 -

10
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'35

burgdorferi strain 25015.

Table X
Blood
and/or Carditis
Splenic and/or
Immunizing Agent Chal lenge Cultures* Arthritis
OspA 1-819 25015 11719 5/9
or
E. coli expressing
N4O-OspA
Glutathione
S-transferase
or 25015 18720 7710
E. coli not expressing
N4O-OspA

* Expressed as number of mice with positive blood and/or splenic
cul ture/total number of mice evaluated

Similarly, we immunized five mice with 10 ug
of the 25015 variant fusion protein as described supra,
and challenged with B. burgdorferi strain N40. Three
of the five immunized mice had positive spirochete
cultures at 14 days after infection. These results
demonstrate that N40-OspA contains epitopes not shared
by the 25015 variant, and similarly, the 25015 variant
contains epitopes not shared by N40 OspA.

Identification of T and B cell epitopes
within the 25015 variant and construction of fusion
proteins containing these epitopes as well as epitopes
from other OspA polypeptides and/or variants, will
allow synthesis of vaccines that may confer protection

*

B.

W prepared anti-B.

mm ce
nmyel oma
art. W

and sel ected four for

B 24 Wl BRI oY e L
Epe- GOk hix; z"éﬂié}ﬂﬁ‘b

against infection by a broad spectrum of B. buradorferi

isolates.



conptenent fixing Ig& nonocl onal antibody VIIIC3.78 conferred ful

pr-otection frominfection, while | mruni zation with the non-conpl enent
fixing 1gGlL monocl onal did not confer protection. The two |1gQ&a 5
monocl onal s conferred intermediate protection, i.e., protection to sone
ani mal s. These studi es denobnstrate that inmmunity to B. burgdorferi

I nfection can be conferred by passive i nnuggzation with a nonocl onal
anti body. W deposited VIIIC3.78 under the ru?es and 10 regul ations of the
Budapest Treaty, with In Vitro International, Inc., Linthicum

Maryl and. This depesiaiﬁgle MPPTaCCOPABEraGEEsA 7 BATDEPAl Yo149epbide
Table 1V nocl onal Angi-BRdM40-0spa BhAo#hEUREBNEBS Variant

5 day 1gG3 - VIII1C3.78 0/'5 lgGlL - | Gl2. 57

5/'5 lg&Ra - |11 H2w@3identify prétéctlve epitopkgCGRd thivl 2515+

2/ 4 20 *  Expre gs nu ositiLy I

0 o ewresasy g Dutor, ol BosTLiey Bl WS TS tkotn
we cogstr?ctdresonhndahesgazgseabhchhanfbr presgpces off Fageddt andf BNe@ldspA
in order to deter agRBNL R C t

First, we 25 prodzégg gefép%ﬁﬁéggoggg Eﬁe QBEﬁthp%B %6&%%9 PRbteReSon

fragments whi enconpass
the entire nucl eot pdainsgubkae FSFﬁEeNAG our efdRademed eél?ﬂéF e

restriction enzynetfefegsbhest €he fraaﬁeaﬁal whiieat nemoab. s:pm bu:@t‘eemjmi{:es
of 197- GspA- N40,

restriction endonuEPéEQBe?eéﬂgRFFFBR Ssggg%ﬁbégagg%l desc §a§%L§§°33e

t hen directionabl yospapeahlesse theseagnagmsntst@OpGENEerpﬁoﬁﬁgé fmsdiogon

V) cl eaved proteins comprising protective epitopes from strains

N40 and 25015. Such fusion proteins confer protection
against a broad range of B. buradorferi isolates.

Example XXIV - Sequence analysis of the OspB gene
15 from strain N40

We sequenced the OspB gene from
B. burgdorferi strain N40 using the Sequenase Kit, as
described in Example IV. The gene was found to be 888
nucleotides in length. We then compared the N40 OspB
20 gene sequence to the sequence of the OspB gene from
strain B31 (S. BergstrSm et al., supra), and determined
that N40 OspB differs from B31 OspB at 9 positions
corresponding to nucleotides 258, 376, 382, 385, 526,
577, 593, 729, and 758 (with nuclectides 1-3
25 corresponding to amino acid 1). The nucleotides found
at those positions in OspB from strain N40 are,
respectively: C, A, A, A, A, T, G, C, and C. As a
result of the nucleotide substitution at position 577,
the OspB mRNA from strain N40 has a stop codon (UAA) at
30 the position corresponding to amino acid 176 instead of
the Glu (GAA) found in B31-OspB. Expression of the
N40 OspB gene in E. coli results in production of a
protein which migrates at 24 kd, suggesting the protein
is in fact truncated by 104 COOH-terminal amino acids
35 when expressed in that system. We believe that



mﬁth*époRl and BanmHl. pGEMEX al |l ows high | evel expressi on of
reconbi nant proteins as T7 gene 10 fusion

- %4 - ' proteins. Transcription of the T7-0OspA fusion proteins S
driven by the bacteri ophage T7 pronoter. The ol i gonucl eoti de priners
used to direct the PCR are constructed so as to result in an anplified
fragment 5 which, when cloned into pGEMEX and expressed as a fusion
protein, maintains the correct reading frame78f—- the OspA protein. W
express the GspA fragnents as fusion proteins because small protein
fragnents are commonly not expressed stably in E coli. 10

transform E. col i By burdganferdc &hsiadanil40 megehexablesfiogreid through v

el ectroporation, ahdlerdd RYECHIP! Bowevels beeatnseC ®.i o0 Prasiudee ahost,
because it contains the gene for T7 RNAnFog%peggﬁe nder the | PTG
r FTs FOPRE

i nduced | ac uvErpnGaded NaRe Qs proted 2 SPRYARUES QFi% 1y
| PTG and they presireieE udihg dheospse genel Erom Bli buporlanferd, 53%adin t he

cell protein asr nmbi Rant e ' Ml

T7- CGspA fusi onssprgf3 I°n E&odheété:d-&}ﬁ%ga@dona%ﬁ%e?@g&ensﬁﬁs&ﬁnes,e é:r?d 0c n be

easi |y purified byusihg esyyaningl medelnsysheme ane par ified B33-0sF8 owed

by ~ sol ubilizat iag‘?l.'htfgtrfi%é AT Er d¥ O fRIF1 I protéd@mat ur ants. W

choose to use ured to solubilize the fusion protein from pGEMEX for

purification o ampre xf' % Wnelieid o B312Uh YRGS ™S 19
S-transferase fusion protein

10 We cloned the B31 OspB gene by PCR amplifying
the OspB insert of plasmid pTRH46, kindly provided by
A.G. Barbour. We then inserted the amplified OspB gene:
into the vector pGEX-2T, expressed the OspB protein as
a glutathione S-transferase fusion protein, and

15 purified the recombinant protein on a glutathione
sepharose 4B column, as described in Example XI.

Example XXVI - Active immunization of mice with full-
length OspB-glutathione S-transferase
fusion protein

20 We immunized mice with 10 ug of purified B31-
OSpB'glutathione S-transferase fusion protein in
complete Freund's adjuvant and boosted 3 times at 10
day intervals with 10 pg OspB fusion protein in
incomplete Freund's adjuvant. Control mice were

25 immunized with purified glutathione S-transferase.

Mice immunized with the OspB fusion protein synthesized
antibodies against B31-OspB which were detectable by
immunoblot at a dilution of 1:15,000. We then
challenged the mice 14 days after immunization with

30 various doses of B. burgdorferi strain N40 or B31l, and
evaluated for infection and disease at 14 days.

As shown in Table XI, all of the control mice
readily developed spirochetemia. In contrast, the
majority of mice immunized with OspB were protected



25 to.utilize the vector pCGEX-2T (Pharnmacia, Piscataway, N. J.) which

. allows expression of inserted genes as gl ut at hi one S-transferase fusion
prateins. W anplified the GspA gene fromthe N4O strain of B
burgdorferi as de3cribed supra, using 30 oligonucl eotide priners containing
EcoR1l and BanHl restriction sites. We then purified and cl oned the
PCR-anplified OspA gene into pGEX-2T in frame with the gl ut at hi one
S-transferase gene, using nethods well = KHowh to those of skill in the
art. We then 35 transfornmed E.coli strain JMLO9 using el ectroporation,

- 55 - and sel ected reconbi nanfs b lating on ampicillin-

contai ni ng pl at efrom infection. \Ag"d?%‘vg ‘Fﬂl%tﬁ‘ftﬂ%o]f X 0% ok & 6F med
bacteria, and 'nﬁb'teé}:ﬂdﬁﬂé’ééé)ﬂzéﬁe tdiesd e frdnd Medd! /iith
referred to as GspA 1I-819, wth 1 nmM | PTG, according to the

manuf act urer' s pHoe oR¥FePEON of [RNL RRIRRY HIRF RYLL9RPPEY 1 esuspended in
5 mt PES g ;Mht h?éﬁ’aitiépni%ﬁkwbﬁwf tlt(t)meqﬁd\é dxysmi@ﬁltépfjr%éiﬁtesthen
centrifuge e sat { rpmfar m nutes.. 10 an oaded t

cuper natant ont cgrd drase B adbetantlat Riiners Yo S,

el uted GspA 1-8l@ieeth 5mM gl ut at hi one, according to the manufacturer's
I nstructions.

TABLE XI
. Arthritis
Immnizing Agent Borrelia and/or
10 strain (dose) Cultures® Carditis
831-0sp8 Glutathione B310104) 5/14 /1%
S-transferase B831¢ 102) 0/5 0/5
B31¢10) 0/8 1710
Glutathione B31(105) 12/13 12/13
15 s-transferase B31¢102) 2/5 4/5
831¢10%) 3/8 3/8
831-0sp8 Glutathione n40(1og) 2/5 5/5
S-transferase N4OC10™) 0/5
" Glutathione N60C103) 5/5 5/5
20 s-transferase N40(10™) 1/5

* Expressed as number of mice with positive blood and/or spleen cultures/total number of mice

These initial studies demonstrate that the

B31-0OspB glutathione S-transferase fusion protein is
capable of conferring partial protection from infection

25 with B. burgdorferi, and full protection from infection
and disease at lower doses of spirochetes. Therefore
OspB, like OspA, contains protective epitopes.
Following the teachings of this invention, one of skill
in the art can readily identify the protective epitopes

30 within the OspB protein, and synthesize OspB
polypeptides (including fusion proteins and multimeric
proteins) that are able to confer full protection from
Lyme disease as caused by infection with

B. burgdorferi.



Exanple XIl - Active immunization of mce with 15 CspA

1-819 We i muni zed mce with 20 m crograns of purified
OGspA 1-819 by subcut aneous injection, once per week for 3 weeks. As a
control, we injected mce with - purified glutathione S-transferase
prepared as 20 described in Exanple XI. We bled the mce on the fourth
week and prepared an i munobl ot as descri bed7&n- Exanple VII, to
determne if the mce were synthesizing anti body agai nst N4O- GspA. W
found that the mce I mmuni zed with OspA,1-819 prqduced a very strong

i mune 25 r espons ExaIPle0 X&YEA —a0rad &HFBB&&?tngpB%sylgﬁuld be

detected to a dilution of 1:64,00§l$§—9ﬁﬁéncblot. : W t hen

chal l enged the mice with 1 x 10[err. B.. bur ferl. S i 0

eval uat ed them for infe@Fi&%i§H e&igéaggiétgggép%fbgda§%,Bégéaggggrbed
30_supra.aAﬁ showm4ion plalsmd dvVathidorepashdesgrdibed iox ZxamplieoVIdf. t He
joints an eart ' _di-sea L3 sani i mmuni zed
with GspA 1-819 aﬁg‘%%%dg%ggge%%gggpfefegquu% ?&eg’?s?i-%vl\%gh%ltg\?i dence of -

i nfecti on. In conttemperatyne &o 4Ri°Falferr @adonys3s there hagyestedetheon as

22'[ as arthritisangdsdadidy Tentrifugation and resuspended in PBS at a -
concentration of 1 x 10° bacteria/ml.

We used 0.1 ml of this suspension to orally
inoculate C3H/He mice. Inoculation was performed by
gavage using a ball tipped metal needle. We boosted
the mice with the same amount of bacteria on days 10,
20, 30 and 40. Control mice were inoculated in a
similar fashion with bacteria lacking the pl197-OspA-
N40 plasmid. We bled the mice 7 days aftér the second
and fourth boosts and conducted immunoblots on extracts
of B. burgdorferi, as described in Example VII. The
sera obtained after the second boost was diluted 1:100.
Sera obtained after the fourth (last) boost was diluted
1:100, 1:500, 1:1,000, 1:5,000 and 1:10,000. '

Antibodies were detectable by immunoblot in
sera obtained at both time points. The antibody titer
obtained after the second boost was somewhat weaker
than that obtained in animals immunized with a similar
schedule of i.p. injections of 1 x 10° E. coli
expressing N40-OspA. However, the sera obtained after
the fourth boost contained antibodies detectable at a
dilution of 1:5000, indicating the mice had mounted a
strong humoral immune response to N40-OspA by that
time. '

Fourteen days after the last boost, we _
challenged the mice by intradermal inoculation with 1 x
10* B. burgdorferi strain N40 and evaluated for
infection and disease at 5 or 14 days as described in
Example II. As shown in Table XII, mice orally



These .studi es denonstrated that the i mmune response gener ated by

i nmuni zation with purified GspA 1-819 is sufficient to fully protect

agai nst subsequent _ infection-and the clinical manifestations of disease.
5 TabLe V BLood Spl eni c

cultures* cultures* Arthritis Carditis | muni zi ng Agent 5day 14day
l4day 1l4day l4day oSpA 1-819 0/ 15 _0@}5_ 0o/5 0/9 0/ 10 10

d ut at hi one S-transferase 6/12 5/5 3/ 10/ 10 10/ 10 *
Expressed as number of positive cultures/total nunber of cultures.

Example XI'11 - ldeptifLi LQn p g 3 -

elicit protective X%F%%§§§é§5wg£hQE‘é§£ii ggB}%?%Sﬁ%tng 9§p% g?ff epi t opes

One way to identifprobgrtad §romphinfeghion apdofdsgasRat &Bnedid toSveti®e
B-cel | epitopes iSmF.Qe shoWelehBi BoiwBheB begbanseebmihe OspA protein are
recogni zed by nonocl onal antibodies that confer 20 protection agai nst B.
burgdorferi infection. We began by producing fragnents of the-
CspA protein. First, we PCR-anplifivedegarti ons of the GspA gene
using ol igonucl eotide priners containing EcqRl and BanHl sites as
descri bed supra. W synthesized 25 fragnmentgdmonsi sting of nucl eoti des
200-819 and 400-819 of SEQ I D NO. 3. Wsetehien cl oned these fragnments
into PGEX- 2T i Pref pramizetipn h t heteggifiteat hi WHEE- t r a8 Bsase ¥ *Br ot ei n.
W then transfornegfE. coli with thedys recesbi nant plasm ds, and induced
expressi on of the &Btr@lpA fragnentsdags gl utdbhi one S-transferase fusion
proteins. W refermép t hose fusionugggteinswgs GspA o5 200-838 and GspA
400- 819. Control 14 days 3/4 5/5 5/5

* Expressed as number of mice with positive blood and/or splenic cultures/total number nice_

These results demonstrate that oral vaccination with an
OspA polypeptide is sufficient to protect mice from
infection and disease as caused by B. burgdorferi.



Next” we prepar ed an i mminobl ot W th whole cell extracts fromE. coli

expressing either the GspA ‘ - 57 -
fragnment gl utathione S-transferase fusion proteins, (GspA 200-819 and
OspA 400-819) or the full length CspAglutat hi one S-transferase fusion
protein (OspA 1- _819). W then incubated the i munoblot with the 5
monocl onal anti body M 11C3.78, previously shown to confer protection
agai nst B. burgdorferi infection (see I The nonocl onal

anti body reacted with all t hree fusi gﬁ@ﬁeﬁrﬁh@ These

resul ts suggest that the epitope 10 recognized by the protective antibody
VITTC3.78 is (1)ea8efRd mrtiaiTan:r €gi on of the OspA gene (SEQ ID NG 3)
bet ween nucl eoti des 400-819. This exanpl e does not necessarily inply
that the epitope r@goaprrzeahmiyFlaveYl) IRiéhat® As the only protective epitope
in the GspA 15 protein. Nor dorsntck, IFgelyst hat the region encoding t he
B-cel |l epitope recogni zed by Veathdld,S staswnnwi al so contain a T-cell
epi tope. However, it does | Filadgy cBrelone nethod that may be used to
identify pr ot ect i ve epitopes of the GspA protein. 20 _ Anot her

way to identify r@gﬂo w& CCMPQEIATCHNS) AND JEITHOEH FORIBE i s to use
CspA fusion proteins QR D PRAISSe SF 1ANF DESEASR:t | ve pol ycl onal

serum The V?:{.{i?uﬁ !E %sfpé F %P:A-gl ut at hi one S-transferase

(iv) CORRESPONDENCE ADCRESS:
(A) ADDRESSEE: James F. Haley, Jr., Esg. c/o Fish & Neave
(B) STREET: 875 Third Avemue
(C) CITY: New York
(D) STATE: New York
(E) OOUNTRY: U.S.A.
(F) 2IP: 10022-6250

(v) OCCMPUTER READABLE FORM:
(A) MEDIUM TYPFE: Floppy disk
(B) COMPUTER: IEM PC campatible
(C) OPERATING SYSTEM: PC-DOS/MS-DOS
(D) SOFIWARE: PatentIn Release #1.0, Version #1.25

(vi) CURRENT APPLICATION DATA:
(A) APPLICATION NUMEER:
(B) FILING DATE: |
(C) CLASSIFICATION:

(vii) PRIOR APPI.I(ETICN m.
(A) APPLICATION NUMBER:.US 538,969
(B) FILING DATE:- w—1990

(vii) PRIOR APPLICATION DATA:
(A) APPLICATION NUMBER: US 602, 551
(B) FILING DATE: 26-OCT-1991

(viii) ATTORNEY/AGENT INFORMATION:
(A) NAME: Haley Jr., James F.
(B) REGISTRATION NUMBER: 27,794
(C) REFERENCE/DOCKET NUMBER: YU-100 CIP 2

(ix) TELECOMMUNICATION INFORMATTION:
(A) TELEPHONE: (212) 715-0600
(B) TELEFAX: (212) 715-0673
(C) TELEX: 14-8367



fusibn proteins are coupled to CnBr activated Sepharose 25 in order to
construct a colum, using standard t echni ques. We prepare
pol.ycl onal rabbit anti- B. burgdorferi antiserumas in Exanple II.

We then pass the rabbit serumover the GspA- 30 fusion protein colum, to
absorb anti bodi es which recogni ze-the fusion protein. The residual _
serumis then used to passively immuni ze C3H He mi ce, as descri bed
supr a. After two days, the inmmunized mce are 35 chal |l enged

\Mth B burgd&éf W%%@%kg as described supra. Joints are

clinically and h| dQr j oi nt I nfl ammati on, and the
spl een and bl ood ochet es. After two vveeks,
cultures are exam ned B srﬁbiﬁe& y dark field nmicroscopy as

descri bed supr a. ehfaen ne whi ch fusion proteins - are
able to elicit prot ec qowm@dlﬁ@arbecause pol ycl onal rabbit serum
cont ai ni ng anti bodi es mhlch recogni ze such- fusion proteins --

contai ni ng B cel l(ii)0 MopEdUIBeRYPE: WA |(gdrexdepl et ed of the ability to confer

protection to passively inmmnized m ce. Once we have
| ocal i zed vari oydiEp HYBPBETIGAL: NO '

(iv) ANTI-SENSE: NO

(x) PUBLICATION INFORMATION:

(A) AUTHORS: Bergstrom, S.

(B) TITLE: Molecular Analysis Of Linear Plasmid-Encoded
Major Surface Proteins, OspA And OspB, Of The Lyme
Disease Spirochaete Borrelia Burgdorferi

(C) JOURMAL: Mol. Microbiol.

(D) VOIUME: 3

(F) PAGES: 479-486

(G) DATE: 1986

(xi) SEXIJENCE DESCRIPTION: SEQ ID NO:1:
AGAGAATTCA GGAGAATTTA TGAAAAAATA TTTAIT 36
(2) INFORMATION FOR SEQ ID NO:2:

(1) SEQUENCE G-IARACIERISTICS
(A) LENGTH: 36 base pairs
(B) TYPE: mucleic acid
(C) STRANDEINESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (gencmic)
(iii) RYPOTHETICAL: NO
(iv) ANTI-SENSE: NO

(X) PUBLICATION INFORMATION:

(A) AUTHORS: Bergstrom, S.

(B) TITLE: Molecular Analysis Of Linear Plasmid-Encoded
Major Surface Proteins, OspA And OspB. Of The Iyme
Disease Spirochaete Borrelia Burgdorferi

(C) JOURMAL: Mol. Microbiol.

(D) VOIIME: 3

(F) PAGES: 479-486

(G) DATE: 1986



regi ons of the fusion proteins, we conduct further anal yses using short
synthetic peptides of 5-35 am no 15 acids. The use of synthetic peptides

‘al l'ows us to further define each epitope, while elimnating

vari abl es contri buted by the non-GspA pdrtion of the fusi on protein.
Exanple XIV - Immuni zation of C3H He mice with 20 CspA
"400- 819 We imuni zed mce with 10 [err]g of either OGspA

400- 819 or e lvant, and boosted with
anot her 10 [err ’41) W& % fb?ﬂl Juvant twice at 10 day

I nterval s. F Waned the mce wth 1 x 10[e3rr]
B. burgdorferi stral n and eval uate or infection at 14 days. Rs
shown in Tab{%@ ?&( % |mmn| zed with GspA 400-819
showed evi dehce of I nfection, ereas all of the control mce had
positive 30 spirep mtmt esul ts provi de further evi dence
that the 400-819 fragaenne: S8{9 bhsdNgasdrs encodes an GspA pol ypepti de

contai ning a protectBeTYPE: ppclgipeacid
- 59 - (C) STRANDEINESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: INA (genamic)
(iii) HYPOTHETICAL: NO o
- (iv) ANTI-SENSE: NO
(x) FUBLICATION INFORMATION:
(A) AUTHORS: FIKRIG, EROL
BARTHOLD, STEPHEN W.
KANTOR, FRED S.
FIAVELL, RICHARD A.
(B) TITLE: FROTECTION OF MICE AGAINST THE LYME DISEASE
AGENT BY IMMUNIZING WITH RECCMBINANT OspA
(C) JOURNAL: Science
(G) DATE: 26-OCT-1990
(xi) SEXQUENCE DESCRIPTION: SEQ ID NO:3:
ATGAAAAAAT ATTTATTGGG AATAGGICTA ATATTAGOCT TAATAGCATG TAAGCAAAAT 60
GTTAGCAGCC TTGACGAGAA AAACAGOGIT TCAGTAGATT TGOCTGGIGA AATGAACGTT 120
CITGTAAGCA AAGAAAAAAA CAAAGACGGC AAGTACGATC TAATTGCAAC AGTAGACAAG 180
CTTGAGCTTA AAGGAACTTC TGATAAAAAC AATGGATCTG GAGTACITGA AGGOGTAAAA 240
GCTGACAAAA GTAAAGTAAA ATTAACAATT TCIGAOGATC TAGGICAAAC CACACTTGAA 300
GTTTTCAAAG AAGATGGCAA AACACTAGTA TCAAAAAAAG TAACTTOCAA AGACAAGTCA 360
TCAACAGAAG AAAAATTCAA TGAAAAAGGT GAAGTATCIG AAAAAATAAT AAQAGAGCA 420
GAOGGAACCA GACTTGAATA CACAGAAATT AAAAGOGATG GATCIGGAAA AGCTAAAGAG 480
GITTTAAAAG GCTATGTICT TGAAGGAACT TTAACIGCTG AAAAAACAAC ATTGGIGGIT 540
AAAGAAGGAA CTGITACTTT AAGCAAAMAT ATTTCAAAAT CIGGGGAAGT TICAGTTGAA 600
CITAATGACA CIGACAGTAG TGCTGCTACT AAAAAAACTG CAGCTIGGAA TTCAGGCACT 660

TCAACTTTAA CAATTACIGT AAACAGTAAA AAAACTAAAG ACCITGIGIT TACAAAAGAA 720



Tabl é VI : BLood

and/ or Borrelia Blood Splenic Splenic 5

| 'muni zi ng Agent  Strain Cultures* Cultures* Culture*** N40- OspA
1-819** N40 0/5 0/5 0/5_ -- OspA 400-819 M40 1/5 0/5
1/5  dutathione S-transferase N40 4/ 5 3/'5 5/5 10 *
Expressed as nunber positive cultures/total nunber of cultures Mce in

this group had previously been inmunized with OGspA 1-819. They were | ast
boost ed approximately 3 nonths before initiation of this experiment.

¥ % EXPr ess et CASANTIR IEAGTACANTR CETAGGATAAO SATAC RN ARPIARREAD GTERIRATE Ccul 444 e/
total nunber of mce 15 Exanple XV - Active Immunization of C3H He m ce
w th OSpA f |\GHNANTTTACRANANCITGATGA AATTAAAAAC GCTTOARMA f usi on proteins which ag®

found to react with protective nonocl onal antibodies or which deplete
t he pol y(@) oRECRYRTION: FaRe BN 18 N@edgt ect i ve anti bodies, are used 20 to
actively immunize C3H He m ce. W use between 10 and 100 m cr ogr ans of

the OspA fusion (i ofEPURNER FBRACTERISTHCSual vol umes of Freund's
adj uvant and boost t ’cﬁmi %??da‘&-"m ac%ﬁseks After three weeks we bl eed
t he ani mal s and neas fluorescent antibody titer by

:E“” mg ﬁ‘Eﬂ’ eit
means of Western 25 We al so immunize mce with E. coli
expressing the (,)o | nlgﬂ dslB%\axf usion protein, as described in
Exanple VII1. TvesP licited by bot h met hods of
| muni zati on ar gﬁeorrpare for ogtl I producti on.

(iii) HYPOTHETICAL: NO

(iv) ANTI-SENSE: NO

(%) PUBLICATION INFORMATTON:
(A) AUTHORS: FIKRIG, EROL
BARTHOID, STEFHEN W.
KANTOR, FRED S.
FIAVELL, RICHARD A. -
(B) TITLE: PROTECTION OF MICE AGAINST THE LYME DISEASE
AGENT BY IMMUNIZING WITH RECCMBINANT OspA
(C) JOURMAL: Science
(G) DATE: 26-OCT-1990

(xi) SPQUENCE DESCRIPTION: SEQ ID NO:4:

Met Lys Lys Tyr Leu leu Gly Ile Gly leu Ile Leu Ala Leu Ile Ala
1 5 10 15

Cys Lys Gln Asn Val Ser Ser Leu Asp Glu Lys Asn Ser Val Ser Val
20 25 30

AspIaxProGlyGluMetAanalImValSerLysGluIysAsnLys-
35 40 45

AspGlnys'lyrAspImneAla'nn'ValAspIysrmGluIa:Lys
55 . .

' Gly Thr Ser Asp lLys Asn Asn Gly Ser Gly Val lLeu Glu Gly Val Lys
65 70 75 80

Ala Asp Lys Ser Lys Val Lys Leu Thr Ile Ser Asp Asp Leu Gly Gln
85 90 95

Thr Thr Ieu Glu Val Fhe Lys Glu Asp Gly Lys Thr leua Val Ser Lys
100 105 110



30 W.then infect the imunized mce at 14, 30 and 94 days fol |l ow ng

I mruni zation, and sacrifice them5, 14, or 60 days | ater. W eval uate
t'he mouse joints for inflammtion and culture the spleens and bl ood for
spirochetes. W then conpare the protective effect of the purified
antigen and 35 the E. coli expressing antigen.

- 60 - Exanple XVI - ldentification of OspA epitopes that

confer cross-protective antibodies Anti bodies elicited in the

actively inmmuni zed. Ry a ' e - ah €RI t Gak e
shared anong 5 vg' | g{?g'em msgggﬂycs)f% iﬁ%%o%ﬁ?%% I?mc%g\fg?‘ep% ection
agai nst infection with these various strains of B. buradorferi. To

det erni ne whi ch gpit@ReanevalVrQBRALPE Tle TRDIMEY 2geAlaChsp BIPhMaNARPOdi es,
we i nmunize C3H He mM+yge with the gyasi ous OspA fusipio proteins, and

chal  enge the mce 10 with various strains of B. burgdorferi as described

supr a. W haveetscivatyer Thy e31u?0lk Bys [Bergisy by iSesp@lyi Mpmdlariys Ghw
Engl and. W i nj eanst hese vari ous 3%eci mens into C385He mice to d8 erm ne
whi ch are infective and/or arthritogenic, and t hen i nocul ate the various
i nfective strai ndalntest Eye SlHTYEhVab Lya@upGhn THE thele TR Al BT h GspA
fusion proteins. W desi gn® vacci ne around’®he epitopes tht> are shown
to Thr Leu Val Val Lys Glu Gly Thr Val Thr Ieu Ser Lys Asn Ile Ser

180 185 190

LysSerGlyGluValSerValGluI.axAmPsp'IhrAspSerSerAla'
185 200 205

Ala Thr Lys Lys Thr Ala Ala Trp Asn Ser Gly Thr Ser Thr Leu Thr
210 215 220

Ile Thr Val Asn Ser Lys Lys'mrLysAspIaxVal.me‘mrLys Glu
225 230 235 240

Asn Thr Ile Thr Val Gln Gln Tyr Asp Ser Asn Gly Thr Lys Leu Glu
245 250 255

Gly Ser Ala Val Glu Ile Thr Lys lLeu Asp Glu Ile Lys Asn Ala Leu
260 265 270

Lys

(2) INFORMATION FOR SEQ ID NO:5:

(1) SEQUENCE CHARACTERISTICS:

: (A) LENGTH: 34 base pairs
(B) TYPE: mucleic acid
(C) STRANDEINESS: single
(D) TOFOLOGY: linear

(ii) MOLEXULE TYPE: DNA (gencmic)
(iii) HYPOTHETICAL: NO
(iv) ANTI-SENSE: NO

(x) PUBLICATION INFORMATION: .
(A) AUTHORS: Bergstrom, S.
(B) TITIE: Molecular Analysis Of Linear Plasmid-Encoded
Major Surface Proteins, OspA Ard OspB, Of The Lyme
Disease Spirochaete Borrelia Burgdorferi
(C) JOURNAL: Mol. Microbiol.



conf €r- protection against infection with nmany different strains of B.
burgdorferi. Tables VII and VIIlI show the results of 20
experinments conducted to determ ne whether i munization with

recorrbi nant OspA woul d protect mce fromdnfection with ot her strains
of B. burgdorferi. W i mmuni zed mice either with 10 [err]g of GspA
1-'819 or by i.p. injection of live E. coli expressing N4O- GspA, as
descri bed supra M ce Were 25 boosted twice, at 10 day intervals, with the
sanme anmount of rteen days after the second boost we

I nocul at ed the m f’7 [err] B. burgdorferi strain 297

(isol ated fromhLS r?z?lsflwd) We then evaluated the mce for
infection at 14 [ eof the mce 30 were al so
eval uated for dl(g@éw W@a%ﬁ% UFN% i mmuni zation with GspA
from B. burg%w ééﬁaﬂ:rﬂ?a .mmpﬁ?ﬁt d al nost conpl ete protecti on,.,
frominfection conplete pro ec% from di sease.

- 61 - (2) INFORMATION FOR SEQ ID NO:6: Table VI

Bl ood and/ or
Arthritis (i) SEQUENCE CHARACTERISTICS: Spl eni ¢
and/ or (A) LENGTH: 37 base pairs .

(B) TYPE: mucleic acid
{C) STRANDEINESS: single
(D) TOFOIOGY: linear

(ii) MOLECULE TYPE: DNA (gencmic)
(iii) HYPOTHETICAL: NO

(iv) ANTI-SENSE: NO

(x) PUBLICATION INFORMATION:

(A) AUTHORS: Bergstrom, S.

(B). TITIE: Molecular Analysis Of Linear Plasmid-Encoded
Major Surface Proteins, OspA And OspB, Of The Lyme
Disease Spirochaete Borrelia Burgdorferi

(C) JOURNAL: Mol. Microbiol.

(D) VOIDME: 3

(F) PAGES: 479-486

(G) DATE: 1986

TCTGGATCCT TTTAAAGTOG TTTTTAAGCT CTGAAAG 37
(2) INFORMATION FOR SBQ ID NO:7:
(1) SPQUENCE CHARACTERISTICS:
(A) IENGIH: 35 base pairs
(B) TYPE: mxleic acid
(C) STRANDEINESS: single
(D) TOPOLOGY: linear
(ii) MOIECUIE TYPE: INA (genamic)
(iii) HYPOTHETICAL: NO
(iv) ANTI-SENSE: NO

(x) PUBLICATION INFORMATION:
(A) AUTHORS: GASSMAN, G. S.



5 tmmuni zi ng Agent Chal | enge Sacrifice

Cul t ures* Carditis GspA 1-819 or 297
- T4d 1/ 15 0/5 E. coli expressing
N40: CspA Autathione 1 0 S-trapsfterase 297
14d 9/ 17 5/5 or E. coli not
expr essi ng N40- GspA 15 *  Expressed as nunber of mice with
positive bl ood anrd/ or - splenic _culture/total r of m ce eval uated
simlar experimenfs (Ref (SEOHENCE OF A m ain B31. In
t hese experinents however BORRELIA EYBGIOREERT determ ne the |ongevity
of 20 protection. (CMIERR:MGLeIRiAEES\RESh 10 [err]g OspA 1-819
and boosted twi ce, ) ’oéé S}Bha- W t hen infected the mce with
‘B. burgdorferi strai ) at 390=35%0 oy al uated for infection and disease at
6 nonths after © &Mg8°2 As shown in Table VII1 inmmunization wth
25 GOspA 1-819 fk aaS T &5 conferred conpl ete and
| ong-1 asting pr(gggw %ﬁ&%‘?o@aggl\l@?

ACAGAATTCA GGAGATTTAT GATTATCAAT CATAA 35

(2) INFORMATION FCR SEQ ID NO:8:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 31 base pairs
(B) TYPE: mucleic acid
(C) STRANDEINESS: single
(D) TOFOLOGY: linear

(ii) MOLECULE TYPE: DNA (genamic)
(iii) HYPFOTHETICAL: NO
(iv) ANTI-SENSE: NO

(x) PUBLICATION INFORMATION: |
(A) AUTHORS: GASSMAN, G. S.
(B) TITLE: NUCLEOTIDE SBQUENCE OF A GENE ENCODING THE
BORRELTA BURGDORFERI FLAGELLIN
(C) JOURNAL: Nucleic Acids Res.
(D) VOLIME: 17
(F) PAGES: 3590-3590
(G) DATE: 1989

(xi) SBQUENCE DESCRIPTION: SEQ ID NO:8:
AGAGGATCOCT TATCTAAGCA ATGACAAAAC A 31
(2) INFORMATION FOR SBQ ID NO:9:
(1) SPQUENCE CHARACTERISTICS:
(A) 1ENGTH: 819 base pairs
(B) TYPE: mucleic acid

(C) STRANDEDNESS: double
(D) TOFOLOGY: linear

(B) ILOCATION: 1..819



di sease as caused. by B. burgdorferi strain B31l.

bl ood and/ or

infiltrat epet NYCEMS T ObulRHOGM Nle WIHONLE I18fRA ADNIeu Ile Ala

62 -

fxanmple XVI1 s ldentificatiomeof GspA fusion 15
TGT AAG CAA AAT GIT AGC AGC CTT GAC GAG AAA AAC AGC GIT TCA GTA
Cys Lys Gln Asn Val Ser Ser Leu Asp Glu Lys Ash Ser Val Ser Val

20 25 30

GAT TIG CCT GGT GAA ATG AAA GIT CTIT GTA AGC AAA GAA AAA GAC AAA

Asp Leu Pro Gly Glu Met Lys Val ILeu Val Ser Lys Glu Lys Asp Lys
35 40 45

GAC GGC AAG TAC AGT CTA ATG GCA ACA GTA GAC AAG CIT GAG CIT AAA

Asp Gly Lys Tyr Ser Leu Met Ala Thr Val Asp Lys Leu Glu Leu Lys

50 55 60

GGA ACA TCT GAT AAA AAC AAT GGA TCT GGG GIG CIT GAA GGC GTA AAA

Gly Thr Ser Asp Lys Asn Asn Gly Ser Gly Val Leu Glu Gly Val Lys

65 70 75 80

GCT GAC ARA AGC AAA GTA AAA TTA ACA GIT TCT GAC GAT CTA AGC ACA

Ala Asp Lys Ser Lys Val Lys Leu Thr Val Ser Asp Asp Leu Ser Thr

85 90 95
ACC ACA CIT GAA GIT TTA AAA GAA GAT GGC AAA ACA TIA GIG TCA AAA
Thr Thr leu Glu Val Leu Lys Glu Asp Gly Lys Thr Leu Val Ser Lys
100 105 110

AAA AGA ACT TCT AAA GAT AAG TCA TCA ACA GAA GAA AAG TTC AAT GAA

Lys Arg Thr Ser Lys Asp Lys Ser Ser Thr Glu Glu Lys Phe Asn Glu
115 120 125

AAA GGC GAA TTA GIT GAA AAA ATA ATG GCA AGA GCA AAC GGA ACC ATA

Lys Gly Glu Leu Val Glu Lys Ile Met Ala Arg Ala Asn Gly Thr Ile

130 135 140

CTT GAA TAC ACA GGA ATT AAA AGC GAT GGA TCC GGA AAA GCT AAA GAA

Leu Glu Tyr T™hr Gly Ile Lys Ser Asp Gly Ser Gly Lys Ala Iys Glu

145 150 155 160

ACT TTA AAA GAA TAT GIT CIT GAA GGA ACT CTA ACT GCT GAA AAA GCA

Thr Ieu Lys Glu Tyr Val Leu Glu Gly Thr lLeu Thr Ala Glu Lys Ala

165 170 175

ACA TTG GIG GIT AAA GAA GGA ACT GIT ACT TTA AGT AAG CAC ATT TCA

Thr Ieu Val Val Iys Glu Gly Thr Val Thr Leu Ser Lys His Ile Ser

180 185 190 .

AAMA TCT GGA GAA GTA ACA GCT GAA CIT AAT GAC ACT GAC AGT ACT CAA

Lys Ser Gly Glu Val Thr Ala Glu Leu Asn Asp Thr'Agg Ser Thr Gln

195 200 2

Table VIII Bl ood 30
and/ or Arthritis

Spl eni ¢ and/ or | muni zi ng Agent Chal | enge
Sacrifice Cul tures* THditis** OspA 1-819

B31 6 no. 0/6 0/6

Q@ utathione 35 ~ S-transferase B31 6 no.

4/ 6

xi) SPhEENCE BrTdRK $80k§: Nuber of nice with positive
(1) splench%%F%ure/tota nunber of m ce eval uated *x

Di sease at xf; FRARLANA &S TEX I HeNe& AbX it O ATA CAI 608 TEAhTR! @™

agell

26

144

192

240

288

336

384

432 .

480

528

576

624



protei.ns containing T cell epitopes Stinmulation in animals of
a hunoral i mmune response containing high titer neutralizing anti bodies
5 wll be facilitated by antigens containing both T cell and B cel |l

epi topes. To identify those GspA fusiop; _ proteins containing T cell

epi topes we infect C3H He mce with B. burgdorferi strain N4O in

conpl ete Freund's adjuvant, as described supra. Ten days after 10
primng, |ynph nodes are harvested and in vitro T cel | lines are

gener ated. Jdieaer hadCAda Arbescaig TEEGAT ot behadrUsdanict i tAdAg di | ugion

and soft aggia Thr fyeChyd aHeGlyV¥yd Tep tAsBSKlalGhP Thr (4@ e tTBud®k-er M ne
whi ch GspA fusiage proteins cogtmsq?%’ Ag?l epitopge. 15 The T cell clones

are stimulated with the GspA fusion protei ns and syngenei c anti.gen
presenting get AST GTA BPAAQrASACAAA AET RAACKIC CTDIGEA TIT ACKAAR QMAOt ei ns72dhat
contain T cElé ThpiVaipassn Asudys Ly Thr des| Ala beu Vapridle Thr dye Glvhi ch we
measure by {ZZfrr] H Thymi di ne 280 i ncor por ati on233%¢ al so nmeasur 240y nphoki ne
producti on y the sti mJI at ed T cel I cl ones b st andard nmet hods.

To determ nGAQ'AGGIATTeﬁ % @ i%8d by hiffan T
cells, we iA% Jhg Re §SFI‘;16‘I BredYF A5h) Krers‘F ¥ patients
of 25 multiple HLAtypes ¥ cell epltopessﬁ'e i dentified stimul ating

t he cl ones p&&t w &I,Pﬁ 16
H- Th th
o R e A A R N B R o Y,

correlation is perforrred by utilization of B | ynphobl astoid cell Iines
expressi ng ggKi ous HLA genes. Wien a given T cell clone is m xed gig h
t he approprigate B | ynphobl astoid cell line and an OspA pol ypeptide, the
B cell will be able to present the GspA pol ypeptide to _

(2) INFORMATION FOR SEQ ID NO:10:
(i) SPQUENCE CHARACTERISTICS:
(A) LENGTH: 273 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear
(ii) MOIECULE TYPE: protein
(xi) SEQUENCE DESCRIPTION: SBEQ ID NO:10:

Met Lys Lys Tyr Leu lLeu Gly Ile Gly Leu Ile Leu Ala Leu Ile Ala
1 5 10 15

CysLysGlnAanaISerSerl:a:AspcluIysAsnSerVal Ser Val
25 30

AspIeuProGlyGluHetLysValImValSerlysGlgI.ysAspLys
' 35 40

AspGlnys'IyrSerIaxnetAla’eralAspIysLeuGlulmlys
50 55

Gly'mrSerAspIysAsnAsnGlySerGlyValI.mGluclyValIZ:
65 70 . 75

AlaAspLysSerIysValIysIax'er;(l,SerAspAsplms:;m

Thr Thr Leu Glu Val Leu Lys Glu Asp Gly Lys Thr Leu Val Ser Lys
100 105 110



- 63 - the T cell. Proliferation is then neasured by [err]H
Thym di ne i ncor poration. We then synthesize a conbination
vacci ne based on these multiple T cell epitopes. Such a 5 vaccine is
useful for treatnent or prevention of Lyne di sease in a broad spectrum
of a 'given patient popul ati on. - 32 - We also identify stinulating
T cell epitopes in other B. buradorferi proteins such as GspB and the
10 flagella-associated protein, and design conbination vacci nes based
on these epitopes,-in conjunction with B cell epitopes from GspA
pol ypept i des.Lys ArgEimmSer D¢ Asp -LyScSext Sex tThonGlaf G5 [LgsfH® Asn Glot ei ns
conprising T and B &1 epitopes 15120 After 1IR8entifying the
epi t opes of N4O- GspA that are recognized by T cells, we construct
reconbi nant yst@yhSledeprvali Giu tlyssEleePet ddasArgsAlp|Asn Glyathn ke B cel |
epi t opes recogni ¥ by neutralizild§ anti bodi es14® or exanple those in
Exanpl e X. These_ 20 fusion 1protei ns, by virtue of cont aiArliéng both T cell

e

and B cel | epiopes TYhdbri ¢ Yaﬁﬁd-é(ﬁ SRR GV 6T BLY s Y56 B cel I's
n.

expressi ng sUPace i munogl obd These T s in turn stithll ate B
cells that express .fAGe nogl oful i ady h roducti on of
25 high ti te)r&%ﬁe%‘} o5 ?i‘ﬁlgl ?’%e‘gu E‘lﬂy i%g ]l'& M%S%léo%‘i%%r uct GspA
fusi on proteins by :

Thr Ieu Val Val Lys Glu Gly Thr Val Thr Leu Ser Lys His Ile Ser
180 - 185 190

Lys Ser Gly Glu Val Thr Ala Glu Leu Asn Asp Thr Asp Ser Thr Gln
195 200 205

Ala Thr Lys Lys Thr Gly Lys Trp Asp Ala Gly Thr Ser Thr Leu Thr
210 215 220

Ile Thr Val Asn Asn Lys Lys Thr Lys Ala Leu Val Phe Thr Lys Gln
225 230 235 240

Asp Thr Ile Thr Ser Gln Lys Tyr Asp Ser Ala Gly Thr Asn Leu Glu
245 250 255

Gly Thr Ala Val Glu Ile Lys Thr Leu Asp Glu Ile Lys Asn Ala Leu
260 265 270

Glu

(2) INFORMATION FOR SEQ ID NO:11:

(i) SBQUENCE C!-!ARACI'ERISTIC_S:
(A) LENGIH: 296 amino acids
(B) TYPE: amino acid
(C) STRANDEINESS: single
(D) TOPOLOGY: linear

(1) SPQUENCE DESCRIPTION: SEQ ID NO:1l:

Met:A:gl‘.alIaxneGlyPheAlaIe.xAlaze.xAlaI.euIleGléycys
1 5 10 .

Ala Gln Lys Gly Ala Glu Ser Ile'GlySerGlnI.ysGlu;LgnAspI.m
20 25

AsnIa.:GluAspSerSerIystsSerHisGlnAsn%aLysGlnAsp
35 40



| i nki ng regi ons of N4O- GspA known to contain B cell epitopes to strong
T cell epitopes of other antigens. We synt hesi ze an ol i gonucl eoti de
hopol ogous to am no 30 acids 120 to 140 of the Hepatitis B virus core
antigen. This region of the core antigen has been shown 'to contain a
strong T cell epitope [D. R MIlich, et .al. supra. The ol igonucl eoti de
s then ligated to the 5 and 3' end§4of segnents of DNA encoding the B
cell 35 epitopes recogni zed by neutralizing antibodies, as in

- 64 - Exanpl e X. The reconbi nant DNA nol ecul es are then used to

g)(;lplrezzi ?oggsi‘ ?gﬁ%lﬁgfg gléqgﬁt g.ﬂ;isé Téfajsb?ifl OW NgQ gbo](}sgt [ ?R% gds?r -(IJ-ng

hunoral i mmune 5 response agalnst B burgdorferl W al so
construct a plas aPRS Oxdgs

I ncor por at ed |ntrE bﬁ%laggﬁkbgggfgségﬁig?ﬁgg%nﬂpeF a?wgactegéaﬁgg
flagellin are potent stinulators of cellular and hunoral 10 responses,
and can be used ggavewt Qe AsplGIH CAP@luVEeu LySGlygRIs ShiSAshl [y AdiewsaAn, C.
Jacob, B. Stocker, "I mmune ggsponse To Chol @oa Toxin Epitopestnserted In
Sal monel l.a Fl agel lin", Science, 244, pp. 70-72 (1989)]. W cl eave the
“cloned HI-d fl agallyl ser Gayelhyf Lén Gho Y| Sex! Sys Rrondsre s feralysnVaudyEco RV
site in the hypervariable 100region. W theA9nsert blunt endd fragnents

of the
Leu Thr Val Ser Ala Asp Leu Asn Thr Val Thr Leu Glu Ala Fhe Asp

115 120 125

Ala Ser Asn Gln lys Ile Ser Ser Lys Val Thr Lys Lys Gln Gly Ser
130 135 140

le'nurthshxihrIeuIQSAKk:AsnIasIha1kq:$er1ysIys]fm
145 150 160

Thr Arg Ser Asn Gly Thr Thr Leu Glu Tyr Ser Gln Ile Thr Asp Ala
165 170 175

Asp Asn Ala Thr Lys Ala Val Glu Thr Leu Lys Asn Ser Ile Lys Leu
180 185 190

Glu(ﬂy’&u:leu‘kn'Wﬂ.Glylys'nu:Thr\ku.GhllleIQﬁsGlucﬂy
195 : 205

Thr\kn.Thr:haxlyszugtzhxIlecnn.nwsASptﬂy'nwthl Lys Val
210 215

Fhe Leu Asn Asp Thr Ala Gly Ser Asn Lys Lys Thr Gly Lys Trp Glu
225 230 235 240

Asp Ser Thr Ser Thr Leu Thr Ile Ser Ala Asp Ser Lys Lys Thr Lys
245 250 255

.m;an31Vhl!halan!nnrhspcnyinu'IhaThthl(ﬂnlﬁthleEm
265 270

Thr Ala Gly Thr Ser Ieu Glu Gly Ser Ala Ser Glu Ile Lys Asn Leu
275 280 285

Ser Glu Leu Lys Asn Ala Leu Lys
290 295



CspA” gene encodi ng protective B cell epitopes using T4 DNA |igase. The
reconbi nant plasmds are then used to transform non-fl agellate strains
Sf . Sal monel | a for US ThidBhaatHA B¥eaRepiited M ce are i munized with live and

formalin killed bacter for ant i body production to
[ﬂH' cells are tested for
to the peptide of interest. Finally

protective antigen.
the mce inmunized 25 with this agent are chadd enged with B. burgdorferi as

proliferative ceIIuIar

descri bed supra. We al so construct OspA fusion proteins
conprising B cell epitopes from GspA and T cell epi topes from GspB, the
41 kd flagell a-assweial®iin30 protein, or other proteins isolated fromthe
expressi on | i brary constructed from B. burgdorferi DNA. W al so

construct OspA fusion proteihs cokpréspompimant) | synthepieoptsispdatesdpRNAnd
B cel | epitopes frpm fe % elﬁhsm%tQeoﬁAa@éé;aénééseﬁiéﬁeeneaah@ g or

ot her B. burgdorferi struction of these f uslonaahoteln IS
- 65 - acconpPeLyRePbide ceaherteft TERR tReHaF QUBsCARFE Sk %h
those of skill in é¢&6aapdblyp tQﬂepﬁﬂtSEQSIBﬂdo saahdbsdretypitevaedants

sgm et them e S0 TP TE ot ADDLSRIDRR) ISshE, SR b o o
variant polypeptide of SEQ ID NO: 10 and serotypic
variants thereof; fragments containing at least ten
amino acids taken as a block from the amino acid
sequence of either of the above polypeptides; and
derivatives of the above polypeptides, variants and
fragments, said derivatives being at least 80%
identical in amino acid sequence to the polypeptide,
variant or fragment.

2. A recombinant, synthetic or isolated DNA
molecule comprising a DNA sequence which encodes a
polypeptide selected from the group consisting of:
polypeptides that are immunologically reactive with
antibodies generated by infection of a mammalian host
with B. burgdorferi, which antibodies are
immunologically reactive with the OspA polypeptide of
SEQ ID NO: 4 and serotypic variants thereof excluding
strains 287 and B31; polypeptides that are
immunologically reactive with antibodies generated by
infection of a mammalian host with B. burgdorferi,
which antibodies are immunologically reactive with the
OspA variant polypeptide of SEQ ID NO: 10 and serotypic
variants thereof; polypeptides that are capable of
eliciting antibodies that are immunologically reactive
with B. burgdorferi and the OspA polypeptide of SEQ ID
NO: 4 and serotypic variants thereof excluding strains
ZS7 and B31; polypeptides that are capable of eliciting
antibodies that are immunologically reactive with B.
burgdorferi and the OspA variant polypeptide of SEQ ID

* c L M S *



Exanple XI X - Coning and sequence analysis of a serotypic
variant of the GspA gene B. burgdorferi strain 25015 was
Ki ndl'y provi ded lyis SmrHadBebaRegdared W i SOl ated SEQ ID NO 9, 10 encoding

a serotypic variant 0 ' pepti de, usi ng ol i gonucl eoti de
' NO 2) and PCR anplification, as
i n sequenced this gene using the

primers (SEQ ID NO. 1
described in Exanp

Sequenase Kit, as described in Exanple IV. -186 - As shown in SEQ ID
NO 9, the gene encoding this serotypic variant fromstrain 25015 was
found to be 819 nucleotides in-length. Like the GspA gene from strain

NAO, SEQ I D NO 9Nencddesiral megtadivpicf variantisndherenf dandmylypreptides .

However, the 25013 GRDA Maljia %Oe?eawdea%as_q%ﬂ@%@taﬁzlﬁ&wat her
than 31 kd. By conpari 10 to the seqyence of the NAO GspA

protein (SEQ 1D N@e&laon%r{'g&ter%ﬁ ﬁpfcfm"et e BRPtect agaipst Hyme

contains 39 am no HEdhsdlay Iddided vy 1nﬂ§aiﬁiafredvim1 BO0-Kuarfdodfers.
substitutions occur at 25 positions 39, 47, 53, 55, 90, 95, 96, 102, 114,

133, 137, 138, 141, 144, 149, 161, 164, 176, 190, 198, 199, 207,
208, 214, 215, 217, 218 223 234 he2 DNA mem accoxziﬁmgztsq chaim 258,

263, 264, and 273. E}eefl*herr%r#gv\ﬁp&? ﬁeﬁgéﬁé&gdtmmd&ﬁé &gSolP such

a large extent 30 Tromo polypeptldes was rising
and pronising. Theamspisting afi: oG fhak pre 1‘@5‘6‘1‘51 ?g? ¥ esent

a novel class of %‘Hécﬁ?ﬁvé)rﬁﬂi %tlbodlw/ggnéﬁ&wrﬁﬁcﬁxw@tmﬂ dfom a

novel class of Bor r e
mammallan ‘host with B. burgdorferi, which antibodies
are immunologically reactive with the OspA polypeptide
of SEQ ID NO: 4 and serotypic variants thereof
excluding strains 2S7 and B31; polypeptides that are
immunologically reactive with antibodies generated by
infection of a mammalian host with B. burgdorferi,
which antibodies are immunologically reactive with the
OspA variant polypeptide of SEQ ID NO: 10 and serotypic
variants thereof; polypeptides that are capable of
eliciting antibodies that are immunologically reactive
with B. burgdorferi and the OspA polypeptide of SEQ ID
NO: 4 and serotypic variants thereof excluding strains
ZS7 and B31; polypeptides that are capable of eliciting
antibodies that are immunologically reactive with B.
burgdorferi and the OspA variant polypeptide of SEQ ID
NO: 10 and serotypic variants thereof; and polypeptides
that elicit in a treated mammalian host an immune
response that is effective to protect against Lyme
disease as caused by infection with B. burgdorferi.

4. The DNA molecule according to claim 1 or
2, wherein said DNA sequence comprises nucleotides 400-
819 of SEQ ID NO: 3, or fragments thereof.

A



- 66° - Exanpl e XX - Infection of passively inmunized
m.ce wth B. burgdorferi strain 25015 We first determ ned
whet her passive  ThiBMBIHaRBLARefce3H He mce with serumfromrabbits 5

i mmuni zed with B. b I'n NAO coul d confer protection agai nst
subsequent infectio wm I“H[mrgdorferl strain 25015. To produce
pol ycl onal rabbi t orferi N4O antiserum we inocul ated

New Zeal and white rabbits with 30 [err]g of-e&fract from 10 killed B.
burgdorferi (approximately 1 x 10[err] spirochetes) in conplete
Freund's adj uvant, then boosted 2 weeks_later with an additional

[err]g of extract in |nd%nplé?%eFP%&nH°§e§H}ﬁvéﬁ?°r9%nﬂsEB Ry ond RF
of a 1:5 dilution @iaixﬁ'é‘ i;’:\biJj tosed YrvheradnssNelyDRA séquentecehtudes3d He
m ce, as described in Control mce were inmmunized with
normal rabbit serLPH°te°t£§%e$Pﬁ§°ﬂ%Urs we chal lenged the mice with 1 x
10[err] B. burgdorferi strain 25015. Two weeks |ater, we eval uat ed

the mce for spirochetem a agd d|§§353NAA%é1gQ?lgfa&ﬁgragﬂgntgeglghﬁelwgge

positive for infection and di sease I ca E
i mruni zation with 2, wvhebsin said- ENAbaeguenﬁeren§9da$na s5deastcPhfm @8es

not conf er pr obet &G OBhs IEEEAG0SE YA b sb1ai 8pPBOBE. and a Braene
XXl - Synthesis of 25 5 variant gl utathione 2

S-transferase fusi ¥L¥PRRei n we inserted SEQ ID NO 9,
encodi ng the 25015 CspA variant, into the vector pCGEX-2T using EcoRl

and Bantl |inkers as des;[ibeg %Qcﬁﬁﬁﬁﬂkﬁti'syxﬁnééfe or isolated DNA
molecule comprising a DNA segquence which encodes a
fusion protein, said fusion protein comprising an OspA
polypeptide and an additional polypeptide. :

8. A recombinant, synthetic or isoclated DNA
molecule comprising a DNA sequence which encodes a
fusion protein, said fusion protein comprising an OspA
variant polypeptide and an additional polypeptide.

9. The DNA molecule according to claim 7 or
8, wherein the additional polypeptide is selected from
the group consisting of: an OspA polypeptide or
fragment thereof; an OspA variant polypeptide or
fragment thereof; a OspB polypeptide or fragment
thereof; a B. burgdorferi flagella-associated protein
or fragment thereof; an epitope of Hepatitis B virus
core antigen; a T cell epitope; a B cell epitope; both
a T cell and a B cell epitope; and combinations

thereof.

10. The DNA molecule according to any one of
claims 1, 2, 7, or 8, wherein said DNA sequence further
encodes a multimeric protein.

* [ L M S *



expréssed the variant as a glutathlone S-transferase 30 fusion protein, and
purified the reco . usi on proteln on a gl utathi one sepharose 4B

¢okum, as descfiRed et rEpladed

- 67 - Exanpl e I mmuni zation of mce with

t he 25015 vari ant fummmﬂﬂ W i mmuni zed groups of 5
mce with 10 [err]g or 10 [err]g of the 25015 variant fusion
protein and 5 boosted tw ce at 10 day inter\8 s; as described supra.

Control mce were immuni zed with gl utathione S-transferase. Vé t hen
chal | enged the inmuni zed m ce 14 days later. with 1 X 10[err

burgdorferi strain 25015, 11andrk&/é?1\[}§t%19‘6%l? rﬁ"e%‘?‘r"?ﬂ‘f‘%n?? %%agﬂeaf’f'er
20 days. 10 As showmins TBDIZ, |% %ﬁ'SWﬁﬂ@éﬂeix@S&éi@ Dmdlﬁé?cﬁ@eﬁdaat :|.s

i muni zation with the 25015 v nt . conferred total rofe Ll

i nfection and sub<ARERAITAVEI%( & to one 7% aq'%%%s%xi’ﬁgs%’a e Btr%
burgdorferi strai rsethfdrices. TABLE IX 15

| mmuni zing Agent Borrelia Blood Splenic Arthritis Carditis

strain cultures cultures* N4O OspA 1-819 25015 0/4 1/ 4

0/ 4 0/ 4 25015 vari akk. Bsoamicellplar hosp fransfoyped withjipg

DNA molecule according to claim 11.

13. The unicellular host according to
claim 12, wherein said host is selected from the group
consisting of: strains of E.coli; Pseudomonas;
Bacillus; Streptomyces; yeast; fungi; animal cells;
plant cells; insect cells; and human cells in tissue
culture. .

14. A polypeptide encoded by a DNA molecule
according to any one of claims 1-10.

15. A method for producing a polypeptide
according to claim 14, comprising the step of culturing
a unicellular host according to claims 12 or 13.

16. A polypeptide selected from the group
consisting of: the OspA polypeptide of SEQ ID NO: 4
and serotypic variants thereof, excluding strains 287
and B31; the OspA variant polypeptide of SEQ ID NO: 10
and serotypic variants thereof; fragments containing at
least ten amino acids taken as a block from the amino
acid sequence of either of the above polypeptides; and
derivatives of the above polypeptides, variants and
fragments, said derivatives being at least 80%
identical in amino acid sequence to the polypeptide,
variant or fragment.

-
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fusibm protein 20 G utathione 25015 2/'5 2/ 5 1/5 1/5
S-transferase is SheeFRAR'BES as nunber of positive cultures/total nunber
S . ) ) .

of scultures T[hls 3t en%eqacﬁgrl ment, i mmunization with GspA 1-819 from
B. burgdorferi jstrB Bm l& ppeared to confer protection 25 from
I nfection and dise B by B. burgdorferi strain 25015.
However, results of other experinents Fn@Scat e that GspA from B.
burgdorferi strain N40 is not able to confer effective protection
agai nst infection or di sease as caused by B. burgdorferi strain 25015.
30 . For exanpl e, Wd - miuRcAaPeRr-ide SafqdFed AR die Ir |
burgdorferi strai ¥ st8id e bpd1RRP ideLfthat 188 OTHtURSTLod 154 DIy
protein, or by i.p. 1 noculation of [ive E. cqli xpressi ng. N40- A
M ce were boost ed TaRFhih with aphiRadies SFREA Gf%te%g Wf?lg%% 1%%%] B.
ggg%gorferh Strfﬂ;hammalian host with B. burgdorferi, which anti3godies

, as described previously.. ' | NERADI ] ki her
gl utat hi one S-t rarﬁ%r%’tﬂﬁ%lc’%&}} %eaa‘rr?s‘}c%éln\g&dletﬁo W t(ﬁ%ep %{%éig':?fﬁéz
vector without insef tSEQ\SIDINGmM 4 rand serafiypidc variantane®rPhi th OGspA
from B. bur gdor f erd St gl WA MerAs N UnceldPE | 461 Ypdiseides eehdt oaire

infection with B

immunologically reactive with antibodies generated by
infection of a mammalian host with B. burgdorferi,
which antibodies are immunologically reactive with the
OspA variant polypeptide of SEQ ID NO: 10 and serotypic
variants thereof; polypeptides that are capable of
eliciting antibodies that are immunologically reactive
with B. burgdorferi and the OspA polypeptide of SEQ ID -
NO: 4 and serotypic variants thereof excluding strains
zS7 and B31; polypeptides that are capable of eliciting
antibodies that are immunologically reactive with B.
burgdorferi and the OspA variant polypeptide of SEQ ID
NO: 10 and serotypic variants thereof; and polypeptides
that elicit in a treated mammalian host an immune
response that is effective to protect against Lyme
disease as caused by infection with B. burgdorferi.

18. A polypeptide according to claim 16,
being selected from the group consisting of:
polypeptides that are immunologically reactive with
antibodies generated by infection of a mammalian host
with B. burgdorferi, which antibodies are
immunologically reactive with the OspA polypeptide of
SEQ ID NO: 4 and serotypic variants thereof excluding
strains 2S7 and B31; polypeptides that are
immunologically reactive with antibodies generated by
infection of a mammalian host with B. burgdorferi,
which antibodies are immunologically reactive with the
OspA variant polypeptide of SEQ ID NO: 10 and serotypic

A g



bufgderferi straln Tabte X

BLood kmaiand/or Carditis 1 0

Spkenic and/or t Chal l enge Cultures* Arthritis
CspA 1-819 25015 or E. coLi expressing 15
N4O- GspA a utat nsferase or 25015

18/ 20 7/ 10 E. o [ not expressing 20 N40-ospA * Expressed as
nunber of mice wth positive blood and/or spPenic cul ture/total nunber
of m ce eval uated Simlarly, we imunized five nice mﬁth

10 [err]g of the 25015 variant fusion tein descrlbe SuplA

and chal | enged wi VRrdanks: shereefi PP XPﬁp%&g fﬁ?%e a@ﬁ %

! n}mmt zed mTﬁe ha@lﬁel‘ilthh\jea&nubadliesethat aurlet imesinail ogd cadly acfetae:tlve

i nfection. ese re ése¥§—€§§raﬂi¥f t Q%Hﬁ

not shared %5 Z2aR4’ 4 %3%,P@§% 5% ?§p3§$?2

cont ai ns ep|topesNDot4shadeéebthP¢cOmaKlants thereof GXQLH§¥HQ|ﬁEﬁﬁ%ﬂ§(ﬁ

T and Bcell epilgasana patl;! BolybBprdedls crai aie @a%amresrdm@mm»@‘ng
usi on protei Ns cont al nlg% these epi topes 3s I |tope from
ot her OspA pol ypepnitddedigg a&aPF&ntlému\ﬁ‘W°93‘5’a§ﬁ1YO\ﬁ Esi% %& B.

vacci nes that nay peaidei-feidt agd @he OspA variant polypeptlde of SEQ ID
NO: 10 and serotypic variants thereof; and polypeptides
that elicit in a treated mammalian host an immune
response that is effective to protect against Lyme
disease as caused by infection with B. burgdorferi.

19. The polypeptide according to any one of ;
claims 14, 16 or 17 wherein said polypeptide comprises
an amino acid seguence encoded by nucleotides 400-819
of SEQ ID NO: 3, or fragments thereof.

20. The polypeptide according to any one of
claims 14, 16 or 17, wherein said polypeptide comprises
a protective epitope.

21. A fusion protein comprising a first
polypeptide and an additional polypeptide, said first
polypeptide selected from the group consisting of a
polypeptide according to any one of claims 14 and 16-
20.

22. The fusion protein according to
claim 21, wherein said additional polypeptide is a
polypeptide according to any one of claims 14 and 16-
20, and is derived from a different strain of B.
burgdorferi than the first polypeptide was derived
from.

* [ L M S *



agai hst infection by a broad spectrumof B. buradorferi i sol at es.
- 69 - Exanple XXIIl - Construction of an OspA pol ypepti de
f'rom N4O- GspA and @neb@at BeshReplaced - W identify protective

epi topes w thin 250 produci ng overl apping fragnments of the

protein 5 and testiﬁﬂl“B‘ presence of T cell and B cel

epi topes, and/or fo il o confer protection agai nst Lyne

di sease in our aninmal nodel system W Theh Select the fragnents which

ﬁﬂgodiobgéhAProtgctive ] epi topes and am no acid substitutions conmpared to
- pA, and use these_fra nts . to_cons [ oL gi ns

conprising protective epitoﬁés g£§ﬁ1§??b?ﬂsprg£§£% §§§@§§g§59855%%g#ug?bn

pro}eins confer pwhépeihobthe fipstnpolypepbider dagdevived fueydBeferi

I sol at es. Ex Is 2 n SEfeO : g :
fromstrain N4O "B dé%(kgr g?@gﬁ%ﬁcgéatﬁgéoédgbgéﬁgﬁ O%nyﬁ%?tlde
burgdorferi strai hisNderivedgfrem Begbungderferi §srailngg8@lbped i n Exanpl e
| V. The gene was found to be 888 nucl eotides in length. W then conpared

the NAO GspB 20 gene sequence to_th
P g quenge to, t e gfdueiseoebebls SBRE 98084 AOM

polypeptide according to any one of claims 14 and 16—
20. '

25. A process for selecting a polypeptide
which elicits in a mammalian host the formation of an
immune response which is effective to protect against
Lyme disease as caused by infection with B.
burgdorferi, comprisinq the steps of :

a) immunizing a mouse of strain C3H/He
with the polypeptide;

b) inoculating the immunized animal
with B. burgdorferi;

c) selecting the polypeptide which
protects the immunized animal against infection and
Lyme disease.

-26. A pharmaceutical composition comprising
a pharmaceutically acceptable carrier and a
therapeutically effective amount of a component
selected from the group consisting of: a polypeptide
according to any one of claims 14 and 16-20; a fusion
protein according to any one of claims 21-23; a
multimeric protein according to claim 24; and an OspB
polypeptide.

27. The pharmaceutical composition according
to claim 26, wherein the component is crosslinked to an
immunogenic carrier.

*



strain B31 (S. Ber supra) and determ ned that N4O GspB
differs fromB31 CBpB a corresponding to nucl eot i des 258,
376, 382, 385, 526, 9 and 758 (with nucl eotides 1-3 25
correspondl ng to am nﬂm Im nucl eoti des found at those
positions in GspB fro respectively: C, A A A A T,

G C and C As a result of the nucleotidges%substitution at position

577, the GspB nRNA from strain N40O has a

op codon (UAA) at 30 the

position corresponding to amno acid 176 instead of the Au (GAA) found

in B31- OspB.

production of Expres;irg[\eloL %\#T cthFﬁ g&ﬁxﬁggﬁ%{?ﬁ' HC&U%S #%‘%’35%%85‘?%?% I n

is in fact truncatea ¢@aﬂ@4261§t+22¥rﬁunﬁheﬂn¢mmpxi$mn$5aan#DQN$m§ssed in
that system W believe that - 70 -
B. burgdorferi strain NAO nmay be able to_read through t he stop, codon..

However, because E. coli protRice & methoq (X ctr appily foF REREPRting Bhose

to continue our Lﬂéﬁlfﬁfé&ﬁﬁ%&mé r@i&i’as@%@ﬁi@fiﬁingsﬂial n 5
at e

B31. W next

nodel system and p®

pr ot ei n.

I nvest tpe, | mune, r espons

1 THRIAG SR pafieRE 5 She R BGalt Ga ik ™
Exanpéffective mowmsti of od Bitdrmapaayicahtcompesition

according to any one of claims 26-28.

30. An antibody that binds to a polypeptide
selected from the group consisting of: the polypeptide
according to any one of claims 14 and 16-20; and an
OspB polypeptide.

31. The antibody according to claim 30,
wherein the antibody is a monoclonal antibody.

32. The antibody according to claim 31,
wherein the antibody is the monoclonal antibody
VIIIC3.78.

33. A hybridoma producing the monoclonal
antibody VIIIC3.78.

34. The antibody according to claim 30,
wherein the antibody is a protective antibody.

35. A process for selecting a protective
antibody comprising the steps of:
a) immunizing a mouse of strain C3H/He
with the antibody;
b) inoculating the immunized animal
with B. burgdorferi; and

-
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{

S—transferaseW; Ve cloned the B31 CspB gene by
PCR anplifyin e OspB iiggded of plasm d pTRH4AG6, kindly provided by

A G Barbour. W t H he anplified OGspB gene: into the vector

PCGEX- 2T, express & ein as a glutathione S-transferase

fusion protein, a t he reconbi nant protein on a gl utathione
u e

sepharose 4B col scribed in Exanple XI. Exanpl e XXVI -
Active inmuni zation of mce with full- - 93 - | engt h

OspB- gl ut at hi one S-transferase fusion protein 20

We i muni zed mce with 10 [err]g of purified B31- Qs pB gl ut at hi one
S-transferase fusion protein in €) c&fdestdng &hﬁjaé‘ta’cﬂqﬂygr’f{h% boost ed

3 times at 10 pdtectisChhal Smituhlztd [aeVildag Querstsiinfeutaion rand)

i nconpl ete Freund’s adjuyvant. Control mce were 25 imunized with purified
gl ut at hi one S-traf¥PEr §3&S3S€- M ce i munized with the OspB fusion protein
synt hesi zed ant i bodi es agai nst B31- GspB whi ch were detectabl e by

i mmunobl ot at a dilution Of3%:15ﬂpgaaryﬁﬁéi§§§iﬁl|§3ﬁ§f§¥¥¥3LtéBhﬂpi§a

days after inmunization with 30 vafious rgdorferi strain N40
or B31, and ewrdl @atddordyr acerFeingn tth@ny sng ehiclping30-32 and

As shown in Tabl e 34l , atld a0fpHathaceiitidlally acceptialild |cardeeat oped
spirochetema. In contrast, "the majority of mce immnized with GspB

wer e protected
37. A method for treating or preventing B.

burgdorferi infection and Lyme disease comprising the
step of administering to a patient an effective amount
of a pharmaceutical composition according to claim 36.

38. A'éiagnostic kit comprising an antibody
according to any one of claims 30-32 and 34 and
instructions for use.

39. A diagnostic kit comprising instructions
for use and a polypeptide selected from the group
consisting of: the polypeptide according to any one of
claims 14 and 16-20; and an OspB polypeptide.

40. A method for detecting B. burgdorferi
infection comprising the step of assaying a body fluid
of a suspected infected mammalian host with an antibody
according to claim 30. '

41. A method for detecting B. burgdorferi
infection comprising the step of assaying a body fluid
of a suspected infected mammalian host with a
polypeptide selected from the group consisting of: the
polypeptide according to any one of claims 14 and 16-
20; and an OspB polypeptide.

* C L M H] *



- Z} - frominfection. Animals.inoculated with 1 x 102 or 1 X
1Q{err] spirochetes were also protected from di sease, with t he
gxception of one nouse that devel oped mild carditis. In contrast the
sane dosage of spirochetes 5 caused disease in substantial nunbers of the
control m ce. TABLE Xl

Arthritis | mruni zi ng Agent Borrelia and/or 10

strain (dose) Cuttures* Carditis B31->sp@ G utathione B31(10[err])

5/ 14 7/ 14 S-transferase B31(10[err]) O0/5 0/5

B31(10 ) 0/ 8 1/ 10 d ut at hi one B31(O0[err]) 12/ 13

12/ 13 15 S-transferase B31(10[err]) 2/5 4/ 5

B31(10[err] ) 3/8 3/8 B31- CGspB d utat hione N40(10[err])

2/'5 5/'5 S-transferase MN4O(10[err] ) 0/5 G ut at hi one

hMO(lO[err]) 5/'5 5/5 20 S-transferase MN4O(1 O[err]) 1/5
Expressed as nunber of mice with positive blood and/or spleen

cultures/total nunber of mce These initial studies

denonstrate that the

ABSTRACT

Methods and compositions for the prevention
and diagnosis of Lyme disease. OspA and OspB
polypeptides and serotypic variants thereof, which

5 elicit in a treated animal the formation of an immune
response which is effective to treat or protect against
Lyme disease as caused by infection with
B. burgdorferi. Anti-OspA and anti-OspB antibodies
that are effective to treat or protect against Lyme

10 disease as caused by infection with B. burgdorferi. A
screening method for the selection of those OspA and
OspB polypeptides and anti-OspA and anti-OspB
antibodies that are useful for the prevention and
detection of Lyme disease. Diagnostic kits including

15 OspA and OspB polypeptides or antibodies directed
against such polypeptides.

—_—
———

\\
ThlS Sheet

i



B31- GspB gl utat hi one S-transferase fusion protein is capabl e of
conferring partial protection frominfection 25 wth B. burgdorferi, and

_full protection frominfection and di sease at | ower doses of
spirochetes. Therefore CspB, |ike OGspA, contains protective epitopes.
Foll owi ng the teachings of this invention, one of skill in the art can
readily identify the protecti veIepkrEopes 30 within the OspB protein, and
synt hesi ze GspB pol ypeptides (including fusion proteins and nmultineric
protein t hat are bIe to confer full protection from Lyne di sease as
caused tf§7 %‘tgq ANTRIFGA A™A BT GipAJAGTA 884 T7A ATA GZA TGT AAG SAA
- 72 - nple 'Sod’/r L S Ftinlz 3t 4 b1 i 48 Cre Lss Gin wi th

CspA MrorfA,c.MéUM&WAEGAEMGQQEIGTP%A@&IGQQT&Q@T BdPdFPA- N4O plasnid at
30[ er r] Ceagrdescyer bedas nakxanphesd/iva siévi ndgicRd-£%pr@sshon of N40- GspA by
rai sing ‘Phe Lemmerature to 42 rr]C for 2 hours, then harvested the

bact er i G"‘f‘ﬁ‘f;%'t"ﬁfﬁ‘éﬁ 'V% &%e‘dgl‘:ﬁcﬁﬁg’ét‘”é%dﬁeentratlon of 1 x
10[ err] aAﬁ"‘cter afm e A d0. 4= 8F ¥hi'® &tsPénsion to orally

i nocul aue«eamdecmcaecrﬂmguka&f%aw@w&rcfmaeﬂmbmgavea? using a ball
tipped Bt a: Deadl &sv We Geast @d dhagmiLgead hdd dyhes SR aDUNt Of bacteria

on days 10,
G5A'GGC GTA AAA GCY GAC 4AA AQT AAA GTA AAA TTA ACA ATT TUT GAC G&T CTa GGT
Giv Giy Val Lys Al Asp Lys Ser byt Val Y5 Leu T-r lla Sec &sp 24p Leu Gly

CAA ACC ACA CTT QAA GTT TTC AAA CAA GAT G3C ANA ACA CTA GTA TCA AAA AZA GTA
Gia Tne Thr Lew G Val Phe Lys Giv Asp Giy Lya The Lay Val Ser Lys L5 val

ACT TCC AAS GAC AAG TCA TCA ACA GAA GAA AAA TTC AAT GAA AKA GGT GAA GTA TCT
Thr Set Lys Ao Lys Ser Ser Thr Glr Giv Lys Phe Azn Glu Lvs G Gl Val Set
_ {*49] :
GAA A2, ATA ATA ACA AGA GCR GAC GGA ACT AGA CTT GAA TAC ACA GAA AT AA AGC
G Lyt e Bo Ty arg Ala Asp Gy T Mg ey Sic Tyr The Qly le Lys Ser .
T {184)
GAT CGATCT GGA AL GCT AN GAG GTT TTA AAA GGG TAT GTT CIT 3Aa GGA ACT TTA
Ap Gy Ser Gly Lp Aa Lys G Vel Leu Lys Sfy Tyr Val Lew Glt Gy Thr tey

ACT GCT CAA AsA ACA ACA TTG BTG GTT AAA GAA GGA ACG T GTT ACT TTA AGC AAA AAT
Theaa Clu Ly TR IR Lot Vel Yai Lys Gy Giy Tare Yal The Leu Sor Lys Asn s

LTT TGA AM TCT GG BAA ZTT TCA 37T 34A CYT AAT GAC ACT GAC AGT AGP GCT GCT
ie Sor Lys Ser Giy St VRl Ser Val Glv Led Asn Asp Ihy Asp Ser Sor Ala A

ACT ASA ARA ACT BCA GCT TGG AAY TCA GGC AST ICA ACT TTA ACA ATT ACT GTA AAL
The Lyk Lys Trw Ala Ale T Asn Ser Gy Tw Ser TPt teu Thi e The Vai Asn

AGT AAA 28K ACT AAS GAC ZTT GTG TTT ACA AAL GAA AAC ACA ATT ACA GTA CAL CAA
Sa: Lys Lys The Lys Asp _eu Va: Pre The Lye Glu Aat Tir e Tw Val Gin Gia

TA7 GAC TCA AAT GGC ACTALA TTA GAG GGG TCA GCA GTT GAA ATT ACA AMA CTT GAT
Tyr Axa Ser Asa Qly Tur Lye LeuGla Gly Sar Ala Yar Glu lls The Ly Luu Asp

GAL ATT AAA AAC GCT TTA AAL
Gc loe Lys Asa A Loy oy

€coflt iy
% AGAGAATTC mmmnrmmuumgnxm.«-- s )

Oupa Borid
Poemtsenmtarrarnsnci e e GAAGTAGTTTAATTIITTGOGAAATTIT CCYAGQGAGA &

This Sheet Has Been Replaced
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nunber
pA

0/5
vaccination with an .- Gs

Sacrifice
0/5 Control

* Expressed as

0/5

protected frominfection
5 days

m ce showed no evi dence of bacterem a
| mmuni zati on

Bl ood
Spl enic O al

GCspA
14 days 0/5
3/ 4 Ao 5/5

nunber of mce with positive blood and/or splenic cultures/total

m ce

expressi ng N40- GspA were
t he

Carditis

In addition,
14 days

Arthritis

4/5 GOspA
These results denpnstrate that ora

ted with E. coli

and di sease.

Tabl e X!

a

vacci'na
and/ or
Cul tur es*
5 days
Cont r ol
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- 74 - SEQUEN -—n:rgﬁ, R,

| NFORMATI md"‘jﬁ’m Fl avel | , ] |R|dch§ ﬁ%ﬁcﬂngflﬁgg:?ﬁ o pa:fd
Kant oy, ‘Fre Been Replaced Bart ho s PESEE e BT PESTE e
Fikrig, Erol. Thi Shect s n | NVENTI ON: iy ANITW;@SS

THE ‘ mu AGNOSI S OF LY @ASES(S) (mgﬂs‘ NUNBmd
SEQUENCE: 11 NCE ADDRESS: 7 Absugg) ADpRESHEIO pgmes
F. Haley, Jr., Esq. c/o Fish & NeavegiGgure 1. (B) STREET: 875 Third Avenue
(O ATY: New York . (D) STATE: New York DATE OF REGHIPOQUNEEY%..
U S A (F) ZIP: 10022-6250 (v) CONPUTER ~READABLE FORM

(A) MEDI UM TYPEG W@ppwdfskm GGa &7a GGY ¢ (B A COVBLE X ATk BM FiT geRRAt I bl e

(C) OPERATI NG BYSTEMS F'C-Boswsmes Gy Leu te Lec (D) LBORTVRRES d?atcant In

Rel ease #1.0, Yarsion #1.25.. -l &CURR'NT APPL] CATI ON_DAT

(A) APPLI CATI ONNUMEERES” (oo asz o gt Bln BALLNGa N g Luu e ‘.‘s‘f,'°“(‘¢l

CLASSI FI CATI ON\e3 32
ALL GTY CTT AT2 AGC AAA GAA ARA AAT AAA GAC GGT ARG TAC GAT GTA AT GCA ACA
&35 Ya fan Vi Se Lys G Lyc Asa Lyz Asp Gy Lys Tyr Aso Lew 9 Az v

GUA GAC AAS CTT GAG CTT AAA GCA ACT YGT GAT AAA AAC AAT GGA TCT GGAGIA CIT
Vel Asp Lye Los 3v lew Lys Gly Thr Ser Asp Lys Asn Asn Gy Ser Gy Val Lay

SAA GGC GTA 4AA CCT GAC 4A4 AQT AAA GTA AAA TTA ACA ATT TUT GAC GAT CTa GGT
Gu Ty Yl 43 Al Asp Lys Swr Lyt val s Lew 7-r lla Ser Asp £1p Leu Gly

CAAACC ACA CTT 3AR JTT TTC AAA GAA GAT G3C ANA ACA CTAGTATCA AAA AAA GTA
Gn Tre The Leo O Val Phe Lys Gv Asp qu Lys The teu Val Ser Lys Lys val

ACT TCC AAL GAC AAT TGA TCA ACA GAA GAA ARA [TC AAT GAA AL GGT GA~A GTA TCT
Toe Ser iys Aso Lys Ser Ser Ttv Gl Giv Lys Phe Asq Glu Ly QY Glu Val Se:
{149}
GAA AAZ RTA ATA ACA AGA GCA GAC QGA ACT AGA CTT GAA TAC ACA GAA ATY AL AGC
G Lys M o Ty arg Als Asp Gy The arg ey Gic Tyr The Qly le Lys Ser
{184
GAT CGATCT GCA AMA GCT AR GAG GTT TTA AAA GGQC TAT QTT CIT 344 GGA ACT TTA
Atp Gy Sar Gly Ly Aa Lys G v Leu Lys Zfy Tyr Vil Lavw Gle Gy Thr Ley

ACT GC™ CAA AAA ACA ACA TTG BTG GTT AAA GAN GGA ACT GTT ACT T7& AGC AAA AAT
T a3 Cw tys Th A Lot va! vat Lys Giw Gy Trr Val The Lou Sar Lyy 4sa

LTT “CA A TCT CG3 BAA ZT7 TCA 3T7 3AA CTT AAT GAC ATY GAC AGT AGT GCT GCT
e Sor Lys Sar Gy S Yal Ser Vil Glu Les Asn Azp Iy Asp Ser Sar Ala Me

LCT ASA AA ACT GCA SCT TG AA) TCA GGC ACTY ICA ACT TTA ACA ATT ACT GTA AAZ
The Lye Lys Tre i A'e T Azn Se¢ Gy T Sor Thr Leu T (@ Ttv Vai Asn

AGT A48A QAR ACT a2s GAC ZTT GTG TTT ACA AAA GAA ARC ACA ATT ACA CTA CAL CAA
Sas Lys Lys The Lyp Asp _eu Va: Pne Ttr Lye Glu As1 Tir lw T Val Gin Qn

TAT GAC TCA AAT GOC ACT AAA TTA GAG GGG TCA GOA GTT GAA ATY ACA AAA CTT GAT
Tyr Aca Ser Asa Qty Tor Lyr Leu Gty Gly Ser Ala Yu Glu lle The Lys Lou Asp

GAL ATT AAA AAC GCT TTA AAA
Gue lo Wys Asa A Leuw Lyv

. EcoRl by

v AGACAATTC mmmnfmmaawunIAﬂ e ettt E LLCREL TRy |
Cepd Bamsi

---------------------------------- _GAACTACTITRATIITICCGAAATTIT CCTAQGGAGR S
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[ Description : paged .......- to page
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(A):APPLICATYON NUMBER: US 538, 969 i . (B) FILING DATE: 15-JUN-1990

(vii) PRIOR APPLI CATION DATA: (A) APPLI CATI ON NUMBER: US

602, 551 (B) FILING DATE: 26-0CT-1991 (viii) ATTORNEY/ AGENT

| NFORMVATI ON: i (A) NAME: Hal ey Jr., Janes F. (B)

REA STRATI ON NUMBER: 27, 794 (© REFERENCE/ DOCKET NUMBER: YU- 100
P 2 (A) TELEPHONE: (212) 715-0600 (B) TELEFAX:
(212) 715-0673 (C TELEX: 14-8367 (2) | NFORVMATI ON
FOR SBQ I D NO 1: (1) SEQUENCE CHARACIERFSTICS : (A) LENGTH
36 base pairs (B) TYPE: nucleic acid (C) STRANDEDNESS:
singl e (D) TOPOLOGY: i near (i1) MOLECULE TYPE: DNA (genom c)

Title: Campositions and Methods For The Prevention And

Diagnosis of Lyme Disease

ABSTRACT

- Methods and compositions for the prevention
' and diagnosis of Lyme disease. OspA and OspB
polypeptides and serotypic variants thereof, which
S elicit in a treated animal the formation of an immune
response which is effective to treat or protect against
Lyme disease as caused by infection with

B. burgdorferi. Anti-OspA and anti-OspB antibodies

that are effective to treat or protect against Lyme

10 disease as caused by infection with B. burgdorferi. A

screening method for the selection of those OspA and
OspB polypeptides and anti-OspA and anti-OspB
antibodies that are useful for the prevention and
detection of Lyme disease. Diagnostic kits including

15 OspA and OspB polypeptides or antibodies directed
against such polypeptides.

Figure la
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: 8G
(iil)} HYPOTHETI CAL: NO (iv) ANTI - SENSE: REPLACEME HEETS%&; ,,,,,
Bergstrom S. . (B) TITLE: Ml ecul ar Angl s Desc®BptipR ndigp~ = ged ...n
PlI*asm d- Encoded . Maj or Surface Rrgf ejmm(s)CBp,@aﬂx?ﬂj ‘dscpgz o=,
The Lyne - Di sease Spirochaete B rgélmawﬁlg(sgdoﬂ’ ic pag d"
(Cf JOURNAL: Mbl. M crobiol. (D) VOLUME:R 3\pstract :pi(gg’)‘- PHGRES
479- 486 (G DATE: 1986 _Exi) SFQU 85 DESCRI PTI ON: SE
No: 1: 36 (i) SEQUENCE CHARAORUSEST-CS 0 G-
base pairs _ (B) TYPE: nucleic acid : :
single 2] MOLECUL TYPE DNA genam c &i i ) HYPOTHETI CAL NO
(i v) AI\FI'I-SENSE" A AraTar f[ ﬂ‘m'r Ao Mazan (A)

PERGKTH O
AUTHORS: Ber gst'Tom® &7} fre v 'B) T ES My &tutear ARV HE ¥ Li near

Pl asmi d- ENCOAEMAT 3T A5¢ ACT ©TT GAC 534G Ras AAC AGE DTTTCA GTA GAT TIG SCT GGT GAA AT
Asn Vi Sar Se Leu Asp G y¢ Aen Sar Val Ser V3 Asp wed P Gly Qv Me:
133:
ALZ GTTCTY QTR AGC KAA GAA AAA AAT AAL GAC GGC AATG TACGAT GTA AT GCA ACA
ASZ V& fan Vi Se Lys Glu lyc Asn lyz Azp Gly Lys Tyr Aso Lww e Az v

GYA GAC AAG CTT GAG CTT ALA GCAACT TCT QAT AAA ARC AAT GGA TCT GGAGIACIT
Vai Asp Lve Lov Gv Lew Lys Gly Thr Sec Aag Lys Asn Asn Gy Ser Gy Val Lo«

SAA GGC GTA AAA CCT GAC AAL AGT AAA GTA AAA TTA ACA ATT TUT GAC GAT €T GGT
Giu Qi Vet Lys Ala Asp Lys Ser Lyt Vval Ly Ley 7-r lla Sec Asp L4p Lau Gly

CAA ACC ACA CTT 3AR 3TT TTC AAA OGAA GAT G3C AMNA ACA CTA GTATCA AAA ARA GTA
G Ter The Lew Glu Val Phe Lys Glv Avp Gly Lya Th- Leu Val Ser Lye Lgz val

ACT TCC AAL GAC AAS TCA TCA ACA GAA GAA AAA TTC AAT GAA AAL GGYT GA2 CTA TCT
Toe Set Lys Aso Lys Ser Ser Ty Glu Giv Lys Phe Axa Gl Lvs Gy G Val Se:
(149
GAA AAZ ATA ATA ACA AGA GCA GAC GGA ACT AGA CTT GAA TAC ACA GAA AT AAA AGC
G Lys fe e Tv &g &lu Asp Gy Th &g (aww Siv Tye The Qly lle Lye Seor
{18¢
GRTCGATCT GCA MAGET ALAGAG GTT TTA AAA GGQC TAT QTT CIT 3AA GGA ACT TTA
Asp Gy Sar Gly Lye Afa Lys Gy Vel Leu Lys Jfy Tyr Val Lew Gl Gly Tnr Leu

ACT GG~ CAA AAA ACA ACA TTG QTG GTT AAA GAR CGA ACT GTT ATT T7a AGC AAA AAT
™ aa Clw Lys TR Tht Lot va! Va1 Lys Giv Qi Trr Yai The lay Sor Lys 4

&TT TCA AA TCT GGA BAA ~T7 TCA 31T SAA CYT AAT GAC ACT GAC AGT AGI GCT GCY
19 Seor Lys Ser Gy 3w Val Sor Vil Glu Las Asn Asp [hr Asp Ser Sar Ala Al

LCT AAA AAA ACT GCA GCT TGG AAY TCA GGC ACT TCA ACT TTA ACA ATT ACT GTA AAS
The tye Lys Tow Az Ae Tmp Azn Se¢ @y T Bor Thr Leu Thr s Tty Vai Asn

RGT AAA RAR ACT &24 GAC ZT1T GG TTIT ACA AAK GAA AAC ACA ATT ACA CTA CAL CAA
Sar Lyt Lys Thr Lys asp Lee V3 Phe Thr Lye Glu Aan Tir e T Vil Gin Gin

S TAT GAC TCA AAT GOC ACT AAL TTA GAG GGG TC4 GTA GTT GAA ATT ACA AAA CTT GaT
Tyt Aea Ser Asn Qiy Toe Ly« Leu Qia Gly Ser Ala Vo Glu lle The Lvs Luu Asp

GAA ATT AAA AAC GCT TTA AAK
G to Lye Asa am Lav Ly

Ecofll
¥ AOAGAATIC A PAGAATTTATAAARARAT ALY AT LiremrrreromrsersmerreT
Cepd, Banid
fermeeereneamrearensnmere seenen_ GAAGTACTITAATITITGCGAAATTIT CCTAGUAGR 5
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Sur face Proteins, ospA And OspB. Of The Lyme

-Di sease

nucl eic acid

Spirochaet e Borrel-aBurgdorferi . (O JOURNAL: Mol . M cympx Ot’mfy,
(D) VOULME: 3 _ ) PAGES. 479-486 (G DATE: 1986

(xi) SEQUENCE DES s BRBRepDedNO. 21 - AGAGGAT TITAAAGOGT—
TTTTAATTTC ATCAAG u 36 ( AREPNRCRVENTOSHEOR | SEQ
| D NO 3: (h RATERI STI CS: A—tENGTH. {819
base pairs (B

STRANDEDNESS: si ngl e
TYPE: DNA (genomi c)
(X) PUBLI CATI ON | NFORMATI ON: :

F
(

1i1) HYPOTHETI CAL: NO

(D) TOPOLGY: Iinear
- 85(4) AUTHORS

(12 7' This 80 ¢

(iv) ANTI- SENSE{ NO

- Fplsi£o R

We claim: (

1. An isolated DNA molecule comprising a DNa sSequence
which encodes a polypeptide selected from the group
consisting of: ' |

(2) an OspA polypeptide havin i
g the amino acid
of SEQ ID NO: 4; Tenee

(b} an OspA polypeptide havin N
g the amino acid s
of SEQ ID NO:10; equence

() a2 polypeptide encoded ‘by nucleotides 200-819 of
SEQ ID NO: 3; and

(d) a polypeptide encoded by nucleotides 400-818 of SEQ
ID NO: 3. |

2. The DNA molecule according to claim 1, wherein the

_DNA sequence is the sequence set forth in SEQ ID NO: 3

3. The DNA molecule according to claim 1, wherein the
DNA sequence is the Sequence set forth in SEQ ID No: 9.

4, The DNA molecule according to claim 1, whérein

said DNA sequence comprises nucleotides 400-818 of SEQ ID
NO:3.

5. An isclated DNA molecule having the DNA sequence
of nucleotides 200-~819 of SEQ ID NO: 3.

6. An isolated DNA molecule having the DNa Sequence
of nucleotides 400-819 of SEQ ID No: 3.

7. A recombinant or synthetic DNR molecule
comprising a DNA sequence which encodes a4 modified N40 ospa
polypeptide, wherein the amino acid sequance of said

: * c L M $ *



A D, St N KANTOR FREDS
FLAVELL R CHARB—/-\L . AGENT BY | MW

RECOVBI NANT CspA Thi (C JOURNAL: SC|ence
26- OCT-1990. S &

ATTTATTGGG AATAGGT
GITAGCAGCC TTGACGA !
CTTGTAAGCA AAGAAAAA CAAAGACGGS

' TAATAGCATG TAAGCAAAAT
T TCAGTAGATT TGCCTG
AAGTACGATC TAATTGLAA

180 CTTGAGCTTA AAGGAACT TC TGATAAAAAC AATGGATCTG GAGTACT TGA AGG%T

240 GCCTGACAAAA GTAAAGTAAA ATTAACAATT TCTGAOGATC TAGGTCAAA “AE

300 300 GITTTCAAAG AAGATGGECAA AAGYTAGTA TCAAAAAAAG TAACTTCCAA
AGACAAGTCA 360 TCAACAGAAG AAAAATTCAA TGAAAAAGGT GAAGTATCTG
AAAMAATAAT ARGAAGARCROLyERBTide CACRIANARY GAGHTEAN ¢ GACARINIEE ARPAGDCATG
GATCT A AAAGAG 480 GITTTAAAAG CCTATGITCT TGAAGGAACT

TTAACT CAAC ATTGGTGGTT 540 AAAGAAGGAA CTGITACTTT

T ATTTCARAATICT @DBBAAER LG TEAMERGRA FF06EQ IR THRAA TEARCT MBICAGTAG

TCCTCCTACT AMVMIAGH2 LAGThECEAMGE TR HEh de1660d; TCAACTTTAA
CAATTACIGW (JKS%) the aﬁggo aEEéCEEEEﬂﬁéL QEAgﬁéAfﬁwﬁb Z to which

one or more amino acids have been added; and _

(¢) the amino acid sequence of SEQ ID NO: 4 in which
one or more amino acids have been substituted, provided that
the amino acid sequence is not the amino acid sequence of
B31 OspA or ZS7 OspA;

wherein tha amino acid sequence of said modified N40 OspA i1s
at least 90% identacal to the amino acid sequence set forth
in SEQ ID NO: 4, and wherein the modified N40 OspA
polypeptide has The bioclogical activity of N40O OspaA.

8. A recombinant or synthetic DNA molecule comprising
a DNA sequence which encodes an 25015 OspA polypeptide,
wherein the amino acid sequence of said modifiad polypeptide
is selected from the group <onsisting of:

(a) the amino acad sequence of SEQ ID NO: 10 from which
one or more amino acids have been deleted;

{b) the amino acid seguence of SEQ ID NO: 10 To which
one or more amino acids have been added;

(¢) the amino acid segquence of SEQ ID NO: 10 in which
one or more amino acids have been substiruted, provided that
the amino acid sequence is not the amino acid sequence of
B3l OspA or ZS7 OspA;

Wherein the amino acid sequence of said modified 25015 Ospa
is at least 90% identicazl to the amino acid sequence set
forth in SEQ ID NO: 10, and wherein the modified 25015 Ospa
polypeptide has the bioclogical activaty of 25015 OspA.
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AACACAATTA CAGFAGANGA-ATACGACTCA AATGOCACCA AATTAGAGGS GWCAGCAGTI .
780 ' GAAATTACAA AACTTGATGA AATTAAAAAC GCTTTAAAA 819° (2) mb#&ﬁﬁ%xvcw

SEQ I D NO 4: . '*@#MRACTERISTICS (A EENGHE 273
am no acids Fiaglami no acid . (O

single "’ ( llnear (|i) MOLECUL YE@?DSRﬁﬁaﬁa
(iii) HYPOTHETTCAL: NO (iv) ANTI-SENSE: NO (x) N

| NFORVATI ON: (A) AUTHORS: FI KRI G EROL ‘

BARTHOLD, STEPHEN W KANTOR, FREDS: (B)
-TTTLE: PROTECTI ON OF M CE AGAI NST THE- L&M= DI SEASE AGENT

BY | MVUNI ZI NG W TH RECOVBI NANT CEfA (© JOURNAL: Sci.ence
(0 DATI!:_: 26- OCT2199(The DNA molecule according to any one of claims 1

to 8, wherein said DNA sequence encodes a protective
epitope. '

10. The DNA molecule according to claim 1, wherein
said DNA sequence encodes an epitope selected from the group
consisting of: a T cell epitope and a B cell epitope.

11. A DNA moleculs comprising a DNA sequence which
encodes a fusion protein, said fusion protein comprising a
B. burgdorferi polypeptide selected from the group
consisting of;

(a) an OspA polypeptide having the amino acid seguence
set forth in SEQ ID NO: 4;

(b) an OspA polypeptide having the amino acid sequence
set forth in SEQ ID NO:10;

(c) a polypeptide encoeded by nucleotides 200-819 of SEQ
ID NOt 3; and _ | |

(d) a polypeptide encoded by nucleotides 400-819 of SEQ
ID NO: 3;

and an additional polypeptlde.

12. The DNA moleculea according to claim 11, wherein
said additional polypeptide ig selected from the group
consisting of:

(a) a polypeptide having the amino acid sequence set
forth in SEQ ID NO: 4 and serotypic variants theréof;

(b} a2 polypeptide having the amino acid sequence set
forth in SEQ ID NO: 10 and seratypic variants thereof;

{c) a fragment of a polypeptide of {a) or (b):

(d) an OspB polypeptide or fragment thereof;

(e) a B. burgdorferi flagella-assaciated protein or
fragment thereof;
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(xi')~"SECUEN =0 |'D- NOY @ 5 |vet Lys .Ly"s _‘Tyr'“ Leu Léu G y
lie Gly Leu IIe Lel Ala Leu I .a ol :
10 Cys Lys @ n Asn Val Ser &Eﬁ-@&ﬂ‘&@g éP[EtL‘ys Asn

Ser Val Ser Val This Sheet Has Been Replaced) - : - 2b 30
Asp Leu Pro Ay GJ]IHEJM'I“E!I Leu Val Sef Lys Gu Lyk MMZQW

35 45 Asp @yl Lys Tyr Asp Leu Ile
Alfa. Thr Val Asp L Lys 50 55.

60 Gy Thr Ser Asp Lys Asn Asn Ay Ser Ay Val feu u Gy Val lys
65 75 80 Al a Asp
Lys Ser Lys Val Lys Leu thr Ile Ser Asp #8p-Leu Ay An

85 90 95 Thr Thr Leu G u Val Phe Lys
Au Asp Ay Lys Tiff) laxu egdicofer ofyHepatitis B virus Cpgg antigen; 105
110 Ly, hr, ’ S Asp Lys Ser Ser Thr Qu du Lys Phe
Asn G u (g)lff_) Ve 1 ihfapi®iophby 150 155 ve dy

G u Val Fer. Gu LY 13 & 192 ITPisegeh a Asp Ay Thr Arg
(1) both 2 T cell and a B cell epitope; and

- (3) & polypeptide of (a) - (i] joined to any orher
polypeprtide of (a) - (1).

13. The DN2Z molecule according to claim 11, wherein
the DNA sequence further encodes a multimeric protein.

14. The DNA molecule according to any one of claims 1
to 13, wherein said DNA sequence 13 operatively linked to
ocne or more expression control sequences.

15. A unicellular host transformed with a DNA molecule
according to any one of claims 1 to 14.

16. The unicellular host accordi.né to clzim 15,
wherein said unicellular host -is a cell selected from the
group cansisting of: strains of E.coli; Psevdomonas;
Bacillus; Streptomyces; yeast; fungi; animal cells; plant
cells; insecr ceils; and human cells in tissue culture.

17. A method for producing a polypeptide, comprising
the step of culturing a unicellular host according to claim
15 or 18.

18. An isolated polypeptide comprising the amine acid

sequence set forth in SEQ ID NO: 4.

1s. An isolated polypeptide comprising the amino acid
' sequence encoded by nucleotides 200-819 of SEQ ID NO: 3.

-
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130"

Ser Aép Ay Ser ay Lys—ﬁd—a—lrys—Glu 145

155 Val " Leu Lys Ay -Tyr Val

Thr Ala du Lys eetlllas%eenR laced -~ - Y165 y- 1y

175 Thr H Mm "’mf u @y Thr Val Thr Leu Sdr
180, 190 Lys Ser '

G u Leu Asn Asp Thr Asp Ser Ser Ala 195

135 . w0t Léu du Tyr Thr Qu lle Lys

205 Ala Thr Lys Lys Thr Ala Ala Trp Asn Ser Qvy

210 215 2289 - e Thr ~Asp, Ser Lys Iys
Thr Lys Asp Leu Val Phe Thr Lys Qu 225 230 "““\~~m\f
235 20. 24G:n 1solA$edTbolypepﬂ1neth@ﬁﬁsiﬁbntﬁyranspoSa:1Asn
Gy Thr| Lys 2454,

255 sl1:'%e%regalﬁé a E‘\l}clmiéd bIyl guﬁ:%rEORI e%oqb\selgGotf Ing Lys Asn AI a Leu
260 265 270 Lys (2) I NFORVATI ON FOR
SEQ I D [NO 5: 21(1) SFQJITE G ABERLEIL£61 polypeprit) clbieTdungt hase
pairs (B) TYPE: nucleic aC|q f> TRANDEDNESS: si ngl'e

(D) TOHOL coBR [wid acid sequence selected from the group consisting

of:

(2) the amino acid sequence of SEQ ID NO: 4 from which
one or more amino acids have been deleted;

(b) the amino acid sequence of SEQ ID NO: 4 to which
one or more amino acids have been added;

(¢} the aminc acid sequence of SEQ ID NO: 4 in which
one or more amino acids have been replaced with a non-
naturally ogecurxring amino acid;

(d) the amino acid sequence'of SEQ ID NO: 4 in which
one or more amino acids have been substituted, provided thar
the amino acid sequence is not the amino acid sequence of
B31 OspA or ZS7 OspA;

wherein the amino acid sequence of said polypeptide is at
least 90% idenrical to the amino acid sequence set forth in
SEQ ID NO: 4, and wherein the polypeptide has the biological

. activity of the polypeptide of SEQ ID NO: 4.

22. A fusion pratein comprising a first polypeptide
and an additional polypepride, wherein said first

polypeptide is a polypeptide according to any one of clainms
18 ro 21.

23. A multimeric protein comprising a polypeptide
according ro any one of claims 18 te 21.

* c L M S *



"MOLECULE TYPE: E)NA (gen G |'|""')’ HYPOTHETI GAL NO. (i )

()" o) T AL

ANTI - SENSE: NO ' (A RS: Bergstrom S. (B) TTTLE:
Mol ecul ar Analysis O _Li PlasnlddEncoded Suﬁiaﬁﬁ
Proteinns, OspA-An pB, S'Qaéhl Dis afg‘ﬂq

Borrelia Burgdorf er iy Sheet B2 OURNAL: Mbl . M cr obiol{.

-9 - (F) PACES: { f
(G- DATE: 1986 (X DESCRI PTION: SEQ I D j I
GGAGAATTTA TGAGATTATT A i
| NFORMATI ON FOR SEQ | D NG 6: (1) SEQUENCE CHARACT! j
(A) LENGTH. 37 base pairs (Br ¥YPE: nucleic acid )~

STRANDEDNESS: single : i
4, An i1solated polypeptide comprising the amino acid

saquence set forth in SEQ ID NO: 10.

25. An isolated immunogenic polypeptade consisting
essentially of at least 10 contiquous amino acids of SFQ ID
NO: 10, other than a polypeptide of B. burgdorferi strain
B31 or Z87.

26. A modified B. burgdorferi polypeptide comprising
an amino acid sequence selected from the group consisting
of: :

(a) the aminoc acld sequence of SEQ ID NO: 10 from which
one or more amino acids have been deleted;

(b) the amino acid sequence of SEQ ID NO: 10 to which
one or mare amino acids have been added;

{c}) the amino acid sequence of SEQ ID NO: 10 in which

- one or more amino acids have been replaced with a non-
naturally occurring amino acid;

(d) the amino acid sequence of SEQ ID NO: 10 in which
one or more amino acids have been substituted, provided that
the amino acid sequence is not the amino acid sequence of
B31 OspA or ZS7 0Ospl;

wherein the amino acid sequence of said modified 25015 QspA
1s ar least 90% identical to the amino acid sequence set
forth in SEQ ID NO: 10, and wherein the modified 25015 OspA
polypeptide has the biological acrtivity of 25015 OspA.

27. A fusion protein comprising a first polypeptide
and an additiocnal polypeptide, wherein said firstc

polypeptide is a polypeptide according to any one of claims
24 To 26.
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TOPOLOGY:

.- io. L

. HE . i wee "
PR ; . . i i .

I’ near -

(D) (i) NOLECULE TYPE. DNA (geénomic) = - (iii)
HYPOTHETI CAL: NO (v} ANF—SENSE. NO (x) PU N

| NFORMATI ON: (A) AUTHCRS: Bergstron1 S. EPLAL AHR
Mol ecul ar Anal ysi sﬂsﬂeumsﬁeeﬂ‘ - Encoded | —Whjor—Sur fece
gort o112 strbaoror [ IR Scusn o otf 522 %ﬁmﬂaﬁgﬁ |
VOLUME : 3 479- 486 (G : Xif) -
SEQUENCE DESCRI PTI ON: SEQ I D NO 6: TCTGGATCCT TTT. _
TTTTTAAGCT CTGAAAG 37 -~ER
SEQ ID NO 7: (i) SEQUENCE CHARATERI BTI Cs: (A) LENGTH. 35
S oo R g g S
(genoni c) accorému Fo HROTEST IcdAIcljdms 24 9 \A6.ANT| - SENSE: NO .
29. A vaccine comprising an isolated B. burgdorferi
OspA polypeptide and a pharmaceutically accepcéble carrier
or vehicle.
30. A vaccine consisting essentially of an isolated B.
burgdorxferi OspA polypeptide.
31. A vaccine comprisang a component selected from
The group consisting of:
(a) a polypeptide according to claim 18;:
(b) a polypapride according to claim 19:
{¢) 2 polypeptide according to claim 20:;
{d) a polypaptide according to claim 21;
(e} a fusion protein according to claim 22;
(f) a multimeric protein according to claim 23;
angd '
(g) a B. burgdorferi OspB polypeptide,
32. A vaccine comprising a component selecred from The
graoup consisting of:
(a) a polypeptide aceording to claim 24:;
(b) a polypeptide accordaing to claim 25;
{c) a polypeptide according to claim 26;
(d) a fusion protein according te claim 27; and
(f) a multimeric protein according to claim 28.
33. The vaccine according TO any one of claims 29 tTo
32, wherein the B. burgdorferi polypeptide is crogslinked to
an immunogenic carrier,
e

-
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). “PUBLI CATI ON |NF0R|VAT ON (A) AUTHCRS. GAS‘%NAN ds

gB) TTTLE: ‘NUCLEOTI DE .SEQUENCE OF A" GENE ENCODI NG THE =ﬁtPL Gﬁw'ﬂi fr L’
BORREL|I A BURGCDORFERI FLAGELLN (C) JOURNAL: Nucliei g1 b
(D) VOLUME:” 17- . F AGES 3590-3590 .. (® DATE: 1989
(xi) SEQUENCE DESCR . 7: AGAGAATTCA GGAGATrATJANTHAT CAAT
CAFAA INFCRN%TICN FOR SEQ|I D NQO 8:

(1) SEQUENCE CHARATERI (A) LENGTH 31 base pairs

(B) TYPE: nucleic acid (C) STRANDEDNESS: si ngl (D)
TOPOLOGY: | i near (i) MOLECULE TYPEg2 BNA (genonic) (i) '
HYPOTHETI CAL: NO (1v) ANTI-SENSE: NO

34. The vaccine according to any one oﬁ claims 29 to
33, further comprising an adjuvant.

35. A method for treating or preventing B. burgdorferi
infectrion and Lyme disease comprising the step of
administering to a patient an effective amountr of a vaccine
according to any cne of elaims 29 to 3¢..

36. A diagnostic kit comprising instrucrtions for use
and a component selected from The group coasisting of;

(2) a DNA molecule according To any <Qne o claims 1 to
d or 11 to 13;

(b} a polypeprtide according to any one of claims 18-21

or 24 to 26;

{c) a fusion protein according to clalm 22 or 27; and

{(d) a2 multimeric provtein accerding to claim 23 or 28.

37. A method for detecting B. burgdorferi infection
comprising the step of assaying a body fluid of a suspected
infected mammalian host with a molecule selecred from the
group consisting of:

(a) a DNA molecule according to any one of claims 1 to
8 or 11 to 13:;

(b) a polypeptide according To any one of claims 18-21

or 24 to 26; |

(c) a fusion protein according to claim 22 or 27; and

(d) a multimeric protein according teo claim 23 or 28.

38. A process for selecting a B. burgdorferi
polypeprtide which elicits in a mammalian host the formation
of an immune response which is effective To protect against

A RO



(A) AUTHORS! "GASSMAN". G -S: 'BORRELI A BURGDCRFERI

FLAGELLI N (CD JOUR - clelc ACIdS Res. .-
17 3590- 3590 ; (9 DATE 1 %P LAG

SEQUENCE . DESCRIPTéﬁil sb&mm@ﬂsm AGAGGATCCT TATCTAA ATGACAAAACA
ba

31 (2) | NFORMATI (i) SEQUEN Tg@gﬁmﬁs
(A) LENGTH 819 (B) TYPE: nuleic
STRANDEDNESS: doubl (E» TOPOLOGY: |inear
(A) NAME/ KEY: CDS (B) LOCATI ON: 1..819

- 81 -

cyd

-~ 83 -~

Lyme disease as caused by infection waith B. burgdorfari,
comprising the steps of:

(a) jumunizing a mouse aof strain C3H/He with a B.
pargdorferi polypeptide; '

(b} inoculating the immunized mouse with B.
burgdorfexri; and

{c) identifying a polypeptide which protects the

immunized mouse against B. burgderferi infection and Lyme
disease. ' '

39. The antibody produced by the hybridema having ATCC
accession number HB 10878.

40. The hybridoma having ATCC accession numbezr HB 10878.

41. A process for selecting an antibody which protects an

lmmunocompetrent animal against Lymne disease and related
.disorders as caused by B. burgdorfer: infecTion comprising the
steps of:

(a) immunizing a mouse of strain C3H/He with the
antibody; '

(b) challenging the immunized mouse with
B. borgdorferi; and

(c) selecting the antibody which protects the
immunized mouse against infection and Lyme disease.

42. A method for producing a protective monoclonal
antibody, comprising the steps of:

(1) immunizing an aniamal with the polypeptide selecred from
Tthe group consisting of:

ta) a polypeptide according To any one of claims 1l8-21
or 24-26;

(b) a fusion protein according to ¢laim 22 or 27; and

* C L M S *



20-
GIT
Lys
45
192
55
GAA
AQu
80
288
85
GAA
Lys
110
384
115
ATA
Met
140

CTIT GTA ACC GAA AAA GAC AAA 144 Asp Lep Pro~ Gy Gu—ive

Val

30 GAT TTG cCar

—

Leu Val Ser Lys G u’'Lys Asp Lys .35 40

GAC GBC AAG TAC AGT CTA ATG GCA_Aga GTA GAC AAG CTT GAG CIT AAA
Asp Ay Lys Tyr Ser Leu Met Ala Thr Val Asp Lys Leu GQu Leu Lys 50

GGJ"

<
co
A

G
A
AQA

Ly$

() @D mu@@imé%cTﬁFo@Jn APFs ARG T Cofa T T23 GB35 25 CTT
C GTA A@? %%Qduc:mg %)Ln'&omggrbs; Dy LY ¥8S SN tlgey ’7@3 LafyyVal Leu

Val
[aXa WAfadoC AAA GTA AAA TTA ACA GIT TCT GAC GAT CTA AGC ACA
a Asp V er Thr

by s%‘fe%%ﬁxg HordoiohgY Iﬂ{:lﬁ@rﬁlée Cgl%&cééTbgA%héT T A AAA
NFYIEsionas /e STER GRG BeK ARase which hayss thier aPRtiE¥UT® u val Leu
‘Jﬁﬁi}bﬁ‘ Y8 LYEuF&ﬁozLFé!mVQJnfg%EibﬁSor cime diseas&O@n an 105

I AAG TCA TCA A GAA GAA AAG TTC AAT GAA
1'%&‘3“%?‘“%%‘?9'&?% ys Ser Ser Thr Au Gu Lys Phe Asn G u
120 125 AAA GGEC GAA TTA GIT GAA AAA

QT; Arg ﬁ'ﬁA %A& %%%CQQ%E@lﬂggélg Zpi‘!ytgec@:')‘re%nkgzoxgi Gulys lle

antlbocly produced by the method according to claim 42,

44. A method for prodbecing a protective monoclonal

- jantibody comprising the steps of:

(1), immunizing an animal with a B. burgdorferi polypeptide:

(2) produciag hybridomas using cells from the immunized
animal; and

(3) screening monoclenal antibodies produced by the
hybridomas of step (2) by the merhod according to claim 41.

45. A merhod for treating or preventing B. burgdorferi
infection and Lyme disease in an ilmmunocompatent subject,
comprising the step of administering an effective amount of the
antibody according to claim 39 or a composition according to
claim 43.

46. A method for detecting B. burgdorferi infection
comprasing the step of assaying a body fluid of a suspected
infecred mammalian host with the antibody accerding to claim 39.

S NG9~ ATG. AMA. AAA TAT TTA TTG GGA 4 ATA-'.'-

GI CTA" ATA TTA GCT—FFA ST 43 Met Lys

ITe Ay Leu I1é Leu Ala Leu I e Aja 1 5 HEPLACER HEMTLKS#X,L; 10

15 TGT AAG CAA -/ Steeyil T GAC GAG AAA AAC AGCIGIT TCA GIA

96 Cys Lys @ 'n Asn “ u Asp Qu Lys Asn-Ser Ma gegGM 2600
ATG AA



CTT GAA TAC ACA GGA| A=A
Leu Gu Tyr Thr dy
150

GAA GGA ACT CTA ACT
Gu @y Thr Leu Thr

‘GGA TCC GGA AAA GCT AAA GAA
y Ser @ LyREPLACEMEN@

52 i by g g&{

175 ACA TTG GIG GT| GTBSACT g E%S"Aﬁ" ----- |
576 Thr Leu Val Val *typseGu—Gy Thr Mal Thr Le e‘? et i s Paged -5dp page ----- '
180 We claimi85 190 TCT GGA GAA GTA,

GAA CTT AAT GAC ACT GAC AMT CAA 624 Lyk_SPATE OF RECEHT.T. % felll
Leu Asn Asp Thr Asp Ser Thr G n 195 200

205 CL. T ACT TTA
A 672 Ala Th B D ﬁ%fgmeﬁﬁléﬁﬁpli@%%%ﬁs& e
Thr 210 which e*‘xcodes a mYpeptide selected 202bm AKE ATBUBTA AAC AAC AAA
AAA ACT AAA %,% JT ACA AAA CAA 720 Ile Thr Val Asn Asn Lys
Lys Thr Lys Ala Leu he Thr Lys @ n 225 230

235 (2) 2amy O%pEC PRAAPAPLifdephFTinT A AIIAD GESATE&IBENCEBCA ACC

AAC TI G GAA of SB8 fomdhradle Thr Ser G n Lys lyr Asp Ser Ala Qy Thr Asn

L GQu
eu (b) an OspA polypeptide having the amino acid sequence

of SEQ ID NO:10;

{c) a2 polypeptide encoded -by nucleotides 200-819 of
SEQ ID NO: 3; and |

(d} a polypeptide encoded by nucleotides 400—819 of SEQ
ID NO: 3.

2. The DNA molecule according to claim 1, wherein the
DNA sequence is the sequence set forth in SEQ ID NO: 3.

3. The DNA molecule according to6 claim 1, wherein the P
DNA sequence is the sequence set forth in SEQ ID NO: 9,

4, The’ DNA.molecule ‘according to claim 1, wherein
said DNA sequence comprises nucleotides 400~818 of SEQ ID
NO:3.

5. - An isolated DMA molecule having the DNA sequence
of nucleotides 200-819 of SEQ ID NO: 3.

6. An lsolated DMA molecule having the DNA sequence '
of nuclectides 400-819 of SEQ ID NO: 3.

7. A recembinant or synthetic DNA molecule
comprising a DNA sequence which encodes a modified N40 Osph
polypeptide; wherein the amino acid sequence of said
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245 - 3 J72507 s 255 GCGC ACA A GHC-GAA-ATT—AAA-ACA
CTT GAT GAA NTI AAA AAC GOF: TTA 816 Ay Thr Ala Val Gu lle Lys Thr Leu
Asp Gu lle Lys Asn Ala Teu] 260 This SheetHgsBeen Replaced

270 GAA 0
819 G u (p) |NFOR|\/AT8Q| SEQ I D NO. 10:

CHARACTERI STi CS (A) LENGTH : 273 am no ac

TYPE: am no ld (D) TOPLEQGY: |inear _(||) NCLECULE
TYPE: protein (XI") SEQUENCE DESCRI PTION: SEQ I D NO 10: Met Lys Lys
Tyr Leu Hﬂ&f@ﬂé&'ﬂ%#ﬁ?ﬁc&@ﬁe'hg Leledtéd Letbn Itteflgdoupl consisting 5 '
10 s Lys A n Asn Val Ser Ser Leu Asp GQu Lys Asn Ser
val Ser @#: 20 25 30 - Asp Leu
Pro Ay Gu Mia)lhe/anineuaal Sequényse @ S8 Mspo:ys from whiclb

40 Ty t Ala Thr Val Asp Lys Leu
Gu Leu OR§ OF mage 001 o5 R P h¥§e%éer§etielle‘?}édvb 60 Qy Thr Ser Asp

Lys Asn Asn G {piSehaGamivgl acdd epquenge \af 8@ I NO: 4 to which 70
75 one or more Hhin®d AcAAR hiGe BLeh Yhaddd; laky Leu Thr Val Ser Asp Asp
Leu Ser Thr : ' .
: (¢) the amino acid sequence of SEQ ID NO: 4 in which
one or more amino acids have been substaituted, provided ghat

the amino ae1d sequence 1S not the amino acid sequence of
B31 OspA or 2S7 Ospa; '

whereain the amino acid sequence of said modified N40 OspA is
at least 90% identical to the amino acid sequence set forth
in SEQ ID NO; 4, and wherein the mcdified N40 OspA
polypeptide has the biclogical activity of N40 OspA.

8. A recombinant or synthetic DNA molecule comprising
a DNA sequence which encodes an 25015 OspA polypeptide,
wherein the amino acid sequence of said meodified polypeptide
is selectred from the group consisting of: '

(a) the amino acxd-sequénce of SEQ ID NO: 10 fram which
one or more amino acids have been deleted;

{b] the amino acid sequence of SEQ ID NO: 10 to which
one or more amino acids have been added;

(c) the amino acid sequéncé of SEQ ID NO: 10 in which
ane ar more amino acids have been substituted, provided that
the amino acid sequence is not The aminoc acid sequence of
B31 OspA or 2S7 OspA;

Wherein the amino acid sequence of said modified 25015 Ospa
1s at least 908 idenrical to the amino acid sequence set
forzh in SEQ ID NO: 10, and wherein the modified 25015 OspA
polypeprtide has the biclogical acrtivity of 25015 Ospa.

LT |




85 . R&PLACQQWT SHEET 95 Thr Thr Leu Qu Val Leu Lys qu
Asp Ay Lys {Thp~tetr-al—Ser—iLyls 100

110 Ar hri Ser Lys Asp Lys Ser Ser Thr ee :
Asn G u oy FeS b 120 Leu |
Val @u Lys |l Mt Ala Arg a Asn Gy Thr Ile 130 1 ‘

140 Leu GujTyr Thr Gy Ile Lys Ser Asp .gly Ser Ay Lys Ala Lys G u 145
150 155 §66° Thr Leu Lys Gu Tyr Val Leu

(I)‘<

Gu @y Thr Leu r L 170
175 Thr Leu Val Val Lyscéwn'%ﬁ é#ﬁle»%ﬁcﬂﬁ9iﬁg toS@P§Ly%eFf£ Flaing 1

180 to 8, whes®in said DNA sequexma encpdeSer prgtéttival Thr Ala Gu
Leu Asn Asp JHu rd%%o Ser Thr dn - 195 200

205 A a Thr Lys 'Lys Thr Ay Lys Trp Asp Ala Gy Thr Ser. Thr Leu Thr

210 215 220

10. The DNA molecule according to claim 1, wherein
said DNA sequence ancodas an epitope selected from the group
consisting of: a T cell epitope and a B cell epitope.

11. A DNA molecule comprising a DNA sequence which
encodes a fusion protein, said fusion protein comprising a
B. burgdorferi polypeptide selected from the group
consisting of:

(2) an OspA polypeptide having the amino acid sequence
set forth in SEQ ID NO: 4; ]

(b} an OspaA polypeptide having the amino acid sequence
set forth in SEQ ID NO:10;

(c) a polypeptide encoded by nucleotldes 200-819 of SEQ
ID NO! ‘3; and

(d) a polypeptice encoded by nucleotides 400-819 of SEQ
ID NO: 3; _ - |
and an additional polypeptide.

12. The DNA molecula according to claim 11, wherein
said additional polypeptide ig selected from the group
consisting of: |

(a) a polypeptide havxng the amino acid sequence set
forth in SEQ ID NO: 4 and serotypic variants thereof;

(b) a polypepticde having the amino acld sequence set
forth in SEQ ID NO: 10 and serxotypic variants thereof:

(c) a fragment of a polypeptide of (a) or (b):

(d) an OspB polypeptide or fragment thereof;

(e} a B. burgderfexi flagella-associated protein or
fragment thereof;

%« € L M s *




Ile Thr Val Asn Asn Lys Lys Thr Lys Ala Leu Val Phe Thr Ly Lys G225

230 ;LpLﬂza@_ﬂ L : 240 Asp Thr Ie Thr Ser @n Lys
Tyr Asp Ser Afa & “Asn-Lgau {d u eetHaSBeenRepIaced 50
255 Gy Thr Val Gu Ile lyg Thr Leu Asp Qu IIe L

260 : O XBEB 2000 270 Au (2)

| D NO 11: SEQUENCE (HARATERI STI CS: (A)

am no aci ds TYPE: jami no acid :

STRANDEDNESS: siogle (1) TOPOCO8%: -1 i near (xi) SEQUENCE

DE | PTI EQID 11: [l P L Ala L
Al gCIEeu ||O(;I GSde),g) Py an gpitope of tHepa.%%tgg kegzrus? c%ﬁ'e arhecl:@&- eu Ala Led
15 Ala An Lyg:) er,%ﬂﬁepmpdle Gy Ser A n Lys Au Asn Asp Leu

20 30 Asn Leu G u Asp Ser Ser Lys
Lys Ser Hs Gn A&Fh’ A@‘aBL%nG??%sﬂ?e' 35 40

(1} both & T cell and a B cell epitope; and
(7] 2 polypeptide of {a) = (3) joined to any orher
polypeptide of (a) - (1).

13. The DNA molecule according to claim 11, wherein
the DNA sequence further encodes a multimeric protein.

14. The DNA molecule according te any one of claims 1
To 13, wherein said DNA segquence 15 operatively linked to

one or more expression control sequences.

5. a un:.cellular host transfarmed with a DNA molecule
accordz.ng to any one of claims 1 to 1l4.

16. The unicellular host accerding te claim 15,
wheréin said unicellular host is a cell selected from the
group cansisting of: strains of E.coli; Pséudomonas;
Bacillus: -St;eptc‘)myces; yeast; fungi; animal cells: plaht
‘cells; insect cells; and human cells in tissue culture.

17. A nmethod for prqducihg a polypeptide, comprising
the step of culturing a unicellonlar host accordinyg to claim
15 or 16.

18. An isoclated polypeptide comprising the amino acid

sequence set forth in SEQ ID NO: 4.

13. An isolated polypeptide comprising The amino acid
sequence encoded by nucleotides 200-819 of SEQ ID NO: 3.
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- 84 -

50

Ser Ser Ay Ly
80 Ala Thr Il

85

Lys
110
115
Lys
140
150
Leu
175
180
Thr
205

Pro Asp Ly$ Ser
Leu Thr Vi

Leu rREﬁLA:g?EM"ENTTS’HEE@ 1 Asp Ser Val Ser Leu Phe Asn Ay Asn Lys

60 |le Phe Val TheEhebdtas BieH Rbpls eﬁsn

'yr Asp_ Leu Arg 65 °
AsP SRER/Z00G {1 [eu Lys Gy Thr Ser AspJMﬂNM“MI[
90 95 dy Ser Ay Ser

Lys Val Lys 100 105
Asn. By -Val Thr Leu G u Ala Phe Asp

S S

Thr LysgLys fGi ni&d)ated polypkp®ide comprising thesamino atid

e T8 A dBia Sy s ALY dors shguohsBrgerplye. Lys Leu 145

hr Arg Ser Asn Gy Thr Thr

Gu Tyr Ser An lle Thr Asp Al a 165 170
Asp Asn Alp Thr%éﬂ(&df‘kf‘eyaﬁ %Hrg-@l{cﬂé%‘ieb)éiéﬁéﬁt§ﬁé Ebapkisihgu

Ser Leu val \éal Ay Lys

Thr \& &hune| acigsseguemry selected jfiypom the oup cousigyin
Thr Vfll Thr Leu Lys Arg Gu Ile Gu Lys Asp Ay Lys Val Lys Val

(2) the amino acid ﬁséquence of SEQ ID NO: 4 from which
one or more amino acids have been deleted;

(b) .the amino acid sequence of SEQ ID NO; 4 to which
one or more amino acids have been added;

(c) the amino acid sequence of SEQ ID NO: 4 in which
one or more amino acids have been replaced with a non-
naturally occurring amino ac:.d.,

(d} the amino acid sequence of SEQ ID NO: 4 in which
cne or more amino acids have been substitured, provided that
the amino acid sequence is nort the amino acid sequence of
R31 OspA or ZS7 OspA; '

wherein the amino acid sequence of said polypeptide is at
least 90% idenrTical to the amino acid sequence set forth in
SEQ ID NO: 4, and wherein the polypeptide has the biologilecal

. éctlvity of the polypeptide of SEQ ID NO: 4.

22. A fusion protein comprising a first polypeptide
and an additicnal polypepride, wherein said farst
polypeptide is a polypeptide according to any one of clainms
18 to 21.

23. A mnltimeric protein comprising a polypeptide
according To any one of claims 1B tae 21.

e

T

120 . 125 Ala Ser Asn G n Lys Ile Ser Ser
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210 215 220 Phe Leu Asn-Asp Thr Ala_dy Ser

Asn Lys Lys Thr @ Pr—Ght—22 5 230 235
240 Asp Ser Thr $eRERIACEMENT HHEETI  Ser Ala Asp Ser Ly’Jé‘,us @t A Bedn)Replaced

245 Trbu 255 Asp Leu Val Hm mlmmp dy
Thr Ile Thr Val Gin|d 260 ;
270 Thr Ala Ay Thi QF?&%Q@U y Ser Ala Ser Qu lle '
275 ° 280 285 Ser Gu Leu Lys Asn Ala Leu Lys
290 295 1. An isolated DNA nol ecul e

conprising a DNA s ode3 aopolypeptide selected fromthe

dequence of SEQ PB-na AR 255LaTod) RAVBSRERIE SRR A AR AHE

acid sequence set forth in SEQ ID NO. 10.

25, An isolated immunogenic polypeptide consisting
essentially of at least 10 contiguous amino acids of SEQ ID
NO: 10, other than a polypeptide of B. burgdorferi strain
B31 or Z537.

28. A.mbdified B. burgdorferi paolypeptide comprising .
an amino acid sequence selected from the group ¢onsisting
of:

(a) the amino acid sequence of SEQ ID NO: 10 from which
one or more amino acids have been deleted;

{p) the amino acid sequence’ of SEQ ID NO: 10 to which
cne or mare amino acids have been added;

{c) the amino acid Sequencé of SEQ ID NO: 10 in which

.~one aor more amino aclids have been replaced with a non-
naturally occurring amine acid; -

(d} the aminc acid sequence of SEQ ID NO: 10 in which
one or more amino acids have been substituted, provided that
the amino acid sequence is not the amino acid sequence of
B31 OspA or ZS7 Qspi;

wherein The amino acid sequence of said modified 25015 Qspa
is ar least S0% identrical to the amino acid sequence set
forth in SEQ ID NO: 10, and wherein the modified 25015 Ospa
polypeptide has the biological activity of 25015 OspA. .

27. A fusion prortein comprising a first polypeptade
and an additional polypeptide, wherein said firsc
polypeptide i3 a pelypeptide accoxding to any one ¢f claims
24 rto 26.

[
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sequence of SEQ I D NO 10; c) a -polypeptide encoded by nucl eoti des
200- 819 of SEQ | EZ; A@MF}HOSHEET (d) a pol ypeptide encoded by nucl eot i des

400- 819 of SEQ ID 2. The DNA nol ecul g, a cor 0 C|fjn11
wherein the DNA pefjuence is the j{sgquence set forth i .
3. . The DNA nol pcpl ¢ 2¢€® 20009 fo claim 1, whereln t II is the
sequence set for h in SEQID NO: 9 : The. ordi ng

to claim1, wherg¢ sard—DNA"SEGuehce conprlses nucleotldes 400- 819 of SEQ
| D NG 3. gIg An |solatQQ_DNA mol ec@ie-havi ng the DNA sequence of
nucl eoti des 200- of SEQ ID NO 3. 6. An isolated DNA nol ecul e

havi ng the DNA seqmenc@LlimmmEemtlyeetdOQ SIS iBF0a| pohypeptide
" according to any one of claims 24 Tto 26.

29. A vaccine comprising an isolated B. burgdorferi
OspA polypeptide and a pharmaceutlcally acceptable carrier
or vehicle.

.30. A vaccine consisting essentially of an isolated B.
burgdorferi OspA polypeptide.

31. A vaccine comprising a component selected from
the group consisting ofr
(a) a polypeprtide according to_claim 18;
(b) a polypeptide according te claim 19;
(¢} a polypeptide according to claim 20;
{d) a polypeptide according te claim 21;
{(e) & fusion protein accoxrding to claim 22;
(f) & multimeric protein according te claim 23;
and :

(g) a B. burgdorferi OspB polypeptide.

32. A vaccine comprising a component selected from the
group consisting of: |
(a) a polypeptide according to claim 24;
{b) a polypeptlde accoerding to claim 25;
{c) 2 polypeptide according ta claim 26;
(d) a fusion protein according te claim 27; and

R tamans sy

{f) 2 multimeric protein according to claim 28.
33. The vaccire according to any one of claims 25 to

32, wherein the B. burgdorferi polypeptide is crogslinked To
an immunogenic carrier.
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-86- . 7. The—BhA-Totectte—acs —acqordi ng to any one—of—etai-ns- &—%9_6
wherei n sai d DNA defGBhc MBI 08EETa {prot ect i ve epito The DNA
nol ecul e according tjo claim 1, befei n said DNA sequ
epi tope sel ected frcmglg.e,:%mm gngisting of: a T cel

—

cell epitope. e(ule conprising a |ch |
encodes a fusion frotetr--seai-d fdi On protein conprising a B. burgdorfen
pol ypepti de sel ectjed fromthe groupjconsisting of; (a) an GspA

pol ypepti de having the amno acrd sequerc82set forth in SEQ ID NO 4;
(b) an CEpA pol ypepti de having the am no acid sequence set forth in SEQ | D
NO: 10; (c) a3gol yfibpt vdecdneodedobsdingcte ARY RO WE RARHAS ) IT® NO

3, and bype d yeheoti des 400-819 of SEQ I D NO
3; and an a§&|t|§na353§?§§§%9iﬁﬂ Q&]ﬁ €10 The DNA nol ecul e

according to claim9, wherein said additional polypeptide is selected from

the group consi sti %q 0%, ecnod(%bxateghiQﬁatbﬁepb@ﬁéﬁ@ﬂﬁ@eBaﬂbﬂBgasrﬂér;
sequence set fort E No; and seroty %?g gﬁlants t her eof ;
f

(b)
a pol ypepti dénffsxﬂuﬁ-@nt B me QéﬁéaééqGGPrEE" $HEFEP<EDH 1D NO 10 and
serotypi c vahisaihg SeReheQf to a patékn? Bhagfteitobe camobypepti devatcing or

b d) an GspB pol pt t f; B.
guagdorferf %ﬁﬁ&ﬂq£%8a§§béP§t€é P%téaﬁ?ggenﬁ pergg (e) @

'36. A diagnostic kit comprising instructions for use
and z component selected from the group coasisting of;
(a) a DNA molecule according To any <ne or c¢laims 1 to
8 or 11 to 13;
(b} a polypeptide according to any one of claims 18-21
or 24 to 26; )
(c) a fusion protein according to claim 22 or 27; and
(d) a multimeric protéin according to claim 23 or 28.

37. A method for detecting B. burgdorferi infection
comprising the step of assa} ing a body fluid of a suspected
infected mammalian host with a molecule selecred from the
group consisrinq of:

(a) a DNA moclecule sccording to any one of claims 1 to
8 or 11 to 13; S

{(b) 2 polypeptide according To any one of claims 18-21

or 24 to 26; _

(¢) a fusion protein according to claim 22 or 27; and

(d) a mulrimeric protein according te claim 23 or 28,

38. A process Tor selecting a B. buzxgdorfers
polypeprtide which elicits in a mammalian host the formation
of an immune response which is effective To protect against

* [ L M S *




fragment ther f Hepatitis B-virus—eere--antigen;

Pa— . |-t
- 87- () RERLACENE “”éﬁm o O('h) aBecell e tﬁﬁﬁ (i) both

aTcell and B cel | epitope nd (j) a polypep
joined to any}ofheg3 FeBy2MPtidel of (a) - (i). 1

Hag Bden Rerfldcdd
cul e
according to ¢l &im9, whereinjthe DNA sequence further 'Tineric
pr ot ein. ¥2—The DNA nol gcul e according to any one of cla to

11, wherein said DNA sequence-i$s operatively linked to one or nore
expression control sequences. 137 % i cel l ul ar host transf ormed

wi th a DNA The

ecul.e accardin ne.of .clains.1 to_ 12. - 14,
unicellularngg?% ggf&%&?nast%aéggﬁg%ﬁgf{ﬁﬁﬁﬂﬁh‘%ﬁPdBUnPEEV#ﬁfg?rﬁost is a
cel |l sel ect egofipgistng gheuprephsdSiing of: strains of E. coli; Pseudonobnas;

Baci | us; St ept OMyCes oY eaiul il FHUdRa €F erabhBhusne vatn a 5.

burgdorferi polypeptide;

(b} inocculating the immunized mouse with B.
burgdoxrferi; and .
{(c) Jddentifying a polypeptide which protects the

immunized mouse against B. burgdorferi infection and Lyme
disease.

39. The antibedy produced by the hybridema having ATCC
accession number HB 10878.

40. The hybridoma having ATCC sccession number HB 10878.

.41, A process for selecting an antibody which protects an'
lmmunocompetent animal against Lyme disease and related
-disorders as caused by 8. burgdorferi infectrion compfising the
steps of:
(2) immunizing a2 mouse of strain C3H/He with the
antibeady; ' _
(b) challenging the immunized mouse with
B. buargdorferi; and
(c} selecting the antibody which protects the
immunized mouse against infection and Lyme disease.

42. A method for producing a protective monoélonal
antibody, comprising the steps of:

(1) immunizing an anamal with the polypeptide selected from
The group consisting of:

(a) a polypeptide according to aay one of claims 18-21
or 24-26; '

(b) a fusion protein according to elaim 22 or 27; and

O Ul




cells; insect cells——ang—-humegltells in tissue culture
et hqd for pr dlﬂEPb&ﬁW%l§ tifde, conprising the stemng)ihﬂ” tur| ng a

unij cel I ul ar hdgst abefOlng tolcljaim 13 or 14. %d
pol ypepti de c g hﬁg aci d sequence set fort

17. An isol atked p I‘-'{/]EEE ri sing the am no aC|d d by
nucl eoti des 20p- - 3. 19 JUL 20

18. An isol atpd pol ypeptide co r|5|na the anmino acid sequence encoded by

nucl eotides 40 ) Protein according to claim 23 or 28;
(2) produecing hybridomas using cells from the immunized

animal; and

(3) screening monoclonal antibodias produced by the
hybridomas of step (2) for those which have the ability te
inhibit B. burgdorferi infection or Lyme disease in an
immunocompetent animal. '

43. A composition comprising a protective monoclonal
antibody produced by the mathod accozrding to claim 42,

_ 44. A method for producing a protective monoclonal
- antibody comprising the steps of:
(1) immbnizing an animal with a B. burgdorferi polypeptide:
{2) produciag hybridomas using celis from the immunized
animal; and
(3) screening monoclonal antibodies produced by the
hybridomas of step (2) by rhe method according to claim 41.

45. A method for treating or preventing B. burgdorferi
infection and Lyme disease in an immunocompatent subject,
comprising the step of administering an effactive amount of the
antibody according to claim 39 or a composition according to
claim 43.

46. A method for detecting B. burgdorferi infection

comprising the step of assaying a body fluid of a suspected
infecred mammalian host with the antibody accerding to claim 39.

_—
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19.
pol ypepti de,
any one of clainms 16 to 18. 20. A nulti
pol ypepti de according to any one of clains 16 t
| sol at ed pol ypepti de conprising the am no acid

NO  10. 22. An isolated inmmnogenigg.pol yp
essentially of at l|east 10 contiguous am no aci
than a pol ypeptide of B. burgdorferi strain B31| d¥
fusion protein conprising a first polypeptide a
pol ypepti de, wherein said first pol ypeptide is

any one of claims 21 or 22. 24.

pol ypepti de according t
)

conprising a conponent ecte

according to chaby ldonsisting of:
(d) a fusion protel? Fccordlng to claim19;

A fusion protein conprising a first polypeptide and an additional
wherein said first polypeptide is a pol ypeptide according to

TEr | REPLRCEMEN‘IOSPPEE’I%' ngGa
D I?rBDescnptlont ed ...... Cg (} )

%”Gg srm £ 5 page

Iﬁoiﬁgﬁbr
ac paged23 to paged
hd an addltlonal
h_pDWIEeOF RECERr.df A>3 o

A multinmeric proteln conprising a

%o@%‘ﬁ?ﬁf DA AT itk © Eogré
romthe group con

(a) a pol ypept fEguerRed hiicd escefas ng o lypeptide selg@ﬁe

aiﬁﬁi A vacci ne
i

finsiny st | de

(c) a polypeptide according to claim 18;

an OspA polypeptide having the amino acid

sequence of SEQ ID NO: 4;
{b) an OspA polypeptide having the amino acid
seéuence of SEQ ID NO:10;
. ‘(¢) a2 polypeptide encoded by nucleotides 200-819 of
~ SEQ ID NO: 3; and
(d) a polypeptide encoded by nucleotides 400-819 of
SEQ ID NO: 3.
2. The DNA molecule according to claim 1, wherein
the DNA sequence is the sequence set forth in SEQ ID NO:
3.
3. The DNA molecule according to claim 1, wherein
the DNA sequence is the sequence set forth in SEQ ID NO:
9.
— 4, The DNA molecule according to claim 1, wherein

said DNA sequence comprises nucleotides 400-819 of SEQ ID

NO: 3.

5.

An isolated DNA molecule having the DNA

sequence of nucleotides 200-819 of SEQ ID NO: 3.

6.

An isoclated DNA molecule having the DNA

sequence of nucleotides 400-819 of SEQ ID NO: 3.
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- 894 (e) a multimeric protein according to claim20; and

(f) a B. ‘burgdorferi OspB pol ypepti de. 36. A vaccine conprising a
conponent sel ected fromthe group consisting of: (a) a

pol ypepti de according to claim 21, (b) a polypeptide according to
cl aim 22; (c) a fusion protein according to claim23; and

(f) a nultineric protein according to ct8m 24 27. The vacci ne

according to any one of clains 25 or 26, wherein the B. burgdorferi
pol ypeptide is crodslinfB8 PYA APleailfoderpEding (fe@ny one ofglaims

vacci ne accordi g t8) wherenf Odid MNABedBefte 2Kncdddd REpre@ERELSENG an
adj uvant . ..29. A nethod for treating or preventing B. burgdorferi

i nfection and 3Rﬁﬁ?nﬁ‘sease conprising the step of adm nistering to a
patient an effective anmobunt of a vaccine according to any one of clains 25
to 28. 8. The DNA molecule according to claim 1, wherein

said DNA sequence encodes an epitope selected from the

group consisting of: a T cell epitope and a B cell

epitope.

9. A DNA molecule comprising a DNA sequence which

encodes a fusion protein, said fusion protein comprising
Qv/ | a B. burgdorferi polypeptide selected from the group

consisting of:

(a) an OspA polypeptide having the amino acid
sequence set forth in SEQ ID NO: 4;

(b) an OspA polypeptide having the amino acid
sequence set forth in SEQ ID NO:10;

(c) a polypeptide encoded by nucleoctides 200-818 of
SEQ ID No: 3; and |

{d) a polypeptide encoded by nucleotides 400-8189 of
SEQ ID NO: 3;

and an additional polypeptide.

10. The DNA molecule according to claim 9, wherein
said additional polypeptide is selected from the group
consisting of:

(a) 2 polypeptide having the amino acid sequence sat
forth in SEQ ID NO: 4 and serotypic variants thereof;

(b) a polypeptide having the amino acid sequence set
forth in SEQ ID NO: 10 and serotypic variants thereof;

(c) a fragment of a polypeptide of (a) or (b):

(d) an OspB polypeptide or fragment thereof;

(e) a B. burgdorferi flagella-associated protein or
fragment thereof;

(f) an epitope of Hepatitis B wirus core antigen;

'REPLACEMENT SHEET
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30. A diagnostic kit conprising instructions for use and a conponent

sel ected fromthe group consisting of: (a) a DNA nol ecul e according to
any one of claims 1 to 6 or 9 to 11; (b) a polypeptide according to
any one of clainms 16 to 18 or 21; (c) a fusion protein according
to claim19 or 23; and (d) a multimeric protein according to claim 20
or 24. REPLACEVENT SHEET-g87-

-90 - 31. A nethod for detecting B. burgdorferi infection
conprising the step(gl asBayelly epiltoge:fluid of a suspected infected

manmmal i an host with | gc lected fromthe group consisting of:
(a) a DNA nolecule'égéggdﬁnégf%)e %§°§§é of clains 1 to 6 or 9 to 11;
(b) a pol ypeptide addorbphly a dl mglloandot Blcekis epdtope; and to 18 or 21;

(c) a fusion proteiqj§c30§gi§5bﬁgld§ %%”Hé9 Dr(f¥$joined to any other
polypeptide of (a) - (i).

11. The DNA molecule according to claim 9, wherein
the DNA sequence further encodes a multimeric protein.

12. The DNA molecule according to any one of claims
1 to 11, wherein said DNA sequence is operatively linked

to one or more expression control sequences.

13. A unicellular host transformed with a DNA
molecule according to any one of claims 1 to 12,

14. The unicellular host according to c¢laim 13,
wherein said unicellular host is a cell selected from the
group consisting of: strains of E.coli: Pseudomonas;
Bacillus; Streptomyces; yeast; fungi; animal cells; plant
cells; insect cells; and human cells in tissue culture.

15. A method for producing a polypeptide,
N comprising the step of culturing a unicellular host
according to claim 13 or 14.

16. An isolated polypeptide comprising the amino
acid sequence set forth in SEQ ID NO: 4.

17. An isolated polypeptide comprising the amino
acid sequence encoded by nucleotides 200-819 of SEQ ID
NO: 3.
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and ° (d) a multimeric protein according to claim20 or 24.
32. A process for selecting a B. burgdorferi pol ypepti de which
~elicits in a mammal i an host the formati on of an i mmune response which
is effective to protect against Lyne di sease as caused by infection

W th B. burgdorferi, conprising the steps of: (a)

I mmuni zi ng a nouse of strain C3H He with-38- B. burgdorferi polypeptide;
(b) inoculating the immunized nouse with B. burgdorferi; and

(c) identifying a pd.ypepn deohated polipeptdde compriwingmihd zadneouse

agai nst B. bur aglojd efdqidMRc i lgqégg | 386S€1 p The
anti body produced gtwﬂ%b%bggﬁga%%in#gc AT ggcgssi on9 noufnbséEng 10878.

34. The hybri do¥& h&wi ng ATCC accessi on nunber HB 10878. 35. A
process for selecting an anti body which protects an i nmunoconpetent ani nal

agai nst Lyne di sease and rel ated . . .
19. A fusion protein comprising a first

polypeptide and an additional polypeptide, wherein said
first polypeptide is a polypeptide according to any one
of claims 16 to 18.

20. A multimeric protein comprising a polypeptide
according to any one of claims 16 to 18.

21. An isolated polypeptide comprising the amino
acid sequence set forth in SEQ ID NO: 10.

22. BAn isolated immunogenic polypeptide consisting
essentially of at least 10 contiguous aminc acids of SEQ
ID NO: 10, other than a polypeptide of B. burgdorferi
strain B3l or ZS7.

23. A fusion protein comprising a first polypeptide
and an additional polypeptide, wherein said first
— polypeptide is a polypeptide according to any one of
claims 21 or 22,

24. A multimeric protein comprising a polypeptide
according to any.oene of claims 21 or 22.

25. A vaccine comprising a component selected from
the group consisting of:
(a) a polypeptide according to claim 16;
(b) a polypeptide according to claim 17;
(¢} a polypeptide according te claim 18;
(d) a fusion protein according to claim 19;
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-91 - disorders as caused by B. burgdorferi infection conprising the steps
of : ' (a) immunizing a nouse of strain C3H He with the anti body;

(b) challenging the immunized nouse with B. burgdorferi; and (c)
sel ecting the antibody which protects the i mmuni zed nouse agai nst infection
and Lyne di sease. 36. A nethod for producing a protective nonocl onal
anti body, conprising the steps of: £8-inmuni zing an animal with the
pol ypeptide selected fromthe group consisting of: (a) a

pol ypepti de accordi ng to{ghy2 gieltimegigi rEotein gc@rdingito claim 20; (b) a
fusion proteinggording to claim19 or 23; and (c) amultinmeric
protein according to claim?20 or 24; (2) producing hybridomas using
cells fromthe i mmuni zed{(&hi3raB- Qﬂﬁgdorfér{3&5@%d§8WPﬁ§tﬁéﬁoclona

ant i bodi es produced by the hybridonmas of step (2) for those which have the
ability to inhibit B. burgdorferi infection or Lyne disease in an

i munoconpet ent ani A8, A vaccing; comprigings3 (FRIPESHSr Seingted phercti ve
monocl onal ant ithedyrpupduéesi Myiddr@ et hod according to clai m 36.

38. A nethod for producing a protective mpnoclonal_antibody, conprising the
steps of; (1) i rrrruni‘??nﬁ ‘E%W%éfiemffﬁmé W9 e Sg‘ﬁﬁﬂeﬁ' pol ypepti de;
(2) produci ng hybri donmas (bsi agpalbideptiidenatberdingitiozedadni 22} ; and

(c) a fusion protein according to claim 23; and
(f) a multimeric protein according to claim 24.

27. The vaccine according to any one of claims 25
or 26, wherein the B. burgdorferi polypeptide is

crosslinked to an immunogenic carrier.

28. The vaccine according to any cne of claims 25

or 26, further comprising an adjuvant.

29. A method for treating or preventing B.
burgdorferi infection and Lyme disease comprising the
step of administering to a patient an effective amount of
a vaccine according to any one of claims 25 to 28.

N ' 30. A diagnostic kit comprising instructions for
use and a component selected from the group consisting
of: '

(a) a DNA molecule according to any one of claims 1
to 6 or 9 to 11;

(k) a polypeptide according to any one of claims 16

to 18 or 21;

(c) a fusion protein according to claim 19 or 23;
and

{d) a mﬁltimeric protein according to claim 20 or
24,
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(3) Scréening nonocl onal anti bodi es produced by the hybridomas of step (2)

by the nethod according to claim35.

-92- 39. A nmethod for treating or preventing B. burgdorferi

i nfection and Lynme di sease in an i mmunoconpet ent subj ect,

conprising the

step of adm nistering an effective anobunt of the antibody according to
claim 33 or a conposition according to c490-m 37. 40. A nethod for
detecting B. buzgdorferi infection conprising the step of assaying a body
fluid of a suspectedlinfhatethadfiorl debetiting \B.t burgdeaderbothyfemitiendi ng t o

claim 33. comprising the step of assaying a body fluid of a
suspacted infected mammalian host with a molecule
selected from the group consisting of:

(2) a DNA molecule according to any one of claims 1
to 6 or 2 to 11;

(b) a polypeptide according to any one of claims 16

to 18 or 21;

(¢) a fusion protein according to claim 192 or 23;

: and
S~ {d) a2 multimeric protein according to claim 20 or
24,

32. A process for selecting a B. burgdorferi
polypeptide which elicits in a mammalian host the
formation of an immune response which is effective to
protect against Lyme disease as caused by infection with
B. burgdorferi, comprising the steps of:

(2) immunizing a mouse of strain C3H/He with a
B. burgdorferi polypeptide;
(b) inoculating the immunized mouse with B,
burgdorferi; and
~— (c) identifying a polypeptide which protects

the immunized mouse against B. burgdorferi infection and

Lyme disease.

33. The antibody produced by the hybridoma having ATCC

accession number HB 10878.

34. The hybridoma having ATCC accession number HB 10878.

35. A process for selecting an antibody which protects an

immunocompetent animal against Lyme disease and related
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-91-

disorders as caused by B. burgdorferi infection comprising the
steps of:

(a) immunizing a mouse of strain C3H/He with the
antibody;

{b) challenging the immunized mouse with
B. burgdorferi; and

(c) selecting the antibody which protects the
immunized mouse against infection and Lyme disease.

36. A method for producing a protective monoc¢lonal
antibody, comprising the steps of:
(1) immunizing an animal with the polypeptide selected
from the group consisting of:
(a) a polypeptide according to any one of claims 16
to 18 or 21;
' (b} & fusion protein according to ¢laim 19 or 23; and
(¢} a multimeric protein according to claim 20 or 24;
(2) producing hybridomas using cells from the immunized
animal; and
(3) screening monoclenal antibodies produced by the
hybridomas of step (2) for those which have the ability to
inhibit B. burgdorferi infection or Lyme disease in an
immunocompetent animal.

37. A composition comprising a protective monoclonal
antibody produced by the method according to claim 36,

38. A method for producing a preotective monoclonal
antibody comprising the steps of;

(1) immunizing an animal with a B. burgdorferi
polypeptide:; .

(2) producing hybridomas using cells from the immunized
animal; and '

{3) screening moneclonal antibodies produced by the
hybridomas of step (2) by the method according to claim 35.
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-92.

39. A method for treating or preventing B. burgdorferi
infection and Lyme disease in an immunocompetent subject,
comprising the step of administering an effective amount of the
antibody according to claim 33 or a composition according to
claim 37.

40. A method for detecting B, burgdorferi infection
comprising the step of assaying a body fluid of a suspected
infected mammalian host with the antibody according to claim
33,
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