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EI rr(iwhi wunu~f enesanJVncci nes FlIELD OF THE | NVENTI ON 22 nber 3
PCT/ US00/ 19763 The invention pertains to the field of veterl ha §fho éns.
More parti eudewd?g2s t he present invention pertains to the setﬁ’G@ﬂz‘;@ /4¥763
specific genes of the bacterial canine pathogen Ehrlichia canis and the
application of this technology to the devel opnment of a vacci ne. BACKGROUND
OF THE | NVENTI ON The present invention relates to the sequence of genes

from bacterium and the devel opment of a vaccine against this
orga ia canis (E. canis) is a small gramnegative, obligately
i nt race

ﬁ bacterium FhpEchiat&inn GendsarabMagbinés causes canine
rl

m)nocytr c e ichiosis (CME), a tick-borne disease which predom nantly
ects dogs. The nmpst common carrier of E. canis is the brown dog tick
th pi cgmwmﬂmmgmm%r neus. The disease was described originally in Al geria
in 193 sequently recognized in the United States in 1962, but
i s now knowsnodofrr oughout much of the world. Cani ne nonocytic ehrlichiosis
caused much concern during the mlitary dogs died
fromthe E. canis infection. ﬁﬁ@%ﬁ%ﬁﬁi‘b h currently avail able
against E. canis. It is a life threatening disease that continues to be an

i mport ant  heal t e QRGREiBn bertaieloathé faldicinstedfidy pathoganeMbraparkieulaiprthee
nmonocytic ehrlichiosis is an infectious bl oqd di seS?@ A reduction in

cel | ul ar blpsesanicineensiongertaing Heths seausnse Faercits aenes of thepaptepiglcagiitease. E
Cant S oo 1 uftPiled BARRAHESS i Ml B afichorR A0S & hhbibe | P AEYdiBFhen ol
eventuallya tst eentlre atic system and devastates multiple
organs. By vaatigeti ng the whi te bI ood cells, these cells die 22 Decenber
2003 WO 01/0762S 2 PCT/ US0O0/ 19763 off rapi dI y. These dead bl ood cells
mgrate primarily to the spleen, which enlarges as a result. The bone
marrow recogni zes the loss of the white blood cells and works to form new,
healthy cells. Ii sends out the cells prematurely, and these immture cells
do not work properly. Oten, these inmature cells mmc those in | eukemc
patients, so the disease i SBACKGROUNEDRBRTHEINEENTIOBani ne nonocytic
ehrlichiosis may predi spose dogs to vari ous cancers. There are three stages

of cani ne nonocy, ehrlichiosis; The first te stage. m

viral infection. 'Hﬁﬂ?rf’?f’tj“ PWE“%W@‘?t‘%&E Seﬂlbéélfeo ge"ﬁ%{:r ﬂﬁpe Emf&?ﬁ amage is
reversibl e gadnt Beveldiridk of & vhdckR! Again®t thRGR¥@ism. Thi s is the stage where
treatment is the nost effective, stressing the need for early detection.
Wthout treatnment, however, the animal wll progress |nto a suﬂcl i ni cal
(second) stage abinlighiaagnisHé. ewrions & swpl BRIy NApAHYS O bligatelyipEacsfitbhl  has
et o STt 8erid RInDARMEGhR AIL0IME AR CSEL bhuiniths (CME) e
bone marrow. e su massi ve | nternal henorrhage or
devel op | et ﬁlabk-b@ﬁﬁldlséaéd witish $wdbmnﬂ3adffeuls dagsoKle, mhstaomnaart eerker afdnal

failure, splenic rupture or liver f u E o s..can be ultiﬁ%drn
vitro in a fgHfrisIthy Od‘@rqqgéﬂ:kc’@"‘l’w% H eus. FiNeRSE WRE RN hce of

these cellsj mgﬂ)t%{&féle;ra z{g%uﬁs%hlher@ly|r&dé"gﬁ|z£ﬂ’§1tth9@r§t@@8bﬁé§iﬂtled2w th
primary nonoc tes whi't e bl oo s found in bone nmarrow) every two weeks.

The cul t ur ebutis aowdmymltmwugh@mmh ofithg wdrll. (ianingrmonpsytie ehrdichiopis ayssd
Dat a concernin the nes

on. the. 165 ARKACqBRaT AT VLR Y s Shen ALY EReE GRATRN it T Y

ubi qui tous G¢HERAAETher@fis ﬁ&@ac@ﬁﬁh@ﬁ §ur§¥fntl§7 fﬁ@a@'ﬂre'dgﬁhktaﬁ' fcﬁﬁﬂsl Mt isadifeel | as the
majority of organisnms worldw de. The hi gh sequence honol ogy between this

gene throug Iﬂuuatemhg disease it wontindiesrokleasan impartpes dealtnenmcent [T VRIFTIGAIRES A
devel opnent . t rlﬁ(cessary to find other genes within this genone if hope
for a vacci RS %‘6‘5%% ® his deadly disease can ever be realized.

Canine monocytic ehrlichiosis is an infectious blood disease. A reduction in
cellular blood elements is the primary characteristic of the disease. E. canis lives and
reproduces in the white blood cells (leukocytes). 1t eventually affects the entire lymphatic

system, and devastates multiple organs. By targeting the white blood cells, these cells die



Sequenci ng of the 16S rRNA gene indicates that E. cants is closely rel ated
(98. 2% honol ogy) to E. chaffeensis, the novel etiologic ageg% of uman
ehrlichiosis. Western blots of E. canis are sinilar when prdhdF Ry 2003
anti sera MOBI/§HAE s, E. chaffeensis and E 22 Decenber 2003 ANYOND7€87625
PCT/ US00/ 19763 ew ngi (anot her cause of human elulicluosis) indicating a
cl ose antigenic relationship between these three species (Chen et al.,
1994). The indirect fluorescent antibody t ést (I FA) has been devel oped for
detecting cani ne nonocytic ehrlichiosis. |FA detects the presence of
ant i bodi es _agai nst...t he 1 nvadi rgani.sm.in.a dog' s bl ood. .Unfortunately,
This st SRR Tl ot Bapd ol ARRuF Phinnfsdle fpifr Mi Rlghes B 1 nt he
acut e phasgulieaevant ARirow EBdLIRZE)ES RE3 bSthel Ahay @loddcellonmd workans ifbxadi es.
Anot her fal se negative may occur if thereis alowtiter in the chronic

st age. Anngddhedlibygellsr isends pubtheicglisprematurely, andethesegaunaterg cellsfle ok ound.
The anti | o] 0 Mol - r L&

chaf f eens fﬁ‘é‘{rﬁﬁﬁdd’zéf'ﬁi % {b%éee ig’g{e‘%tp%fjécélllg gﬁ{é‘ﬁd t\tﬁﬁ%é/’tnelgl?&hi%wgﬁétﬁg’zﬁ%p}cve test,
t he G esndiseaseas misdisgriosahasiswtniia. Canmt endnbeyticcehrlithicsigmay pradispose dags S
bl ood. Unfortunately, despite appropriate staining techniques and intensive
fil mexamN¥EYR ca95ES-or gani sms frequently can not be |ocated. The
fallibility of these tests nmakes it essential to provide better diagnostic
tools for this TeReaehresiBeds®Ehhiht Mnbtak: dlidiSsisleTRCtisQBcRE s@ghi Ck
bite, early diagnosis of infection, the suppression of host defenses and

t he nat ur enigficyemild sirahinfeqtipaclPping B achie sitigecomed, ifant df pétheidamagadti ne
agai nst E,.Ca0bis dd ol ASRL| RERETeR: JRASs 1R ABRIGE (T SYRNFLEN
This invention discloses nove equence‘data Tor E cani S genes.

Speci fi calelffgctive, siressmghhs ndvdefbr eaBndetdotion. AWichowe aeanrar howelur, the ahihals

termed ProA, ProB, ORF (an _open reading frame with unknown functjion) and a

cyt ochr omaVillnrerress inensubglinisalseagadhstageand/or te the ghronie (fing stage o Ween the
addi tion, a:nanti felng J i ot e N .Sl i | o
hasI bleen |51§%vhtg% gégc An g%ﬁ?ﬁ%ﬁég#lt{a%%@(ﬁg%}ﬁ%gﬁgﬁt\@' u ggﬁ? ﬁeeg(grﬁggat ?on
of a vaccimesrowt Mankidegs sghsrstage anffepmadsaierinterdab hambirbape, dhdevploptlethak

disclosed in this invention,are extrenely antigenjc. Therefore, they have
rhe pot entcompligaioss S it ek headiold Tona FloFaprpleRc oS b b 5003
WO U1/ 0763RKi1dke PCT/ USO0/ 19763 types of vacci ne made avail able by this novel
technol ogy i nclude a DNA vacci ne, a reconbi nant vaccine, and a T cell
epi tope vaccine. BRI EF DESCRI PTI ON OF THE DRAWNGS, Fig. | shows the three
cl ones identi filecams canbe culgped {7 wgode g manpeanedgrord ol ImE(IREDERRED
ENBOD! NENT- drvinG @0 fidinf GHARESoANARNARS M iRty MRS Hio@RGIuEinigRL v, there
is no vaccine avallable to prevent this disease. I'S 1Tnvention provides
t he t ool s sopplessatey with phavaly ey reegtes éwhikchlood celldifband pewink ineadtolwy), eveour
genes have been ideptifjied froma %enorric fra(ﬁrggnt of E.._cants, npanmed ProA,
ProB, ORF MRdVeeksy t/deinimies 8t Yok SONBE VI, anhibgayitiedpediaissxpensiie: gene
coding for a |lipoprotein signal peptidase honol og has been found. Any of
these proteins PR cBfcerhihg ieanbdintthe EMRARL %@iaineqiasfcbh&ntrm& pEhRAR1Y 6n
devel op a vaccine. Screening an E. canis library o o

the 16S rRNA gene. Previous work has sequenced this gene, which is a ubiquitous

component of the members of the ehrlichia family, as well as the majority of organisms
worldwide. The high sequence homology between this gene throughout the living world
makes it a poor candidate for vaccine development. It is necessary to find other genes

within this genome if hope for a vaccine against this deadly disease can ever be realized.

Sequencing of the 16S rRNA gene indicates that E. canis is closely related (98.2%
homology) to E. chaffeensis, the novel etiologic agent of human ehrlichiosis. Western

blots of E. canis are similar when probed with antisera to E. canis, E. chaffeensis and E.



To identify genes in the E. canis genonme, a genom c DNA expression |ibrary
was constructed. An E. cants strain isolated fromdogs Wth,£apioi®er 2003
ehrlichiosis was grown in the dog cell line DH82 by a technique bei ng known
in the art,wg@geicpgor porated by reference (Dawson et al., 198&r/uBbdaiohi3sa,
1992). The cells were harvested and the chronosonmal DNA extracted as

descri bed by a technique known in the art (Chang et al., 1987; Chang et

al ., 1989a; Chang et al., 1989b; Chang et a ., 1993a; Chang et al., 1993b).
To construct the library, 200 p.g of DNA was partially digested with Sau3A.
DNA fragments from3 to 8 kb were isolated and ligated to a plasm d, pl-I1G
165 ( St ewaktwingt (abther ¢886pf hifinen girhichipsls) mdicating aplofbantiggnicielatipnshiy| ¢ TB1
(Chang et al., 1987 The |ibrary wa ened with pol ycl onal anti bodies
agai nst E. %E%FE%‘GIE%W%"Iﬁ?ﬁﬁﬂesgﬁ%ﬁéﬂie@ﬁ're generated from dogs that had
been bitten by a tick harboring E. cants. 22 Decenber 2003 WO 01/07&5 5
PCT/ US00/ 19763 Tihe intiteycilgstadcenrdntibody est (IBARhay teah dovdiesbdwiot Hetettengl ysat e

of an E. coli host strain, 'fhe Iibrar¥ s pl ate%g 0 tri pl h}es atd.a
density of cRrippmopessisehrlishiasisy Lifdetectsihe pfsee Fatr’]‘fﬂfcﬁ??safgéfﬂsg cggrading
nitrocel | u'og%d?xlisg(ggll agtgfghs blbbd S UnYGRunRfeRP Bidls Vst R nbt Hl‘wa?§ addueatBr Samsambgd

pol ycl onal .~ Positive coloni'es were identified with a second
anti body calogs will tegt regative ialthaddutephpiso bedausctbeir domjung sysemdodelaygkin- r abbi t

0 (K et RO AL WP SR Pl bRGTRYER  Ry A h ieche

col or deve tai ning nitrobl

tetrazol i urgdghlBAh adBRiotaldr@WBack-oFithio k@t B-theicoky-teaptidisploand. TBERR) £ &o8s ti ve
cl ones were rescreened three tines. Three clones were i solated fromthis

screeni ng Robclangt antibpdy peswtively reagtsaviftykgehaffegsio Hpdermy SPEGIEEHY ©
encodes fo : LAl RIRleehEhMu ARG t he
proteins Pﬁ%%&gg%'ﬁ%“&ﬁj@ﬁ%ﬁ%ﬂ%%c %E)ﬁrrégﬂélgiggg?eushg%l og,e as v_vgll as

cont ai ni ng ihleopartioml. Urefqrrenaelypdespitd appoppritte stinsigteclinigesstand astensivnibing g .

ProA and ProB are | ocated on si ngl e operpn est i ct.i,pn..endenucl e
di gestion rEAHIRHOR cmﬂn’é‘g’dgiéﬂﬂ?rﬁg %?‘Qt E%}?é:aﬁﬁé %Emﬁ%’ﬂg}éoﬁtﬁ’gﬁgﬁi t he
art, and irlﬁ%@%%fe%ﬁa%ég@&i&é%dfa 842 t8bls fa this diR8ss. Chang et. al .,

1989a; Chang et. a b; Chang et. al., 1993a; Chang et. al., 1993b).

Briefly, the DNA sequence was determ ned by automated DNA se ugqr%c,i ng, on t he
ABI PRI SM Model Buertomhifficlies émthe fiatectiomel atick il cady 11'&5“95'55%'%& HeR ey e

determ ned . { er i : 2ol f the
sequenci ng SBBSr & R fétoimts R M nat LR IcoRb B WM af
sequenci ng dffectividedcainae againwel. easizas uigentlyf needbd firldogaus prot ei ns through the
use of the BLAST network service of the National Center for Biotechnol ogy
Information (NCBI) (Althchul et al., 1990; Gsh et al., 1993). Sequence
Informati on The E. canis genes were sequenced. The cloned fragnment contains
5,300 nucl eoti des, and codes for four proteins. There is also one partial
gene at the carboxy termnus. SEQ ID. NO | is the entire nucleotide
sequence. SEQ ID. NO 2 and SUMMARYCOFEHE/IMVIONTIONNuUC| eot i des 12
through 533 from SEQ ID. NO 1 and code for a cytochrone oxi dase honol og.

Cytochrone oxidase is inportant in virulence, and therefore js st.rong
candi date for us®&hisgvgnierrdiselasesooysl SF‘EP"’“RE).dat&a}%@- @"ﬁr@“%eé??iﬁ?h&tal on of

nucl eot i des . : e n opef.
ID. NO. 6 > elrichds HeBh Minafigpind {eenct?, FLGF prfoins e il IRGAC IR, ORI (in cpe

t ransl at i onreafling faheovitdeskidwasRntthm) agha 8y®6hroireamidEOhombloghiavelbegad code
for ProB. Prelimpary. evidence_indjcates that PraA and RroB are proteases.
SE Q ID. nedentfied yidin s clomg. 19 addition, a partsy gﬁ??c?’l%&innggshpﬁ??ro?ﬂs%@%ugh
4,795 from adeRoniRe tasaRdn ddsvei@, ORF, a protein w th unknown
function. . I D. NO glo and 11 are the translation of the conpl enmentary
sequence of nucl eotides 4,884 through 5,300 fromSEQ |D. NO 1 and code
for the partial Asgodedieest ofithiy wypriondneludesgha Fregon plmaccHEIBIyHIS

Li popr ot ei n_si | pept.i.da K g j : be
PRSI S R R e S

wor t h pur submipehie. t Tieerefbeatliegrhaoé the potenciahie. be@xereaehyres il ama ohcdng ATlRr 0B
ORF cytocl uone oxi dase and the |ipoprotein signal peptidase honol ogy The E
canis antigens are overexpressed in a T7 pronoter plasm d. The pRSET vect or
all ows high level expression in E. coli in the presence of T7 RNA

pol ymerase, which has a strong affinity for the T7 pronoter. After

subcl oning the antigen genes into the pRSET vector, the subclones are
transforned into an FF E. coli JMLO9 strain. For maxinmumprotein
expression, the transformants are cultured to O D. 600=0.3, exposed to | PTG
(1 mM for one hour and then transfected with ML3I T7 bacteri ophages at a

- e, = 4 ~ A~ o r



22 Decenber 2003 WD 01107625 7 PCT/US00119763 North Anerica are al so
increasingly at risk and the application of the present inveatiegamigan2003
potentl ally save the lives of thousands of dogs each year. . S
vacci ne tWt0102¢5elicit cell-nmediated i mmunity against thi s@f%pggﬁﬁe

di sease of dogs is desperately needed. DNA Vaccine A DNA vaccine is
constructed by subcl oning the gene of int ef est into a eukaryotic plasmd
vector. Candi date vectors include, but are not limted to, pcDNA3, pC,
VR1012, and VR1020. This construct is used as a vaccine. Each of the newly
identified ge Pr oA i ¢.QQ, or the
parti al I'P'Bgsp ot 8?%65%155518%%85@;%1% ngﬁbﬁchg&é ﬁgmsgg(%ﬁ?g%g?gate a DNA
vacci ne (feeymbiaf: vaccinebirisoT cell&§fibype vaccineldi ti on, any i nmrunol ogi cal |y
active portion of these proteins is a potential candidate for the vaccine.
A plasm d containing one of these genes in an expression vector is
constructed. The gene nmust be inserted in the correct orientation in order
for the genes to be expressed under the control of eukaryotic pronoters.
Possi bl e pronoters i ncl ud@RIBR DESERIPTIONOTHFODRAWINGISonegal ovi r us
(CW) immedi ate early pronoter, the human tissue plasm nogen activator
(t-PA) gene (characterized in n et ._.a and the

pronot er / enhanEi 1rSB@WéFPedf“GFH@nﬁM?&H"@F‘LH’g‘QF?'gﬁlwﬁ‘iff‘fﬂ' al pha (EF-1 a)
(characterized in Uetsuki et al., 1989). Oientation is identified by
restriction endonucl ease di gestion and DNA sequenci ng. Expression of these
gene products is confirned by indirect inmmunofl uorescent staining of
transiently transfect ed COS cells. The sane pl asm d wi thout these genes is
used as a control. ’ﬁ%lbj‘ REFAIRED EVMEBODEVIENT @ col i DHSa.
DNA is purified by ce5| um chl oride gradients and the concentration is
determ ned by a standard protocol being known in the art, and incorporated
by reference (Ww&msehuabadﬂ@@&)‘lg cmedﬁh@ev&mﬂ}’éh‘rfﬂrﬁ RO ¥@fCiNehe vect or
containing t DNA can d.in pho h r on and
: ?@eetd) Hrﬁ‘(%lt gﬂfﬁ]ém Stio éwe ﬁo \E&C%&Réj {OOE netss Ombéﬂ)

directly i one Vi a erruscle th a

needl e Or gj&H 4 PARRRO Wb sphtifiedllyafou geies }awgtbaﬁl gemkifiwinfrime agenomico
transport DNA-coated gold beads into cells by a technl qu g known_ i n he art,

and her ebyfragmeot pbE.aranis, DW?%P%R&%B (@K and accytgchronge h‘i’ﬁ’é’lqgat Thnal e

behi nd t hi e ;@;@m s%g?rpﬁ HIBRAA 9763
is that tﬁéd{tﬁgtuﬁﬁﬁg‘&% rl?dm§pres es the X@%ﬂqﬁ&?ggﬂ%gls and
produces aAmpfefthése pri@insrcan be atibiediiman nmbndsmm o6 thicmyentish tolsevelepay
identified genes can be used to create a vaccine by this technique. CpG
mol ecul es Y@&¢MHe used as an adjuvant in the vaccine. This technique is
known in the art, and is hereby incorporated by reference (Klinman et al.,
1997). Adjs&t&?ﬁgcgg{g_ ABGichrdys that help antigens or increase the imune
response to an anti gen. e notifs consist of an unnethyl ated CpG

di nucl eoti de flanked by two 5' purines and two 3’ rimdines

A i gonucl eot i deEo idsntifi ganggyinabeEneAnis Senpmee agERAMIS EXPTESSIPT HRFALY A8
i mune SySt%\gam?tQ ﬁR? 98;9? %ﬂrzﬂﬂ iR bR );%Q\ﬁﬁf dahfel emﬁ)siseﬁﬂ%ﬁﬂn il hi s

effect can’ ize I'S 1 nvention m Xi ng the CpG ol i gonucl eoti des
wi th the ONAdeacell life DEI82bwsicclalidue lbamg<kmg.m neth©pi®, anst in¢arperstadd® pl asni d

DNA. Reconbi nant V. | mbi, nant h of
the genes Terprs Geaaan pyalsd BRFdHken F1S2, Br epieeBR RSl 3G 1S, o Then
purified f a{rﬂ&ag&hm)ﬁgva&aae@ag desBHiBA bﬂ RRhnigRE knd W@ itk aahCharg endldase

honol og or the partial |i1poprotein si pepti dase honol og i s expr ed in
a plasnid W87 Chasg eworg IQBQﬁr&hemg gudh 8§9h khang et alg5 993 Chang eiyfptl ggfg)

Al t t ly, | f d
N Cho- devEp SRt e g O STONR Wi TPRBAL Bludd VAR SHLOACDRRL TP Uoe
pl asm d anﬁa% héans keneh 8 REQVC?@IS@MC@%H lighteditd afp‘fasﬁﬁcﬁ QHBEED (Sooneet er Ui

reconbi nant protein I's overexpressed using a vector with a strong prom)ter
Vectors f ot98e Tha plasindds werh tiapsfermadcintpyl. ‘r‘ﬂfiEE?l (¢hanetef 8geP8%hc. |

pKK233-3 (Pharmacia, CA), and the pET system (Pronega, W), although any
vector wwth a s VL EXDF €550 Pol¥dMenal
proteins are put[:ig &%@%&é%ga%{%ﬁ&%aﬁeﬁ;ﬁ%& d&%e al al adj lﬂvar?t% i ncl ude,

but are nohntitbodidsagkré gen@htumfmummmmmdbee@mmby atickbatbening &. canie
purified protein is used as inmunogen to vaccinate dogs by a technique

bei ng known in the art, and incorporated by reference {Chang et al., 1993c;
Chang et al., 1995). Briefly, the individual protein is expressed and
purified fromE. coli. Then, the dogs are injected intranmuscularly or

subcut aneously with the purified reconbi nant vacci ne and adjuvant. This
injection elicits an i mMmune response. 22 Decenber 2003



WO 01/07&25 9 T Cell Epitone Vaccine PCT/US00119763 Direct cell cytoxicity
medi ated by CD8' T |ynphocytes (CIL) is the major nechani sz?fne‘%'%ﬁb%@s%os
agai nst intracellul ar pathogens. These effector |ynphocytes el mnate

i nfect ed ol @/oBsrsr ecogni zi ng short peptides associ ated w t RCVHEWI9AGS 1
nol ecul es on the cell surface. Exogenous antigens enter the endosonal

pat hway and are presented to CD4+ T cells in association with class 11

nmol ecul es wher eas endogenously synt hesi zed5anti gens are presented to CD8+ T

cells in association with Ml-1IC class | nolecules. E. canis is an

intracel lul ar pathogen that resides in nonocytes an crophages. T '
present inﬁlmﬁpdlmou%g\ﬁéﬂbpbﬁsrm%félpf%b‘%ﬁW{jhH@rléﬁtﬁﬁpﬁﬂgéﬁ’ﬁﬁﬁgg?&cpﬁ ¢ CTL
response that woul Ry | SFY DO BB IRY RESSudits. AGHEhages of
i nfected a{ﬂ?r'ﬁ‘gl‘gésﬁmgkroatpggi&?%?%} %g%g i ng tﬂe %t_ectlﬁg\s}é response of a
protein vageieneansferied té nitmonelhdossi and esel Bltdriwes peghiedopiis] ofl of the pseabseibsd The

rational e behind this [.s that. an Lt Ope. vaceh i ] vant
i mmunogeni Q‘Sﬁ%lﬁf’?l(?@“g‘b‘hﬁ% é%%ltge\ffﬁ’ﬁbeﬁtvpef%gaeptrl [?erealevé'@gﬁ%g%g?tamﬁ% 3 ihgrggl:‘l%r e,
a sear ch i sr REAIkAEGholatdsbeomugited peH ayti2abbitd G Kifkegdsrdasd Bérry he newl y
identified proteins. To identify T-cell epitopes fromthe ne di Scover ed
protei ns, babadratoriesGathersburanMD)s dlowisd by colos feyedpanant é‘@‘g‘l?e’ﬁ‘g t¢ SOIRHEIN

T-cell epitopes.is.penfo | { L1040 _2REAIYE 3 kndd@bil piRBhHaePe Mappi ng
is carri edcodﬁ?@“ﬁa{gtﬁg%hfm{ 5 ‘?ol'rug?gﬁg? lgr OKOQE)?%%?‘O&F, " h% pcyt@ll())chr ome

oxi dase hofB(trry. Pasitivé bienganére abschdepapthededimessi gnal pepti dase homol og, is
tested for immunogenic peptide fragnents. Mapping of T cell epitopes by a

techni que known_jn the art is her i,ncor por at ed r ef s et
o oa. Loe Ahtresiss piere woBtY T B Ry rugRpeci e R crhe Bipa

sequences [&ahicFHgRRnAGIRN) AESieS Yol RembRadgaeeind fie: pantidligend.egt h of t he
protein in question. These short peptide fragnents are tested usi nﬂ)&t}%althy

dogs whi chcompletély encodasiimipresdingProd.theBoPBF @nd a gytochrogesidaspaping

bl ood nmononucl ear cel.l s fromthe S car -ed: for T | igulmbary and
PERCy | ndaEgs spBpaves e i Saup P ipobRif ehPinepifk hofbldR 1Y/
response apfd PRsB BRIbct@ el dlsihgle opeiona REsteielion empiohoglease digestien mapppigg and
Decenber 2003 W)/ 01/ 07625 PCT/ US00/ 19763 10 Once fragnents are .identjfied
whi ch wi | | DR sequeacing srere donedydiechniayes a&d%’ﬂﬁ‘é‘%’?‘”&@l baYsrgP%Hée
Bordetella i R Hafp GRU3L {98 CONAR . Y1) 9989b; Ehas@art &..,0083a;T cel |
epi t ope. ﬁgﬁ%nyi}gﬁgkgﬁqﬁggg '?%xi n (Q/gﬁf)% (1)f I§ordejt el Ilggaﬂronchi septica
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i ncor por at 8§98y Gisbres pent¥3)-Donnel |y et al ., 1993). Foreign peptides (16
resi dues) have been inserted into various sites of the AC donmain of CyaA

wi t hout al tih,BSe hibrhabh |1ty or catalytic and cal modul i n-bi ndi ng
properties.” Thus, proteln engineering allows the design and delivery of
antigens that specifically stimulate CILs. The induction of sgsg fic CDB8~ T
cell's can play aFhd Bpawisgenes wers sequenged. nehectioncddrmegsnscangiing ue to the
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determ ne the copy nunber and orientation of the inserted epitope. A
plasmd with a conplete copy of the insert that specifies the T-cell
epitope (CD8+) in the correct orientation is chosen fromthe sequenced

pl asm ds. The ability of the new chineric protein to enter eukaryotic cells
IS necessary to ensure intracellular targeting of the epitopes (Fayolle et
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sequence info a poorly inmunogeni c reconbi nant antigen increases the chance
of a strong protective inmune response after vaccination. ThihspRertd,d€003
coul d enhance the in viva i nmune response agai nst both T-dependent and

T-i ndependemo018mi26gens. The canine IL 1 ~3 sequence may ni mrETHMY19763

i Jmunonodul atory activities of the entire nolecule of IL1 (i while
apparently |l acking many of its undesirable proinflamatory properties. This
strategy is enployed to increase the im’runégeni city of ProA, ProB, ORF,
cytochrone oxi dase, the partial |ipoprotein signal peptidase honol og and

th E. i s.anti e 1Pl 1d pYE i i | id
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199 Hindl Il site, The reconbinant. plasm d carryi. h hi nes i -1 (3
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product fromthe tissues or blood sanples fromthese dogs. The internal
pri mer canstafispindieattgbatgnadmbnrindutionds teackdd tywrhesrsaiérdadyntiobe t o
hybridi ze the PCR gene product. This invention provides a badly needed

i di ze the PCR gene pro s i nvent on pt
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it is to bgudmdmiih Qi 7i8)atellsage RipAaEH BR Frénchiprdshand theetotdl dysateds giun at
described are nerely illustrative of the aﬁg(lfl cation of the g}tg nci pl es. of

t he i nvent PO rmetoeseparals oglk debris yon trshaiape kpawn Hethe prty 3vd herehy wreirateht s
are not in L h pﬁpm‘o I i T recite
t hose feat hfg%glggégegrdgg gtsélégg?r??i a ngil?%%%%m?%@&%h% De?gg@ir 2003
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GENES FOR \{QCCI NE DEVEL OPMENT <130> crf2322 <150> U.S. 09/358, 322 <151>
1999- 07- 21 therppfaciuren (Fadtrpgine Ref Risgy CAD. J'he Pigsein samplep are sepfgralish B3~ pa,
c213> Ehrl 5piigoigRAIsmitt QePeldctidpho SRS DS IPAGET hirddRbARAAUNGAAIHER with
agaat aagaa acactattta tggattaata gcaataatac 60 tatctatgat atgtttagtg
tacgctt ct gcecroasaictbiiea t agtatattt tgtaaagtaa 120 caggttatgg aggtacagta
agaacaagta atatatcaaa ttctaaaata ggtaacacta 180 ttattaaagt cagatttaat
gcagat at ac4¢a22p2a5i 9552t 99aaa ttctatccag 240 aagtatctca tgtatttgta
aaaccaggag%@g&tttct ac cgcgcagaaa 300 atctacttga tgaggacact

t caggaatgg ctgtatataa tgttacacca cataaagtag 360 gaaaatattt taataaggta
gecttgttttt gttt Peaccieahapmaat arfvieatibgoooiaceihe agdist daeamadiad bearaldgebpgd.af.
tcatttttta tagatcgagc .cat agaaaca gat cct gaaa, 480 ctgctgacgt, aaa atc
actctttcat °4f ’8 t‘seFt"EC]E‘%’LC i g%gggﬁé%%g’a aé‘é‘gﬁ’t“’c‘d%%@ 831‘*‘%\*58‘3‘?35%5&“
ctgattaaaa aaaataacta ttaatattga gcaaaataat 600 ttatctattc aacagattct
tttcaattag agagtattca aaaacactac aactactgct 660 tgcaactttc tatcactgat

at at aaaagt gaaataaatt taaaaaactt tagttttaat 720 agaagaattt tattaaaagc
tttgaatcaa atttaattac tgatataaaa atactattaa 780 acattaacaa tgcttaatta
aagtattatt atttacctta atttcataac ctttattaac 840
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tatt gcaagg

at agccaat ¢ wiogntovdzat c

at ggaagt at
aaagt cggtg
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aaggcaaagg
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gaagaagccc
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aaaaat agt t
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aat cat agt a
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tttgcaat ~g
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ttr_tttatca cttgatatta ttaaataatc 900 at at aaact cy£GRaalRaa%003
ttatggtaat gatgaaattt tttacttgtt 960 ttttcatagt tttcttaaca

ctttaacatt aaagttacac 1020 at gaaaaatt XGITHROGYAS

aaat cat cgc gcaccagcag 1080 tcatgcacat ggtattatac
tccagtagga tactctggat 1140 tagcacattt ttttgaacac
aaaatttcct aatctcatca 1200 gcacacttag taatat aggc
atctcaattt tgtactatat 1260 actacgaatt aataccaaaa
ggat att gaa, t cagacagaa 1320, .t gcag tt ta
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aagt aat cac acttgcaaaa caatactatg 162D ggaaaat acc at ct aat aat
caagt g a&g gt agaa ccaccgcata 1680 aaacaaatat gactttaaca
gttca@ﬁgﬁg—ag%gccagaa ctgtttttaa 1740 tgtatcaaat accaaatggt
aaaactacat acttaacatg atgttagcag 1800 aaatactcgg tagtggtaaa,
ttt acAIDNA vattigeisaminstraciedby sulzdorifg thet gegt DATRETes Gaip apakaryatic
acttaactga gcagcgataat tacctttecca 1920.tt C C )
BRSNS e R SR M I A R R A
GAPYRIBN. 2 This BAaRRI s seaagsdhvabang 040 aagt aaaage acatttaact
acggactaac tttcatatca tatttttatg 2100 gcatgcatct aatactagga
cagaaatcag taatatttac gataccatag 2160 acaaagtaag tatcggﬂggg
a
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acgtgattcc
gaact gat ga
gt ggaacaga
at gcaagcac
ctcttgcaat
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Ca gacacagtac catatcacag caaagact at
agdt Hict & festlictidntcadbiidedsa dpgedarninidONG sdqaeatidg aat att aatg
gagacaagtt 3180 aggattaaca taccatagta gcagttcact atctaacatg
atgtgctatt 3240 tggtacaata ttcactgata, atacgacagt aacagaaat

t aacaditPEessi9BOf these SeRERrE et ¢ gd gt/ g@fﬁfﬁﬁ ?‘&’3‘3‘8%&%
G 3 i @hathbutaAcke FRAGAS
B e s L A e et
aised a acarrod488smaig AN Asia tansfoanehaa §scirarbacatitDi ie.dA ddba
at gaat t agt 3540 aat aattgaa gtaggaaaaa acaatgacat gfgtgggg%gd
cruiied by casivwothlaridegradiens apd SisioRceRiraliognis STERHnG X a
t i A AaRaPBBAL t
t‘?‘gg’t@{’%%eg{@ %@‘3‘8‘ ’%3‘3‘%‘3’2%{6‘? n% M a{?%?g{:mt%t% ?‘?dggg?t g ggat aat at 9
aatgttaagc 3780 aaaaaattag taatcacaat atcaaatttt ctttac gga
acct acOedeahd8ddomis padficdithe veatoremmainingdbaRbHyean l?i-‘@é‘é%é? p
act acaatt c..390.0 aattaat aaa agaalt. a.tt t :

CPDOP B TS SRy R AR AP ey i g RichfyBh bl b Acte
HNid theAhct WAL A ndatle datdtAsehcdublyatlagnitalchy atpgghé puncamdgangd to

tcttgacaaa 4080 ataatactaa tcagttaaaa ttttgaagtg tttcaggat
{rarspors BINA-Gasted oldihsgasnto elisayzrgsbiabe KRR ANt AT APAAEEDY
tcattqgcaot, 4200 gt tt g a : JGCH e
t?&%@gﬁ’gﬁ%tbyﬁ%éc’%egg A TSRO ro Rl AR Ap A e
aatccatttg taatagcagg aatggttggc cttgcagttc ttttagttgc 4320
gcagcattaa gtatatgctt aactaaaagt aagcaagtca cacaacatgc 9380
cgctttggat acgagtcaag cacttcttct tctgtactgc ttgcaatatc 4440
ttattacttg ctgcagcatt ttgtggaaag ataatgggta atgacaaccc 4500
tttagcaaga tgcaagaact ctccaatcca cttgttgttg cagctat Cgt 4560
gttttcctac tctcattcgt aatgtatgct gcaaagaaca ttataagtcc 4620
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20 25 30 ttt tgt aaa gta aca ggt tat gga ggt aca gta aga aca agt aat ata

1_314 Phe Cys Lys Val Thr Ay Tyr Ay @y Thr Val Arg Thr Serzﬁ%gcéngb%r3§cogo

t caaat t ct a@an/AyYgt aacact at t at t aaagt cagattt aat gcal92Ser AsnSePCHEB0RBIT§3ASNThr
Il ell eLysVal ArgPheAsnAl a505560gat at acacaaacaact gccat ggaaatt ct at ccagaagt at ct
cat 240Aspl | eHi si . ysd@ nLeuProTr pLysPheTyr Prod uVal Ser H s65707580gt att t gt aaaa
ccaggagaacaaaaattgattttctaccgcgcagaa288Val Pheval LysProd yd ud nLysLeul | ePhe
Tyr Ar gAl ad u859095aat ct act t gat gaggacact t caggaat gget gt at at aat gt t aca336AsnLeu
LeuAspd uAspThr Ser d yMet Al aVal Tyr AsnVal Th 05110¢cacat aaagt aggaaaatatttt
aat aaggt a@%‘ﬁ‘f’b‘@?ﬂ?‘fcb‘%/aﬁ‘f‘{c%ﬁﬁ%rﬁ%gﬁg‘y ‘15@“{/% YHPh% khﬂ.’\?%‘ﬁ%’%@g CysPhe
115120125364 3A8&MARM IR 12G56HE AESRAARATIIY aRnBifEA kRS CadBRUdbdlty SfdareThr Leu
Tyr ProHi sd@ nLysThr || eMet ProVal Ser 130135140 ttt ttt ata gat cca gcc ata gaa
aca gat corcejpabyts tgehnigue gta 480 Phe Phe Ile Asp Pro Ala Ile Gu Thr Asp
Pro Au Thr Ala Asp Val 145 150 155 160 aaa ctc atc act ctt tca tat gta ttc

ttt aag tac aa \V : . sva -ys Tyr Lys
Glu 08 156 2T holstier o bedsdd & ahliuvglt ioBle vikLiny ERENRRGe S T

Lys Pro Akgowhén theqaridand Thherebyeindynpo@led byaefetdnee Kbnmawend/e1999. 10 15 WO
01107625 6d22 Decenber 2@0&3?’ [ US00/ 19763 Leu, Ser Met |le Q(s Leu.Val Tyr

Ala Ser VANTBYAHSAE M) P 3018555 SIETASSAPE TPGUNS AP 1Ry "ay

Ay Thr VatheAhdifd Bonsi® of Af MinhiethyRiteOp@ dindEleo A flHREd by Iwb Ise piiinesA®n Thr
Ile Ile Lys Val Arg Phe Asn Ala 50 55 60 Asp |Ile His Lys @n Leu Pro Trp
Lys Phe Tywopf pydimidines Qhigomjclsotideszonagirg0CraImaishaxe bepy shawmto@ojivatey G n

Lys Leu Il g Phe r a 5 n_Leu. Ser
oy wet e G iR ooty g oo g Mot o B e U7 oy
Asn Lys Vahn Bt atiliysl iRhkisGyéentiof by hoixihg thelCSG Blipoticteoties Witk tHeddNAYr Pro His
A@n Lys Thr Ile Met Pro Val Ser 130 13S 140 Phe Phe Ile Asp Pro Ala lle Gu
Thr Asp Prvgceing or physisallyslinking the Cpss motifs fg theqlasmpid DNAY 11 e Thr Leu Ser Tyr
Val Phe Phe Lys Tyr Lys G u 16S 170 <210> 4 <211> 1314 <212> DNA <213>
Ehrlichia cani R¢c84btnant ¥hgciS <222> (1), .(1314) <223> Protein trans| ated
from nucl eoti des 939 through 2,2S2 (ProA). <400> 4 atg atg aaa ttt ttt act
tgt ttt ttc ata gtt ttc tta aca ata gcc 48 Met Met Lys Phe Phe Thr Cys Phe
Phe |l e Val Phdnioedertideydlep arecombinanpvatsine, eagh DEthergones ig gpidvidually

subcloned into overexpression vectors, and then purified for vaccine development. ProA,

ProB, ORF, the cytochrome oxidase homolog or the partial lipoprotein signal peptidase
homolog is expressed in a plasmid with a strong promoter such as the tac, TS, or T7 |
promoter. Alternatively, immunologically active fragments of these proteins are used in
the development of a vaccine. Each of these genes is subcloned into a plasmid and

transformed into an E. coli strain as described above.

The recombinant protein is overexpressed using a vector with a strong promoter.
Vectors for use in this technique include pREST (Invitrogen Inc., CA), pKK233-3
(Pharmacia, CA), and the pET system (Promega, WI), although any vector with a strong
promoter can be used. After overexpression, the proteins are purified and mixed with
adjuvant. Potential adjuvants include, but are not limited to, aluminum hydroxide, QuilA, -
or Montamide. The purified protein is used as immunogen to vaccinate dogs by a
technique being known in the art, and incorporated by reference (Chang et al., 1993c;
Chang ef al., 1995). Briefly, the individual protein is expressed and purified from E. coli.
Then, the dogs are injected intramuscularly or subcutaneously with the purified

recombinant vaccine and adjuvant. This injection elicits an immune response.
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01/ 07625PCT/ USO0/ 197637aat catgetttat ccttt aacat t aaacftt acacaj g3aagaal.t-agsi;96A
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sLysPr oSer SasleculR2.52 3073 524 intracHuBe pethibgen BAOSsids in monocytes and

011 07625PCT/ US00/ 1976389t t agggt agaaccaccgcat agaacaaat at t aaaa768V
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cloned AC-coding sequence of the cya. This technique is known in the art in other

systems, and is incorporated by reference (Sebo et al., 1995; Guermonprez et al., 1999).

Recombinant plasmids carrying the chimeric cya gene are sequenced to determine
the copy number and orientation of the inserted epitope. A plasmid with a complete copy
of the insert that specifies the T-cell epitope (CD8") in the correct orientation is chosen
from the sequenced plasmids. The ability of the new chimeric protein to enter eukaryotic

cells is necessary to ensure intracellular targeting of the epitopes (Fayolle et al., 1996).
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Al a Lys SemoBfimitdd®, IL36Qind&Rukin-12), GM-CSF (granulocyte-macrophage colony

stimulating factor), IL-1p (interleukin-1p) and y-IFN (gamma interferon).

These cytokines can have negative side effects including pyrogenic and/or
proinflammatory symptoms in the vaccinated host. Therefore, to avoid the side effects of
a whole cytokine protein, an alternate approach is to use synthetic peptide fragments with
the desired immunostimulatory properties. The nonapeptide sequence VQGEESNDK of
TL-1p protein is endowed with powerful immuno-enhancing properties, and is discussed

here to illustrate the use of a cytokine to increase immunogenicity.

This nonapeptide is inserted into the ProA, ProB, ORF, the cytochrome oxidase
homolog, or the partial lipoprotein signal peptidase homolog protein and its

immunogenicity is compared 1o that of the native protein. Reportedly, the insertion of this
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determine the orientation of the inserted epitope.

The efficacy of the recombinant proteins as vaccines is tested in dogs. The
purified protein is injected intraperitoneally into dogs. Specific pathogen free (SPF) dogs
are divided into five groups: one group is given recombinant adenylate cyclase of
Bordetella bronchiseptica carrying E. canis CD8" T cell epitopes derived from ProA,
ProB, ORF, cytochrome oxidase homolog, or the partial lipoprotein signal peptidase
homolog, one group is given recombinant adenylate cyclase of Bordetella bronchiseptica
as a control, one group is given the ProA, ProB, ORF, cytochrome oxidase homolog, or
the partial lipoprotein signal peptidase homolog protein plus a canine IL-1B 163-171
insert, one group is given a T cell epitope derived from ProA, ProB, OREF, cytochrome
oxidase homolog, or the partial lipoprotein signal peptidase homolog alone, and the last

group is given PBS as a negative control.
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Phe Cys Ser Ile Ser Ile Leu Ile Thr Cys Val Leu Cys Tyr Leu,Phe.30,.25 63
Ile Val Gn Pro H's Tyr Arg Leu Pro Leu Val Ilellelle Ay Ay 65 70 75 80
Ser Ile Ay Asn Ile lle Asp Arg Ile Arg Tyr Ay Ala Val Tyr 5
Phe I1e AspV®RE™3% |1e Asn Asn Leu His Trp Pro Val Phe Asn féﬁ“@@%ﬁﬁﬁg 110
Ala Asp Ser Phe Ile Phe Leu Gy Ile Val Ile Ile Met Ala Lys Ser 115 120 125
Asn Asn His Met Lys G n Ile Asn Cys Asn Ser 130 135 22 Decenber 2003 32
What is clainmed is: 1 1. A reconbinant DNA conprising said DNA sel ected
fromthe group consisting of: 2 grQUERCHTRISAINGDNA that encodes a protein
havi ng an am no acid sequence as 3 shown in SEQ >17. NO 3; 4 b) a

reconbi nant DNA that encodes a protein having an am no acid sequence as 5
shown in SEQ 117. NO _5; 6 c) a reconbinant DNA that encodes a protein
havi ng an am-fo CA8%% <BYidNce as 7 shown in anmino acids identified as 1

t hrough 449 7 d ECRED] t hat encodes a
protein havﬁlgg> EE%IHCH?S églcgz&llé %Eeb%ae%%ﬁvés 9 sh%toip%EQ >D. NO 9; 10 e) a
reconmbi nant<1PNA tbgdozencodes a protein having an am no acid sequence as 11
shown in amno acids identified as 1 through 31 of SEQ ID. NO 11; and 12
f) a reconxiAéntU. DNAS/Aa8. 3@Acodes a protein having an am no aci d seqguence
as 13 shown in amno acids identified as 33 through 139 of SEQ ID. NO 11.
1 2. The reddhbildant®’DRA of claim 1 wherein said DNA encodes at |east one 2
innunogeniqﬂgglggpe. 1 3. A reconbinant protein conprising said protein

sel ected fromthé group consisting of: 2 a) a protein having an amno acid
sequence as.15hoWRckR 1 9E@R M NO. 3; 3 b) a protein having an am no acid
sequence as shown in SEQ m NO 5; 4 c) a protein having an am no acid
sequence as<23hswvin in am no aci-ds identified as 5 1 through 449 of SEQ I D
NO. 7; 6 d) a protein having an am no acid sequence as shown in SEQ m NO
9; 7 e) a ptBiteix%Baving an ami no acid sequence as shown in anino acids
identified as 8 1 through 31 of SEQ ID. NO 11; and 22 Decenber 2003 33
9 f) a r ecord?hdht* DNA that encodes a protein having an am no acid sequence
as 10 shown_j ] i identified as 33 through 139 of SEQ 1D. NO 11.
1 4. The régggﬁﬁﬁgg?cﬁﬁbgiﬁﬁ;of claim3 wherein said protein includes at

| east one 2«4opwunogeni ¢ epitope. 1 5. A vacci ne wherein said vacci ne
protects dogs against E. canis infection. 1 6. The vaccine of claim5
conpri si ng: gdcadataavartiseracpatiadagface RprEAtithy EIREEAM ASATEPRRC i fsert ed

into said vector _ 20
tatctatgat atgtttagtg tacgcttctg taccactata tagtatattt tgtaaagtaa 1

caggttatgg aggtacagta agaacaagta atatatcaaa ttctaaaata ggtaacacta 180
ttattaaagt cagatttaat gcagatatac acaaacaact gccatggaaa ttctatccag 240
aagtatctca tgtatttgta aaaccaggag aacaaaaatt gattttctac cgcgcagaaa 300
atctacttga tgaggacact tcaggaatgg ctgtatataa tgttacacca cataaagtag 360
gaasaatattt taataaggta gcttgttttt gtttcaccaa acaaacatta taccctcatc 420
aaaaaactat aatgccagta tcatttttta tagatccagc catagaaaca gatcctgaaa 480
ctgetgacgt aaaactcatc actctttcat atgtattctt taagtacaaa gaataaactt 540
catataccgt acattataaa ctgattaaaa aaaataacta ttaatattga gcaaaataat 600
ttatctattc aacagattct tttcaattag agagtattca aaaacactac aactactgct 660
tgcaactttc tatcactgat atataaaagt gaaataaatt taaaaaactt tagttttaat 720
agaagaattt tattaaaagc tttgaatcaa atttaattac tgatataaaa atactattaa 780

acattaacaa tgcttaatta aagtattatt atttacctta atttcataac ctttattaac 840



3 such that a reconbinant protein is expressed when said vector is provided
in an 4 appropriate host; and 5 b) the reconbi nant DNA i nserXepkderbsxr 2001
vector wherein said DNA is selected 6 fromthe group consisting of: 7 i. a
r ecombi nant dpsd encodes a protein having an amno acid SEagHIGHeRs as
shown in SEQ 1D, NO 3; 9 ii. a reconbinant DNA that encodes a protein
having an am no acid 10 sequence as shown_in SEQ )D. NO 5; 11 iii. a
reconbi nant DNA that encodes a protein havi ng an am no acid 12 sequence as
shown in a%ﬂ@.t@&ié@ taggggeaclte&a%%cgtatthrtgwaé@cgégaggg:a 13addthatNQoo7; 14
iv. a reconbinant DNA that encodes a protein having an amno acid 15
sequence asasdtaulictd cobthcdBacNQctBraddy tradygtes0bt fant t ONAtadatrencodes a
protein having an amno acid 17 sequence as shown in am no acids identified
as 1 throught3tabfgiSEQECtBack8aN@ecaqtc PYositiage CEEBSR AP PNACEhat" 20
encodes a protein havi ng an am no acid 20 se uence as shown in am ’1‘883‘0' ds
i dentified %%gagga?%"r cﬁ?ﬁ aqtaga g taseptan afprIaNEre £R2CNG9C %3°1EEdher 2003
3422 Vi1 BRQELLAD At AL 0f aaS%.'tgg&@gC%ng&%@&a M Agye Lbal:sacadgs a 23
pol ypept i de o east el Ve sequenti al - am o aci Fom sai d am no

aci ds Sequea%%cab@w&,tt\s@ﬁ&bnt@@tgtpm VRERLacega |a$a£tl.tftf:t€iaalﬁ&tda®c§tll2n’m| at e
25 an inmune response.. 1 7. The vaccine of claim®6, wherein said DNA
further comprdicsest@iNAamhatagancosestCp@ 2tarraghec atc8:aaThe teseeianet 32681 ai m
6 wherein said DNA further conprises a pronoter selected from2 the %ou

consi sting ®ftacgaayt a"aé?t:‘bﬁ?é@aﬁﬂhartﬁ%a"( @Mtqcﬁﬁ%d’igafaectéé? It)?a%?cc?ﬁﬁ? er<°a p)

a human tissue plasm no en activator %t PA% and 2. 8)g @t 1380
prom)ter/eng% of ?tegtla('ﬁl orf a Ruman“e onga 58 %aragglt E ?Lga 1 09.

The vacci neaggaﬁgéémg@gag%a@ Qg&%‘a@cé(@%tagﬁcdtﬁct,s%lgﬁgg}a%@aé r&q&;&é&atgrmup
consisting of:” 2 a)pcDNA3; 3 b)pd ;4 ¢)VRI012; and5 d)VR1020. 1 10. The

vacci ne of ehaiutabraheeygatsai dgc\ba;eel:m@ tiagt audiat qnicgheradan Htoagaiadt HG9P by a
met hod 2 selected fromthe group consisting of: 3 a) intranuscul ar

i nj ection; acdicappus ALthgot®ra AFEEtFaR? aaxﬁéla@ltéa t@éh@:'ﬁaﬁ a}aﬁF‘é‘E?tt?Brils‘sﬂ 11.
The vaccine of claim 10 wherein said host is g o The vaccine of
claim5 conpf?'dighgac e IBIENHRYCS603 ﬁgﬁaadt)ca‘é E%cr?’r?la?\an SFSEEi 1t hat

i's SelEH”:edgggéggkgpg éHHQHQtéa%n§£5§Aa@gt9fcaagtcaagt tagggtagaa ccaccgcata 1680

aaacaaatat
tgtatcaaat
aaatactcgg
tagttacatc
ttgaagctat
gtataaataa
aagtaaaagc
gcatgcatct
acaaagtaag
gattaaccgg
attaatattg
agaagctaca
aatttcctta
aggacttgca

cagttttgca

gactttaéca
accaaatggt
tagtggtaaa
gataaaaaca
acctaaaaac
ttatttagaa
acatttaact
aatactagga
tatccaagat
gcatttatta
attttctttt
actaaaaata
aaatttgcat
tactttacat

caacaattag

ttaaaagaca

attaccaata

ttcagcctgc

gattataatt

gggatctcta

aatggaattt

tatgcatttg

gtaccgctat

gttaactccg

cctaatggag

cattcaatac

aaatacacta

tcaagaaagc

caaaaatatt

aaggcaaagg

gttcagtaga

aaaactacat

tttacaatga

acttaactga

cagaagctgt

cagcagaata

acggactaac

cagaaatcag

ctatggaaaa

aatagttatg

atatgcaaat

tctatatgtt

aggatacgct

aaacgaaggda

tatagactta

aatcccagaa

acttaacatg

tttggtaatt

cagcgataat

agaacaagaa

tttagaaagt

tttcatatca

taatatttac

tatctttcaa

agaaacatat

gatctcaata

gaacatcata

tatgatgcct

tcaaaaaaca

aaatttgata

ctgtttttaa

atgttagcag

aacaatccaa

tacctttcca

attcataaat

gcaaagtata

tatttttatg

gataccatag

aacaatataa

tgtgttacac

ttaacataaa

acctaccaac

ttgataagca

actatgctct

tagacctaga

1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520

2580



3 i. a protein having an am no acid sequence as shown in SEQ Dr7.
ii. a protein having an am no acid sequence as shown in SEQ_)17.
iii. a protein having an am no acid sequence as shown in anﬁﬁom§€PB§r@003
identified ough 449 of SEQ ID. NO 7; 7 iv. a prote

am no acid g’%’q‘ﬁé"h% as shown in SEQ m NO 9; 8 v. a prot eliﬁ Q\E}(}’dﬁ]@%

am no acid sequence as shown in amno acids 9 identified as 1 through 31 of
SEQ m NO. 11; 10 vi. a protein having dn anino acid sequence as shown in
amno acids 11 identified as 33 through 39 of SEQ m NO 11; and 12 vii.
portion of any of gal gatcggpa?agﬁyttg?b ‘a%?a%}é@ttt_th%tda dﬂ:%ggg o tl‘@ta@Ql ypgpt i de

of at |east twelve sequential am no aci romsald amno 14 acid

sequences apQuGatrMeheidicsadd-pelupeqpt itd&ldaﬁa@dlftf:bﬁtaﬁtaatt&a&ﬁbvfﬂdﬂaaﬁ'ﬁlol5 an
i mmune response. 1 13. The vacci ne of claim 12, wherein said vaccine
further conprdssessadpanmntsatsekecited: throwrdre tyrdAgctansiasegargto?7603 a)
al um num hydroxide; 4 b) QilA and 5 c) Mntamde. 1 14. The vaCC|ne of
claim 12 fu?ﬁféf‘c%nﬂﬁ%%@agagéiﬁcﬁﬁﬁ?e t&@@aaﬁwrtytaégg%l%ﬁtéaa%% &fid 2

r econbi nant T ot vaccj ne 14 mhe el said cy ne is
sel ect ed fro“r?)nct ﬁgaa%r Sécaacc%gsgi s??acgc’ggg fagt at ta A n- 3 q %g% %‘?d%

22 Decenberagg@%cg&GaécaQ)cg&rgaeHé&gch qa%&abég%ag&la@exa satdt@u&taetglangga‘oact or
(GMHCSF); 5 c¢) gamma interferon ('y-1FN); d) am no acids VQGEESNDK from
the I'L-1(3 psmiterat amtcéasyt apycHrotdd maaccafacaafw aefaddaeac =gk aamcabdite t hat
elicits an inproved 8 i nmunogeni c response against E. canis. 1 16. The
vacci ne of EYEHiaHATE AMICERPAs &REEAFAEES ﬁéawaa@nngﬁﬁgqaéﬁea F59c62E M 0d% Dby a
met hod 2 selecteg fron1the rou con5|st|%% t$%t ntraqucuIar 120
injection: SRR SRH P EReSAs IRF oL Craif=C 121 7o e FactiTie of clal m 16
wher ei n sai f SR ngs o

r econbi nant g%{%t%%f%ast %cg&%?%%al glgtscagp% \éggﬂtggﬁ)gﬁg!’ﬂtv%grel n é%g;ﬁdt Tlcel I

epi t ope conpgifRsad) tadbatagel igdapaphidecttagaentaadtamgps 0dwjricdatzebeat ed
fromthe group consisting of: 4 a) a protein having an am no aci d sequence
as shown i nt@FQcab® tN@ct8atfHabyccrcpybireirandaayt rgaberadnt neragepeadeddthce as
shown in SEQ ID. NO 5; 6 c) a protein having an am no acid se uence as
shown in antRPIREFS 2FERAERYS GA9RETIIY HOATBTGRT £489TP SR PR TCT , 8 d)

a prot ein hgv{:t%%cg‘gc %Qlt'l%a@& qa§§&‘é$9€%a§§aa%§9¥‘@a‘t9ct§§@g £BatN9;gr_90 3420

N03'4

a

aagcttacaa
agcaataaca
aataattgaa
cataccttgg
taagtaagta
cggagaagct
aaaaaattag
acaacttata
aattaataaa
tacaatttta
gagcaattac
ataatactaa
tcatagcaca

gttaggttta

ttacacgatc
atagaagaag
gtaggaaaaa
ttaagtatac
taagtagctt
tattataagc
taatcacaat
tttagaaaat
acaatgagta
cttactcaat
tacttaatag
tcagttaaaa
agtatacgga

gctgecattcet

tagatccgag
taaataaaat
acaataacat
aggttattgt
caatcaaata
ttttaacctg
atcaaattttc
gacaacagat
tttttactta
aaaagcagtt
tatagctgtt
ttctgaagtg
actttcaécc

tgtttgctgce

ttatattaat
tgccaagaaa
aaatggcaaa
atttactaca
aaaaaacatt
ggataatatg
ctttacagga
acacacatca
attatttaat
atactaccaa
gacaagccegc
tttcaccata
tttagaaaga

tgctgcetge

aaatacaatt
attttatcta
caaatagatg
agtattctat
aaccaaagtg
aagttttgct
ttatattgtg
ataaattatc
tttattettt
gtattggatg
aatctgcggt
atggtattat
gctgctataa

agtgatcgtt

cttactacaa
atgaattagt
ctaaaaaaca
taggttgtat
ttagctctac
aatgttaagc
acctaccata
actacaattc
aaaataaaat
gtattaatcg
tcttgacaaa
ttatgaaagc
tcattgcagt

tccaaagatt

3480
3540
3600
3660
3720
3780
3840
3900
3960
4020
4080
4140
4200

4260



9 e) a protein having an am no acid sequence as shown in am no acids
identified as 10 1 through 31 of SEQ ID. NO 11; 11 f) a p%?t eicn bheq:v'bﬁ(g} an
am no aci d sequence as shown in amno acids identified as 1 5 ?rﬁroug 139
of SEQ ID. NO 11; and 22 Decenber 2003 37 13 g) a porti of
sai d reconBYQEMA76INA above that encodes a pol ypeptide of 14 ]%@gggﬁgml ve
sequential am no acids fromsaid am no aci ds sequences above, 15 wherein
said polypeptide is sufficient to stinmuléte an i mmune response. 1 19. The
vaccine of claim 18 wherein said amno acid peptide fra rg%?tactgrrprh%s ni ne
to 2 twent gczattpRraep RSt (haatpragy a9 FAFRPEE" ket "donprising a
reconbi nant DNA encodi ng a protei whi LS .C ebha bt eseal | zed
into eukar Y6t 2%t 19§29 ﬁéfuﬁtﬁgag ﬁ%ltsa%cf%gfaigtsgigaﬁ%gé&tsycgtem 'i’ 21. The
vacci ne of gl ai;m .20 Jher&jsar SdgptRlyetdrteapadl ecojcabesngtonsaranal 442€d into
2 eukaryotic cells conprises a toxin selected fromthe group consisting of:
3 a) a recegbistantt ademdate cychasetoftBoodetrelataatsigsre FHteepraces; 4¥d 4 b)
a reconbi nant exotoxin A (PE) of Pseudononas aerugi nosa. 1 22.ttTkt1e45v6zacci ne
of clai m 18cwkmrbtn tsare-apge ciIreaPaAckdRTGHeet eFe FEFAtE A2 IF8SF " by %4 et hod 2

sel ected fromthe group consisting of: 3 a) intramiscular i pigcti-ofz0and 4
b) subcut aﬁ@ﬁ‘i%ttfﬂﬁ‘?@éf?%‘iftaf i ke ceqtv?a%%%%ﬁttag% ggn%g(r;# 2 tv%ﬁerégglctn sai d host

i s a dog. %g & a@a£“§éﬁ9££é%kaiE%%E%Lié@cngaétéﬁaeéé|ac€£ﬂA§eQ@ AgahasigtE60ani s
conpri si ng: e?) synt hesizi ng overl appi ng peptide fragnments over an entire

| ength of  agREQLgER 3 gubel icnt Saladcqytobetdrcages elcegded t§ ragmtchesagr H14F
consisting of: 4 1. a protein having an am no acid sequence as sho%glooi n
SEQ )D. N@at8cthciitgtgagrotebFudaaviasy Cagrwgrad WEFeF S8 hTé8 3E shown in

SEQ >D. NO. 5; 6 iii. a protein having an am no acj X wn in
ani no aci dstEAtyiFERe | $9CERTATC1 2 ¢S hLH gi%gté’ftt%ﬁ@tc é%gq%?ggg Dgégéebnber

2003. 8 9 10 t%a:lltajt%a1§at]a§aa:1Lc5at1@tég%aégtalgag&sa]éaé?tlj%t:%tﬁaoﬁgiéfﬁta@t@‘fﬁ @hID

havi ng an amho acrhd sequence as shown I n ; V. a protein

having an afi.ge.A¢hd SEUNENGE 18520 akHastlBaBO ERcdsgdrdemidrbiragbcad oo

through 31 of "SEQ ID. NO 11; vi. a protein having an am no acid se%ence

as shown i ncambtgacidsghdent rhiadtass 38atdrtewghcabgacestaSEeytasprtagf4Yy;

and vii. a portion of any of said reconbi nant DNA above théat tegcocdg%da

pol ypept i detaspreataretiicteeday 6CSEGaRIR 24P RATE IR YT oT¥ardAni no aci ds

sequences above, wherei n said _pol ypepti LS. suf fdglende t QeslatAkes@n

i mune r esptif@et2%y ?%asafgf?lﬁcasé:lg%a%gﬁ 7 gg?%%ﬁngnt g'%g determne if said

peptide fragmeplc@li gidSaabcd AOUAR RS RRAESadAad: RS FcAN BBdcacaath 5220
gtaaagcgca agaagcttaa tatctctatt acacctttat ctcctatcaa atttactaca 5280

taccatttac ttacctgatc 5300

<210> 2

<211> 522

<212> DNA

<213> Ehrlichia canis
<220>

<221> CDS

<222> (1) ..(522)

<223> Protein translated from nucleotides 12 through 533
' (cytochrome oxidase homolog) .

<400> 2



c) identifying said peptide fragnent as said T cell epitope of E. canis if
said fragnent elicits an i nmune response. 25. The nethod of claim 24
wherein said peptide fragment conprises nine to twenty ani nd?aRqcqeber§00H
met hod of c [ vacci ne against E. canis conprising: a) I i a
vect or capable léﬁ%esipr essing a reconbinant DNA inserted i ntops%glﬂgj%b/}é%%r;
and 4 b) inserting a reconbinant DNA into said vector such that a

reconbi nant protein 5 is expressed when Said vector is provided in an

appr Op.” at eathogg yg@aer eian Saaiada E:)aa%ti Sattsqzla%Ct ead.trzg Oarpa:[ hce:a gé{t%ugtgon%fsti ng
of 1 7 i. agcopbiig iﬂaﬁ%sﬁnﬁﬁd%e%@rﬁm hay] ﬁgﬁea?m acid 8
sequence as shown in SI?Q. qm L3, 9 11. 1 f €conbi nant st hat encodes a
protein having an amno acid 10 sequence as shown in SEQ >17. NO 5; 22
Decenber 2@@2 8&t bigidda. t@ regqthi tanigcDNAtt rat cencodesaa qytohed n havi ng an
am no aci d L2 SeqlencE eaSys heowValnTanirhe el sl iPderfiadf ifed s 114 hr ough 449
of SEQ 13 ID. NO. 7; 2?4 iv. a reconbi Aant DNA that encéles a protein

havi ng an ayn' no acid uence as s NO.

r econbi nant t@i\@gi RaL \%255‘0%%2 gé BrotH %%ﬂ‘}éﬁn tSaaE% lrﬁ[%?oa ¢ iacs:?i‘;tl1t€3a \e/dﬁ%“nce as
shown in am no Aci gg I denti g%edr@gs %tﬁouéﬂ%l 5% %Qsél;ﬁsnlzl . 11; 19
vi. a reconbinant DNA that encodes a protein having an am no acid 20
sequence axcahgam tich 20E Ata agt daci santif id as: 38c tdyaough ab39gaf SEQ 21
)D. NO. 11;Seanssi?Beviliys al¢GLY iAsn Tir aly Me Bai dal egconbhaash BNA above t hat
encodes a 23 po¥ypeptide of at I56ast twel ve sequedtial ami no acids from
said am no 24 acids sequences above, wherein said polypeptide is sufficient
to stimul atgé;‘t2§§aaﬁ"?‘Frﬁﬁinéaar &S cgr‘f§ngglaE°i.ttTh"eatnEF% aoP‘:"}‘:Itéitn‘F%, ahrein
said DNA fdEEhet® CoRprids ey tRat Tehtddds BEG™2° ot Y81 *£728;; The net hod
of claim 26 wherein said DNA further conprises a pronoter selected from 2
the group ceastst ighg £fal céh aya HatYtUTRIA QY £14S LEM L§rRdaales eabky
pronot er; 4ah) pise Wdlreny st PES ey pllas@inogeneactievahormgensy (NaP4)y and 5 c) a
pronot er/ enhancer region & a human el onga&®i on factor al ph&@5(EF-1 a). 1 29.
The nethod of claim 26, wherein said vector is selected fromthe group
consi sti ng 3f: €92 &Ft pEIONARY 98¢ b;);tpaa, 9ga ZEIEte fbRrtar0pat Art42¢y VRAD12:

eu Leu Asp Glu Asp Thr Ser Gly Met Ala Val Tyr Asn Val ThY
and 5 d) VRFH2bS hop P Aso

cca cat aaa gta gga aaa tat ttt aat aag gta gct tgt ttt tgt ttc 384
Pro His Lys Val Gly Lys Tyr Phe Asn Lys Val Ala Cys Phe Cys Phe
115 120 125

acc aaa caa aca tta tac cct cat caa aaa act ata atg cca gta tca 432
Thr Lys Gln Thr Leu Tyr Pro His Gln Lys Thr Ile Met Pro Val Ser
130 135 140

ttt ttt ata gat cca gcc ata gaa aca gat cct gaa act gct gac gta 480
Phe Phe Ile Asp Pro Ala Ile Glu Thr Asp Pro Glu Thr Ala Asp Val

145 150 155 160
aaa ctc atc act ctt tca tat gta ttc ttt aag tac aaa gaa 522
Lys Leu Ile Thr Leu Ser Tyr Val Phe Phe Lys Tyr Lys Glu
165 170
<210> 3
<211> 174
<212> PRT

<213> Ehrlichia canis
<400> 3

Met Lys Pro Arg Ile Arg Asn Thr Ile Tyr Gly Leu Ile Ala Ile Ile
1 5 i0 1is



1 30. The nmethod of claim 26 wherein said vaccine is injected into said
host in a manner 2 selected fromthe group consisting of: 3 a)
i ntramuscul ar injection; 4 b) intraveneous injection; and 5 %) Peganbey 4903
injection.\% %ﬁwml?e met hod of claim 30, wherein said host igcqde8i9743 32.
A met hod of greatlng a vaccine against E. canis conprising: 2 a) selecting
a vector capable of expressing a reconbinant protein inserted into 3 said
vector; 4 b) insertion of a reconbinant BNA into said vector such that said
reconbinant 5 protein is expressed when said vector is transfornmed into a
bacterial strain el [ I om.t ke 0sQuUp£ONSi sti ng
of: 7 1i. aifég%ﬁbgﬁgﬁggéh% ?%%Smgwégézéggkgfgﬁgf%%hgsiEgoan amno acid 8
sequence as shown in SEQ ID. NO 3; 9 ii. a reconbinant DNA that encodes a
prot ei n havhay@nL@ivao aai didOrysequente ws vhdDwrd mhSEEr 3. INO, 5; 11
iii. a reconbinant3®DNA that encodes4@ protein having4an am no acid 12
sequence as shown in amno acids identified as 1 through 449 of SEQ 13 >D
NO. 7: 14 iS¢r ATy e0MFNEft SERASThERT ehgoties B4 pft &F% Ty ah anino acid
15 sequence as hown in SEQ m RO, 9; 22 Decenber 2003 41 16 v. a
recombi nant t code oL8i Rybamidg,an.ATeNne a6 sl hiSequence as
shown in ar%ssggh&lﬁ?iés L?gtﬁfrj]oéég E%rf g& SEQ >D. )7,f,\|0 11; 18 vi. aseeconbi nant
.DNA that encodes a protein having an am no acid 19 sequence as shown in
am no aci dyva33piehvalglys18S cly SHQ ¢HD.LyNGQ.eul Ile 2theaffidr Zraviia Gauporti on of
any of said reconbi nant DMA above that enctdes a 22 pol ypepti de of at |east
twel ve sequential amno acids fromsaid am no_23 acids seqyences above,
wher ei n sai?§ Pty peptisgecls Aéﬁf?}ircﬁéﬁt?lt‘s’om%tt Pl e T34 "{@ Y#mune response;
and 25 c) harvestingl§ i d reconbi nant ‘protein fronlsaid' acterial strain. 1
33. The metdgd, of %%’P 32, 1Yheral Bnsald ¥ACThneaTiict BesncoppLhs es _
adj uvant s selecteal fromtheé groupagonsisting of: 32a) al um num hydr oxi de;
4 b) QuilA, and 5 ¢c) Montam de. 1 34. The nmethod of claim 32, wherein said
vacci ne furirkery<aipriisesed Tpropmt @t s SEnebyedh2 fromet herogFVolFetonsi sti ng
of: 3 a) tac; #IBd) T5; and 5 c)137. 1 35. The net4bd of claim 32, wherein
said bacterial strainis E coli.

. 1 .36. The nethog %&rC|PjH}3 wherein
sai d vect or‘l’Z‘igsP%lIéEtpegd’ PF‘brfi‘%ghEegFE)ﬁpThEoﬁi‘? {%@nfj BHIFPE P p‘héé?[
Lys Leu Ile Thr Leu Ser Tyr Val Phe Phe Lys Tyr Lys Glu
165 170
<210> 4
<211> 1314
<212> DNA
<213> Ehrlichia canis
<220>
<221> CDS
<222> (1)..(1314)

<223> Protein translated from nucleotides 939 through
2,252 (Proa).

<400> 4
atg atg aaa ttt ttt act tgt ttt ttc ata gtt ttc tta aca ata gcc 48

Met Met Lys Phe Phe Thr Cys Phe Phe Ile val Phe Leu Thr Ile Ala
1 5 10 15



22 Decenber 2003 42 3 b) pET; and 4 c) pKK233-3. 1 37. The nmethod of claim
32 wherein said vaccine further conprises a cytokine operatively 2
associated with said vaccine. 1 38. The nethod of claim 37 #AIErPRPLare3
cytokine is selected fromthe group consisting 2 of: 3 a) in 'E&‘L%@L‘%éll&ei
(1L-1(3); 4™P1¢7e%ul ocyt e- macr ophage col ony stimul ating factor ): 5
c) gamma interferon (y-1FN); 6 d) am no acids VQGEESNDK fromthe IL-1(3
protein; and 7 e) any portion of any of the cytokines above that elicits an
i mproved 8 immunogeni c response against E canis. 1 39. The method Qf claim
32 wherein a&i §av a8y 162 €| ?ﬁteéf%d‘tFnTalf é‘éi(fcﬁogtt eae aiaﬁaﬁiﬁeriag sel ect ed
fromthe gr¥tp edmistflig of B E) TGt P8 euiPar Mthyect g, T and 4 b)
subcut aneous injection’ 1 40. The nethod of claim39 wherein said host is a
dog. 1 41. Ammihogd pPlhasrRat LN g8y heeelda RE tORECYAGEE NRaCOEPIGILET NGL442 Q)
sel ecting anéf@apbmdariupraat eymvhhatiel ned ndesiia Arcelllk BPI bbp&ahherei n sai d
T 3 cell epitope comprises an am no4aci d peptide fradhent of a protein
selected 4 fromthe group consisting of: 5 i. a protein havi n% an angi no

aci d sequenges &§CsHeAMYLRNCSELRC PER NG, 9% 962(3°t B HPBE iR Hg/lfgg art“4m no
aci d_sequentes ddss¥fw P SEQY™ 17 ‘R Ob¢ Gl FhF B0 ATR TE i 14 15 16 17
18 19 20 21 1 2°32 Decenber 2003 §13 iii. a protein having an am no acid
sequence as showp [0, anlne-.acids i dgnt bid edcagal atdeudyc4dda lcaSEQ40) D.
NO. 7; iv. @yprs%eg%} h@\apﬁg Al Ak rm,eaghd HSEURNAE: @%e SOl hSEQ. 1D. NO.
9; v. a protgsn having an am o acid sequence 7S shown in am n@0aci ds
identified as 1 through 31 of SEQ )D. NO 11; vi. a protein having an

ani no aci d segweacetaTcshminctn aanigns aed dsti HBNLRE i¢d 4 IR tFfoughfP139 of
SEQ | 77. Neuiws Bpgl RFPi BsnaLﬁ‘brItlFo??ro?"h%r’rz“osrersé?‘a TEcOb A "DNA above

t hat encodes a pol ypepti de®%f at |east twelVe sequential amno acids from
said amno agldg s gélea%%e§caapg Qaa &' €L0 2@l A PeLYRERtsLects suffigient to
stinmulate ag,k MO L BRRONSLgeP)e1h dQN b?é’lmﬁ'ﬁ srl dyd ©el 6Lepetope from said
protel n; 100 105 110

cca aaa caa tat tta tct ctt gca atg gat att gaa tca gac aga atg 384
Pro Lys Gln Tyr Leu Ser Leu Ala Met Asp Ile Glu Ser Asp Arg Met
115 120 125

cag aat ttt aag gtt acc gac aaa gca tta ata aga gaa caa aayg gta 432
Gln Asn Phe Lys Val Thr Asp Lys Ala Leu Ile Arg Glu Gln Lys val
130 135 140

gtc tta gaa gaa aga aaa atg aga gtt gaa agc caa gca aaa aac ata 480
Val Leu Glu Glu Arg Lys Met Arg Val Glu Ser Gln Ala Lys Asn Ile
145 150 155 160

cta gaa gaa gaa atg gaa aat gca ttt tat tac aat gga tat ggc aga 528
Leu Glu Glu Glu Met Glu Asn Ala Phe Tyr Tyr Asn Gly Tyr Gly Arg
165 170 175

cca gta gta gga tgg gaa cat gaa att agc aac tac aac aaa gaa gtt 576
Pro Val Val Gly Trp Glu His Glu Ile Ser Asn Tyr Asn Lys Glu val
180 185 190

gct gaa gcc ttt cat aag cta cat tat agt cct aat aat gct ata tta 624
Ala Glu Ala Phe His Lys Leu His Tyr Ser Pro Asn Asn Ala Ile Leu
195 200 205

att gta act gga gat gca gat cca caa gaa gta atc aca ctt gca aaa 672
Ile Val Thr Gly Asp Ala Asp Pro Gln Glu Val Ile Thr Leu Ala Lys
210 215 220

caa tac tat ggg aaa ata cca tct aat aat aag aaa cct tca agt caa 720
Gln Tyr Tyr Gly Lys Ile Pro Ser Asn Asn Lys Lys Pro Ser Ser Gln
225 230 235 240



c) incorporating said T cell epitope into a construct capabl e of expressing
said epitope as a protein; and d) harvesting said protein. 42.,.[hg,drEbhed
of claim4l wherein said amino acid peptide fragnent conprises nine to
twenty amw@ @anéds. 1 43. The nethod of claim4l wherein sai RCOME{1P19St
capabl e of expressing said epitope 2 further conprises a reconbi nant DNA
encoding a protein which is capable of bging 3 internalized into eukaryotic
cells, including cells of the imune system 1 44. The nmethod of claim43
wher ei n sajek REOtHIangeapabl @ Otabeidagacatser nald zed ttat ac? wakaaayot 1€ cel | s
conpri ses dal oxgrwasebectred Froomié hersgroupsoomsi Shr rigeuofhr }ea) Ly$ r econbi nant
adenyl ate cycl ase of Borxdétel | a bronchi se&jfi ca and 4 b) & Peconbl nant
exotoxin A (PE) of Pseudonpbnas aerugi nosa. Dece er 200 44 49,6 The
met hod of ERAIMHFATCWHET &R 3 Y ﬁéglgig ta a a%; 90 SAl dP st in a
manner 2 sé?%cgteéasefr Va the group consbggl ng o i pyg amuscul ar
injection; and 4 b) su cut aneous i njection. 4G The nmet hod of claim45

wher ei n Salagt hRet attS a8c dRY. aadlhaad. BHc? aPh LrAYadkh aBgAbro. Aré gca gaa 864

S. AY. Al f L. AsiA&1Af MAThA MR, A& Abn ArATlAJeAf SsnAMASRIA Lau [ZHa Glu

A& A, L. Ay. A9. AsBI1% Asg AL5 . A 55288 5. A 's. A9" . ALH3%°AL R A, . Ay. AH y/

12I i +j s6i 2Lci , y{vpkf a \/] ca\/] ca] caj caj ca\/] caj ca\/] ca] ca ca] ca a] cgjfaVv] caj

88 <& CaFta| CRati T4t yeglsa
83\]7 gs\l—/lLCC%]K %vr‘ggc ]ﬁ‘%a\?;g a%etfa E‘a{}]eclaﬁ ?@@?j a cal)] cafca] caV] ca] ca]
a

cal ca] ca] caV] % caV] ca] ca] cajc ca] cal ca] ca] ca] ca
Q Al PW hMBL Z{ val. 9Pl XLVL calcad £ algad Gakea] £aVhsalea) &a] eal] oal ead capea] caV] ¢
a] caV] ca] calgalsaM € aheallnavj€akeal cafoa] maVhem]iga Asn Tyr Leu Thr
Df ?RX} xr ngkboWW gb] X] ] caV] ca] e®V] ca] caV] ca] caVpea] caV] ca] caV] caPed] caV] ca] ca]
c™a V]c”a] c”a] caV]ca] ca]caV]ca]ca] calca]ca] calcalca2 9
$! +1 6! 1111 gat"ageVeEX @anRAFESRR-OFENT X 23R ¢ %% aag V? ca]LcaM caV]
ca] ca] ca] c&FEa'ﬁ]eéa]“%%\ﬂsea;‘yga]"é‘agca]]cea]G&H af \}]ré’a]”éa calcaV]ca
&&&&(((((((()#+4+@B+Q++ i.p.V /1 1R1Z21"2~ysnhc”YSV] ca] cal ca] caV] ca] caV]
ca] ca] cav] qal cal.coal % 2l g2l gl calcalealealaaheaVitahealetajaavheal casd cal ca
V] Ca] ca\/] C%erzf é a4vﬁ]l| M@‘IAA 5!1 &N.é&-l:&sﬁ@gmg;le Asn Asn Tyr

; {vql fa[ W] ] caV] ca] aga¥] ca] ca] ca] caV] capcaV] ca] ca] ca] caséa] ca] c*a] ca] caV] ca
] ca] cal] ca] ca] ca] ca] caV] ca] caV] ca] ca] c™a] ca aF IR o3 &]8%1] |

=| =Z=f =\tta, gd@>rat @@ ABBCYCORYEf FaEEElFRfEz BRE v ch cal]c

a] ca\/] cal cawpcaqtcar@ &dy@]q:&rad\ﬂ%ﬁﬁé{]%ﬂ%ﬂ&?&?ﬁ %1;&1% [¥3] ca] ca]calc
aJcaV] ca] ca] ca
FFFFFFFHH*T QLI | K| K(I]/IQ/I\(IQ #HP3 SR T4y 22N LealigavliealeaV] aafgaV] ca
oV cal cal e ERI AT K] 1o Rel cako b AL b o e aneal o Cal oo

]cajcra TTIT 380
V\WSV\#V\X/V\ZV\XXXXYYYYYYZZZ\ }wr | gb\ W e_ZWV]]]caV] ca] ca] caV]ca] caV] ca] ca] cal] ca]
ca] caV] ca] cay] ea cal cad] eed cav] ca ead]| o] agd/jota] caViea] vgea]aéa] cavPta\\\s
_] avbhbl bubssry Blg ¢t e deld’ éeteeiegglgfghﬁhh}ﬁ:qw&boﬂelmﬂ &av] T8 EaV]*E4] caV] ca] ca]
ca] caV] ca] c@&] ca] caV] ca] ca] @8PcaV] ca] caV] ca] 340 ca] ca] ca] cal] o ca] ca] ca] ca
] caV] ca k/ c
k>kM<kkkmﬂﬁﬁ§n%"n 5ol CEt N ik c cilca aU]ca] ca] ca
] ca] ca] ca] c%‘]rcﬁf‘cgﬁfa]‘gg ?]F%:ha] Eg Lg {gf) 6%} ¥cg c%a] cg]tlgga]sga]qca] I:a] I:a'
} YU GQaj wz19AIl ] z{vqgl gb] ] ca] ca] ca] ca] ca] ca] ca] ca] caV]ca] calcalcalcalca]c
a] ca] cal] cal calealL£al 6 cal Galkcal € aheai&akealaal 64 aab. azc &ByARHK 1296
r{vpke  ZU gbdXhlgaldtcal c abh calcatd cahcadl aaj cald] 8ed d&y| @al] Ay g cal ca] caU
] ca] ca] ca] ca] ca] ca] cakzm] ca] ca] ca] ca] cédxal] ca
ru2C'(_gl ydB| wmhc”Yl gb] X] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c1a3]l(ia] cau
] ca] ca] ca] caﬂaca}cMca]%m EPca] ca] cal] ca] cal] ca] cal ca
$( OEZ| AN_b} XU EEY gﬂaﬁr\/ﬂm% ca] ca] ca] ca] ca] ca] ca] ca] caV] ca] ca] ca]ca]ca]c
a] cal] ca] ca] ca] ca] ] cal] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca!
DUaduy4h3" %+~ytoj e [ V] ]] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] cal] ca] calgal ca] cal] ca] ca] cal] ca] ca] ca] ca] ca] ca! +F: &C knLQ vgkf [ U] U] ca
] caU] ca] caU] ca] cal] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]c
a] ca] ca] ca] eziicaitm] ca] ca! ' *9BbL' sTpot | w mhc”Y] U] c] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]cal]ca]ca
't
nXH evynzZY| wr mhc”Y] U] c] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]c
a] ca] caV] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! 7C~r $+, / 0185X] w mhc”*Y] U c] c
a) ca] ca] ca] ca] ca] ca] caV] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
cal ca]ca]cal calca]ca]cal " Xijm +Snr4Vs
&z upkfal\W U] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caV] ca] ca] ca] ca] ca] caV] ca] ca]
caV] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca! gEsy =
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Met

TYyr
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Glu

Phe

Pro
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Val

145

Leu

Pro

Ala
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His Ala Leu

Gly

His

50
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Lys

Asn
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Asn
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Leu

Glu

val
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Met

35
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Gly

Phe

Ala

Gln
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Phe
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val

Ala

185

Thr
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val

Ser

20
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val

Leu

Pro
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100
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Gly

180

Phe
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Gly

Glu

vVal
260

Ser

val

Leu

Ala

Asn

85

Thr

Leu

val

Axrg

Met

165

Trp

His

Asp

Lys

Pro
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Glu

Phe Asn Ile Lys

Tyr

TYyYr

His

70

Leu

Ser

Ser

Thr

Lys

150

Glu

Glu

Lys

Ala

Ile

230

Pro

Ile

val

Lys

55

Phe

Ile

Gln

Leu

Asp

135

Met

Asn

His

Leu

Asp

215

Prxo

His

Pro

Ile

40

Val

Phe

Ser

Phe

Ala

120

Lys

Arg

Ala

Glu

His

200

Pro

Ser

Lys

Glu

25

Pro

Gly

Glu

Thr

Cys

105

Met

Ala

val

Phe

Ile

185

Tyr

Gln

Asn

Thr

Leu
265

Ile val Phe Leu Thr Ile

10

val

Asn

Gly

His

Leu

90

Thr

Asp

Leu

Glu

Tyxr

170

Ser

Ser

Glu

Asn

Asn

250

Phe

Thr

His

Thr

Leu

75

Ser

Ile

Ile

Ile

Ser
155

Tyr

Asn

Pro

val

Lys

235

Met

Leu

His

Arg

AsSp

60

Met

Asn

Tyr

Glu

Arg

140

Gln

Asn

TYyYx

Asn

Ile

220

Lys

Thr

Met

Glu

Ala

45

Asp

Phe

Ile

Tyr

Ser

125

Glu

Ala

Gly

Asn

Asn

205

Thr

Pro

Leu

Tyr

Lys

30

Pro

Pro

Ser

Gly

Glu

110

AsSp

Gln

Lys

TYY

Lys

190

Ala

Leu

Ser

Thr

Gln
270

i5

Leu

Ala

val

Gly

Gly

95

Leu

Arg

Lys

ASn
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175

Glu

Ile

Ala

Ser

Leu

255

Ile
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val
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Thr
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Met
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val

Leu

Lys

Gln
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10%4| & ()-,t10%!| & ()-310%| & ()- @Y10%!| & ()- 100 100
Asn Asn Pro Ile vVal Thr Ser Ile Lys Thr Asp Tyr Asn Tyr Leu Thr
305 310 315 320

Asp Ser Asp Asn Tyr Leu Ser Ile Glu Ala Ile Pro Lys Asn Gly Ile
325 330 335

Ser Thr Glu Ala Val Glu Gln Glu Ile His Lys Cys Ile Asn Asn Tyr
340 345 350

Leu Glu Asn Gly Ile Ser Ala Glu Tyr Leu Glu Ser Ala Lys Tyr Lys
355 360 365

Val Lys Ala His Leu Thr Tyr Ala Phe Asp Gly Leu Thr Phe Ile Ser
370 375 380

Tyr Phe Tyr Gly Met His Leu Ile Leu Gly Val Pro Leu Ser Glu Ile
385 390 395 400

Ser Asn Ile Tyr Asp Thr Ile Asp Lys Val Ser Ile Gln Asp Val Asn
405 410 415

Ser Ala Met Glu Asn Ile Phe Gln Asn Asn Ile Arg Leu Thr Gly His
420 425 430

Leu Leu Pro Asn Gly Glu
435

<210> 6
<211> 1407
<212> DNA

<213> Ehrlichia canis

<220>
<221> CDS
<222> (1)..(1407)

<223> Protein translated from 2,258 through 3,664
(ProB) .

<400> 6
atg aga aac ata ttg tgt tac aca tta ata ttg att ttc ttt tca ttc 48

Met Arg Asn Ile Leu Cys Tyr Thr Leu Ile Leu Ile Phe Phe Ser Phe
1 5 10 15
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aaa aat aaa ata cac tat cta tat gtt gaa cat cat aac cta cca aca 144

Lys Asn Lys Ile His Tyr Leu Tyr Val Glu His His Asn Leu Pro Thr
35 40 45

att tcc tta aaa ttt gca ttc aag aaa gca gga tac gct tat gat gcc 192
Ile Ser Leu Lys Phe Ala Phe Lys Lys Ala Gly Tyr Ala Tyr Asp Ala
50 55 60

ttt gat aag caa gga ctt gca tac ttt aca tca aaa ata tta aac gaa 240
Phe Asp Lys Gln Gly Leu Ala Tyr Phe Thr Ser Lys Ile Leu Asn Glu
65 70 75 80

gga tca aaa aac aac tat gct ctc agt ttt-gca caa caa tta gaa ggc 288
Gly Ser Lys Asn Asn Tyr Ala Leu Ser Phe Ala Gln Gln Leu Glu Gly
85 90 : 95

aaa ggt ata gac tta aaa ttt gat ata gac cta gac aat ttt tat ata 336
Lys Gly Tle Asp Leu Lys Phe Asp Ile Asp Leu Asp Asn Phe Tyr Ile
100 105 110

tca tta aaa acc tta tca gaa aac ttt gaa gaa gcc cta gtt tta ctc 384
Ser Leu Lys Thr Leu Ser Glu Asn Phe Glu Glu Ala Leu val Leu Leu
115 120 125

agt gat tgc ata ttc aac acc gtc aca gat caa gaa ata ttc aat aga 432
Ser Asp Cys Ile Phe Asn Thr Val Thr Asp Gln Glu Ile Phe Asn Arg
130 135 140

ata ata gca gaa cag att gca cat gtt aaa tca tta tat tct gct cct 480
Ile Ile Ala Glu Gln Ile Ala His Val Lys Ser Leu Tyr Ser Ala Pro
145 150 155 160

gaa ttt ata gct aca aca gaa atg aat cac gct ata ttc aaa ggg cac 528
Glu Phe Tle Ala Thr Thr Glu Met Asn His Ala Ile Phe Lys Gly His
165 170 175

cca tat tct aac aaa gtt tac ggg aca tta aat aca atc aat aat atc 576
Pro Tyr Ser Asn Lys Val Tyr Gly Thr Leu Asn Thr Ile Asn Asn Ile
180 185 190

aac cag gaa gac gtt gca tta tat ata aaa aat agt ttt gac aag gaa 624
Asn Gln Glu Asp Val Ala Leu Tyr Ile Lys Asn Ser Phe Asp Lys Glu
195 200 205

caa atc gtt atc agc gca gca gga gat gta gat cca aca cag cta tca 672
Gln TIle Val Ile Ser Ala Ala Gly Asp Val Asp Pro Thr Gln Leu Ser
210 215 220

aat tta cta gat aaa tat att ctt tcc aaa ttg cca tct ggt aat aac 720
Asn Leu Leu Asp Lys Tyr Ile Leu Ser Lys Leu Pro Ser Gly Asn Asn
225 230 235 240



10nHNVnnoooodYNC 10 10G 10G 10G@ 100/&5& ()-y 1096& ()- 109X ()-y 1096% () -
10%G& () - 00000pHPAEYNC 10 : 10%] & () - O%Qh& ()- ~ 10%| & (2
1094 & () - MLOY| & () - #mLOY| & () - prppppptttdE [ 104] 104] 2 December 2003
10%4| & () - #10%147 )-10%4| & ()-10%4& ()-: 10%4&' ()-: 10%4& ()#F;cét{% J,%]xYNos
4| 10B 10BMOBY UB& () - 163510988 ()- 3" 109B&’ () - 109B& () - f & () -
104| ||} _}}rg\ 84| 10S#mi0% & ()- 10 10
10S& 10%&' ()-m!,' " 109%& ()-!?,' " 109%& ()-B#F109%& ()- U} ~2g\ =84]

10\)10%& (a) \ %& () &10% ac at aga gaa_gac aca tta tta 768
1'10% & ( e g "V 43 nl 1ul ié Thr Leu Leu

10t & &10% iﬁ% %1 ﬁéﬁ et 250 = P s

& ()- 2810%—IH& () "2510% & ()-,2S10% & ()- GQBVK@4| 10 !0- 109%kKk& ()-f-
10%2& () - f #2Q9%GH& (he aghOBER o) - ABYZS Ept HEOSES: {tp- Ok M} [BVKEBY| P36
109%0U& () - 119 1098JG&N (Arg' ASiD) VEDORRISETN STr 1\ &1 ¢ )MeF! magMao% {¥2 S9-

109Z&' () - Srvz~xVAVK@A & 10%JU& () - (I32ié%uu& ()-(!3 1090 ()-13

LOSGIUE" () -1 3 10081 ()13 10%JU&( K 3_10%AJU& 1Q4JU&8@ (13
109%8JUS! 2 (525 )

10%JU! 8 g 1%%%@ éy Eig‘%ga(ggﬁ ﬁ&s%%@ mm%fé %) ?%%ﬁmwu& ()-13
100%4JU& ()-!3 10%JU& ()-13 10%JU& ()-3 1094JU& ()-xVAVKq! 3 1098JU&' ()-!3
10%JUE () - 'a3+1004)d8a (Joc! 3od QMU ked Bal 004dURLS ) ttla3add) WhdiaE) txd 4VRE? 3
1098JU& () - 119:r1896Ju8h (§1y 81yl 0R4AIUSEH( J.eu asmos/@u&le)he!usmqtoq@w&sl@) Leg

1094U8 () - qOQ[asqu3 1094JU&" () - ! Z°51094JU& () - 3 10%319& () - 3XPH iL/3
109%4JU& ()-3 109%JU& () 3 10%JU& -13 100U () - %JU& 3c 10%Ju<g66) 3
1098U& () - |EL9F39TE> ;(;;? gg@)é )2 g T0%IE ()-!3
109U&" () - EYE/E 0 l3 10%_,);31&() q] 3XPH,
1 99 - x4/ | 3! 10%Ju&() 13 1090U&' ()-! 3 10%Ju&() 13 1008U8 ()-13

109UU& () - ! 3 glA%8N& (dgr LROTABX M 3t Jgt0%8A&tR) tdBadOHURaAY) ak8 1008
109%AJU& () - 112etl QMR ($ert Rsd GHAUURS Phé I1L0VRIELE) Piel WAIRRer\X5r Shr

10940U8' ()-q] 3XPH, !3 1098RE ()-!3 10%JUE 830 RVZ cgkx\V4/ ! 31 B500U ()-!3
1094J0U8' ()-13 1094JU&' ()-!3 109AJU& ()-!3 109JU& ()-!3 10%Ju& kosw{x\V4/ ! 3! 3
1090JU&' () - 1 &2 g6RIIg2( 323 39&05%%&0 tWtf‘o é 2kt a ggi{%iﬁ ar
109%JU& () - }Wﬂ%l%ﬂ%ﬂ G¥5 (L& §e 5( s o%jbé 03 DI '()-13
10080U8' ()-13 1098JU& (1 oexV4/!3 10%J ()-3 109%JU& () 5 10000 () - q] 3XPH,
i L/ 3 1008JU8.4) =3 1&@5& Cg);t\?gal:og@,maé)a'& £0084d8’ 49 y3a HAMMMY (@pe3 1104
100WU&! () - Bk ABie) ol yHva1 LM IDE: (Asp ! hr] ORAJUEa( T2 AlOUWEESED) SBr10%UL () - 3
1094J0U8' () -3 1094JU&SE) - |3 1094JU8' () -360(j H+! 3 109U @F5!3 100U ()-!3
109JU8! () - 3q] 3XPH, xV4+! 313 109%JU& ()-13 100U ()-!3 10%J& ()-13

10%JU8! () - ! 8ELLEORIIGIC( Fot JLUOMILBLY ook \2kal SES apfoghs: E!aé 9% ():*r3
109U () - | BLe @U@ FeT FhecATURS g)SeréﬂefoézﬁUg}S(‘) %" 2 Yo () q] 3XPH,
13 10080U&' ()-!379000U8 () -xVa+! 373" 100008 ()-!3 1%u& () 13 100MU& ()-!3
100JU&' () - 13 1090 () )eeaSKVAEL3! 3 109N (! Bad QUMUE (20! 3
1090 () 'éi@ﬁﬁﬁu&imégi% é)Lehsagso ") a%E F0d) ¥ty 31 A e

109%JU& () - ! 354 004 94408 ()- 13 10%JU8ids) - | 3 109AJU&' () -403

1094JU&! () 12345qT7xV4+I3|3 10%JU& ()-3 10%JU& ()-3 10%JU& ()-q] 3XPH, 569:;
<=@L*! 3 10%abgap) e 20O i 3ad0MBURLY o8 AGHEIUER Jep- B2 GHRIIE( ) - _1248
1094JU& () - 3AS0TISETYY) AEABEDGEK IS)S’fHJYEO%ﬂJ&lg)TTBF THo49® ¢y Vel AL () - 3

1090U&' ()-3 100AJU& ()-3 145U ()-3 109aU&™P) -1 INRVI J(i L/ ! 3 100w ()-13
L0%UE: () - 13 1094 () g] 3XPH, V7" bf 4tnxv4/|3|3 10%1%51(%@@ 109848 {Jge! 3
1098U& () - )5 %{lzvahO%JU& ()-13
109008 () - %ﬁ%tﬁﬁ g‘i ﬁjiﬁ ?ﬁus{;g‘b(%u& ()-T3 10%A& ()-J- xV4/l ! 3
1090U&' () - q] 3XPH, |3 10%JU& ()-13 109U& ()-xV4/ 1313 10%JU& () 3

LOYN: () - ! 3od QUNES hiat 2ual0BAIE) ode3ad0NNIRA () h8 SEOVRAKIE)- ek | 113
10%JUE' () - | 81 OMEUBA Jrsh 2<b0VARIRSE) GlyBLAOVEYEEI Yo ABB ALGUANILY S - Hig

1090U& () -} xV4/ | 31 B35L0%JUE ()-! 3 10%A0U& () - 13 10%JU8?—4(5) 13 100808 ()-!3
109008 () - '3310%tJU& (th&%v‘léa'(?" g3g10%Ju& 10%J . 192,
1090U&' () - qPSXPE FI%-3t2 0pILREY 52 é; hjue:
1094JU8" () - Eiﬁo ¥y Ley Sﬁwﬂﬁ ¥ Y4y M@g&? 3 0%

1090U& ()-13 109A0U& ()-3 109JU& (-3 1090U& () - 3 10%Ju& ()-13(iL/13
1090U&' ()-13 109U& ()-13 10%U& ()-q] 3XPH, xV4/!313 109JU& ()-!3

1090U& ()-13 109U& ()-13 10%U& ()-!3 10%U& ()-!3 10%U& ()- $(xVA4/ 1313
109008 ()-13 109U& ()-!13 109%JU& ()-!3 109JU& ()-!3 10%JU& ()-! 3

10%JU8" () - (, 015J- xV4/ 13 109JU& ()-q] 3XPH, |3 10%JU& ()-! 3

10%0U&' () - 59=AEI MkV4/ 1 31 3 1090JU&' ()-!3 1090U& ()-!3 1090U& ()-!3

1090U& ()-13 1090U& ()-!3 10%JU& ()- MOUY] aexV4/ 1313 1090U& ()-!3

109008 ()-13 109U&' ()-13 109%JU& ()-!3 109JU& ()-!3

100008 () - ei mgr}xV4/ 1313 1000’ ()-!3 10908 ()-!3 1004 ()-!3



5$210%& () - $210%1& () - I$210%N W& ()- $Z100& ()- ' ()w 210"

'10%@ @' () - ' 10%@ @' () - ' 109@ @' () - 4 SHYL0%@ @ { )~ ( 1QMLOMLOM
05@ 10%v&' () - T)*+ ./ Ot X<?10" 10%@ @ ()- 4f°" 10%@ @ ()°
4f 7' 10%@ Q@oloimrds ' 10%@ @ () ' 10%@ @& () 41f " 10%D @ r)us00/19763
A4F ' 109D @' () - 401234CDEpT8’>10 f 10%@ @ ()- 41 10%@ @ ()-
4f "' 10%@ @& () - ' 10%@ @ () - 10%@@() 41f 10%@@()-
4 109%@ @' () - 4EFGHI Jrv:f° 10%@@ ()- 10%@ @' () - ' 109@ @' () -
Af "' 10%@ @a(ygr 49L B HEE ! HB] * JKLMNOQR! T80ty@ @ ()-f° 10%@ @' (407
4-1 " 10%@rEX 23 cs}fs TR0 @' ()- 4F ' 10%@ @' ()- 4f ' 109 @& () -
Af° 10%@ @%s( ) - | 10%@ @ () - 4ARSTUVWKE XB0%@ @ ()-f ' 10%@ @ () -
4-1" 10%@ @ () - '109%@ @' () - 4f ' 10%@ @ ()- 4f ' 109%@ @& () -
4 10%@ @' () - 4f ' 10%@ @' ()- 4XY]aenN.t X80%@ ' 10%@ @& () -
4f ' 10%@ @?1%)’ 7af> ' 10%@ @ ()- 44| B; 3

ung ! H$] UY}6,?80%@ " 10% ' 10%@ @ ()- 41" 10%@ @ ()- 4f " 10%@ @& ()-
4f"10%@ F-4% 10%@ @ ()- 4f 109%@ @ () -

4} _?80%@ .40% piel0%@ @ () - 4F ' 10%@ @ ()- 4 ' 10%@ @ ()-

47T 10%@ @& ()- Af ' 109%@ @ ()- 4f ' 109%@ @ ()- 4AML_?80%@ ' 10%@ @& () -
41ql B; 3 und21BHMEAICA00@ @ () - 4f ' 10%@ @ ()- 4_?80%@ ' 10% ' 10%@ @& () -
-4f"10%@@£()- 41" 10%Q @ ()- 4f"10%@@£() 4f"10%@@£()-

' 10%@ @%7-7 4_?80%@ ' 109% 10%@@ ()- ' 10%@ @& () - oo 18:;%% 8

' 10%@ ' 10% ' 10%@ 4 280% " 1 1 -

' 10%@ %“( %‘rg 477 1o g% Tyﬂf“"r 16%a Ilf £ gﬁdg@

' 109%@ @ () - 4rV:_?809 ' 10%@ @& () - ' 10%@ @& () ' 10%@ @& () -
40q| B; 3 unidd Wil @@Q?@Asnl&é@@p&h 144 ASAOJ%@@ (:)Lu M Tﬂﬂ%@@c ()-
4f"100/@@'()- AHF" 1@%@@() 1ﬂ9/(@@a() 1@%@@()
4pT80%@ 10%@ @' () - 10%@@ () 10%@@ () 10‘%@@ ()-

1 10%Q @y psn fiys IQ@/@@?‘S(") LveTlem/?@F@L Hip- H%NS?W/@° THov@ @ () -
' 10%Q @ () 4f3“5 109@ @& ()- 4q148; 3 unQ ! H$] 10% ' 10%@ @' () -

i 10 1 72 % 11 Hoola Phgc}%sl %%g&*d‘y ﬁ%—aoﬂff?/%bdhf‘)

4f"10W@@L() ' 109%Q @ () - 109%@ @' () - ' 109%@ @ () -
448<=ANH_?131%’/@5'MW@1@’é19) Lelﬂmsanya WA Thiriderf Lyslew@@' f¥n Glu
T 10%@ @S ) - 4AE I\/QJY_?80%@" 10% 00/@% () - ocy 00&? @®o() -
109%@ @ () - 4f ' 10%@ @& () - 109%@ @&
4Yj. aei nq_?gm/@r'w/mn mu@‘@h@ Le4nf sen (Fx@idp Wx GAP L%@’@ éﬂ)
10%Q @& () - 109@P&R () - O%@@L()

4quy} Swé? s 10*0 ) fg;; a3 )Phif‘tsplé Sl hond %%%]‘( O ()-
7

10%@ @& () @' ()- 40ql B3 uer | Hb] ' pT80%A ' 10%@ @& () -
10%@ @ef )Leu4L{'s Tixg /@1@%{ )G'1u41f.sn :bgg/(@l@Gl(u) AlaﬁfLeul‘@é%@;@i I(e)u
10%@ @ () - 4{15 10%@ @ () - 4p1'l'231)°/<@ 0%@@& (1)25 4 109 @' () -

)_
)_
)

4-f"10%@@L() 10%@ @& () - 10%@ @ () - 10%@ @& () -

' 10%Q @&et )ASP4M T8 024ed AS&O@@@ (Chx A GlIOG@ @ce( ybe 445“ ’W’/@ @ ()-
4q| B; 3 unQ ! HFP0_?80%@ "' 10% | 11*@%@@ ()- 1@0/%% ()- 0 1(1)8/(9@@@(6
4F T 1090 @ 109 - ' 10% - 4 -
4 10%@ (311841“& fdv%@ﬁéa Alfl‘f His) ¥o4 g‘@ iﬁr LAF"™10 &
4f ' 10%@ F) 4AML_?80%3 %D @& () - Elalql i3 ”5@%&% iﬁoc@ﬁcj@g;@g)@(
4f 7' 10% 4 0 n(Ris #fa 11 il is
e 100/% %189 ;f@Q\qf@Thle‘é{s)i_Gl% ﬂ@i%@@ fa 14 o7 Jolsdiis 1000 & (
4f 1 109%@ @ () - ' 10%0 @& () - ' 109 @& () - ' 109D @ () -
4f ' 10%@ @r(a)?yr4s@30m@ws10% moga@ @Rr (Deu Z$n T&O(’x@?@ﬁf( )’*5“4¥Ie 10%@ @& () -
Af "' 10%@ @ () - ' H09D @ () - 1%@() 4" #r R61PB0Y@ ' 10%@ @& () -
4f ' 10% ' 10%
Q1 18] %5 G0 005 0 s i oo & e e 108 (-
4-f°' 1090 @& () - 10%@ @' () - 10%@ @' () - 10%@ @' () -

4 012345 (y e 0 o a a ]_) s f ro 1&{@,@‘ I_(e)_l er
100/(@?%9(?;0 X%P %‘%I(@%ﬁtl( g154%é9¥/@5%4@A( gzéf T 10%@ @& ?) -

456 >BnN. pT80%@ ' 10%@ @& () - "109@ @ ()- Af ' 109%@ @ ()- 4ql B: 3
uer!H$]'BFJNsz_?so%@"10%"10%@@:()- 4 10%@@:()- 4F° ' 109%@ @ () -
10%@ @ ()- Af ' 10%@ @ ()- 4F° 10%Q @ () -
4Z"bfjnr 280%@ 10%"100/@@'()- 41 109%@ @ ()- 4f ' 109@ @ () -
109D @ () - "109@ @ ()- Af ' 109%@ @ ()- 4rvz{ML_?80%@ ' 10%@ @& ()-
41qIB 3 unQ ! H$]" f ' 109%@ @ () - 4f"10%@@£()- 4_280%@ ' 10% ' 10%@ @ () -
10%@ @ ()- 4f ' 10%@ @ ()- 4 10%@ @ ()- 4 10%@ @ ()-
' 10%@ @ () - 4’>800/<@ 10% 10%@@() 4F 10%@ @& ()- 4 10%@ @ ()



nQ ! H$] " '%7300/(@ "10% " 10%@ @' ()- 4f ' 10%@ @& ()- 4f ' 109D @& () -

"10%D @& () - "10%@ @ () - 4f ' 109%@ @& () - . 2 December 2003
4% 159= ?30%3 " 10% 109 @& () - 4f T 109 @& () - 4Af T 10(Vé) /'Sg

" 10%@ @ gro7es ' 1096 @& () - 4f ' 10% @& () - PCT/0S00/19763 |
4.=AEFJ|V|1_?300/<@" 10%@ @& () - 41q| B; 3 unQ THE) " 100/@ @' O)-

109D @' () - 4J NRVZ’\b _?230%@ ° 10% ' 1Y@ @& () 109D @' () -

1 10%@ @& () - 1109 @& () - 1109 @& () - 10‘%@ @ ()-
4be nrvz ?Beﬁ/@u n@ﬁ/&sp 1_09/@3@1(9 -Lenfserlev@@ %‘50 Sef GO AEy 4

' 109@ @2%) - ' 10%@ @23(0) ' 10%@ @ 28p

4 ~ 230%@ 10% 100/ ) ocy 4 0%
S T10%@ @V%)Asnﬁhf i g s(")Tf%c A(")g &h“%‘ @P%OZ%@?

1 109@ @ () - @ ()- ‘V @ ()- 40ql B; 3
UTTQ ' H$] 0% (@@ @81( bro ZHln 096 0% 16) MeéfPhelﬂg/@T@ Asp
109 @ () - z& ‘V @() 1&0/@@() 10@/@@()
4pT30%@ @f - 10%@@ ()- 10%@@ ()- 10%@@ ()- 1109%Q@ @ () -
' 10%@ @&ht)valdprd mﬁ/@@sﬁ(x) LyslfAS‘plwl‘@*@c Hlp- Sqm& TBG“/@“E &ﬂv/@ @ ()-
'109%@ @ () - 4275 109%@ @ () - 4cﬂ88 3 unQ 'H$]' _ '10% ' 109@ @& () -

182’;% %“%)‘5‘9%%8 e ’o‘%; Seq J5 W@g 54 ¥ %@Jtég@ ape 10%@ @& () -

' 109@ @& ()* 10%@ @& () 10(V@ @ ()- 4ML _230%@ "' 10%@ @ () -
41ql B; 3 unGlhHl iys 100@ @i &) Thf’rnyrlﬁf@@ dor sdr OB 605 10%D @ () -
' 10%@ @og) 10%@ @519 - 10%@ @& 3(1)5 4f "' 109 @ ($20
' 10%@ @& () - 4 _?30%3@ "' 109%° 10%@@ ()- ' 10%@ @& ()- Af ' 10%@ @& () -
" 109%@ @56@) Asn4fl1$ BOY@sEBV ) LeufPhelgh@‘@L J(l)e_ Phe Thr Asp Asx; Thr
$( ) _?30%@ 10% 100/@ @25() - ' 10%@ @&3P) - ' 10%@ @& 1™

10%@@ (): ' 10% 4f " . )
4)* otV PR Ty Lg%%@% ger gfel Eg é%"% “if” &%@@ )% 40ql B; 3
uer ! H$] T123459: 0030 10%@@ ()- ? '10%@ @' () - 10%@@ ()-
' 10%@ @) LyHr G].LQO/@l@és& Je1udhsp i‘QB/(@i@(AI(a) IléfAial&%@@ Gpr 4
< ABCDpTSOCV 10%@@ ((@))@ N 10%@0@ (8@ N ' 10%@ & () - '10%@ @' () -
' 10%0@ @ ' 10% ' 10%
4DEI MNN. pmg’/@r PSR @S F1e 4er %@/@@aee)asruﬁsnlﬁﬁ)@‘@ Y31 Sﬂﬁl B; 3
unQ I H$] ' QUY] a&l® '>800/@ 109 * 70%@ @& () - 8% @& () - 10%@ @& () -

10%@ @& 0% s
4| muy} _ 28(f8 Ilel@%’ Lef%g( ")’(G)ln Izﬁu 3 ?&%%%gf PAFee 1565@?3’@:{%})
10%@ @& ) - 10%@ @ () - 10%@ @& AML_?80%@ ' 10%@ @ () -
41q| B, 3 umQdHij H;,TJ;@.?{@@TQ mAf Lyslaaf@l@ r I4e78ﬂ9/(@lu 1%sh 109 @& () -
0‘%@@ ()- 0%@@ ()- 1094 () 10%@ @Llf()
109 @& () - 4 _?780%@ ' 10% 0‘%@@4() 0‘%@@4() 109 @& () -
10%@ @@L IleﬂfAla 11@!%@@1@ Ledllf Sex1 0E)iER (Jyu V&logbe/ Le ?LU%VB'HO‘V@ @ ()-
10%@ @& () - 1O @ () - "1 @& () - ' 1098°@ () -

0 4r V6 ?80% % 00/ 4 @ @ () -
4oq| Boé@J@L ‘Lé]’sr RiE0YE Ag&é@k@%g% s iy ( 1£4L’1‘S“ Mhi @ ()-

509D @ ( o Al el (()@@s (z)i%(y@; @th(a%{@@; @110%@ @Liét)%@@ 0
4pT800/@ A sed O 1 Aefval r ddr 1 " 0)-
“lovia @& 1) ﬁ‘fq(%’l%ég SR Y o 0N a () den pTB0%G ' 10%Q @ () -
'109%@ @' () - '10%@ @' ()- 49l B;3 unQ ! H]' _?80%3 ' 10% ' 109%@ @' () -
4f T 10%0 @€ Glﬁfc‘y'slﬁf@@c' ()- 4f° " 10%@ @& ()- 4f ' 109@ @& () -
4f T 10%@ @RA6Y - 4#_’?800/(@" 10% ' 10%@ @& ()- 4f ' 10%@ @& () -
'10%@ @& () - "10%@ @& () - 4f T 10%@ @ ()- 4f 109D @ () -
4# +, OML 980{@ §l10%@@ ()- 41q!IB;3 unQ ' H$] ' f ' 10%@ @& () -

" 10%0 @&~ 048<@H_ 980%@" 10% T 10%@ @ ()- 4f ' 10%@ @ () -
' 10%Q@ @by 45| 10%Q @ () - 100/@@'()- 41 109%@ @ () -
4HLPTX\ _280%@ ' 10% ' 10%@ @& () "109%@ @ ()- 4F ' 109%@ @ () -
' 10%@ @<6y>> diA " 10%@ @ () - 10%@ @ ()-
4 dhl m 280%@ "' 10% "' 10%@ @ () "109%@ @ ()- 4F ' 109%@ @ () -
109 @ity MLUGBLY)- 4f 100D @ ()
4rmost rR6_?80%@ ' 10%@ @& () - 10%@ @ ()- 4f ' 10%@ @ ()- 40ql B; 3

uer!H$]'tuvw{|}~pT80cy@"10%@@:()- 4F 1 109@ @ ()- 4f ' 109@ @ () -
SF 0@ @ ()- A 10%@ @ ()- Af ' 109@ @& ()- 4f ' 109%@ @& () -
4~pTSO%@ ' 10%@ @& ()- 4f ' 10%@ @ ()- 4f ' 10%@ @ ()- 4-f ' 10%@ @& () -
4 109%@ @ ()- 4F ' 109%@ @& ()- 4f ' 109%@ @& ()- 4nN pT80%@ ' 10%@ @ () -
4f"10%@@£()- 4f"10%@@£()- 4q| B; 3 unQ | HS] ' _?80%@ ' 10% ' 10%Q @ ()-
L0 ()- 4 L0%D @ (): 4 " 10%D @ (): 4 10%D @ ()
' 10%Q @ () - 4 _?80%@ ' 10%° 10%@@ ()- 10%@ @ ()- 4f ' 10%@ @ () -

NAIIN S~ PNAIIN S~ NN I~ L Mo NN\ I E A NN 7



MVE=&! #&yF&10% & () - - yF&L0% & () - - 0080%
fyF&10% & () ---yF&10% & () --yF&10% & ()--yF&10% & () --yF&10% & () - - yF&10% &

() o yF&lo% &' () o pT80% 2 December 2003
f yF&10% & Wp019Fe@d0% & () - - yF&L0% & () - - yF&L0% & () - - yF&10% M-KSeoy #&10% &
() --yF&10% & () -- V6pT80% f yF&L0% & () -- g
MVE=&! #&yF&10% & () --yF&10% & () --" & ?80%s
fyF&L0% & () --yF&10% & () - - yF&10% &’ ()--yF&lO%& ()--yF&L0% & () --yF&10% &
()-- & . 26:<22080%
f yF&10% & () - - yF&10% & () --yF&L0% & () -- yF&10% & () - - yF&L10% & () - - yF&10% &
() - - >BFIN <#869,CDS
fyF&10% & ().- - 5;& 0% %1()- -yF&10% & () --yF&10% & () - - yF&10% & () - - yF&10% &
() - - NOSW r 227809t 3}% 0% & ()--yF&10% & ()--yF&10% & () - - q
ME=&! #&] C% 7:%@49.:1 translated from nucleotides th
fyFyF&10% & () -4 Y8108 of) unlMFo&ikO%r&tﬁmryF&lo% & (725 ke10% & () - - yFE10%
& ()--sw_?80%
f yFyF&10% &00)-8 YF&10% & () - - yF&10% & () - - yF&10% & () - - yF&10% & () - - yF&10%
& ()--QL_?80% f yF&10% & ()--q MVE=&! #&yF&10% & () - - yF&L0% & () - - pT80%

0 g 0 242& gC}ﬁI&j ta) cg - - 0

E{F?&gébl%o ‘§ yg%.;é%]@% et Lys :Egg/él?is ger Thr ggﬁ &;lg)Ar?;ﬁg%ﬁggé{% %:&10/6
f yF&10% & ()- - yF&10% & ()-S-yF&10%& ()--yFEL0% & () - - yF&L096& () - - yF&10% &
()--yF&I0%& (i5- plézpo/ t:y S Q¥ 8add ard gca gtg tta ggt tta gct gca 96
ME=&! #&YFM%I_,&J( 1u- (L’Vf % & (I)le 1178@%e ala val Leu Gly Leu Ala Ala
f yF&LYF&10% & () - - yF&AO% & ()--yF&L0% &5() - - yF&109% & () 38 yF&109% & () - - yF&10
% & ()--_?80%
f yF&LYF&1098c&EEY -EFFEA0 %’ ¢9- IFFRUDYRET (Jat PRI &ay poa &193% & ¥44 - yF&10
(ygl& (g/-- 9@@4..&?1 Pfx% Ala Ala g?a %a Cys Ser(gsp >f&rg Phe Gli( grg ylz!zu :ﬁ y

fyF&lyF&lO% & () - -3>?F&10% & () .- yF&l‘b(% & () .- yF&lO% &Y ) --yF&10% & () - - yF&10

W& ()--r 0% £ YF&109% F&lO‘VG% Eg gﬁ gE | #& 45780%
[YPyFa0n & 4 f,r 1@?‘8&% T i S HRENES ()12 Fato
f yFyF&10% & ()--yF&lO% & ()--yF&lO% & ()--yF&L0% g ()--YF&L0% & () - - yF&10%
& () - - 156 78G5 gP89stl YE&I0% &-4 JocaqadvEL&h#EYF &A% (e ayF&BRYsR ()24®89: ;
?@\BpT80% Leu Val Ala Ser Leu Thr Ala Ala Leu Ser Ile Cys Leu Thr Lys Ser

fyF&10% & (8% - yF&10% & () -- y?i&10% & ()--yF&10%8 & ()--yF&10% & §9 - - yF&10% &
(}--yF&10% & (:;

vredon & UL DR OF Baith s ponv e g8 £ 2 B QAD) - SPmone

MVE=&! #&yF&10% & ()--yF&lO% & ()--VZ’\bfj n_'>40%

f yF&LO% & §9c ay E&IAY &t (Yot YERIAYW &t )acay i€l Q% &ith) atty E&A 0%adt(] - - yFR10% &

()--nrvz~_8%hr Ser Ser Ser val Leu Leu Ala Ile Ser Ile Ile Ser Leu Leu

fyF&10% & () --yF&109%6.80 () - - yF&10% & ()105yF&10% & () --yF&A0% & () - - yF&10% &

()--_?40%

f yF&10% & TEIEE ([ YRR gRY jaray F'ea%& AR 2)--';‘/‘#4&10% &

()--rR2_?4 )ér"gﬁ /A&a = i”ey‘ii%& ¥ & ARE=E#-%40%

fyFyF&L0% & ()--y 10%& ()--yF&lO ()--yF&lO%& --yF&lO%& ()--yF&10%

& ()--_?40%a trc ttt age aag atg caa gaa ctc tcc aat cca ctt gtt gtt gca 432

f yFYF&10% ey )pheyﬁ&l@gf 3 MeyFG%O@ &1l s¥F&EA%& (du WEFSLQYRE () - - YF&L0%

& ()--B_240%iByF&10% & ()--q MEs&! #&yF&10% & ()x40yF&10% &' () --pT80%

fyF&10% & ()--yF&10% & ()--yF&10% & ()--yF&10% & ()--yF&10% & () --yF&10% &

()--yF&lO%t&i (a):t @EROP¢ gtt tct gtt ttc cta ctc tca ttc gta atg tat gct 480

fyF&lO% jla XioPeeflodd &' (9L SEF&TG%’@?— (Deu. 1 Wéf@%‘f& V3L Mey FRFOM R () - - yF&L0%
%& ()--V60030@’ PyF&10% & ()--q* 160

F

Vel #&yF&% 208 (s xgelow o) T W oo g oo oee s e e
fyF&10% & £)7 1y E&%r q VERIGS & BRGS0 oy PRl el - - yFa10% &
()--19% _ 9300 170 175
fyF&10% & () - - yF&10% & ()--yF&lO%& ()--yF&LO% & ()--yF&10% & ()--yF&10% &
()--)-15: _?30%
fyF&LO% & () --yF&10% & ()--yF&L0% & () --yF&LO% & ()--yF&10% & () - - yF&LO% &

1 ?7CEGR2_?30% f yF&LO0% & () --YF&LO0% & ()--yF&I0% & ()--q
ME=&! #&GEKOSW __ ?30%
fyFyF&10% & ()--yF&10% & ()--yF&10% & ()--yF&10% & ()--yF&10% & () - - yF&10%
& ()--_cgkosw ?30%
fyFyF&L0% & () --yF&10% & ()--yF&L0% & () --yF&10% & ()--yF&L0% & () - - yF&L0%
& ()--W|}~QB_?30% fyF&10% & ()--q ME=&! #&YF&IO0% & ()--yF&10% & ()--~pT40%
fyF&lO%& ()--yF&lO%& ()--yF&lO%& ()--yF&LO% & () --yF&10% & ()--yF&10% &

N Y Y.v. Y Y. Y.



10% & ()-my, #10% & ()- y@ 10% & ()- yL 10% & ()-( g10% & ()-dB#| [: bUsf g
y010% & ()-( y@0%W& ()-( yl0% & ()- y 10% & ()- 110% f& ()-( |
1(();A<'OK&'(%)#L|[ bU4f g (<)0()1ow&'()- y()10% & ()- y0() 1098 @efpmber 2003
y() 1098& % & ()-( y10% & ()-(KVT3f y 10%& ()-f

Y.SHIMLO% & YV)O‘V@‘@’%’%% & ()-10' 10" 10' (" ?:, 810% % () rn4$8[9vT33’ Wﬁ%wéa’l%&’

& ()-f y 1048& ()-fy yO 109% & ()-fy y 10% & ()-f y 104 & ()-f( y

10% & ()-f(OEZj | {ZOVT3f y - @ 10% ()-f yl@lo%j & ()-1y-@10%: ()-

Y( ;L#g;/olg'/& 3 y gé}zow;z é (%365910%;8861 iA@Kliem tszft 1;: &1%%/%( g&' (55 M
. y 0 ) a aa 0
10% & () - ?fgy 1% & ) 4 150%?)1—90, &10%&'() M

f &10%0&0&' () |va8 10% 10% & ()- 10%& ()- o 10% & ()-0 10% & ()-

1_0%{ & ()- A40%&g(Yca gtDUt& ¢Ye PES gck086t 1OO4&t (Jac alO%LE' b¥e Gital09%& ()-0
1094 & ()- 1D9Q&u(Jer ALQNE& L9u Pro(WAaAYY GhN. I@?@sm@% &eft) Thr T &' () -
10% & ()-qzc[S )pTi9%8 10% 10% & F9°-

gct tct tgt gac att tta gca gtg agc agc cgg gga tcc tct cag cat 672
Ala Ser Cys Asp Ile Leu Ala Val Ser Ser Arg Gly Ser Ser Gln His
210 215 220
caa 675
Gln
225
<210> 9
<211> 22%
<212> PRT
<213> Ehrlichia canis

<400> 9

Met Val Leu Phe Met Lys Ala His Ser Thr Ser Ile Arg Asn Phe Gln
1 5 10 15

Pro Leu Glu Arg Ala Ala Ile Ile Ile Ala Val Leu Gly Leu Ala Ala
20 25 30

Phe Leu Phe Ala Ala Ala Ala Cys Ser Asp Arg Phe Gln Arg Leu Gln
35 40 45

Leu Thr Asn Pro Phe vVal Ile Ala Gly Met Val Gly Leu Ala Val Leu
50 55 60

Leu Val Ala Ser Leu Thr Ala Ala Leu Ser Ile Cys Leu Thr Lys Ser
65 70 75 80

Lys Gln val Thr Gln His Ala Ile Arg His Arg Phe Gly Tyr Glu Ser
85 90 95

Ser Thr Ser Ser Ser Val Leu Leu Ala Ile Ser Ile Ile Ser Leu Leu
100 105 110

Leu Ala Ala Ala Phe Cys Gly Lys Ile Met Gly Asn Asp Asn Pro Asp
115 120 125

L.eu Phe Phe Ser Lys Met Gln Glu Leu Ser Asn Pro Leu Val val Ala
130 135 140

Ala Ile val Ala Val Ser Val Phe Leu Leu Ser Phe Val Met Tyr Ala
145 150 155 160



109% &
10% &
) pT

109% &
109% &
109% &

()
()
10
()
()
0)

10% & ()- 109% & ()- 10%& ()- 10%& ()-_?8 10% 10% & ()-
109% & ()- 109% & ()- 109%& ()- 109%& ()-M._?8 10%& ()-1qgzc[S

K& ()- 10%& ()- 2?8 10% 10%& ()- 10%& ()- 1004DRcédber 2003

109% & ()- 10% & ()-_?8 10% 10% & ()- 10% & ()-_ 10% & ()-
“50“1(‘@61% - 10% & 8-#' +, 28 109 108/% & ()- (10&%"@(’95""%976(3)
10% & () -
17

Ala Lys Asn Ile Ile Ser Pro Asp Lys Gln Thr His Val Ile Ile Leu
165 170 175

Ser Asn Gln Gln Thr Ile Glu Glu Ala Lys Val Asb Gln Gly Met Asn
180 185 190

Ile Leu Ser Ala Val Leu Pro Ala Ala Gly Ile Asp Ile Met Thr Ile
195 200 205

Ala Ser Cys Asp Ile Leu Ala Val Ser Ser Arg Gly Ser Ser Gln His
210 215 220

Gln
225
<210> 10
<211> 417
<212> DNA
<213> Ehrlichia canis
<220>
<221> CDS
<222> (1)..(417)
<223> Protein translated from complementary sequence

derived from nucleotides 4,884 to 5,300 (partial

lipoprotein signal peptidase homolog) .
<400> 10
gat cag gta agt aaa tgg tat gta gta aat ttg ata gga gat aaa ggt 48
Asp Gln Val Ser Lys Trp Tyr Val Val Asn Leu Ile Gly Asp Lys Gly

1 5 10 15
gta ata gag ata tta agc ttc ttg cgc ttt act aca gtg tgg aat gct 96
val Ile Glu Ile Leu Ser Phe Leu Arg Phe Thr Thr Val Trp Asn Ala
20 25 30
gga att agt ttt ggt ata tta aat aac ttt gaa tat agt aat gtt gtt 144~
Gly Ile Ser Phe Gly Ile Leu Asn Asn Phe Glu Tyr Ser Asn Val val
35 40 45

ttt tgt agt atc tcg att ttg att act tgt gtt tta tgc tac tta ttt 192
Phe Cys Ser Ile Ser Ile Leu Ile Thr Cys Val Leu Cys Tyr Leu Phe

50 55 60
ata gta cag cca cat tat aga tta cct ctt gta atc att att ggg ggg 240

Ile vVal Gln Pro His Tyr Arg Leu Pro Leu Val Ile Ile Ile Gly Gly
65 70 75 80
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L0% & () - ‘@(Fgggg,ﬁgg 10% & ()- 10% & ()- DEI MNN. pT8  10% &dTyusootgngs: () -
11.802 g 8 LS &p(T) QUY] aei _?8 10% 10% & ()- 10%& ()- 109%& ()-
' 10% & ()-i myu ?8,, 10% 10% & () - U& ()-

1o () (2 0)-1muy) 28, 10% 104& - 10%& ()

tca ata gga aat atc ata gat aga ata aga tat ggt gct gtc tat gat 288

Ser Ile Gly Asn Ile Ile Asp Arg Ile Arg Tyr Gly Ala Val Tyr Asp

85 950 95

ttt ata gat ttt tat atc aat aac tta cat tgg cct gta ttc aac ctg 336
Phe Ile Asp Phe Tyr Ile Asn Asn Leu His Trp Pro val Phe Asn Leu
100 105 110

gcg gat tct ttt ata ttt tta ggt ata gta ata ata atg gca aag agt 384
Ala Asp Ser Phe Ile Phe Leu Gly Ile val Ile Ile Met Ala Lys Ser

115 120 125
aat aac cac atg aaa caa att aac tgt aac tcc 417
Asn Asn His Met Lys Gln Ile Asn Cys Asn Ser
130 135
<210> 11
<211> 139
<212> PRT

<213> Ehrlichia canis

<400> 11

Asp Gln val Ser Lys Trp Tyr Val Val Asn Leu Tle Gly Asp Lys Gly

val TIle Glu Ile Leu Ser Phe Leu Arg Phe Thr Thr Val Trp Asn Ala
20 ' 25 30

Gly Ile Ser Phe Gly Ile Leu Asn Asn Phe Glu Tyr Ser Asn Val Val
35 40 45

Phe Cys Ser Ile Ser Ile Leu Ile Thr Cys val Leu Cys Tyr Leu Phe
50 55 60

Ile Val Gln Pro His Tyr Arg Leu Pro Leu Val Ile Ile Ile Gly Gly
65 70 15 80

Ser Ile Gly Asn Ile Ile Asp Arg Ile Arg Tyr Gly Ala val Tyr Asp
85 90 95

Phe Ile Asp Phe Tyr Ile Asn Asn Leu His Trp Pro val Phe Asn Leu
100 105 110

Ala Asp Ser Phe Ile Phe Leu Gly Ile Vval Ile Ile Met Ala Lys Ser
115 120 125

Asn Asn His Met Lys Gln Ile Asn Cys Asn Ser
130 135



1094 & ()- 109% & ()- 10%& ()-M_?8 10% & ()-1qzc[S )pT 10%& ()-
10% & ()-_?8 10% 10% & ()- 109%& ()- 10%& ()- 10%& ()- 10%& ()-
10% & ()-_?8 10% 10% & ()- 10%& ()- 10% & ()- 10% & (P2 Dek@nges @Po3
10% & ()-_?8 10% 10% & ()- 10%& ()- 10%& ()- 10% & ()- 10%& ()-
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109% & ()- 10% & ()- 32

What is claimed is:

1 1. A recombinant DNA comprising said DNA selected from the group consisting of:

2 a) arecombinant DNA that encodes a protein having an amino acid sequence as
3 shown in SEQ. ID. NO. 3;

4 b) arecombinant DNA that encodes a protein having an amino acid sequence as

shown in SEQ. ID. NO. 5;

6 c) arecombinant DNA that encodes a protein having an amino acid sequence as
7 shown in amino acids identified as 1 through 449 of SEQ. ID. NO. 7;
8 d) arecombinant DNA that encodes a protein having an amino acid sequence as
9 shown in SEQ. ID. NO. 9;
10 e) arecombinant DNA that encodes a protein having an amino acid sequence as
11 shown in amino acids identified as 1 through 31 of SEQ. ID. NO. 11; and
12 f) arecombinant DNA that encodes a protein having an amino acid sequence as
13 shown in amino acids identified as 33 through 139 of SEQ. ID. NO. 11.
1 2. The recombinant DNA of claim 1 wherein said DNA encodes at least one
2 immunogenic epitope.
1 3. A recombinant protein comprising said protein selected from the group consisting of:
2 a) aprotein having an amino acid sequence as shown in SEQ. ID. NO. 3;
3 b) aprotein having an amino acid sequence as shown in SEQ. ID. NO. 5;
4 c) aprotein having an amino acid sequence as shown in amino acids identified as
5 1 through 449 of SEQ. ID. NO. 7,
6 d) a protein having an amino acid sequence as shown in SEQ. ID. NO. 9;
7 e) a protein having an amino acid sequence as shown in amino acids identified as

8 I through 31 of SEQ. ID. NO. 11; and



109% & ()- 10%& ()- 10%& ()- 10%& ()-0oC8 10%& ()-( 10%& ()-
109% & ()- 109% & ()- 109%& ()- 10%& ()-( 10%& ()-nN oCB 10% & ()-
T09% & ()- 10% & ()-qzc[S )pT _?3 10% 10% & ()- 109% & ()22 DhO&KH&:()0o03
109% & ()- 109%& ()- 10%& ()- $.?3 10% 10% & ()- 10%& ()- 10%& ()-
109% & ()- 109%& ()- 109%& ()-$(,-1ML_?3 10%& ()-1qzc[S )pT 10%& ()-
109 & ()-159=AEl 23 10% 109%& ()- 33

9 f) arecombinant DNA that encodes a protein having an amino acid sequence as
10 shown in amino acids identified as 33 through 139 of SEQ. ID. NO. 11.
1 4. The recombinant protein of claim 3 wherein said protein includes at least one
2 immunogenic epitope.
1 5. A vaccine wherein said vaccine protects dogs against E. canis infection.
1 6. The vaccine of claim 5 comprising:
2 a) a vector capable of expressing a recombinant DNA inserted into said vector
3 such that a recombinant protein is expressed when said vector is provided in an
4 appropriate host; and
5 b) the recombinant DNA inserted into said vector wherein said DNA is selected
6 from the group consisting of:
7 i. arecombinant DNA that encodes a protein having an amino acid
8 sequence as shown in SEQ. ID. NO. 3;
9 ii. arecombinant DNA that encodes a protein having an amino acid
10 sequence as shown in SEQ. ID. NO. 5;
11 iii. arecombinant DNA that encodes a protein having an amino acid
12 sequence as shown in amino acids identified as 1 through 449 of SEQ.
13 ID.NO. 7;
14 iv. arecombinant DNA that encodes a protein having an amino acid
15 sequence as shown in SEQ. ID. NO. 9;
16 v. arecombinant DNA that encodes a protein having an amino acid
17 sequence as shown in amino acids identified asl through 31 of SEQ. ID.
18 NO. 11;
19 vi. arecombinant DNA that encodes a protein having an amino acid
20 sequence as shown in amino acids identified as 33 through 139 of SEQ.

21 ID. NO. 11; and



10% & ()- 109% & ()- 10% & ()- 10%& ()- 10%& ()-1MAUY]a ?3 10%
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22 vii. a portion of any of said recombinant DNA above that encodes a

23 polypeptide of at least twelve sequential amino acids from said amino

24 acids sequences above, wherein said polypeptide is sufficient to stimulate
25 an immune response..

1 7. The vaccine of claim 6, wherein said DNA further comprises DNA that encodes CpG

2 motifs.

1 8. The vaccine of claim 6 wherein said DNA further comprises a promoter selected from
2 the group consisting of:

3 a) acytomegalovirus (CMV) immediate early promoter;

4 b) ahuman tissue plasminogen activator gene (t-PA); and

5 c) a promoter/enhancer region of a human elongation factor alpha (EF-1 o).

1 9. The vaccine of claim 6, wherein said vector is selected from the group consisting of:
2 a) pcDNA3;

3 b) pCl;

4 c) VR1012; and

5 d) VR1020.

10. The vaccine of claim 6 wherein said vaccine is administered into said host by a method

2 selected from the group consisting of:

3 a) intramuscular injection;

4 b) intraveneous injection; and

5 c) gene gun injection.

1 11. The vaccine of claim 10, wherein said host is a dog.

1 12. The vaccine of claim 5 comprising:



10% & ()- 10% & ()- 10%& ()-nN. pT30% 10% & ()- 10%& ()-
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2 a) arecombinant protein that is selected from the group consisting of:
3 i. aprotein having an amino acid sequence as shown in SEQ. ID. NO. 3;
4 ii. a protein having an amino acid sequence as shown in SEQ. ID. NO. 5;
5 iii. a protein having an amino acid sequence as shown in amino acids
6 identified as 1 through 449 of SEQ. ID. NO. 7,
7 iv. aprotein having an amino acid sequence as shown in SEQ. ID. NO. 9;
8 v. aprotein having an amino acid sequence as shown in amino acids
9 identified as 1 through 31 of SEQ. ID. NO. 11;
10 vi. a protein having an amino acid sequence as shown in amino acids
11 identified as 33 through 39 of SEQ. ID. NO. 11; and
12 vii. a portion of any of said recombinant DNA above that encodes a
13 polypeptide of at least twelve sequential amino acids from said amino
14 acids sequences above, wherein said polypeptide is sufficient to stimulate
15 an immune response.
1 13. The vaccine of claim 12, wherein said vaccine further comprises adjuvants selected
2 from the group consisting of:
3 a) aluminum hydroxide;
4 b) QuilA; and
5 ¢) Montamide.
1 14. The vaccine of claim 12 further comprising a cytokine operatively associated with said
2 recombinant protein.
| 15. The vaccine of claim 14 wherein said cytokine is selected from the group consisting
2 of:

3 a) interleukin-1PB (IL-1P);
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4 b) granulocyte-macrophage colony stimulating factor (GM-CSF);
5 c) gamma interferon (y-IFN);
6 d) amino acids VQGEESNDK from the IL-IP protein; and
7 e) any portion of any of the cytokines above that elicits an improved
8 immunogenic response against E. canis.
1 16. The vaccine of claim 12 wherein said vaccine is administered into a host by a method
2 selected from the group consisting of:
3 a) intramuscular injection; and
4 b) subcutaneous injection.
1 17. The vaccine of claim 16 wherein said host is a dog.
1 18. The vaccine of claim 5 comprising a recombinant protein that includes a T cell epitope
2 wherein said T cell epitope comprises an amino acid peptide fragment of a protein
3 selected from the group consisting of:
4 a) a protein having an amino acid sequence as shown in SEQ. ID. NO. 3;
5 b) aprotein having an amino acid sequence as shown in SEQ. ID. NO. 5;
6 c) aprotein having an amino acid sequence as shown in amino acids identified as
7 1 through 449 of SEQ. ID. NO. 7; "
8 d) a protein having an amino acid sequence as shown in SEQ. ID. NO. 9;
9 e) aprotein having an amino acid sequence as shown in amino acids identified as
10 1 through 31 of SEQ. ID. NO. 11;
11 f) aprotein having an amino acid sequence as shown in amino acids identified as

12 33 through 139 of SEQ. ID. NO. 11; and
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g) aportion of any of said recombinant DNA above that encodes a polypeptide of

at least twelve sequential amino acids from said amino acids sequences above,

wherein said polypeptide is sufficient to stimulate an immune response.

19. The vaccine of claim 18 wherein said amino acid peptide fragment comprises nine to

twenty amino acids.

20. The vaccine of claim 18 further comprising a recombinant DNA encoding a protein
which is capable of being internalized into eukaryotic cells, including cells of the

immune system.

21. The vaccine of claim 20 wherein said protein capable of being internalized into

eukaryotic cells comprises a toxin selected from the group consisting of:
a) arecombinant adenylate cyclase of Bordetella bronchiseptica; and
b) arecombinant exotoxin A (PE) of Pseudomonas aeruginosa.

22. The vaccine of claim 18 wherein said vaccine is administered into a host by a method

selected from the group consisting of:
a) intramuscular injection; and
b) subcutaneous injection.
23. The vaccine of claim 22 wherein said host is a dog.
24. A method of identifying a T cell epitope against E. canis comprising:

a) synthesizing overlapping peptide fragments over an entire length of a protein

wherein said protein is selected from the group consisting of:
i. aprotein having an amino acid sequence as shown in SEQ. ID. NO. 3;
ii. aprotein having an amino acid sequence as shown in SEQ. ID. NO. 5;

iii. a protein having an amino acid sequence as shown in amino acids

identified as 1 through 449 of SEQ. ID. NO. 7;



10% & 10% & ()- 109% & ()- 10%& ()- 10%& ()-rV6_?80% 10% & ()-

()-
104 & ()- 10% & ()-0qzc[S )pT pT80% 10% & ()- 10%& ()-- 10%& ()-
10% & ()- 10% & ()- 10% & ()- 10% & ()-pT80% 10% & ()- 2210%&bk)-2003 .
109% & ()- 109% & ()- 109%& ()- 10%& ()- 10%& ()-P\sRLpT80% z09!
1092& ()-S f9! 10% & ()-S 10%& ()-qgzc[S )pT \ dhl pt_?80% z09! $
1092& ()-$ 109%2& ()-$ 109%& ()-$ 1ocyag'8()-$ 1092 & ()-$ 1092 & ()-tx| _?80%

z09! _$ 10%& ()-$. 10%& ()-$ 10%& ()-$.10%& ()-$ 10(y¢&ééé‘$
10% % ()-_280% zOY+ @ PIRSoiRdayiyegn 2uuamsacid segugnspag shywsim RN NG 9;

10% & 2(’15%5$ 10%& ()-rR2_?80% $ 10%& ()-$ 10%& ()-$ 10%& ()-qfJIB: rVv?
78066 $$ 10%& () - 08 (o oz & () %r &' Uy &' (), ¢

T0ve ()-_280% $$ ‘ﬁioé%&%] %Vlﬁﬁégé{ﬁ%é%’%%%ﬁ)aﬁséh%%‘&' o )@sfw%i&yz&' ()-$
1094@' ()- QL_?80% 109dedtifidd af UBrough3 19f BB ED(NOS110% & () - pT80%

10%& ()-$ 100%&' ()-$ 10%& ()-$ 10%& ()-$ 10%& ()-$ 10%& ()-$

109% & ()-pT809% 10%& ().-.$.10%& ()-$ 109%& ()-$ 10%& ()-$ 10%& ()-$
109%2& ()-$ 10% & 2’5‘-@E&@B%V‘féﬁﬁ‘}q‘iﬁ“gﬁq”é‘%%Sg‘b‘y/&&‘( -“(’ﬁc%%%f&')()-
_?8098% 1$ 10%& () - $idddtifidd 4933%hiR¥E &39 bt SEQOIBNO) 115 288%2 & () - $

10%& ()-1%-15_?80% 1$ 10%& ()-$ 10%& ()-$ 10%& ()-$ 10%& ()-$
109%2& ()-$ 10%& ()-59=AE ?80% 1$ 10%& ()-$ 10%& ()-$ 10%& ()-$
1094% ()-$ 109%& Vi) - ¢ PPOPOf any pfspigrerombiggniD Ndosbgve Thagenqoeesa () - ¢

iootf (8 10w’ YRR HTRA SIS bl 108 il

& ()-%
109@& ()-$ 10% & () - Scitlfs&@erces $bav@wRerein-sakal RBN3EPLidO tsrstifficienitd BimuMR: $
10% % ()-$ 10%& ()-pT80% 10%& ()-$ 10%& ()-$ 10%& ()-$ 10%& ()-$
1002% ()-$ 10%& () - $NIDUPRE GFPUPR0%% 10%& ()-$ 10%& ()-$ 10%& ()-$
10%2 & ()-g 10%& ()-$ 10%& ()-%$ 10%& ()-VepT40% 10%& ()-qfdB: rVv? $
1098 ()-$ 10%n&idsh R ¢ ! Oz & (:} « 018, @& A0) -
109 ()-3 1ovge (ireSaORpARIE D il s AR e dig e ) S
10948 ()-$ 10% &immuneaspnse v Bost pnitnal:ones’ ()-$ 10%& ()-$ 10%& ()-$

10%& ()-$ 10%& ()-rR2_?40%% 10%& ()-$ 10%& ()-$ 10%& ()-qfdB: rv?

_?4098% 10% &' (,) - Y& ()-9%..10%& -$ 10% & -5 109%&& ().- 0z & -
5 2lnons. sove | jRahiffud pabdhBubac 8 HPE S dibod ST A 872 O
10926 () - $() * +(b fradhfht 1Rk & MmmakelBipony $ 10%2& ()-$

10%& () -+, - 12345pT80%% 10% & ()-$ 10%& ()-$ 10%& ()-$ 10%& ()-$
10%& ()-$ 10%& ()-$ 10%& ()-59: : <=ABoO30%% 10%& ()-($ 10%& ()-$
109%2 & () -3 1heguethod of claimzd whergin seidpgptide. fragmend s emprisesaise; (QEWeRyo/s
10%& () - qf %gg Y3 10%& ()-$ 10%& () -1 MUY] a_?30%6 10%& ()-$

10%% ()-$ 109R" 0% s 1002& ()-$ 109%& ()-$ 10%& ()- aei muy_?30%
10%& ()-$ 109%& ()-$ 10%& ()-$ 10%& ()-$ 10%& ()-$ 109%& ()-y} ?30%
10% & () -26. Posediod)of Srealig &y cring aginet &. (Chni$ coDPEEng) - $ 10% & () -r R2_230%
10%& ()-$ 10%& ()-$ 10%& ()-qf IB:

2 a) selecting a vector capable of expressing a recombinant DNA inserted into said
3 vector; and

4 b) inserting a recombinant DNA into said vector such that a recombinant protein
5 is expressed when said vector is provided in an appropriate host wherein said
6 DNA is selected from the group consisting of:

7 i. arecombinant DNA that encodes a protein having an amino acid

8 sequence as shown in SEQ. ID. NO. 3;

9 ii. arecombinant DNA that encodes a protein having an amino acid

10 sequence as shown in SEQ. ID. NO. 5;



rv? _?30%$ 10%& ()-$ 10%& ()-$ 10%& ()-9$ 10%& ()-9% 10%& ()-9$

10%& ()-_?309%$ 10%& ()-$ 109%2& ()-$ 10%& ()-$ 10%& ()-$ 10%& ()-$
10% & ()-Q6_?309% 10%& ()-qfJIB: rv? $ 10%& ()-$ 10%& ()- pT40bmber 2003
10%& ()-$ 10%& ()-$ 10%& ()-$ 10%& ()-$ 10%& ()-$ 10%& ()-$

10% & ()-pT80% 10%& ()-$ 10%& ()-9$ 10%& ()-$ 10%& ()-9$ 10%& ()-$

10%2¢& ()-$ 10%& () - V6pT80%S 10%& () a?JB rv? $ 10%& ()-$

109%& ()-_?80% 1Q%& () - g 1ocy % 10%e& ()-8 100€& ()-8 109%& ()-$
109 &' ()-_?780% 1Boa®rEym mﬂb 12Gene RS @ RIDLeI RRYoReAr PO RS & () - $
1098 () -

# +_ 78098 100@&cehs %Mﬁﬁan&)\o%&@l@e&uﬁéd% ﬂ&(@é%lﬁzimfls@@& )-$
1092 & () -+, 048rR2_?809% 10%2& ()-$ 109%2& (

8<@3HLP_ 28096$ 10% 8. NG, 0%z & () $ 10(%2& () $ 10(%2& () $ 10%& () $
109%& () PTX\ " dh_?80%%$ 10%& ()-$ 109%& ()-$ 10%& ()-$ 10%& ()

)-$ 10%&'.()-hl 0% & fJ V? $ 10%2&
105 () st uvw | S0obHEORENER PRA Bruciplh bR Cibid 11 STl () o
109 ()-8 10%¢& () - R30S bord RO, NIBE () -9 10%& ()~ 10%K () -9
10%2& ()-$ 10%& ()-% 10%& ()-$ 10%& ()- V6p'f'80‘V$ 10%& ()-qfJB: rVv? $

()

()

10%& ()-$ 10%& ()-_7?80% 10%& ()-% 10%& ()-$ 10°/<z& O-% 10%& ()

10968 ()-$ 10% &' ) - a egogbineovR A thatentodesa grptedn hoyaan yngmolgid & (
()

T0oke ()3 10968 (- *ﬂﬁ*@ﬂ%&%‘%ﬁﬁf&%@%&‘eﬁﬂ%&%ﬁvﬁ%ﬁ%119?%%0(%35
28983 10%& ()-9% 1&%&1() $ 10%& ()-% 10%& ()-$ 10%& (
10% & ()-_?80%3% 10%& ()-%$ 10%& ()-%$ 10%& ()-%$ 10%& ()- $ 10(%2& O-9%

1ocy & 280%% .10% & fJ $ 10%& ()-$ 10%& PT80S
8 8 gl 109%2& YY) - $?%9%Q%P§E§Al%@&%‘cf’ egﬁ 2?&‘& %")méa‘lé‘g)ﬂ@ '$ 10%& () -
82d ) *pT80% 10%& £e)q}1§nc?:%%§b»6a uﬁaxé‘ﬁc{ﬂa&dé )de%uﬁgc%zs?ei hrSughOPAR(EE
10% &' () $ 10%& ()-*.7012Q6) pT8010z$ 10%&& ( B: rV? & 10%2& ()-($

109218 () - 234EcbB010zED. M0 1160& ()- 7 O! 10%& () s f110% & ()-S A% 10% & () -
f#mM0% & ()-10z10z _?B010z$ 1& 10%&' ()-& 10%&' ()-& 10%&' ()-& 10%&' ()- &

109%: ()-& 109%& ()-!% ?B010z$ & 10% ()- &
109 8 & 10%& 8“‘) /%gggj 6%%1 dff?&%‘k’b“a‘iﬂf%&gb@)"eéafﬁﬂﬁdﬁ & 10%(&) 0)-&
1098 ()-& 109%& () - 9 E’Bf)itQéé?m Wodde ééqugntﬂa@%&x(dacﬁdé.ﬁ%&s@d-@lﬁ%$ y(80

FINRVZ® ?B0107&& 10 & 1098 ()-& 109% ()-& 10%&' ()-& 10%& () -

10944 () -~bfj nrv_?B018id%sequongey 3hqye] whaein)sagl padygeptide & suffigienty togpryelm ()-&
10% ()-vz{]} Q6 _?B01 W$ yoBO & 109% ()-& 10%& T80102&
109 8-& {1!)%/&' 0)-& %ﬁ?&'}‘%@éé‘ﬁ% () - % 100 ()-& (12)%& ()-& O-3p

10%&: () - 0CB010z& 109%& ()- (& 10%& ()-& 10%& ()-& 109%& ()-& 109%& ()-&

109 () - (28. TROARie{iod 6 olaiA 26 7&hdrdRika{d DNAVRShpGRANRisLODRY A Jhagencodes CpG

10%; ()-_ ?30107& 10%& ()-& 109%& ()-& 109%& ()-& 109%& ()-& 10%& ()- &

109 () - 23098 B 100 ()-& 10% ()-& 10%& ()-& 10%& ()-& 10%& ()-&

109 ()- _?30102& 10%& ()-& 109%& ()-& 10%& ()-& 10%& ()-& 10%: ()- &

10%; () - RZEROALG8 o 0 A cOHG A DISA TN Confpliss HOHOue 010 o
10%: ()-& 10%' ()-& 109 ()-& 10%& ()-& 10%& 10%: ()- 23010z&&

1092 () - & 10%@rgUp @ngidtieEs ¢ff - & 10%& () - & 10%& () & 10%& () 06_?30102&

109 ()-qnW $ yOBO & 109%& ()-& 10%& ()- $Y%& (, pT4010z& 109%& ()-& 10%& ()- &
10%: ()- & 109%&" ()-& 10%&' ()- & LOUR: ()-& 109K (). - [0456pT8010z8 10%: ()- &
10% 8-& 10% )8’9@0?’% D%%!Si‘%ﬁﬂ%%‘?@a%éﬁy %’%‘3’&"%%&; (I)O ) 6789:V6pT801(())z&
109 ()-qnW $ yOBO & 109%& ()- & 10%& ()- =AEl MQU_?8010z& 109%& ()-& 10% ()- &
10%&4 () - & 10%85)( ) hEmafUgéue jpl Rl D94RN (b6 MG (PBALORE 109&’ () - & 10%& () - &
109 ()-& 109 ()-& 10% ()-& 109%& ()-mguy} ?8010z& 109%& ()-& 10%& ()-& -
10%; ()- & 109%' ()-& 109%& ()-& 10%& r R2_280102& 10% 08 &
TO0E ()~ gk $ &) ChBromaee RIS Soion o DU PR EOR 9oL Jokd GRSy - &

109%: ()- & 10%&' ()-_?80102&& 109/ ()-& 10%& ()- & 109 ()-& 10%& () &

10%; () - AN W)

10‘V§} 8-?&@13?1{0z&h1° 9 '°? -%&W%%& (55“) &%%gﬁs &ye)q&gf%é/& @Gu?océ}&wmg of:

109 ()-& 10% ()-pT8010z& 109%& ()-& 109%& ()-& 10%& () & 109& () &

1092 () - & 109 ( pelaNAGYR () - V6pT8010z& 109 ()-gnW $ yCOBO & 109%& ()- &

109& ()-_?8010z& 109%& ()-& 109%& ()-& 109%& ()- & 109%& ()-& 109%& ()- &

109&; () ~2801Qz& 31.8%& ()-& 109& ()-& 109& ()-& 109& ()-& 109%& ()- &

109& () - _?801 v ()-& 10%&' ()-& 10%&' ()-& 10%&' ()-& 10%&' ()-& 10%&' () -

$(, rR2_?8010z& 10%& ()-& 109& ()-& 109%& ()-qnW$ yOBO , 048<@ ?8010z&&
1098 ()-& 109 ()-& 10%& ()-& 109%& ()-& 109%& ()-& 10%& ()- DHLPTX\ ?8010z&&
109 ()-& 109& ()-& 109& ()-& 109& ()-& 109& ()-& 109%& ()-\  abfQL_?8010&
109& ()-qnW$ yOBO & 109& ()- & 109& ()-f ghij noppT8010& 109%& ()- & 109%& ()- &
109& ()-& 109& ()-& 109& ()-& 109& ()-& 109%& ()- pqrvwxyzpT8010& 109%& ()- &
109 ()-& 10% ()- & 10%& ()-& 10%& ()-& 10%& ()-& 10%& ()-2z~Q6pT8010&

A NN A NN A NN



qG?E!

$(, 0_?8010M 109M 10% & ()-M 10% & ()-M 10% & ()-M 10% & ()-M 10% & () - M 10%
"& () -048<@H_?8010M 109 10% & ()-M 10% & ()- M 10% & () - M 220%% &nfblr MabO% &
'()-M 10% & ()- HLRSWML_?8010M 109 & () - 1qf CB

GG?E! M 10% & ()-M 10% & ()- W _cgko_?8Q10M 109 10% & ()- M 10% & ()- M 10% &
()-M 109% & ()-M 109% & ()-M 10% & () - 0SW{ _?8010M 1098 10% & ()-M 10% & ()-M
10%'&'()-M10%'%8- o(c{o'&'()-Mlo%'&'()-_?8010M10%«|10%‘&'()-Mlo%'&'()-
M 1698 & () - M 909 Q&'Rﬁ‘ 0% & ()-M 10% & ()-nR6_?8010M 10% & ()-M 10% & () -
M 109% & () - qf CB

aG?E! pT8O10M FP%ysidoo; M 109% & () - M 10% & ()-M 10% & () - EM 10% & () - M 10% &
()-M 10% & ()-0C3010M 10% & ()-(M 10% & ()-M 10% & ()-M 109% & ()-M 10% & ()
-M 10% & ()-(M 10% & () - nN, 00B010M 10% & ()-M 10% & ()-M 10% & () - qf O3
qG?E! _2380.0Mernedwd of slaing $6 Mhewris ®id Yaavineasdngeated info150d ot yn MMEODEIE’ () - M 10

% &, ()-_?301 oM 10% & () -M.10% & ()-M10% & ()-M 10% & ()-M 10% & ()-M
1000&'()-fo%%%gﬁﬂfﬁé%%&(éeof%@gfa PEI M 10% & ()-M 10% & () -

_?3010M 109%M 10% & ()-M 10% & ()-M 10% & ()-M 10% & ()-M 10% & ()-M 10% & (
) - !9 - _?3010Vh)l Gedvhrh096ur (njeddoh0 % & ()-M 10% & ()-M 10% & ()-M 10% & ()-M 1
0% & ()--159: ?3010M 109M 10% & ()-M 10% & ()-M 10% & ()-M 10% & ()-M 10% &
'()-MlO%‘&'(g-:,;<:>’?rv:l\/l10%'&'(é-!MlO%‘&'()-MlO%‘&'()-MlO%‘&'()-OquB

qG?#1 ?CDEFGKL B3 YaUFQEoecion pid 0o & ()-M 10% & ()-M 10% & ()-M 10% & () -
M 10% & ()-M 10% & () - LMNOSTUpT30% &M 10% & ()-M 10% & ()-M 10% & () - M 10%
f_Ll()c(y')'S:gLM( )10%;'%'8 6) pdfe NifeédonV 10% & () - WZ bnN. pT309%M 10% & ()-M 10% & ()-M

0 -q

qG?E! bf j nrvz_?309M 109 10% & ()-M 10% & ()-M 10% & ()-M 10% & ()-M 10% & (
) - M110% &1(Thezmethgd oflaimg 0, oberainspidNrososnglog) - M 1096 & ()-M 10% & () -M 10%

& ()-M10% & ()-ML_?30%M 10% & () - 1qf OB

qG?E! M 1Q%6 & ().« o & ().~ 2309 9 o & () =M 10% & ()-M10% & ()-M 10%

Yo & w100 el et e RN PO Fampadad ] o 1 MM 2% & 1) M 10

%& ()-M10% & ()-M 10% & ()-_?30%v 109M 10% & ()-M 10% & ()-M 10% & ()-M 1

?%' & ()-M 10%¥E dfelechihd @%e&of dapable o 30PMAsiAgl DEECSmbinaM rOsH Rinsyred D@96 & () - 0q
3 .

qG?E! 003098 1094 @i¢ YekA1008 & ()-M 10% & ()-M 10% & ()-M 10% & ()-M 10% & ()

-M 10% & ()-pT80%M 10% & ()-M 10% & ()-M 10% & ()-M 10% & ()-M 10% & ()-M 1

0% & ()-M 10%03?5 fnderfibh B 8 Y IbHVh EDNA Mkd SHd Sedtor MEH B4 841l e cdh{Bina6? E!

_?809M 109M 10% & ()-M 10% & ()-M 10% & ()-M 10% & ()-M 10% & ()-M 10% & ()

-1905- 15 280%MV 10pdtelDigespiopsad Wiswssaid Yeciur jnyansfqrmefintogsbacteyiaMtnaing & ()-M 1

0% & ()-59>?CML_2?8098M 10%. &' (). - laf . _

qe?% M 10% & () - “ifﬁ%sé‘d(g)ﬁécgiéé‘g\ft%%’%ﬁhi&ﬁﬂpfé’é}é‘éf“l% %1 1098 & ()- M 10% & (

)-M10% & ()-M 10% & ()-M 10% & ()-[_cgkos_?80%M 109M 10% & ()-M 10% & () - M

1109 & ()-M 10% &'i() a McdRtnn{ DNV hatsnRodds sprbteRBRdiA g AYAMascs] () - M 10% &

()-M109% & ()-M 10% & ()-M 1098 & () M 1% & () -1 V6_?809% 10% & ()-M 10% & (

) - M310% & ()-0qgf O3 sequence as shown 11 SEQ. ID. .3

qG?E! pT80YM 10% & ()-M 10% & ()--M 10% & ()-M 10% & ()-M 10% & ()-M 10% & (

) - Mgl0% & () - pT80% o fabinai i éncoe Wedh havi ¥ndaddcid 10% & ()-M

1000 & ()-M 10% &’4% %ﬁe@ﬁﬁ%"a‘%’b Yid (‘%C-O ﬂnégl%}g%&gﬁ @n M () -qf O3

qG?E 7809 109 10%eguédceMs 500%8in SEQ IDMWQ: §;) - M 10% & ()-M 10% & ()-M 10%

"& ()-_?809M 109M 10% & ()-M 10% & ()-M 10% & ()-M 10% & ()-M 10% & ()-M 10

% & ()-ML_?80%M 10% & () - 1gf . . : .

qG?Hi M 10% & () - Ni'108¢ OFbjbﬂ‘_a%BM FRY&RPE6E RPLISRITG8E & P A% & () - M 10%

"& (D -M10% & ()-M 1804uénde)as shown in amino acids identified as 1 through 449 of SEQ.

_?809M 109M 10% & ()-M 10% & ()-M 10% & ()-M 10% & ()-M 10% & ()-M 10% & ()

- #3809 109M 109 &N 1:0% & ()-M 10% & ()-M 10% & ()-M 10% & ()-M 10% &

" ()-#%$% *r R6_?809M 10% & ()-M 10% & ()-M 10% & () - 0qf OB

qG?El * +, - 1235pT40% 9% & )M b o & £ havilh 10 %dad dciM 10% & () - M

' 105% & () - M 109 &;42‘/; gigegé?ofﬁbqaan Wit éﬂco%sl@p/i’o‘gexﬁ)]aw%% Kot

<=>PpT80%M 10% & () - MqldfeSis(showh IOSER. [-NM 2:0% & ()-M 10% & ()-M 10% & ()

-M 10% & () - ?@\BCDUsf YL+80% #10%8' S& ()-&10"10"10"M 10% & () - qf OB

qG?E! Uad| [: 80% #1 SH10%S S& ()- S109d 'T & ()- S10%0 "O & ()-3 S10% &F

& ()- &10%S S& ()- h10%s S& ()-(|[:80% #1 DOF10%S S& ()- @ F10%48 S& ()- @

| OF10%8 S& ()- @ F10%8 S& ()-@F10%'i & ()- @ & 1098 S& ()-4h|[:-0% 10Y' Y

| 710%¢" Y& ()- #l S510%' >& ()- 0*10%8 S& ()- 3 *10%8 S& ()-° *10% F& ()-°

t2(10% ' ! & ()-3bA0% 10Y'Y Vv1O%@@& ()-> 10%@ @& ()- f &10%# & ()-y f

8&10% ' & ()-y #Z10%@ @ ()-10Y' Y10Y' YhD| [: A0% 10Y' Y 9%0%@ @& () -

10%@ @ ()-> tJ10% & ()-> {010%@ @ ()-> 10%@ @ ()-> 010%@ @& ()->l|[:-0%

10@0@ /10%@ @& ()- /1096 @& ()- /10%&R@& ()- )%d0% P& ()-

NN IA PN IA PN TR P~ N N ~—~ ~Nns1 £\ PNONCNA NN



ZRJ ! 31 10%#& () - 98! 10%#& () - 938! 10%#&' () - % dD@% qj b ZRJ

31 10%#& () - 93! 10%#& () - 93! 10%#&' () - 938! 10%#& () - 93! 10%#&' () - %3B! 10%#& () - % &
’7@% qj b 22 December 2003

ZR3! 10%&' () - ¥38! 10%#& () - 938! 10%#& () - 98! 10%#& () - 98! 10%#& () - 93! 10%#& () - 9%

.26:;¢c?7@%qj b

ZR3! 109%#&' () - ¥38! 10%#& () - 0/63' 109%#& () - ot 100s& ()-93! 10%#&' () - ¥8! 10%#& () -

<>?@R6C?7@% q3! 10%t& ( ! 1%@%% %93! 10%6+&' g%- ‘V@Bb ZRJ . ! G\CDEFGIpT40%

q3! T0%t&' () - 98! 109%#&2 {§%° § a%"%%ﬁ%&”@}e VB BSARAMNQAA] 0ogs () - 9!

109%#& () - YIKLMNQRSPT8OMence as shown jn amino acids 1 throu % 31 of SEQ( ID. NO. 11;

g3! 10%#& () - 93! 10%+&' ( 0/63' 109%& () - 98! 10%#&' () - T8I 10%#& () - 98! 109%4#&' () - 98

1098& () - %6TX\ "nN. pT80% q3! 10%#& () - 98! 10%#& () - 93! 10%#& ()-%j b ZRJ

1> dh pt x_?80% vi. arecombinant DNA that encodes a protein having an amino acid
| 01 0, ! 01 0, ! 01 0, - 0RI 0, ! 01 0, !
93! 10981 T05 () 98! {0068 AN o il R SR 13981 888 oL, 10%% (

03! A0YB! 10048 () - 98! ARES () - 98! 10%6& () - 98! 109%6& () - ¥B! 10%£& () - 98! 10%4& (
- OML_?80% q3! 10%#&' ()-%gj b ZRJ ! 3! 10%& () - %3! 10%& () - % 280%
q3! 10%3! 10%& () - %3! 100/#&' () 03! 109%& () - ¥3! 10%& () - ¥3! 1004&' () - ¥3! 10%t&’ (

ngSO% vii. a portion of any of said recombinant DNA above that encodes a
031 397! 109 ()-8 bORGfok oF Bl ARAReted st BRFiihd a2 AOHFIGA dmif@! 1076 (

q3I 1D9B! 10%1& () - B! 2€Us&q0Pn@S hiOM &heecDRid Pelyaeptide YBSUTNOMEL 1 )stdBIAO Y6 &' (
)- % V: _?80% g3! 3! 10%&'%%' 10%&' ( rz%%;l 10%#&' ()-%qj b ZRJ ! 0080%
q3! bos& () - 98! 10%6+&27 JINEN FHRASEH YR 10%&' () - B! 10%#&' () - 98! 109%4#& () -
109%t&' () - %pT80%
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<=>?@\BCDEFCGHI JKLMNOPQRSTUWWKYZ[\]"_" abcdef ghi j kIl mopqr st uvwxyz{| } ~
" #$9&' ()*+,-./6Ti mes New RomanAri al Couri er New'h Root EntryWrdDocunenty
" #$9& () *+,-./0123456789: ;

<=>?@A\BCDEFGHI JKLMNOPQRSTUWKYZ[\ ]~ " abcdef ghi j kl mopqgr st uvwxyz{| } ~
P"#$UR' ()*+,-./0123456789: ;

<=>? @GABCDEFGHI JKLMNOPQRSTUVWWKYZ[ \ ] ~_" abcdef ghi j kl mopqr st uvwxyz{| } ~
" #$9& () *+,-./0123456789: ;

<=>?@A\BCDEFGHI JKLMNOPQRSTUVWKYZ[\ ]~ " abcdef ghi j kl mopqgr st uvwxyz{| } ~
" #$UR' ()*+,-./0123456789: ;

<=>? @GABCDEFGHI JKLMNOPQRSTUVWKYZ[ \ ] ~_" abcdef ghi j kl mopqr st uvwxyz{| } ~
I"#$UR' () *+,-./0123456789: ; <



