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2 2 DEC 2003 COVPOUNDS FOR TREATMENT OF | NFECTI QUS AND | MMUNE SYSTEM

DI SORDERS AND METHODS FOR THEIR USE 5 Technical Field The present invention
rel ates generally to the detection, treatnment and prevention 02 2 imf[.e%ﬁsous
di seases. In particular, the invention is related to conpounds conpriSrng

I munogeni ¢ epitopes isolated from M/cobacterium vaccae, and the use of
such conpounds in vaccination or inmmunotherapy against infectious disease,
i ncl udi ng nycobacterial infections 10 such as infection with Mycobacterium

t uber cul osi CEVPOYNIIRBORITREA BVIEWT OBMNFEOTRSWS AIND NIVAATERRSTENPr | Mune
di sorders and cancer. Background of the |Invention The present invention

rel ates generally to tRBQ D YHRITHPRS IR SHEGR USHf ecti ous 15

di seases, and to the treatnent of certain i mune disorders and cancers. In
particular, the invention is related to conpounds and nethods for the
treatnment and prevention of mycobacterial infections, including infection
wth M .Jl;ym tubercul osis or Mcobacteriumavium Tuberculosis is a
chrt(;sni cﬁ ‘Iﬂeﬁlélaus di sease that is caused by infection with 20

Mycobact er i uFhet pregme uhvesiicn Mlatbigenegallyosd 8. ddtdctivs, RediBbR! ardl $R8&Rioh bf
devel opl.i%g:% .countries, as well as an_increasing problemin devel oped areas
of the WEFIPS WiEHEhodR Barfirylps ofhenéertiieds ®iES toi fampaynde somprisimgh
vear. Anin0igihid Bitdped Relal AT dRIAREKASHTAL AITRK, Gnd He \Re GPBRIAGHARLEas B! T OC
of tinme, the diseasé is nost comonly manifested as a chronic 1 nflanmati on
of the Yageigation eroyumungtherapy hgapest infedtioussfisaast, dngludipgptynwbactérfal liefettions

unteat i:gnj.f i c i it nd deat.h result. Al though, .
tuber cu g% iag Igg%ﬁdgn eﬁvﬁe}%l aW{?%%ée}e%%?ﬁt Lr‘%ﬁrflg LAY Cr@@%{céeﬁ G2 R PR g;e]f‘ﬁ@r apy,
such ttreetiengnfor ilmmmnt disarfiérs andeedncéro prevent the spread of the disease.

I nfected individuals may be asynptomatic, but contagious, for sone tine.
In addition, although conpliance with the treatnent reginen is critical,
pat i entBhkheuhdofthé lvedhiidd cult to nonitor. Sone patients do not 1 2 2 DEC
2003 conpl e%@ the course of treatnment, which can lead to ineffective

treatment arfdCtiescaeierRinreratey congrally toeldie Sraaimmenand raevestion of imfkitisius i ng
t he 5Spr@adses] aﬁ&aﬁwt{gﬁﬁw SRR iﬁﬁlﬁg ;cf,is\é?de\lsagﬁd ALl ﬁ%ﬁ;ﬁﬁﬁf’r g@? Lria

early diagnosis of t I sease. rrent vacci natton "W ve
i s the neatiorfisi tilded toetbropounds f and inmalhnads norptiet extimeat i audupidvgntichh@f nost

common cteri.um enpl oyed for this. purpose is Bacillus | rett e- Guerin
(BCO), C%Q%/)C?er uaf eﬁ?fggttm&}éi ny%?u%oﬂﬂjﬁcﬁlé’gi u‘%{ oYECobEGuip, tpdrelogst &y and
ef f i cadyycobaddiank 8viamsour ce of controversy and some countries, such as the
United St a&eg of Anmerica, do not vaccinate the general public. D agnosis
of M tuber CUPHEHESS nedt FiyRIics infestonsnidiscasehitliaiely gausad by sikfastiemswith whi ch
| N2l VegychPhd@aes ABkrEXRRM SullePrlidbas! Uk 'a%fg’ll%liéé%sef Br&%&'ﬁgl&ng "é{)ﬁr&{-igsd as
derivative). Antigen-specific T cel responsés result 1n asurable”

i ndur atelrmsan ingrRgsingnprebleinoin dsivelepdslyards-ifzhdworld, with eboit 8j midiiéromgw tives eby

i ndi caty b rial . ant.igens, Sensitivity and specificity
nave,  Ronayaixafs LD ORIl Ha nRBHA be aSMaomibctbeR ovilEie o
wi t h BO@ighofitobe, g dsabé sgnoss badmbnigmanifeed &oh tirohiy idflsaimsation of the lungs,

resulting in fever and respiratory symptoms. If left untreated, significant morbidity and death

25  may result.
Although tuberculosis can generally be controlled using extended antibiotic therapy, such
treatment is not sufficient to prevent the spread of the disease. Infected individuals may be
asymptomatic, but contagious, for some time. In addition, aithough compliance with the

treatment regimen is critical, patient behaviour is difficult to monitor. Some patients do not



A less wel |l -known mnmycobacteriumthat has been used for inmunotherapy for

15 tuberculosis, and also | eprosy, is Mycobacteriumvaccae, which is

non- pat hogeni ¢ in humans. However, there is less information off pPheEC %Uﬂa
efficacy of M vaccae conpared with BCG and it has not been used w dely
to vaccinate the general public. M bovis BCG and M vaccae are believed to
contain antigeni c conpounds that are recogni sed by the i mune system of

i ndi vidual s exposed to infection with M tuberculosis. 20 Several patents
and ot hesmypletstheceiuk @S tr@hti@h $@idhr@AIHREAS oM tRHS GO the QBRI nent of

adm ni s&l@ri ng nmycobacteria, including M vaccae, or certain nycobacteri al
fracti off¥8 SR MYSPPASIER- Pat ent Publ i cation WO 91/ 02542 di scl oses

treat ment of WaiMiHY Gel grad; i i L Ck at ,ent
dermonstrates an tg;gngl? %Hag hi g]ﬂerrérﬁel?sgéag(%ﬁgg ?fﬁé-cgvanh‘lccéra?i?ﬁllfmgrac?“ﬁate\/\ﬁ?@'h t he
pat i ent diggnogis ofHbmdisease.aSmoently, [vwicdiiagion pridplove: baoteriafis dgahad teéfagdnt ng@odAmong

the 25 gi Loned in this publication, are. psori asi rheumat oi d
arthei o IREEREDEAve SRR L SoliSimiicd yonit iy raiod br fnapypose

ci rr hosisBacils ChireatGyerisl (BTG v aviewkittstiin SYR@BLE AR bovis € HHWREER{RS US,
mul tipl e_.scl e&o&i S, C%IH | aj n-Barre syndronme, primary diabetes nelli f.us, and
some  abpetfld §Hicgrnet BEG s sogrre of rantrasrand: Someaiganiricpratls as BleyUnited
conpr i sstatcyt AfleAYE oMot VREHAR e e NI RIB ST 1,98, skngle. dose.
2 2 2 DEC 2003 U.S. Patent 4, 71%?%?5%?&@{%?&5% 5’:5%’2%“2&5 ‘D‘”\%Sa@gepﬁlé Son
agai nsteoayaonly aghigyediusgie a skin destmwiich divobers etrasiermva reixpessird sop@bercilitc PRI ng

artfyitg I S adm,ni.-sterin obacteri a, ..i.ncl udi ng M,vaccae.

0 Y pph pRaRaP oA W BLRL e TTRRBBRES rfut i Rt Aoy

ant i gerhe injedtioni site bye4d-92 Hotirs afreMnjecsion,aiberkby idi@tihgRRposafe Ry BoRMatEniIal 5
di seases,. espegi al.l.y. tubercul.osis . and | eprosy, and as an adjuvant to
chenot h%%lg%nft I%fl%{‘%% i%%ﬁ‘”’“ﬁ%{iyeﬁf“’%dmv%ﬁaﬁi%ﬁﬂmpgqblmﬂ; diisciests emdt he
use of iadividyelsivacoiagddoyith BUGNARGE Bk AlsihYuisHEB R AlfecdtddapaiMayy@ccae as an

i mrunopr ophyl actic to delay and/or_ prevent the onset of AlDS.

I nternati ondt 185% HRI-IPB @aYGoBRFioNDND 4thals 486 bies c ende dor Hamuwethefappntdargeni ¢
and/sor typ I Eh) j f vaccae f.or t.her of HV
tubdPHERS, edY ai’sBQElytoggﬁtl§ Myg{)bﬁgﬁeg}#gﬁgﬁctc%@ Ry fshlgou -pattiogenic In zlg&ans.

infection, with or 10 W t"hout or W OCI
t uber c JQyssvsr. thara i lessanfarmatinncimitbe efontponMt heccdé seaeedatib B, andartiasm (or

a conp t in_ either attenuated.or Kill]l form As an .
al ter ngl{&:?g%enad%gér grg({: foorappad ﬁecﬁﬁ’ﬂ?m(}?i@’i‘ﬁn b okace(g%ﬂﬂ:M nE€ceire belikysd
devel opecohtain ditsgraresomasoudily elid Caré SeghBed IbYf hdCifBRuneCARER oANALPRLALT -

Clinical trials_.of. DNA vaccjnes are in progress for a nudnber of these
di seas&?osﬁdf%/‘ﬁ‘fe&HPnW@S“%ﬁﬁ%‘i’% consi sts of DNA encoding an antigen

clgped in @SB@&%&%&EM@ A Stk phRdatiss dgélﬁﬁee?éﬁtﬂiént of Jaﬁgusa%ﬁcﬁg@nse goded
by the vacci ne is usually under control of a strong pronoter, Suth as
human @dginisteringRomycabasietrm iv¢lnding ( REVycare, OMV qrpimt mycqbReesay fattiond al .

| nunol ﬁﬁgﬁﬁg | ' 3,:.2997).. The first experinental

evi denggg%ﬁﬁ%t \?&ic%bﬁléag@{m@ élgg%%ﬁt %ls‘fillﬂs(fﬁctéeafrﬂ?to‘éé%ffgﬁci mafoEy nonse
was pr diockd nywhicng peﬁmldem@ﬂmlgsal?bnmnﬁay im@ﬁemagwﬁm@@a&wh%r il992) .
In these.experipent i ce i nocul at Wi, t asm ds contai ni ng the ene
encodi ﬁﬁ“‘iﬁ‘o eﬁ’ﬁﬁ%ﬁ SS[?‘& il ﬁWﬁV@F@p@BB%YB%P pealastosyhfar. apmane

r egpongBsrders theAioned MAERPABEStbA ate ' a@}ﬂ:ﬁfs ' om M
tuberc%]éogi rsS have been e\?’gl ua’fled |\r?%g%}@ﬁgﬂggﬁg T e?]ltn' édg)tht{g/Ig%:l??sﬁésre’

cont ai &t helissatfe RgEIHgbTiaRy chehosisoBarcoidpsias slcprative lifis5 sysBanipr bipes n;
Tascon eRimentlost, -mlh'ﬁfilg @@leﬂggﬁé; Gainddss a%%zsyn&r%%@ prinl\l/lar(j:/%ialbg{eg %{Cﬁﬂus, and some

aspects of graft rejection. The therapeutic agent preferably comprises autoclaved M, vaccae

administered by injection in a single dose.



25 with this DNA vaccine were protected at a | evel equivalent to mce

receiving the traditional BCG vaccine. The second DNA vacci ne against M

t ubercul osi s contai ned DNA encodi ng an antigen fromthe antigen 85 conpl ex

and simlar results to the study by Tang et al. were obtai neQ z(wlg%m K,

et al. Nature Med. 2,893-898, 1996). U. S. Patent 5,736,524 di'scloses

vacci nation of donestic mammals or |ivestock against infection by M

t ubercul osis or Mbovis by 3 2 2 DEC 2003 adm ni stering a pol ynucl eoti de

tuber cul osi SUACK A £PBUISS 1RGN IS WLShaiAN

operably linked to transcripti og reglu_at or_y’elaerr_gn%s: %%%Pfaﬁgs?&h%g%atnow

vacci neduioimgunga sliseasssr ok dvarissenbpgs, (Wehyling  asthrisic . dscisencdy 28@imMAGIR0,

1998). JkSHL T4 . gn j.gen 0 [ .al ci parum_the causative

agent 01#190 5 ntg?%rilngﬂ,udm s@ﬁ‘f‘gg 'ec}t] ?n{p Sghgg'{ﬁ%’;%noc{mﬁhs 52?2.‘“%@" PPty

i Mmune ageBpormsprisias aelijenid mdieriab dedvadniomatiechcoye thretrgtassneem9totyteAabloxi c

T ( +). |l ynphocytes (CTL),. suggesting that the i ne system woul d be

b1 & ¢ ety 6383%5@3{ P‘%&fck’goélﬁmaflﬁ%?"é’é‘%%%%ﬂa?ﬁ%ﬁ@&v%é%néﬁ?n%aapx- iR{FARIORFLC t y

of a hupaht DNlicassn We039A17SE dillclosds ItHY @6¢ | INatRSnid ChdeldF PefluhdReghidebiya!

perfornmed hy MG egor et al.-(J Infect. Ds. 178:92-100, 1998).

Exper i nBAeEd! fpp 4 raseaeqsriarimmmpppephdacticrfe dslayanilive prevenidhe abssbof A% st ed

that angibegibes PG Chasisatis ' + nd.class |l -restricted

CD4+ helper T cells are_prgtlc]i%l{ce f%ﬁ?%ﬁﬁ?ﬁc%ﬁ%%tﬁhgnq\sﬁt IﬁQIkg?/né%caimﬁfé%r

( Rans aylmupgogggulakory | myatenal | dagyived rfcbnCaV] vicot dgy thebapy66f 3RS, inkQ8d),. wihldr

vacgj nes. LStk advant.ages. over, nore.traditi onal vaccines contai ning

ki | edeﬁlg?oqlg?’tng%&g 33‘58?‘9"%1 P%tr?gsfocﬁﬁ?ﬂetk}%{e&ql?ﬁésﬁ on i nduces i mmune responses

that are | oriyaditivied vatudnes ldontahie ef discasfuying ciEMHne (drPEothFrcANtHERY PR

requi red, DNA encqdi ng a gunber of antigens may be incorporated into a

si ngl e Pss ARl r%@llﬁi i rft® BR SHiSERIEh 2pRfaRdisto Hraditingnd rvagtinegs J¥4es.

The te%ﬂﬁh&gﬂavf:(yeemel’(?ﬁﬁ'f&ediQéaQQsUaii‘st di98rsé §s MEHS! ﬁl%/lﬁér&a,sédﬁpéfreanﬁr}ﬂal g same
0 W

t echnol ogy can be _used to produce all vaccines, a resulting cheaper
pr oductGlgncad féals o IBNA, eqcpings arsfin pragress fier a numaletir tof dres¢ diseases. nddytical A
patjisent,at; : .0l n unbroken '.cold chain! from 20

manuf ac‘ftag‘?g? Qﬁgggﬁqﬁﬂg% r\%\%cflﬂllrtfggn glf’ LT i S fIBﬁ cgpelr‘rﬁ’ﬁjf 788" f or m
ar e notofdlenaitigen endoded by dreageciao MNA iomsiallReedn tbitrol df b &Eroad ooty Sichf

constructin nd .appl yi ng DNA. vacci nes have been developed. In one of the
t echni cfﬁ%‘gm%eﬁra}cté&%ﬁgemwa% ) i rampish Ragrsay Al werl phrarsimolvgy DNA

carryi ngq Emzll' gkakyl36s 13y Y TRO Al e@fr‘neﬂ&@ @fiél{ﬁg:g t@ﬁrﬁlﬁglva%in?sowef‘rﬁe

tissue-specific regul atory el enents I hocu Irectly in
spl een able 9 wducenihe [esimisls mapnientt respgmse sis gmoduséd blidlaaptds gén(Tang tThe, sunf. ace

of ,B- cel (:XQRe. .. Proc. Natl. Acad Sci. USA 94:6352- 6357, 1997).
Thezg e J(t:%IQIBébgrg%&g%’e%b%ﬁtIilltgge I &8P eélé%ﬁn?spmfel‘fgo%?dggﬁhalaﬁ‘ﬁf sgapfannehe ng t o
an i myeneerceding fisrduntiu lps@opth dotmateultv elspaipesc phmhryShtibbdyctegResRer si st ent

i mmunol ogi c.menory  for up t%éé\léear S. (Gerloni M et al. Vaccine

(2- 3) : 293- 2§FMURG FEFPonSES 30 Fw OB CIESSH PUNENIBE acney HPp Mnfibeicsiesis dive ELI )

| S anotbbel el MU iBAPHONNITENAY 38EdiRNESont iRl i

377: 632- 63%, 1995). Iln t his techni que, fratgorlrlvtsélllﬁ%? ﬂél1¥ g%ecﬁ%rr%koéttg@%%%me of

a pat h&Hes Parteindpo kPa pretein; Rasperr REy etar dVeruredMad A888c8Re 19%0) edideonjecttd

Pr 05 eC Uit Oi AN A Y804 worl Bl A% LG g he n9808

ccroehi r%g b ﬁgﬁﬁ ayacy eewn?rng t chéfffsaq 8flé(vei Q(Sﬁ\?alén? go I%icegecewmg the tra&lltlonatpéCG
vaccine. The second DNA vaccine against M. tuberculosis contained DNA encoding an antigen
from the antigen 85 complex and similar results to the study by Tang et al. were obtained
(Huygen K, et al. Nature Med. 2:893-898, 1996). U.S. Patent 5,736,524 discloses vaccination of

domestic mammals or livestock against infection by M. tuberculosis or M. bovis by



5 clones until single clones can be identified. The pol ynucl eoti de or

pol ypeptide identified may then be incorporated into a proven delivery
system Progress on the devel opnment of an epitope-based vaccine for the
treatnent and prevention of HV infection by scientists at EZ amiibé 2043 .
(San Diego, CA), has recently been published (Ishioka GY, et al., Journal
of - 1 munol ogy 162: 3915- 3925, 1999). 10 There remains a need in the art for
ef fective conpounds and nethods for preventing and treating infectious

et Lve comp S o e ! .
i sor degdninBisig &spdlylﬁ@re@ﬁdi&ﬁilbé ARG Vab8he g@gﬁﬁ%ﬁ? fk' g :ﬁbé}éz%};k gﬂﬁ%e'ngng

humans and in donestic manmals or |ivesto for the treatnen

cert ai ng§nfeierablyiskediortenagription sigybtarselsmen’s. Sunmary of the | nvention
Briefly stat S i t] roVi co u a theds for
the prevent i@% ﬁlﬁlgmﬁaga %ntklg% i{rﬁ%gc alsollégg T Bels g’ ?@fal%%qgs&‘envtgg’g’é‘feeri al
i nf ect | 2124766l 199). i thig wrmb tanentigenf from Alsne dilins i dgtrsmaihe coates suend 6F a

firsjt aspect, isolaL@d. oﬁ cleptides are proyided that are derived from
t he Zdn%fim?la‘&salélje& ﬁolﬁg’ élgﬁg% &° ‘feﬁﬁucf]é%fl%éfé IDAYBE ESBONSFpEEt flifded st opes
sel ect edbnstrdted Bashs pRbenck REichtotdRI! MOESIN'S LRAMREY @@TE)T? shdNEtd Al theby

results froma nunber of inmmunol ogi cal assays. In specific enbodinents,
t he i nVEBREIEe SHEEY nWerdobr dalle c msigas epaiasite ubpme infedted tpatienits.oPafdtie angr oup

consi st ihﬂﬂn@&eniéi%% of § WAf %N‘er%\éj;igg qEéiHstq—%Q’-h Qﬁiggéon? was detbPinS P IUENSES

havi ng at | east 0% 75% or 90% i1 denti cal resi 0 a sequence of SEQ I D
NO. 8- xerfasmeibyeMeGnendr asi/ng. thfect. PE. thli ef, 1a9)or ExpennBhdySdath francbthe)

co e . 1 he sequences, of (a d ). ..l n econd aspec h

oufhe roaaBng & eﬁ?%?%ﬁ&%asls% russ el bt 885 S LG ERE CCabi ¢ ope

of a Mandatsa#-estiitge CDS hehReTi kile ae maticer lowitd iR dcAME Hith TN A vacci

pol ypept,i des o) r'?e a eggjgnce sel ected from ?Vheg}hgjr oup cotnsi stivfalcéc%?‘sz (a)

sequenc@?‘"ﬁ‘?yo@i (?E@) W’ﬁ”@%@ﬂ%dr@éﬁ%‘_’L@W?&%Qﬁ?%)w%@quences havi ng at | east

50% 75% or BR0% iAemkd ki cﬁsefnwmﬁntageﬁ 0¥ RoRARMANGS! D\%I gk i 1diika 17 as
ons

determ ned using the conputer algorithmFASTX 5 ructs
conpr i srigertatqdegrgimigne BINA Neccinatien indpeespipiymeciceniaietbat aadorgditedcall| s

t rgrst qf Jedl rasﬂ_%;l) | £ %}IAHC fructs are al so.provided. In
anot he?ﬁaspéégér}lgrtahe érafehtgg"ﬂ?t |nnl\h/lg)z§§gen p?dvﬁg\g‘%e?cl?g}n i P eéioﬁgnt%:%magi ng
at | eadt inmeporpiodl yipe ptsingée plisntitl ehgpetgseroviding\peckitvn. aghinW4 Mimbepbh ascaspect s,
the present .invent.i rovi.des conpositjons that conprise at |east one of
the | nvaktrpRolgey %igﬁ‘gdé%“}n%P P ety SFRle 61_?11”%? 841as irshnglogygan be
const r ugkdbto Hobuce alPViLEingd, Qﬁtlﬁzﬁ%ésﬁltiﬁ%%ﬁ 8bhBdeohicBs: DRl Vet Lbud! SO
provi des conpositions conprising at [eas one of the above “pol ypepti des,

pol ynudradiionglesiccipgisiodhe patisnipissleppndonorconiataining en ankroken “doithehaogtfroml ant .
10 2phn %%u?a@ﬁltr&q{) cAnie® HNA %&cﬂ%g ri)r(?tfu ecpfnos\()}lﬁ%g o} ﬁ[ %@é&%ﬂﬁ :ag * o%geﬂs%gg tive

response in a patient, conprising adm nistering a pa ane
anount stefragsreenditiomor e of the above conpositions. In one enbodi nent, the
I mune respense. . .S Thl response. I n further aspect f this invention,
net hods ar e?{geg%l\sliydggel}ngtﬂvet Wé‘?? P8 tORERctgE 4 dF@’i{ﬁH% rﬁNgn vapciies jhaye been
conpr i slengomdniinosd 6f the gcheiqhdigcRE iSentia TEABRAS IhhRfistor (3T 1P HRSARnid

i nventi In .15 certain enbodi ments, the disorder is selected fromthe
gr oup Pg\ﬂéi GIYHE 8f ipanReglognlay heays ,chaln gene under the control of tissue-specific

25  regulatory elements was inoculated directly into the spleen of mice, with subsequent expression
of the antigen on the surface of B-cells (Xiong S, et al. Proc. Natl. Acad. Sci. US4 94:6352-
6357, 1997). These B cells produced antibodies against the expressed antigen, leading to an
immune response. Subsequent studies showed that STI induced persistent immunologic memory

for up to 2 years (Gerloni M, et al. Vaccine (2-3):293-297, 1998).



i nfectious di seases and cancer. These and ot her aspects of the present
invention wll becone apparent upon reference to the follow ng detai I ed
description. Al references disclosed herein are hereby incarporated
reference in their entirety as if each was incor porat ed |nd|2/|?d[]ECI2/ﬂ[]320
Bri ef DescLiption of the Drawings Figs. 1A-F illustrate the induction of
protective imunity, nmeasured as a decrease in Mtuberculosis CFU in |ung
and spl een honogenates of BALB/ cByJ mice, by vaccination with 25 M bovis

BCG (Figs. |E}qﬁfé§§109 Llﬁﬁﬁpﬁﬁﬁlhﬂl%ﬁ/&l (EMI)t R %{H@r %g&é 91?1@0#4%%@,&5/%01&6&

respectively or with D (Fi F, respecti
show t h@appoMiA;, e - |N@Hﬁ’€e%'£7@¢fé’e@35of1 9?@rrphl ﬂl@d@cmqﬁes ffagmenBAIfBhe Bydhplricc e

(Fio 3%%9%2%‘.# AR e TR T Tt g Vet "SBeic8of BrofsbiEo00s

Fi gs SautiPen(s), qmrtfcaiaelyltﬁbkeymﬂe@ngtdm 1byloh<y i hscreedig ekl 1-stfe@fiin BAloBIsCYy J

n|z bcut aneou nblnat rrultl-eltoeconstructs
vern (P Rl s Gar Be Yasplihth  TREPol TRt 08 cf pobpmr kB ide ed i
| nMuni z@en Bé inbod3BRtediih®. aﬁ@end%hﬁe gfstgﬁ:rmnst rates the proliferative

responses of_|ynph node cells from BALB/ cByJ 5 mice inmmunized wth rMe A,
rVE/ D or MENIOEXS® 189 ther eevelipmicat et ay spitere-lrsed rgoing ofor dhe treitneent and

prolif f i ed W th
PES | & pnnnen oF HEP B5e R (Y ERANO e LG e TE TSREBRGEL PR % AL BERer | on
by | ynphblighed (EShiOIksCﬂf @nalBAEBhaByoﬁfmmrwéogymﬁDtbGQM HPONNE/ A, 1 NE/ D or

VE/ 3 DNA by three different ro i.nmuni zati.on | evel | FN-y
seclrlaetl on byfh(? s 3 fegd frh% ;‘éﬁef{ﬁcpﬁe prgpqunds ﬁ%we%ﬂl%&g pr%’%‘lm}ﬁ #d 6a
show t hecating infedtious aiaoﬂferss helee tetRrdudReSardothdden iobhdtértdl alfkdtRnt GSRANARS Of
| ynph atnade cells from E[cB yJ mce i muni zed wwth rVE/ A, rME/ D or MEND

DNA by 3B domgstics mpmapmels s Jiveeods apdiirrthe Geatesnt Arferigigmueaysion-relstsgons e
of |ymhssede cells fromcontrol mce imunized with PBS is shown in Fig.
6B. 15 Fig. 7A denonstrates contribution of single epitopes to the |evel of
| FN-y secretion by | yrrph node cells fromBALB/ cByJ mce inmmunized with

r A, LR BNA b three different routes of immunization. The
Ig/\%sl %‘M %[? 2 by control mce inmunized with PBS is shown in

Fig. 7B. Fi @e@AteﬂmﬂﬂB prédensmvattmntph@mﬂdstcbﬁlpamdisSihﬂ)ﬁieﬁﬁ)ﬁs @dr tAdprevérition
O inmmuni zed wi th MEND DNA that reacted

ant i bodi the.s m of. m ce

ot b il RS fsPisSs pudl s Bpepagryl edectiont soRr £ BEngHGtn i n
Fi 9. 8AmmaintlisbhRrstdnticen®fs. | g&a anti bodi es being shown in Fig. 8B. Figs.
9A- C show t he | FN—y secretion by nmenory splenocytes from BALB/ cByJ mice

i muni zed wilk R AgdoaprHaitoldrh gobnagicetsise sare mrgvided)thasr ancl\@rde(l Hrgn ©€) .
| F t h
Moy S8LLdeQRnb¥e. § Hes%gﬁ@ﬁhglﬁ%t?gse% (r%ﬁ%o%% Eg)p%é@%p%eﬁces sER0E (5 'bsaf% wn in

Fig. 9A. 25 Figs. 10A an £ on and
pr oI i T dlhcix inrgunagrsmio psepert{dsiag illusiBled ty thirmrmeBwﬁiumbbleof sﬁmlmmll@ﬁm Bssaps. Vi tro
B denonstrate the I FN-y secretion

\(MFit g r W&?ecgﬁl%emgoqgmlmétﬁ F\}réveplg%epgtﬁgxéuc?eogdes comprise a sequence selected ¥r0m the

group consisting of: (a) sequences provided in SEQ ID NO: 8-21; (b) sequences having at least
50%, 75% or 90% identical residues to a sequence of SEQ ID NO: 8-21 as determined using the
25  computer algorithm BLASTN; and (c) complements of the sequences of (a) and (b).

In a second aspect, the invention provides isolated polypeptides comprising an
immunogenic epitope of a M. vaccae antigen. In specific embodiments, the inventive
polypeptides comprise a sequence selected from the group consisting of: (a) sequences provided
in SEQ ID NO: 61-77; and (b) sequences having at least 50%, 75% or 90% identical residues to

30 asequence of SEQ ID NO: 61-77 as determined using the computer algorithm FASTX.
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(Fig. 11 B) by human PBMC after stinulation in vitro with eight reconbi nant
single epitopes. 30 Detail ed Description of the Invention 7 22 DEC 2003 As
not ed above, the present invention is generally directed to Cé)&pgzl téﬂ(ﬁs
and nethods for preventing and treating disorders including f i

di seases and certain i mune disorders and cancers. Exanples of such

di sorders include, but are not limted to, mycobacterial infections,
including M tuberculosis and M aviuminfections; and disorders in which
the 5 stimulBRAODuds dihp A edsPOROG e iR cRENEL FhtleorliAl it ha LR
not limted to) psoriasis and allergic rhinitis. tal n paf hogens, such
as M t ubasEmed pstrangfeciod Withessicle BN/ bomstraets eessopreviéfdf ecti vel y  cont ai ned
by an i nmun Lr.e : . T cel.ls,. known. as cell-nediated
Pty QP b e Rkl et ol pF i O P G e e S s

pr oducegblypepBdeed the prefart ink@nidmmnt ai nnent. These different classes of immune

attack (T c or cel l re controlled by different subpopul ati ons of
CD4¥ T cell g%%ﬁ‘rﬁ’?ﬁ‘?{ | ‘VP‘?%FP g‘}erIéfaseflbméfsn“ﬂ?_lpréwééwméwgfé th?ﬁ%omwetay prast of
Th cel | oeUdrS@E Snhead e BESPepiabd, foldfuaieh@ddsZ8%ioh brétef dr TSNARIGENRRY 284 §
defined by the cytokines they rel'ease upon activation. The Thl subset

secr et gdwpiplogicallipeagplahig carrigho The iy edinnglsogueides componitidistoaprivagrab feastge
activatdn - h dabd vd 1 A The Th2 subset
ol cascat Po e HENBARHPHREAFhaGRAI, hlith Bob T RRIR (OSill 4P R
The ThlimmmuhoFfraulgntbsets are mutual ly inhibiting, so that I1L-4 inhibits Thi

-type responses, .a | EN-y inhibits Th2-type responses. Simlar Thl and
Thzlrbsubs et srlﬁa?(% aB(ge}g?f ?Sgﬁ‘htdn}eﬂmﬂﬁ ﬁﬁ%g{owqﬁﬁtfﬁr F’élfaé‘g‘% 4Gt MR FERANST 4 2
cyt oki nesieths@npristhg MinhinBtefMpitha panelelan offFplivel ingdiint 6NoRS orlhdre SAHRE abdEUNE

responses is central to a reversal of disease state in many disorders,

i ncl udi%&@@“ﬁ‘i‘%&&@? §mB‘Pd1’E“ﬁ’ét= thedpmuae BERonss &y ahh sisenes ¢ uber cul osi s,
sar coi dosi s, &t Bspcls| 2 HUS nvieliidH, tlcthod@ Rk hiRded RRGES ﬁeahh%t%eah(ﬂfogg&t ’
the conpositions of ‘the present invention include polypeptides tha
conpr i g8 agratiprigeampyiang petgEng ¢o Hisi patipes aofomepobition of de ERtcnyBwentan. dn

) i . forgpoMivn o s mtcngamenti
corimr i S8 AT Etodlfln SAC bih 1o IGEER TG, il S5 G R S iR

st i nul anfectiouseliseases ad damcat i on, and/ or interferon gamma secretion fromT
cells of individugls exposed to Mtuberculosis. As used herein, the term

" pol ypept i dgdh aé’@rf’ﬂiléeé'? At iR Bresdt dysnting Wil besome @pRprent upph Eafergnssgo

full -1 engtdnopigt @étiised(destriptioAN A1) 88tsenc MBI RIsBd hBRInATE BereB( i ' are
| i nked b co_vlg%t ent pepti gPe bonds. Thﬂ%, ac_g_l ypepltni de cro #I?cg?}ﬁgétgdjng§

i munodeificaceis thepentety op i co¢h whsingopatsteddndividigbhns may consist entirely of
t hggi mmunogeni ¢ epi tope, or may contain additional 8 2 2 0 E C 2003
sequences. The additional sequences nay be derived fromthe native M
vaccae antigen or may be heterol ogous, and such sequences may (but need
not) berieiMesmipéinn of tht Drawimggeni ¢, " as used herein, refers to the ability
to elicit an.i response.in a patient, such as a human, or. in a.

bi ol ogi cal ?éﬁ%pﬁ?%s_ﬁgﬁettﬁﬁd‘?cg’ﬁmhﬁ PHRTEAYSE SR Wﬁﬁérﬁdsast%éfcrea\ﬁer%rti on
of a palyprphiees CRBLnilsngCa@aleen Bhmdidnaitk 3F BAG FEBYT Rice) thf fle@hh@ih with
interleukin-12 production or interferon-y production in bi'ological sanples
CORPri éli{-r{’@"’érlﬁg(grm%r]e“\ ard Ps respectively), with ME/D DNA (Figs. 1B and E, respectively),

or with tME/D (Fig. 1C and F, respectively).

Figs. 2A-D show the proliferative responses of lymph node cells from BALB/cByJ mice
immunized subcutaneously with rtME/A (Fig. 2A), tME/B (Fig. 2B) or :ME/D (Fig. 2C).

Control mice were immunized with PBS (Fig. 2D).



selected fromthe group of T cells, NK cells, B cells and nacrophages,

where the cells are derived froma nycobacteria-imune individual. In
general , an inmmunogenic epitope will stinulate proliferatior? ¢f D@@Ngqﬁarom
nycobacteria-inmmune individuals at |levels at | east two 10 fold great t han

t hat observed in control PBMC, determ ned using assay techni ques detailed
below in Exanple 1. Alternatively, or additionally, an immunogenic epitope
will stimulate the production of interferon-y in PBMC from

mycobact eri agjl, & &y e\ 5 : 1;155’:}; a twos fol d
greater than ! %\ng%gq%ﬁgﬁegrné{eeg@ﬁc%%{elrugﬁ{%gz}l agg%ﬁgtcggsmﬁjﬁgld%%&B(@%?e a
t wo- f ol Wnmimeadesbentimeo ™y iwithamcdbihitat asdtypiaspedehsilcadMBEY ARFaBlAG, ME/B

nycobacter i,as i individual , 15 is one who.i§ G ' .ed_to be resistant
(s he. 4l aB BTV IR Ko kRretiuted piRct By B EE P avi ng: mount ed
an ef fecti veFig 4&ldbmbesRER IR poliMrativeResoHt@IrymplP n6dtY éd1R RN BALB/cByJ
saprophytes, or Such_individuals may be 1dentified based on a

t o .BCG : : O
st r ohgl §Pdermizsd witha ME/ Gy BEQ? of NiHD N6 thewiiferrrirentes of imtumization)
i nt r adeTRBrofictdiivt holse P Ale URERGH ﬁ‘l’nﬁ.nﬁEQ&%ﬁ{ﬁﬁzé&D P PS8R
absence of any synptons of ‘tuberculosis infection. Polypeptides conprising
at | eastf Eag 420 i nmunogeni ¢ epitope of one or nore M vaccae antigens may

general ly be..used . to induc r ot ive inmmunity against bercul gsis in a
pati ent and/e%lg' %d?{l?rf?ﬁfﬂgf @eéﬁvq? Y SRS %WP no %F‘?ﬂté om BaLikdirer
aspect , micBemannes WithaVE/Al R BF REPDIDNAShic@ i M rh§iSs bSintnRlS A tion.

pol ynucl eoti des that encode an inmmunogenic epitope of a M vaccae antigen.
In é]pecT}fq lgvep of Hibh sonetiondy conolimige frminyeizgsbwith §BS doshiotasn EFapBi se a
sequence of I - . n of .the invent.ive isolat

pol ynucl eot ipiggA %ﬂ\%hg gcog%r%fléprrgﬁ%lgggfe b %?Pf A gl ol pé{}léfgmtﬂﬁ%fvﬂ?ﬂf‘fa%ffgﬂ@g and
r ever sencgeqebin s BALRIBY] moleatethnigidywitle [FRIE/ A JMED or MED DNY itgediree

togethey . th variants of such sequences. The present inventjon also
enconpat fergnt %’8%9 r‘i’gdlt“ﬁldlﬂza'io‘% 2%’8 éﬁ%étgraflﬁﬁf eSH?‘?SFéE SIWB%HP%%C?HSSIFP% sagrol
sequenagize BiinuBeCRith #BS it sholwWein Fi2 3BDEC 2003 degeneracy of the genetic

code, encode_a7pol ypeptide which is the sanme as that encoded by a
poll¢nucl eot ifie 7fedtrapnstraigs sentgbetipnhefi siigle cfitapes & the'lpodl yf UENeotectios by"  as

used h ' i (rdoubl e- st.rand f

deoxyr EaRn e BE R Al I8 Rty BHE Ha B BL R PR BlaE LS xRy DN by
cor r esphied difteréfoutés ¢fimainiAton.i Tikd Kdéing IFIRNAcBRch BRI hSfmiRat h
sense and anti-sense strands, and conprehends cDNA, genom ¢ DNA and

r econbi WHhEBDIANOYR iRBigt TBs whol |y or partially synthesized

polynuct eot 'pigss adid BTHMADE Gttt Bnd ALALISE dufitViRlahTu@fd if A IRPOFRICLC 2
DNA nolecule in a generally one-to-one nanner. An mol ecul’e

corPes ponugized vl MERNAN Anbkt oeacBAwit FEE(A end rMEYDM evot HEhe tittesafdgliav e

b i | eqt,i d : i st_1Q.0f. an_entire gene,

por t1 onninaiessft BRI ElE i, Bn BYECITeGhn artiBieBBe rat By 587 "

fragment of FBeoAd sRSPURH Gy RRLIAE b?ﬁhéﬂ&ﬁ Paobie #6hl BALBABYI mice
SucC

"pol ynucl eoti de" therefore includes al oper abl e anti-sensé
f r agneAbENEad witiageemsing singlecnifopess(Fam @B) oc MMIEAD ¢Eig. $6) SFNHyrgermtion bgense

POl Y Gk eRLLAES0a! &rlhden Bkl 08 i i oL ©, doscribed, For example,

i n Robt nson-Beni on I'sense $," Methods in Enzynol.

2525363- 375 Figh9984 200® ddbortéa@IBKIFeY sBhretid) tHifi 10A) %aww&%@@%@&ée
1996. The definition of the terns "conplenment”, "reverse conplenment” and

" ever $6i8- K pyrivman PRMG alter sigyudation ip witgawith sNTEis eME(RB ar 8fEhe f ol | owi ng
exanple. Fo ﬁ?igts.h?l& %ﬂ&'%n&&n(ﬁlstrate the TFN-y secretion (Fig. 11A) and proliferative response

(Fig. 11B) by human PBMC after stimulation in vitro with eight recombinant single epitopes.

30  Detailed Description of the Invention




AGGACC 3', the conplenent, reverse conplenent and reverse sequence are as
follows: 20 conplenent 3' TCCTGG 5' reverse conplenent 3' GGICCT 5
reverse sequence 5 CCAGGA 3'. Al of the pol ynucl eoti des an? ?qjgl[peggg;g des
described herein are isolated and purified, as those ternms afe conmonly
used in the art. The conpositions and nethods of this invention also
enconpass variants of the above 25 pol ypeptides and pol ynucl eoti des.
Variants may be naturally occurring allelic variants, or non- naturally
OCCUT i Ng Vg 36tk abdie, 148 BRosBRiBl dhtioh MBIy dMAUERY confRURbSs AWmSAGHEnce
whi ch has at |east about ?)_305% Ir_r[)relc_’pl?k_‘ee% er_gg}'y. at (Fea%opﬁgglogtség%n rrgdrljse

pr ef er afor preyenting anddepgtingdiserder? Gogludinglinfessipupdieasesanidcorteinlimasine disorders90%
identic L.due .t.he I i,des. or .am no_acids) to seqyence of
the pr e@gn ESll%ﬁlg'en?‘lx é‘ﬁb lteSl'h({ef %}é%rﬁc%%%rgg% BFludG e Y gglnqelil?lgffjego’i ’é"yg% agefthed
by 30 ainfegtionsy ibdledibgwd/seduantes ol bt oampdnkdiordeted Misoidgs ihevhidhriger of
identical residyes.in the 10 2 2 C 2003 aljgned portion, dividing that
nunter Bisfion aafhl wge rSTPOPPFeEE’ﬁGé%F}?L\/‘é‘?mgWgcﬁh‘étrqoéH?“@%(&Q)éﬁ@’éamaﬁ’éi

mul ti plgje?cimﬁﬁg_esul t by 100. Pol ynucl eotide or pol ypepti de sequences nay
be aligned, and percentage of identical nucleotides in a specified region
may be det erGsrtedipatbegenst sush s Hér upericylosic] oweldles casiingan@rs anpatfeatively

al gori thne.:t ' ' T & r it for.
21 Cani rg ey, B SRRt bk BBl EnaCt uBIRMALY, SRy, e
BLASTN Gther padipderml goch tdsnpoliovitheg slsoi teguird yantbodied, yypodhiced ebys &%) ueiis e formay

be am ned usi ng.t he ASTP.and EASTX al gorithnms. Bqoth.the BLASTN.and

B AL 5 BRI ST iR RS SRSy S o Brestl af gptolied By

(ft p-/ /diffbientSubpépullatigny df ODAET céily é\ﬁﬁﬁl@?ﬁﬁ%&ﬁ&i R% ThThed BLASIN. al gorithm
Version 10 2.0 Sep- 16-1998], set to the default paraneters described in

. 6
t he docunentjgleitﬁﬂ[tﬁ??aoﬁigf?ll @8 havghepn Wl chargderized an a myiripe svodelrand ator use

in the i, At : r.j i HNY eRd The
Lo of SERELE Bl AR d B o8P ANALAN, Tk TRERBRERR My B AR g
descri BeagonnediGi fatonplsi mediates Witicrdphige: ddtiwatiornaki dethyediie bpetBhsitivity
AST/.newbl ast . ht.m...and. i t he .puplj cat.i on tschul, Stephen F, et al.

" Gepped e@@ﬂ%efh];h’?ér }%§Pbﬁgfée??esa{ﬁﬁ£\l’\;"%5hg“g ﬁ’é‘?h‘fﬂ’yﬁ’%ﬁ? Fret %tie:% ‘ifﬁta&B%’é’ns ear ch
pr ogr armhe THUGIETHY hbictisarBafutudly iBRB0m3A2%hat 1997 inhibhe ThE APRHeSfonsdsgRHd t hm
FASTA is available on the Internet at the ftp site

ftn:// FEY-xihiits TR2dupy 1sesmess t Similas/Bhk pach TB2 subisets Aaye been1foas] inourndne, FASTA

d . j § . | ; d i '
documontal [ 2R eoRE Ben Rl et Y v DA o2ty ORGP oL B B s

in the test enmimeatesponsed isvanirantosa avesaldohgdiséae shae: Pr @agntliséMeisNuRNidign. The
use .of the, FASTA algarithmis described, for exanple, in Pearson WR. and

Li plan F59ae: B thegerliratony stens sich ops Aibskeuingies SYRO0sS GaBman AUETBEANIHE VIR
Met hodsmi lunglagae®! . 183: 63-98, 1990. The use of the FASTX algorithmis
descri bed, fgor exanple, in Pearson WR, et al., Genom cs 46:24-36, 1997.
The fol | owi A MEn#PRY: Hier sorepesitionsref heeapresant dnvestiondneludd pelypentides that

align . & h Jg?gﬁq' ' ' cont rib
val uersn% gﬁ“gﬂ?&?ﬁ%@'@ I en't0 F%“gé e%ﬁupe%rf%@?%cg%%’%‘%g:&bﬁ as a{ &e%%%b:%ést n
-d enblsgérifie emdodi@ehts; Ereinventilve-polB@ptides3myprise wesegaeane-movidediit SEQ ID

25 NO:61-77. Such polypeptides stimulate T cell proliferation, and/or interferon gamma secretion

from T cells of individuals exposed to M. tuberculosis.

As used herein, the term “polypeptide” encompasses amino acid chains of any length,
including full-length proteins (i.e., antigens), wherein the amino acid residues are linked by
covalent peptide bonds. Thus, a polypeptide comprising an immunogenic epitope of one of the

30  above antigens may consist entirely of the immunogenic epitope, or may contain additional
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and paraneter default values: -p Program Nanme [String]; -d Database
[String]; -e Expectation value (E) [Real]; -G Cost to open a gap (zero

i nvokes default behavior) [Integer]; -E Cost to extend a gap2epp(izgkes
default behavior) [Integer]; -r Reward for a nucleotide match 30 ( BLASTN
only) [Integer]; -v Number of one-line descriptions (V) [Integer]; -b
Number of 11 2 2 DEC 2003 alignnents to show (B) [Integer]; -i Query File
[File In]; -o BLAST report Qutput File [File Qut] Optional. For BLASTP the
foll owi gyl i RAGREL RO SRELHBY BE ALARA il AR Alile 2P 10U bligendr ma

swi ssprotdb -e 10 - I queryseq -0 results;”-p ggabram
Nanme [ Snerhqbﬂ;MOgOUSdarDaﬂuabaQq@elﬁCSB miap @iyt neel IE)tpanulm’gemal ue (E) [Real]; -G

Cost t . Kk d t..5 | nt E Cost t
Coet 10 opet, g Lfes o Luokes S s S, o, Unkgaig s B o
one- | i neatiders wchm; aGNmah\Or i h Biobepidal sampile. Ninieticulr, &l ih@iiiRBéfC Eltopb Whib)

[Integen} er File Flle I n -Q BLAST report Qutput File [File Qut]
Opt i%onalt rtl‘I"—fbr"fd%t YAcRtds dhator ﬁ?ﬂ%kﬂ@ﬁt%wngl il qultfPrégo%sinFF‘gleF]ﬂISﬂiﬂ t he

fol I ow fga b orC EFRRsh4 %r&{u%{l 11?%101()@1%%1)( fj{f%(éso com r’f’sgn% Hng U’ %56 8e>llsf ast

out put,” while for FASTA, "the fo oW ng S preferre
_E 2 - bseBotedHrom thegronpeef B colit, NK. cellbeB "dells siid ieacoupbages, where tﬂatcanram

sequences. b gueri e equence pr.oduced b BLASTN, .BLASTP, . FASTA, FASTX
or 5 orSREVEY D o PR E GROAG TRAGARA 1 T BERETaL b SRR BEEhicCFPLSEY Hillces
The h| t gindilfe ProlidEgech bﬂ’lPBMiiBfroﬁf mydtDaclegi-Bemade Hidvidialsl dtevandattiBat bengt h
gyence overlagt Hts to a database sequence generally represent an
a

ove]tq apoll gieatsh flypnghatiobservad in gonter REMCs dejeraesl pang evsap fechpigues detailed
sequencRyow %E%ﬂ%g N %@Eﬂﬁ@@l@ @11 SRkl Eﬂf Al 1§r ﬂo@%&er@plgfﬁépﬁﬁtsnm\ﬁﬂ@ﬁé for

allgnnents pect val ue I ndi he nu hits one can
expect@b@ﬂerefUmaﬁmabmerPahﬁiﬁummanxbmnmmenanMBMSWquhemhﬂshb@ﬂ@h&MCe

when s hln se,, of cer ain e... The pect. val is used as a
ot oni 1 2a8h kS Poi? SRR AR OS2 ool By 8 gl s Hot w830
as the d@epceh O pnEMBS AdatabasRtaile@di ERdngsle I I AenywbbididalilfunEGhdiegadIp! e,
an E value of Q.1 assigned to,a hit is interpreted as nmeaning that in a

dat léb asie 0B WhAds eqnsilersdl to Be Tesigbmt inthaidsedoprasns offyRebactsrpliafection Beairtie]
mat Chesof@l‘éﬁhﬁtnﬂﬁn%h'aﬂ REDRRME L FePonid B 4764 HEDg dwt$ Vo %%ﬁsragﬁ)‘[bﬁgt%
he aligne ns of

simply b ance. By this criterion, t
t he secplémi’ééGt Soch elnddizals my)lbabtiidntlﬁyd base8 %0 a)sﬁtrdmglyn]g)stthe (sangreailéothan

sequence: h VI an E val u r.less over ned an

por't  oriout RmBEiBesss HRlHBe0in Rain st R heed e RS A0k S
dat abassdias ab%n@é of msynﬁjmgs bheibEASIN itfectfoAS Td epiidds tcbipriAG € af RhdAGnt O
on%penbodlnent varlaq% pol ynucl eotides, wth reference to each of the

polAPnudiEBIPERLC GPIQRTeOTHPRs 8 Inars, ¢4 nvacert, mﬁ%géwe s gengighp hiessed dg jadrees

havi ng grb@cipid 85 ain® fubleRY¥WRIsisH ﬁip@t!léht aed/GSto shatataminfiunkResponse in a
pol ynucl eoti des of the present invention and producing an 30 E val ue of

0. 01 orpatieds when conpared to the pol ynucl eoti de of the present invention.

at | enst a dholstupapefiy P ARNRR VTS R, vt REVERE TbHED (T2

pr esentpolymuelrbtidzs, thateamudednamdnamgelgc apitbpev af IaEMOfvaEha@ larmlgeﬂ eda 4petifig the
BL TN or, FASTA orithns e default paranete
o < BoTER S L vvG LSS GEPBEE Ao HI0ee <R SERE A Ak he

sar_re NWdsler@éntd ONVBHe MMEIFE Gsolated polynucleotides, reverse complements of such isolated

polynucleotides and reverse sequences of such isolated polynucleotides are also provided,

together with variants of such sequences. The present invention also encompasses

polynucleotide sequences that differ from the disclosed sequences but which, due to the



5 acids than a polynucl eotide of the present invention that has at |east a
99% probability of being the sanme as the pol ynucl eotide of the present

i nvention, nmeasured as having an E value of 0.01 or |ess uskpgnbge BLASTN
or FASTA algorithnms set at the default paraneters. In certai bi 2683t s,
vari ant pol ynucl eoti de sequences hybridize to the recited polynucleotide
sequence under stringent conditions. As used herein, "stringent conditions"
10 refers to prewashing in a solution of 6X SSC, 0.2% SDS; hybridizing at

[ 1x SER Tt g o Rl Mo FbBHARA YIS RS BB 4 1 olfell 55 123

0. 1% SO®latuckbiile dequatchdisclopdiddireient s, variants of the recited

pol ynucl eoti.des and/ qor I tj des be isolated fr obact eri al
species. | nﬂ’fztf:%idf?f’?}ﬂ”g%&g&z ’e%#ﬁ%ﬁf’s{ne%rais %Oro‘?o%l?/és(f\%‘?‘?dt@&wner
pol ypepifi ¢i@syfinsscestidd 6F LibomRtdotidé bisds CanliSinthged BNA @dd Rt ¥HRAYINE GENAS
determ ned, for exanple, by their ability to stinulate cell proliferation

andPor PHEYFH dRlvding teadi BN Aopoegiler.tRatiy sensg and antinRsepeEsods, rsds ur ed
as descionfipthehds BRI denBRIONN A R ¥RERiAAR THTAL BE RIESE Sholl r}}ah?%'ly”ay
be conjugated to a signal (or leader) sequence at the N-term nal” end”of

t he pr ctyethasipdd piyrosleptidass |4t HoRNIA molsculp gsttains anteinataind nairdspomtisrte atBNA20
transfe he _pr in. The pol ypeptide al so. _be conj ugat.ed t L. i nker
or ot harolZet 3F a Bl L oad REGROMBER. AP nINA B AGRE RO IR F opi Btfan o
t he polanfepDinNie midecyle, fraanhhidt thy int@ins haveetitea BLEscdbi A golguddotidb enagabypapt | de

to soljd support. For exanple, ol ypepti.de may be conjugated to an

i nn@nogqué'_&ﬂnp?f"p °r ¥ rPO“A‘g’P %@thﬁi’éﬁ%ﬁl,e @H'eqe‘t‘%rﬂﬂlwglﬁ‘_é‘i‘éf’s it $PIHRERE Pence
to a spRfpicnf off BleURrelponding pofnBE€ofid?, fnd the REhMIHIrepblyHEISRHIRY Rl dTsreal

| east a specified nunber ("Xx") of contiguous residues of any of the

pol ynudngpdesddl spdepparghle @ntisersEdiragments:  Bnfissenspholymaiclestidds sndriephiieudsr om
about 2 41 i i fi e .

pol ynuclaftegaltigmsf BovnHaRRALL QiAo TRGH drdne SRS forroppgle in
conpr i SRotgnsat-Beemmte! . ‘Ypdsedsedechnigube’ AMfhaiont iIMpnous. 2 BE3EIES, (1295amd) of

any, .of 1he pal n% tides identifje 30 SEQID NO 5-21 or their
varlisantléqwaﬁgl&%ﬁ%‘] %ﬁﬁ Fets rgé'iﬁg%ﬁnents, the value of x is 13 2 2 DEC
2003 pref er abhy dfintieasbt e toRAE “PoapRMRCY ‘WvelBasémPiOmeRiOr shddredvefsabl y

yet at |east 60, and nost pref erable% at_least 80. Thus, polynucleotides of
t he pr SSEHOCE e assbohcreic Isubrst Phistaee bedbe ddlowieg ﬁaﬁmré?-nﬁa thepsaqience

40- mer , A @GR! 1he RBmBRHTRE rev%rslgg%g!%ﬁngn@mﬁggﬁé@ se%l?en%%%éqgfollo s; 180-mer, a

220-mer a 250-mer, or a 300-mer, 4 r, 500-ner -mer of a
pol ynucl eoti de 5cpuipletrichi ed as SEQ | P TETEGS1 or a variant of one of the

polynucl eoti des identified as, SEQ I D%/ -él. In general, the inventive
poI2>¥/)pepti des andr%vgfsfr?ﬁrg fe'!:(l)qfelntdes, e @gr%gl ared using any of a variety

of procedures. Fetvemxaaqlefice pol ypept 5’ deSAGEA e produced reconbi nantly by
i nserting ol ynuc] eoti de that encodes fhe_polypeptide into an expression
vect or and 2&@?@%@? pelertiflgs MRPEE&PPE% 4te?f>r$’ﬁ3 LEsHGpE isg%aéedr?aétpmﬁﬁ@ Bf a
vari et YhQk t@XREAS®INBRoN AL degyn to those of ordinary skill in the art
may be enpl oyed. Expression may be achieved in any appropriate host cell

that has bedmetcompesibeneandonethpdmef b ingentiontrlncrseppasssiaganty of tlsy above
Sure abitgSReBid dhy BUSHERL B ko RIRREES nfulelf UIMCHRT AR YERED, 80w
cel | s. nituedibr abluyingtviagantns is medd lereinpihe yerch ‘angardf’ coald anyrseqgednace ivdichahas
at least about 30%, more preferably at least about 50%, more preferably yet at least about 75%
and most preferably at least about 90% identical residues (either nucleotides or amino acids) to a
sequence of the present invention. The percentage of identical residues is determined by

30 aligning the two sequences to be compared, determining the number of identical residues in the
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15 insect, yeast or a manmalian cell line such as COS or CHO The

pol ynucl eoti des expressed in this manner may encode naturally occurring
antigens, portions of naturally occurring antigens, or ot he? ?a%l'f@yﬂﬁﬁ'

t hereof . Pol ynucl eotides of the present invention nay be isofa

screening a M vaccae genomc DNA |library as described below in Exanple 1.
Al ternatively, polynucleotides encoding 20 M vaccae epitopes may be

obt ai ned by screening an appropriate M vaccae cDNA or genom ¢ DNA I|brary
for I i

from[)l\lgar%%ﬁ%ij ﬁs%lgﬁﬁer%ht égtr%&]fegg?at e g‘l’q{gg{ gfsﬂl é%‘lpetrﬂ HG%’Z)?@gglﬁdégg g

ol i gonlmidemltln]emgrthqrebdtbyie@l gned and synt hesi zed and the screen may be

performed as, des for exanple in ro Mol ecul ar. . cl oni ng

a | abor at or 3S/P Oﬂgﬁ\ﬁ’[aepp caLPokp %‘ﬁ@e ‘I‘e(’}c‘gp’f”lag% ’th8 a“éé’el’(ﬁ?ntaﬁéé’g identica

Pol ymermagkotbai th ae@eélﬁem rég?&R)mzﬁ?ﬁMe laeteﬁﬁmb@ya@em&tomo%maﬁc@y@cmuﬁdieeluém%CI d
probe from genonic genomi c DNA library, using techniques

vel I krfSputss f%%f@ﬂma% that ﬂ?epqhhﬁl«Yaa“gaﬂg@? ecivarayemmey abeorns demaligning s t he
i sol at egdeR{ORE th QLR Qﬁ%o%uél@@ud@%%&l%c&far@ﬁl%%@éTﬁ And FARTRPLL ARG Rs.

described herein have tThe"ability to "1 nduce an 1 nmunogeni c response. Mre
speci f i Bl similadty df solypetide abguemcest ey disi topisedhesing threBLASTabard FASTH

|t or 1 By Rho el i PSP oS IR B 2R Sl e b REH rfomens

NK cel |E'H; &r@tﬁ (kip: //lﬂﬁblnmﬁrnﬁﬁftﬁqemddﬁfblamﬁfiecfuw}nsa Tﬁymf@mtremiganma@mn
i ndj vi v T ction, of ¢ type for yse. in evaluating an _innunaogenic
2&9 %g péSam ?%Eﬁgg’p%t ofhe ﬂefaﬁb%erneﬁrsmécﬂﬁ’sg i1 9 dpeensatation apddiswbyiedl e,

l nter | eyih ﬂrelai’gd@mqﬂul@ é?&récﬁfom% 1nrtﬁ@gbtlaﬁ{mn§uc%v(ﬁ" déﬁhﬁﬁi aéb%hﬂﬂg RS &0 %Ee%&atons
containing T cells, ells, B cells and/ or macrop erived from

my cobacientign; kg Pﬁ@i%BHﬁﬁTsfamﬁy o elgoriden @@lmmggﬁ@ﬂ“ﬁb@@ BEASTRniBWN i n
the ar ldescrfBif oK aﬁmlsew Rt OHAPRL DR nBRhRIR. 251, 208 ERRBYEL PR 5O | ©

(PBMCs) nmay out Turtner separatron Of comnmporneiit ce
PBIVCs rthy Iiubhqmt]epawfed,ltscflmt Bepimpl €, etsi.nfGagped SBLHSTemtdr iPSDBMAiSCm d lnewugh

| TM .nt h Laharatorie eIIs 0 se 0

eddr i oneuTL PRI BRGNS borr et et ARt 25 ik 1
enru che@dmpuge! | algbdrithe F@AGmAvelﬁgadeﬁdbléWthba@ﬁeer iradernf Ota@i Nbie om],T sqtel |

clones reactive to _individual_ nycobacterial protein may be e

S
such T ulip-girgpisedwiyb/bista) e n¥paiond’ BS,“ Aypuss 98 of tb%lﬁﬁﬁl?%gﬂnd . f rom
gvcobacgl{adtm rgem%e ainMf ahéteeeﬂdte %tdﬁ&.lrﬁé tanﬁtaﬁH aﬁtﬁb%ed%im?ﬁfeod of

This allows e anS|ono e nycobacter! a
pr ot ei ralgywdlahs, i are Trefetred for esuint |thegd¢tm1anzﬂ:ﬁ>nl oﬁlealmntmwecﬂn@hceltl;e pfesennch

celq.s. The e C h ¢l on Wth nd| dual ei ns,
u5|£r(1)g et ni 1‘1e usﬁn%fvéﬁle %rﬁksﬁﬁ%alﬁ’? ﬁ?ﬁ’%? ¢ & SREP e?féoq \i"i11 ual T
cel | s[ppmafi m t ProcASREY dcddrSct eli$A ssqmzf-ezmg i1088; OindCBdaed@h”NRpkat%lzﬁn in

tsing Do melodbirh. ST TBEasBer 0t AN NEhE R foGee TS
g g pPiasIg in

pol ypegtehg&ev@m/tg[ @é},lo)h%%%tjgi@@pf the present 20 invention, those
havi ng superi or t her apeutic propeéerties may be disti ngui shed based on the

magni t ude ofThPrf@H?‘éBlEdN@eng|W&I¢%€r§1meﬂﬁ@r§@y®raﬁi¢@r@a§edﬂ@vﬁ athBemgGS cedt age
of Jlsndigyh Sales ﬁ%BL‘M& thgt c,ro%ﬁﬂ)?l Xy theSEQ}@ﬁ.lgan per% 1249 enhp 1 I i~ es
148 LentifaPpibransy

haVI ng superlor erapeu prop e 'es W

prol i f ecatmand: ldastaiytmlhdam qbembllalbt t @0 -Gro \H 0 kol Fn3ed 36 -ﬁ&melo}@éh fo e3ulpr e

t han t 25% di vidual s that are bacterij a-i nmune, thereb

el i mi nzi'f'g ﬁarapgg%gﬁféglg VI v lilp I§r0gram Name [é.ltnng]rrycf ?)ata ase [IStnrllg], -¢ Expectation Y
value (E) [Real]; -G Cost to open a gap (zero invokes default behavior) [Integer]; -E Cost to

extend a gap (zero invokes default behavior) [Integer]; -r Reward for a nucleotide match

30 (BLASTN only) [Integer]; -v Number of one-line descriptions (V) [Integer]; -b Number of
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25 are not specifically due to nycobacteria-responsive cells. Thus, those
antigens that induce a response in a high percentage of T cell, NK cell, B
cell or macrophage preparations from nycobacteria-immne i n?iziw&ﬁ%m th
a low incidence of responses in cell preparations from othefl TndiVi | s)
have superior therapeutic properties. Epitopes with superior therapeutic
properties may al so be identified based on their ability 30 to dimnish
the severity of M tuberculosis infection, or other nycobacterial

vacai neireltedp sy (B RERRG A POLEIIAEBHIT™ PRLARTIRACORLR! PR 2

descri b@u] i Optamthi FordiHl AP Borfollovisg anohing faeamaters iagnirsfeatd:t hiastathvp blastpe

pol ypept j des be. gener d thetic or reconbinant ans.. Synthetic
ol Y hentd SaSeilh o6 D1 G B AP Gt amn o aRR G b EAem A Sy
fewer tdBataBieUSHg]; AEREecaivAFaludy) RRalETRC & efloptniaGp (246 Hvakasienrild
known to those of ardinary skill in the art. For exanple, such pol ypeptides

may “be ehavipad gl ﬁgstéthenﬂ a gapc(zergrimakes dgfrylt behayipaintegenl roNpmbere
ey s _ i or . |
echni qyese 1FHGHRS tlBﬁEe(Jz&an/égfggg —@Nﬁﬂllbkpofpﬁﬁenéxgtsﬂ&? El?) G[ﬁﬁ?%%?ﬂ .—I gfalglrye

am no acids are sequentiall ed to a gro g amno a
Mer ri fiEledFilg In]Am BIGhSTrep8odutgs File4Bilo@sy Optios8. Equi pnent for aut omat ed

synt hesi s of; 10, pol tides is co rcially avail fr,o uppl i such
S or ki o e eRSRRERS ' RS TR s e ARV MR ToTigRBRe AT
oper at egnaganarisipreeeried: fivex -ARNNHRG0 UHRueS/sed A BLthUIG tvihile for FABTAQ MkeSfollbwihg
natjve bgo e nmay. be fprecggtr ed usi ngtqstandard nmut agenesi s techni ques, such
as ig@ﬁ F isgrslered dade rB 2o hetl vH o AATESE feiRIt Sections of the DNA

sequence MRYTHRl GhtsDao I HROMEROHS dnEbAE ARGRNEed BF BNLAYRE {eQudSt Bréduced by
preparation of truncated 15 glgllgypeptl des. The present invention also
1Ot

provi déBLARENoBLABEP FABT 40K @ stmilqryatgoriging, akigs end whéntifyrsimH e poetions

pol ypepid a rpat | $no Lde t Dr. i nventinn and a
nonn i eiedices, (THE R dhy Slnined AOUBERE 1 uGhec OP RIBRE tnd MEPRAA
Ander sewqande ldaedan, Hitsftocd databasmsequenée 248dalPA 8éhrest 88 overtppt brear onll ¢ la

var.jant f such fusio roteins. In a related aspect, 20 DNA constructs
conpr | ﬁ%ﬁO%OF&Fé?quﬁ’ﬁ?fqﬁg%%BﬁﬁaqP?RF@ﬁFﬂ‘%F@%m ynucl eotide are al so provided.
Prepar at i on e BLASNS ahid TASTAErithig alRY ptddat&“Bijct O RaRic® fortaignRERS e

i nvention and ex(%r ession of the corresponding reconbi nant protein is

det ai | SeKPBE] GWe (F) EckieAysehe numberpfts gRe can [Rapget” Huseawer deertie sunhey of
fusi on BhRhR sQluchddS bRIBIRAWHAERELAE | tbARY BUERAT 3] AR value

reconbi nant DNA techni gues to asse e separate sequences encodi ng the
first daas@basesgndicpudeythegsholdder determinmg apptiepthabit texplagdaspruatent the. The

3' end of . i ng.the. first pol ide is.ligated, wth
or Bt ot P Rmr SRR iR Eimdiey B r BB IRATE sBlB f o BB ng t ne
second HiolsyipRpirétde as tncahial thAtdn reduibage bf BRRScO5t hE ENBLURNBES, BAE niight

phase to permt nRNA transl ation of the two DNA sequences_into a, single
fusi on FPYL & spenbpate @%ﬁ@eﬁh@e&mn&ﬁn Qfdhe segusnge wth@rs%%rwwqﬁélmmygy and

the secargcpoByngat érﬁ?ﬁoen, fltﬁe 2lignddEfnd2 AR h& Bgﬂfoing%ﬂthé“é_ ueAGYURBE GatBY bE

enpl oyed to separate irst and the secon pol ypeptides by a di stance

suf f i cirsehabilily eh80eoft bring Becamgol Kppepaucdessiiovingi ant B vialus ofdtbinoialeys aved
tens! ara}t'igﬁéd' H&c{ Wabhed Bofibrd, REPHEbilidy S iindRYUCRGRY' & LAGRE RENAL Lt ©
thé fusi6n proteln using
database is 1% or less using the BLASTN or FASTA algorithm.
According to one embodiment, “variant” polynucleotides, with reference to each of the
polynucleotides of the present invention, preferably comprise sequences having the same number
or fewer nucleic acids than each of the polynucleotides of the present invention and producing an

30 E value of 0.01 or less when compared to the polynucleotide of the present invention. That is, a

12



standard techni ques well known in the art. Suitable peptide |inker
sequences nmay be chosen 5 based on the following factors: (1) their ability
to adopt a flexible extended conformation;, (2) their inability égrﬂ]ﬂ?pt a
secondary structure that could interact with functional epi tzoﬁeg he
first and second pol ypeptides; and (3) the lack of hydrophobic or charged
residues that mght react with the pol ypeptide functional epitopes.
Preferred peptide |linker sequences contain Gy, Asn and Ser residues.

Q her 1. 1 I S b . in 10
tho. 1§ e Rlechl, Mhnd S fime S HEEN AR 1k RO BBy B O B A 2
| i nker sthe polynddeotida @f éhedireehoimechtion, basatedans dtivial an BGahe ). BRorll6ss ukBR5;

wur phy et al,,..Pro | . Acad. $Ci . 3:8258-8262, 1986; and _.U. S

oot ot 5 ELAS T A I lepnBB 3G the, gSMIP Patimetins, - Ackording, foph PRESIAL o
about SntdiAentas vatSant o 3@ﬂ@éd’tide Reptsegieentd Rkehig SRBABRGRENIRS Or Re¥er R6leicr ed
when the first and secon gol ypepti des have non-essential N-term nal am no

aci @ r etgidsriBan paelynuricolide 9é theguesepbinyerpion dhat hap at Jeast ai9namobehily af Petngd
preventstahd 9% ih@gﬁf}_tnﬁa@&ﬁﬁs: ofT@TegllebQ@hﬁQaneﬁﬁgyf&cﬁﬁj%ﬁpﬁ' ﬁlef[oli’%.dclus' on
proteins are clon into suita expressi on systens using techniques
known tw leshosiag dfe Bl Aoy FARITA algorithine seiiat the defaplt pttameteass pect , t he present
i nvention prlgv(i:ed s e Q&ds IorvaHsitng 120€.1 9 400! e of tﬂe%%‘%.nvef\nh%ve ited

pol ypept i desPof ™ Pl iSBROGIEPET n@r e, PRISTSHIRRLAG ot lysese AEBRirs, T Jbf Tecite

pol ypepidlyisleotide 2 ubnii Mideps@ingeMsforiditionflduse usddd heretn, Vetrin3HY ohditiogeri nst
di sarders such as _tuberculosis jn._a atignt. As used herein, a atieont "
et s TEBTS Ry PIAEATA BOUBIIR HafX SSCoREYASPS: BYPIHIERE ShC3at SERSCrh e

af f1i ctaysk Widrhight; $RRARIDY Vo WRNePSE T0 Bl Hal RCERRKE, 015La5E aPE5°C and
infection. In Oother words, protective inmunity maé be induced to prevent

or tredWwodvasbesdd38 mipptes edchtie 8- 2Xsp¥e ] %o SRS aV65Kac gy spadisicatst vatiastsand
| . . > ¢ 7
ol T 5 R R Eeetg bASnRISTAN aqch JoREEPIAS Il ORI HlhfheRERl Y.

parti cubhaertdih brafbraskemlfodiyemk ivagagts bhithie ueted BEIVE:ptides powchs Ganidantactidpi tbope
antibodjes; . anpd/ or t.0 i nduce |long-term ry.cel.ls, For use . in ch.

et odahe i Hselifes8 e g T GeEIF: BF T DHE it el HeRtiationy
pr esentaniiok fihdpRdRARMBFCS KR | or GRERSSh iR huBfan PEAIEC HaGsurddhay JRESHd gal
conpositions may 30 conprise one or nore pol ypeptides, each of which may
cont ai rdetmldbelrw.nore of the above 17 22 DEC 20001 sequences (or variants

t hereof), an S| icall c table carrier. Vaccine conpri se
one. or or o oPSVRDHEE B B s RRREE RS GBS 1o P A Rl o ERE
adj uvant the Nrterhiadsadwf thatoteln ehichheo-paisjupiendllyder ipsstittapsiatiaiatly edirecSuch

pharmaceut i cal conpasitions and  vaccines may al so contain other
nyg)(gbaéfa@fiile&?} GrPrdehs th%P?lPiB?P“fiﬁBW&E?PS’F&H“J%(‘&FS? 0 & BB AT ?th‘_?ftséﬂ‘I‘Fm%f%r

pr esentead bi¥yRihdsis GRSfBARNREY iVRRBTAHR: ofAhd ?(_Blgﬁ’épltiué’ (dg., Foly AL Betonhidie
present invention may contain_a pol ynucl eoti de encoding ~one or nore

pol ypepipdieg obidie palypeptisisdo alselid suppgaeth Fonatamme analynseiidd may be copavasicgtted in
situ. 1p; P YBGH ReSwvichne pol ynucl eotide nmay be present within any of a
variety of de %very systens known to those of ordinary skill in the art,

i ncl udi ng nud @ied bacing thx fEnes SHoer, sysh eefsrenbatt 2 spaificl talwencf Vit eefers to a
expr.essi on stens. Appropriate nucleic acid,expression syste confain the
e 2des rioaka R mpelRet ket Spf nuba O ) of hem uPreR RS qe AT RS Qe

sui t abllypielBi®s idndfit@NSPAIDINOS5aNalThe vBas oEkingdy Weird @byut 29Ib @FFut

i nvol ve the adm nistration of a bacterium (such as Bacillus

Cal net 090 lrpending wppathe spsedis $64UeAE- | nmunogeni ¢ epi t ope of the pol ypepti de
on its cell p3rli@E&ides of the present invention comprehend polynucleotides comprising at least

a specified number of contignous residues (x-mers) of any of the polynucleotides identified as

30  SEQ ID NO: 5-21 or their variants. According to preferred embodiments, the value of x is
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In a preferred enbodi ment, the DNA and/or RNA may be introduced using a
viral expression 15 system (e.g., vaccinia or other poxvirus, retrovirus,
or adenovirus), that nmay involve the use of a non- pathogen

defective, replication conpetent virus. Techniques for inco g @EF&@“%NA
and/or RNA into such expression systens are well known in the art. The DNA
may al so be "naked," as described, for exanple, in Uner et al., Science
259: 1745- 1749, 1993 and reviewed by Cohen, Science 259:1691-1692, 1993.
The upt b 0, o]

oi odegraaeiry REAEE 2 MR brcrbabipcl 383EHp, Mpfe bERBIT Bt st R0 B st

Met hodspreferabtyhet laekii80i sThuaf pcoiyammteopdésymﬁﬂnb @oetsentemsaﬂpuﬁ nncéudecmimucﬁoﬁ@esDNA
and/ or RNA . incl ﬂe t hos discl ed in g& Pategh Nos. 80, 859

5, 589, fé’é?Pﬂﬂmﬁo??/ et edt d‘Eerwa"c H@“a@ S B élb%vé e 2a IHF tler ed

si mul t argeaysd, ¥ 200 nker a@50SRGUENY 3GU-In¥r, U00-Biek I0-Be GppaRdriogta gatynhaeotmeesent
i nvention or a known g&éobacterlal antigen 25 such as the 38 kDa antigen

desdri Héentiisdwie SEEHID NQip? kor agnrant of paq plothe sphongleatisles élcatified #oPERdBt i de
of the pHesempt invention, nmay be followed by adm nistration of an antigen
in order to enhance the protective i nmune effect of the vaccine. Routes
and frequendy golﬁeraldthennmnnm p@lmpepaéemldl pobswdestaiys, may bd pmparyd ﬁmmgrany of

i ndi vi dual i ndi,vi du and ar ose ,cur,rent d |n
o SEEishPorr e B SRelE Yo Rtk PR afika Sttt By BY iR

conposid poRsudadide atal ersdé¥bte RRIEpiidy Hit® a8 dexpyessith 8ettod Iancl%xﬁregsn@EﬁieZOOS
(e , i ntradermal |ntranuscular |ntravenous or subcut aneous)

i nt anég)éme?tuéeemgan apppoRsRf post cﬁ‘\’)"' of G vagtely PgleXFB%gFWEé’ﬁthrsalﬁ%?“@ tadhess %ay be
adm ni s4r8imed kAl infthd aﬁ@né’ﬁ%kerﬂﬁﬁ%od Expr&ish abhbe ac%ed&ﬁﬁ%n@raﬁpl%gﬂht@ ihsicer ed,

at intervals of 3-4 nonth and oster vaccinations may bé given
peri odi€H| Mat t hasr beey dransfpgmesk wat wansfagtedc i Ay expsesgiopr @@ntq’ratcentﬁmmg a

ot R PR R crfodts Skl BIRpLiART SHTAT ho LoRABEblof iy
3 o et st oo e

. r%?e"béF%%i‘ ﬁ@géﬁﬁ ting Such 95,€88 o iy L HRE Botynib SRAE iprastiedlin

pol ynuchrehdnder rfly encd@s faturaBi g@ﬁnﬁﬁm@mu;{o&m@gomuaﬂ%ccu&ﬂ@ alHgd8orkg of

host, typically fromabout 10 pg to about ng, and preferably from about
10 100 rivarigisoiiereef. g. Suitable dose sizes will vary with the size of the

patent, _bUtpiidubichiRlsCa Y prl@AOSERAM ABOUe Roudl b QoA a5p My | ©

any SU|tabIe arrler nown t'o those of o nary s e art my be

enpl oy@dtnomlc DRA l;iumay s desatibaidiel @ mpigsintplo hs Atkrmetivedy, ipolyentleanics tivedingpe of
cary. er, W epen rati r _parenteral
A i e bptn BaE ok el v Go RAR &8 cPBRPHER AL pRetan A o RERERkD §
conpr i SENAWatrery, fos dYNAeseq@dneeMat hgbridite toadagenm@fe @1 uhdledtided derividafrom

adm ni stration, any of the above carriers or carrier, such as

manni t GIMIng A seauendes r fhisolafrdy AP st éegegeaﬁeuﬁ%lg,oaeelﬁ%meﬁ dnay Fecum

cel | ul oRGondl YRPIPnth&i09Rd (R AcrEBONRS BNpedainRANAL ﬁescﬂﬁéﬁ b8y %mh}gxqq
Blodegradable m cfospheres (e.g., polyfactic gal actide)

npl oy édmbsoaka¢srdlerMokearlan beniphas ielveartic ainiednbdBL Fress C@ d Smrg Harpent i on.
SUI abI osp, ar.e d for ex in U S
oot Moo 0% GRS HhRERNG LG BRRPERS ) % b6, BB IoclhiGla RITASY Pl ane s,

such adram gamtjmw DA, orey cDNAcomicaymit DNAI Herary asiag m@smqﬁei Wwels knowre i then t o
non- sPel! e Horaly Soa Sey thils be Petotied SoiBe Bt Solafod brobe) UVant s
Regardless of the method of preparation, the epitopes described herein have the ability to
induce an immunogenic response. More specifically, as discussed above, the epitopes have the

30  ability to induce cell proliferation and/or cytokine production (for example, interferon-y and/or
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contain a substance designed to protect the antigen fromrapid catabolism
such as alum num 25 hydroxi de or mneral oil, and a non-specific stinulator
of i mrune responses, such as lipid A, Bordetella pertussis, M

tubercul osis, or, as discussed below, M vaccae. Suitable aZinJ\MrCt 200 ¢
commercially avail able as, for exanple, Freund' s |Inconplete Adjuvant and
Freund's Conplete Adjuvant (Difco Laboratories, Detroit, M), and Merck
Adj uvant 65 (Merck and Conmpany, Inc., Rahway, NJ). Qher suitable

adj uva i e i a 1 Cr®S res I

L AR 0P Bl R A LA SRS PR IE F omac SIS QRHOSP I b 1y
way of mjdobstterdd-inomumniddivgluaby way of limtation. EXAMPLE 1 CLONI NG AND
SELECTI ON OF. | NOGENI C M VACCAE EPI TOPES 5 M vaccae (ATCC Number 15483,
Rockvi | I e, %@%& 1%1% eRlltPe T Hsqi fY batwe’agplmwg%%fﬁ(sp%s ty A Epitope

t rypt ongill &pehd onahéldeiRd rdspdhde) Bér ekénipld, Qﬁteﬂ@ﬂﬁn-ﬁﬁ?ﬁ)du@&ﬂpm BodoMeadigs

isolated fromthese cells follow ng standard protocols and then di gested

wit R r eyplupiedjusing nseraentioas eertainiog B acllsn ds cdlsnBi qctlp aad/phaecteplaas derioia
fragme P |y B i i ng
the ot A S BRI ndlyeialt oy drificed RARP kol LEIRIOD (e
expr es For ksamwplene grdparation of petipheral ipldodreenavélEar @ls (PR sh qaf henmgploycde

cDNA3 _ ex ssion vector (lnvitr l.sbad, ,CA) was dified by.
Proer vt M it oriroPRab R ET | RNCR B tiobreb e I8¢ b, Wine
reconbiqeasity péntiRizatichetk@igh Mdol EMNIWihitkesh WabdiatoheS N YR di EdRIBAUsSin the
prinmers. These prinmers allowed the insertion of one or two extra base pairs
i ntl® t H’éSﬂYP@F@CEB@thREFthYs]?ﬁ rurifief diredbydfior PBMGe dfternsiiveby pr eerighigd T cell

ol ypept.J : j . 105 r - ' | -1 SEQ
D Xor i AP0 Pl FRESHbRE AElchibor £ DT A G Ve DPRIRRRa Py BBl 5
107 andréEing0Bay SE@nipleyed Such,T cdk plents mey Y} .geheratl thiye e dR@Rplef calgmngt s,

nost of (H segyence downstream,of t | eader sequence. ¢l eavage,. si,te
e 20 PHNGs A, SSHAE R SRAIRS RNl I P R e OGRS RAEP S 2
hGH PCRvdekagMaiztatlows leparkiog ivf ©hBnBe nytbbactdiial pRtINASpR KR B 26l AcsVRBE G a
follow ng digestion with the restrictjon endonucleases H ndll| .and BanH .
The SnuditEserdessegirdnebsush aelle iThesscelltmpy hpnein dongdeang;toded with instbvidpah NO

5-7, Wgrbrelli€uGRE MRIMREAAD kATWA Gn 3hiE ArtS G5 URRE SR BReRId MR VindR fial TR | D
NO 61-63, respectively. Three expression libraries (one for each of the
t hree rspecficity. f Assarsjor 28!l wenlideraidorson atelaer ppdedtionimd dehle, WK 28Ik B3 rellsvarccae

PCR fr t o] red. as cribed abov into the BanHl, cl oning site of
he cn T apeeBRABRERAReD Ce R B o kPl s BT By
pcDNA3- hGH2' Aratril; the Db gidde kpitdpepl potgpebiidds ana&ir grolymualtatidesat aherpeteermf

bacteri.al colonies transforped with the |lihrary constructs and stored.
Pl £9ni dnﬁ‘{iﬂf’mpg\%%rhéﬂngfSPB?HCFh@EI@P‘EHS‘FoWPB%‘Pe YaPs id&f’élag‘f‘?heg '%efi ﬁao}dhs,

each capiAitild8r MbledpbR®s 49 tHeOabaVe RdsapdAridiShaséDod B fINANURS of iialedd &f | nto
COST cel Iggi usi ng Ii_pgcl))f ect am n?@ééigih SL| fe Teaghngl ogi es nV% S 2 DEC 2003

2
Gai t her'éieh g rempnsarie obsesvednin ﬁn,cepéipwéraffi@ssumnqrﬁhermqyaa erapenies dllh
group Wt Etixrlgﬁ{eeéeii' O@S@fgf%igﬁ og gﬁ%gﬁ&e GO duchSS BY vin WA EH abVRd REAE Hitkd BfnOf

| FN-y i n cultures
about 25% of individuals that are not mycobacteria-immune, thereby eliminating responses that

25  are not specifically due to mycobacteria-responsive cells. Thus, those antigens that induce a
response in a high percentage of T cell, NK cell, B cell or macrophage preparations from
mycobacteria-immune individuals (with a low incidence of responses in cell preparations from
other individuals) have superior therapeutic properties.

Epitopes with superior therapeutic properties may also be identified based on their ability

30 to diminish the severity of M. tuberculosis infection, or other mycobacterial infection, in
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obtained frommce primed with heat-killed M vaccae was determ ned by

ELI SA as described below. 5 Plasm d pools that encoded reconbi nant

pol ypeptides eliciting an i nmune response (as determ ned by hhﬁ Etelzﬂﬁbty to
increase I|FN-y production in the spleen cell assay), were subdi E into
smal | er pools containing 10 plasm ds each and these pools were again
transfected into COST cells. The culture supernatants of these cells were
subjected to the spleen cell assay as described above. 10 After three
rounds né']ﬂ-? p | re. t ki j_nant
pol ypep%ﬁjeelgl&gtgll nmu aaltS 11%861154;)@2@%%@6& sae%alfggﬁgatg Iullﬁ%% %%%?g% %@S?ﬁ%@;@d

m ce t ocxpraaedel dnihkls yre dEbmribe@ (h daipbbalawant s of COST cells transfected with
t hese plasmgs.were .screened.in.two additional. assays, nanely, the use
menory assay SRS AR B PR aYRhrs B PRIERBaY BaeoRerrd Prai tasay.
I n the ¢rresenbinfnyriansn SeABESe AISHpHAES Binefotvet HaaGbeet 10D Mmhb adids, and
sub- | et hal gose of 104 colony formng units (CF of M tuberculosis. After
4 weeksENPREY fayerdhiierlouf S AMiRe afith nayt bepreareraes yne wehnigyos sycllskngsante t o

cure t hgmeadr Mi WRShs Fi ﬁﬁ/{f‘). .ol i : of 4
weeks. A gg:c%nﬁﬁg{%ﬁﬁggé%? IFeln?/ée !e?t%cgrﬁg%}sﬁ? S S%{?%fr %ggle%%ﬁ%g iven
bef or e afhthei peromergerlycatajlabie sohid-ghiases tdctinigned vatls asatheniisificdd sobidiphastay's

| at er i : I | ay_ descr.i hed ve. 20. 1n the P .assay,
the 120508} AEADE, SR, SRt RREN: SOREHRS BB YR et ing piionitfch

scr eenedetrificld, he 4vbi Chdny, Saz. i8832048-2T54; el9%63 pr Bduiipaet fod nuanchtddFSymyhesis of
prg@ucti n i ndeger.i pher al .aﬁl ood.cells from rrycobacéeri a-i mmune human,

dondr s. POPREREAS o i r OB el ofirilRble h ErompsuPPisE: | fucBdahr Biremn Emey/ derlicde
from MBhosheasd! 861 Boskeity, \@Aﬁﬂﬁdtﬁ@jgobe-roﬂc%t&ﬁ aVREEnS O VWRe ttanuPlRirddser at e
and produce I FN-y in response to PPD. nor PBMCs and T supernatants
‘wer e 250gpictgRed Yaiansdplh adis caitaRg REKI bel prparsd ppliegnstanderdwinhipgai@vis( v/ v)

aut ol o - oS [obd g ) oSk 1.0 ( : )
o1 ut oottt P MGl ool B Aed e spREE RO L MM me BM8A
f or t hesegwnes mayatlsohe eémovell ysilgestendsird &shuigecsr iobgamiieprepuratichhel’ phahed wer e

culltsured far . 8 further 4 days and then pulsed with 1 C/well of tritiated
t hym dipr?.g’pregtr1 “¥8 hours, harvested and tritium upt ake determ ned using a

scintillati Omecgrgstheinvertlon disd PJabEdSORBioBURBINRt eoMptistpad it 40dl Als8chnd
proliferation in tw replicates at levels two-fold greater than the

prol i f SREF{SH PebwERtidedon pltewpiiely 4 polbaeptida afele wiesshoecHiisneasbadingened
posi ti vg. mb&%bzlxsfmigs%ﬁﬁ%g\%g HS804DA A y&ez(amvaﬁtiﬁ%d@;wmm&% ARRRY

(ELI SA) as follows. ates were toate a nouse nonoclona
ant i bodyrdin 8EE4%H -2488h L9 tdgetiey with varde glesuch Wbt rbteinsid)in byrelated abpdct, ng

t hg,nel Lth 1.9/ _antib i hosphat e- buff ered .sal i ne BS) fqr.4
s 0% il Pe S ita, R X F EROBAZ TRV Rl 8 alsh Vit |
hour atPrempatioherfpesoastiifce corliprising Aluiiplovepieptshenthwasiead ifveudfiod hite&prdsion

PBS/ 0. 2% 'Iéween 20,.. ancgy@arrpl estdl ] ut eﬂFﬁl'é in Eul turg medi umin the ELISA
pl at es é:OFTﬁEH?BQPgﬂe HKinGprOtes 1s dels, E’_%é‘?‘ f*ﬂ?@‘? THE geustds adpPly-agai n
washed,nuglegtide BhQUIngYhL atgeh RRb¥A 8Nale pRBGI tindibn 19 LHERRHIFNIYe SRHWD
(Endogen), diluted to 1 Ag/m in PBS, was added to each well. The plates
wer e t Heqembiranh ANy teehmiquep darassamble saparatindeNAt saauenogmshedlingathe fist sedadi sh

pengxi dasey Vi d] e in CA). _was

hadea apxa Bt e h sfbrbd L okt Pl PThe 3pd BER TN A YRS o

room t enpeting the dirstphbppptakeds ligeed withshredthanta peptide linker, to the 5' end of a DNA
sequence encoding the second polypeptide so that the reading frames of the sequences are in
phase to permit mRNA translation of the two DNA sequences into a single fusion protein that

retains the biological activity of both the first and the second polypeptides.
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ort hophenyl enedi am ne (OPD) substrate added. The reaction was stopped after
10 mnutes with 15 10% (v/v) HCl. The optical density (OD) was determ ned
at 490 rim Supernatants that resulted in both replicat eshgi Vi ﬁ]% 2@1303
two-fold greater than the nean OD fromcells cultured in c?uq aFote were
considered positive. Fromthe results of these two assays, 59 plasm ds were
identified that encoded reconbi nant pol ypeptides containing i mmunogenic
determ nants, or epitopes. These epitopes 20 were found to elicit an

i mmune respopse. i j h  an f ross-reagtiye wth, M

t uber cul osi sgil?eﬁ?uhﬁ%g]é]%fgrcg%@? %érvé?n%%gnlfes “ Hg) g‘lj ?\ta ﬁseger'\rﬁgt glre mﬁrrsésaﬁlgntggss.ecqtﬁiese

pl asm dsolypeptidestiysd didtafiar sufficént tabhdurd that each pdlypeptitiedbichiovies debdndaiyt ahdi N

t he mouse. nodel of tuberculosis as follows. Each plasmd_ (100 g of DNA)
was. | nj BEEBASTHGRTRS- { FREhA RAPLRT Snkit seqyenre BrincamRRIaiet artp detusion Fusteieag,

times ey@idyrd i_abm%m%ﬂ. kefvliPin fhie Nt Vefikeble pdpRidBIERMRE SercBlhHdedont h 25
M tubercul osis (f X 105 CFU). Organ honogenates from l'ungs and spl eens

ver @ priased ed the, follgvdng froternd @) tewdebilify torrdppb a ritetiblenesigpiridesamfiorattion:t h
ol ei c. ind- 71N r - . i . r . of
G0 pr capuiinabiylo SBMk LREoRBHAARAire W Pl REL BRI REOORS PHIRS oy
i ncubatthefirgpend sstondselpgeptites; pnd(3) diod 1scldefdgxirdphdbialoo viearg el rgdituga |tk miglst

R N b b T
const r ugérSandt$ee rddidiRe COthet had RN A BRAPLI&), BEhOR| Thr thhe AR P alsh be isMEme
sub-cloned into pcDNA3-hGH,  as described above. These plasm ds were called

, gnkenegrsnce. pigie acishpesgencenrhich mpyabaussAdlyopleyed ps diskeromrciude
ref er r aflodeOdigSodBd i MGeFer NET Genel ALTY-14 | RA5I N et aﬂa?’p(a:r ?@.’:ﬂ%\a& rgmes B
and C were in the reverse orientation and were 5 di scarded. was
cl oned EehH8pELeI-§2@nd %8 Giemd 5G] Patery Nrisad AP W2 asndehl § leBODNAS:AInkEh sequence
determ i es. of. the in of, _DNA5, DNA9A, DNA26,
onao7 RS ERDl i PO SRR b Bk AR P LB Bl TR ene PR AR o s oy
r espectwiwal e firstidnt sebdpyodyficptidd lant non-assedtiA @fquenaas avind td eidepandi ng
ORFs bei n rovided in SEQ I D 1 69-77, respectively. Mre than one
epi opecawgs R R N S R P_fffYén%t%dPT&‘é‘%ff conls Lgatpdirbi 7.
These eRiicAB&aS eMRERgNE ﬁﬁﬂ%ﬁ%ﬁbéﬂlsbﬁecélgﬁﬁdnﬁlt@%ﬂitMé @xpREGGH s@ste¥ uking! €

e

epitopes in all the assays. 1 determ ned genom ¢ DNA sequences of epitope
1, epi ttopaiqesimpwidpithesgef grdifanDiAl in thadtof epitope 1 and epitope 2 of

DNA27 are gi i I - . i i S i ng
oredi cted o Aot S5 Bl it ihfenioh SAGEL MEhoes t hilob e SPHTEEBP

r espectinveatiye pbhypcpieles rarifngidn @pittiap doDpiflymedgotidee snonding eohy@iypeptides or
sequences 15 in the. EMBL .dat abase usi ng,.the FASTA c ter _algorithm
Thbee et Bt S i T i BRI B ang iR erTaD s ARGRLSA it & PieBt-of 1
i N eacoiised hefead iaMPafier@NREdrs W& ey waIBRIoEEH AAmSE PHIREBIS d Murhdre SWas&ler ot
dat abase umg&é he conput er al gorithm FASTX npari sons of DNA sequences

Co
provi deey ke edpyifyce digeasq, oF gnaydigdiss of detpiable disgayper infgstionaingtheravqrdsi ng

FASTA) ABEARIIRGARY tha 8 HRREEP o QEhGdrdalisii@A D NO. 64-77 to sequences
20 in the Sw slsProt!'rdail1 abase (ugﬁﬁg FA T)%a V\l/ere made as of March 21, 1999.

The predi ct dd raltedoaspeits, Seqikneesicopolphikdeatidis apé RIyONARE ebitteopresdnt
o, R TR IR DS (el SE0LD 1008 87
i dent i teytokiles ginrpatidulas The selads becabiives) hohuman PBMC; to produce anti-epitope
antibodies; and/or to induce long-term memory cells.
For use in such methods, the polypeptide, fusion protein or polynucleotide is generally
present within a pharmaceutical composition or a vaccine. Pharmaceutical compositions may

30 comprise one or more polypeptides, each of which may contain one or more of the above
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sequences in the Sw ssProt database using FASTX. The predicted am no acid
sequences of 25 DNA5 epitopes | and 3 (provided in SEQ ID NO 64 and 66,
respectively) were found to have Iess than 75%identity, deterfifemgs
descri bed above, to sequences in the Sw ssProt database using FASTX No
mat ches were found to the predicted am no acid sequence of DNA27 epitope 2
and DNA26 (provided in SEQID NO 68 and 71, respectively). Table 1, bel ow,
shows the results of the conparison of the inventive am no acid sequences

ith t i i J . . i - F .
\émescr [ B% S%I%gsvg? gel\lﬁerscsa@ﬁ{egﬁb@oafzp}%al elalr% gf%g? g?%glﬁgﬁggﬁw?'%#g@gﬁ?g% ﬁ%p "Hunber
of i dentricced moes bt thes alwive motypehiedes| angnad irpmnndsﬁmuléﬁABiélﬂilas&nllﬁﬁj?E@: 'lODaI
L th L th . . % of L (.resi due [ nt identical identic
(7 o T . SRist o, ROy SE FRPNEE. S B mp Rl “BmpoSiio i
epi t opeZibidd3haPaldo EMAGIn oflfelr 3P6badbidbabikén3 eiw%z%%&%ﬁ?a BINAA6:£d18iANO

H ts DNA27, epitope 16738301642 DNA27, epitope 26811No Hits DNA297346401737
DNAZ7 7 48 Pt 3ithNA P AEY9 BY TePddeNA4 57759522135 EXAMPLE 2 EXPRESS|I ON OF

RECOVB! NANT £RITARES, hNo@RKXARKOH R enfEbACARY OB i O S ok 8 o e

subcl oned into vectors for expression of polypeptides Tn bacteria
eukar yotieeoragedrt polypeptidesias describedeabor e suito thay thetpolypaptideas igonkirited ¢ pET 16

LS SO AR, B2 M Rso bl oL RSP e Pl SRS SRR
r espectinvemnyty thod of loedisty biillbihthé aenidelndigatnoBici dtidexprdisiop Eystémy datterialt hat
e U I I T T T R
DNA/RNA sequences for expression in the patient (such as a suitable promoter and terminator
signal). Bacterial delivery systems involve the administration of a bacterium (such as Bacillus
Calmette-Guerin) that expresses an immunogenic epitope of the polypeptide on its cell surface.
In a preferred embodiment, the DNA and/or RNA may be introduced using a viral expression

15  system (e.g., vaccinia or other poxvirus, retrovirus, or adenovirus), that may involve the use of a
non-pathogenic, or defective, replication competent virus. Techniques for incorporating DNA
and/or RNA into such expression systems are well known in the art. The DNA may also be
"naked,"” as described, for example, in Ulmer et al., Science 259:1745-1749, 1993 and reviewed
by Cohen, Science 259:1691-1692, 1993. The uptake of naked DNA may be increased by

20 coating the DNA onto biodegradable beads, which are efficiently transported into the cells.
Methods for the administration of polynucleotide sequences comprising DNA and/or RNA
include those disclosed in US Patent Nos. 5,580,859 and 5,589,466.

A polynucleotide vaccine as described above may be administered simultaneously with
or sequentially to either a polypeptide of the present invention or a known mycobacterial antigen,

25  such as the 38 kDa antigen described above. For example, administration of DNA encoding a
polypeptide of the present invention, may be followed by administration of an antigen in order to
enhance the protective immune effect of the vaccine,

Routes and frequency of administration, as well as dosage, will vary from individual to

individual and may paralle] those currently being used in immunization using M. bovis BCG. In

30  general, the pharmaceutical compositions and vaccines may be administered by injection
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ID NO 24 and 25, respectively) and cloned into the pET 16 vector as
descri bed above. 20 To express the pol ypeptides in eukaryotic cells, the
pcDNA3 vector (lnvitrogen) was nodified to include a histidi ng [}ﬁ%@%t he
3" end of the cloning site. This was done by cloning the 24

doubl e- stranded ol i gonucl eoti de AD 180/ AD 181 into pcDNA3 digested with
BamH and EcoRI. The sequences of oligonucleotides AD 180 and AD 181 are
given in SEQ 1D NO 26 and 27, respectively. Plasmd inserts were

APl ifeg. Wdichl, NEELSRSRL ialybel O QWSuheoll] TRlanach, 432, OEQ:RANO

28) tope-speci rimer, usin
constr Lm't(S‘aHijS B!slﬁveteﬁ mplnat B. do?ésens;ebaaﬂnmmafedtfhEa dpid wpek paread. f Pefdbly,

75" B ( hARS) eSS eh AR At e 7 PR LR Pah e AP b

(DNA9) Rkiedichi) @bréaficSEQUPMOprat8caly may’ BS RBFlopMaL Yor Txlfulﬁlduaﬂclsa@ﬁenwasfxag ain
nodi fied to renove excess sequence (42 nucl eotides) between the 10 hGH

| eader takledese inpyampent o pplapepbige §éafelélwe9éeot1§@thahéﬁthetl pémipaytered aydrsereleedi n

t hi

Nt or i 2Pt HEtapabBRe EEGHE B ude1RooBBHET REBMSARIAND Srbfiol e Bl from
const r uoycchsctBiNA infectpindbeat ltdse 1 2hertse ringeﬁeum; the apanttnd polyasptidempéseftiied by
PCR usi D 105 (S 2 38)

oo pelath PEAecd Bon b0t A Rlsofde B8 QRIEndSTRuh B, 182 ko afrR no

const r ugip M@ peiC Ry b€ Hodtd typtdA¥AIroatCabairt HoDg thhedotiel alpiand grdbbly e Reeutof
the hGH fusion partner_cl oned into ﬁcDNA3 hGHIls is given in SEQ I D NO 39

and® hel aerte gpoidingy iebls dass dzes el epvevitinthssae of henefientgbut mll tuieallyr uct

consi st 9A was prepared by PCR anplification
usi ng p @Jmkﬁ)@gﬁgﬁg&/@@? EQ ID NO 40 and 41, respectively). 20

EXAMPLE 3 | Wu@hﬂl&’cﬂﬁefﬁmw OEIQfdfl@EslGﬂ]iiSﬂFRLdﬁTlﬁaﬂ'bﬁ &nﬁmﬁmbﬂne

describes the results o en|C|t di es. perfor. th

el ect i PhBRTREhSaPrr iR Inehldn. Biotbhr S: Bt e YbPofash e
form Zhods oShidiiataiion Ofor u@ierie sdriviaation! saeld ah/tsma@mieead irff&ibs, (HRBMC)
to proliferate and secrete Interferon gamma (IFN-y) in vitro The

r eclonbi GIEHT pferahbe sopprisesd Watstp g3linex gkabled B3l ehdaperies HHkrer Far oral
expr essadﬁﬁms@fﬁ)hew@f alecwow @ﬁilew biha @Hmemla@}vf;ua& a8 fatmitd) ia%fosé%éé}aw s,

| FN-y secretion was measur ed by enzyme-1i1nked | nmunoassay (

fol | owi m@n@mamdamatp,r smbldurseechaﬁm dikai, 26lo2, BECOOEECrosd tand eagnesiem

pul sed vvlthtrltl te n nt hesi s S sess, PBMC

o 1 il ik B Eplstir, HiEp B OB AS e, PRPIARE B iR AT B

Pr ot ei rbeDempmgéd \4¢ c(aHIEéla) fof tigampMmiabdigicelutaspasitiond off this BRSnten. a Sivgslei ve

control. As shown jn Table 2, all reconbl nant epitopes have the _ability to

st i4ful dtiedogradabic micsphses pisn disrlosad: (fera sraraRifretipBNE Bl Hes- 48P7¢RR 2nd” pBMC

sampl es; gBsted, 10 were PPD positive, i.e., the PBMCs fromthese sanples
produced I'FN-y when cultured with PPD, and 2 were PPD-negative. PBMC
responses wek®y eomandely «d ipsinpstineuloiansuch @s anpditvag magNbeyemployed in the

vaccines of this invention to non-specifically enhance the immune response. Most adjuvants

contain a substance designed to protect the antigen from rapid catabolism, such as aluminum
25  hydroxide or mineral oil, and a non-specific stimulator of immune responses, such as lipid A,

Bordetella pertussis, M. tuberculosis, or, as discussed below, M. vaccae. Suitable adjuvants are

commercially avatlable as, for example, Freund's Incomplete Adjuvant and Freund's Complete

Adjuvant (Difco Laboratories, Detroit, MI), and Merck Adjuvant 65 (Merck and Company, Inc.,

Rahway, NIJ). Other suitable adjuvants include alum, biodegradable microspheres,
30  monophosphoryl lipid A and Quil A.
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produced was at |east 3-fold higher than the 1FN-y produced by the PBS
control sanples. Reconbinant epitopes 5 (corresponding to DNAS) and 44
(corresponding to DNA44) stinmulated 10 | FN-y production in2&90§$efﬂ@9e PPD+
sanpl es. Reconbi nant epitope 27 (corresponding to DNA27) stinmulated | FN-y
production in 80% of the PPD+ sanpl es. Reconbi nant epitopes 26 and 37
(corresponding to DNA26 and DNA37, respectively) stinulated IFNvy
production in 70% of the PPD+ sanpl es, whereas epitope 45 (corresponding
to DNA45) sty 0 . s, P . sanpl es
di d not resﬁgﬁﬁ%@%gﬂﬁgg%%ﬁgﬁ%e?gagg?9gg§¥%gﬁ%gm%%ggﬁﬁiﬁ%ﬁ?éigﬁ?o@g%F'This
denonstrates that the epitopes are i mmunogenic in humans and trigger a
recall response in sanples fron1dono&§%ﬁggi wer e previ ously exposed to
nycobacteria. TABLE 2 Stinul ation of Broduction i n human PBMC by
reconbi nant epi CDPBENZOAKDBRIRPRSRONROE IR OGHNICE ZPESCCAE EPITOPES

PBMCcont r ol cont rol 26374445527 (©7022<0. 10. 160. 30. 30. 4<0. 10.50.1
®7337<0. 10. 30. 30. 30. 80. 20. 30. 3 (97001<0. 14. 50. 613. 50. 21. 81. 7

(307008<0. 14. = M- 1185 : 81

G 7030<0, 11 By AR GO Nl 148 TkA R Wit st a0 Gyt
2003 GFROAG<0.512/4>fryatond, A sd; @IROXGI0g/>at>>2S4dr. ourtddys. Genomic DNA was

37020 .. 30. 4<0..,11 .5 (307032<0. 1>40. 51. 0.,11.40.5 ..
Go v035 I Y ot S Byl peffontng SRR protoiols Il B ipiie pRe, resgistion

| mmunogadomiclesofaBheurrier taidétions thad prainscd BB Af fisdrnaits cleappriimatist. pyks.he
proliferative 5 response of  the human, PBMC sanples to both PPD and

r ecOnbi eI PES PuFHiedasing ty @Giquick PER slgrmpntysiep (dpea nla iThe1 at e
PBMC prigdthdrRhad)i on was expressed as a stinulation index. A proliferation
stimulus is considered positive when it is 5 tines greater than the nean
background T &prgsethe ¢leredpdo daewe IHYAtindhiep difigrersricadind frames, .the\gcINSIN i n
Tabl e . e i r t he k]

oti mul TRRIRE SR BEBben R aRER UEf Bal ARy BEAROL bbb ) o
Reconbihvantne pignalppsptiie @odfaifitase ireaskratienht RBMEInD sardtion) admpbificd nwith 2%eef t he

sampl es,...whi |.e reconbi.nant .epitopes,§, .37 and 44 stinul ate roliferation
oo drtto E e ol g brif B RE o e iienfto e s R P o e Boos of
t he sarputRegroditi thdhidil the eading PR ofle BRiPe8eE pdl3Peptid® THBpENrsSidréalrapson of

PMBC proliferati on HumanReconbi nant epitopes
(human growth hormone 5’ primer; SEQ ID NO: 1) and the three human growth hormone (hGH)

3’ primers AD106, AD107 and AD108 (SEQ ID NO: 2-4, respectively). From these PCR

fragments, most of the hGH sequence downstream of the leader sequence cleavage site was
20  removed by digestion with the restriction endonuclease Bsgll. The hGH PCR fragments were |
then cloned into the pcDNA3 expression vector following digestion with the restriction
endonucleases Hindlll and BamHI. The nucleotide sequence of the inserted fragments are given
in SEQ ID NO: 5-7, with the corresponding amino acid sequences being provided in SEQ ID
NO: 61-63, respectively. Three expression libraries (one for each of the three reading frames)
25  were constructed by cloning the 0.25 kb M. vaccae PCR fragments, prepared as described above,
into the BamHI cloning site of the chimeric pcDNA3/human growth hormone vectors (pcDNA3-
hGHI’, pcDNA3-hGH2’ and pcDNA3-hGH3’). Replica lift master plates were made of
bacterial colonies transformed with the library constructs and stored. Plasmid DNA, prepared
from these colonies, was divided into 500 pools, each containing DNA from 40 to 50 plasmids.

30 The DNA was transfected into COS7 cells using lipofectamine (BRL Life Technologies,
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Results of human PBMC proliferation are expressed as Stinulation Index. B.

| mruni zation of mce with DNA epitopes 5 Protective inmunity agai nst
subsequent infection with M tuberculosis was induced in BALB/cByJ mce
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W t houtpaflyi Nsert was used as control. The reduction in CFUs after epitope
DNA i mmuni sati on was al so conpared wWith the known i munogenicity of M
bovid’s BCG THéasmad ppals thet expotlgd shombiaantrpedipeplides elipitiQF s immund fespdmse fdsce

tested, , suggesti t.he induction.of protective i ni t.y by, the reconhi nant
ept t opel BT by oy Rt o oo Gl in e PIFaR et g aliEicdhan
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i nduced by injection with M bovis BCG 28 2 DEC 2003 TABLE 4 Protective
i muni tSpUF- he culiwie sypRraansy o Gells werrTwbiegter dor thi spleer cefhasspe ondespragd Hi s
and pcONA3s hGH s/ Hi s constructs Epitope construct SEQ | D NO. Nunber of Nunber
of mce %Mce with Mcewith reduced CFUsReduced CFUs Control plasm d14214
DNA®1 311436 Aendhees 3EEs DRsedig) 170 plasmids were identified that encoded recombinant

polypeptides stimulating spleen cells of heat-killed M. vaccae-immunised mice to produce IFN-
v. The 120 supernatants of COS7 cells transfected with these plasmids were screened in two
additional assays, namely the mouse memory assay and the human peripheral blood
mononuclear cell (PBMC) assay. In the mouse long-term memory assay, mice were injected

15  with a sub-lethal dose of 10* colony forming units (CFU) of M. tuberculosis. After 4 weeks, the
mice were treated with antibiotics for a further 4 weeks to cure them of M. tuberculosis
infection, followed by a resting period of 4 weeks. A second injection of live M. tuberculosis
(5 X 10’ CFU) was given before the immunogenicity of the plasmid products was measured four
days later using the spleen cell assay described above.

20 In the PBMC assay, the 120 supernatants of COS7 cells transfected with the plasmids
were screened for the ability to induce T-cell proliferation and IFN-y production in peripheral
blood cells from mycobacteria-immune human donors. These donors were known to be PPD
(purified protein derivative from M. tuberculosis) positive and their T cells were shown to
proliferate and produce IFN-y in response to PPD. Donor PBMCs and COS7 supernatants were

25  cultured in medium comprising RPMI 1640 supplemented with 10% (v/v) autologous serum,
penicillin (60 pg/ml), streptomycin (100 pg/ml), and glutamine (2 mM). After 3 days, 50 ul of
medium was removed from each well for the determination of IFN-y levels, as described below.
The plates were cultured for a further 4 days and then pulsed with 1 uCi/well of tritiated

thymidine for 18 hours, harvested and tritium uptake determined using a scintillation counter.
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BC&31774 5 The induction of cytotoxic T |Iynphocytes (CTL), cytokines
(IFFN-y, 1L-4, IL-6 and IL- 10), and proliferative and antigggz gg&qgmafs
upon genetic immunisation with eight peDNA- hGH /H s or pc - |'s/ Hi s
constructs were assessed as follows. 10 CTL assay: Cytolytic (CTL) activity

in spleen cells of DNA-i muni sed BALB/ cByJd mice was neasured follow ng a
standard two-step procedure using the MHC hapl otype matching target cells,
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20  were found to elicit an immune response in mice and humans, and are cross-reactive with

M. tuberculosis immunogenic determinants inducing long term responses. These plasmids were
tested for their ability to induce protective immunity in the mouse model of tuberculosis as
follows. Each plasmid (100 pg of DNA) was injected IM in the tibialis anterior of anaesthetised
mice, three times every three weeks. Afier nine weeks, the mice were challenged with
25 M. tuberculosis (5 X 10° CFU). Organ homogenates from lungs and spleens were prepared in
week 12 and plated out on 7H9 medium supplemented with oleic acid-albumin-dextrose-catalase
(OADC) to determine the number of CFU present in each homogenate. Results were recorded

after a two-week incubation period.
Using the protocols described above, eight plasmids containing immunogenic epitopes

30 were selected. After identification of the putative open reading frames (ORFs) in these
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procedures as descri bed above. As shown in Table 5, anti-epitope antibodies
were detected in 25 two bl ood sanples tested. ELI SA assays were al so
perfornmed to determ ne whether the antibodies belonged to phg DQE'Z[]B’%

| g&a subcl asses, using standard protocols. The results showed tha he
anti bodi es belonged to the |1 g&a subcl ass, which is characteristic of a Thi
anti body response. 30 22 DEC 2003 5 10 The data summarised in Table 5 .

i ndicate that inmunisation with epitope DNA i nduced an inmune response in

mi ce. Rynlheidmhe Mt@gca%eﬁégﬁha%s t&ﬂﬂ#ﬂ%{@%ﬁl‘y ﬁq@%ﬁﬁ%@%@eﬁ&%t & eﬁ?ﬁ@LE 5

DNA- i mmuni sed m ce denonstrate respons ener at ed.
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1l ysis) *(| ' titer) n *x no
ot gt ciatoedet GRE A oroed FNTASh TR S Rimid ves callsh PRAS AlcRtsct ed

DNA27 1 @drmaRiesdndehdd TINA 0QqIACO LFNRL iclehs T ONANT Moy ADW3 L DNA27,
det ect ed18not det ect ednot det ected DNA44202523not detectedl

DNA4521QNMH&NdéﬂeENédﬁoDw4emﬁéaNA4ﬁ)areagismm§E@ IDrﬁOnlé&ﬁlf/ﬁekB&stisely,r om

spl een . .1 CE - Lfic lysis O ntrol cells

deduct it B pltd BB £f o JRAEPEF e Sedkihiag .qres Rl ra ey S8

tripli Qi0es9-G7, sppetnelg.eINlore uhdnio@sepifope Wds Hdaeifioil Ge theBasdsgr sfuné plasiNids

pr OI%UC%gNR)Jl and rBI\I’LRE’].Clel'llelses e;‘a%%)%esS %vz:renr(lgolt ryelz')arated by cloning and were tested as multiple
epitopes in all the assays. The determined genomic DNA sequences of epitope 1, epitope 2 and

epitope 3 of DNAS, and of epitope 1 and epitope 2 of DNA27 are given in SEQ ID NO: 8-12,

respectively, with the corresponding predicted amino acid sequences being provided in SEQ ID
NO: 64-68, respectively. The determined epitope DNA sequences were compared to sequences
15 in the EMBL DNA database using the FASTA computer algorithm. The corresponding
predicted protein sequences (DNA translated to protein in each of 6 reading frames) were
compared fo sequences in the SwissProt database using the computer algorithm FASTX.
Comparisons of DNA sequences provided in SEQ ID NO: 8-21 to sequences in the EMBL DNA
database (using FASTA) and amino acid sequences provided in SEQ ID NO: 64-77 to sequences

20  in the SwissProt database (using FASTX) were made as of March 21, 1999.
The predicted amino acid sequences of DNAS epitope 2, DNA27 epitope 1, DNA9A,
DNA29, DNA37, DNA44 and DNA45 (provided in SEQ ID NO: 65, 67, 70, 73, 74, 76 and 77,
respectively) were found to have less than 50% identity, determined as described above, to
sequences in the SwissProt database using FASTX. The predicted amino acid sequences of
25  DNAS epitopes | and 3 (provided in SEQ ID NO: 64 and 66, respectively) were found to have
less than 75% identity, determined as described above, to sequences in the SwissProt database
using FASTX. No matches were found to the predicted amino acid sequence of DNA27
epitope 2 and DNA26 (provided in SEQ ID NO: 68 and 71, respectively). Table 1, below, shows

the results of the comparison of the inventive amino acid sequences with those in the SwissProt
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Epitope DNA was subcloned into vectors for expression of polypeptides in bacterial and
eukaryotic cells.
Madison, WI). Inserts from all the plasmids except for DNA9, were amplified with primers
AD136 and AD133 (SEQ ID NO: 22 and 23, respectively) and cloned by blunt-end ligation into
the pET16 vector that was FEcoRI-digested and end-filled with DNA polymerase Pfiul
(Stratagene, La Jolla CA). The insert of DNA9A was amplified with AD250 and AD251 (SEQ
ID NO: 24 and 25, respectively) and cloned into the pET16 vector as described above.

The bacterial expression vector was a modified pET16 vector (Novagen,
15

20 To express the polypeptides in eukaryotic cells, the pcDNA3 vector (Invitrogen) was

modified to include a histidine tag at the 3’ end of the cloning site. This was done by cloning the
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consi sted of a non-naturally occurring protein derived from DNA encodi ng
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CFU). Organ honogenates from | ungs and spleens were prepared after a
further three weeks and plated out on 7H9 nedi um suppl enented with oleic
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A. Stimulation of Human Peripheral Blood Mononuclear Cells (PBMC) to proliferate and
secrete Interferon gamma (IFN-y) in vitro

The recombinant epitopes (1 and 10 pg) expressed by the pET16 bacterial expression

system were cultured with human PBMC at 37°C. After 48 hours, IFN-y secretion was

30 measured by enzyme-linked immunoassay (ELISA) following standard procedures. Parallel
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epi tope constructs rME/A, rME/B and rME/D (Fig. 2A, B and C, respectively)
were simlar, showing that the constructs were antigenically identical. No
proliferation was obtained from control mce immunized with I?Bg Igﬁ:gzﬂggD).
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i mmuni zed with 20 rME/A, rME/B or rVE/D are shown in Fig. 3A-C
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i nj [ h f he.. | - | Lon. .. . o0
Prof i § 6PAC SRTRTEN § A0 Ry etrecay Bl IR Plion 0%

descr i hefdhe PBDakavplcs, Retsidak epftoad osespRxinE itON S4B EnRlAsErdBPPDT dfi 9. 4
and Fi g[E 5 In Fig, 4A,__specific ﬁ{olifera_tive responses. by | ynph node and
spl een e FBYE sgwplies-c ERMEs Moz BPR) samplwedis it respengsisidicartly Enawnof the
conpar i hows;: .t i frar afd : r

oo R cpfiihes, By WP Bal U] PLOPR B InEnSacl O nERHAY, g
or 15 NERPrBpcallarsponic imstaplesiiron donens dhat weRprgvipwlyex®29d tamicebdctanial evel s
of IFN-y was secreted by |ynph node and spleen cells fromcontrol mce

i mmuni zed with PBS. C. Single epitopes fromnulti-epitope constructs

stinmul ate | ynph node and spl een cel TaBIB2>m m ce i mmuni zed with reconbi nant
mul ti-epitope construct rNME/ D or MEND DNA b 20 different routes to
proliferate anmfiagation ¢f IFNN profyctipn in Bumpan ?%Mgebyéﬁﬁé?l?lﬂ@ﬁt:@,toﬂe?nph node and
splogen cells frommce i munized with the reconbinant nulti-epitope
construct rNELD or the DNA formof the nulti-epitope construct NEND by

di fferent ijmHumanat/i orPBSout eBPDer € re- st i mReadebinmitiHpitbfd r econbi pant form

of the singl i tlopes b, —DNAZE—DPNARZ——DNA2Q _DNA/. 44 and
DNA45. The Zﬁ%ﬁgeri rﬁ?ﬂ?@l p?%@ﬁur@‘swas?’?he d4me & out 19 neld dboye.
Results fr ”‘GIQPW eX%rli et s %'n( Wbl3i T 5i49' L] dblg' i D1 T B.
Speci fic prlol'I'f eratii ve fesppnses ang' | ENFY $ecret|i on re ’

GO7037 <0.1 0.3 0.3 0.3 0.8 02 0.3 0.3

G97001 <0.1 4.5 0.6 I 35 0.2 1.8 1.7

G97008 <0.1 4.4 0.16 | 0.5 4 <0.1 0.73 0.9

G97011 0.25 49 09 1| 05 1.2 0.25 2.8 1.2

G97030 <0.1 1.8 0.5 0.2 3.5 0.1 1.8 3

G97033 0.12 4.5 05 1025 | 34 0.2 1.7 1
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detected in cells re-stinulated with epitopes DNA5, DNA9A, DNA26, DNA37 and
DNA44 (Fig. 6A and Fig. 7A). Proliferation and I FN-y production by
epi t opes DNA27, DNA29 and DNA45 were shown in at |east onemg;r?ug'gﬁaé@gn
group. Low levels of proliferation and IFN-y 30 production o] r in
cells fromcontrol mce inmunized with PBS (Fig. 6B and Fig.7B). 35 2 2 DEC
2003 The data indicates that the epitopes are all individually antigenic
when presented to the i Mmune systemas part of a nulti-conmponent

i munogen. Praéagh §RI e Py oaucTt LR b TfTe] Cyf KT IE_ prgdugtTgn—y—spheen cell's
frommce imuni zediwith the farrﬁ{olf t4h >nf“ljl tifiepito>6te fondt rluct MEND
and re-stinplGAASW t h<@.ME/ A ordr ME/ X was-4ddt exg pepzas =40l | owg. |BALB/ cByJ
mce were i H-zedHhtraruseularl - wi-th thrleg doses al three wee

intervals o qﬁ@iftg VE-D DA IFi t dbh [d8yS [aftder| tRd [adtS i hj 86tilon, mice
were sacrif|Geshoand Thg[SPleeny Ce[ IF5T[E a4 e et ngr e
re-stimulatpd with rvVeE/ A, rIVE/ D or tGhse cg%roIMlO 5?& D r%"tcla\/mgsand t he
super nat ant b Gﬁ?ﬂé@ﬂed 4®t cyt okbne m.ébd‘ucsti an 4ol | ewilng stangdard
pr ocedur es. “eytokire—produetieon—bythelsplegn—cells i slgiveniin Tdble 6.
TABLE 6 15 Cytoki nes secreted by splenocytes from BALB/ cByJ m ce i nmuni zed
Wi th VB RAAI breiblesditlab 18-y in ngiul

P e O L e o N (R PE 4B Ve Ar VT DOVL4B

VE/ A122125<50425639147196<30 ME/ B267200<5020<10<107956<30

ME/ D9677<50143<10<1013 98f<ﬂ?10 Cﬁ:‘ntrol <50<50<5%€%¢)< 0<10<30<30<30 20 *Cytoki ne
concent r at | OR AESETPEH P gpiipes i hunaps wyas fudhey demprstraid by thepilifasfiign i n
TablSe Gespohsofahe hirhaBPBRIEs5:8¢seb ®BthBPTS BhERBoBBInhE Bfrofhs CEneSIbiiiy bakird
with rME/Aand rNME/D. IL-2 is a Cétokl_ ne secreted during a Thl-type inmmune
r es pongEOMYRYY eHiiongs fqstimdatc RRME peeliferation pae exipssed apd stopedadiomiadeucas
elicit wollfatatiby i : : - Gy LK I n.J.apor.t ant

U tibY Bl RS W @nki8 SR PS§ti éﬂ"ﬁm@ﬁx?%éagg?tgﬁ% e%{e%.rl%?%ﬂrg?@ r‘%m

role in the immunity of mce to tubercul osis
65: 484%olifgepton peoitred Ky the anasiunonkyf cantrol, As FHodwnt ymp&aldy t3 killnecombisant

det ect ed;: [ roduct i on Bl god ;sa fr ALB/ cByJ m ce
i mruni geggo%st %/E%%q\%giﬁg‘%c%%laégltt)ég’ g%m@\ligﬁﬁéé’ﬁdﬁ%’g?n f%%ﬁg%?é fopg@af the
i njléct ilmmaarkBMEEr @npi@p arRedodbnaitipitgpdso2 6 i JAKEmPRRAERRIESprokeatiRhGaENCE
36 22 g/: 2 %3 of 1anti -ME/ D anti bodi es was determi ned by ELISA. As shown in
Fig. 8B~ hPhcsarplss vrlergrembinaghertingas o5 rad & stignulated prelveration i SPWRID
ver e dehesdngies. RHitopo 45 gEdm@nk| ' | 9 NGg; a
anti bodies is c%ﬁriagt eristi %&Efﬁ%ﬂg?ﬁo@fﬁ?g%n m/ﬁ‘e’gg‘gs?%%ﬁ%% %Emglaqo%ﬁcti on
in m cdBMCbyAF wad3¥enory responses by reconbi nant epitopes and
reconbi nant nmulti-epitope construct rME/D. The induction of |ong-term
menory responses in mce infected wwth M tubercul osis and

15 TABLE 3

Stimulation of PMBC proliferation

Human Recombinant epitopes

PBMC | PPD 5 26 27 37 44 | 45
G97022 5* 12 14 3 20 | 20 1
G97037 35 12 25 20 15 30 1
G97001 5 6 6 5 8 7 1
G97008 60 20 30 15 40 60 2
G97011 40 33 30 27 30 30 3
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i mmuni zed with either reconbi nant epitopes r DNAS5, rDNA9A, r DNA26, r DNA27,

r DNA37, rDNA44 or rDNA45, or reconbinant nulti-epitope construct MEND was
determined as follows. 10 In the nouse long-term nenory assay? BAEE ¢EHA
mce were injected with a sub-lethal dose of 104 colony formng units
(CFU) of M tuberculosis. After 4 weeks, the mce were treated with
antibiotics for a further 4 weeks to cure themof M tubercul osis
infection, followed by a resting period of 8 weeks. A second i njection of
live M tuber cul ogi 0x C v fref-or mynunogeni city of
t he reconbi nant c¢ n(gtjrioéctsr\i@s ngé‘%nT?Z%@ h'rf‘}abe df%?s Ilg er 3Il9$l ng the 15

spl een cel |l assay[deguBBbed2aboyel2 Jpligeri ael sigefe1st) nul ¢ted with 2 gM
of reconbi nant epp wi-tHh-14—0--33—10-111 0. 0Bor 0. 01][MrME/D. The
level s of IFN-y p HPon  Zetkr fhi ned?i | the|s@l ebnasisay 4re shown in

Figs. 9A-C. Spleel &&Ihg [T @H con48r0| g6 d€ 49F EFSS ii‘%] atgdjwi th the
n th

unrel ated protei n|GV14B (JFi g. . her [conttols i S experinments

i ncl uded sti nul at if dBOR2Oh miﬂl um h)nl y, 102 [ggf mi CGon@A, 1010) gp/ PPD and 10
g/mM M vaccae 20HFEig A——ReeepbHrant—VENDL sti-mat ry T cells
frommice infectef G2 M 48 ubkrtul [oshs t 33 pf odfhick 42ar geza unts of |FNy

in a dose-dependentgamaper (Fi 9. $B)[. gne @r(dgct og of §FN-y in this
assay is indicative of the cross-redctjvilty ot ME/D witlh t ubercul osi s
antigens that induced |ong-terminmune responses. Antigenic determ nants

cross-rgegcti.ng. w th M tu ercuI05|s ant i e to belocated on
epi topesﬁ%ﬂk%,gfhﬁgaﬂfﬁ@gg,p on gA3presi 2 %ﬁﬁ@&ﬂ%ﬁl gﬂd% 37 '2 2 DEC
2003 EXAMPLE 7 EFFECT OF STI MULATI ON OF HUMAN PERI PHERAL BLOCD MONONUCL EAR
CELLS (PBMC) W TH RECOVBI NANT _SI NGLE EPI TOPES AND RECOVBI NANT

MULTI - B kremenizafionrplies with DN epitapgs i on of Hunman Peri pheral Bl ood
Mongnucl ear pesleédye(iRBMRtyt E%aﬂirsp &dbggcfu@ﬁtem%gon G ﬁtng;ble%?& {indGE B0
(IFFN-y) in vitro The reconbl nant epltopes and reconbi nant nulti-epitope

* const r UbAkBeRyl exeseafteninjection OﬁEN%emdmg reight ofthp rewsibornsgsiopes inpeBNA-

cul tur I%klyj% After 48 hours, 10 IFN-y secretion was
measurg-gl:7 ;ﬁ%ﬁ%‘g@ﬁf‘e dlg/?{ﬁgréor{l(%%céséy (ELI SA) as descri bed above. Parall el
cul tures weredystibs efipratectivd inirirityedast doysitleted ot WINA S84 ES Idy vasctisged to
assess . ﬁgﬁ ollferatlon Resul t s f t hese _experinents are shown in Figs.
10A-B 4B ngn&fﬂmegenaﬁqﬁe CQUERAgFh o ﬁﬁm’ﬁhﬁu Ség?mese-leawg{sedje@rgroémlw at ed
hurmmen REMobk&vErllsk gl ﬁb&éﬁuﬁﬁ%fe&f&xl WhER ALk b Qs A %pmltﬁaut an jnsert
respectively). These responses were dose-dependent an greater ﬂf

mRgni t OB BdeE nast prentioks pBlkes essluptiode i Elffﬁ%‘ ¢mtppe i [NA| imeoumsdtionawes elsbt opes
(Figs. L BVG, b¥% T econbi n

epi topeéég%%grecoﬁ% r%gé]‘%{mhﬂ |g%lg(iflpgggﬁ%(§)ﬁ‘s” ru@ 5 rﬁfE/r uﬁ %%Of‘b

secr et eeChytioxk in@EUs i all the mniGy tested g pesting tei inductibn bf pircREMmmats Bswessed

foIIowln nvitro rezstinulati 20 with r cqrrbln si ngl e epitopes or
reconbih H"tbl %E?m%é’?ﬁ% gﬂ’a@x Pgr]TeogXB“pS RES %BP%m ?ﬁjﬁmaatgé@t%ﬂm R of
t hasr eqadlih nBwe oF tﬁ@'g@o@ﬁlth@@&ﬁlcﬁm doblNARBle foDNAR rdubdd by fnjcctldNOAR
r DNA37,. rDNA44 or rDNA45, or 0.5 MrME/ A or rVE/ D. CeIIS|nthe contr ol

groups]%é’l"é’s§ i%rul ated with 2 Mof GV 14B or 10 g/nml PPD. Cytoki ne
responses was
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measured by ELI SA foll ow ng standard procedures.

As shown in Table 7,

bel ow, human PBMC 25 stinmulated with the reconbi nant single epitopes,

with rME/ A or

cyt oki nes
anti gen,

DNA DNA r ME/ Ar ME/ DGV14 PPD
| FN4. 72. 84. 10. 063. 64. 30. 450

and al |

r ME/ D produced t he Thi
reconbi nant epitopes al so i nduced secretion of
cyt oki ne, was detected in supernatants of stinulated cells.
were secreted in response to stimulation with the control
cyt oki nes tested were

cytokines IFN-y and TNF-2.
I L-10. No

I L-5,

secreted by hunman PBMC after
stimulation with PPD. 30 38 22 DEC 903 FABLE 7 5 10 Cytokine secreted by
human PBMC after in vitro stinulation wth reconbi nant single epitopes
r VE Recorfipigetine igimglity immicegndused/BOgenetio inm@yisatidneiliNAg B DDMAh GNAFDINA DNA

TNF- a4. 6<0. 051. 20. 13. 52. 30. 5<0. 053. 93. 80. 20. 85
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10), and proliferative and antibody responses upon genetic immunisation with eight pcDNA-

The induction of cytotoxic T lymphocytes (CTL), cytokines (IFN-y, IL-4, IL-6 and IL-

hGH’/His or pcDNA3-hGHls/His constructs were assessed as follows.

10

measured following a standard two-step procedure using the MHC haplotype matching target

CTL assay:
Cytolytic (CTL) activity in spleen cells of DNA-immunised BALB/cByJ mice was

cells, BALB-3T3 (ATCC No. CRL-163, American Type Culture Collection, Manassas, VA).

Target cells were prepared by transfecting BALB/3T3 cells with eight pcDNA-hGH’/His or
pcDNA3-hGHIs/His epitope DNA constructs.

15

gencticin selection (G418; Gibco BRL Life Technologies) and single cells were isolated by

Stably transfected cell lines were produced by

limiting dilution. Clones expressing epitopes were selected by RT-PCR using primers AD105
and AD181 (SEQ ID NO: 1 and 27, respectively). Spleen cells of DNA-immunised mice were

29
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(RPM 1640 suppl emented wi th 10% (vl v) autol ogous serum penicillin (60
Fcg/m), streptomycin (100 g/m), and glutamne (2 mMV)) conta | r
the positive control 25 phytohaenaglutinin (PHA, at 10 pg/m) Q%%qg}]@e
gg/nm), M vaccae at 10 gg/n, rME/D at 1 gg/m or control reconbinant
protein GV-14B at | j.g/m in a total culture volume of 1 m. The plates
were cultured for 72 hours and then pulsed with 1 jC/well of tritiated
thym dine for a further 18 hours, harvested and tritium uptake deternined
Usi NG acuiiddt inl IDNERNeEREGE ®lth 104/FREHEDrREAe Jﬁﬁﬁ%?ﬁlnfu%ﬁﬂéhtﬁﬁh?@%ho"‘“
in Table 8. 30 39 .2 2 DEC 2003 TABLE 8 LMphoc3je proliteration in blood
sanpl escedls tapserted wilh mrseiteg epitope BN A teett-shintuiat@bitptorRIT celldl in waae a@ylturddE/ D

or rGv- o n EPD-M.. vacgcae .rGy-14 No.10 M.11Q ./ 10
11 A O R e Q0 Bk 85605 RISl ies dferg nayitored by
4262. 21linduba6ifg afr2436 bf @Achodinhiatz® c2ll 0dlhir2 vaRORNA - hed far@st 221Bthat were
4403. 12, 5253..3 31351..21.9182. 4 281]1. 01.4322. 3 3291.42. 2151. 3
425 .89&“?%"‘%‘%‘%“_ 0‘13 TEHBWRG Rerdpie §gf‘%fﬁ_8mrf€ B ibhTuprimRiant efrellgydures.
const r ugs shovi iR TABRUS; @flecific EPLRERYH REPAdMEd 8 TROGI&NL Br BRMGEAIisSa f@m
I mmuni zed nmonkeys in Goups Il and’Ill conparableto that of the positive
cont r ol fopppfahe DN\ epnsirpgteteatedon was recorded after stinul ation Wi th PPD,
Mvaccae or rGv-14. Although the present invention has been described in
some detail by way of illustration 15 and exanple for purposes of clarity
of undeCgtokingiangd proliferafbe rasgbnvexdi f i cati ons can be carried out without .
de ting fr t.he scope of the..nvention which s intepnded. tq be limte
ot by "t e COURE PP s R AN R onseh ot oleen CROR DNA rmumed
BALB/cByJ mice were assessed following in vifro re-stimulation with recombinant epitopes.

Cytokine and proliferative responses were measured by ELISA and 3H-thymidine pulse,
respectively, as described above. As shown in Table 5, spleen cells from the six groups tested
produced the Thl cytokine IFN-y. No Th2 cytokines (e.g. IL-4, IL-6 and IL-10) were detected in
15 supernatants of stimulated cells. Proliferative responses were low and detected in spleen cells

from two immunised groups only.

Antibody responses
Blood samples from three DNA-immunised BALB/cByJ mice were collected two weeks
20  after the last DNA injection and sera were prepared according to standard procedures. The
presence of anti-epitope antibodies was determined by ELISA. The wells of a microtitre plate
were coated with 500 ng of recombinant epitope. Antibody titres were measured by adding
serial dilutions of serum into the wells. Bound antibodies were detected according to ELISA
procedures as described above. As shown in Table 5, anti-epitope antibodies were detected in
25 two blood samples tested. ELISA assays were also performed to determine whether the
antibodies belonged to the IgGl or IgG2a subclasses, using standard protocols. The results
showed that the antibodies belonged to the IgG2a subclass, which is characteristic of a Thl

antibody response,
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2 2 DEC 2003 CLAIMS: 1. An isolated pol ypeptide conprising an am no acid

sequence selected fromthe

group consisting of sequences provided in SEQ

ID NO 61-77. 2. An isolated pol ypeptide conprising an am no ZcpdjBgopggnce

sel ected
i dentica

and (b) sequences havi ng at
recited in SEQ

pol ypepti de afecc@awmanmseaw 368 @fmﬁ%@it

pol ynucl eotide of claim3, wherein t

fromthe

group consisting of:

(a) sequences having at

| residues to a sequence recited in SEQ

| east 90% i denti cal
ID NO 61-77. 3. An isolated ponnucIeotide encodi ng a
d BR]IA n?lqced

e pol ynucleo

| east 75%

ID NO 65-67 and 69-77;
resi dues to a sequence

tlg'ﬂ w%th

trde co

Shier

SeésS a Se(

uence

sel ect et lﬂnmmnetﬂﬁajogsﬁaupmmnﬁumﬂmmgﬁrgfths ecihéammd huepirdl ecsponseSEeetted mhe 8-2

1, and
sequence

Ienent

Rl

| east 7596|dent|cal

13- 21;
sequence

(a) or (

recited in

b) . @ytddo

t.her,eof

‘1}186 dft:nﬁons

s a3 fL

ated

PORg ™

nucI

S Eede

residues to a sequence recited in SEQ

(b) sequences having at

SEQ ID NO 8- 21:

Lt li'&fucﬁ&frﬁ
cl ai ns

Woﬁin@ gesﬁenéeg

| east about 90% i denti cal

i de conprising a
uences having at

ID NO 9-11 and

residues to a

(c) conpl ements of a sequence of

q,%hfalaﬁmpal

uel ot i de
according to any one of DNA “const r uct é@' %ﬁp 6,
wherein the constrmm@w%@npnmsgbnamsehﬂQ@Eﬁcgem@n$@dmﬁwdnﬂghe group
consisting of SEQ ID sformed with a DNA
construct according t@ﬁ%ﬁ%@%ﬁ%ﬂg§0p§§$ﬁ§§ Cﬂh ieongyu DEC 2003 9. A

fusion protein conpr|5|ng at | east one polypeptlde according to any one of

Cl ai s 1 '\nnl 2 The -Fno. on n'F r\l g| m-9 \Ahnrn| n fhn 'F||Q| ol

protein r%?’f@@s A SEQ &l é@‘%’&'ﬂ’%d f Cxiokinge g‘?"@l]f?r s | sAptibedies 9EQ | D
NO 79- 81 .c"ilit."“%sco i thi onC® e§ﬁ$ﬁ‘ﬁ%| ng TAEPINSESs l%ft\i}(’ypeptl theedr di ng
to any dne of clains P“? and 2,ly8nd a p1y§FHHUg|(aIIylaﬁceptable carriler.
12. A canposition _donprising at Ieast )neg@ﬁ)vnucleotlde a¢cording tg any
one of |cl aDMAB-5 |andi3a [physi o3bgi cal |y adSept abhet deteeteiler . not detedded
conposi t|i orDABAri gi ng4 at| | eastione fusi awTProt ¢i n aNgordi ng toyel aim 9 and
a physijol agNaabl y |acegpt|abl gotclafette@r - | 14. 3¢\ composi t7 on CONRk h&k&ed at
| east orje OHRAoPNSt[rucs dccofddige@ck® clal ng®p, and a physSi of ogi g Ty
accept afl' e gRABHET .| {7 not detected NT NT NT
DNA37 18 not detected 18 not detected | not detected
DNA44 20 25 23 not detected 1/100
DNA45 21 20 12 not detected | not detected
10
* Data shown is the mean % lysis from spleen cells of three mice. Non-specific lysis of
control cells was deducted.
= Data shown is the mean IFN-y in ng/ml obtained from triplicates of spleen cell cultures
from three mice. Background IFN-y produced by control cells was 5-7 ng/ml.
15 *#*  NT=Not Tested
EXAMPLE 4
CLONING STRATEGY FOR M. VACCAE MULTI-EPITQPE CONSTRUCTS
20 The eight epitopes assayed in Example 4 were assembled to form multi-epitope

constructs. Specifically, the DNA was amplified with primers containing a Bg/Il 5’-extension
mto the BamHI site of

The primers were AD223, AD226, AD229, AD230, AD231, AD232,
31

and BamHI 3 -extension and was
pcDNA3/hGHIs/His.

sequentially cloned



15. A conposition conprising at |east one polypeptide according to any one
of clainms | and 2, and an i nmunostinulant. 16. A conposition conprising at
| east one pol ynucl eoti de according to any one of «clains 3-5 ?nﬁgrt 2%[]3

I mmunostinmul ant. 17. A conposition conprising at |east one fu tern
according to claim9 and an inmmunostinulant. 18. A conposition conprising
at | east one DNA construct according to claim6 and an i mrunosti nul ant.
19. Use of a conposition according to any one of clains 11-18 in the

pr epar aADOB3 0AD234, TRISH BaREH36f RD26ANANRSS N BF5d WRNLS, MB?[%%{T Abe2 (ﬁﬁgj ent.
20. The use of claim 19, wherein the I mune response 1S a response. 21.
The usellbNG:H&iSh 1opedfiivelydi n t he conposition activates at |east one cell

orarm 16, i I OHRATBNNIA o cifncichrsd B ies itshite (e DISAN T
use of leGHIsHIL ThewRerHI sitd Hifxthe oopaswis mmﬂsﬁﬁimla? ﬂielcm @ndl ei flﬁerlagdﬂmg/jtuﬁaidns :

. f iti [ t .one _of clains -18 in the
;Zer ar Z‘frﬁ%ﬁ‘%oép &B%éée%tgnﬁ%‘?f’%%ﬁg&i{?‘% eg?‘g’g’c%/ ]r?(td%’led g |ﬂ?cﬁaﬂ’§_ sitg eTkecingt ofr om
the gr oplgsn@@TSINALiviG Qbned BEUNELRLS REARNSnto! (AE RAHIMPILE Mgfﬁggom%m@ﬁcef
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79-81, respectively. Each one of these multi-epitope constructs includes each one of the

8 epitopes, but in a different order.
For expression of multi-epitope recombinant proteins in bacteria, the inserts of plasmids
ME/A, ME/B and ME/D were subcloned into the modified expression vector pET16. All 8-mer
15  epitope DNA combinations had DNA9A and DNAS at the 5° and 3’ end, respectively. The
plasmid inserts were amplified using primers AD272 and AD273 (SEQ ID NO: 59 and 60,
respectively) and the purified amplified fragments cloned by blunt-end ligation into the pET16
vector that was EcoRI-digested and end-filled with DNA polymerase Pful (Stratagene).
Recombinant protein was expressed using E. coli host cells according to the manufacturer’s

20  protocol and purified using standard protocols.

EXAMPLE 5
IMMUNIZATION OF MICE WITH M. VACCAE MULTI-EPITOPE CONSTRUCTS

25 This example illustrates the protective immunity against subsequent infection with
M. tuberculosis in BALB/cByJ mice after injection of multi-epitope constructs in either DNA or
recombinant polypeptide form.

BALB/cBy] mice were divided into three groups of six mice that received different
treatments. Mice in Group 1 were immunized intraperitoneally with onc dose of 500 ug

30 M bovis BCG or PBS. Group 2 mice were immunized three times intramuscularly in the tibialis
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<212> DNA <213> Artificial Sequence <220> <223> Made in a |ab <400> 2
aaggaagggg atcccgaagc cacagctgcc <210> 3 <211> 29 <212> DNA <213>
Artificial Sequence <220> <223> Made in a |ab <400> 3 aaggaa%g?ngg;mU3

at cccaagcc acagctgcc <210> 4 <211> 31 <212> DNA <213> Artificra equence
29 30 29 1 2 2 DEC 2003 <220> <223> Made in a |ab <400> 4 31 aaggaagggg

at cccggaag ccacagctgc ¢ <210> 5 <211> 146 <212> DNA <213>Mycobacterium
vaccae <400>5 aagcttat ggctacaggctc ccggacgtcc ctgctcctgg cttttggcect

, t e
?tc E tC ; ggcg}é%%% diﬁﬁf; t@Pes MERPRIROA YT RphOFLld FRER 2PHEAN &k GhtehAlC GRRI G Group

3 were immunized intraperitoneally at three week intervals with either 1 or 2 doses of 50 pg
recombinant ME/D in IFA, or 50 ug confrol protein in IFA. The control protein GV14B
consisted of a non-naturally occurring protein derived from DNA encoding the M. vaccae-
5 homologue of mycobacterial Elongation factor G and cloned into pET16g3 in reverse
orientation.
Three weeks after the last immunization, the mice were challenged with live
M. tuberculosis (5 X 10° CFU). Organ homogenates from hungs and spleens were prepared after
a further three weeks and plated out on 7H9 medium supplemented with oleic acid-albumin-
10 dextrose-catalase (OADC) to determine the number of CFU present in each homogenate.
Results were recorded after a two-week incubation period.

Induction of protective immunity was considered positive when a mean 0.5 log reduction
in CFU in lung and spleen homogenates, compared to the mean CFUs from non-immunized
control mice, was observed following subsequent infection with AL tuberculosis. The reduction

15 in CFUs after immunization with ME/D DNA or recombinant ME/D polypeptide was compared
with the known immunogenicity of M. bovis BCG. The results (Fig. 1) show a reduction in CFUs
in the lungs and spleens from mice immunized with the ME/D DNA as well as the recombinant
ME/D construct. The protective immunity of the ME/D DNA and the rME/D polypeptide
demonstrated by the reduction in both lung and spleen CFUs was greater than the reduction in

20 lung CFU after immunization with single epitope constructs (Table 4).

EXAMPLE 6
IMMUNOGENICTTY OF M. VACCAE MULTI-EPITOPE CONSTRUCTS

This example describes the results of immunogenicity studies performed with three

25  multi-epitope constructs in either DNA or recombinant polypeptide form.

A. Recombinant multi-epitope constructs ME/A, ME/B and ME/D stimulate mouse
lymph node cells to proliferate and secrete IFN-y in vitro

The recombinant multi-epitope constructs rtME/A, rME/B and rME/D were screened for

30 their ability to induce T-cell proliferation and IFN-y in murine lymph node cells. For this assay,
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gctat gcagctgtggcttcg ggatcclde <210> 6 <211> 145 <212> DNA
<213>Mycobact eri um vaccae <400>6 aagcttat ggctacaggctc ccggacgtccctgctcctgg

cttttggcct gectctgectgb0 ccctggcettcaagagggcag tgecttcccaaccatt.
tatccaggct ttttgacaacl20 gctatgcagctgtggcttcg gatccld5 <210> 2%?i%£izﬂ%h7

<212> DNA <213>Mycobacterium vaccae <400>7 aagctt at ggctacaggctc ccggacgtcc
ctgctcctgg cttttggect getctgectgb0 ccctggettcaagagggcag tgecttccca
accattccct tatccaggct ttttgacaacl20 gctatgcagctgtggcttcc gggatccld7 <210> 8

<211> 3PATEZIRT AR vwikd RndeRRACIHRIaHEBuY C%eeaaélof%stpﬁd SRitRt FOLE IGC the
ccggcccggt gecccggcacc gcgtggatc <210> 9 <
recombinant multi-epitope constructs rME/A, tME/B or rME/C diluted in an equal volume of

IFA. Mice from the control group received PBS in IFA. Mice were sacrificed after nine days
and the lymph nodes removed. Lymph node cells were cultured in medium comprising DMEM
5 supplemented with 10% (v/v) autologous serum, penicillin (60 pg/ml), streptomycin (100
pg/ml), and glutamine (2 mM) in the presence of 0, 0.125, 0.25 or 0.5 uM ME/A, rME/B or
rME/D, as well as the control protein GV14B. After 3 days, 50 pl of medium was removed from
each well for the determination of IFN-y levels, as described above. The plates were cultured for
a further 4 days and then pulsed with 1 uCi/well of tritiated thymidine for 18 hours. Cells were
10 harvested and tritium uptake determined using a scintillation counter. Supernatants that
stimulated proliferation in two replicates at levels two-fold greater than the proliferation
observed in cells cultured in medium alone were considered positive.
Results from the murine proliferation experiments are shown in Figs. 2A-D. All three of
the recombinant multi-epitope constructs induced a proliferative response in lymph node cells
15  from immunized mice. The levels of proliferation induced by the three recombinant multi-
epitope constructs tME/A, rME/B and tME/D (Fig. 2A, B and C, respectively) were similar,
showing that the constructs were antigenically identical. No proliferation was obtained from
control mice immunized with PBS (Fig. 2D).
The levels of IFN-y secreted by stimulated lymph node cells from mice immunized with
20 rME/A, tME/B or tME/D are shown in Fig. 3A-C, respectively. All three recombinant multi-
epitope constructs stimulated IFN-y secretion by lymph node cells, with the highest levels
stimulated with tME/B (Fig. 3B). Cells from control mice stimulated with PBS secreted
undetectable amounts of IFN-y (Fig. 3D). These results suggested that immunization with the
multi-epitope constructs induced a Thl immune response in the mice.
25
B. Recombinant multi-epitope construct ME/D and ME/D DNA stimulate lymph node
and spleen cells from mice immunized by different routes to proliferate and secrete IFN-y
in vitro
In these experiments, lymph node or spleen cells from mice immunized subcutaneously,

30  intraperitoneally or intramuscularly with the recombinant multi-epitope construct rME/D or the
34



<212> DNA <213> Mycobacterium vaccae <400> 9 gttcgtcagt acccgaagct
cttgagagct aaggccaatt gggaagatac ttggaccttc60 ccatcaatag aggaaaagca
tcgccctagg ggatcc96 <210> 10 <211> 75 <212> DNA 2 2 2 DEC ngS Eﬁé@@
Mycobact eri um vaccae <400> 10 agtgaacttg ggcagggcaa tcccatcg CB égc
60 gtagcgggcc cggtgtttcg 75 gcagcggaaa tccac <210> 11 <211> 114 um vaccae
<212> DNA <213> Mycobacter <400> 11 agccgtactc ttcgccccag aacagcggtg
ccgtcgccgec 60 atcacgcagg taggccttcc ccagatacac ccaggcggtg gccggcat gt ccag

W cobactary i ane ShaEBRIRE TOR MR et S ot e T erption 1o
13 and IFN-y production. BALB/cByJ mice were immunized either subcutaneously in each footpad
with one dose of 10 pg rME/D in IFA, intraperitoneally with one dose of 50ug rME/D in IFA, or
intramuscularly with three doses at 3 week intervals with 100 pg ME/D DNA. Control mice
5  were immunized with PBS by the three different immunization routes. After nine days, mice
immunized by the subcutaneous and intraperitoneal routes were sacrificed and the lymph nodes
(subcutaneous immunization) or spleen cells (intraperitoneal immunization) removed. Spleen
cells from mice immunized by intramuscular injection were harvested 15 days after the last
immunization. Proliferation and IFN-y production by these cells were determined as described

10 above.

Results from these experiments are presented in Fig. 4 and Fig. 5. In Fig.4A, specific
proliferative responses by lymph node and spleen cells from mice immunized with rME/D or
ME/D DNA are shown. In comparison, Fig. 4B shows the low proliferation by cells from
control mice. Similarly, fymph node and spleen cells from mice immunized with tME/D or

15 ME/D DNA were stimulated to secrete IFN-y (Fig. 5A) while low levels of IFN-y was secreted

by lymph node and spleen cells from control mice immunized with PBS.

C. Single epitopes from multi-epitope constructs stimulate lymph node and spleen cells
from mice immunized with recombinant multi-epitope construct rME/D or ME/D DNA by

20  different routes to proliferate and secrete IFN-y in vitro
In these experiments, lymph node and spleen cells from mice immunized with the
recombinant multi-epitope construct tME/D or the DNA form of the multi-epitope construct
ME/D by different immunization routes were re-stimulated with the recombinant form of the
single epitopes DNAS, DNA9, DNA26, DNA27, DNA29, DNA37, DNA44 and DNA45. The
25  experimental procedure was the same as outlined above. Results from these experiments are
shown in Fig. 6A-B and Fig. 7A-B. Specific proliferative responses and IFN-y secretion were
detected in cells re-stimulated with epitopes DNAS, DNA9A, DNA26, DNA37 and DNA44 (Fig.
6A and Fig. 7A). Proliferation and IFN-y production by epitopes DNA27, DNA29 and DNA45
were shown in at least one immunization group. Low levels of proliferation and TFN-y
30 production was observed in cells from control mice imnunized with PBS (Fig. 6B and Fig.7B).
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<211> 210 um vaccae <212> DNA <213> Mycobacter <400> 13 gcccggcacc 60
at cgccgcca ccggecccggt ggaagat act gcgtggatcg ttcgtcagta cccgaagetc 120

tt gagagcta aggccaattg gggcccggtg tggaccttcc catcaat aga ggaaazggigxggﬁm
cgccct aggg gat ccgt agc ggaaat ccacttt cgagt gaact t gggcagggcaat cc

t cgcgcgcagcccgecgecage <210> 14 <211> 697 <212> DNA <213> Mycobacterium
vaccae <400>14
at ct act cgaccttcgccgaccgggcgt accct ggt ggcct gacgt act ccggccat ccg60

ct g9COapROGRS BRRGREHEY %aefpg@%éé%& 9¢ Mﬂ&%ﬁg%ﬁﬂ%&%&ﬁé &%&%@ 8he immune
aacgct gcccgcat cggcgagcaggt gct cggaccgggt ct gtgecgat ct cgccgeccggl

caccgt twyslgncyped @i gnudijegypatcohigugemigtnt gggcggat ct cggt gaggt c240
gt cct gcggcgact ggaat gccacgt t gt t gacgacgat gt ccagt ccgccaagcect gttt 300
caccgt gt cct cgaccaccgcgcggcagt gcgeccggcet cggccaggt cgeccgggcaggeg360
gaccgccbgct gryxeRige piredicti@at cagt gccagcgcat cccgaaccgcggcggcegt a420

5 The cytokine production by spleen cells from mice immunized with the DNA form of the
mutlti-epitope construct ME/D and re-stimulated with rME/A or tME/D was determined as
follows. BALB/cByJ mice were immunized inframuscularly with three doses at three week
intervals of 100 pg ME/D DNA. Fifteen days after the last injection, mice were sacrificed and
the spleen cells removed. The spleen cells were re-stimulated with tME/A, rME/D or the control

10 protein GV14B and the supernatants screened for cytokine production following standard

procedures. Cytokine production by the spleen cells is given in Table 6.

TABLE 6
15 Cytokines secreted by splenocytes from BALB/cByJ mice immunized with ME DNA
IL-2* IL-4* IL-6*

Plagmid rME/A | tIME/D | GV14B | tME/A | tME/D | GVI4B | tME/A | tME/D | GVI14B
ME/A 122 125 <50 42 56 39 147 196 <30
ME/B 267 200 <30 20 <10 <10 79 56 <30
ME/D 96 77 <50 I3 <10 <10 131 98 <30
Control <50 <350 <50 <10 <10 <10 <30 <30 <30

*Cytokine concentration measured in pg/ml, with a standard error of <10%
20
As shown in Table 6, IL-2 and IL-6 were secreted by spleen cells of mice stimulated
with rME/A and tME/D. 1IL-2 is a cytokine secreted during a Thl-type immune response,
providing further evidence that the multi-epitope constructs elicit a Thl-type immune response.
25 The cytokine IL-6 plays an important role in the immunity of mice to tuberculosis (Ladel ef al.,
Infec. Imm. 65: 4843-4849, 1997). No secretion of [L.-4, a Th2-type cytokine, was detected.

E. Antibody production
Blood samples from BALB/cByJ mice immunized with ME/D were collected two weeks

30  after the last DNA injection and sera prepared according to standard procedures, The presence
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cgcgt cggegt cggcgeccgecgcacggeccgggcacggggecacct cccget ccgggcagge480

gggt ccgt ggaccgcagcacggccgagt cgt tt ggt acaggt gcgcaccccgcet gaaccgs540

ggccat cagcgccgeccgcect cggt cgegt cgcet gcgggaccggaacgggeccaccgcegct 02 DEC 2003
gt cggt gcgcggegt gcggacggt ggagaaccgggggaagggt t cgt cggt cagegt cac66
ccaccaccaccggt gcgggaact t cgaccgeccggt t g697 <210> 15 <211> 291 <212> DNA
<213> Mycobacterium vaccae 3 22 DEC 2003 <400>15

at cagtt cggccct ggt cgccggecccgeccgagggcagcecagtt ccget ccggegt cgat c60

999t t 9oHt 6ERURAIIGARIRA GRS CRAGRCE %g%%i@ﬂg%%g@%ﬁ% %%%%C ﬁ%ﬁ%@%s of IgG2a
acggt gcacat ct cccagt cgat gaacgccgcgagetcggggacgt cgcgge agta‘cl

acgt t gtantihgdity gpaetipige gith gMI At gﬂtﬂéﬁ/@g&te{:@?@gﬁc @utggg?i@l g?tgmﬂidg (Figz. 213?)
gagt ccagccagt cggcgaggac accgac aacgac cgc < > < >
TS TRk P LA P e e iy Ta VRO PR ot o
agccgtactcttcgccccag aacagcggtg ccgtcgccgec60 gcagaccagcggt cgcgecg

ccagat acacccaggcggt g gccggcatgt ccagat cgt g120 gccagcgcgcgcggcacggt
gga%at cH-47 dpdpstionyin ayige of joy-teem) menyoK respopses\hy. s besmleinaninenitanes and

<400>1 7% ecombinant multi-epitope construct rME/D.

The induction of long-term memory responses in mice infected with M. tuberculosis and
immunized with either recombinant epitopes rDNAS, rDNA9A, rDNA26, rDNA27, rDNA37,
rDNA44 or tDNA43, or recombinant multi-epitope construct ME/D was determined as foHows.

10 In the mouse long-term memory assay, BALB/cByJ mice were injected with a sub-lethal dose of
10* colony forming units (CFU) of M. fuberculosis. After 4 weeks, the mice were treated with
antibiotics for a further 4 weeks to cure them of M. fuberculosis infection, followed by a resting
period of 8 weeks. A second injection of live M. tuberculosis (5 X 10° CFU) was given before
the immunogenicity of the recombinant constructs was measured three days later using the

15  spleen cell assay described above. Spleen cells were stimulated with 2 pM of recombinant
epitope or with 1, 0.33, 0.11, 0.03 or 0.01 uM rME/D. The levels of IFN-y production
determined in the spleen assay are shown in Figs. 9A-C. Spleen cells from control mice were
stimulated with the unrelated protein GV14B (Fig. 9B). Other controls in this experiments
included stimulation with medium only, 2 pg/ml ConA, 10 pg/ml PPD and 10 pg/ml M. vaccae

20 (Fig. 9A). Recombinant ME/D stimulated memory T cells from mice infected with
M. tuberculosis to produce large amounts of IFN-y in a dose-dependent manner (Fig. 9B). The
production of IFN-y in this assay is indicative of the cross-reactivity of ME/D with
M. tuberculosis antigens that induced long-term immune responses.  Antigenic determinants
cross-reacting with the AL tuberculosis antigens appears to be located on epitopes DNAS,

25 DNA9A, DNA26, DNA27 and DNA44 (Fig. 9B).

37
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at cgcgcggct gt gcgggaa ggacgaggcc gtagcggcgt tgcactacgt cgccccggtt 60
ggcgagaagcaggact acat cgaccgagcc ttgcgcaaca tcgggccgta tctgccagcet 120
gaggttcccgcectctcgt cl1l38 <210> 18 <211> 261 <212> DNA <213>|\/yc'3b%1(ﬁ56[} 2004
vaccae <400>18

gat cggcaggcat cacgaacagt aagcggt gt t ccggt t gaat ccaat gt gct gt cagca60

ggcat ccgat gccgaacaccgaccacgcgagcagt cgcaat ct gt ct cgcgaccct ggcgl20

t cacgcggcegt cgt ggct ccgcaacccgceccggcgat gt cgecgcet cgecget gcggecggel80
tctccatggccggttcgttcagtcgctcgtccgghgg§%gﬂ%?tgcgaacgggcccgcch40 _
ccccgtcgtccecgtccgat acg261l <210> 19 < > 9 <212> DNA <213>Mycobacterium
vaccae <4®YFECT OF STIMULATION OF HUMAN PERIPHERAL BLOOD MONONUCLEAR
gatcccgtt . t ofe oelele) 8

Ot cot g0 e eH D L R e R AR M man
gttcctgcgcgacaccgccgacgacgceitiddatpToPguNgaRUggst gt t cgccgal8o

act ggat ccgt cggagcggcgcgggcet gaagt cggccat cgeccgeggt gecggt cgecgecg240

gcgcgccaaggt cgct gcgaaagccgcgaagat cgecgat 279 <210> 20 <211> 132 <212> DNA

<213> M(CShafdfidn N Y @hiaR PedpReral Blobd A18bnutkAr €21s (PBMC) to proliferate and

secrete Interferon gamma (IFN-y) in vitro

The recombinant epitopes and recombinant multi-epitope constructs expressed by the

pETI6 bacterial expression system were cultured with human PBMC at 37 °C. After 48 hours,

10 IFN-y secretion was measured by enzyme-linked immunoassay (ELISA) as described above.
Parallel cultures were pulsed with tritiated thymidine and DNA synthesis was used to assess
PBMC proliferation. Results of these experiments are shown in Figs. 10A-B and Figs. 11A-B.

The recombinant multi-epitope constructs stimulated human PBMC to secrete IFN-y and
proliferate (Figs. 10A and B, respectively). These responses were dose-dependent and of greater

15 magnitude than the responses induced by the individual recombinant epitopes (Figs.11A and B).

B. Stimulation of human PBMC by recombinant single epitopes and recombinant
multi-epitope constructs rME/A and rME/D to secrete cytokines in vitro
Cytokine production of human PBMC were assessed following in vitro re-stimulation
20 with recombinant single epitopes or recombinant rME/A or tME/D as follows. Cells were
stimulated with 2 pM of the recombinant single epitopes rDNAS, iIDNA9A, rDNA26, -DNA27,
rDNA29, rDNA37, rDNA44 or rDNA4S, or 0.5 uM rME/A or rtME/D. Cells in the control
groups were stimulated with 2 pM of GV14B or 10 pg/ml PPD. Cytokine responses was
measured by ELISA foHowing standard procedures. As shown in Table 7, below, human PBMC
25  stimulated with the recombinant single epitopes, or with tME/A or rME/D produced the Thl
cytokines IFN-y and TNF-a. These recombinant epitopes also induced secretion of IL-10. No
IL-5, a Th2 cytokine, was detected in supernatants of stimulated cells. Low levels of cytokines
were secreted in response to stimulation with the control antigen, and all cytokines tested were
secreted by human PBMC after stimulation with PPD.
30
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gat ccagaacgggccggt ct gcgggttgag gtcctcggtg cccagtgccg tcgacgcgac60

gt cgt cggt gct ggt gat gcggeccgecgt a ggecgt cctcg gt ccacaacg tcagcaccgt 120
gcccgggcggat 132 <210> 21 <211> 177 <212> DNA <213>Nycobacteq!QnDEﬁcﬂma
<400>21 gat cagct cggggagccggg tgcccagcaacgccagcgt gggaagcaccgagaccggege60
gat gt gcccgcgcagcagcg cccagccgt gcaccccgcgggaccgggceccccgcggaccgecl20

gt cggagt cgaccccggccg ccaccgccgcgegcegt ggt cagcat cagccacgggat 177 <210> 22
<211> 15 <212> DNA <213> Artificial Sequence <220> <223> Made in a lab
<400> 22 cgcagccgtg gettc <210> 23 }%%§ <212> DNA <213> Artificial
Sequence <220> <223> Made in a lab < > ttacttaggt tactagtgga tc

fﬁ 1g>| gACI g%’%é'sg%%%ed b’\égyé%an%é%%t% ;lnAt‘)';r;*cl) ];tlmulatl %gsj%e;%%enombin 2t single emto%es'vade
and 1.

5
Recombinant single epitopes rME Controls
Cytokine | DNA | DNA | DNA | DNA | DNA | DNA | DNA | DNA | tTME/A | tME/D | GV14 | PPD
5 9A 26 27 29 37 44 45 B
IFN-y 4.7 28 4.1 0.06 3.6 4.3 045 0.78. 4.4 32 <0.05 | 3.96
TNF-o, 4.6 <0.05 1.2 | 01 3.5 2.3 0.5 <0.05 3.9 38 0.2 0.85
IL.-10 0.75 | <0.05 0.9 0.15 0.98 0.83 0.59 | <0.05 1.17 1.12 0.07 0.34
IL-5 0.08 | <0.05 | <0.05 | 0.06 | <0.05 | <0.05 | <0.05 | <0.05 ] <0.05 <0.05 | <0.05 | 0.06
EXAMPLE 8
10

STIMULATION OF L YMPHOCYTE PROLIFERATION IN CYNOMOLGUS MONKEYS
AFTER IMMUNIZATION WITH RECOMBINANT RME/D.

Three groups each consisting of four cynomolgus monkeys were immunized to test the
15  immunogenicity of the recombinant multi-epitope construct rME/D.  Proliferation of
lymphocytes was measured in a PBMC proliferation assay. The monkeys in Group I were
immunized intradermally with PBS in incomplete Freund’s adjuvant (IFA) in a total volume of
0.1 ml. Monkeys in Group II were immunized intradermally with 33 pg rME/D in IFA (total
volume 0.1 ml) and monkeys in Group III were immunized intradermally with 10 pg tME/D in
20  TFA (total volume 0.1 ml). Two immunizations were given, at week 0 and week 6. Blood
samples were taken from each monkey 12 weeks after immunization.
Whole blood from each monkey was diluted 1:5 and stimulated with control medium
(RPMI 1640 supplemented with 10% (v/v) autologous serum, penicillin (60 pg/ml),
streptomycin (100 pg/ml), and glutamine (2 mM)) containing either the positive control
25  phytohaemaglutinin (PHA, at 10 pg/ml), PPD (10 pg/ml), M. vaccae at 10 pg/ml, tME/D at
1 pg/ml or control recombinant protein GV-14B at 1 pg/ml in a total culture volume of 1 mi.
The plates were cultured for 72 hours and then pulsed with 1 pCi/well of tritiated thymidine for a
further 18 hours, harvested and tritium uptake determined using a scintillation counter.
Lymphocyte proliferation results are shown in Table 8.

30
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<211> 24 <212> DNA <213> Artificial Sequence <220> <223> Made in a |ab
<400> 25 15 22 23 5 22 DEC 2003 ttacgcccag aagacgccga ggcc <210> 26 <211>
26 <212> DNA <213> Artificial Sequence <220> <223> Made in g%qﬁq@?@? 26
gatcccat ca ccatcaccat cactga <210> 27 <211> 26 <212> DNA <2 rtiricial
Sequence <220> <223> Made in a |lab <400> 27 ggtagtggta gtggtagtga ctttaa
<210> 28 <211> 20 <212> DNA <213> Artificial Sequence <220> <223> Made
in alab <400> 28 atggctacag gctcccggac <210> 29 <211> 34 <212> DNA
<213> Artificial Sequence <220> <223%/Mpgde in a lab

Lymphocyte proliferation in blood samples of cynomolgus monkeys stimulated with PHA, PPD,
M. vaccae, iME/D or rGV-14.

5

Group | Monkey PHA PPD M. vaccae rME/D rGv-14
No. 10 p/ml 10 p/ml 16 pg/ml 1 pg/ml 1 pg/ml

1 1 18 1.3 0.73 1.36 0.77

2 57 2.3 1.6 2.4 1.5

3 32 1.6 1.5 1.6 1.0

4 26 2.2 1.4 1.6 0.91

2 1 23 1.6 0.91 15 0.79

2 70 2.1 2.0 20 2.2

3 13 1.0 1.9 12 2.8

4 40 3.1 2.5 25 3.3

3 1 35 1.2 1.9 18 2.4

2 31 i.0 1.4 32 2.3

3 29 1.4 2.2 15 1.3

4 25 0.89 1.5 1.3 1.0

As shown in Table 8, the recombinant multi-epitope construct fME/D induced a

10 proliferative response in PBMC cells from immunized monkeys in Groups II and IH comparable

to that of the positive control (PHA). No proliferation was recorded after stimulation with PPD,
Mvaccae or rGV-14.

Although the present invention has been described in some detail by way of illustration
15  and example for purposes of clarity of understanding, changes and modifications can be carried
out without departing from the scope of the invention which is intended to be limited only by the

scope of the appended claims.
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<400> 29 gagagagaga tctgtggatt tccgctgcgc gggc <210> 30 <211> 34 <212>
DNA <213>gA?t?f?c?al Seguggce <220> <223> Made in a | ab <400> 30
gagagagaga tctcgcgecc gagtcgttcc cgtc 24 26 26 20 34 34 6 22 EE%EQQQSﬂﬁ310>
31 <211> 34 <212> DNA <213> Artificial Sequence <220> <223 de in a

| ab <400> 31 gagagagaga tctgatctcc accgtgccgc gcgec <210> 32 <211> 34
<212> DNA <213> Artificial Sequence <220>- <223> Made in a | ab <400> 32
gagagagaga tctgacgaga gcgggaacct cagc <210> 33 <211> 34 <212> DNA <213>
Artificial Sequence <220> <223> Made in a |ab <400> 33 gagagagaga

tctatcgcga tcttcgegge tttce

CLAIMS:

1. An isolated polypeptide comprising an amino acid sequence selected from the
group consisting of sequences provided in SEQ ID NO: 61-77.
2. An isolated polypeptide comprising an amino acid sequence selected from the
group cousisting of}
(a) sequences having at least 75% identical residues to a sequence recited in SEQ
ID NO: 65-67 and 69-77; and

(b) sequences having at least 90% identical residues to a sequence recited in SEQ

ID NO: 61-77.
3. An isolated polynucleotide encoding a polypeptide according to any one of claims
1 and 2.
4. The isolated polynucleotide of claim 3, wherein the polynucleotide comprises a

sequence selected from the group consisting of sequences recited in SEQ ID NO:
8-21, and complements thereof.
5. An isolated polynucleotide comprising a sequence selected from the group

consisting of:

(a) sequences having at least 75% identical residues to a sequence recited in SEQ
IDNO: 9-11 and 13-21;

(b) sequences having at least about 90% identical residues to a sequence recited in
SEQ ID NO: 8-21; and

(c) complements of a sequence of (a) or (b).

6. A DNA construct comprising at least one polynucleotide according to any one of
claims 3-5.
7. The DNA construct of claim 6, wherein the construct comprises a sequence
selected from the group consisting of SEQ ID NO: 56-58.
8. A host cell transformed with a DNA construct accoi‘ding to any one of claims 6
and 7.
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<210> 34 <211> 34 <212> DNA <213> Artificial Sequence <220> <223> Mde

ab <400> 34 gagagagaga tctatccgcc cgggcacggt gctg <210> 35 < 34
Lglg>|DNA <213> ArglglglglgSequence <220> <223> Made in a | af %AHﬂﬁﬁégi
gagagagaga tctatcccgt ggctgatgct gacc <210> 36 <211> 36 34 34 34 34 34 7
22 DEC 2003 <212> DNA <213> Artificial Sequence <220> <223> Made in a
l'ab: <400> 36 36 gagagagaga tctcgtatcg gacggacgac gggacg <210> 37 <211> 35
equence <212> DNA <213> Artificial

9. A fusion protein comprising at least one polypeptide according to any one of
claims 1 and 2. |

10.  The fusion protein of claim 9, wherein the fusion protein comprises a sequence
selected from the group consiéting of SEQ ID NO: 79-81.

11. A composition comprising at least one polypeptide according fo any one of claims
1 and 2, and a physiologically acceptable carrier.

12. A composition 6omprising at least one polynucleotide according to any one of
claims 3-5 and a physiologically acceptable carrier.

13. A composition comprising at least one fusion protein according to claim 9 and a
physiologically acéeptable carrier.

14. A composition comprising at least one DNA construct according to claim 6, and a
physiologically acceptable carrier. | |

15. | A composition comprising at least one polypeptidé according to any one of claims
1 and 2, and an immunostimulant.

16. A composition comprising at least one polynucleotide according to any one of
claims 3-5 and an immuﬁostimuiant.

17. A composition comprising at least one fusion protein according to claim 9 and an
immunostimulant.

18. A composition comprising at least one DNA construct according to claim 6 and
an immunostimulant.

19.  Use of a composition according to any one of claims 11-18 in the preparation of a
medicament for enhancing an immune response in a patient.

20.  The use of claim 19, wherein the immune response is a Th1 response.

21.  The use of claim 19, wherein the composition activates at least one cell selected
from the group consisting of T cells and NK cells.

22.  The use of claim 19, wherein the composition stimulates cytokine production,

23.  The use of claim 19, wherein the composition induces long-term memory cells.

24.  Use of a composition according to any one of claims 11-18 in the preparation of a
medicament for the treatment of a disorder selected from the group consisting of
immune disorders, infectious diseases and cancer in a paticent.

25. Theuseofclaim24, wherein the disorder is tuberculosis.
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<220> <223> Made in a |lab <400> 37 35 gagagagagg atcccaaccg gcggtcgaag
ttccc <210> 38 <211> 36 <212> DNA <213> Artificial Sequence <220> <223>
Made in a | ab <400> 38 36 aaggaaggaa aaggatccgg gaat ggttgg ga%gchEQIQWSSQ
<211> 126 <212> DNA <213> Artificial Sequence <220> <223> einalab
<400>39 aagctt at ggct acaggct cccggacgtcc ctgctcctgg cttttggect gctctgectg60
ccctggcett caagagggcagt gccttccca accattcccg gatcccacca tcatcaccat 120
cactgal26 <210> 40 <211> 35 <212> DNA <213> Artificial Sequence <220>
<223> Made in a | ab <400> 40 gagagagaga tctatctact cgaccttcgc cgacc <210>
41 SEQUENCE LISTING

<110> Delcayre, Alain

<120> Compounds for Treatment of Infectious and Immune System Disorders
and Methods for Their Use

<130> 11000,1042cl1PCT

<150> 09/351, 348
<151> 199%-07-12
<150> U.5. 09/450,072
<151> 1998-11-29

<160> 81
<170> FastSEQ for Windeows Versiocn 3.0

<210> 1

<211> 29

<212> DNA

<213> Artificial Segquence

<220>
<223> Made in a lab

<400> 1
gagagagaaa gcttatggct acaggctcc 29

<210> 2

<211> 30

<212> DNA

<213> Artificial Sequence

<220>
<223> Made in a lab

<400> 2
aaggaagggg atcccgaagce cacagcectgec 30

<210> 3

<211> 29

<212> DNA

<213> Artificial Sequence

<220>
<223> Made in a lab

<400> 3
aaggaagggyg atccgaagcc acagctgcc 29

<210> 4

<211> 31

<212> DNA

<213> Artificial Sequence



<211> 37 35 8 22 DEC 2003 <212> DNA <213> Artificial

Sequence <220> <223>

Made in a | ab <400> 41 aaggaaggaa ggatcccgcc cagaagacgc cgaggcc <210> 42

<211> 34

DNA <213> Artificial
aaggaaggaa ggatcccgcg cccgagtcgt tcccgtc <210> 44

<213> Artificial <223> Made in a | ab <400> 44 gagagagaga

<212> DNA <213> Artificial
Sequence <220>

Sequence <220>

t ct gat cggc aggcat cacg aacag <210> 45
Sequence <220x»g><223> Made in a | ab <400> 45 aaggaaggaa ggatcccgta

t cggacggac gacgg@@de in a lab

<400> 4

aaggaagggg atcccggaag ccacagectge o

aagcttatgg ctacaggctc ccggacgtcco
ccctggettc aagagggcag tgccttececa

<210> 5

<211> 146

<212> DNA

<213> Mycobacterium vaccae

<400> 5

gctatgcage tgtggcttcg ggatcec

<210> 6

<Z11> 145

<212> DNA

<213> Myccbhbacterium vaccae

<400> 6

ctgctectgg
accattcecct

Sequence <220>
<400> 42 gagagagaga tctatcagtt cggccctggt cgcc <210> 43

223> Made 9 I
. 2211>2327IT]Ei:'lein8

<223> Made in a | ab <400> 43

<211> 37

cttttggect
tatccagget

aagcttatgg ctacaggete ceggacgteco
ccectggettc aagagggcag tgccttccca
gctatgcage tgtggecttcg gatce

<210> 7

<211> 147

<212> DNA

<213> Mycobacterium vaccae

<400> 7
aagcttatgg ctacaggectc cceggacgtec
ccectggettc aagagggcag tgccttccca
gctatgcage tgtggettecec gggatcc

<210> 8

<211> 39

<212> DNA

<213> Mycobacterium vaccae

<400> 8
atcgecgeca ceggececggt gecccggeace

<210> 9

<211> %6

<212> DNA

<213> Mycobacterium vaccae

<400> 9
gttcgtcagt acccgaagct cttgagagcect
ccatcaatag aggaaaagca tcgceccctagg

<210> 10
<211> 75
<212> DNA

ctgctectgg
accattcccect

ctgctectgg
accattcect

gcgtggatc

ctttitggect
tatccaggct

cttttggect
tatccagget

<211> 35 <212> DNA

<212> DNA <213> Artificial

31

gctctgeetyg 60
ttttgacaac 120
146

gctctgectg 60
ttttgacaac 120
145

gctctgccetg 60
ttttgacaac 120
147

39

aaggccaatt gggaagatac ttggaccttc 60

ggatce

96



<212> DNA <213> Artificial Sequence 37 34 37 35 37 9 2
2 DEC 2403 <220> <223> Made in a |lab <400> 46 gagagagaga tctgatccag
aacgggccgg tctg <210> 47 <211> 37 <212> DNA <213> Artifici a? ﬁ@c{tﬂegm
<220> <223> Made in a |l ab <400> 47 aaggaaggaa ggatccatcc gcccgggcac
ggtgctg <210> 48 <211> 35 <212> DNA <213> Artificial Sequence <220>
<223> Made in a | ab <400> 48 gagagagaga tctgatcagc tcggggagcc gggtg <210>
49 <211> 37 <212> DNA <213> Artificial Sequence <220> <223> Made in a

| ab <400> 49.,339gRaggaa.0g9at sgakec cgtggctgat gctgacc <210> 50 <211> 22
<212> DNA

<210> 46 <211> 34

<400> 10
gtagcgggee cggtgtttcg agtgaacttyg ggcagggcaa tcecccatcgeg cgcageccgo 80
gcagcggaaa tccac 75

<210> 11

<211> 114

<212> DNA

<213> Mycobacterium vaccae

<400> 11
atcacgcagyg taggccgtece ageccgtacte ttcegocccag aacageggtg cogtegecege 60
gcagaccage ggtcctgccg ccagatacac ccaggcggtg gecggcatgt ccag 114

<210> 12

<21i> 33

<212> DNA

<213> Mycobacterium vaccae

<400> 12
atcgtggcca gcgecgegegg cacggiggag atc 33

<210> 13

<211> 210

<212> DNA

<213> Mycobacterium vaccae

<400> 13
atcgccgcca coggeccgygt gocccggeace gegtggateg ttogtcagta ccecgaagete 60
ttgagagcta aggccaattg ggaagatact tggaccttce catcaataga ggaazaagcat 120
cgcectaggg gatcocgtage gggcoccggtg tttegagtga acttgggeag ggcaatceoca 180
tcgcgegecaqg cocgcgoage ggaaatcecac 210

<210> 14

<211> 697

<212> DNA

<213>» Mycobacterium vaccae

<400> 14
atctactcga cctitcgeccga ccgggegtac cegggtggee tgacgtactc cggecatcocg &0
ctggcgaccy cctgecgegght cgcgacgatce aacgcecgatgg aagacgaagg catggtggec 120
aacgctgcce geatcggega geaggtgctc ggaccgggtce tgogegatct cgeegecegg 180
caccgticgg tcggcgaagt ccgeggecte ggcgtcttct ggygecggatct cggtgaggte 240
gtcctgegge gactggaatg ccacgtigtt gacgacgatg tccagtcege caagetgttt 300
caccgtgtec tecgaccaccg cgeggcagty cgceggetcg gocaggtcege cgggcaggey 360
gaccgcccge tgtecggect cttcgatcag tgccagegea toccgaaccyg cggcggoegta 420
cgcgteggeg teoggeogoogo gcacggecgg geacggggece acctocoget cegggceagge 480
gggtccegtgyg accgcagcac ggecgagtcg tttggtacag gtgcgcacce cgctgaacceg 540
ggccatcagce gccgeccgect cggtecgegte getgcgggac cggaacgggce ccaccgeget e00
gtcggtgege ggcegtgegga cggtggagaa ccgggggaag ggttecgtegy tcagegtcac 660
ccaccaccac cggtgcggga acttcgaceg cocyggttyg 697

<210> 15

<211> 291

<212> DNA

<213> Myccbacterium vaccae



<223> Made in a | ab <400> 50 tatcgccgcc
accggcccgg tg <210> 51 <211> 22 <212> DNA <213> Artificial Se %@ﬁ?20>
34 37 35 37 22 10 22 DEC 2093 <223> Made in a |lab <400> 51 catggﬁgft
cgctgcgecgg gc <210> 52 <211> 33 <212> DNA <213> Artificial Sequence <220>
<223> Made in a | ab <400> 52 gagagagaga tctat cacgc aggtaggccg tcc <210> 53

<213> Artificial Sequence <220>

<213> Mycckhacterium vaccae

<211> 37 <212> DNA <213> Artificial Sequence <220> <223> Made in a lab
<400> 53 aaggaaggaa ggatccgatc tccaccgtgc cgcgcgc <210> 54 <211> 35 <212>
DNA <213> Artificial Sequence <220> <223> Made in a lab
<400> 15
atcagticgg ccctggtege cagccecgecyg agggcagceca gttocgcteo ggegtcgate 60
gggttgggtc cgtccggeca gcacaccage atccacccga gghtcgagcaa cgggtcccog 120
acggtgcaca tctcccagtc gatgaacgcc gcgagcetcegyg ggacgtcgcg gcgcageagce 180
acgttgttca gatggcagtc geegtgecatg atcccgggtt cggegtcegtc gggectgcege 240
gagtccagce agtcggcgag cacatgcacce gacgggaacyg actcgggcege g 291
<210> 16
<211> 147
<212> DNA
<213> Mycobacterium vaccas
<400> 16
atcacgcagy taggecgtce agccgtactc ttcecgcecccag aacageggty ccgtegocge 60
gcagaccage ggtcectgocg ccagatacac ccaggcggtg gocgacatgt ccagategtg 120
gccagcgoge gcggcacggt ggagatce 147
<210> 17
<211> 138
<212> DNA
<213> Mycobacterium vaccae
<400> 17
atcgcecgeggce tgtgcgggaa ggacgaggece gtageggegt tgcactacgt cgecccggtt 60
ggcgagaagc aggactacat cgaccgagcce ttgcgcaaca togggccocgta tcotgecaget 120
gaggttceeg ctetegte 138
<210> 18
<211> 261
<212> DNA
<213> Mycobacterium vaccae
<400> 18
gatcggcagg catcacgaac agtaagcggt gttecggttg aatccaatgt getgtcagea a0
ggcatcecgat gecgaacace gaccacgcga dgcagtcgcaa tcotgtcectoege gaccctggeg 120
tcacgcggeg tegtggetcoe geaaccecgee ggecgatgteyg cgegegceccge tgcggocegge 180
tcteocatygge cggttegttcec agtecgectegt ccggtggetg ttotgcgaac gggeoccogoog 240
cccecgtegte cgtceccgatac g 261
<210> 19
<211> 279
<212> DNA
<213> Mycobacterium vaccae
<400> 19
gatctcegttyg cgcgtecegeg agatctgcga ccggtacgac ctgccctaca ccaccgggtce 60
cttecectggeg cagtacggca agtegtggcyg cacgatcgcecg aaactgtege tgccggacaa 120
gttectgeyge gacaccgecg acgacgcccc ggagacceogce agogagcgga tgttogecga 180
actggatccg tcggagcggce gegggctgaa dgtcggecatce gecgeggtge ggtcegcogecg 240
gcgcgcecaay gtegetgega aagecgcgaa gatcgcgat 279
<210> 20
<211> 132
<212> DNA



<400> 54 gagagagaga tctatcgcgc ggctgtgcgg gaagg <210> 55 <211> 37 <212>
DNA <213> Artificial Sequence <220> <223> Made in a |lab <400> 55
aaggaaggaa ggat ccgacg agagcgggaa cctcagc <210> 56 <211> 174972 220P€ A
<213> Artificial Sequence <220> <223> Made in a lab 22 33 37 35 37 11
<400> 56 atggctacag gctcccggac gtccctgctc cttcaagagg gcagtgcctt cccaaccatt
cgggcgt acc cgggt ggcct gacgtactcc gcgacgatca acgcgat gga agacgaaggc

caggt gctcg gaccgggtct gcgcgatctc cgcggectcg gegtcttctg ggcgggat ct
gtcctcggcg cggagt.geccg tcgacgcgac ggegtcctcg gtccacaacg tcagcaccgt

t cacgaagag-dAagCeteigtte CRghddaay £08AGIEEFA-EAALAL FAGL-gagLegcaalel

gt ggct cLgetaRee c3agu:tagaisgt &gega Wricgtteagaetagats gbageagaygget gl

t ccgat arggogabetagat ca gct cggggag caccgagacc ggcgcgat gt gcccgcgcag
ggccccgecgg accgegt cgg agtcgacccc cagccacggg atggatctat cagttcggcec
tccgetcegg ¢ ﬁ€> £gg gttgggtccg tcgagcaacg ggtccccgac ggtgcacatc

acgt cgcggc gcagecageac gttgttcaga

<213> Mycobacterium vaccae

<400> 21
gatcagctcg gggagccggyg tgcccageaa cgecagegtg ggaagcaccyg agaccggcgc 60
gatgtgcccg cgcagcagcg cccagecgtg caccceocgogg gaccgggeoe cgoggaccgc 120
gtcggagtcg accccggecg ccaccgecqgc gogegtggtce agcatcagec acgggat 177

<210> 22

<211> 15

<212> DNA

<213> Artificial Sequence

<220>
<223> Made in a lab

<400> 22
cgcagctgtg gecttc 15

<210> 23

<211> 22

<212> DNA

<213> Artificial Sequence

<220>
<223> Made in a lab

<400> 23
ttacttaggt tactagtgga tc 22

<210> 24

<211> 23

<212> DNA

<213> Artificial Sequence

<220>
<223> Made in a lab

<400> 24
cgatctactce gaccttcecgee gac 23

<210> 25

<211> 24

<212> DNA

<213> Artificial Sequence

<220>
<223> Made in a lab

<400> 25



gcgtcgt cgg gcctgcgcga gtccagccag tcgggcgecgg gatctatcac gccggt agge
cggtgccgt c gccgcgcaga ccagcggtcc catgtccaga tcgtggccag cgcgcg;ggc
t acgggaagg acgaggccgt agcggcgttg gactacatcg accgagcctt gcgcaa CDEC 2003
ctcgtcggat ctatcgccgc caccggcccg tacccgaagc tcttgagagc taaggccaat
gaggaaaagc atcgccctag gggatccgta agggcaatcc cttcgcgcgc agcccgcgca
catcactga <210> 57 <211> 1749 <212> DNA <213> Artificial Sequence <220>
<223> Made in a | ab <400> 57 atggctacag gctcccggac cttcaagagg gcagtgcctt
€gggcatace,&Qdg9ta9eti-;9GQRcJat ca acgcgatgga caggtgctcg gaccgggtgt
cgcggcctcg gegtcttctg "agdggcagcca gttccgctcc atccacccga ggtcgagcaa
gcgagct cgg ggacgteegcg atcccgggtt cggecgtcgtc gacgggaacg actcgggcgce
ccggttgaat cE@adtgttgct gtcgcaatct gtctcgcgac gatgtcgcgc gcgccgcetge
gtggctgttc Céé%?é@?g _ctcggggagc cgggtgccca -2 2 DEC 2003
ctggcttttggcetoget® b%ff@%@@ﬂﬁﬁ@@ cccggat ct at ct act cgaccttcgccgacl120
ggccat ccgct ggegaccgect gcgeggt 180 at ggt ggccaacgct gcccgceat cggcgag240
gccgceccggcacegss ¢gal 6ggggaagt c300 gat ccagaacgggcecggt ct gcgggt t gag360
gt cgt cggcgct ggt gat gcggeccgecgt a420
<400> 26
gatcccatca ccatcaccat cactga 26

<216> 27

<211> 286

<212> DNA

<213> Artificial Sequence

<220>
<223> Made in a lab

<400> 27
ggtagtggta gtggtagtga ctttaa 26

<210> 28

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> Made in a lab

<400> 28
atggctacag gctcccggac 20

<210> 29

<211> 34

<212> DNA

<213> Artificial Sequence

<220>
<223>» Made in a lab

<400> 29
gagagagaga tctgtggatt tccgetgege ggge 34

<210> 30

<211> 34

<212> DNA

<213> Artificial Sequence

<220>
<223> Made in a lab

<400> 30
gagagagaga tctcgcgcce gagtcegttcoe cgteo 34



gcccgggcggat ggat ct gat cggcaggca480 tccaat gt gct gt cagcaggcat ccgat gc540
t gt ct cgcgaccct ggcgt cacgcggcegt ¢600 cgcgccgctgcggccggctctccatggcc9668EC 2003

ct gcgat cgggcccgecgecccgt cgt ccg720 cggggt gcccagcaacgccagegt gggady

cagcgcccagccgt gcaccccgcgggaccg840 ggccgccaccgeccgegegegt ggt cagcat 900

ct ggt cgccagcccgecccagggcagccagt 960 t ccggccagcacaccagcat ccacccgaggl020

t cccagt cgat gaacgccgcgagct cggggl080 t ggcagt cgecgt gcat gat cccgggttcgll40

t cggcgagcacat gcaccgacgggaacgacl200 cgtccagccgtactcttcgccccagaacagl260

t gccgccagat agagecaggcggt ggececggl320 acggt ggagat cggat ct at cgcgegget g1380

cact acgt cgcceaggtisggcgagaagcagl4a40 gggcecgt at ct gccagcet gaggttcccget 1500

gt gcccggcaccgaegt gyat cgt t cgt cagl560 t gggaagat actt ggaccttcccat caat al620
gcgggcccggt gtlegadt Heaet t5S§gert680 gcggaaat ccacggat cccat caccat cacl740 1749

gt ccctgct cct ttttggcctgctctgcctgccctggGO

cccaaccattcc gggg&ggg%tgqy gaccttcgccgacl20
gacgtactccggccatccgctggcgaccgcctgcgcggtc180
agacgaaggcatggbggacaacgct gcccgcat cggcgag240
gcgcgat ¢igegerge ceggsacegtdeqgedeqggagaagt c300
ggcgggat ct at cagt t cggccct ggt cgccagcccgecg360
ggcgt cgat cgggtPydét ccgt ccggecagcacaccage420
cgggt ccccgac < gatctcccagtcgatgaacgcc480
gcgcagcagcacgt tgt.t cagat gocagt caccgt gcat g540
gggcctgcgcgagtccagccagtcggc agcacat gcacc600
gggat ct gat cggeaggcat cacgaacagt aagcggt gtt 660
gt cagcaggcateegatrgae gaagaebaaccacgcgagcar20

cctggcgtcacgc tcgtggctccgcaacccgccggc780
ggcgggat ctcc ttcgttca ctc tccg840
cccgccé@@é%ﬁ?8§q§%gg ﬁ%@@%ﬁﬁ?if@ tcag900

34

34

gcaacgccagcg@ggg@ggcaccgagaccggcgcgatgtg960 12 cccgcgcagcagcgcccagce

cgtgcacccc gbegaggccggccgccaccg ccgcgecgcegt
<212> DNA
<213> Artificial Sequence

<220>
<223> Made in a lab

<400> 33
gagagagaga tctatcgcga tettcgegge ttte

<210> 34

<211> 34

<212> DNA

<213> Artificial Sequence

<220>
<223> Made in a lab

<400> 34
gagagagaga tctatccgcecc cgggecacggt getg

<210> 35

<211> 34

<212> DNA

<213> Artificial Sequence

<220>
<223> Made in a lab

<400> 35
gagagagaga tctatccegt ggctgatgct gacce

<210> 36
<211> 36

34

34

34



acgcaggt aggccgt ccagccgtactcttc gaccagcggt cct gccgccagat acaccca
agcgcgcgcggcacggaggagat cggat ct gt agcggcgt t gcact acgt cgccccggtt
ttgcgcaacat cgggecgt at ct gccaget gaacgggcecggt ct gcgggt t gaggtcctc 2 2
gt cgct ggt gat gcggccgceccgacgt cgt ¢ gcggat ggat ct at cgccgccaccggcccg

t acccgaagct ct t gagagct aaggccaat gaggaaaagcat cgccct ag gggat ccgta
agggcaat cccat cgcgcgc agcccgcgca catcactga <210> 58 <211> 1749 <212> DNA
<213> Artificial Sequence <220> <223> Made in a | ab <400> 58 atggctacag

DEC 2003

gct cccggac gigestigat ¢ cttcaagagg gcagtgectt cccaaccatt cgggcegtacc
cgggt ggcct gengt actiticigrgaqgatcea acgcgat gga agacgaaggc caggtgctcg
gaccgggt ct gcgcgatctc cgcggcctcg gcgtcttctg ggcgggatct gtcctcggtg
cccagtgccg t cgtcctcg gtccacaacg tcagcaccgt ctggtcgcca
gcccgecgag gy aﬁg@gﬁﬁm tcdggccage acaccagcat ccacccgagg tcccagtcga
t gaacgccgc gagel cggyg tggcagtcge cgtgcatgat cccgggttcg tcggcgagca

cat gcace4aq 4Hgeaacdgtar g CHAGLALEE RYcaacgcca
ccgtgcaccc cgcgggaccg ggccgccacc gccgcgcegeg
t aagcggt gt t<weggtiigaa cgaacaccga ccacgcgagce
aacccgccgg éﬂgt@ cg gttcgttcag tcgctcgtcc
gat ct at cac t gccgt ¢ gccgecgcaga
t cgt ggccag C gcﬁgb%lc1a9%equence

<220>
<223> Made in & lab

<400> 37
gagagagagg atcccaaccg gcggtcgaag ttecc

<210> 38

<211> 36

<212> DNA

<213> Artificial Sequence

<220>
<223> Made in a lab
<400> 38

aaggaaggaa aaggatccegg gaatggttgg gaaggco

<210> 3%

<211i> 126

<212> DNA

<213> Artificial Sequence

<220>

<223> Made in a lab

<400> 39

gcgt gggaag
t ggt cagcat
agt cgcaat c
ggt ggct gt t
ccagcggt cc

cagcgccecgg
t cacgaacag
gt ggct ccgce
t ccgat acgg
cat gt ccaga

35

36

aagcttatgg ctacaggctc ceggacgtce ctygcteetgy cttttggect getcigectg 60

ccectggette aagagggcag tgcecttecca accattcccg gatcccacca tcatcaccat

cactga

<210> 40

<211> 35

<212> DNA

<213> Artificial Sequence

<220>
<223> Made in a lab

<400> 40
gagagagaga tctatctact cgaccttcge cgacc

<210> 41
<211> 37

120
126

35



t gcgggaagg acgaggccgt agcggcgttg gactacatcg accgagcctt gcgcaacatc
ctcgtcggat ctatcgccgc caccggcccg tacccgaagce tcttgagagce taaggccaat 2003
gaggaaaagc atcgccctag gggatccgta agggcaatcc catcgcgege agecccg@g aUEC
catcactga <210> 59 <211> 23 -2 2 DEC 2043 gcgggaccgg gccccgcgga ccgcegt cgga
1020 ggtcagcatc agccacggga tggatctatc 1080 gccccagaac agcggtgccg tcgccgcgca
1140 ggcggt ggcc ggcatgtcca gatcgtggcc 1200 at cgcgcggce tgtgcgggaa ggacgaggcc
1260 ggcgagaagc aggactacat cgaccgagcc 1320 gaggttcccg ctctcgtcgg atctgatcca
1380 ggtgcccagb- gaegt cgacg cgacgtcgtc 1440

<213> Artificial Sequence

<Z220>
<223> Made in a lab

<400> 41
aaggaaggaa ggatcccgcce cagaagacgc cgaggca 37

<210> 42

<211> 34

<212> DNA

<213> Artificial Sequence

<220>
<223> Made in a lab

<400> 42
gagagagaga tctatcagtt cggceccctggt cgee 34

<210> 43

<211> 37

<212> DNA

<213> Artificial Sequence

<220>
<223> Made in a lab

<400> 43
aaggaaggaa ggatcccgceg cccgagtegt tecegte 37

<210> 44

<211> 35

<212> DNA

<213> Artificial Sequence

<220>
<223> Made in a lab

<400> 44
gagagagaga tctgatcggc aggcatcacg aacag 35

<210> 45

<211> 37

<212> DNA

<213> Artificial Seguence

<220>
<223> Made 1in a lab

<400> 45
aaggaaggaa ggatcccgta tcggacggac gacgdggg 37

<210> 46

<211> 34

<212> DNA

<213> Artificial Seguence



ctcggt ccac aacgtcagca ccgtgcccgg 1
t gggaagata cttggacctt cccatcaata 1
gcggaaat ccacggat cccat caccat cac1740
cccggat ct at ct act cgaccttcgccgacl20
at ggt ggccaacgct gcccgcat cggcgag240
gat ccagaacgggccggt ct gcgggt t gag360
gcccgggcggat ggat ct at cagt t cggec480
t cgagcaacgggt ccccgacggt gcacat c600
gcgt cgt cgggcekgegcgagt ccageccag720
caccgagaccggegsgatage gacegagcagd40

500 gtgcccggca ccgecgtggat cgttcgtcag 1560

S

620 gcgggcccgg tgtttcgagt gaa

1749 ctggcttttggcctgctctgccﬂ
ggccat ccgct ggcgaccgcect gcgeggt ¢180
gccgcccggcaccgtt cggt cggcgaagt ¢300
gt cgt cggcgcet ggt gat gcggeccgcecgt a420
tccgct ccggegt cgat cgggt t gggt ccgs540
acgt cgcggcgcagcagcacgtt gtt caga660
t cgggcgcgggat ct gat cagct cggggag780
ggccccgcggaccgcegt cggagt cgacccc900

cagccacgggat ggat ct gat cggcaggca960 t ccaat gt gct gt cagcaggcat ccgat gc1020

t gt ct cgcgaccé égtcac cggcgt c1080 cgcgecget gecggecgget ct ccat ggecegl140
ctgcgaéﬁ%@ﬁ%@@%gﬁlgﬁ%ﬁ ?é%?g%ﬁfﬁﬁﬁcé t ccagcegt act ct t cgccccagaacagi260

t gccgccagat agagcgaggcggt ggccggl320 acggt ggagat cggat ct at cgcgcgact g1380
cact acgt cgccegggtzggcgagaagcagl440

<212> DNA

<213> Artificial Sequence

<220>
<223> Made in a lab
<400> 47

aaggaaggaa ggatccatcc gcccgggcac ggtgctg 37
<210>
<211>
<212>
<213>

48

35

DNA

Artificial Sequence

<220>
<223> Made in a lab

<400> 48
gagagagaga tctgatcagc tcggggagece gggtg 35
<210>
<211> 37
<212> DNA
<213> Artificial Sequence

49

<220>
<223> Made in a lab
<400> 49

aaggaaggaa ggatccatce cgtggctgat getgacce 37
<210>
<211>
212>
<213>

50

22

DNA

Artificial Sequence

<220>
<223> Made in a lab
<400> 50
tatcgeegee accggecocgg tg 22
<210>
<211>
<212>
<213>

51

22

DNA

Artificial Sequence

<220>

10



gggccgt at ct gccagcet gaggt t cccget 1500 gt gcccggcaccgcegt ggat cgtt cgt cagl560

t gggaagat actt ggaccttcccat caat al620 gcgggcccggt gtttcgagt gaactt g?%%h@z%@
gcggaaat ccacggat cccat caccat cac1l740 1749 13 ~2 2 DEC 2003 <212>

Artificial Sequence <220> <223> Made in a |ab <400> 59 cgatctactc
gaccttcgcc gac <210> 60 <211> 24 <212> DNA <213> Artificial Sequence
<220> <223> Made in a |lab <400> 60 tcagtggatt tccgctgcgc gggc <210> 61
<211> 46 <212> PRT <213> Mycobacterium vaccae <400> 61 Met Ala Thr Gy Ser
Arg Thr Ser L@y LgdeLigusAl:@8 Phe Ay Lou Leu 1 5 10 15 Cys Leu Pro Trp Lou
Gn Ju Ay Ser Ala Phe Pro Thr lie Pro Leu 20 25 30 Ser Arg Lou Phe Asp
Asn Ala Met Gop>1iau Trp Leu Arg Asp 35 40 45 <210> 62 <211> 46 <212> PRT
<213> Mpetewdterjagnvvemegas <400> 62 Met Ala Thr Ay Ser Arg Thr 8ér Leu Leu
Leu Al a Phe (; >Lgu Leu 1510 15 Cys Leu Pro Trp Leu Gn Ju Ay Ser Aa
Phe Pro Thr jﬁé Pfo Leu 20 25 30

<212> DNA
<213> Artificial Sequence

<220>
<223> Made in a lab

<400> 52
gagagagaga tctatcacgc aggtaggccg tcc 33

<210> 53

<211> 37

<212> DNA

<213> Artificial Sequence

<220>
<223> Made in a lab

<400> 53
aaggaaggaa ggatccgatc tccaccgtgc cgegegce 37

<210> 54

<211i> 35

<212> DNA

<213> Artificial Sequence

<220>
<223> Made in a lab

<400> 54
gagagagaga tctatcgege ggcectgtgcgg gaagg 35

<210> 55

<211> 37

<212Z2> DNA

<213> Artificial Sequence

<220>
<223> Made in a lab

<400> 55
aaggaaggaa ggatccgacg agagcgggaa cctcage 37

<210> 56

<211> 1749

<212> DNA

<213> Artificial Seguence

<220>
<223> Made in a lab

11



Ser Arg Lou Phe
<211> 46 <212>
Arg Thr Ser Leu
Gn du dy Ser
Asn Ala Met G n
<211> 13 <212>
Gy Pro Val Pro

<213> Mycobagiygridggm vaccae <400> 65 Val

Asp
PRT
Leu
Al a
Leu
PRT
Ay

Phe Pro Thr

Asn Ala Met G n Leu Trp Leu Arg Ile
<213> Mycobacteri um vaccae <400> 63 Met Al a
Lou Ala Phe Gy Leu Leu

15 10 <210> 65
Arg G n Tyr

1510 15 Cys Le21
Ile Pro Lou 20 25 30 Ser Arg Lou Phe Asp
Trp Leu Pro Ay 23 24 14 '22 DEC 2003 35 40 <210> 64
<213> Mycobacterium vaccae 45 <400> 64 Ile Ala Ala Thr
Thr Ala Trp Ile

<211> 32

35 40 45 <210> 63

Thg CGZ%U Ser

<212> PRT

Pro Lys Leu Leu Arg Ala

Lys Al aahgbrabizp ddtdcAfPc dicBetlfdrd Sorgddie ey pyclhicBhe Reg-Segqlle @Gou G u Lys
H s Ar gctPreadting fdaytSernt 28c25c30t <@t03ateba t€24dt2g2b ctedk2zaPRT <2b3>

My cobact¥®rfFummcy ataga s x40 0=cerval Alart@cyc PuocdfayPlregdragod@al Asigoleu Gy
Arg A BPPEIPHO TEFI='PI5 TPOCITITAGIM WAL 2AFPAPR AP | | e 30s

caggtgctcg gaccgggtcet gegegatctc gtegecccgge accgttcggt cggocgaagto
cgeggecteg gegtcettotg ggcgggatcet gatccagaac gggccggtet gogggttgag 360
gtecteggtyg cecagtgecy tegacgcgac gtegtoggeg ctggtgatge ggecgocgta 420
ggcgtcctceg gtccacaacg tcagcaccgt geoccygggegy atggatctga tcggcaggea 480
tcacgaacag taagcggtgt tccggttgaa tccaatgtge tgtcagcagg catccgatge 540
cgaacaccga ccacgcgagce agtcgecaatc tgtctogega cocctggcgic acgeggegtco 600
gtggctccge aacccegeegyg cgatgtcegeg cgegocgetg cggecggete tecatggecg 660
gttcgttcag tegetegteo ggtggetgtt ctgegaacgg gococgeegec cogtoeghtecy 720
tccgatacgg gatctgatca geteggggag cecgggtgocc agcaacgeca gegtgggaag 780
caccgagacc ggcgcgatgl gcoccgegecag cagegaeccag CocgigCaccs cgogggaccog 840
ggccecgcegg accgcegtcegg agtcgaccoe ggoogecace gocgegegey tggtcagceat S00
cagccacggg atggatctat cagttcggec ctggtegeca geccgoecgag ggcagecagt 960
tcegetecgg cgtegategyg gttgggtecyg teeggecage acaccagceat ccaccocgagg 1020
tcgagecaacg ggtccccgac ggtgcacatce tceccagtcga tgzacgecge gagoetegggy 1080
acgtcgegge gcagcageac gttgttcaga tggecagtcge cgtgcatgat coogggticg 1140
gegtegtegy gectygegega gtecageccag teggcgagca catgecaccga cgggaacgac 1200
tcgggegegg gatetateac geaggtagge cgtecagecg tactettcoge cccagaacag 12690
cggtgocgtc gocgegeaga ccageggtece tgeocgecaga tacacccagg cggtggecgg 1320
catgtccaga tegtggccag cgcgegegge acgghtggaga tcggatctat cgegeggetg 1380
tgcgggaagy acgaggcegt ageggegttyg cactacgteg ccecggttgg cgagaageag 1440
gactacatcg accgagectt gcgcaacate gggecegtatc tgccagetga ggttoccget 1500
ctecgtcggat ctatcegecge caccggecccg ghgeccggea cogogtggat cgttcogtcag 1560
tacccgaage tcttgagage taaggccaat tgggaagata cttggacctt cccatcaata 1620
gaggaaaagc atcgecctag gggatcegta gecgggecegg tgtttogagt gaacttggge 1680
agggcaatcc catcgcgege agcocccgogca gcggaaatce acggatccca tcaccatcac 1740
catcactga 1749

<210> 57

<211> 1749

<212> DNA

<213> Artificial Seguence

<220>

<223> Made in a lab

<400> 57
atggctacag geteoceggac gtecectgete ctggettttg gectgetcectg cctgecctgg 60
cttcaagagy geagtgcectt cccaaccatt cccggatcta tetactegac cttcegecgac 120
cgggcgtace cgggtggcct gacgtactece ggceccatcecge tggcgaccge ctgegoggtce 180
gcgacgatca acgcegatgga agacgaaggce atggtggecca acgotgococcg catecggogag 240
caggtgeteg gaccgggtet gecgecgatcte geoocgoccgge accgtteggt cggogaagtce 300
cgcggecteg gegtettoty ggcgggatcet atcaglttegy ccoctggtege cageocgecy 360
agggcagecca gttceegetee ggcgtegatce gggttgggtce cgtcocceggeca gcacaccagco 420
atccaccega ggltcgagcaa cgggtccceg acggtgcaca tctcocagtc gatgaacgec 480
gcgagcetegg ggacgtegeg gegcagecage acgttgttea gatggecagtc gocgtgcatg 540
atccegggtt cggcgtegte gggcectgege gagtccagee agteggcgag cacatgcacc 600
gacgggaacg actcgggcgce gggatctgat cggcaggcat cacgaacagt aagcggtgtt 660
ccggttgaat ccaatgtget gtcagcagge atccgatgee gaacaccgac cacgcgagea 720
gtcgcaatct gtctcegegac cctggcgtea cgeggcegtecg tggctccgca acccgooggc 780
gatgtcgcge gegecgetge ggeccggetet ccatggeocgg ttegttcagt cgctcegtcecg 840
gtggclgttc tgcgaacggg cccgocgece cgtogteogt cogatacggg atctgatcag 900
ctcggggage cgggtgcoca geaacgecag cgtgggaage accgagaccdg gogegatatg 560

12



<211> 38 <212> PRT <213> Mycobacterium vaccae <400> 67 Ile
Pro Ala Val Leu Phe Ala Pro Qu dn Arg 1 S
G@n Arg Ser Cys Arg Gn Tie His Pro Ay 202!23%1{&0[’152&0@/
35 <210> 68 <211> 11 <212> PRT <213> Mycobacterium
Val Ala Ser Ala Arg Gy Thr Val Gu Ile 1 5 10 <210>
69 <211> 70 15 2 2 DEC 2043 <212> PRT <213> Mycobact eeri um vaccae <400> 69
Ile Ala Ala Thr Ay Pro Val Pro Gy Thr Ala Trp Ile Val Arg Gn 1 5 10 15
Tyr Procdeygqd-gH G ARGLYS A ATk Ry G P EBrqclhps Thri2Q 25 30
Phe Pronoarclie G ta iy i e e et t\gggi‘c/aﬁgca Y10585 40 45
Pro Val ad@hegdrg Mbtﬁ&ncL@na@thr@céd:ae;ahb&lgE’ggngeq tAggegdhaa Al a11450 55 60
Arg Al a9eAFaI@ct ¢qtecHicsa BRI 2d B cTP 99 Ibsaftf cca2b2egtBRIc <213200
I\/ycobacﬁgéﬁﬁﬁﬁcga%céé%g@%(ﬁﬁt?@gaitlcé FCGIEC T IPIHE2 A 992 PETI9¢ ¢ A]r?éOTyr Pro

20 25 <210> 67
Thr A n Val Ay Arg
Arg Arg Arg Ala Asp
Ay Arg Hs Val dn
vaccae <400> 68 lle

e y e y ﬁg% gfﬁF ctacgt cgccccggtt ggcgagaage aggactacat cgaccgagcec

t Eca ggccgta tctgccaget gaggttcoceyg ctectegtcegg atctgatceca 1380
gaacgggccg gtctgeogggt tgaggtectc ggtgecccagt geegtcgacg cgacgtcegte 1440
ggcgctggtyg atgcggccge cgtaggcgtc ctcggtccac aacgtcagea cogtgeocgg 1500
gcggatggat ctatcgccge caccggocag gtgcoccggea cegoegtggat cgttegtceag 1560
taceccgaage tcttgagage taaggecaat tgggaagata cttggacctt cecatcaata 1620
gaggaaaagc atcgeccctag gggatccgta gegggeccgg tgtttecgagt gaacttggge 1680
agggcaatce catcgegeygc agcccgegca gceggaaatcce acggatccca tcaccatcac 1740
catcactga 1749

<210> 58

<211> 1749

<212> DNA

<213> Artificial Sequence

<220>

<223> Made in a lab

<400> 58
atggctacag gctcceccggac gtcecctgcete ctggettttyg gectgetetg cetgeectgg 00
cttcaagagg gcagtgcctt cccaaccatt cceggatcta tctactcegac cttegecgac 120
cgggcgtacce cgggtggeet gacgtactcee ggccatccge tggcgaccge ctgegeggtce 180
gcgacgatca acgegatgga agacgaaggce atggtggoca acgetgococg catcggogag 240
caggtgctceg gaccgggtct gegegatcte gecgeccgge accgtteggt cggegaagtc 300
cgcggecteg gegtcttety ggcgggatet gatccagaac gggecggtct gogggttgag 360
gtccteggtyg cccagtgeeg tcgacgcgac gtegtoggeg ctggtgatge ggocgecgta 420
ggcgtcctceg gtccacaacy tcagecaccegt geoccgggegyg atggatctat cagtteggec 480
ctggtcgecca gccegecgag ggeagecagt tccgectccgg cgtcgategg gttgggteceg 540
tcecggecage acaccageat ccacccgagg tcgagcaacyg ggtccccgac ggtgcacatc 600
teccagtega tgaacgecge gagctcegggg acgtegegge geagcageac gttgttcaga 660
tggcagtcge cgtgecatgat coccgggttoyg gogbtegtogyg geoctgegega ghcocagocag 720
tcggegagea catgcaccga cgggaacgac tegggogoygg gatctgatca gotcggggag 780
ccgggtgcec agcaacgeca gogtgggaag caccgagacce ggegcgatgt goccgcgeag 840
cagcgcecag ccgtgcacce cgcgggaccyg ggecccgegg accgceghtogg agtogaceoco 900
ggccgecacc gecgegcegeg tggtcagecat cagcecacggyg atggatcetga tceggcaggea 960
tcacgaacag taagcggtgt tccggttgaa tccaatgtge tgtcagecagg catccgatge 1020
Ccgaacaccga ccacgcgage agtcgcaatce tgtctegega cectggegte acgeggogtce 1080
gtggctcege aaccegeegg cgatgtegeyg cgegecogetg cggccggetc tecatggoeg 1140
gttegttcag tegetcgtec ggtggetgtt ctgegaacgg gocccgecgeco cogtegtecg 1200
tccgatacgg gatctatcac geaggtagge cgtccagecyg tactcttege cccagaacag 1260
cggtgccegtce gocgcegeaga ccagoggtoc tgceccgecaga tacacccagg cggtggoecgg 1320
catgtccaga tcgtggeccag cgegcgegge acggtggaga tcggatctat cgoegeggetg 1380
tgcgggaagy acgaggceegt agocggegttg cactacgteg coceggttgg cgagaagcag 1440
gactacatcg accgagcoctt gocgcaacatce gggocgtate tgecagetga ggtteoceget 1500
ctcgteggat ctatcgoceyge caccggeccg gtgoccggea cogegtggat cgttogtcag 15860
taccegaage tettgagage taaggcocaat tgggaagata cttggacctt cccatcaata 1620
gaggaaaagc atcgccctag gggatcegta gogggccegg tgtttcgagt gaacttggge 1680
agggcaatce catcgcgoege ageccgegea gcecggaaatcce acggatccca tcaccatcac 1740
catcactga 1749

<210> 59

<211> 23

13



151015 Ser Gy His Pro Leu Ala Thr Ala Cys Ala Val

20 25 30 Met Qu Asp Qu Ay Mt Val
Leu Ay Pro Gy Leu Arg Asp Leu Ala Ala Arg Hs Ar
Phe Trp Ala 65 70 75 <210> 71

<212> PRT <213> Mycobacterium vaccae <400> 71 Ile Ser Ser Ala Leu
Ser Ala 1 5 10 15 Pro Ala Ser

35 40 45 Val
50 55 60 dy du Val
<211> 97
Al a
Leu Gy

Val
Gy Ser

Ay Thr
Met

Thr

I'le
Ser Al a
<211> 49
G n Val

Ser

Pro Pro Arg Ala Ala Ser
Pro Ser Ay G n H's Thr Ser
Pro <Bhe-Vak His |ie Ser

Gn

Ser Ang> ArgifSehaSakqldiicelLeu

Ser <ERP>
<FF33>

>
Arg Ar g AEG Aka
Gy Arg H s Val

<210> 73

<210>
<211>
<212>
<213>

<220>
<223>

<400>

Pro Gy Ser Ala Ser

Ser Ay

s Thr Asp Ay Asn
4211%;434,

Lg Pro Ala Val

Gn lle Val

60

24

DNA

Artificial Sequence

Made in a lab

60

tcagtggatt tcegetgege gggc

<210>
<211>
<212>
<213>

<400>

Met Ala Thr
1

Cys Leu Pro

Ser Arg Leu
35

<210>
<211>
<212>
<213>

<400>

Met Ala Thr
1

Cys Leu Pro

Ser Arg Leu
35

<Z210>
<211>
<212>
<213>

<400>

Met Ala Thr
1

Cys Leu Pro

Ser Arg Leu

61

46

PRT

Mycobacterium vaccae

61l

Gly Ser Arg Thr Ser Leu
5

Trp Leu Gln Glu Gly Ser

20 25

Phe Asp Asn Ala Met Gln

40

62

46

PRT

Mycobacterium vaccae

62

Gly Ser Arg Thr Ser Leu

5
Trp Leu Gln Glu Gly Ser
20 25
Fhe Asp Asn Ala Met Gln
49

63
46
PRT
Mycobacterium vaccae

63

Gly Ser Arg Thr Ser Leu
5

Trp Leu Gln Glu Gly Ser

20 25

Phe Asp Asn Ala Met Gln

Arg Ay Leu @y Val

Al a Thr
Ala Asn Ala Ala Arg Il e

lie Asn Al a

7 2DEGI

Ile Ay

Ile Hs 20 25 30 Pro Arg Ser Ser Asn
Met

Ser
Phe Arg 50 55 60 Trp G n Ser
Leu Arg 65 70 75 80 du Ser

35 40 45 Asn Ala Al a Ser

Ser
Pro Cys
Ser Gn

Asp Ser Ay 85 90 95 Ala <210> 72

Leu
10
Ala

Leu

Leu
10
Ala

Leu

Leu
10
Ala

Leu

14

Leu
Phe

Trp

Leu
Phe

Trp

Leu
Phe

Trp

Ala

Pro

Leu

Ala

Pro

Leu

Ala

Pro

Leu

Phe
Thr

Arg

Phe
Thr

Arg
45

Phe
Thr

Pro

Gly

Ile
30
Asp

Gly

Ile
30
Ile

Gly

Ile
30
Gly

Leu
15
Pro

Leu
15
Pro

Leu
15
Pro

Leu Phe Ala Pro Gu dn Arg
Qt@fggc@ag Ser Cys Arg Gn lle His Pro Ay 20 25,30 Gy

Ala Ser Ala Arg Ay Thr val Qu

Leu

Leu

Leu

Leu

Leu

Leu

cobacterium vaccae 16 22 DEC 2003 <400> 72 lle
1510 15 Cys

35 40 45 1le

24



<211> 46 <212> PRT <213> Mycobacteri um vaccae <400> 73 Ille AI a Arg Leu Cys
Gy Lys Asp u Ala Val Ala Ala Leu Hs Tyr 1 5 10 15 Val Prg? y
GQu Lys Gn Asp Tyr Ile Asp Arg Ala Leu Arg 20 25 30 AsnIIe >;2 IE 2"{/@
Leu Pro Ala Qu Val Pro Ala Leu Val 35 40 45 <210> 74 <211> 87 <212> PRT
<213> Mycobacterium vaccae <400> 74 Asp Arg Gn Ala Ser Arg Thr Val Ser Qy
Val Pro Val Qu Ser Asn 1 5 10 15 Val Leu Ser Ala Gy Ile Arg Cys Arg Thr
Pro Thr Thr Arg Ala Val 20 25 30 Ala Ile Cys Leu Ala Thr Leu Ala Ser Arg
Ay Val Val Akzg Pro Gn 35 4Q¢45 Pro Ala Ay Asp Val Ala Arg Ala Ala Ala
Ala Ay Ser Pro Trp Pro 50 55 60 Val Arg Ser Val Ala Arg Pro Val Al a Val
Leu Arg Thr G19>PRrdo Pro 65 70 75 80 Pro Arg Arg Pro Ser Asp Thr 85 <210>
75 <211> 93<21k?ﬂ2> PRT <213> Mycobact eri um vaccae <400> 75 Asp Leu Val Al a
Arg Pro Arg § b rg Pro Val Arg Pro Ala Leu 1 5 10 15 H's H's Arg Val
Leu Pro Ay Ara \%’Fo “GE AR ‘(?aclca?/al Ala His Asp 20 25 30 Arg Gu Thr Val
Ala Al a Gy@0@>\éql Pro Ala Arg Hs Arg Arg Arg 35 40 45 Arg Pro Ay Asp
Pro G nArgiAhda Asp M3l p A §aAego Thly @y nBereryalie 50 55 60 17 .2 2 DEC 2003
1 5 10

<210> 65

<211> 32

<212> PRT

<213> Mycobacterium vaccae

<400> 65
val Arg Gln Tyr Pro Lys Leu Leu Arg Ala Lys Ala Asn Trp Glu Asp
1 5 10 15
Thr Trp Thr Phe Pro Ser Ile Glu Glu Lys His Arg Pro Arg Gly Ser
20 25 30

<210> 66

<211> 25

<212> PRT

<213> Mycobacterium vaccae

<400> 66
Val Ala Gly Pro Val Phe Arg Val Asn Leu Gly Arg Ala Ile Pro Ser
1 5 10 15
Arg Ala Ala Arg Ala Ala Glu Ile His
20 25

<210> &7

<211> 38

<212> PRT

<213> Mycobacterium vaccae

<400> &7
Ile Thr Gln Val Gly Arg Pro RAla Val Leu Phe Ala Pro Glu Gln Arg
1 5 io0 15
Cys Arg Arg Arg Ala Asp Gln Arg Ser Cys Arg Gln Tle His Pro Gly
20 25 30
Gly Gly Arg His Val Gln
35
<210> 68
<211> 11
<212> PRT

<213> Mycocbacterium vaccae

<400> 68
Ile Val Aia Ser Ala Arg Gly Thr Val Glu Ile
1 5 10
<210> 69

<211> 70
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Gy Ala Ala Arg Ala Qu Val Gy Hs Arg Arg Gy Ala Val Ala Pro 65 70 75
80 Ala Arg Gn Gy Arg Cys GQu Ser Arg Qu Asp Arg Asp 85 90 <210> 76
<211> 44 <212> PRT <213> Mycobacteri um vaccae <400> 76 Asp Pr@ @ DEBr0A a
Ay Leu Arg Val Qu Val Leu Ay Ala Gn Cs 1 5 10 15 Arg Arg Arg Asp Val
Val Ay Ala Gy Asp Ala Ala Ala Val Gy Val 20 25 30 Leu Gy Pro Gn Arg
Gn Hs Arg Ala Arg Ala Asp 35 40 <210> 77 <211> 59 <212> PRT <213>
Mycobact eri um vaccae <400> 77 Asp Gn Leu Ay Qu Pro Ay Ala Gn Gn Arg
Gn Arg Ay dis>Hirpg 1 5 10 15 Arg Asp Arg Arg Asp Val Pro Ala Gn Gn Arg
Pro Ala Val 441s>PRrhoocz{:t26ri3 vaAkac dy Pro Ay Pro Ala Asp Arg Val Gy Val
Asp Pro Ay Arg H's 35 40 45 Arg Arg Ala Arg Ay Gn Hs Gn Pro Arg Asp
50 55 <210> 89> 11> 39 <212> PRT <213> Artificial Sequence <220> <223>
Made i ntlg Phb2adds Fo fet Val é’rvh?lYGT%r 8&f TAPQlIPhY21SéF9 %6 Leu Leu Al a Phe
Il

: 1
T2 bk bt A% QPR AL B G B SRIAS e e T

Phe Pro Ser Ile Glu Glu Lys His Arg Pro Arg Gly Ser Val Ala Gly

35 40 45
Pro Val Phe Arg Val Asn Leu Gly Arg Ala Ile Pro Ser Arg Ala Ala
50 55 &0

Arg Ala Ala Glu Ile His
65 70

<210> 70

<211> 75

<212> PRT

<213> Mycobacterium vaccae

<400> 70
Ile Tyr Ser Thr Phe Ala Asp Arg Ala Tyr Pro Gly Gly Leu Thr Tyr
1 5 10 15
Ser Gly His Pro Leu Ala Thr Ala Cys Ala Val Ala Thr Ile Asn Ala
20 25 30
Met Glu Asp Glu Gly Met Val Ala Asn Ala Ala Arg Ile Gly Glu Gln
35 40 45
Val Leu Gly Pro Gly Leu Arg Asp Leu Ala Ala Arg His Arg Ser Val
50 55 60
Gly Glu Val Arg Gly Leu Gly Val Phe Trp Ala
&5 70 75
<210> 71
<211> 97
<212> PRT

<213> Mycobacterium vaccae

<400> 71
Ile Ser Ser Ala Leu Val Ala Ser Pro Pro Arg Ala Ala Ser Ser Ala
1 5 1c 15
Pro Ala Ser Ile Gly Leu Gly Pro Ser Gly Gln His Thr Ser Ile His
20 25 30
Pro Arg Ser Ser Asn Gly Ser Pro Thr Val His Ile Ser Gln Ser Met
35 40 45
Asn Ala Ala Ser Ser Gly Thr Ser Arg Arg Ser Ser Thr Leu Phe Arg
50 55 60
Trp Gln Ser Pro Cys Met Ile Pro Gly Ser Ala Ser Ser Gly Leu Arg
65 70 75 80
Glu Ser Ser Gln Ser Ala Ser Thr Cys Thr Asp Gly Asn Asp Ser Gly
85 90 85
Ala

<210> 72

<211> 45

<212> PRT

<213> Mycobacterium vaccae
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<211> 582 <212> PRT <213> Artificial Sequence <220> <223> Made in a |lab
18 2 2 DEC 2003 <400> 79 Met Ala Thr Ay Ser Arg Thr Ser Leu Leu Lelﬂpﬁtﬁ
Phe Gy Leu Leu 1 5 10 15 Cys Leu Pro Trp Leu Gn Qu dy SQ(ZADE Pro
Thr Ile Pro Gy 20 25 30 Ser Ile Tyr Ser Thr Phe Ala Asp Arg Ala Tyr Pro
Gy Gy Leu Thr 35 40 45 Tyr Ser Ay H's Pro Leu Ala Thr Ala Cys Al a Val
Ala Thr Ile Asn 50 55 60 Ala Met Qu Asp Gu Ay Met Val Ala Asn Ala Ala
Arg lle Ay Gu 65 70 75 80 Gn Val Leu Ay Pro Ay Leu Arg Asp Leu Ala
Ala Arg H's Arg Ser 85 90 95 Val Ay GQu Val Arg Gy Leu Gy Val Phe Trp
Ala Ay Ser 4sp>Pro0 100 105 110 u Arg Ala Gy Leu Arg Val GQu Val Leu
Ay A all@ fhOpdn Atag FrvgArd Poe 1260 125LeArge Asp Mal cMalcidargAla Ay Asp Al a
Ala AlaNal Ay Val L'eu Gy 130 135 140 Pro Gn Argl@n Hs Arg Ala Arg

Al a Asp-i§ 9rgS§‘F9%ﬁ ANrg ey ﬁlw%gséﬁcl%@riﬁnlm HigerPr%rﬁijhr Val Ser Gy
Val Pro..val., d I n;Val, Ley L Ala, 165 170 1 y..lle Arg Cys Arg
Thr Pr 0G1¥h!r;1¥l'é‘gg rS %ﬁaG{?alﬂiﬁ}%ll I'e g/sA%aé%’rglﬁd %%%V%éﬂﬂl a Thr Leu Al a

Ser Argridy Val vVal Ala Pro Gn Pro Ala Gy Asp 195 200 205 Val Ala Arg
Ala Ala Ala Ala Gy Ser Pro Trp Pro Val Arg Ser Val 210 215 220 Al a Arg
Pro Val Ala Val Leu Arg Thr Ay Pro Pro Pro Arg Arg Pro 225 230 235 240
Ser Asp Thr @9>Sér Asp Gn Leu Ay Gu Pro Ay Ala Gn Gn Arg 245 250 255
Gn Arg Gyj22)]{ ilﬁf& Arg Asp Arg Arg Asp Val Pro Ala Gri Gn Arg 260 265

270 <213> Myccbacterium vaccae
<400> 73
Ile Ala Arg Leu Cys Gly Lys Asp Glu Ala Val Ala Ala Leu His Tyr
1 5 10 15
Val Ala Pro Val Gly Glu Lys Gin Asp Tyr Ile Asp Arg Ala Leu Arg
20 25 30
Asn TIle Gly Pro Tyr Leu Pro Ala Glu Val Pro Ala Leu Val
35 40 45
<210> 74
<211> 87
<212> PRT

<213> Mycobacterium vaccae

<400> 74
Asp Arg Gln Ala Ser Arg Thr Val Ser Gly Val Pro Val Glu Ser Asn

Val Leu Ser Ala Gly Ile Arg Cys Arg Thr Pro Thr Thr Arg Ala Val
20 25 30
Ala Ile Cys Leu Ala Thr Leu Ala Ser Arg Gly Val Val Ala Pro Gln
35 40 45
Pro Ala Gly Asp Val Ala Arg Ala Ala Ala Ala Gly Ser Pro Trp Pro
50 55 60
Val Arg Ser Val Ala Arg Pro Val Ala Val Leu Arg Thr Gly Fro Pro
65 70 75 80
Pro Arg Arg Pro Ser Asp Thr
85

<210> 75

<211> 93

<212> PRT

<213> Mycobacterium vaccae

<4Q00> 75
Asp Leu Val Ala Arg Pro Arg Asp Leu Arg Pro Val Arg Pro Ala Leu
1 5 i0 15
His His Arg Val Leu Pro Gly Ala Val Arg Gln Val val Ala His Asp
20 25 30
Arg Glu Thr Val Ala Ala Gly Gln Val Pro Ala Arg His Arg Arg Arg
35 40 45
Arg Pro Gly Asp Pro Gln Arg Ala Asp Val Arg Arg Thr Gly Ser Val
50 55 60
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Pro
285
295
305
Thr
I'le
Ser
Ser
Cys
Val

Arg

Thr
Al a
480
490
500
515
H s
Leu
Ile

Ala Val Hs Pro Ala Ay Pro Ay Pro Ala Asp Arg Val Ay Val 275 280
Asp Pro Ay Arg Hs Arg Arg Ala Arg Ay Gn Hs Gn Pro Ar Aﬁg éz[ﬁ]
300 Ay Ser Ile Ser Ser Ala Leu Val Ala Ser Pro Pro Arg Al'g C 3
310 315 320 Ser Ala Pro Ala Ser Ile Ay Leu Ay Pro Ser Ay Gn His
Ser 325 330 335 Ile H's Pro Arg Ser Ser Asn Gy Ser Pro Thr Val Hi s
Ser Gn 340 345 350 Ser Met Asn Ala Ala Ser Ser Ay Thr Ser Arg Arg
Ser Thr Leu 355 360 365 Phe Arg Trp G n Ser Pro Cys Met Ile Pro Gy
Al aciSekr1-5el = Gry IleOGﬁi75aB&:Q Ik—le.suAA_f gr&]diysglr %!‘Agl keser Ala Ser Thr
ThretAsp Ay Asn Asp70 385 390 395 4005 Her Ay Ala Ggy Ser Ile Thr G n
G ywlAr grPGon Ala Afgl CreglPlierddy 400244 SirgMs Pro Gu G n Arg Cys Arg
Arg Ala Asp Gn % g Ser Cys Arg 9420 425 430 An lle His Pro Ay dy
Arg H's \é!) nlle Val Ala Ser Ala 435 440 445 19 22DEC21'3 Arg Gy
Val GQu a4y Ser Ile Ala Arg Leu Cys Gy Lys Asp 450 455 460 QG u
Val Al a gﬂ;;@@ Hs Tyr Val Ala Pro Val Ay GQu Lys An 465 470 475
Asp Tyr<obbe vASEhAEgridhavdede Arg Asn Ile Ay Pro Tyr Leu Pro Ala 485
495 du Val Pro Ala Leu Val Ay Ser Ile Ala Ala Thr Gy Pro Val Pro
505 510 @Py>Thr Ala Trp Ile Val Arg A n Tyr Pro Lys Leu Leu Arg Ala Lys
5205525 ° %AAgnz‘l”Fr%lyGLﬁ“ Asp VPHrGIPr Eall'ﬁiﬁuliﬁé FraoGBelcyfle A u Gu Lys

530,53 A Prol¥%al Phe Arg Val Asn
GS’“Q gﬁ% %JagGga %%@gzk? ‘§ | & L%a alp pﬂ% ﬁ&l '8 'Arg Ala Ala G u
H se@ 1Sefo %@5 B240:570is - p!ﬂ'aSAﬂd' g14das,H s H's 580

35 40

<210> 77

<211> 59

<212> PRT

<213> Mycobacterium vaccae

<4Q0> 77
Asp Gln Leu Gly Glu Pro Gly Ala Gln Gln Arg Gln Arg Gly Lys His
1 5 10 15
Arg Asp Arg Arg Asp Val Pro Ala Gln Gln Arg Pro Ala Val His Pro
20 25 30
Ala Gly Pro Gly Pro Rla Asp Arg Val Gly Val Asp Pro Gly Arg His
35 40 45
Arg Arg Ala Arg Gly Gln His Gln Pro Arg Asp
50 55
<210> 78
<211> 3%
<212> PRT

<213> Artificial Sequence

<220>
<223> Made in a lab

<400> 78
Met Ala Thr Gly Ser Arg Thr Ser Leu Leu Leu Ala Phe Gly Leu Leu
1 5 10 15
Cys Leu Pro Trp Leu Gln Glu Gly Ser Ala Phe Pro Thr Ile Pro Gly
20 25 30
Ser His His His His His His
35
<210> 79
<211> 582
<212> PRT

<213> Artificial Sequence

<220>
<223> Made in a lab

18



<210> 80 <211> 582 <212> PRT <213> Artificial Sequence <220> <223> I\/ade
in alab <400> 80 Met Ala Thr Gy Ser Arg Thr Ser Leu Leu Leu Al a Phe ay
Leu Leu 15 10 15 Cys Leu Pro Trp Leu Gdn QQu Gy Ser Al a Phé Pl ErEbld | e
Pro Gy 20 25 30 Ser Ile Tyr Ser Thr Phe Ala Asp Arg Ala Tyr Pro Ay Gy
Leu Thr 35 40 45 Tyr Ser Gy H's Pro Leu Ala Thr Ala Cys Ala Val Ala Thr
Ile Asn 50 55 60 Ala Met Qu Asp Gu Ay Met Val Ala Asn Ala Ala Arg Il e
Gy u 6570 75 80 dn Val Leu Ay Pro Ay Leu Arg Asp Leu Ala Ala Arg
Hs Arg Ser 8309095 Val Gy GQu Val Arg Ay Leu Gy Val Phe Trp Ala Gy
Ser || eMéBerla 100 cl@5sel]BrSehr Alea LeurMallcAlzaaSefe Bro 1PhasArg Ala Ala Ser
Ser AlalPro Ala 115 3120 125 Ser |1&dy Leu Gy PrasSer Ay Gn H's Thr
Ser || e“4 %e‘PrpéoﬁFrr@ 40 GY3 51 4G Y @éfr ASErPh%sEPFOG“V ésgr PPp #1Thr Val His lle
Ser Se 50 455 er Thr Ser Arg Arg
Ser Ser e‘Irhgl § %r ﬁlr 9 1F ﬁ?}kspl ﬁ%gi?gro Y Pt Ly T¥‘K/Et Ille Pro Ay
Ser Al al‘ygeEeLS%E_y @iy ﬂi-L%ULA( glgﬂrgﬁra cd8Q:185:19Q ser ;d nper Ala Ser Thr
Cys Thr AspoG@y Asn Asp Sers@y Ala Ay 19 200 205 Ser Asp Arg G n Al a
Ser Ar gpTBhMeiValu Sep @uycMakMePriai\fEla G aBern12180g216: 220 ciAsn Val Leu Ser
Ala Ayédle Arg Cys Arg70I'hr Pro Thr Thr 7Arg Ala 20 22 DEC 20M 225 230 235
240 VAPTAYH Efe ceGLYAlE" THE J‘LS@uLw &lséiafg G%/Avalse\”/al Al a Pro 245

250 ZS%al%ﬂ( 8519 VAE_aA é{lyAiQu \é’ill \Al Phe Al]-&a%ly éé a; l aP Gy Ser Pro Trp

100 105 110
Glu Arg Ala Gly Leu Arg Val Glu Val Leu Gly Ala Gln Cys Arg Arg
115 120 125
Arg Asp Val Val Gly Ala Gly Asp Ala Ala Ala Val Gly Val Leu Gly
130 135 140
Pro Gln Arg Gln His Arg Ala Arg Ala Asp Gly Ser Asp Arg Gln Ala
145 150 155 160
Ser Arg Thr Val Ser Gly Val Pro Val Glu Ser Asn Val Leu Ser Ala
165 170 175
Gly Tle Arg Cys Arg Thr Pro Thr Thr Arg Ala Val Ala Ile Cys Leu
180 185 190
Ala Thr Leu Ala Ser Arg Gly Val Val Ala Pro Gln Pro Ala Gly Asp
195 200 205
Val Ala Arg Ala Ala BAla Ala Gly Ser Pro Trp Pro Val Arg Ser Val
210 215 220
Ala Arg Pro Val Ala Val Leu Arg Thr Gly Pro Pro Pro Arg Arg Pro
225 230 235 240
Ser Asp Thr Gly Ser Asp Gln Leu Gly Glu Pro Gly Ala Gln Gln Arg
245 250 255
Gln Arg Gly Lys His Arg Asp Arg Arg Asp Val Prc Ala Gln Gln Arg
260 265 270
Pro Ala Val His Pro Ala Gly Pro Gly Pro Rla Asp Arg Val Gly Val
275 280 285
Asp Pro Gly Arg His Arg Arg Ala Arg Gly Gln His Gln Pro Arg Asp
250 295 300
Giy Ser Ile Ser Ser Ala Leu Val Ala Ser Pro Pro Arg Ala Ala Ser
305 310 315 320
Ser Ala Pro Ala Ser Ile Gly Leu Gly Pro Ser Gly Gln His Thr Ser
325 330 335
Ile His Pro Arg Ser Ser Asn Gly Ser Pro Thr Val His Ile Ser Gln
340 345 350
Ser Met Asn Ala Ala Ser Ser Gly Thr Ser Arg Arg Ser Ser Thr Leu
355 360 365
FPhe Arg Trp Gln Ser Pro Cys Met Ile Pro Gly Ser Ala Ser Ser Gly
370 375 380
Leu Arg Glu Ser Ser Gln Ser Ala Ser Thr Cys Thr Asp Gly Asn Asp
385 390 395 400
Ser Gly Ala Gly Ser Ile Thr Gln Val Gly Arg Pro Ala Val Leu Phe
405 410 415
Ala Pro Glu Gln Arg Cys Arg Arg Arg Ala Asp Gln Arg Ser Cys Arg
420 425 430
Gln Ile His Pro Gly Gly Gly Arg His Val Gln Ile Val Ala Ser ala
435 440 445
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265 270 Pro Val Arg Ser Val Ala Arg Pro Val Ala Val Leu Arg Thr Ay Pro
280 285 Pro Pro Arg Arg Pro Ser Asp Thr Ay Ser Asp G n Leu G%EKE\;?S%
290 295 300 Ay Ala Gn Gn Arg Gn Arg Gy Lys His Arg Asfl &r r
Val 305 310 315 320 Pro Ala Gn Gn Arg Pro Ala Val H's Pro Ala Ay
Ay Pro Ala 325 330 335 Asp Arg Val Gy Val Asp Pro Ay Arg H's Arg
Ala Arg Gy Gn 340 345 350 Hs Gn Pro Arg Asp Ay Ser Ile Thr Gn
Gy Arg Pro Ala Val 355 360 365 Leu Phe Ala Pro Gu Gn Arg Cys Arg
Ar gard a1 ATpr Gan &g 16er613 74375 380 Ar%u%ﬁ @._\,n LR/L Q%slﬁ" s Pro dy Qy
Arg H g5%al Gn Ile ValssAla 385 390 3950400 Ser Ala Arg Gy Thr Va
|| e51@ Hlsepl 1le Maaldy ditdlyrOpsl &y P405241@y4¢5: Tkyss1Asp G u Al a Val
Al a*%eu H.s Tyr Val “Ma Pro Val dyi@u 420 425 4308Rys G n Asp Tyr
Asp R §VARAS LEE AR IR IES %‘30 ¥y rPrpeli - &%ggﬂdﬂMS 6(I;’r oLAI aAGI u
Pr L r P Al 455 4 eu Arg
a %lﬁa?all_ggoé%é N%V%?ﬁl@gréﬁ régJAﬁ“rF thﬁs%Y%fg Val *'#65 470 475 480
Al 61 yhAsp= Alra AleavAl aryalinGy Val Lheu.ed deuPie; @ o :Asg G n 485 490 495
Arg Ala AsgsAla Asp Ay Serolle Ala Ala Thi2sG@y Pro Val Pro 500 505
G yFhEsAlrae Tip AdreTVA Ty r Ghe Fya SPr dleydul e Lew HAsg Al a Lys 515
525 A%?JAan;rp Gu A§§5Thr Trp Thr PPé°Pro Ser Ile Gu GQu Lys His
535,540 ° AFg Yo A PE Y Sev RA8l arayIprg 4 "Ph§IArg Val Asn Leu

S45o5RM 555 560e AR A2 shLeBr 0 SeT. Avg Alay &%{é\ffgﬂ a AaGulle
Ay Ser 565 570 %65 His H's H'ssHs Hs H's 5805 > 81

His His His His His His
580

<210> 80

<Z11> 582

<212> PRT

<213> Artificial Sequence

<220>
<223> Made in a lab

<400> 80
Met Ala Thr Gly Ser Arg Thr Ser Leu Leu Leu Ala Phe Gly Leu Leu

Cys Leu Pro Trp Leu Gln Glu Gly Ser Ala Phe Pro Thr Ile Pro Gly
20 25 30
Ser Ile Tyr Ser Thr Phe Ala Asp Arg Ala Tyr Pro Gly Gly Leu Thr
35 40 45
Tyr Ser Giy His Pro Leu Ala Thr Ala Cys Ala Val Ala Thr Ile Asn
50 55 60
Ala Met Glu Asp Glu Gly Met Val Ala Asn Ala Ala Arg Ile Gly Glu
65 70 75 80
Gln Val Leu Gly Pro Gly Leu Arg Asp Leu Ala Ala Arg His Arg Ser
85 90 95
Val Gly Glu Val Arg Gly Leu Gly Val Phe Trp Ala Gly Ser Ile Ser
10¢ 105 110
Ser Ala Leu Val Ala Ser Pro Pro Arg Ala Ala Ser Ser Ala Pro Ala
115 120 125
Ser Ile Gly Leu Gly Pro Ser Gly GIn His Thr Ser Ile His Pro Arg
130 135 140
Ser Ser Asn Gly Ser Pro Thr Val His Ile Ser Gln Ser Met Asn Ala
145 150 155 160
Ala Ser Ser Gly Thr Ser Arg Arg Ser Ser Thr Leu Phe Arg Trp Gln
165 170 175
Ser Pro Cys Met Ile Pro Gly Ser Ala Ser Ser Gly Leu Arg Glu Ser
180 185 190
Ser Gln Ser Ala Ser Thr Cys Thr Asp Gly Asn Asp Ser Gly Ala Gly
195 200 205
Ser Asp Arg Gln Ala Ser Arg Thr Val Ser Gly Val Pro Val Glu Ser
210 215 220
Asn Val Leu Ser Ala Gly Tle Arg Cys Arg Thr Pro Thr Thr Arg Ala
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<211> 582 <212> PRT <213> Artificial Sequence <220> <223> Made in a |lab
<400> 81 Met Ala Thr Gy Ser Arg Thr Ser Leu Leu Leu Ala Phe Ay Leu Leu
5 10 15 21 .22 DEC 2003 Cys Leu Pro Trp Leu Gn Gu Ay Ser Al a ph Dtb 26h

Ile
Ay
Thr
Ile

Pro Gy 20 25 30 Ser Ile Tyr Ser Thr Phe Ala Asp Arg Ala Tyr Pro Ay
Leu Thr 35 40 45 Tyr Ser Ay H's Pro Leu Ala Thr Ala Cys Ala Val Al a
Ile Asn 50 55 60 Ala Met GQu Asp AQu Gy Met Val Ala Asn Ala Ala Arg
Gy u 65 70 75 80 Gn Val Leu Ay Pro Ay Leu Arg Asp Leu Ala Al a
Hisz%rg Ser 85 90 9% Val Gy Gu VaksArg Ay Leu GygVal Phe Trp Al a
SerVaAsplrige CHBOLOBIA TOr KSEuUAIAr geAlrag @ly tauvdr gi¥adro@ u Val Leu Gy
G n_Cys Aré&aArg A5 120 125 Arg2Msp Val Val Ay2hba Ay Asp Ala Al a

Val 8@ §=/Af2 1By ¥Ry Vel 3h2 Iy ﬁ{%ofﬂffr dlamafly ;@@PW Srarg Ala Arg A!A\a
a er, | r 45 0 15 0 eu | .Ala Ser Pro Pro Arg
Al gprée?alségg A%% a reloA% %r%ié’rggl ?ae %%%%T%g“ ef#gg GYELed™®y Pro Ser Ay

Hi sprbhersS@kg lArg HicSsE¥ QsN1@GrSelfy SeF Asﬂ»&gnlﬁﬁ 380 Fy Ser Pro Thr
Hs IlesSer Gn Ser Mets#Asn Ala Al a Ser3ppl95 200 205 Ser dy Thr Ser
Ar (fiSeplE6in Hin AmmuGPherAr Gy Ty En28erAsPrirg246y 23h va20 Cys Met Ile
Ay3%Ser. Ala Ser Ser3@y Leu Arg Gu3Ser Ser Gn 2232230 235 240 Ser
SerPEPhit OfS TP 288pFa Yadnt AdS G A FLAI OGPy 86 MA3p 245 250 255

Lel’hsg XrgGVHl %19 lyAé% %roGdiycil% sgA% r}&rér]g.a%yg gg’% G'ﬂls Arg 260 265

340 345 350
His Gln Pro Arg Asp Gly Ser Ile Thr Gin Val Gly Arg Pro Ala Val
355 _ 360 365
Leu Phe Ala Pro Glu Gln Arg Cys Arg Arg Arg Ala Asp Gln Arg Ser
370 375 380
Cys Arg Gln Iie His Pro Gly Gly Gly Arg His Val Gln Ile Val Ala
385 390 395 400
Ser Ala Arg Gly Thr Val Glu Ile Gly Ser Ile Ala Arg Leu Cys Gly
405 410 415
Lys Asp Glu Ala Val Ala Ala Leu His Tyr Val Ala Pro Val Gly Glu
420 425 430
Lys Gln Asp Tyr Tle Asp Arg Ala Leu Arg Asn Ile Gly Pro Tyr Leu
435 440 445
Pro Ala Glu Val Pro Ala Leu Val Gly Ser Asp Pro Glu Arg Ala Gly
450 455 460
Leu Arg Val Glu Val Leu Gly Ala Gln Cys Arg Arg Arg Asp vVal Vval
265 470 475 480
Gly Ala Gly Asp Ala Ala Ala Val Gly Val Leu Gly Pro Gln Arg Gln
485 4590 495
His Arg Ala Arg Ala Asp Gly Ser Ile Ala Ala Thr Gly Pro Val Pro
500 505 510
Gly Thr Ala Trp Tle Val Arg Gln Tyr Pro Lys Leu Leu Arg Ala Lys
515 520 525
Ala Asn Trp Glu Asp Thr Trp Thr Phe Pro Ser Ile Glu Glu Lys His
530 535 540
Arg Pro Arg Gly Ser Val Ala Gly Pro Val Phe Arg Val Asn Leu Gly
545 550 555 560
Arg Ala Ile Pro Ser Arg Ala Ala Arg Ala Ala Glu Ile His Gly Ser
565 570 575
His His His His His His
580

<210> 81

<211> 582

<212> PRT

<213> Artificial Sequence

<220>
<223> Made in a lab

<400> 81

Met Ala Thr Gly Ser Arg Thr Ser Leu Leu Leu Ala Phe Gly Leu Leu
1 5 10 15
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Asp Arg Arg Asp Val Pro Ala Gn Gn Arg Pro Ala Val Hs Pro Ala 275 280

285 Ay Pro Ay Pro Ala Asp Arg Val Ay Val Asp Pro Ay Arg t I
295 300y Arg Ala Arg Ay Gn Hs Gn Pro Arg Asp Gy Ser Asp ﬁ?@@i@g
305 310 315 320 Ser Arg Thr Val Ser Ay Val Pro Val Gu Ser Asn Val Leu
Ser Ala 325 330 335 dy Ile Arg Cys Arg Thr Pro Thr Thr Arg Ala Val A a
Ile Cys Leu 340 345 350 Ala Thr Leu Ala Ser Arg Ay Val Vval Ala Pro G n
Pro Ala Gy Asp 355 360 365 Val Ala Arg Ala Ala Ala Ala Ay Ser Pro Trp
Pro Val c/Ar geSeto Vale 84068751380y Aari gnPriacVal- AlaValegibeu Arg Thr Gy
Pro Pro Pro Arg Ai%g Pro 385 390 395 400 Ser Asps3dhr Gy Ser Ile Thr Gn
Val GI yS%GEr gl Plgr Alea Y PE%@lPh@P% 319 41 ProMley ProLe€hrh@ n Arg Cys Arg
Arg Arg, QA%?gnAg N é}ré]?a 42014251435()GnlleH|s Pro Ay Gy
dy Arg i & varya'i 114 L%IA AR AratlazBlie Jas5 1lag Ay Thr val Qu

e @ Al%efﬁed |G@u'9’!s &NPs %e%IQA% lﬁré/é Aﬁg%lQSIQr 4 J5 0 Fu Ala val Aa
Al a Leﬁsle s Tyr Val A mgo Val Ay Qu-kys ngzg 2 g I%& 2093 465 470 475
480 AspinTyzl ke AsprAr ghlLau ley z&rngAsmlJalpeaCiz)g Proafyrsckeu Pro Ala 485
490 495 Gu Val ProdAla Leu Val dy9®er Ile Ala AlasThr Ay Pro Val Pro
500 5053181 3GEym 1Vﬁ|1 %gaGhsr éellll&}Y\Iéﬁl Nreg Te R1TYFlvPPer Bys Hreu Leu Arg Ala Lys

515 520 nL }ﬂi Thr_Phe ﬂ'(bASerA lle Gu Qu Lys
H's 530° %%?{) AVg gAr % WAt Gy ProtVaPTPhe Arg Val Asn
Leu G yarg545 550 @55@1@6% eig 2Abanil IglaPﬁQa 9er ALGyA eegﬁy” g Ala Ala Gu
Ile Hs dy3Ser 565 570 57935 His H's H s HigoH < Hs
Pro Gln Arg Gln His Ary Ala Arg Ala Asp Gly Ser Ile Ser Ser Ala
145 150 155 160
L.eu Val Ala Ser Pro Pro Arg Ala Ala Ser Ser &la Pro Ala Ser Ile
165 170 175
Gly Leu Gly Pro Ser Gly Gln His Thr Ser Ile His Pro Arg Ser Ser
180 185 150
Asn Gly Ser Pro Thr Val His Ile Ser Gln Ser Met Asn Ala Ala Ser
195 200 205
Ser Gly Thr Ser Arg Arg Ser Ser Thr Leu Phe Arg Trp GlIn Ser Pro
210 215 220
Cys Met Ile Pro Gly Ser Ala Ser Ser Gly Leu Arg Glu Ser Ser Gln
225 230 235 240
Ser Ala Ser Thr Cys Thr Asp Gly Asn Asp Ser Gly Ala Gly Ser Asp
245 250 255
Gln Leu Gly Glu Pro Gly Ala Gln Gln Arg Gln Arg Gly Lys His Arg
260 265 270
Asp Arg Arg Asp Val Pro Ala Gin Gln Arg Pro Ala Val His Pro Ala
275 28Q 285
Gly Pro Gly Pro Ala Asp Arg Val Gly Val Asp Pro Gly Arg His Arg
290 295 300
Arg Ala Arg Gly Gln His Gln Pro Arg Asp Gly Ser Asp Arg Gln Ala
305 310 315 320
Ser Arg Thr Val Ser Gly Val Pro Val Glu Ser Asn Val Leu Ser Ala
325 330 335
Gly Ile Arg Cys Ary Thr Pro Thr Thr Arg Ala Val Ala Ile Cys Leu
340 345 350
Ala Thr Leu Ala Ser Arg Gly Val Val Ala Pro Gln Pro Ala Gly Asp
355 360 365
Val Ala Arg Ala Ala Ala Ala Gly Ser Pro Trp Pro Val Arg Ser Val
370 375 380
Ala Arg Pro Val Ala Val Leu Arg Thr Gly Pro Pro Pro Arg Arg Pro
385 390 395 400
Ser Asp Thr Gly Ser Ile Thr Gln Val Gly Arg Pro Ala Val Leu Phe
405 410 415
Ala Pro Glu Gln Arg Cys Arg Arg Arg Ala Asp Gln Arg Ser Cys Arg
420 425 430
Gln Tle His Pro Gly Gly Gly Arg His Val Gln Ile Val Ala Ser Ala
435 440 445
Arg Gly Thr Val Glu Ile Gly Ser Ile Ala Arg Leu Cys Gly Lys Asp
450 455 450
Glu Ala Val Ala Ala Leu His Tyr Val Ala Pro Val Gly Glu Lys Glin
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465
Asp

Glu
Gly
Ala
Arg
545

Arg

His

Tyr
Val
Thr
Asn
530
Pra

Ala

His

Tile
Pro
Ala
515
Trp
Arg

Ile

His

Asp
Ala
500
Trp
Glu
Gly

Pro

His
580

Arg
485
Len
Tle
Asp
Ser
Ser

565
His

470
Ala

Val
Val
Thr
Val
550
Arg

His

Leu
Gly
Arg
Trp
535
Ala

Ala

Arg
Ser
Gln
520
Thr
Gly

Ala

Asn
Tle
505
Tyr
Phe

Pro

Arg

Ile
490
Ala
Pro
Pro

Val

Ala
570

23

475
Gly

Ala
Lys
Ser
Phe

555
Ala

Pro
Thr
Leu
Iie
540
Arg

Glu

Tyr
Gly
Leu
525
Glu
Val

Tle

Leu
Pro
510
Arg
Glu

Asn

His

Pro
495
Val
Ala
Lys

Leu

Gly
575

480
Ala

Pro
Lys
His
Gly

560
Ser

2 2 DEC 2003



