3 1 DEC 2003 WO 01/ 04344 PCT/ US00/ 18828 | NDUCTI ON OF A TH1- LI KE RESPO\ISEF.C IZB{B
VI TRO Cross Reference to Rel ated Applications This application cladns y
priority fromU. S. Provisional Application No. 501143,757, filed July 8,
1999. The content of this application is incorporated herein by reference
inits entirety. Field the I nvention The inventi relates to fusion
prot ei ns and net hods of imulating a Thl- 10 |ike ‘sponse in vitro.

Backgr ound ytes can generally be divided into two Cl?csﬁl?s% d
upon expr ess&é)(’%ﬁ%e CD4 and CD8 antigens. The inmune response rre%g@gd
by CD4- T cells is 15 restricted by class H major histoconpatibility

conpl ex (MHC) nol ecul es. IRDAICTIONaF A THISDIKK RESPOGNSHANIEITRO

| ynphocytes, carry out their hel per functions via the secretion of

| ynphoki nes. The i mmune response nediated by CD8+ T cells is restricted by
class | MHC nol ecul es. CD8+ T G8l.LSRefleiRe kRN HeRADBHERIREI € T | ynphocytes
(CTLs), carry out cell nediat ed—cyiofm—crry—a'ng—%gg'o—mete sone 20

| ynphoki nes upon actThigtpglivatifiDdiainds prédrity franUiSe Plavigitresl Agiplicaliod i nto Thl

O B 803 o S e o

(TNF) - bet a, thq,teregﬁg,w@fepmg@“ﬂg@gﬁ ed ity. Th2 cells provide help for
hunoral i nmmunity by Secreting | ynphokines that 25 stinulate B cells, such

as |L-4 and IL-5. Antigenic stimuli that activate either the Thl or Th2
pat hway can inhibit the devel opnent o{:.emeE ﬁ%ﬂ%r'ﬁ For exanpl e, |IFNgamma
produced by a stinulated Thl cell can rmation of Th2 cells,
and |L-4 produced by gFheiivetiied ffatdd¥d fasibh pieind aidihéthodd o stiilaling @ITmE
Thl cells. Certain disease conditions, such as cancer, allergy, and
parasitic iHf edlEaRPONEH 8 ViTB® characterized by a predom nantly Th2
response. Under certain circunstances, the induction of the Thl response,

typified by the production of |IFN-gamma, nay aneliorate these conditions.
A DEC NO WO 01/ 04344 PCT/ US00/ 18828 SunmBaeskgpfunihe | nventi on The invention

is based on the dis ery that a cell ,sanpl.e.cantaini nai ve, | ynphocytes
can Do stimil ated i o oimgeres el iperay SRRt B et ol RSO e
i nvention feat yraf @IRL CPMiGehe  The initBudieipifde Medibel 8 CD4 Deelslls
stinmulates a Thl-1ike response by: (a) providing a cell | e cont ai ni ng
i)

nai ve | ynptfocyestacted by clasotl majgr histgoempatibility complex Wﬁ%ﬁ eclps- R (

a heat shock pr i ) h ﬁﬁ&é“ h&_ﬁg - j Vdiyao acid
residues in Ier‘fgl{lﬁ?ﬁf)i}é]e tagﬂ%lp?sféﬁﬂ et rég1 og &&t%%}l?%g%%l gg% | east

ei ght ami no acisd;retjémi'oiﬂgmphuldhmgﬂ_mi_n(ml)neaasnoametmmﬁamdby Q28+ Tseltgibe with
stimulates & TretmueEby cbRMEC ReIRE R ol S B I Tes ar e
| ynphocytes th %ﬂ%&?«d@@t’[‘h@ﬁ Barey B@sRl thediitB® ctotskRity afd als6 séeréte Boré VO Of
invitro) prior to their use in a nethod the invention. An "Hsp" is a
pohypept i d&Gcognphakagpsapon aglivplieRce that is at |east 40%identical to that

of- a protein CD4+ T cells can be further divided into Thl and Th2 subsets. Thl cells
participate in celi mediated immunity by producing lymphokines, such as interferon
(IFN)-gamma and tumor necrosis factor (TNF)-beta, that activate cell mediated

immunity. Th2 cells provide help for humoral immunity by secreting lymphokines that
25 stimulate B cells, such as IL-4 and IL-5. Antigenic stimuli that activate either the Thl
or Th2 pathway can inhibit the development of the other. For example, IFN-gamma
produced by a stimulated Th1 cell can inhibit the formation of Th2 cells, and IL-4
produced by a stimulated Th2 cell can inhibit the formation of Th1 celis.
. Certain disease conditions, such as cancer, allergy, and parasitic infections, are
30 characterized by a predominantlty Th2 response. Under certain circumstances, the
induction of the Th1 response, typified by the production of IFN-gamma, may

ameliorate these conditions.
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whose expression is induced or enhanced in a cell exposed to stress, e.g.,
heat shock. A 15 "fusion protein” is a non-naturally occurring pol ?ﬁ)ﬁpﬁt@e’mﬂ}
containing am no acid sequences derived fromat |east two differe

proteins. The Hsp used in the nethod can be selected fromthe group
consisting of Hsp65, Hsp40, Hs , Hsp60, and Hsp7l1l. Addi ’;nally, t he
fusion protein can contain theull am no acid sequence o ny of Hsp65,
Hsp40, HsplO, wdsg@@@34dor Hsp71l. In 20 sonme enbodi nents, the fusipgrasoeige
contains a fragnent of an Hsp, e.g., am no acids 1-200 of Hsp65 of

Mycobact eri um bovis. The heterol ogougﬁool ggeﬁti ge can contain a sequence
identical to at | east e consecutive s it nt a protein of a human
pat hogen, e.d., aJ4jliHs if bdskd 8n B ovaASIRE! [WeT-Torue es of
Viruses | noi ude horeifventdn is besed 8n thedikiovy it a%’é?%%‘?‘ﬁ%i%-ﬁé‘xﬁ%?ﬁ% (HSV) |

hepatitis B \ympisooytdS\dan besmniatedsn @it touschibit@/Ih1-liketespagel ovi rus (CW),
Epstein-Barr virus, (EB ipnfluenza yirus, neasles.virys, a humgn .

i munodef i ci ency \ﬁ‘?(cﬁgd\{%‘ﬂp’\ﬁ?’fe é?fb%leé{“ﬁs(fgrﬂﬁtgf"&f%m E3APHPH an
HPV E6 ants ggfotei-stimuldieya TR Hke r@BoltidR\byE (2)352bVidR8 a Rl Sampldbnidnikd galQE a

fragment of “any of these antigens that is at |east eight amno acrTd
resi dues in Mhanphdeytesan pifray o regedisga fusine prafein gentpiningdjia beat shadkprotein

Mycobact eri um,bqvi s EFV 7. dhe .cell. sampl e. used, i.n the
et hods. of 't RAHDG & draehers itmeof Aot ekt oing et 6o TR Fpde B0 ailp o
node, peri phaet@tolbdcieholypepidewmi¢ast\cightwiitis acill veiiues sRhitht () Yomta&ig (803
WO 01/ 04344 PCT/ USQO/ 18828 tract, or anogenital -nucosa. |In preferre

enbodi ment s, c¢lheamplf mathiihe fusignprateyn; #ad &) detepmping,whetherdhe fusiqmprotein

sti mul at iygn |-l 1K l%gxg&g daterm ned by detecting the

pr esencelgf a élr?p%c?kilﬂn]eﬁ%%o ucegﬁ]bgle?ﬁlzgaée {: sanple, e.g. |IFN-gamma or
TNF-beta. 5 | n ofiNaivetipupheytes” medymphdnytes dhat bavardt beers exposed tocths figdon (e)
provi ding a second. cel | S“aqzﬁlrj congqe]l' ni ng nai ve I% hocyt es; )‘&L‘b{cgnt acting-
the second cBIOfeIR Lditve ongnpira) PUCE I el 1S 10 rihpd 6. nuefiiony ®r & %i ng
whet her the saigpefide\eohsisting ciatieGuentt itisat Rast0¥hidehiiéd 16 BRPONSProtdin t he
second cell sanple. In this exanple, the first fusion protein contains the
sequence of Whess expressignis induged:osienbansed i 4 ¢allexpesed to siesshe g beashonkd A

fusi on pgeteid,. LS ; A5 hrafil ] ' B e n.all of the
sequencerlgf aﬂﬁgﬁt%(gk yi%%:%{’}?rl ng k&géurﬁﬁbgﬂ él(raaé'gpec ,Q%H]érl&?dﬁb@nti on

f eat ures a neighettestiervaddfeomn ayleast dwapifiierent ipyoteing.a) provi ding a cell sanpl e

Cont ot ng (75" EASTBBPSUAE ok B Bl e i ot E5heas ¢ 1
residues in jgsus! Hspi(},'%ﬁ?l@,ﬂe{r;]%b)anﬂ Hei7er Ndﬁﬂﬁﬁﬁlﬂ%é’ﬁ?ﬁ??@tleﬂ{ cdn%ﬁﬁi{aggi ght

am no acid resiaues in [ength; (c) contacting the ce nple wt
conpound andthe fiall smisogasid seapensef any af Heno5«HspdOatise HYy Hop0rerHspdd. &el |
sanpl e exhi bj Nk F&ﬁ% : i i . tn this
met hod, gadeggﬁea%%ﬂ-l n %ﬁ%’%ﬁ?\& I Ke treg{sgdc?lrtfg%! elf‘%aén ?ﬁ'é%g%%ht%gb%% ?[ﬁ)eama}
cbnmpound conp2o@df Hep6SofiMecokbeteriam bobist he conpound i ndi cates 20 that the
conmpound inhibits_a Thl -like response by the cell sanple. The invention
al's6 i ncludes a nEHRHCTOIoECHS RAINPHRE Cub S g Seapenpeiontisal 7 o st Sigbl |
sanpl e cont aigAkaivE kitthd ARG aPFoteih ofialtushian (pPathoBE:R .41 irds, ﬁ@i)%n_
protein containing (i) a Hsp or "a‘fragnent thereof "at l'east eig anm no

aci d resi ductymonassogiatedtantigers dixamples of)virsesdnaiudd byoaspapillgmpe pirusi@lRY), | east
eight amygo acid £ &5ldY6as (ESV), hepatitis B virus (HBV), hepatitis C virus (HCV),

cytomegalovirus (CMV), Epstein-Barr virus (EBV), influenza virus, measles virus, and

human immunodeficiency virus (HIV). The heterologous polypeptide can contamn an
HPV EG6 antigen, e.g., HPV16 E6, an HPV E7 antigen, e.g., HPV16 E7, or a fragment
of any of these aﬁtigens that is at least eight amino acid residues in length.
30 In one example, the fusion protein contains Mycobacterium bovis BCG Hsp65
and HPV 16 E7.
The cell sample used in the methods of the invention can contain cells derived

from a spleen, lymph node, peripheral blood, bone marrow, thymus, lung, respiratory
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25 length; (c) contacting the cell sanmple with the conpound and thafuﬁﬁgnmga
protein; and (d) determ ning whether the cell sanple exhibits a T -1I
response following the contacting step. In this nethod, an increase in the

Thl -1i ke response in the presence of the conpound conpared to in the
absence of the conpound i nd@acates that the conpound pggnotes a Thl-1ike
response by the cell sanpl 30 I n anot her aspect, th nvention features a

met hod of det g¥dybiro43g4 Whet her a  hybrid conpound stinul ates a Pairnisolvesszs
response by: (a) providing a cell sanple containing naive |ynphocytes in
vitro; (b) providing a hybrid conpound that is non- naturally occurring and
contains (i) tragtonr prqpenidd maunepsd Undrefarphembedipicnis,ithg celisdrg splemeyteppt 2003
WO 01/ 04344 PCT/ S 8 of less than 1,500, covalently linked to (ii) a
pol ypepti de ogné?%ﬁ(géé%%éi ght amno acids in Ilength, wherein the hybrid
conpound i s nmade b¥heGtifutitiohyl kiThitilikg rédpenseaan pe picictined by deietithd et he

pol ypeptide; (c) contacting the cell sanple with_ the hybhrid conmpound; d (d)
det er mi ni ng WRESHIEE qfwéwg?hae%%@é r{g% el samnls e:8- HiN-gamma qreldfisheta. i n

the 5 cell gsanple. g_ﬁBg?@rﬁb@dﬂ?ﬁﬁ%%e&&@ﬂsﬂ%lﬂ@ﬂﬂe%pt@%Epféz{}go\qaﬁlﬁ%

nol ecul ar wei ght o eas n anot her aspect, e entlo
f eat ures a mekdrodd oéll dehple romiaimingrrvdlymphocyiesh (f) dontacipg thel secbndiedlbdaamla

Thi-1ik hse by: . produci brid. d b lently.
(ki g a nonsBBaiedend Bhisharteis A () AUBumini-GovEatlc the sehesd Bfighrotfino 10
acids in | engfdinuiatel aPTHIVIiEE 1e8pchsé Bl the SR BelF @M. N I Gis BrhmBld IHEFRACYt es

invitro;, (c) contacting the cell sanple with the hybrid conpound; and (d)
deter ni ni ng witsidraproteieconfaing the seqnsocmef sfulldength.anteratin pequiming Hes pedthe | n

t He cel |l np ' , - g a

nmol ecul ar i\%ei %ﬁ%f) n«%&s&éﬁ}@ro%@%%ﬁﬁ%t&%?Sgﬁtoa?%lﬂgﬁéltdggtr;ﬁgg&g%?gl Fﬂgei nvention
features a neidgaencefofdaiaamalinocgmipsper a fusion protein stinmulates a Thi
-li ke response by:_(a rovi di a cell sanple containing . naive

| ynphocytes in vithbeg%‘gsfam%iﬁgqm&é@waga ﬁsbmdﬁofgﬁwgwgeﬁammndabw r st
pol ypepti de agy) Leavikin S0 afiplocoatdisig vt gﬂﬂ;&ﬁbcye‘ey%?ﬁnfop{bg@wvicﬂngﬁcond

pol ypeptide a | east et ght amno acids in I'ength] (c) con ting e cell
sanpl e with tfwsiohpseiein gmigining (i) 2@ spreg a(ﬁtmettgcltebﬁg lgast piight drhino meidponse

hi bi.t ed h. J | foll.ow h i .. N. .
e hentS” OB e P )b S0 e BPIR Bie iR .
\r/\ﬁs po ?ﬁ e exhi ﬂagiﬂﬁehl iinuemtb;le(cpqsuixtﬁbﬁhtg ﬂ&?ﬁgls&ntplﬁnﬁﬂ: ﬁieﬂ@;ﬂﬁa&hi:c?aﬂc%’tﬂ@ hfsﬁmt ets »
en e secon ce S e I.S CO C el er. 1.I'S (0] e I dae,
the second p:apméapfi@@%mamﬁg ﬂ%ﬁl&ﬁ? ctvaﬁéamplﬁéﬁh%&ﬁ 93@511{1%6851%@%? hg

second pol ypegfiibifng the cBRSctaR: -ﬁéjﬁ"t’ﬁ'tﬁls ;%(egﬁ)dgﬁhé‘&&% i Ble-TH1kR 1BsHRRGSH | S at

| east two tines greater than the Thl-1i _response exhibited by the second
cell sanpl e. thepmasondenf theceompoynd chmpared éxindbie Tedence dktbe cerppomddndieates

| east fivgati [ r_than.th L-like r n xhi.bited by the
second ce?? s@%‘fﬂ]g .cgﬁh&gﬁ%'?ﬁ‘@ftg g%lgfk,e -rfﬁ?ensfeﬁbagtﬁf ?glrllga&n%l?“ des a fusion
p.r‘-o';] ein contai pijng[’ha: ﬂ;vﬁlﬁm. lfdhcl&hﬂeﬂmgﬂi?qilpfscreelﬁxi@gmﬂpl minhejyeg.}) at Iggst
ei ght amno acid residyes in length, and (ii) a heterol Qgous polypeptide -
at |east ei gHRTOXiGIMER ol %TE“H’%"Q’%‘H@'PEWﬁé“#@‘iﬂ%%ﬁ'b?’é’l%“ﬁﬁf?‘ﬂémgﬁﬁgﬁl%\

protein can hg,RilWGRRRRE) AlspBrel Sighentit@reof WISHR 3EIHE hintH® dcidREiAMsQR | S
Hspl0 protein. The heterol ogous pol ypepti de can contalin a sequence
i dentical to langthefused toi (iiha heterologous polypeptide at least eight amino acid residues in
25 length; (c) contacting the cell sample with the compound and the fusion protein; and (d)
determining whether the cell sample exhibits a Thi-like response following the
contacting step. In this method, an increase in the Th1-like response in the presence of
the compound compared to in the absence of the compound indicates that the
compound promotes a Thl-like response by the cell sample.
30 In another aspect, the invention features a method of determining whether a
hybrid compound stimulates a Thi-like response by: (a) providing a cell sample
containing naive lymphocytes in vitro; (b) providing a hybrid compound that is non-

naturally occurring and contains (1) a non-peptide compound having a molecular weight
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3 1 DEC 2003 WO 01/ 04344 PCT/ US0O0/ 18828 consecutive am no acids of a

protein of a human virus, e.g., HPV. In one exanple, the heterol ogﬁ)L]sDEC 2003
pol ypepti de contains HPV16 E7. In another aspect, the invention provides a
fission protein containing (i) a Hsp40 protein or a fragnent thereof at

| east eight amino acid resid in length, and (ii) a5 er ol ogous

pol ypeptide at | east eight a 0 acids in length. The Hs™0 protein of the
fusi on protei rWoO#W0§d4a nycobacterial protein, e.g., M/cobacterp&soo1ss2s
tubercul osis Hsp40 protein. The heterol ogous pol ypeptide can contain a
sequence identi.cal to | east ej a&ﬁ(@qconsecuii ve am no acids of a protein

|t
of a human vi o ,SSQ‘.E*&J%QQP OV ‘ﬂ’ﬂlé’ Ten e & potypertideenter nagigiiely aming peids inde
contai ns HPV1Gerfsth, wikrdif ﬂ%{s}%ﬁ%’?ﬁ%o i is thif RO MEhAMRERY WSRO

protein containing (i) a protein or a fragnen
ei ght ani no acbuippesi witbe polypémidg: (v) camactinigithe eell santpdy with gloskyhpial aopgRinhde
at | east eight KNP, acl ds i ength.. The Hsp7l, protein the fusian
protein can b&‘l@w{f’s@&?ﬁ Y@F %FE’?’W,IE@‘BP&“WBBW;?&S& Inlike Frspenseda fthe
Hsp7l  protei gell AfplBeliLo) @AIBEmERY, HRRhiPLBLEADnTERMhA hAs Qnﬁﬂévﬂﬁ?%i%}t of
a

identical to at |east eight 15 consecutive amno acids of a protein
human virus, 8tlgastiP®yv. |n one exanple, the heterol ogous pol ypeptide

tains HPV 16 E7, te. the | ti tur. thod of
et erm ni ng whet ot SRR, (RERFRon SR 1R o AitiiRe drer i)

provi ding a Chylbﬁcsami;bc&md@ﬁhﬁlanémnﬁk&’ﬁ:sbmb?%{ Sroduéiny athyBrid thhpound
provi ding a conpound;. (¢).contacting the cell sa e 20 wth'the cofpound,
and (d) det ecPy feyalentiy|li nQiy caeppwid te@ ddeef 3t leasheipht amino

follow ngyphe i) 1 ,S:E: ' t echni cal, and
scientifi (l:bt e?‘?rs@y%]?gﬁ %PZ#%%L ? ﬁgSﬁgﬁé&@gﬁg%ﬂﬁgg%B%?vn ﬁ'ﬁ'@f’éiﬁl ood
by one of or déomactingithd ¢elli samipheewith thet lybridicompbinids and (d)efetdrminiie Wheger the

Al t hough net s.and materials. sim.lar or equivalent to those 25 described
herei n can bgﬁﬁ{@}omwgswgﬁqs@%?ﬂ]f%@fﬁ °B‘ftL?ﬁ‘é1] stplenin oneventi on, the
preferred net&assdimes:, RiRhifRpEdSEMPREAHD S thddh Rt welit: bBiRlch §86 LARS

patent applications, patents, and other references nentioned herein are
i ncor por at ed b?oo-reference in their entirety. In case of conflict, the

present applicati of, .. ' AT | rol..Ln addition, the
mat eri al s?j)rret hodg]?l a&hﬁ@h&?ggqﬁégﬁ%lf%%ss%gﬁo\g%?gﬁﬁ%?nwW 71t ended
to be Ii m]c ti r@siﬁmpkmd;lfsamulatl'l m'ﬂnﬂlihfimpod drmg(by: @) pltoliriﬂiﬁg\ze?ll hﬁﬁplﬁfcbﬁtaﬁﬁ;l g
apparent fromt ol.l owi ng dgt ai escription, and fromthe clains. 1
DEC 2003 WO dﬁﬁjwfhﬁfé‘f?%éd’ﬁ?ﬂzggb%m@%&a%é@&ﬁf‘i}ﬂﬂdi?ﬂwsme@)mm ngs
Figures 1A-1 i £ 16R6LRREANRD abld8 et gthE ' ?%ﬁﬁkﬁ? | gn of
Hsp65. Fi gur?z shows t he ggguence of pl as%%@T@b?%ﬁdﬁg di'ng %érﬁ

expr essi on oflesst pightpeing agids i lengid; (0 goetaetingshe pelhsamiple pith/thi BFionquidtein;f or

expr essi o] t?c%h' Yr8s 14 - f m.d

pET65C E7- 1N agog?ﬁge or g expres srlé ﬁﬁ%f%%&?%@%@ﬁ@gﬂa%&lgE)ifoggn%%w t he

sequence of ploatwiicg pEpMME enbodimentS the detected Thl-like response is greater than a
Th1-like response exhibited by a second cell sample containing naive lymphocytes

when the second cell sample is contacted with either the first polypeptide, the second
polypeptide, or a mixture of the first polypeptide and the second polypeptide. In one
25 example, the detected Thl-like response is at least two times greater than the Th1-like
response exhibited by the second cell sample. In another example, the detected Thi-
like response is at least five times greater than the Th1-like response exhibited by the
second cell sample.
In another aspect, the invention provides a fusion protein containing (1) a Hspl0
30  protein or a fragment thereof at least eight amino acid residues in length, and (ii) a
heterologous polypeptide at least eight amino acids in length. The Hsp10 protein of the
fusion protein can be a mycobacterial protein, e.g., Mycobacterium tuberculosis Hspl0

protein. The heterologous polypeptide can contain a sequence identical to at least eight
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expressi on of MI40-E7. Figure 6 shows the sequence of plasm d pET/ OVA
coding for expression of ovalbumn (OVA). Figures 7A-7C show t he sgeqp@E@e'ZUﬂ?v
of plasm d pET65H OVA coding for 15 expression of HspOVA. Figure 8 shows

t he sequence of plasm d pGEXIK coding for expression of GST. Figure 9
shows the sequence of plaspmd pGEX/ K/ E7 coding for ex ssion of GST-E7.

Fi gures 10A-10B show the s ence of plasmd pET/E7/5' coding for 20
expressi on of ywhy/eafde65. Figure 11 shows the sequence of pl aspgfuyseosisses
pPET65F1/ E7 coding for expression of BCGS5(F1l)-E7. Figure 12 shows the
sequence of plasm d pETESE7 coding for expression of TB |1 OE7. 25 Figures
13A- 13B showcbhsecstivpamine aoids pif aprdtein pEd himan VirendindgiPyr In enpexasmlahef
E7-TB71. Figures 14A-14B show the s ,§T§ of pl asm d pET/E7/ 71" coding for
expr essi on ofelgrgl G%Q‘EIPOBFRS"PE heo B’fxﬁﬁ A- 15B show t he sequence of

pl asm d pET/ SP65C 14y GRe f3F eét%e uﬁﬁnﬁas%ﬁrﬁeﬁbpa ﬁ&ion%f!éééﬁéarﬁ&mn@(gwﬁmo
16A-16B show t he sequence of plasm d AF60E7 codi'ng f expression of
AF60- E7. 31 PEEipRH2 ﬁw@nm@mwmem e@mmmxdnrqdu@@nimmm

enhanced |FN; rel eas tes fro l.ne rom

Che- Char | do. RPEHORSIS SR LPEPYde Rl S5l ng O imiedilh AnZHERaf Biif of pe

17B) upon expggseH frotein bﬁpfe? &Hc%ﬁlallﬁ'ﬁtei;ﬁ@ cbabRAnAtubdrhBSE¥Rp40

rel ease by spl enogmt es frorri1 Bal b/c (Fig. 1%2‘)1% C57BL/6 (Fig. 18B), and

|C§ ne B/ Fed ( F:pg)tel!EB e hﬁ@@lggmﬁ poamswh@nwwumfgaﬁ@hw t@ﬁblﬂgsteqmnced
gamma rel e n

cont ai ni ng aﬁmgrsﬁgl gen an %’ 1;6?%?8 ern u?lr%sgf %@'e%%xgéu%e }e the

f usi on proteh&mﬂ@@&@n@eﬂiﬂ%@s@‘ﬁtﬁﬁ?protel n other than a stress

protein. 10 Figur es 20A- 208 show, enhanced .| FN- ganma rel ease .h tes
Cbon® expBbur et o BAEET SPSLAPmENEBIRAAY G & RO THies: Grngs (e bnt
E?ff& nSt L?Sgro%ﬂto?h'ﬁ%gﬁeﬁ%&bfﬁﬁé&ﬂélgﬂfﬁﬁﬁb%ﬁreéi&uéﬁ!&%ﬁ?%dEH ya# St reSS

re 21 shows enhanced | FN-gamra rel ease g) node ‘cel I s and
spl enocyt es hgomlwopspgmemﬂeraﬁéﬂaeﬁﬂyrt@tremqw@m@@ntlmgih n@ha spifik prgtein afithea

stress prOteﬁ'{f 15$ ﬁi,%ﬂ%esa%%f"gb% %t}'qmel%m%g cc%a e Igrgmtl%g%}fp Sﬁgﬁce
(Fig. 22A) a el | nJ ec -
cel I's fol | owpfbtdii. The hetertdgons polypbptideichh esnitaiald s&quenlde identic 06 a( 18)st Eight or

AF60- E7. Figures 23A-23B sh time course of, tunor ence (Fig. 23A)
and tunorl5 vernsgeutivEagUng POt P%@E{‘%"‘W% Frg'FéhR? ﬂ'rﬂle ge

fol | oned by %ge{fg?}%g%gggg@p ﬁd&cog&rnlmfﬁg‘ﬂ i ne, HspE7, Mr40-E7, E7-MI71,

or TB10-E7. Scription The invention relates to nethods of
stimulating in vi inmoéhérhslsdcmtbe inventiondeatimgs g method of determining whether a

compound stimulates a Thl-like response by: (a) providing a cell sample containing

naive lymphocytes in vitro; (b) providing a compound; (c) contacting the ceil sample
N 20 with the compound; and (d) detecting a Th1-like response exhibited by the cell sample
foliowing the contacting step. |
Unless otherwise defined, all technical and scientific terms used herein have the
same meaning as commonly understood by one of ordinary skill in the art to which this
invention belongs. Although methods and materials similar or equivalent to those
25 described herein can be used in the practice or testing of the present invention, the
preferred methods and materials are described below. All publications, patent
applications, patents, and other references mentioned herein are incorporated by
reference in their entirety. In case of conflict, the present application, including
definitions, will control. In addition, the materials, methods, and examples are
30  illustrative only and not intended to be limiting,
Other features and advantages of the invention will be apparent from the -

following detailed description, and from the claims.
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cell sanple containing naive | ynphocytes. These nethods are useful for
assessing the 25 ability of a protein, e.g., a fusion protein contihiDig 2003
an Hsp linked to a heterol ogous pol ypeptide, to function as a stinul ator of

a Thl -like response. Additionally, the nethod can be used to identify
conpounds that can regul ate Thl-1ike response. Vario materi al s and
procedures suitable for use the nmet hods of the inven n are discussed

bel ow. 30 Thewbanwsssatress protein and heat shock protein (HsplpcahRohss
synonynmously herein. An Hsp is a pol ypeptide consisting of a sequence t%at
is at least 40%identical to that of a protein_whose expression is induced
or enhanced in a cell exposed tgn&frl?ﬁsnmlomfrthﬁ:ﬁgavmmtress pr ot ei ns

generally, cells j t i | t shock 3 1 D WO

01/ 04344 C 2003 P@%gggﬂ%a%it! %E??‘ﬁéeﬁ% g@%}gﬁ,g gg;%?r?é’ MEJOLTESION of a
group of genékpshumonly referred to as stress, or heat shock, genes. Heat
shock treatnment inyolves expgosure of cells or organi sSms _to tenperatures
that are one to s Wﬁ& %@U?%BMF%P]&%\%’E% (W) epding fer expeessionof t he
cells aresadgpted. In coordination with the induction of such genes, the 5
| evel s of corresponding stress proteins increase in stressed cells. As used
herein, a "stres¥igureBshows thel ssqudnnevfiplasnid pPEWHIE S baiikg for@kpiesdiowss " Hsp, "
is a protein,that is encoded by a stress gene, and is therefore typically
produced in Q?)Ezi ficantly greater anounts upon the contact or exposure of
the stressor to tFpgx@ésgwmnoﬁﬁ;&b&ﬁ%&%ﬁidﬁbﬁ%é@ﬂ%%d&g?ﬁl shock
gene" is used herein as a gene that 1s activated or otherwse 1 etectably
upregul at ed exmession¥fdwETt act or exposure of an organi sm (containing the

gene) to stress 1 X depriyvation,

heavy rretlgl Salts,?fgulr%s#‘%épgsrhg%eg%gx Cf#ﬁa&%ﬁ’gﬁ‘ﬁ@%@lc@@? R'transport,

and protein eredsiohadftMT40E7L 0 certai n benzoqui none ansanyci ns. Nover, L.,

Heat Shock Respogéie, C%&Pre s, Inc., _Boca Raton, FL (1991). "Stress gene"

al so i ncl udes honBIEYEo8 sheyenibe soauense ofiplesind PETLOV dstpdiznfer Expressiansef such

as certain gepfsuniini(@Vvia).he Hsp70 and Hsp90 stress gene famlies, even

t hough such honol ogous genes are not thensel ves induced by a stressor.

Each of the ter nsFigurasss\-geshowrthe sunews of pswidpBESIFEV A roding far esent

specificatio . i ive of the other, unless the context indicates

ot herw sielg Aér%‘pg%ﬁoagﬁ%s ?‘}gg any conpound, peptide or protein to which an

i mmune 20 resporBigufes8 stamisthel seqh8hdedsplashiid PEEN/KWodingfof SRedsicA ot GST.

t unor - associ ated gntigens, allergens of any origin, and proteins from

vi ruses, nycopl as]fl‘ﬁ}‘reg’agl"é‘fsi%‘? sequfRse of PlgsEi¢ pOE Torading foaespriessian ofFusi on

Protei ns 25 dg&g.g/vention provides Hsp fusion proteins. As used herein, a

"fusion protein” is a non-naturally occurring pol ypeptide containing at

| east two ani no adiguresdgdeHibshowthie sbqupaoeoiylasmid pE TVE HE @Svenditigf foer ent

pr ot ei ns.,, Th 1-.N0 i ce of the full Iength fusion protein is not
70 SpRBuaRRE 7R

i dentica mno uence of a naturally occurring protein or a
fragment thereof .FigﬁreFHthusiﬂWSegﬁé«ﬂceiompﬁﬁiﬁ bIB6 A /BB Eb g ﬁ)rfekﬁ%?%ﬁoiso'
thereof at |east _eight amno acids in length linked to a heterol ogous

pol ypept i de. BOHOSELEE 0ol ypepti de" refers to a pol ypeptide consisting of a

sequence that is e@Sdhof 9 %Re 4 I : &% i.h_whose
expression is induCed or gﬁﬁﬁ?}e&eﬁﬁéﬂgb%ﬁh%&rﬁﬁ pos§é%7&fdgl]i éfo?&%{es%grbgi: heat
shock. A "hefBRMBEdgous pol ypeptide" refers to a polypeplide that is

25 Figures 13A-13B show the sequence of plasmid pET/E7/71 coding for
expression of E7-TB71.

Figures 14A-14B show the sequence of plasmid pET/E7/71’ coding for

expression of a fusion protein.

Figures 15A-15B show the sequence of plasmid pET/SP65¢-E7 coding for
30 expression of SP65(2)-E7.

Figures 16A-16B show the sequence of plasmid pETAF60E7 coding for
expression of AF60-E7.
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3 1 DEC 2003 WD 01/ 04344 PCT/ US00/ 18828 fused to the Hsp protein or

fragment thereof. The heterol ogous polypeptide is preferably at 132dsQEC 2003
eight amno acids in length. In sone enbodi nents, the heterol ogous

pol ypeptide is at |east 10, 20, 50, 100, 150, 180, 200, or 300 ami no acids
in length. The heterol ogo pol ypepti de generally is‘t part or all of a
naturally occurring Hsp. 5 wever, the fusion protei an al so be a fusion
between a fir nd a second, different, Hsp, or between
portion of arﬁélg”ﬁ@uged to all or a portion of the sane Hsp (gé'ffpgéloélsgzss

t he resul t ant fu5|on is not identical to a naturally occurring protein).
The Hsp pol ypepti @gmnle-mBmmedﬂWmeﬂﬂENbgamnmmwsebysﬂeh@ymsm of the

het erol o ous eptide. Prefera usi rote rified
pr ot ei n. g ﬁ@ﬂ@?‘? ebtained ﬁl"t‘ﬁ&’@ VAT ﬁ&é"eﬁtﬁﬁ’ 1661 ;}E@Hﬁla‘éwpnnked
to one het ei%&g%qglgg%dl mg{lﬁ&f%xgg&cggﬁﬁmﬁonf or mat i ons are within the

i nvention. In one usion protein conprises at |east two
copi es of the het #igiregd8A- laﬂ)slmpegmant@dIqugamleﬁsEﬁy splenaoytes fiem

ol ypept i de, Baltye (Fiec hub) Gl 6 B, & &ﬁ@%ﬁf@%ﬁ%?ﬁ‘ﬁ@tﬁ“ﬁoﬁ&n

at . east twog )Eaj;&cfsﬁ?ét%"ltl eroI ogous pol ypepti dcs, two or nore
fragnents of singl e antigenic protein representlng dlfferent epi t opes or
fragnments of two FeguradPehdivé tuhanaed Em-ggmaceimsctbmsnbnq@rtemnfexmum@

sanme or different_tunors at ho |ffer nt Hsp
pol ypept i des ™ HHePH %“%ﬁ%‘??%&{“%r%%'gg nsﬁnﬁ)io %gp?r%%én 5%51& tév%‘ gxenotc’lfrf/ Ytised
wi thout a | i plegdn prdfein eantaiitss ad dtiges ed 4 pbieibodi thantastreéd ot er mi nus  of
the Hsp can be dlrectly fused to the N-term nus of the heterol ogous

pol ypeptil@e or t h&EigurediOn0B show sabansed TiTr1eagwerrelfors pefrisensyiea HPoe
directly fuss%, etéaeru hEotbA éo@%#ﬂggukﬁ roteﬁlsto%mm ,?rga-,ui.l e

het er ol ogous ypept | es can to each other via a pept
sequence. Pr ﬁbmdlﬁd:rdntnt@lnmm&emémpfshumswrmrmpt a flexibl e 25

ext ended conf or matlon xhi bi ens eyel opi ng
an ordered secon égﬁrsﬁ% Flﬂ"aﬂfﬁ et a* ﬂ?*g?&g? f?ﬁgqqﬁcec ti onal
Hsp and het egg g@ﬁlex?@me dﬁfuﬁ@ﬁptdﬁéins adiﬁmﬁiﬂgaﬁrmﬂgdlmmdmaﬁﬁn
hydr ophobi c or charged character, which coul d pronpte nteraction with the

functiondb protei Figuen? 2A-22B\sBpw A g purseol Wﬁ@%@@ﬂ%&(ﬁlﬁ 223 andyfugnor
protein regi feﬁg YT

sequences coﬁ gfdrﬁtﬁgéj?laﬂmégﬁ Ser wou ﬁ:Jj be Iéé%%??&%@%%ggatﬂ O&ﬁ}éﬁl‘
above criter elﬂzdrcsalm,ﬁspﬁé,rs}éfé@beﬁb@r@ﬁﬂdﬁ neutral or near-neut raI am no

aci ds, such as L an n.ithe Any
ot her am no acid %éﬁ?rﬁﬁd?gl‘%gls sﬁgw tﬁge ?%Iéél qﬂ%m mﬁlqenéek & Zéiggﬁd@qoéngt h
of fewer thaaolaﬁme(mgmsag mdﬁllébﬁﬁjebﬁdwﬁﬂndl‘c-'i tﬁm@E&lB;QBBO\Vﬁ Pyl adihfetdon with
PCT/ US00/ 18828 to provide_a suitable segaratl on of functional protein

dorrai ns, 281 t pitheagisating SspEY; MTAP-ETs EdMEébor FB10ELo pe used. The Hsp fusion
protein may be further fused to another ami no acid sequence that
facilitates the purification of the fusion protein. One useful fusion
protein is a GST 5 fusion protein Datailéd Phscripioisp- het er ol ogous

| tid i f the GST
equente, Anot her HESFTPR RS fomplnds GLsTpuialiies® vir 1 RITURE Feekomse 8 on
protein in waligEarhpte cbﬁtﬁnﬂﬂgt R ¢ BEPhecRE. YIREE hdthods BRURBRE SorakRsdinbie t O

either the Ctermnus or N-term nus of the poly-hi st|d| ne
25 ability of a protein, €.g., a fusion protein containing an Hsp linked to a heterologous

polypeptide, to function as a stimulator of a Thl-like response. Additionally, the
method can be used to identify compounds that can regulate a Th1-like response.
Various materials and procedures suitable for use in the methods of the invention are
discussed below. |

30 The terms stress protein and heat shock protein (Hsp) are used synonymously
herein. An Hsp is a polypeptide consisting of a sequence that is at least 40% identical
to that of a protein whose expression is induced or enhanced in a cell exposed to stress.

Tuming to stress proteins generally, cells respond to a stressor (typically heat shock

7



sequence, e.g. His x 6. In another enbodinent, the fusion protein anijﬁﬁ 003
the chitin 10 binding region of intein, thereby permtting the purifi rz
of the fusion protein by chitin beads (Hoang et al. (1999) Gene 1999
237:361-71). In another enbodinent, the fusion protein contains a signal
sequence from anot her protei n'tn certain host cells (e‘, manmal i an host
cells), expression and/or sec ion of the Hsp fusion pr in can be

i ncreased t hrowghoussd4pf a heterol ogous signal sequence. For ex [gmhh%a
gp67 15 secretory sequence of the bacul ovirus envel ope protein can % 8
as a heterol ogous signal sequence (Current Protocols in Mlecular Biology,

Aui ubel et al .lreagment) }Jénmeasivl'gltllsqe)&)r&sim of B39A)p of@ches comuAnl bz@?feﬁ"ecli to as
eukaryotic si es inclu e ecretory sequences of nelittin
S iman o P B SO ol Aok RSl
California). Rrgkasmotd empbites BAriredEe %o 5k iedr Qs de&ﬂs%%bgﬁle?%ﬁag}éhﬁ”r

by a 20 prokaryotic host cell include the phoA secretory sign
d oni ng, Sanbrt®dHiciethe gells arg adanier. obti qdordination wittSibe imiyctitar bfsuch gbassatier y

Press, 198 j ret.ary signal . (Pharnaci.a Bi ot ech;

Pi scat avvay,%) Ne%\;v%jée'?&gcg%eg @Sg}}ggg i eggﬁlfogﬁlﬂss%gﬁwgﬁﬂ sFéﬁ?gﬁ‘ferﬁg'nf“é{sﬁéji,‘erﬁlm dsi on
protei n of Hsp6idesspioteilylschowiCa IReaPsHRok 6ok o jant

t echni ques. Forggﬁgdole, D?\IA foragmantsaZS cogﬁ%ﬁ?gfq-t&ﬁ’qulgﬂ@?@@mg

pol ypepti de s&Y aftesy geig: Al is depsefors typicallpprpduned du sigafficantly preater

accordance wi 3 e j : lgues can jnclude
enpl oyi ng bl uﬁ?l-ogﬁg \é'%mar st a&%ﬁ@%@%‘%@ togrﬁ%‘lcsﬁlcésﬁgtr}’%f’ gRAsH ‘ée%‘f?sﬁ(gf”i’%n
egﬁym di ggsﬂlsorkntm'nps thd:aﬂshdckr%etkaﬁlpismed ﬁéﬁnfﬁe&@bﬁ& thaff ik kitivifled & Gtherwise
cohesi ve S.as appropriate . a i ne phosphat ase treatnment to_avoi
undosi  ablg jS?‘ﬁf‘ﬁﬁ‘?"H’ﬁ‘éﬁ“Z"ﬁ%ﬁO % £QIact gRexpesuTe s A eRzanisHggRiaising the t wo
nucl ei ¢ aci dsgéff) i b efedsbrrbudhl i Hek : l . chi iC
protein consi gtﬁ of 21 I—lspu noi et yp%ggkalﬂ%g%lg’f%{%%%g%%ggﬁ%%g%ﬁ’ﬁ@e%rf%[sy.

I n anot her entibdhifashef energy metsbelisny ewd electronseansyort, lred poeen dynateua)bt enal
2ol 1116at| on” S BelBaBlbil BERy R BEbE. sEE HockBopentn £ Bissedne. can
be carried ouBocsRagnaFic (1991pr F3trss gt CGllsoghsleddsihdmold@o Fates WRIHR ko
over hangslget\qfen t wo. consecuti ve gene fragnments, which are subsequerrtv?y
anneal ed "And*FERAPMG St %‘cbé‘ﬁéP”g‘t‘E EENGSHYIHER the Hepd@ 2ndHeplteress gene . g. |
Current Prot ofaélikies, BvenMhbegiduah hBhidIkdhs Blenf Wley &
Sons: 1992). 5 I%x?)re‘ési on@%tgctorsgwéncodi ﬁg@%ﬁ pro%lgfﬁgag%e&]%rglﬂﬁeﬁs ’
het er ol ogous E4sbIgfiiapterme steasel genc anst steess piofeimas wep nothe preseritispecifibdtionanays p
can be pr epar%ﬁSﬁg%fF?%%ﬁ?’ﬁ%ﬁ%ﬁﬁ?%@%ﬁf@@ﬁ%ﬁp of . Hsp fusion proteins

can be found Iin Interna §/ 07860, i ncor por at ed

herein by ref er encAn ahfigen ciebe anp eSmpuend, Peptideds bfdisih toWhic e iBSSiRN and
purifi cat'% n of cobf\cle i mbovig BCG Hsp65 10 HPV 16 E7eéHSpE7 fusi on
protein as weFTPONSe HrdepiERs- vintieens phpartigylas inferert aneduherdassoqiated antigenshE7) |

and M bovi s JHefpekis BS By &i5f pRolis| . | ei c._acids
encodi ng an Hsp opti ona)l(l y I’i%lllged tg{smkﬁﬁ’%ﬁglﬁ%&%@{%%@?%. g., an
HPV anti gen,PrafogoziansbetheraqurasitesAD 89/ 12455, WO 94/ 29459, WD 98/ 23735, and
references cited therein, the contents of which are herein incorporated by
reference. 15 A variety of heat shock proteins have been i sol ated, cl oned,
and char act erHuzivah Prbtefi® a di verse array of organisnms (M zzen,  Bi ot herapy
10:173-189, 1998). _Any Hsp or fragment thereof may be suitable for use in
the fusi o pol ypeptiedBYcTiion Prayig ion prateigs.i As esediherein, Aofusiom pRoten”

e B R O B by B 1 e

which generally are from two different proteins. The amino acid sequence of the full

length fusion protein is not identical to the amino acid sequence of a naturally occurring
protein or a fragment thereof. An Hsp fusion protein contains an Hsp or a fragment

30 thereof at least eight amino acids in length linked to a heterologous polypeptide. An
"Hsp polypeptide” refers to a polypeptide consisting of a sequence that is at least 40%
identical to that of a protein whose expression is induced or enhanced in a cell exposed

to stress, €.g., heat shock. A "heterologous polypeptide" refers to a polypeptide that is
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20 tubercul osis and Mycobacterium |l eprae. In addition, Hsp65 of Bacille
Calnette Guerin (BCG, a strain of Mycobacteriumbovis, was found §o} fg(a((3
effective stinmulatory agent, as described in the exarrpl es below. Famlies

of stress genes and proteins for use in the present invention are well

known in the art and inclu for exanple, Hspl00-200, p 100, Hsp90, Lon,

Hsp70, 25 Hsp60, TF55, Hs , FKBPs, cyclophilins, Hs - 30, ClpP G pE,
Hspl O ubi qui tj exin, and protein disulfide isomerases.
Macari o, Cold }Iﬁg"ﬁar bor Laboratory Res. 25:59-70, 1995; Pars lpsnoﬂt*sszs

al., Rev. Genet. 27:437-496, 1993; and U.S. Pat ent No. 5, 232, 833.
Preferred Hspsuseded thdeidispbiein bsRd@nentisietddf. TheB&eroddbus Peiyp t](ferThe Hsp

portion of the fusion protein can include ejther a full [engt or a

fragnent of anraferpblytat leagkeieh agwno aning Isesthsin wmeeﬁgwmﬂent%me erologous

and pr of or abl PoSpeftis sl RA: 26 S0JL@R15, 45070, 6r S AAUAD iy TereB T4,
in length. | nhaeﬁﬁ@mqbblweptldé gemetddly ipnotiparior afl of hﬂaﬂlr:ms&:&ﬂﬁﬁag\m;ﬂll 04344
W cobact er BunFBEHe 1 HEion REGHPI R ais6 0 ALPREN A o6H A EFe B AT s ed | n
a fusion |or0t|@_é|O40 1?1;,5 Q}H)eﬁve-EH'aH'okb&tzoh%?&?%ﬁﬁis@d% b Br a pbAfM oTiRS Gifeed

Hsps i ncl ude M tuberculosis, Hsp 1 tuberculosis, Hsp65 of
St r ept ococcus Hspéasiong aetheermlmems.lonis e mgcal lteis nammlbmqspmrrg protein).
Het er ol ogous | ypeptj des.can Qn ai.n no.acid ence eful for
stinul ating iﬁ ﬁ%"rﬁﬂb’pfgtgﬁ Bﬁc ??ﬁ“ "}sr?r\ﬁi Kby, the
het.er ol ogous p&ksoRsHdub ?SlypﬁﬂiﬂealF‘iéfer’hlbl)‘\ﬂ'i@flﬁidiﬂbrﬁmrﬁﬁlat}ﬁﬁﬁiedq:rétem an MHC
ctass | or MHC class Il bindi ng epi tope. The heterol ogous pol ypepti de can
contain sdfuences Tbuntrfemedtisn Bistonprotsindyseneitisy relypestide lpkeddoere e. g.
Vi ruses, bact s, or
ﬁé 45‘&9 B%éé?dn Wher cBhRHAZRAs are Wi i nt@é Wenﬂt?ﬂr?%otng

sequences f ouRd a tunor associ at ed I gen
Exanpl es of vemb&hmant;ﬁmﬁhelohmmnpmmplrﬂsm least two dopiids)of tirehgiewlaponp| ex

\(;Iy'[ grsreéglsgz/l rh t e Mﬁﬁ@ﬁ}pﬂhﬁ? i Ictégwnc% ﬁ?f‘#ﬂgé?%ﬂ’rcﬂgta“ﬁéhsl es

virus, and hupgg twb @dﬁﬂdeqm Héms Exaanionsiiyfthé @iin Fg&otem
associ ated anti gens |ncI ude 15 GE3, . BAGE, GAGE,

SSX-2, Tylbsi ermseentayngicast twwﬂlfﬁswtb’et qmwptﬂapcmldﬁm 2 tWO\DT PgTean ot ope

S o e AR B BB v

20 HPV anti getwo 6xrmmeah§femntmtrgemfs préfteina denvediftonbibe shmeq:sleffcmntthmdsum on
pol ypepti de. HPV expresses, si tructural and two structural
prot ei ns. vi Pathoge af 5?@1& di H%PESQP;QF)@GP% State structural

proteins. L1 is th?héTHlspﬁndlﬁététoﬂbgoﬁé ﬁél@péimd& B&n BOdiRELtBFusbSWHBAN G 2inkér Whi ch
is highly conserved armn(il di fferent ypes. There_are seven early

non- st r uc@r aﬁeqyf-‘l%ﬁee ilm preterest enbpgdinents, ghe Ca*ﬁaﬂmﬂﬁ ¢fithg Hep cam be ﬁfﬁﬁfﬂb’afnﬁﬁr ol e
|
The rol'e of ple e NRrmLEpPU tEbrabaRsReRttodic & o (Relthindd of et 1 00

critical for hete:roaigonepd:lypqmdarcan b dinedtly fasedfto thetioaermdats of thedispal i zat i on

and transformati on. Fu5|o rotei.ns of the [ nven ontain elther
the entire sequencéltﬁlimﬁ heterolggons p “iﬁ?tca{‘ﬁ?éﬁlé‘g?g“’eeaﬁ

fragment of ag;,l aﬁﬁd&ﬂ& @%&ﬁé@%efe&e@ﬁﬁk&@&ﬁﬁhé@%f‘( I_n):)sﬁdi@d %ﬁﬁheﬁiaié geni c

sequence i s deri froma " ri sk HPV, such as V16 or HPV 18
25 extended conformation, (2) should not exhibit a propensity for developing an ordered

secondary structure which could interact with the functional Hsp and heterologous
polypeptide domains, and (3) should have minimal hydrophobic or charged character,
which could promote interaction with the functional protein domains. Typical surface
- amino acids in flexible protein regions include Gly, Asn and Ser. Permutations of
30 amino acid sequences containing Gly, Asn and Ser would be expected to satisfy the
above criteria for a linkér sequence. Other neutral or near-neutral amino acids, such as
Thr and Ala, can also be used in the linker sequence. Any other amino acid can also be

used in the linker. A linker sequence length of fewer than 20 amino acids can be used

9



E7 protein. The HPV antigeni c sequence can include an MHC- bi ndi ng epitope,
e.g., MiCclass I and/or an MHC class Il binding epitope. i DEC 203 DEC 2003
01/ 04344 PCf/US00/ 18828 In addition to Hsp fusion proteins, other fusion
proteins can be used in the in vitro assay described herein. These non-Hsp
fusion proteins contain a fir pol ypeptide at |east ei amno acids in

| ength, fused to a second pol Ypeptide at |east eight am acids in

| engt h, wher eV 01344 r st and second pol ypeptides are derived fpomusosiss:s
different 5 proteins (preferably naturally occurring proteins). The fusion

protein itself d nat....have the s ence of a.naturally occurring.
protein. In t'ﬁé’rg ‘E@F 8UHP QW%fOW%‘ﬁWEﬂfHIB%fH @P?‘H%ra){tpﬂ‘égIT liorls%rqwéwr
second pol ypegquetcel Snayailsolbe wedaci d sequence that is commonly used for

protein purification or detection, e.g., GST or poly-histidine. 10 In
order to produce tHee HsBfigsiomprotein maybefudhasifuseddp dnethematiing atidescfussicen

protein can E D : . ell. e.0.+ a bacterium a prinar

cell, or an i%grtof;apl gﬁ%@%@éﬁ%&roﬁnﬁéfu&gﬂ rl{Otggggr(gg%\lsgﬁﬁ\fg%?%pmtemésaGSTy

recombi nans cfakion pasteint inavhidls 41 He-Retedligous felypépiiic @BquRn@lseird fusdd R the

transfection éan he transient or_stable, the later sonetimes acconplished
S

by honol ogousCHEEERY orhitermunyssofithe GiJcseguencae Anethes nesfuldision prajein i aisi on
protein wll IARYE . : Qr re requl at
Pequences.  sdtHRisMirRTEREHAG brotih S SichIne Hep Mt B0k Slrib e

expressi on- equdneesare fespd|takciiher the Guenninils o eesnings §F REPbRLSstiAOaNcer s
Ggul atory SEQUERRGESE T8 Yo SO OLHT cbpitietinBiclicion PSR eptaEaboshitane.
Expr essi or0 Tesiing Rgion @inbde, TREeby PerERRMEROSN i ABHon 6?@:%%@;8? Ento?ei& py San

D ego, CA, the content of which is "incorporated herein by reference:
Regul at ory sé&hitevkeads (Heangqss al. k5239) Geae 1899 28436 I3 hs tlh anothureembqlines i of

| eotid ' : t t hat. .di t
expr esai on of tpALPRn LB E% SUBE RecBenchiBin BR0b3: b 45 JovceBintost el
ti ssue- speci(é.ps nmangndlisdiost setis)enpesdion andlor seofetioh BaihedpSatioR PRIGATHEN 1 N
a regul atabl ¢ nanner ﬁ_‘? ‘é}éﬂgﬂﬁ %gll?{ in the presence of aninducing agent).
It will be aﬁﬁﬂ‘é‘%‘?“é% B &f adigtarologous signal gequence; Figr cxameplacbe gp6Df t he
expr essi ofF Vg&dretory RYuSRRUTIOPac AR BfvelS _p?@tefg? veltbE S Q{mé%r%?o nost

cell to be transformed, the |evel of expression usion pro E§¥Si 1 ed,
and the | i keSigralssapaneg (Cuoap Peaiocols iv Mudesular Biolopy, Aembejreeel. f eals., folgr essi on

of Tusion 3Quphoh QRS 19979 Bl é)?%xﬁrﬁlg%éft'%ﬁﬁg%igﬁglcsgh@csgl%@u%é g}ré})l ©

fusi on proteinsS“can b€ “éXpPr esse ,
i nsect cel | ssdoeetgry, seijnericeeoDmelittiavind hamag phicemtai ARalfmePHOhat 48 8Statsbbs OF

mammal i an cell s.,, S sujtahle host cel]s are discussed further | eddel

(1990) Gene &3?1& %fpm’é‘é‘hﬁ’éﬂi@w“’ steERbegusnges ysefildopiporeasingsertetivabyma

PCT/ USOO388 ) : ' iy | eg of -
2 ﬁx%kﬁ%ﬁérﬁbﬂgﬁé]li&?udé“ﬁ%ﬂﬁ&%e&&ﬁﬁsmg%wé%ﬂ%%cg@g&%% o

veetors for expréssion in yeast cerevisiae™in
al. (1987) E&BD, secosd edion3dyld SprivedrbenTzhoratony Rriesss ka88) hid (hearinQe! |

i e RS oy 1 P
. Fusion proteins of the invention, e.g., a fusion protein of Hsp65 and HPV16 E7,
can be produced by standard recombinant techniques. For example, DNA fragments
25  coding for the different polypeptide sequences are ligated together, in any order,
in-frame in accordance with conventional techniques. Such techniques can include
employing blunt-ended or stagger-ended termini for ligation, restriction enzyme
digestion to provide for appropriate termini, filling-in of cohesive ends as appropriate,
alkaline phosphatase treatment to avoid undesirable joining, and enzymatic ligation.
30 Correct linkage of the two nucleic acids requires that the product of the linkage encode
a chimeric protein consisting of a Hsp moiety and a heterologous polypeptide moiety.
In another embodiment, the fusion gene can be synthesized by conventional techniques,

including automated DNA synthesizers. Alternatively, PCR amplification of gene
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5 vectors available for expression of fusion proteins in cultured insect
cells (e.g., Sf 9 cells) include the pAc series (Smth et al. (1983)1NC 2003
Cell. Biol. 3 2156-2165) and the pVL series (Lucklow and Summers (1989)
Virol ogy 170: 31-39). Exanples of manmmal i an expression vectors include pCDVB
(Seed (1987) Nature 329:8‘ and pMr2PC ( Kauf man et (1987), EMBO J.
6: 187- 195) When 10 intend for use in mamual i an cel N the expression
vector's contggls; hiyagtions are often provided by viral regul a$@fifsoonsss
el enents. For exarrpl e, comonly used pronoters are derived from polyoms,
Adenovirus 2, cytomegalovirus and Siman Virus 40. In addition to the
regul atory cﬁagmeﬁtmaqbemreigd@htsuaingmﬂ:hmﬂmiawrsmh gimlisﬁ:ibrcanml@mm:a'ssi on
vector can contain additional nucl eotide sequence 5 ex the
r econbi nant @Yﬁé’ﬁ %‘?ﬁ‘"?fé‘ctf"é’r CORRRPURY & %%g&ﬁ“ E‘B’P E;P
i dentify hosf,f fé{aﬁ%lﬁi@aﬁo Féﬁé?até H@&h@fc@eﬁé’séq?h@ndéﬁ{%eoég Milﬁ@ﬁb’!&btocbl% in

et

facilitate secr fusion protein froma host cell, in particul ar
marmmal i an hoMolemilldrBioldgy, Avsbebétrahreds., B)hanSIQYéhSMCIQ?ﬂ)can encode a

si gnal uence | inked .t mnus, of the. .fusi i n, such

t hat upongexpr essfh‘(’f resflﬂ’év?{}gﬁsﬁﬁc‘ﬁﬁ%q ﬁ‘sﬁm RIOle] ﬁtcﬁgtgl he?%ﬁpotgﬁésezo si gnal
sequence fus tidcsanaréitﬂ@rdaﬁl’i d}ihsprofEhi@thSﬁmaﬂhn rdpdi-ﬁbbﬁﬂiehe

f usi on protg‘?ﬁf)l nto the secretf)pr}(ﬁggt hway of .t he cgg and.is then_ usually

cl eaved, al | divegreendurese Examplesp fugian preteinssag he founddp intemagonal ¢ po
fusi on pr ot e} fy LaAkkidn\FOPeSIOe0S FlBBEEM héréﬂrﬁxtrgﬁrem?é i Bbdorivkbe of a

si gnal sequel itate secretl proteins or pepti rom
nmamal i an hogéct@ralonstrictiokexpmessiontané parificatioh Md@mbaMmhmeOGﬁispﬁwc ed

nt Kk t Kk t | |
{1 anst ot PonAPYAR T GRE KBssa e el a5 HEY I8 E7 G bEREPRERYh  anc
"transfecti o%tgvrlgfge[ (hE(? Fnd M. 'lﬁM& BIEG%ISE) DNE’-I%S{) Zﬁdd{&xeﬁil@k&ﬁﬁfés Bpﬁuclelc

i nt roduci ng rergn nuc e| c acid e. info a host ce |nc udl ng
cal ci um phommodmg@alﬁﬂmneml hlg@dé@abpmlggwtppmepndc, ¢.g., an HP

DEAE- dext r an-

i erof i ect | B e drsp BRI YA 881248, i‘*@‘??f48fr?‘45%3?’£%ﬁ?§ﬁnbﬁd§§f§%gfs

t ransf or m ngciesd mmmﬂmmwwmdembﬁmmmmbyner ook et al.
Labor at 0§ Press. Liumepsol eatsHofi BRtHia PR 5F S G omec s3d Bseiderding
Laborato ress 6

01/04344 PCT&&J%%&&%@%@ bEsrgfiibiis BVEREN, IB:Bﬁﬁ&byqo  198- 188 T90). annfjeisb%r

integrate the forei into the|r genone. In order to identify and
sel ect thes efragmggrﬂam@f may bespitablgfor esedn thesfusion pelypeptidss andregniegatgsofy |

resi st ance t an t

W t Ih t he ge ‘;engl ﬁgtﬁlﬁéxaﬁ%m %ﬁp %@o ﬁHCﬁ%}ig]f%d?%%ﬁgg@Z%% E‘E‘F ﬂn%?h@r S
include 5t hdae-nﬁhmts moohdred Bshast Ammend msﬁmnsgsto&nfdohmbﬂ@&obdmgnmyci n
and net hotrexate. . Nucl cid eng od| elec n_.b

i ntroducéll | #ogreylassand 3@‘!"%6‘?{9’?% epé"& ggpésﬁﬁaé’ﬁ@o%qﬁﬂﬁ“? ﬁié“:‘f”ﬂm on
pfotein or C(’Htﬁft' sHhmAAUIRObRE e DBR, %@s fou& tPbe arf &itdchive stakhlitory

transfected Wt he 1 nt roduced nuclei ¢ acid can be identified by drug
sel ection ( eaggnt, as descuibedhant thh syamplazbelpwr at ed t he sel ectabl e marker gene

will 10 survive, ilL,e t e l. nant
expr essi on vector meﬁgP%e§%§§¢eF§§%b§°ﬁ%hﬁo rﬂﬁ%a ﬁ]g%}ésg‘%\iﬁi{‘{cﬁéo‘;?&r exanpl e
using T7 propgival mrtﬁguhaﬁ@imhﬁiagmemﬁpla,rldspﬁ?}omk)yﬁmmgaﬂsﬂgm honliHspdo, t o

t he reconbi nant techni gues descri bed above, a fu3| on rotel n _of  .the

i nvent i 0@3caHspf9, 15p . FKBRs.wyclonbilins Hspefri04 EoP, Hepl{hupigniting
Qghf[]ggfggugrax&%ugcr . @?@&h%mﬁ& E6Hh B fesC 30, UOR Rracd¥, mftﬁsﬁingfﬂmpg Hsp
Laboratory Res. 25:59-70, 1995; Parsell et al., Rev. Genet. 27:437-496, 1993; and U.S.
Patent No. 5,232,833. Preferred Hsps include Hsp65, Hsp40, Hsp10, Hsp60, and
Hsp71.

30 The Hsp portion of the fusion protein can include either a full length Hsp or a

fragment of an Hsp at least eight amino acids in tength. In some embodiments, the Hsp
fragment is greater than 10 amino acids in length, and preferably is at least 20, 50, 100,
150, 180, 200, or 300 amino acids in length. In one embodiment, the Hsp portion of the
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WO 89/ 12455, WO 94129459, WO 98/ 23735, and WO 99/07860, the contentgs ]ODEC 2003
which are herein incorporated by reference. As used herein, an Hsp
"conjugate" conprises an Hsp that has been covalently linked to a

het er ol ogous pol ypeptide via the action of a coupling agent. A conjugate

t hus conprises two separate n’ecul es that have been 20 pl ed one to the
other. The term "coupling ageft," as used herein, refers a reagent
capabl e of cowpbionm3ene pol ypeptide to anot her pol ypeptide, e.geCcr/astédssiso
a heterol ogous pol ypeptide. Any bond which is capable of |inking the
conponents such, that the |inkage is stable under physiological conditions
for the time Mskaggoest consists of amyo pcidyy1-20Q of Heplk ofifyqebaeteriumbsmisy Diher at
| east 72 hour i ' | 3 : .
direct, e g Do SHRY fd oE FsyP el YRR ERuinERIPRNRRHS THRE

pol ypepti de, mespomsdin eitto. @ther prefetred #lsps emde Hspdd Y, hbeatulosid, ETspb0ibANL,
e.g., a backbone, _and_gh "gntermedi ate is al so Ig;kgd 0 the_het erol ogous
pol ypept i de. tAbEfcfeffﬂswnbfsaéIeﬂI repiasards PURETTBRE GRA s philinensdup fumigatus.

tenperat ure, mbercidddus b mesw&&mm%ﬂg aﬁEtI’t?&cri]d E{@Eﬁ&{]ﬁgﬁ%hﬁlsﬁmulat?}gf 30

substantially retaih the ‘chemcal stability of the , ackbone
present), ancdaninemivet espénsgou vitpoanddeps vike, Prefanablyl thedetegalngowsgrolypeapkide

ts, e.d.,. d het I I ti it t th
DA NN TN A e Y ST T
coupl i ng agenipstop@SThé héterd: &%9%1#%%&2% thiRainReRldntE BERDIN 4 Protdis

resulting fusion 1 DEC 200 14 PCT/ USO0/ 18828 protein. For
exanpl e, coumrpdured furi umanpahogen,¢sg- Yiryses. bgclgdamycoplasmaafuagh prasozan;

B ey e T

Is retained’l coupl't ng “age
cross- | i nki nqTAgetExaaiplésof virasas \inctudaiiima pyapilidrhovinsgdHNG, Bearped singlex

ti , t hat I t. is.5 1 I f the Hsp,
tho_ het e of ogs SNy pRApaRtE ViHRIBN RaesEie CIet JIGYh Sy rareblarms any
coupl i ng agerepVR Epktei-Barditus(BEB¢), 3hedzs HriQ Mda@bevinisLad Phithay am de,

or an al cohol and 'a carboxylate to Torman ester. Coupling agents are known
in the art, imowsmnodeficienay vimsdHRék Exammpi¢snfitpnesassocisiedantgenSinvlidesi s", 2nd

& gani o S MAGEY SfgEr Ve BASETCRGH SRk S TSR fEARTREDS |
| i nk componeNY+BSG] g51 08 TRPY, TRIPL2, A helanatope,{BERABIS, Frbeinasl or no

denaturation _or deactivatjon of e p h t er Ql agous_. .pol ypepti de.
The conj ugat ézl\‘ﬁ?]"gf?ét_“i" v*.r_rlflﬁ‘hésg"hPﬁi‘ﬁﬂﬁéﬁé’@ﬁ%ﬁ%&ﬁﬁ%ﬁé%ﬁﬁ:o a 15
het er ol ogous \pOMRERILIEA, B8] ) GHRLVOBS alafh, CPE ga@r t . A variety of

coupling agents, 1ncluding cross-linking agents, can be used for coval ent
conj ugat i on. PERanpl es of cross-linking agents include

N, N' - di cyg] ohexyl odj.i mi de (DCC. Pie N . .
Suee i By - S aclY Sotiedh FErt ey St PV ad Riehle e iy the fosion
pyridyl dit hi gy i) FIRV (eSftebks siftlor Bevenltnysnab@et] dhd fiabwentrat ins, and 20
sul f osucci ni m'ir%l 4- (N-mal el m domet hyl ) cycl ohexane-| - car boxyl at e
€

(sul f o- SMoC) Virabgepsikprgteingdal pisl Lk gredhe late stuegwaliproteingy b1 inihg majgneapsgb and
Li t al. : 2t § - her;:

i Ing I 5deat hogéaﬁ%c%%bea %?/I?I gg%quﬁgédo(f fégg? lsg%lﬁﬁaﬁsl@ﬁ@éd ututgICIIIII%EEIIIE@-SYS2;
Brennan et akype§lJBé&E aficseyan earR2smBdri@Biraloproteinsl Eroteias El, B2, and BiSplay dn

| munol . 139, 2367-2375. A large..n er .of_c |.ing agents 25 for peptide
and pr ot &ns IMBPTARY P’F\W’I"B@?f“’ggpﬁgﬁfly %II%%W&%%%WP&P e

The role of ES is less well known. Proteins E6 and E7 are oncoproteins critical for

-

viral replication, as well as for host cell immortalization and transformation. Fusion
proteins of the invention can contain either the entire sequence of an HPV protein or a
fragment thereof, €.g., a fragment of at least § amino acids. In one embodiment, the

30 HPV antigenic sequence is derived from a “high risk” HPV, such as HPV16 or HPV18
E7 protein. The HPV antigenic sequence can include an MHC-binding epitope, e.g., an
MHC class I and/or an MHC class II binding epitope.
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described in the Pierce Chem cal Co. catal og, pages T- 155 -T-200, 1994
(3747 N. Meridian Rd., Rockford IL, 61105, U.S.A : Pierce Euroge 18DEC,2003
P. O Box 1512, 3260 BA Qud Beijerland, The Net her | ands), which catalog is
hereby incorporated by reference. 30 DCC is a useful coupling agent
(Pierce #20320; Rockford, . It pronotes coupling the al cohol NHS in
DVBO (Pi erce #20684), for an activated ester whi can be cross-Ilinked
to pol yl ysi newd %484y N - di cycl ohexyl carbodiim de) is a car boE¥ fu%ﬁlﬁfs‘fi’
cross-linker comonly used as a coupling agent in peptide synthesis DEC
2003 WO 01/04344 PCTI US00118828 and has a nol ecul ar wei ght of 206. 32.

Anot her useful cr oBsaddititni th-Ispdasibn peotSRDBthe( ﬂsianqmot#ﬁ&ﬁﬁﬂ be used in the in

het er obi functional crosszlinker f use w rimary am nes nd dryl
gr oups.  SPDP Yie assapsiesined btk ghiesg pors b s rateéﬁéeeeﬁauaﬁl N oapruSk

6.8 angstr OBy jda3t EigRCAHINS abids Miensdl Rissd t%%e&ﬁfdﬁﬂﬂ%ﬁk»&@é 2 1958 Ut aritP

produces 5 cleavabl e cross-1inking such that upo reaction,
agent is el i racidstiedength, whereikithe ﬁahmidesetondthpmcbsWeydMedﬁmHifMtor

het er ol ogous pol useful con ents are SATA (Pierce
126109 Fob Db IBIer SR PRIl S e oane s G ap HeFls2ees bkt no.
whi.ch are detHanme%mebyghwmc@@rﬂﬂgm{@herce #26103), and sul f o- SMCC
(Pierce 422322), reactive towards am nes_and sul fhydryls. 10 O her

cross- | inki ng and Iadhpfusieq naetem ef the invanting, asither tis|fisstinos seqeindpolypepiéds is al

ool Vi g o gl seidSEicheD e GATRRANP 8% BERARRRER oL SURIGRY, 1 %0

ot'her protei rth.,(IEST@rpb]‘ydﬁstid]prSItlonS for exanple to reporter groups or
to chelators for ge i on Iab%Ig of a rotein, are disclosed, in EP
R Ay

243,929 AP (publ i iR, proguce ion pro 9;5'@5‘6’1"&@ neqdingdhe MisiongapiBuy |
groups can bea gt ffithdued el £Bost cAl )P, a KRl b nh{a?y&gr ©F 8h PefidPtalized

pol ypepti de either by preforned reactive ester$ (suchH as N hydroxy
succi ni ni de esH &ng using e expressiamyaster dde resombinantyells apsthbwdsddogeodved iat ed

can be.trandPAPhESID L7 FRSERR EE B B le e B SR Lupe.

Hsps that hauwecoiblishedbyxidmglogowsrecamnbingtignoi ned to am no groups on the
pol ypeptide by an_in situ, carbodiimde nmefhod. Hsps can al so be attached

to hydrox groupghﬁﬁ’uglﬁ?‘FquseﬂPencFﬁPM‘i? @g.pmt@gl Wluspaliy be pgrably |

groups of CY$hRéd'® dRTr MRS reghlh &?@b&ﬁeﬁ&est&l&%&ﬁﬁéﬁ&l@gfﬁa‘é@m%eﬁgﬁmé des,
e.g., a Hsp and a heterol ogous polype tide, hybrid compounds can

constructed oewtfar axprgssionndrheerm msulatompwamnce'z@fmmpmmdtgm énhkaatrs 0 a
pol ypepti de | I n 1 ength The p

conponent of %%“?1 E'%ﬁ%/ ‘r% ﬁ%gﬁr}%ﬂlﬁ& can eég ’atunc'(i a%%mflﬁ onn%gléﬁlér %‘Shgegulawy
pol ypept i desE;;&mﬁﬁdshefddSﬁnimdpf(ﬁasxamplbdniimatlclqw%) @e?@iﬁﬁrgﬁﬂgbﬁidb@ g
conj ugat g t naon- pe e_conponent of this hybrid conpoun

i nel ude P MF@%@M% ug‘l g%qrmagmaﬁaﬁaa@cg%% dbg soritent of yawedigs i de
anal ogs, or gmbgmeatea RGEBAY ﬁfé&ceomgm By éyea\éedegs ﬁmmle%rfdge%%\ggﬂe&ht | ess

t han about 5,000 granms per "nol e prefe et ween about 1 and 100
grans per rmber;stlmessapnewoxesfaenmlecmdd sefuiqnee in ey regessoifihost de}ds,athmphzabl e

f f d
e sty oS R BRI o i Fefgndf el 61 e

specific regujatory sequences), and those that direct expression in a regulatable manner

25 (e.g., only in the presence of an inducing agent). It will be appreciated by those skilled
-in the art that the design of the expression vector may depend on such factors asthe -
choice of the host cell to be fransformed, the level of expression of fusion protein
desired, and the like.
Recombinant expression vectors can be designed for expression of fusion
30 proteins in prokaryotic or eukaryotic cells. For example, fusion proteins can be
expressed in bacterial cells such as E. coli, insect cells (e.g., in the baculovirus
expression system), yeast cells or mammalian cells, Some suitable host cells are

discussed further in Goeddel (1990} Gene Expression Technology: Methods in
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Cel | sanples containing naive |ynphocytes are prepared from any manmal ,
e.g., a nouse, rat, rabbit, goat, or human, and are plated at an 71 UEC 2003
appropriate density in one or nore tissue culture plates. A naive

| ynphocyte is a | ynphocyte that has not been 5 exposed (either in vivo or
in vitro) to the fusion protef (or to either of the pol ptides that are
joined to nake the fusion pro™in) prior to the cell's u in the in vitro
assay. The ceavbowespd e can be derived fromany of various pri ”FC'Ym@ﬁo/lsszs
secondary |ynphoid organs or tissues of an aninmal, e.g., spleen, |ynph
node, peripheral bl ood, bone marrow, or_thynus. The sampl e may al so be

derived from &RgMalesyiss, M@%@s,ﬁw&wg@u%néanbnefuem ifer expreskioas

the lung, res ”sq | ar, nchi ,
etc), and anog{j&%&‘ Xﬁ%éé’%ggglsqﬁe ce Sg?%{alémégtnaﬂﬂwp%ﬁﬁg‘ﬂ},eﬁg %ﬁocyt es
sel ected fronpMRa¢Khtjan addHerskewits(1982PTell 001933-9a4d), YIRYSE (Sehuitzheal ¢HIg7)
sanpl e can be either_ unfractjonated or enriched for a particular cell type

or cell t ypege""f Ll 23 And BY B2 (lBvittogsn GogRozation; fian Diggo, CAny Bacelgwirus
optional l'ysi ”Géc%&@a%ﬁla\ﬂfe f%?eyg: fdgﬂ;ﬁ_rlbﬁgﬁéégﬁ?wo‘t eéu']tﬁre?l‘iﬁ&c@éelﬂ‘?? %O@i‘ ges,

dendtrltlc cells, and/or sanpl e can opti onal | ude
cel | lines, ecells)inalute dhrsphe soeds (Smith kr 64 (W088) Mal. Tetle Biol3:2166-2168) and éhd

sanple is exp dinvitro to fu5|o ugat e descri bed
herein. Foll dﬁﬁée?spgp?gﬂw&f’dg gkf lgﬁeﬁg’@b sanpl e and the
fusion protein or E}Eﬁhhc}jl%ﬁnmﬁnﬁhan gxprés%lon%cto?@mcﬂﬁe @@Mgg&aeﬁr IQ@ghours

a determnation is ma 20 as to whether a Thl-like respon has

el’isci t ed | n tMesuradl9:&hend pMA2PR) (Kamﬁnen ekds(d&ﬁ%)eMOd& 487-d488)e Whehor
exarrpl e, particular |y es

TEn gana o TR BEubeh RERRMT ShertheRRbbob) o6t fubfifons Srpten
response can previded b_ptmal rbgu]mgaglemgntfs.o Fof:é:&am;ﬂq rcbﬁmﬁmflmﬂéeﬂrpr@xhﬂfeeﬁﬁb on,
such as SLAM (.sigpalin nm, tic activation nolecule),. or for cytoklne
expr essi on, %é"%‘ﬁﬁ‘?ﬁ ‘8%9‘%%&&8%"% Gy pmegaloyigps %nvt“luéﬁpcytorretry)
I'n one exanpl e, %'a&&'itxoﬁr&i IR GEAMABEHACnHd %ﬁ@ﬂée@dfs\éﬂsb’d S5oveOfikai ni ng nai ve
| ynphocytes are prepared froma nouse and are plated in tissue culture

plates. Met erpsnhipant suprassionyvestar can Wﬂmnr@dwmmmade mmimc Fobed in

Current t et a hn W | e & Sons,
5000, "oul 10r ExBigple, Fe#%"tq‘?m’? Bpregsion ﬁ%ﬂ“&ﬂé’o‘?‘@ﬂdt §Selectahie apier B¥nc o
concent r at i oridemiffy hoﬂt esits thatCHaQe incofpogated mdmmbme&vei—l&a fachlitale@Berefibh 8f N

Hsp, the antigep al one, t her antlgen cont ai ni_.n usi on protein, for
a tine that ‘%E‘ﬁ@?@‘?‘éﬁ’i’t Ftcﬁel 10 pAERGRT g@fﬁﬁﬂlsr theseremebinanti nst

a standard S Sen | = e,
HspE?7, descr ?géeﬂg&?ﬁ{ pat ent r%&;dg al}g‘%ﬁ %/%“8@ e? {6%%?1}165 %@7’%@%&%3’?%
appl i cation \f@l%m@fk&ﬁ(sudnﬂlaémncﬁ}pwssinntthe figsiemprotein isesbmﬂvemf&ﬂ\lvimhheg

f th | Le to the .test t he | FN- | evel i
eﬁ?’iﬂi ° 201 Fleb) Shcned 38 o ISebiti e TS el Plumee 08T B fB¥ion s an
FN- gamma EL F&Aemﬁi&suﬁé &cﬁtorytpaﬂms&sfsha@esmnuh@daea%@w&éﬁea atuBaﬁ Wing for

e

IFN— gamma rel ease elicited by expaosure of splenocytes or cells
to an Hsp fuksieasegf hednafuredusinn pratein &i.e. sths Sesion prefein mthoutﬁh@ Slgn@itssewbnby)

exposure 10 g fRhbaRn (RELFa s gens@gﬂtaicta?@fafc Iltﬁgset?ﬂ{(agp%;&eﬁg anti gen

and Hsp, or a fusion between ant a pro ern an a ﬂgp The

assay of t hepeptidesfrioonmaemmalien hest dellvisdmabman theaarpr epar ati on of an Hsp 10

f usi on tein (e.g. | i cont.rol assa re different

pr epar aP |2§ns of( or DNA cah be intrdduced into proakarya/tzc oreuﬁar;'rgt?c cellsvia
conventional transformation or transfection techniques. As used herein, the terms

"transformation" and "transfection” refer to a variety of art-recognized techniques for
introducing foreign nucleic acid (e.g., DNA) into a host cell, including calcium
phosphate or calcium chloride co-precipitation, DEAE-dextran-mediated transfection,

30 lipofection, electroporation, microinjection and viral-mediated transfection. Suitable
methods for transforming or transfecting host cells can be found in Sambrook et al.
(Molecular Cloning: A Laboratory Manual, 2nd Edition, Cold Spring Harbor
Laboratory Press (1989)), and other laboratory manuals.
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fusion proteins. The neasurenents taken in the assay constitute a ge‘éi]gg 2003
for identifying a particularly active batch or to elimnate substéan

bat ches of fusion protein preparations. The assay nay al so be used to

optim ze production procedures, storage regines, etc. In cases in which a
maxi mal Thl-1ike response a particular 15 antigen igwdesired, the assays
can be used to test differ fusi ons between the ant ‘n and different
types of Hspsy@oitipes of different origins. Furthernore, the apspys@assize
used to test a series of different candidate antigens, to identify the
antigen that gives rise to the nost pronounced Thl-1ike response when
fused to a Hsp. THefterserly acmalldfrassionef magmalign iceldsiptegiate tgifersien RNAninto
antigen sequepce or a . ' i Il e for
ol ci'ting o HhAFEPeERY Bie 0 OGP REF e inofl Sk P L ke ECBRORLL 2

i denti fy sucheRetablemarkes @S5, tesistancetotangbiotics) ean bamtodndediiniorthe hosidelNs dual
subregions of the antigen fused tQ an Hsp can be prepared and tes&gf&g&n t he
assay of the alongwith ghe sens epepeing thy fusien protqip oPigfiared selgetable markers; ¢

cont ai ni ng. i ngi Vi | ' sgﬁrg : diiififexG@n be

pr epar ed gsndqg%ss?t&e}%.aco egéeS gggg%glteulg%ngﬁ%l{iﬁéﬁjsmw Ig}r"%@?ﬂgﬁ% he bggli%'s for

t he, const r uctNwleiohicidlencdding d sélectable nparkéreian be intordpedddnteq sbeabdrothe of

antigen and/or Hsp that .are syfficient to elicit Thl-like response.
Fusi gns cont aSF‘Wicﬁ’gc@ﬁBsr%? ‘H}?QH’G‘B the ﬁEt?“d?{B‘FB‘P@G‘bB%B}“&ﬂE“@P%S? en can

be tested by \coparkiidsthilg rahifeiies diththe lrttedudc@sieRitaciPednttidiritiisaasy by a

full length fusion protein with known activity, e.g. Hng?. 30 _The fusion
proteins desaciripesledtionde.g., gelds thetdhaye ingprpasatay thersglectableangrkergene llounds f or

their effgctiveness .i. ' i a Thl-1ike response. For exanple, the
Hsp fusi oﬁ prSB{‘@Yﬁé”l?ﬁa@éQ@?%&;‘%@gﬂ'to stimul ate | FN-ganmma secretion in the
in vitro UEC 2003 AMrdtiveihs44eddmibihioiekigtiich werayar beitrhescribatiamistrashited| s
to test candi date conpounds f_orTéheir abi | i tt[y9 to Broduce he, sane effect.

The syst em deBerader ramplensing T4 prometgtreagfatoryrieat W%afidefba?ﬂwemevg tro
can be used to gelﬂ%ﬁﬁih%n%ghie‘&@&ﬁﬁbiﬁmt t&?ﬁdq%e@&esh’ﬂilyéa dbBVe, 'aGusiBh prtéihio?n

into an individual. This 5 may be useful for treating conditions
char act er i zedbbinvantitanéandetforrhed bydinidag ree peliiptidet e@n 4 Fspand aheterologaps

response. .  The assay.can.al so_ be e i | ) hat .
regul at e B TrP*’TmePﬁ%e’ ?(F £°§ 5’0%%02’?‘1%?)‘3@%%8%19g%h%gg%ﬂgﬁﬁgﬁ?%rgl%t%gﬁbegﬁ?I ity
to inhibit anysgs/i24550WEOHReH5D, WOMRSIEY 3T ndl WROY 860, the comtents of phinint e
a Thl-1ike response in a nanner %im'lar to 10 Hsp.fusion protein, or to
enhance the Pr¢ herpimdpcqrpargtsd by re %@éd%)}‘s%é iF%‘f:i""f Xt COPIugets| ROMBRSES A

other protei fydqyRGhat ﬂeéhcéoviagénﬁy RRREElo @%@fo?@ﬁ@p&]ﬁcﬁtiﬁ@ﬁaﬁb@idﬂ&n ofa

protein). Inhibitory conpounds may be useful To treat conditions
char act er i zedobplimgagent ap poujpgite thusTompriseyiwvosseparate gnoledulgs| thatrhave bgenand

aut oi mung,_ di seases. Potential..inhihitors (e, q.. 0f findin

anti gen- sfq e%“&%gf’ﬂﬁa #’ﬁ? };P%{] n§°k‘%‘n§ﬁgf‘§éﬁs%§e prcéguelhlt%f‘%mcaeﬁef’%m&r of
?t[fss przteidla?im&bpml m§aﬁ@§91§ﬁéﬁtmgnoa11anmh imﬁ»ﬁdqaa.ngHsgab@eRed afs _

ol | ows. cell sanpl e conprising naive | ynphocytes..is mxed with a fusion
protein or cdwferelageusnelpeptide ndin bprsd Phishcocaatis of firkias theqommpopents sych

| FN- gamma s ' Connou : te ] LRI @l S are
added to theetﬁ%:te +H@fﬂgture elgt @%g@ﬁ:;@g&g ter@%?&stiﬁ%iln?lgﬁ%sﬁ%%‘gt he
addi ti on of tdeeayf(esl,anlepstddionrs) preférablyrst isgstt 22 hotitsy isfufiteble. dhe tink betvgenund

on the induction of a Thl-Iike.respons e.gq. .. sur.ed | EN- ganma
rel ease, ¢an e W&P@P?Htﬁﬁ’&yh??%gﬁﬂpggi’ ef“naeﬁf%?g%‘gg‘gdﬁrﬁw%gﬁ he%?g‘?%%d when
the fusion prgfiRiedtigd, of RiréBRE 8., WHASa HEp 2HREd tPar Meerliiates 28R adackbone,

and that intermediate is also linked to the heterologous polypeptide. A coupling agent

should function under conditions of temperature, pH, salt, solvent system, and other
reactants that substantially retain the chemical stability of the Hsp, the backbone (if
30 present), and the heterologous polypeptide.
A coupling agent can link components, e.g., a Hsp and a heterologous
polypeptide, without the addition of the coupling agent to the resuiting fusion protein.
Other coupling agents result in the addition of the coupling agent to the resulting fusion
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In a simlar manner, conpounds can be screened for their ability to pronote
a Thl-like response. Any conpound can be screened for its ability_t
regulate a Thl-like 25 response, including both peptides and non- ﬁegt[i]%% 2003
chemi cals. These conpounds include, but are not limted to, peptides,
peptidom netics (e.g., peptoi@® , am no acids, am no ac’ anal ogs,

pol ynucl eoti des, pol ynucl eoti de anal ogs, nucl eotides, nuCTeotide anal ogs,
organi ¢ or i ndVgAWPEB4¢onpounds having a nol ecul ar wei ght | ess thaIvUsSbm1ss2s
5,000 grams per nole, and salts, esters, and other pharmaceutically

acceptable for .of .30 such co unds. In this c , a cell samle

conpri si ng naPﬁe’PyﬁﬁﬁSngg’.ﬁoggﬁ%?%ﬁ%ﬁnﬁﬂﬁcf%*?”{%@g@g%ﬁﬁ@&m,homﬂg o&f f ect
of the test cpiRRMPIGVtiohACadd WHEinBheUr nford Btohit béBpode BRI Eageit & & S
measured by | FN-ganma rel ease, is then neasured and conpare {0 a “control
(no test sanpresjingt incthamsempesition.ad cepplingzgeonthriiswat 4 crost-limkihabgena cdinbe

-like 31 D EC 2003 .V\0O.0 44 PCT/ USQQ/ 18828 response. This assay can be
used to ident?efr?/&r?g\‘/:e ‘“’36?}%1‘%%‘&% CFRPP T 035%%8'?g§’e§‘1q-[‘?‘ﬁ5‘ AP _ | j ke

response. Breé@npdved ehlirelyltf the Hsp, the hBRRsI6adik ipBlypsbiatd, Md 4 B&kb&%%@&gﬂ {ihs
at least 25% e.g., at |least 40% 50% 60% 70% or 80% the level o e

maxi mum r espoP&Mthduced by an HspE7 fusion protein. In one enbodinent, the

conmpound is prefer : I : l.n .anot her .
cnbodi ment . 't he conny Bguf AR kiR he hd EEREUY e ' SEBT i,
correspond t oortanealéahmlandis carboxylatead fural aryeststc Couphgg sHeRtsirdknoWAein Ak kAW NY
are exanples of the practice .the invention. They are not to 0 be,
construed as IFnfé+ Pfg ]f‘ﬁit@"éﬁ'o lﬁf’sh%%/f WgﬁgVB’%eﬁlﬁ ’ M%fﬁ%ﬂﬁm
Exanpl e 110 Bagider.iGreetd SitH Wi, fi?bdecﬁv&g?ou QR{an (%ﬁﬁsﬁﬁ' RAEATRHeAN

Proteins 15 E. coli strains BL21(DE3) or BLR(DE agen) “were’used as
t he host for Johh Wiy, dbY n&aeplgnagsnts shewld divkicompongnt mojétees steblypbiisnch that

bLvss col | o PR PRIRELERS donirdio M REN B KT e P48 b ligpbine. . 10

g/ L yeast extpohygeptiddl g/L NaCl; MIIli-Qquality water) containing 30 |lcg/mn
kananycin and 34 /M chl oranphenicol, while all = 20 other transformants
were grown in 2x b5 €5 e IRYeTEion c3y bePrepased by crwpling 3 Hepmtetar i al

g
cul tures r ' cBRKS r =0 .5 and
then i nduﬁd%ﬁ%ﬁ%ﬁmﬁgﬂﬁﬁy hour s@gﬁvggg%%g%elﬁpggﬁv% %%gﬁg%arvest ed
by centrif uggentsnnelnding cross-linko@gents, G@begiséd forsovdlenttcesjugitivn) Bxasipterded

75y, 1 ysory iRt Pokih e’ MY Siclenatvlebed i EER Bleran ba”
frozen at - 7QGeciditnidyl-$-byetyinbicacanRiSATAN), Nisatahimidyle(zel | s were thawed

using a 37C waterbath and proteinase_ inhibitors were addedwgz p.g/m
aprotinin, 2PyRgyidituodpreaienats (SBDP), opthonbenylgngdimalgimide (aPPM3rand The cel |

Suspens o, sasiakdhirhidy PP iiieBRERy) SUBRENDT L BIAIROSIACES 3

tinmes for 30 seconds at "~ Power-Leve ni cat or

Corp.). The SepermaKarpovsiysesgé|(1984) ddELy. dded R160:p686 aid iy e ah(1985)@add on  at

35,000 - 60, fore 10,20, m nutes at 4C. For sal ubl.e proteins, the

super nat ant a&&ﬁ%ﬁ#ﬁ%@‘%&o@%@?ﬁﬂﬁ@%ﬁﬂ? gh"lﬁ? QESL"BB?F} bybaulps ot ej ns

found in inc(1s8spmenant o, Miu el - DECHaRAR oM. PRGNS BGR0 P, 1328 he
e er

supernat ant was di scarded and the pellet was was wth Lysis Buf
(optionally Glemnie ez al. (1987) J. Immunol. 139: 2367-2375. A large number of coupling agents

25 for peptides and proteins, along with buffers, solvents, and methods of use, are
‘described in the Pierce Chemical Co. catalog, pages T-155 —T-200, 1994 (3747 N.
Meridian Rd., Rockford IL, 61105, U.S.A.; Pierce Europe B.V., P.O. Box 1512, 3260
BA Oud Beijerland, The Netherlands), which catalog is hereby incorporated by
reference.

30 DCC is a useful coupling agent (Pierce #20320; Rockford, IL). It promotes
coupling of the alcohol NHS in DMSO (Pierce #20684), forming an activated ester
which can be cross-linked to polylysine. DCC (N,N'-dicyclohexylcarbodiimide) is a

carboxy-reactive cross-linker commonly used as a coupling agent in peptide synthesis,
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containing I Murea, 1 %v/v) Triton X- 100). The resulting m xture was

then centrifugation at 35,000 -- 60,000 g for 10 -20 minutes at 4G dnBEEh@%
supernatant discarded. The pellet was dissolved in Lysis Buffer containing

8 Murea. This mxture was then centrifuged at 4C for 10 - 20 m nutes at
35,000 - 60,000 g and the | et was discarded and t super nat ant stored

at -70C as the Inclusion B fraction. Exanple 2: Pr ction of

Reconbi nant Myoamks4BCG Hsp65 (Hsp65) A plasm d encodi ng Hsp6iciesoo1s8s2s
constructed as follows. The M bovis BCG 10 Hsp65 codi ng sequence was PCR

anplified from %RI B 1300 (van Eden et al. t&11988 Nature 331:171-173) using
the fol | owi ngnghexemelecnias weightef 406,32 ndpothgsetul srossikingageh TSR AAG

ACA ATT GCG 3g; ; | r G site.
The reverse r”l":’lr'fzgr‘:"i8 (l W h@er@%h%@%@s%e}?@u&ﬁﬁ% a&?&&%&g& SEQ

| D NO 2) contalfligdrahgrbbgs. | SEDP haglomoktnlenweight of STGA @idespideraaddengtf b PCR
product was digested with Ncol and Nhel, purified and ligated to pET28a

( Novagen) V\hiﬁcﬁm’(ﬁﬁﬂoﬁéae‘ﬁ reagtiveto NHReestersad nyridyldithio gaonns, Mdmedesssodes  t he
M bovis L ' : s e (SEQ
D Moy 3) codrisa il Biol Aalins S G Flof iR S R Y EenER el AERUEE

| A--1B. The Hilsp=apbeiiaked dimstiyuo abaddbons of kdtérolagousidypsptidé| Other assfelon was

Pr aha or med. GPOREHTEARH" Feabea Gbareio) F Bhatmeinst BloRef SHrmss)
present in thg RQLd& Eoky-B@iih® WHiat are@dblobkechithhydi6xyl@hineVIOD(Pierce

chromat ogr aphi ¢ steps: SP- Se& arose (200 m colum, Amersham Phar naci a),
Q Sephar ose #2613 andsulfgsM %Pmﬁqﬂﬁa?)mﬂa‘)e,tows@ﬁ medregiand saldydrgloo

col um, r BRG] - ' ' mi

col . 80or DR R IREl nd R Bl AHE 1Y BLSUARRE Ehfy Prrc emiced
phosphat e bu{ReskdskdsHL)i relditidBEompdinfy ind prgtessssy pdrtieular]y those thvaiving/d C.
Exanple 3 : Erq ction of Rec i?ant HPV, 16 E7 .E7} | asm.d encodi ng HPV
6 B vas condnTiRaLa FUTHOTEGRE: oot prortishle HhPrS bR SR s
PCR-anpl i fi e%&gm&ﬁ%fdﬂ@%ﬁpkM%bnﬁlﬁgﬁﬂpmitmaa%&@r meiliolidteling2?d: CCA
GCT GTA ACC ATG GAT GGA GAT (SEQ I'D 1 5) and w134: AGC CAT GAA TTC TTA
TGG TTT CTG pioiin, ave fisclppgd mniRe243:829A3 (mblisheflNovd BgtBR7dd with restriction

enzyme | and EcoR I..an urifd ed.from an 0se [, ... 3 1 DEC 2003
V6 01/ 0adta’ por uRepprRlichd el phrchin ekl Bl RRbESnt o Tysite rigle e 1 o
PET2Sa that baglpdifihe BERIDIGAIS YpolyeIRR! cifterby frefof@ed Aaetivi@yeTe fsucll BEN-
ligation reaction was used to transformE. coli DHSanIgha and putative

cl ones cont ahydrayy sussinipidesster) qyesters GoBRgatefdy sty & carbediimudeapediped

di agnostic r L £t satl -1 OR: ' ',-gi'I{g' :estard ol l.ys§s was
com9 irmed 5 ﬁ%&% seql?gir?%'gﬁg%sca}‘ ;Is%gb%?then |S?g°%g%%é@ %é%gnbn‘{vg{rmacﬁgbé |

term nati on tragfoned tOsillfafyl chloadesthit reant ovithamsthe gomps.nHepsathptHEVE7 (NH) |
was then _introduced by electroparation into coJi stragin BL21(DE3). The
ol cot 1 A0 s RO S BE G BF JAETeR o BBt groRkyon s BPRRERisls Byrans ST4EG | D

NO: 8) is showbédlinkide method! Hspkieih 4160 B¢ attdchb@iohydskyl Bdups 8flscdmeflop! | ows.
The Sol ubl e Fraction was 10 prefgar ed as descri bed above fromE. coli

BL21( DE3) cethrepnincagsiduesaartosithydiyherenps ofaysteine resigyes. The HPV 16 E7

protein was purifj ] -0ar aphi . ar ose
(100 M col um, Ahngéhﬁonglt %ﬁgﬁ%ﬁ%@%ﬁﬂvgﬁﬁﬂkﬂ%oggc LQ‘ 275881518 c% aeae%l,g‘gﬁ%er sham
Phar maci a) ; poigipéditide isfbaikti compBagdsaan de corisiuciet cortaimirghanon-peptide compound

25 covalently linked to a polypeptide at least eight amino acids in length. The polypeptide

component of this hybrid compound can be any of the heterologous polypeptides
described herein as a component of a Hsp fusion protein or conjugate. Examples of the
non-peptide componént of this hybrid compound include polynucleotides,
polynucleotide analogs, nucleotides, nucleotide analogs, organic or inorganic

30 compounds having a molecular weight less than about 5,000 grams per mole,
preferably between about 1,500 and 100 grams per mole, and salts, esters, and other

pharmaceutically acceptable forms of such non-peptide compounds.
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Phar maci a) under denaturing conditions with serial washings containing 2%
(v/v) 15 Triton X-100 foll owed by serial washing to renove residual @riltm 2003
X-100, and the pooled fractions containing HPV E7 protein were then

di al yzed overnight against 30 TRISHCI, 1 M NaC, 1 nM 2-nercaptoethanol, pH
7.5, The dialyzed protein was rther purified by N -che I ng Sephar ose

(75 m, Amersham Pharrriacia) ™nder denaturing conditio with serial

washi ngs cont awa a1¢p4244 (v/ v) Triton X-100 fol l owed 20 by serial vyeshidhe1tds
remove residual Triton X-100. The purity of the protein was checked by

SDS- PAGE, the aplpropri ate_fractions pooled and dial yzed overni ght at 4C

agai nst DPBS/ WHYe 4:  Production of Reconbi nant

a 1k
Hi sti di ne-tagged H - Iﬁ&f&' {l ' h) E7 was
constructed as fol ﬁgﬂ. iiﬂlg-‘(%%g@‘lg‘gg*ng ségﬁegﬁg%‘ﬂg%§°%’dﬂyéﬂﬂﬁﬂﬁl’ed
from HPV 16 germni mobbd) rétpkbitidat 6) hmhmgmﬂlaﬁeplh&kilaom'cg:r 1418 Hénsity3F one
forward primer %33: 5' u?AAC CCT GCCT AGC ATG CAT T 3'; SEQID
NO 9) cont ai n&T FPTREEFUCS W%%WF lymphoeyteis alympheryisthatrhes nobbesns e
primer (WL34: ob: g@% %0 : iy . 10).,.
cont ai ns a% ECORSi tgﬁgév\nst -rgggn‘iﬁ g@ tg%l'%A%\]Ethn paé%d@ﬁfg?ﬁggﬂt@e%@?é%“ms
di gest ed wi t htitere joinediooRke theuiusibn prbtein)iptiontattbelcdlBs pishindlee whiieh akagl,
been cut wth. Nhel. and FcoRi). dgr:i:'T/ E7 vvhiﬁh encodes the HPV. 16 _E7 protein
cont ai ni ng an TREEEP SARRIE G4P Op derYed fomy any, phyasius PRary, oxsecongary hawphoid,
S

transformE.  effans oPHSuE 8Ban/ MRl 0.8 34p1cBET: ﬁ%&é%@ﬁpﬂrﬁ%g&%}m%l . The
nucl eoti de sequence (SEQ ID NO 11) codin or_expression o h) (SEQ I D
NO:12) is sholWImon, pF ghymus. Th@semlemamalfpgnerdemsd fromi dnydigsuesinfthé badys. The

| hicl usi on {Body.. f.k ' escribed above fromE. coli
L 51 D) 1001 ForthAllel BB ccht 2RAf Sne Sl RERlNER, AR Veiiol A |

hi sti di ne- t aghpeyhx;iBvéBea-Bronclat efc)) afd Mdgehityl st The éiPsahipdd & inpBodY
fracti on was puri L)jggc&ml;si n% t he é_ol l.ow ngpr chrpmat ogr aphi c stegs: Ni -
chel ating Seph@lVebanphasyiss selasted Tam WK ogls. Me Toelle el cellsmad opT wglls. The
conditions w ' -1 1 .aLA] | -100_ f oLl owed
by slar: al vv\e,ams%]éi’nnsgaﬁtﬁgé e%’%“rr%?/@e?g@ ug%m:[!?ﬁ]%lr{%%& Xé“@pa&%u?}%’lf ﬁ)t?f’ Mgh
ref ol ded on ttypes.ehi additimh tolnaive dyrbphosyttS, the c&0Samnple ican dptichaRy fHioslieaidive
Purified E7 was di al vzed ai,nst DPBS/ 25% [). cerol. Exanple 5:

P oduc s of b SRR RO RS (308 S B macrapt i dndsidinofllsyardior B prlin e eel
(HspE7) 15 A atgh eReaMily thetide Gell Hass, 6 QN St ARERMeAT Jeﬁ'dln%\ésig 1081 e

bovis BCG Hsp65 codi ng sequence was _PC_IQ anplified from pR JO usi ng 't he
sane forward pri nEpe celbsampleds exposed frreigo tyiadusion proteinor aiconjuget® déscribed CGC

TCG GAC CCT i T g@};]T L | D.NO. , 13). contains an
Ndel site upstreh%%}iln gﬁh&-:?ﬁ%gﬁng om@%%mmgéeﬁ%aﬁﬂeﬁ%é’e)%ﬁBH The
F’CR2 g r os\zct hvxﬁetdeﬁﬂoﬂd:mm esgih,téh llslaldl 36,843, Shet2, oﬁ% héﬁre,ChGﬁi&rﬂjhzgﬁ)hqgnfaﬁe
pET2Sa | ad heen c it Ncol. a Nhel.. . The HPV 16 E7 codin
sequence %6215 B °FF%H%JWPW%%%QW@lbmceﬁgmph\/ﬁ&@wgc ng the
fol I owi ng prirggichse ddifbd Qetved] fdekfBple( ¥ mrbasuin Qﬁég g% e G CAT
GGA GAT 3'; S'E%'I D NO 14) contains ai?l e%% start 25 todon oatd%a{%ﬁ’}gfgsi te.
The reverse pympbekings 34, IEN-gromnan TIRAerT by Therceli@ample. Alternatively, a Thl-

like response can be detected by assaying for cell surface marker expression, such as

SLAM (signaling lymphocytic activation motecule), or for cytokine expression, using a

25  vanety of techniques (for example, flow cytometry).
In one example, pooled, unfractionated splenocyte cultures containing naive

lymphocytes are prepared from a mouse and are plated in tissue culture plates.

Methods of isolating and culturing splenocytes are described in Current Protocols in

Immunology, Coligan et al., eds., John Wiley & Somns, 2000. Cultures of splenocytes
30  are then exposed to different concentrations of a test protein, e.g,, a recombinant Hsp

fusion protein, Hsp, the antigen alone, or another antigen-containing fusion protein, for

a time that is sufficient to elicit 2 measurable IFN-gamma response against a standard

antigen-stress protein fusion protein such as, for example, HspE7, described in patent
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TTT CTG 3'; SEQ I D NO 15) contains an EcoRl site downstream of a TAA stop
codon. The PCR product was digested with Ndel and EcoRl, purlfled algdl DEC 2003
ligated to pET65C which had been cut with Nde | and EcoRl and the

resulting plasmd (pET65C/ E7-1N) was transformed into E. coli BL21(DE3)
cells. pET6SC/ E7-1N 30 enc s a fusion protein consi ing of Hsp65 Iinked
viaits CGtermnus to HPV E7, abbreviated HspE?7. nucl eot i de

sequence ( SE 16) coding for expression of HspE7 (SEQ S
shown in Fi g&@/&%ﬁ‘ DEC 2003 WD 01/ 04344 PCl'/USOO | 8828 Thek'g%@g‘}”"ws
protein was purified as follows. The Sol uble Fraction was prepared as

descri bed abay ﬁséa&i@ﬁ“’flo mwmmtaaa(eaﬁwyedm the Bxlampkis(belmﬂ mudwmg ax;msdre
PET65C/ E7- I N,

p65- HPV16 E7 fusion pro E%J sent i ol ubl e
Fraction was ofthg ¢algnpije Eorfbeffiﬂl’lBW“héhecﬁ:h@ ﬁhg’ct §F§‘ﬁ%°e um
ammoni um SU'éaét@n@hg&gagg%tshﬁme %a&h%hﬂm%maoeﬁ <4100 col um,
nmacl a pharose (I

Amer sham Phar O m columy, Amersham Pharnaci a) .
Endot oxi n was r emiResditbyf thetasnays describstbebgy vivehl th%IFWgE)mﬂiamloaﬁexhclmtb)on a

Ni -chel ating Se haro e.col um i he r ence uani.di. ne-

(GhGL ) Parerphaie PLEHSHRes ok Babgade pfdS S5aBe ROF PO SRPELASFE and
stored at - 7QGhstdfidruamihs ifduced By egpdsare tsih&m%efpﬁgmmd\msﬁ kg anl osi s
Hsp40 - HPV 16 E/7 Fusion Protein 40- E7 pETMI40E7 is a plasm d encodi ng

chimeric r ecadmlxmrﬂomgeﬁl andViso By 2 fesinmphstwernomtigpr anvhe protein wihen Buncul osi s
(strain H37 ATCC 27294) hsp4O 15 protein with hu HPV16 (ATCC 45113 ) E7
protein atta g at the Gtermnus of Hsp4O The plasm d was transforned

into E. coli BL21(MMe3ssayadflthe ﬁﬂéntiﬁrﬁaﬁbeusmtocémmatera;ﬁqﬁ:ﬁmdﬂma{smn The

nucl eoti de sequence (SEQ ID NO .18) coding for ex |on of MI40- SEQ
ID NO 190 |§“%%RFP*?1H% Sgésaswl%cmﬁ‘iﬂ Wer é?“’;?ﬁ‘%t‘g FreRbRrepRfAteR i‘é’
fol | ows. Thef%? Bpﬁ/ %m%m&g%pa{m fRidifeed above
fromE. coli 21? gi S trans ormed with plasmd pETMI40E7. Mr40- E7

protein was pdentifyieg apsiticylartyactive basol mgto Ebnnanm&rgtaaémﬂcbampgf fusion
Sephar ose (10Q0. col.umm ner sham P chel,at arose

o e erdtR sl THY R Ry 8 b e o ophioiiad PRuBl dipro QRS o

cont ai ni ng ZMée\ﬁ‘):‘, thids] @B, M dd3s i&;@hﬂy\eﬂmbh'naamhuaikewe@hnmot arfgatae 25

residual Triton X-100. The purity of the oro‘éﬁln wa checked by SDS- PAGE,
the apprbpr |@’£@W$Q€§W"(§‘ﬂ§‘°ﬁéﬁ?ﬂ’éﬂ%‘?ﬁﬂ%ﬂé‘ ion$ betvesw &<

DPBS/ 25% ( v/ ) 0@1%?? Onfaral cdnlgd #
37H7010) was pur?ﬁ%@gﬁrom éem cal?gﬁpgﬁgﬁgl\jﬁmlﬁe %ym%l?lér%gﬂat ogr aphy

using 20 niL mﬁedbﬂes&&pbﬂ%fahﬁmﬁdamamM@u@nﬁfyFhm&lgotmﬁlatmal ni ng
the purified prodyct were pool dial yzed, over nj.ght ainst DPBS. Fly
1 DEC 2003 WB® 6%%&gﬁﬁﬁ@ﬁﬁ%@ﬁ}@%ﬁ@@&ﬁﬁ%@‘%ﬁ%@&% on of Reconbi nant
M bovis BCG Hsp6SHe\uatdylwah alsb s nset toRd@iti€y reghths @ 8n antigen sequence or an Hsp

p 20 sequence that are primarily responsible for eliciting a Thl-like response and thus have

' therapeutic potential. To identify such active regions in an antigen, fusions containing

individual subregions of the antigen fused to an Hsp can be prepared and tested in the
assay of the invention. To identify active regions in an Hsp, fusions containing
individual subregions of the Hsp fused to the antigen can be prepared and tested. These

25 determinations will provide the basis for the construction of shortened fusion proteins
comprising subregions of antigen and/or Hsp that are sufficient to elicit a Thl-like -
response. Fusions containing subregions of a Hsp and/or subregions of an antigen can
be tested by comparing the elicited Thi-like response to that induced by a full length
fusion protein with known activity, e.g., HspE7.

30 The fusion proteins described herein are useful in assays for screening
compounds for their effectiveness in stimulating a Thi-like response. For example, the

Hsp fusion proteins that were found to stimulate IFN-gamma secretion in the in vitro

9

!e:..&.



A plasm d encodi ng HspOva was constructed as follows. The full length 5

chi cken oval bum n-codi ng sequence was excised from pET/OVA wi th Nhej I 8pa 2003
EcoR | digestion and purified froman agarose gel. The sequence codi ng for
expression of OVA is shown in Fig. 6. The purified product was ligated to
pPET65H previously digested \'h t he sane enzynes. The |gmation reaction
was used to transform E. sol i™ DH5al pha and. putative cl o™®s contai ning the
chi cken oval bugbpiepae insert were 10 sel ected based on di agnospéfuseonsszs
restriction digestion. This initial restriction analysis was confirmed by
DNA sequence anal ysis of the entire fusion gene, pronoter and term nation
regi ons. DNA askay ¢an heorsedl psreantiodiiortesy candidrieeemprrmngs srahwir abiity toqwdduceo
transformE. t§0| i BIFéJ DE3). The nucl eoti de sequence (SEQ I D NO 20) coding
for expressiofSgPe A (SEQ ID NO 21) is shown in Figs. 7A-7C. 15 The

HspOva prot ei n wasTixyistendesaibddhdréindor stieulhtiv 4/5h DLikSRGYordeas Vir candse
prepared as descri bed above fromE. coli BL21(DE3) cells transfornmed with

plasmid pETeSE Gvecneraie apiiptodal Tl eells g pive fer reimplantation intp athindjvidyals This

Body fractd on £ [ 4: | r ) eps:

Q Sephar osée (T%ﬁw&(?@ I Hﬁi&ﬁgan{ﬂgﬁgg%lhgﬁns %%%c%yﬁ E rﬁ% Hﬁﬁﬂ:ﬂ)g he g?’?nn%% Sephar ose
(60 m, Anmer sleggonshardacina)ffizientThikrespansat uri ng condi tions with seri al
washi ngs containing 2% (v/v) . Triton. X-100.. foll owe serial washing to
renove resi dual ﬂleoﬂ?sél‘ia@@.ls"ﬁ?é%ﬁm ntify °Pﬂ’é’°bﬁ“g“t‘g¥tﬁanﬁ%@ﬂ§ﬁégﬂ’é@

SDS- PAGE, t heeanpcontbbburlds 254 boSediea |f@r¢ihéi§‘gbiﬂb?io)‘iﬁ_ﬁiﬂit%‘i{éﬂ»‘-ﬂ?i’on%}oteﬁg
agai nst DPBS/15% (v/v) glycerol, followed by a di"al ysis agai nst DPBS/ 2.5
% W v) sucr dsduced Thibdikegesponse, Pr tapromotma Ghl-Rke moshomsgin a manner similar to a

d ut at hi one- S;Transf er ase T lL.ass d,.encodi ng . Gst S nstructed as
Fol | ows. he HerBRpR RO R Shndho8 S TAE BB flieed B2 EBR B8R, perosa
DNA wi th Al Wirbtemi(@r pothetrgedd fouhd anakt iR d mdnhactdmiparbidtordHEPARIde! . The
purified product was Iigated to pGEX-4T-2 that had 3Q been prevjously

di gested wi t iPretsd)s tnhibikary goreRounts anay; beaiseBil to eat corsfitiopschatsterized by an

Lranstorm B ififlidrofRORIAsHifle R Shinkfnfdh 9500 S ALO Gisk B PHBANAT "

resi st ance I'nsert were sel ected base agnostic restriction
di gesti on. Thnkibitersy¢.gl, of bindingiod tahtigenastedsy proteimfisiangprbieinsad abtigddNA sequence

anal ysi s the entire insert 1 DEC 2003 01/04344 PCr/ US0Q/ 18828 codi ng
sequence,l%fpr W@W‘E’a‘ﬁg‘st"é?ﬁ“ﬁéf PoREp l?}ﬁggaﬂ?\ﬂ@%gﬁgm&ﬁﬁ?ﬂﬁﬁ% %onstruct,
named pGEX/ K sciefedEdoliows.t A 81 b&h Eon@ﬁbing%ﬁv@ilﬁnﬁh&ﬁe@@ﬁxeﬁhﬁth a

nucl eotide sequence (SEQ I D NO 22) coding for eéﬁr ession of GST (SEQ ID

NO 23) is shdusion protqip gr cenjugaterthat isknownde ddyced Thinkike respanses egoMNws. The
Sol ubl e fractj - o O - 3
celI's. traner arf orellbAP EofPafie 16 R el ABBHSuH fiffbltors B haddyid =)
Sol ubl e Fr actcehrulnaes ejtheriticiozel afier, @r sinmiltanones-tdtar akdtion@itharftsiogramein @&s
fol | ows. r oxj mat e 20. niL.af d ut at hi one-.Agar.ose ' - Aldrich; Cat.
b\ or 102t eoRtyare: hhe etiectof e cGpibeind nh N B R G o D e dnt PG fisk A gt
with the sanphésaed by WNILIRNY rRlidakS; calba deteaHiREd byl E&]%tgg E&E&Q&c tb Bt

resin was packed into a colum and serially washed w ndot oxi n was

renoved by wabtdined wihenithe fissiop/protein ericopiugateadoneds addeddo e eslirsamplenashi ng t o
I dual ' - | | . ' 10 nv
G utathi one. - ( redol R atier, BBl it Be Rinbigkl Tor s BbitkPE BISIBE o

Thl-like response. Any compound can be screened for its ability to regulate a Thl-like

-

25 response, including both peptides and non-peptide chemicals. These compounds
include, but are not limited to, peptides, peptidomimetics (e.g., peptoids), amino acids,
amino acid analogs, polynucleotides, polynucleotide analogs, nucleotides, nucleotide
analogs, organic or inorganic compounds having a molecular weight less than about
5,000 grams per mole, and salts, esters, and other pharmaceutically acceptable forms of

30 such compounds. In this case, a cel} 'sample comprising naive lymphocytes is contacted
with a test compound. The effect of the test compound on the induction of a Th1-like _
response, e.g., as measured by IFN-gamma release, is then measured and compared to a

control (no test sample) or compared to an Hsp fusion known to stimulate a Thl-like

30



15 Exanpl e 10: Production of Reconbi nant @ utat hi one-S-Transferase - HPV 16
E7 Fusion Protein (GST-E7) A plasm d encodi ng GST-E7 was construct3qu 1?]&‘[; 2003
follows. The HPV 16 E7 codi ng sequence was excised from pETOVA/ E7 "W 't

BanH | and EcoR | digestion 20 and purified froman agarose gel. The
purified product was |igat to pGEX/ K that had been‘evi ously digested
with the sane enzynes. The gation reaction was used transformE. coli
DH5al pha and t at i cl ones containing the HPV 16-E7 gene ins

sel ected base‘g'%ooﬁ;%%ggnosti c restriction digestion. This initi gﬁmsﬁ\ﬁfs%zs
restriction analysis was confirnmed by DNA sequence analysis of entire
fusion gene, RERIRE.CThANEsadTah Bk Msétblol i@¢htiTE Hbw Sompbihd that Bsh EOMeloed
construct, named pGEX/ K/ E7, was used to transformE. coli strain

BL21( DE3). Thimnlateacthldikeregpansee Profimebly the\thblike responsg stiinlatedhprtbe si on of
GST-E7 (SEQ I D NQ 25) | in Fi o, TRR0, G315, E t & ified
2s Tol | ove.. HAPNEPPLis ApRras T, o et Rastdond 86y 800 ToR 8l ERBd by

contal AT ng € expressron vee %romn
and. t he pr ot ehfixifthint fosponseshdiged be af HspBT Fysionfrotein. Oliftine ¢mbblimdit aBedur e
essentially as described abqve for GS]. 7 3.1 DEC 2093 WO 01/04344
PCT/ USOQ' 188 xempexns isspreferably a6t patprally ooeysans sompenndbyangherembodiment; -

M bovis BCG | : I 1=y TR ] ;

L Boust e Birpodikeis 4 eg{é@%ﬁ%émngﬁ‘e ﬁE@P@?@"E@&-ﬁc&% ."ﬁg‘f@%‘% Ret Ot s
PCR- anpl i f i ech fiatunallp Sk uifing pot¢éIATCC) using prinmers w280 5 and w396 (w280:
CCA GCT GTA ACC ATG GAT GGA GAT-(SEQ I D NG 26) and w396: GCC ATG GTA CTA
GIT GGT TTC TGA GAA(SEQ I D N027:)). The PCR product was digested with
restriction enzyme Ng@e lfolfinSRee dxamiplesif it pradliced? MeAfverdign They Slnot 11
purified PCR product was |igated to pET5' 65 (pET5 65 is pET65 with a

pol ygl yci He |berpostrusdpgdinaiting Hagescopeiofibe fnyentson Wanyo¥a he M bovi s BCG
hsp65 10 sequence) that had been previously digested wth the sane enzynes.
The ligation reaction was used to transformE. coli DH5al pha and putative
cl ones containing the HPV 16 E7 gene iBzanglesver e sel ected based on

di agnostic restriction digestion. This initial restriction analysis was
confirnmed by DNA sequence analysis of entire fusion gene, pronoter and

termnation f S1: DNEhc@iriat Chbwil R CNSisiifel ProteBsh R REHbEANDPRpeinyAS
used to trans . col'r_strarn : € nucl eot T de Sequenc I D
NO 28) cotfi ng for BxphistsingBL3A(BE3)or H33Bdovagenovag usedsassthe hostifer all

Figs. 10A-10B, The -L- . I 4 fi f.al.l,0 Sol,ubl e
Fract i on vias "eosPaumL prorepasantiBh. S B Piton o BEEEs. i Wi prdibforia

t ransformed wtbBIHI1EPEBYpLAS (MNovageh)5BE31(DES) pEfst cBEGEbdring pBT6S vdrei N
present in the Soluble Fractjaon S urjfied using the follow ng .

chr omat ogr apﬁ%l‘bﬁ@;ﬁr Elfgﬁezééﬁﬁ%@ge;(l mc?st&ﬁ&?%ﬁfgﬁ‘iﬂ%@éﬁm

Q Sephar ose Q,Qﬁ)te', S iniy R0 g@{m&{;@ﬁ i ;,%ltgggi larhi
Filtration (%6/ 6 ru(’:%%%n, Aner shgm_ Phar na’f:h?‘g?@ %%ﬁ_é‘ll\llxia%chel at i ngcgﬁgvehﬁlﬁaaruose
Fast Fl ow2(Chothestragsfommbants werergrowaiie 2x Vi medimeantainiag 30nwdnl kmamyani gl 25

conditions w,th serial washin 'IBFi]n % ito =10 ol | oned
by seri al M&%Fﬂ@ ctuﬁkm}eg r‘rvoe\l}eeglgrz) gvsnlc%lr}t aff'ig r ?%%s%(g {%@'44%? r@bip"%}‘g 3
protein was eheckaebelwitHIRSTMAETG foe 3 hpwsep BT Q. eCéliswire ¢t Hapased bgnd
di al yzed overni ght at 4C %gai nst . .
centrifugation at 4°C and 4,000 — 8,000 g for 5 minutes, then suspended in 300 ml of
Lysis Buffer (10 mM TRIS:HCI, 10 mM 2-mercaptoethanol, pH 7.5), lysozyme was

25 added to 200 pg/ml., and the suspension mixed and frozen at -70°C.

To purify the recombinant protein, the cells were thawed using a 37°C
waterbath and proteinase inhibitors were added (2 yg/mli aprotinin, 2 pg/mi leupeptih, 2
pg/ml pepstatin and 2 mM PMSF). The cell suspenston was split into 50 mL samples,
stored on ice, and sonicated 3—4 times for 30 seconds at Power-Level 5 - 8 (Sonicator
30 450, Branson, Corp.). The supernatant was separated from the pellet by centrifugation
at 35,000 — 60,000 g for 10 —20 minutes at 4°C. For soluble proteins, the supernatant

was kept and processed as the Soluble Fraction. For proteins found in inclusion bodies,

o



DPBS. In order to reduce the anpbunt of endotoxin contained in the
it was further purified using a pre-packed 1 m colum of Detoxi e?%hﬁc 200
(Pierce, Rockford, IL, 30 USA) according to the manufacturer's

i nstructions. D WD 01/04344 C_2003 PCT/ USOQO 18828 Exanple 12: Production of
Reconbi nant HPV 16 E7 - M b s BCG Hsp65 Fragnment Fus Protein

(BC&5( Fl)-E?)wAmoI asm d encodl ng BCG85(F1)-E7 was constructed as follows.
The first 600 WAM4#344 er mi nal base pairs of M bovis BCG hsp65 Kfeh{ESfidsgzs
PCR-anplified from5 pET65C/ E7-1N using primers w46 and w293 (w046: TTC

GCC ATG GCC G (SEQ g . G5 : TG
&G 1T orc B suat widdRe OF Bhﬁgl\é?ﬁ?@ w%ﬂ@é%%%‘}ho picBitG Eﬁ?‘g@’?‘}tﬂﬁ’d
with the resdontainingri MneyadYe(de) TritanX-No®. Themesubting hixturefwasithemn agar ose
el. The purified PCR product ligated, to pET65C E/7-1N that had been
B evi ousl - dicseuagrtian 4 20000 rch ks Bt e Tibes ft 45K snivs SRermAARt v

d _ . i ol at _
(T uncated poRes, TR rengt A B 1Rk Budte o RS £0Nies. T phidfire

truncated B gene were s gnos restric

di gesti on.s5 Thivss then tératifuges bt 490 fopn0aninyiaites wbdS, 000+ 66,000 ghyd Bpetiewasce
analysis of the entire fusion gene, pronpter and termnation regions. The
confirmed pldissardedenddhe snpemaiantsiarasrt 6B E as the Inglnsipnddodyofractignsf or m E.
coli strain 15 BLR(DE3). The nucl eotide sequence (SEQ ID NO 32) coding for
expression of BCG5(F1)-E7 (SEQ ID NO 33) is shown in Fig. 11. The

BCG65( F1) - E7 Mamipé P: WaBrodikition cfiR e2mbidlahOMS bovENBCIGHbp6S (Bl3ps8)dy fraction
was prepared as descri be&l above fromE. coli BLR( DE@% cells transforned
with plasm d pETeFEplasmi wr@dgaﬁwﬁmaswaﬁugcr%ﬁsg? Wi nIhs Msenis BEG he

Steps: ol ol b o ABEI ALK iR il PRSI QU Bflaf i Teosy abhl €
Sephalr ose g} i6(Nau1n§ 3aﬂrd!‘7§hb7i31) ugjhg rtl)reeblla\)drnlgp;'nner?lem forrrlagl mgmt:)h (WOG?sSE;}MT(B
nashing to r died Te b AhGACK BT G S TREQRFRAD ot A TGl s
checked by Slga&fban NES sabPTAS févetse phfits (WOTE SPITCCTCETCREAGE Tow EAA
overni ght at 4C %8\@ nst DPBS. Exg{grﬁl e 13: Production of Reconbi nant M

t uber cul osi s AER B\T GG&,3’s SEQ/ITENS: Brconfaiing a1 Wherksite downptream oga dGshstepasni d
ETESE7 tal ' | : 6 |
Ito uber cul gfsﬁqs !s ‘?“a??ﬁ%%ﬁ‘k%%%@?@?%&% S%Nflgs’ %ﬁ%ﬁ?ﬁg%gé?etﬁce
fused, at it pET282(dovigen}) whicBhed héen oWt 8ath4%chl and NBE]. cRldsmg. pET6S enbodear i c

I d jntqg | t ET28 d f d int i
BLo1( DEs) | coltneM Bpis BEtE Fpos ialfus ebtreRmiraamer, dhe POneoraoapEr SR
sequence | GHRNBAY3oNiB: 98¢ ApRddioR ST HSIYSERBAS NCRERsIsBoMPi ks codiipg f or
expression of TB 10-E7 (SEQ D NG 35) 1s shown in Fi 2. The TB10-E7

protein was puri f g Hsp6f sratensvaspyafied as follogis. Ebeﬁogibéﬁ:%ﬁaéﬁpwas Prgpapdr ed
as descrifed QhoNantd WBVe s e 5 BLEREE3) PEYLS chilsARAERLHES with plhshii@s™ d
" pET65. The M. bovis BCG Hsp65 protein (Hsp65) present in the Soluble Fraction was
purified by the following chromatographic steps: SP-Sepharose (200 ml column,
Amersham Pharmacia), Q-Sepharose (200 ml column, Amersham Pharmacia),
Sephacry] S-300 (500 ml column, Amersham Pharmacia) and ceramic hydroxyapatite
25 (HAP; 100 ml column, Biorad). Purified Hsp65 was exchanged into Dulbecco’s
modified phosphate buffered saline (DPBS)/15% (v/v) glycerol and stored at -70°C.

Example 3; _ Production of Recombinant HPV16 E7 (E7)
A plasmid encoding HPV16 E7 was constructed as follows. The HPV16 E7
30 coding sequence was PCR-amplified from pSK/HPV16 (ATCC) using primers w280
and w134 (w280: CCA GCT GTA ACC ATG GAT GGA GAT (SEQ ID NO:5) and
wi34: AGC CAT GAA TTC TTA TGG TTT CTG (SEQ ID NO:6)). The PCR product
was digested with restriction enzyme Nco I and EcoR I and purified from an agarose

&
e



5 pETESE7. The TB 10-E7 fusion protein present in the |Inclusion Body, C 2003
fraction was purified using the follow ng chronmat ographic steps: Déﬁdi1 bt
Sepharose (100 m colum, Arersham Pharnacia), Source 15Q Sepharose (100

m col um, Anmersham Pharracia) and N -chel ating Sepharose (60 m, Anersham
Phar maci a) under denaturi n‘ondi tions wth serial wﬂi ngs containing 2%
(v/v) Triton X-100 foll owe y serial washing to 10 r ve residual Triton

X-100. The pukid ¥i6444 he protein was checked by SDS-PAGE, the bl €
fracti ons pooled and dial yzed overni ght at 4C agai nst DPBS/ 10 3}?@‘%%&%&33&

gl ycerol . Exanple 14: Production of Reconbinant HPV 16 E7 - M tubercul osis
Hsp71 Fusi on gel5 Thepueified PCRiBoduct vap ligstet do pET28i thy had bddd Freviassly

constructed as follows., The M tubergulosis hsp7l gene was PCR-anplified
fromclone p ﬂfﬁ%"’(%h? ERe W%uﬁ& aaé@@)fea%w%fe%m B’Pmcl;ngl 5¢4/30)
usin rimer coRtai 1¢ ; SEQ
D NO 26) an?)%%%@%gc%\ﬂ%%v%@&ﬁfg%o'“éGCTiﬁWA%C?%A%GCC(‘%%S%&@C .37§ ).
The. PCR pr odurasedas diiggesticadstuptian digestion. Hind itk restrigimn-apelysit ved confirmed
ligated to T2 di d wth the.same enzynes t ener at e. pET. 1. The
HPUL6 27 oo DA HER RS artvbid o B 3Re SRENRR e ToioBE D g
priners w280 thedonfrided cvdSOuct, GamePPE TR AQRES; WikGhéatitr&daded BP elebfoportfidn D

NG 38) and w344: GGA TCA GAC ATG GCC ATG GCT GGI TTC TG (SEQ I D NO 39)).
The PCR pr oduBto Beeolifgas Bedl(WES): ThepugleqtidssequenshSEQE NO:Breding fori ed

froman agar ( itas. H%ﬁ@ijfﬁ .was |ligated to pET/71 DNA
t hat had bee;& lr-%\(s/:i:c‘{)ll‘j;si:?:;7 (gpgeﬂsjtlggs\?n% 0 Icﬁlg\r,]% CLAP to renove 5'
phosphate. The | iDst HBN16 & qgrotein wasgnurified as dolavan IheSotuble BrattiorDasl pha
and putatjyve clones 30 containing t HP ene insert were sel ected
based on l adERrTEas FRPebaNe Homds ol AL EY ol aistormed PHE plegrmd
anal ysi s was gEmE7 (NEY. e BRAY ﬁ@E’W?_inﬁn%!thﬁﬁ%d BY theSBliowifg kiftinilo gaPkic
pronoter and term nation regﬁl’ ons. The confirned construct, naned

pET/ E7/ 71, watepss &4Serharesg{ Eionheqtums ofimesshem Fhagnacig) DBmerdexR00(36/68ot i de

11 PCLI 1 40 di f
R e i
resul ting coﬁ'ﬁimmﬁa)lpﬁﬁfeﬁbﬁlﬁnﬁmﬂiﬁmim geﬁxlivufaislﬁﬂgs(domaﬁﬁﬂ@f D%K@r/v)l "
sequences_ . at .the 3 0 e hs ene) by repl acepgent a Kpn'lto Nhe
| fragnent® i&ﬁ?%%ﬂ@g’é@a’ﬁégﬁ &0 ?’V@ﬁl?%f‘ﬁég Eﬂm‘ﬁ’ﬁde%‘?“afﬁﬁtmgg‘fpo’g@ﬁéhﬁy a Kpn
| - and Nhe | ydj inih@ GIPRNE: infl ] ' Rl NMer s
w391 and waoE o B e A e Sy B 0.
TTT GAT TTC @i TRISFICEA MNaCGiGmdyf 2(raexcaptpethian 7.5Thherdiglyized protdin nal

| asm d, E - : l -t ermn of
Pult -1 engt h 2L fiter pafRA 67 SESniinils hatdpRss P At PRechGh) Ml
B]Ic_21§1 DE?) . Tldenatungh gemﬂdéﬁ)émedﬂmnl\lo'el ﬂ&hﬁ%@ohﬁhﬁi}@ 2%)(vaTHiteg X-000 fllowessi on
of the I 0 rotein EQ I D NGO 4 3 T/E7/ 71" is shown in. Figs.
14A- 14B. %e%ﬁﬁ‘éﬂ ‘8?‘?1"%5‘%@39%%?%{ olﬁ’&xﬁé‘!“ 4h¢ BOIER M58 Body
fracti on was chesken \ i 3 i i zed! v@%@ bhs
t ransf or ned \?\nht h piﬁg%)S;PA@%?_?E??%)@E{%@JE??%%{@%&dén proqt el n ptrdéged%t in

t he | ncl usi ongBoshDFBS/A0i %M Walyce®lpurified using the fol | owing
chromat ographi ¢ steps: Q Sepharose (100 m col um, ' :

Example 4:  Production of Recombinant Histidine-tageed HPV 16 E7 ((WE7)

25 A plasmid encoding (h)E7 was constructed as follows. The HPV16 E7 coding
sequence was PCR amplified from HPV16 genomic DNA (pSK/HPV16) using the -
following primers. The forward primer (w133: 5 AAC CCA GCT GCT AGC ATG
CAT GGA GAT 37, SEQ ID NO:9) contains an Nhel site upstream of an ATG start
codon. The reverse primer (w134: 5> AGC CAT GAA TTC TTA TGG TTT CTG 3’;

30 SEQ ID NO:10) contains an EcoRI site downstream of a TAA stop codon. The PCR
product was digested with Nhel and EcoRI, purified and ligated to pET28a which had
been cut with Nhel and EcoRI. pET/H/E7 which encodes the HPV16 E7 protein

containing an N-terminal histidine tag, abbreviated (h)E7, was used to transform E. coli

23




Anrer shann Phannaci a) and N -chel ating Sepharose (80 m, Amersham Pha nﬁf{f%%
under native conditions with serial washings containi ng 2% (v/v) THi 4

X-100 followed by serial washing to renove residual Triton X-100. The
purity of the protein was checked by SDS-PAGE, the appropriate fractions
pool ed and di al yzed overni ghigat 20 4C agai nst DPBS/ 10 I'v) glycerol.
Exanpl e 15: -Production of ReConbi nant Streptococcus pne ni ae HSP65(2) -
HPV 16 E7 Fusi¥RM®PEdin (SP65(2)-E7) A plasnid encodi ng SP65( 2PCEHYSH15528
constructed as follows. The Streptococcus 25 pneunobni ae hsp65 gene was

using pri mer sPBRPENT s LR e s E D MR sl R o

NG 46) and mB&ﬁE?@HQMQ‘ITE) S@BEoWaAn Big. 3. AGC TCC GCC CAT (SEQ ID NG 47)).
The PCR product wag, di ted with Ncg | EcoR I, gel-purified and
|igated to pET28a %}‘ @?@@W@W&S@H&&ﬂé\sgﬁ W@@Bm@%%éfibitf@mon was
pET/ SP65- 2C. 3 f HPV
6 (ATOO usﬁl‘*gﬂ'éﬁ’?‘%é%sﬁ%ﬁ%%@s R S o VA A
GGA GAT (SEQ plESI‘MM)ﬁlaMtemmhmmﬁﬁc@ggemmwmméfmhm% ﬁsﬁanJthBEC

21 3L3 V\D 01/04344. P 0/.18828 4 uct was

di gest ed wi t hMEHISt (%f‘fﬁacé‘ﬂ'i Vﬁé?“ﬂn%gi PS‘BﬁNg‘ éﬁé‘l‘?ﬂg ’é"(fthFONI‘an
agarose gel . difati rsebhﬁdsd?(@Rnﬂr AsheeihahBBhdrifabia uﬂﬁ}a&atrﬂmg%ﬂdﬁi’o@é wafy t hat
had been previ ously I gest ed with Nne | and Eco . The gation reaction

was used to tyeziabwashings conimngd2 ¥ Faitem &-Hk fgilpwed bym veashingitoi ng t he

5 HPV16 E7 i a r|cI| tion.
This initial r@ggg B cﬁ%ﬁhg’%gﬁqusgﬁ(?@gg?l rne%lc’ltgf?d el@&ﬂear?@eeq‘gg‘gs &is
of entireld usﬁOsﬁO(gmMunmmgmﬂlmdeéﬁm MIET oas dialyized sgaihdWDRBS/LE% (v/v)
confirmed construct, naned PpET/SP65c-E7, was used to transformE. coli
strain BLR( DE&%)’cerqlhe nucl eoti de sequence (SEQ I D NO 50) coding for
expression of SP65(2)-E7 (SEQ ID NO 51 10 shown in Figs. 15A-15B. The
SP65(2)-E7 protein was purified as follows. The Incl usi on Body fraction
was prepar ed Exsainpde Ryddudtion ©f RecombinagoPVBIGR DER) bawt BEG 65Rasion ned

wth plasm FT o6 -7 The SP65(2)-E7 fusion protein present in the

I ncl usi on BOM&A was purified using the follow ng chronatographic
steps: Q Bephar ose plefidincdBing Hspl7 wABhsARIBIRFBIEGE. aTheWd pdiiz BgS at i ng
(60 m, Anmersham Pharmaci a) under denaturing conditions with serial

washi ngs contHsPRP ﬁ@%@é‘fﬂ%‘)""ﬁ'ﬁ PER ayplified g BW”B}’S@B@%M%W@ to
ey b S TETE oGk OSSO GRETEH DY

SDS- PACE, th ppr opri‘ate fracti ons poole alyzed overni
agai nst DPBS.AGQ TEALHNTEATG: GRACA'LPET CARGEC SHRRQ BD ND: 12 qantaing hwdlde] site

fum gat us Hsp60 H 7/ . Fusion Prote 0- Al 7 1S a pl asm d
encoding a ré& ﬂ}ﬁlmbﬁb‘fléftﬁa %tffag‘i %%Eﬁg}é ﬂ@%%g% TGP W

f um gat usa(( Ti%st%ﬂ 38 NESIR6E N}fcptpﬁhﬂﬁeﬂ\mﬂ !ﬁgh'tbd k@@fmsa WHiBh BAdBEen i vAG:
descri bed i n_PCT/ CA99/01152) fused at its termnus to the HPV 16 (ATCC

45113) E7 pr ol ankWaelence. Pl asnmi d pETAF60E7 was used to transform E. col i

BL21( DE3 [ d
Sequ(e nce)(sgg s RE EINVEEE P caHiRE SeulRlt WACP ER atplifidh b3 PV 6 HighGRL ' de

DNA (pSK/HPV16) using the following primers. The forward primer (w151: 5> CCA
GCT GTA CAT ATG CAT GGA GAT 3’; SEQ ID NO:14) contains an ATG start

25 codon at an Ndel site. The reverse primer (w134: 5> AGC CAT GAA TTC TTA TGG
TTT CTG 3°; SEQ ID NO:15) contains an EcoRI site downstream of a TAA stop
codon. The PCR product was digested with Ndel and EcoR1, purified and ligated to
pET65C which had been cut with Nde I and EcoRI and the resulting plasmid
(pET65C/E7-1N) was transformed into E. coli BL2I(DE3) cells. pET65C/E7-1N

30 encodes a fusion protein consisting of Hsp65 linked via its C-terminus to HPV16 E7,

abbreviated HspE7. The nucleotide sequence (SEQ ID NO:16) coding for expression
of HspE7 (SEQ ID NO:17) is shown in Figs. 4A-4B.
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NG 52) coding for expression of AF60-E7 (SEQ ID NO 53) is shown in Figs.

16A- 16B. 30 The AF60-E7 protein was purified as follows. The IncIDEsilq_rleC 2003
Body fraction was prepared as descri bed above fromE. coli BL21(DE3) cells
transforned with plasmd PpETAF60E7. AF60-E7 protein was purified using the
fol | ow ng chromat ogr aphi c eps: Source 15Q Sepharos Amer sham Phar maci a)
and N -chel ati nZ- Sepharos 60 K-1 1 DEC 2003 WO 01/ 44 PCT/ US00/ 18828

m , Amershamgbanseaisa) under denaturing conditions wth seri apciBShirags
containing 2% (v/v) Triton X-100 followed by serial washing to renove
residual Triton X--100. The purity of the protein was checked by SDS-PAGE,
the appropri ate f Tetispl poteincstas pmdiediaa foliows. dherSolubiie FrctigrtOvagaiepared

DPBS. Ex I 7. Sti | at f I b . 65-.HPVE7 (HspE7
Puot o Prof e dpisEbEs SIS & et Pl TR il PR ba Sttt rrom -
untreated naiwgesCATBING HEp6s HIN & BEfhsionGimbteidHApET Bt foMe SemblChar | es

River Laboratory and 10 Jackson Laboratory) and were plated in conplete
medi um ( conpFaactiommnds pusified by, thepdllowag crqmatpgraphit steps:hBtlSYnamomoniitl ti ssue

culture plates,. .Replicat. | [ i n ed, for .72 hours .wth
005"t 0 1.5 HGHF Rlecidfibm v ntiibe SRovaBlta00 B PORNE Arfirih Pidaat)
(Hsp65), HPVandES gse §100hinb EolamneAinegshatt Fharrh4dig)E Bndotstin widkemooéd By
bovi s BCG Hsp65 and HPV 16._E7?§Hsp65.+ E7|)1] or Al. bovis BCG 15 Hsp65 -
HPV16 E7 f usewsnprowashing mithe%s (v/e) Fionfeh00 pr 2 Nirheiating Sephagqse soliginein

pel | et ed, an%éﬂ%ﬁg@mu\sﬁaﬁléﬂgp@@mﬁ %@gﬂﬁﬁ%ﬁ%ﬂ&%@ﬁﬂ%

pl ates. After 1 ncubation,” the rep ate sa e harvested, pooled in
eppendor f t [RBS/B5%0 (b)) gbred] and 4060 at HFiO’Cor 7 minutes in Beckman GS-6R
centri fugl% (300 x g The supernatants were renoved into cryovials and
frozen at'®>~70C until time of 20 analysis. Maxisorp ELISA plates (Nunc cat#

442404A) wer gxefBled OPREdUCH ofRechinbihdnd M. 1eBerbulbiis H&;!f; A Rl RNET FiidibG ©
| FN-g a (PharMngén cat. no in 0. uffer, p . 2. e
pl at es were RepteindMFAED 05% Tween 20 in PBS then bl ocked with 3% BSA
(al bum n fraction_ws G2ni ] ' : ' ffer)
for 2 hours. AftePg ep a? ggbwered %Sé‘g’gr%%%r%n’g? (ﬁraﬁ‘?ft?l é‘ég’gétgﬁﬁwﬁ?"ggmm

(8000, 4000, catfipssed bOMycobditeriudb bibercatosisa@tr&in BHTRIY i ATCCHPI290PhapiPl ) was
laced in.triplicat ! ._Sanp| t ant,
Penoved fsonplotein it HaIEY TG ATER 31153 e broteit Ripcnadll Bk Hamuasilt o ¢ ne
ELI SA pl at espyigpyl Uil fladnid w&hﬁn%ﬂﬁé@ﬁnd\ﬁr&limwgaéﬂswoﬂiok’éiﬁd by

seven, 3-fold dilutions in conplete RPM_ 30 followed i ncubation at 4C
over ni ght . Barokyetimrandmurieation. (B nyelestide seguenos{BEQ I NReHE eeding fori ght

wel |'s contaip al.l > gﬁq{,t Target: aall genen Det ection of bound
nurine | FN- g&rma "’mvvzlralsc’f;hggg&rrglt??gﬁg usPhlIg?ist%P B - 9fggs"t]?"anti - nouse
| FN- ganmma bi ot i n ThaMIAEE7 pioein Man garifiedis followd 8The DyclusipriiBadykfrartion DEC 203
V\D‘*\‘Oll 04%64 was prepared as described above from E. coli BL21(DE3) celis transformed with

‘ plasmid pETMT40E7. MT40-E7 protein was purified using the following

chromatographic steps: Q-Sepharose (100 mi column, Amersham Pharmacia), Ni-

=

chelating Sepharose (70 ml, Amersham Pharmacia) under native conditions with serial
washings containing 2% (v/v) Triton X-100 followed by sertal washing to remove

25  residnal Triton X-100. The purity of the protein was checked by SDS-PAGE, the
appropriate fractions pooled and dialyzed overnight at 4°C against DPBS/25% (v/v)
glycerol. '

Example 7:  Ovalbumin (OVA)
30 Ovalbumin (Lot # 37H7010) was purchased from Sigma Chemicals and purified

by chromatography using 20 mL of Con A Sepharose (Amersham-Pharmacia).
Fractions containing the purified product were pooled and dialyzed overnight against
DPBS.
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PCT/ US00/ 18828 buffer. Follow ng washing, bound biotin-conjugated ant| bodg
was detected using a 1:1000 dilution of a streptavidin-al kaline 2003
phosphat ase conjugate (Caltag cat. no SA 1008). The plates were vvashed as
before followed by the additign of a chronpgenic substrate, p-nitrophenyl
phosphate (pNPP; Sigma cat# 765) at 1 nmg/nL in 5 diet ol am ne buffer,
pH 9.5. After 30 m nutes incubation, the color reaction S stopped using
50 L of 100 nWEPHK4bH 8.0. The absor bance was measur ed at 410’%&9@?‘% a
Dynat ech MR5000 ELI SA pl ate reader equipped with Biolinx 2.0 software. The
| evel s of | FN-gamma detected in test sanples were extrapolated fromthe
standard curves generated on each of the respective ELISA plates. Data is
expressed as Efdmnple &amBrodusdtion of Re¢omgbhimintfl Sioyis BESillltrs5 ddvallnsain Fuaioa
shown in Fi gsE é?A—é?BQ T]he averages fromfive replicates are shown al ong
with the stan #fon. Substantial secretion of |FN ganmma was

elicited by exposur mnﬁpéﬁamémﬁowu%s%mﬂcéaas@en’cﬁvsanﬂ:elﬁxﬂl /i
HspE7. Hsp65 al one, E7 al one 7 al one, and an adm xture of Hsp65 and E7

were 15 vi bt uehirken mmnecodmgsqeqmcawan gquﬁﬂ—fg@rm@TV@Véawéh NBeiahd EcoR

results were ed from m,ce btalnedfrom
the Charl es Rf@gghﬂ)%o ory %%Xé%e &8hd ?Seﬁu%cgcfg@ﬁgoﬁex@g Sry
(Fig. 17B). Wiﬁhb&n ibHigng. &‘hepmﬁédﬂalﬁﬂhmﬂlg%dqa?ETbﬂi®rdﬁ&EE Fusi on
Protein in 20 Splenocyte Cul tures from M ce Havin ferent Cenetic

Backgr ounds ESigevtPdatidhe seme enzymes Kbe b ieatiansesmtion was Usschiasrans o col

carried out {31k Y f three
di if erent haplofy eg%&@%ﬁglo%éf%ﬁgg%%k%&%%@ an%ﬁ%@yﬁg (H2
kY. The r &0 at selertest based on diaghbstic rés!sii:t&nn qigestionn This ihitial hsfricdor ahaigsis waocyt e
preparati ons were shrp ’@3‘5 al t hou therﬁHZS were .differences in the

absol ute anmpUfEITIE it 61“8? & e fisjery sehc pomateriand Bal b/ ¢
(hi ghest; Fi Germidd 1 & 1
(lowest; Fi Qgt 18C) . mggl‘ﬁuExaréA%gﬁidﬁgﬁ%ﬁ %dr?ﬂtslggﬁ §z§|)mr=1dcr eased%‘@a}s Naed

(el sase vas | DmenLy rUpLA a5 e Wlmd‘é‘sw°7‘§m§%?°&§°o‘ém%§%‘28
Exanpl e 19: % &Pﬂf‘l M@V@&@DN@Z? gég&gnﬁ% gé» Pé%g’lel ns is
YT o o OO i et o ALl
previ ous exarFRA e‘??%ld%ﬁgge‘%%g’ 3’8@#?@%@% Fgﬁtﬁiﬂsﬁ%ﬁpﬁ‘g""g‘ﬁlmt es
Ut that Tus! g m:% R R A T SRR

(M tubercul d ysimgithe followine ehrpmatosmphicntepshRaSephatose SO0 gplurts) .

Virtually no di;aied fusi.

protein cont édlhﬁl rﬁ%%a%a&é%gmnfeﬁgggr ans er(ggleIh }g'ﬂsgxﬂﬁp eﬁsi on
protein ikl unkdagdmaummldondmuni with menidl vmsﬁlngmcd:l&an(dglz%vaTﬁﬁﬁx&so@S) was
10t est ed, g{f evel s of | EN- anma rel ea&aﬁﬁre detect ed. The | FN-gamm
rel ease nedift e%s 19 TPE9ayR TR Atan X=l00e Ihe puitY Qfdbe Protein f r om

ddi t f | | hat
addition o %ch@ém%ﬁmsm&?ﬁe%ﬂrﬁ ﬁeﬁm gﬁﬂaﬁgd%?}eﬁggm&ﬁ@t% a

t he induced rel ease of gama 1S not ependen
E7 antigen i #°€ ngamgtsﬁ)BBS@ﬁ&ﬁ @y glyrerol; fellowed by a dialysis against DPBS/2.5 %(w/v)

SUCroseE.

25
Example 9:  Production of Recombinant Glutathione-S-Transferase (GST)

A plasmid encoding Gst was constructed as follows. The kanamycin resistance-
coding sequence was excised from pET282 DNA with AlwN I and Xho I digestion and
purified from an agarose gel. The purified product was ligated to pGEX-4T-2 that had

30 been previously digested with the same enzymes. The ligation reaction was used to
transform E. coli DH5alpha and putative clones containing the kanamycin resistance
gene insert were selected based on diagnostic restriction digestion. This initial

restriction analysis was confirmed by DNA sequence analysis of the entire insert
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ot her antigens fused town Hsp can simlarly enhance | FN-ganma producti %r% 03
15 Exanple 20: Stinulation of | FN-Ganma Rel ease by E7 Fusion Prot ei st DEC 20
Having Different Stress Protein Mieties Experinents were performed as

di scussed under the previous exanples. HPV 16 E7 was fused to different

Hsps, i.e., M tubercul osi p 10 (TB 10-E7), M 20 vi s BCG Hsp65
(HspE7), Streptococcus pne ni ae Hsp65 (2) (SP65(2)- , and Aspergillus

fum gat us HsSREE ot MGY- E7) . Furthernore, in two cases (E7-L-BCpgranoessis TB7
1) the Hsp (M bovis BCG Hsp65 and M tubercul osis Hsp7 1, respectively)

added to the carboxy termnus of the E7 antigen instead of to the anino
term nus as iecodingeequenes: plopgiterand tapindwniresaes. | ENA@A thecoonBrmerdeongtucet,

tested, in which f-antige i.nked t0 ] t ingl ..qpne third
(residues 1- 2%5’3‘%?&?%@(1\»330 .\??g\),\%@ﬁk@p % ozlesgﬁglﬁ%ﬁ@gwfe@t@? r at her
than an i nt acfeqiiéibe (SEQUEBNOBD g (il @pressiono? GBY (SBQUD NOi23Y isshotn iaf

| FN- gamma rel ease occurred upon exposure of splenocytes to all the
di f.ferent fusFign8proteins, although differences in the nagnitude of the

responses yere 30 DL ey B whi I 8 SN 11 St aon R Bredahed 41 N

Hsp65 fro ifferen or gani sns ferent types of pe, wer e
capabl e of el gg@tiibabateivh fones. AFBL2IHDES) cdlsdmnsforfied wihieplxemial pGEXIONS

containing a stress protein at,e|the amno termnal _end.or at the

or boxy 1 or mi Tof COR oI EseRincihe Sgloble i dlbn P ptiiey B rgiatione- Rgarest; o
2U0 WO 01/ 04 ; b ] ' - 200
of M bovis B olileﬁg{bé , in%ﬁgggng ggﬁggéggg?g?%gﬁﬂ?d;ﬁgﬁén%%%ﬁé (ssiﬂ%nllar to

the full -1 engAhiriehp6at. #eG4EHY avas quiliphatedrwishPIPBS2and raixedandincobated

| FN- Ganma, Rel ease E7 Fusiqn Protein.in L 5 e .Cell.cCul,tures To
test for Q&Qei ‘?V"'Eﬂﬁﬁﬁy‘?@ﬁﬁ’g SEe r?ﬁl?%%p%m?%e %aa;silgl,:ervglﬂlg gﬁ)ét RBATENFat i ons
of the HspEZeghaiRipaskddintod @duf ahd)serthlyivaRHedsivali DPBS. Ende@Rin &hd on in
conpl ete medi um efined as. 40 with 10% fetal calf seru

d RPM 16 nm were
added as repliepwved by waskiag withZye (wfv} Briton Sl 84 follogred by serinl ivashing de rgamqve

tissue cul ture.nl at GOURO : , three
i ngui nal | yrrprﬁsﬁg%ggﬁ%rﬁgi%ds’(I;}g??géﬁgﬁétgmvedaﬁ@g%gg%tlégﬁ%g]@%%/ 6 mce
and pl aced i nré&ductd GirmiiOanM BRISIACLPHEI0t sol uti on supplenented with 5%
fetal caII serum (mediun). Following their transfer to a sterile 0.22
m cron nyfon nesh, a sterile syringe plunger was used to disperse the

cel I's t hr oughgidash16een. Privitakition dFRecoiBBigakitaG lutiiend- DT rasidrase -YHEVAiGE? a

pool ed, unfractionated single cell 15 suspension. Cells were washed once,

r esuspended @5&9&&1&@%@&5&51% and added to wells at 6 x 105 cells/well,

to a final volune X [ OnSNResER fifow Hipgogr otein in
%ﬁ)zli%ngdone%md%éﬁg@ wis'do 1Bovid) €rhe 16 E‘?

medi umor to nediu or urs at 37C1n a 5% C3>2 atnosphere.
Fol | owi ng i naoldixtg sequence plas extisedcininy pEEO Vi FEE wittoBadH Iaed EsoR & idigestioh by

centrifugation .and ernatants ei r ne red, for |.EN: tent. hy
EL1SA 20 o PG TGRS BeL AL e eeh eatTint e T Elat A FerDOR il

i medi at el Y aeen pREVioUsBI dipésted will e)saing enZyrfes. Zhedipatién feh@tionasasidsed &f t he
above experinent, conparing induction of I'FN- gamma rel ease by | ynph node
celI's and by tsamstmady ek Dﬁ?@hﬁ@ﬂﬂ%ﬁé?@ﬁs sentainipg the HYY1&:E/ gepe mserg| ease

of 1FN-gamma | 0. RAbHe Bhded bl RERmod e i HRTBEsoR! $RASNBA bt iBfoPdnatysis
was confirmed by DNA sequence analysis of entire fusion gene, promoter and
25 termination regions. DNA of the confirmed construct, named pGEX/K/E7, was used to
transform E. coli strain BL21(DE3). The nucleotide sequence (SEQ ID NO:24) coding
for expression of GST-E7 (SEQ ID NO:25) is shown in Fig. 9.

The GST-E7 protein was purified as follows. Bacteria containing the

expression vector pGEX/K/E7 were grown and the protein purified using the affinity
30 chromatography procedure essentially as described above for GST.
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25 the fusion protein greatly exceeded that induced by Hsp65 al one.
22: Regression of Pre-Established Tunors in vivo Induced by Adm m&t’lragﬁ)oﬁ%
of Hsp Fusion Proteins Human papillonma virus type 16 (HPVI 6) is an

i nfectious agent associated with 30 the induction of cervical cancer and
its premalignant precursor, vical intraepithelial n | asi a. The

foll ow ng exp use Hsp - HPV 16 E7 fusion proteinSTof the invention
to target |mrﬁ‘&ér5‘fp%%‘bmtl on as part of a strategy to elim nat ePHPYSIEIFA
expressing host cells. 3 1 DEC 2003 WD 01/04344 PCT/US00/ 18828 The H- 2
murinc epi t hel Bxedmmlell - dpfddua@bntmcoﬂnbn@mH@alm(m-mﬁ&?f-%nmwgb; H#ﬁ‘éw
E6 and E7 and activated human Ha-ras), was obtained from I.C

Hopki ns Uni ver@ﬂﬂ%ﬂ@ﬂe@gﬁﬁﬁl The use of TC-1 cells in assays simlar

TC- 1 vas 5 mai nt ol g siil SEEIRSET-L R8s WAL bR s Bl neie ik
1, o470 g L 0
Te? 884- 49) ; W%W@h eéésé&? A(é(l:lé‘ TR OAT %GM EEQE NER26) arut

11140- 050 (ﬁgﬁ'i Ryt
28 M 2- Nbrcap%‘%e%kh%%pﬁ i gma A?@;gét nowﬁm@%)@%ﬁ%ﬁ‘gMﬁ‘&?ﬁf @F’ﬁo@%ci n
Su![ 1;1 atG?ll g G( gcgf)r@lﬂicmaﬂlg_wsted m&&tﬁdtBiém eanmt e deianchSpalli Sﬂzé’, mﬁgtpﬁgwt ed
Wi acgtive,. , _cat ..no an ronycin
8 (0. oy n AERDSLEEI A PRLAEH PCRATOHiSt VA ES (o BERLES (PRTSES is RAGS Withe
was derived fraqm Bhﬁl&r@&jé%ﬁee&é@rfed@ﬁﬁ%‘ &id &ﬂﬂe%ﬁ&%?@p{ii‘e host

i nt hese experi rrent s. Fenul e 7BL/ 6 m ce of approximte

weeks of alde wequsnes)thaidivd been pravionsly digsstad with tﬁam@ex(zsmeeoﬂmbangano@ebec

Canada) and h I ni er cage). TC1
cells were prg%%r edu%%pgﬁc{r#pglégﬁ%fo{&%ngggﬁ?ﬁﬁ §§§“3 EIBPQS gdbed at
a density of HPVIEHADgermchiet werk selected meahﬂﬁh@%ndﬂ@m‘b%ﬁ @iplestidy STRIt i |

70 to 90% conf.l.uent.. Oel | s. were trypsinj zed using a 30 second exposure to
0. 25% Trypsi npf ‘ﬂ ﬂ@k’s‘s@"ﬁ‘c"ﬁng BpDNASspueRss aﬂéiYFlﬁt@Gntl@ fugionj t h

DPBS), then dj bx&htgﬂnﬁ&léxfa:rfd%ﬁhxﬁﬁﬂdi re%ﬂ?'ﬁ@%?%% el Fol | owi ng

trypsinization s were pelléted at X g) for 4

m nut es, tlde Bﬁﬁﬁr?ﬁ%ﬁénwaﬁrmwuamforas@ qoditsirain BER(I3P3 )ri ThefnuedotidORBfaence
added.  The, Celdio o bl il LELeseBlon' 1 HH0GRRRAAIR G0y (ot i

(approx. 25 B:@L}OﬁoﬂOBol d DPBS added. The final cell density for injection
as neasured by t he trypan

dj ted to 6. 5_Vj | [ 1
\gﬁﬁeadjygse?(cl ugi Onﬁépﬁdﬂéﬁ&@éﬁn W%Clg)ﬁlelﬁer dap folleays. sTheskalulle Fraption was
| eat ol oy bl beltrbed o€ o SCUd BLRARE WL rlimstibled IR BIART |

injection into mce. TC1
hours pri @@ tnE'%’-Tlﬁwﬁﬁ aﬁhaﬁﬂdﬁBcﬁﬁé fusionl pfoteim preséntda tie Sulusle Praxgionlwased.

TC‘11 cells wer are des above and_h |ce til

i hj ected. Al IP‘FHF tg 3\‘@03"%? Pﬁg’m P\'ﬂﬁ’lgﬁi (15&

trypsini zati onmeﬂm&ncmm:amy ©-SephatcRd (I thi éblmﬂnt.hlﬁle&%%@ﬂaﬁﬂﬁm& and
drawn into a 1 nL_syri @&gBecton Di cki nson, cat. no. 309602) wt out a

needl e DEC 2_0%‘3’% Hipton (36(89 codems, Amershep Rermasia)l and Ni-chelating
(Becton- Di cki §gfrosé Bhst FiGw Chtbictéiraphy (ol A?ﬁérﬁ‘fa@ﬁ ghﬁ'ﬁgicl%? Yindlr" denaturing

25 conditions with serial washings containing 2% (v/v) Triton X-100 followed by serial

, washmg to remove residual Triton X-100. The purity of the protein was checked by
SDS-PAGE, the appropriate fractions pooled and dialyzed overnight at 4°C against
DPBS. In order to reduce the amount of endotoxin contained in the sample, it was
further purified using a pre-packed 1 ml column of DetoxiGel™ (Pierce, Rockford, IL,

30 USA) according to the manufacturer’s instructions.



bubbl es were expell ed. The shaved skin was raised gently and the needl e was
inserted bevel side up just beneath the skin surface. Cells (1. 33 11®%h 2003
were injected in a 0.2 nL volune for all studies. A fresh syringean

needl e was used for every fifth injection. 5 Fusion proteins were injected
as follows. On treatnent d , the fusion proteins 7, SP65(2)-E7,

AF60- E7, E7-TB71 (shown if gs. 23A and 23B as E7-Mr , Mr40- E7 and

TB10- E7 ( prepav@dies4dlescri bed above) were renmoved from -70C  Sicanadae: apg
thawed in a 37C water bath. Dul becco's phosphate buffeéred saline (DPBS)
(4C) was added_to obtain_the t|c_)rot ein concentration desired for injection.

The 10 di | ut edEx: : iginef Recombinant HRV) 1 ET — 4. damisiBEG Hep65 ni |
syringe (Bect %gﬂeﬁﬁ’ﬁk’?&ﬁmﬁe@%@%ﬁﬁ%ﬁi with a 30 gauge needl e
(Bect on- Di cki nsoft,"Tat no. —3 3 ane syringe was used to inject

0.2 nL of fusion prAtpasmidehcodbarRCGES(RY- B wil donsnibsiasIbews. TREGSYE00N0E
was refitted with a fr,egl needl e for everd((ﬁfifth injection. Mce were

i nj ected subc ALYl b3se pRIsE M, tbovisBG G bspgene orePGR-amplified froms neck
as possi bl &5 THEPsC/RF1 1RGSR brihbes WICTRAESHALwBTe! PIC I ATl BB RREBET &1 1Y

recorded three tines per wee eginning erg ays after tunor
i npl ant ati on aAGACATTIGLUGHSEQID NOi3@h andwaf3:. GTAGCOEOGA GAATEIGECCThe

bservat i on ofo GOASECO AL ATEHRI B 10 lkchel arcsie e dnsistvisuthes
fol I ows. Vol urestriefiorPérzpaih Bics 1AAANAB ¢ @h uﬁﬁé@ﬁoﬁ%‘é%%sé"gfg.e'[ﬁ@ aHh&S
begi nni ng on agﬁrom mat el y Day 8 post i Pant ation. he t | ongest

ort.hogonal di pEctasligatedionEd 66EEYg 1N thas\biad beyprovously digastedatithivhs k

[11 digit j 1 e | | ti-on. .Da i
tabul ated | SpREathtd ERTRGH ARk s Bt £ BB e o
25 extrapol at gutdtive cithes somginingahé pumoated BCG65\Berte werk sélefted wied 8n Miagnostic

represents vol ung, . .represents wdth and L represents | ength) and are
presented as é%sé'l"%ﬂj’é‘vé{‘ﬁ pn. &ﬁ*s&% IesthAen @%Yﬁ’%‘?’asoqc’nﬁﬁ@@rgﬁﬁ}"ﬁ' FREuEnce

Student's t t Qahiyiy B iHeQRRtiRS fukivh ndter ArRCtermivayi a g%,ﬁpg al
vari ances) was ugeld toet est the g#é\?ﬁ%ﬁfce (emgﬂo.OSll)ég'((i}Pat??(gé I gérllence
of the means ®lasmigreonsiEsriypamed n%%d’d@km.us toSeapsforndi B. iceli stmainHPV16 E7

fusi on profei i d i . f ot heir ability to
regress paolt u rm%riﬂl‘(;\jﬁ\? 'vgw?%&%%guﬁ F@?é%%(fpsne@'?ﬁ@aﬁg/ Ilgr Firressiopef pg r
groEp) hwe(rjef: WﬂbﬁE?éﬂE@lﬁDmgpis@mmﬁigﬂk 105 T/C- 1 cells in the
right hin an er_7 days, DEC_.2,. 003 WO 01/04344

PCT/ US00118828 gr oﬁﬁé B?Gﬁﬁ%% D752 ot aigs BUrpd 5 ’g’.HQWﬁfLTB? IncfusiaayBagyRs
(saline), 115fuetidicwiprepfed ad/@es@MA @bvEfonlE, &@%mgélﬁmlwgses of

the two |atter proteins were chosen based on the ar equi ent of

E7 contai ned wathipdeserid pRTSSKI/EZ. The BGGAHI(F DrEE fifsinn prbteinpressahingthe inchlsience
of tunor iya addist lon.- 5 are represent ed
pet cent tujréor ﬁgﬁ& ?i%g?\%’gwwf%\é‘%g‘%%w@?@% gt?ﬁ?lagﬁf?phﬁ%?ps' et Q

expressed as Sephaagpe (AnmepshanePhuimacia) mﬂdﬁildmﬂﬁtﬁlgrSeﬁﬁarbbem(mﬁDAhﬁﬂamZZB)-
As indicated |p Fig, 22A, the najority of aninmals had detectabl e tunor by
Day 8 post ﬁEﬁ*%‘gEQ PRder depetiyng eondittons with sepialkwashings sentpining2% §v/¥D 0% of
the mce. Aft titond Ri19D0MHINRRRI 331 whdhi ' i til. day
25 when the i nciodence. for thewlﬁn&%%ﬁ@etgte og%feﬁg@luglersrﬁgﬁﬁ ?@gd dﬁunty
appr oxi nat el yoSteptaeintwas checksi by SDSSPAGEs theodppeopriatd fattiprs paded drid

cont rast, Jine Ay IFb SerfghPLAC ki BhEn Protel ns shoved a

Example 13: Production of Recombinant M. tuberculosis Hsp10 — HPV 16 E7 Fusion
Protein {TB10-E7)

Expression plasmid pETESE7 contains a chimeric gene composed of the
30 Mycobacterium tuberculosis strain H37RV (ATCC 27294 ) groES (hsp10) coding
sequence fused, at its 3' end, to the HPV16 (ATCC 45113 ) E7 coding. The chimeric
gene was cloned into expression vector pET28a and transformed into E. coli

BL21(DE3) cells for protein production and purification. The nucleotide sequence
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conparatively sharp decline in Tl until day 28, when none of the aninmals
had detectable tunor. This conpl ete absence of tunor was observed3f(prDE[[1é_’[][]3
remai nder of the observation period for nost of these animals. The

conpl ete regression of tunor in 15 the animals treated with the fusion
proteins was al so clearly seqwhen neasured by tunor v, me. Figure 22B
shows that by day 28, the avelFage tunor volune of the aMnals treated with
t he fusion prowveions4isas not detectable. By conparison, the avepeg®sbiiiis
vol une of those aninmals treated with DPBS rose steadily from day 25
onwards. 20 In_the secong experinment, C57BL/6 mce (18 Rg‘é%r‘oup) wer e

i nocul ated s (HRQERIE:R4) Foding forexpression of TB1§-EJ(SEL T, NOH3S )ris ghewiinddg.
flank (Day 0)qoAfter 7 days, groups of mice were treated with 0.2 nL of

ei ther DPBS (saline), 100 ug HspE7, 100 wug Mr40-E7, 100 ug E7-TB 71 (shown
i f Figs. 23A and 23BedB BrEWpHigin was plfifiedigs follBwk0 Thé InchistornBody fisdtidn was

noni tored for the presenc r. absence, of . r 1n addition to 25 tunor
vol une. The da{eaalﬁﬁ?ﬂ@ﬁ‘ffﬁ’éﬁb‘é‘(f @&F@émﬁm qeﬂép'a’éﬁf‘é‘é"ﬂdwlihﬂéﬁm{ﬁ oup
(Fig. 23A) sangeTHgRY. mmoéx)mfsfoaﬁﬁ&eﬁﬁp@y&g ﬁ%tﬁetlmioﬁlﬂb actiohapgdar d

error of the nean (Fig. 23 B). As in Figure 22A, a majorit appr oxi mat el y
959 of the apumfddsusing the following chrunategrppiit stepsinDEABHSepliayoss (100shi dahman,

i mpl ant at i Fi g, 234). By. 19, 0.d in. Tl | t. .

For | owi g & i AmetshafPannatiad Soutce 158 SRSt FHfim] foldi R RRAa Phammacia)

pr ot ei n-t r eat ge KhtREhSny'Bephaltae (60861, Htfibrshdta Phitn4e8) uider d&ﬁﬁﬁﬁﬁf@éﬂd‘iﬁcﬁ%'
e

of the animals  were tunor-free, In contrast, the Tl "of the nmice treat
wi th DPBS hadwith semialivyashings contpimingd %ndv/a) JrivgoX-100dollows! gheenel whshing/er age
t unor vol ypes

with the res prgg{qvég%igasaﬁ ?rl;itt %ﬁ%@l&h;ﬂ] %&@g@%‘%@%%ﬁﬁﬁﬁg #’gﬁ%ﬁgﬁy

the marked diheappropriate fractions porledhar diflyesdeentighidt 4%0 bguiRg DRBS/1095(v/v)
ani mal s treateld with any of the fusion proteins was essentially not
measur abl e byB¥%°80. DEC 2003 Claims 1.. A nethod of determ ning whet her
a fusion protein stinulates a Thl-like response, the nethod conprising:
(a) providing a cell sanple conprisi n%_ nai ve | ynphocytes in vitro; (b)

ri
provi di ng a fExampie pdnt Broduetignof B t HPNekH EE hddi¢uberguiorin HspEFugion a

f ragnment E@er {eh? -}‘ i eight amno acid residues in length. fused to
(1i1) a he eroﬁqcu@w%ptide at | east eight amno acid residues in

| ength; (c) cont acAipdniiienasling B2TH7¢ wistdonsthrtdd. s follows. OTI M, 288auiRis( d)
det enni ni ng onse in

th i tein stinylat Thl -1ik
the cell sa%%é{.]g‘rz‘%e ‘T'E%I’ﬂéltﬁ%g%lﬁ{?ﬁ %@Fﬁéwﬁkﬁa&% @éb’q%@égs 8%t ed
from the gr ougoENE&bLBIdM155-130)RERg MQM&%@WO%Q@&S:%H-WR&A% 3

The nmethod of claim2. wherein'the fission protein conprises a polypepti de

sel ected frorfEREGF 810G CoHs GSIG (FFQ D MHPBS) andsw?l: ACE TLC GOGBDCCATAHSp71

ots e TR T ORI GRS B8 Rk TAEHER ORI VAs B S55 T

\ and Nhe I, gel-purified and ligated to pET28a digested with the same enzymes to

generate pET/71.
The HPV16 E7-coding sequence was PCR-amplified from pSK/HPV16
(ATCC) using primers w280 and w344 (w280: CCA GCT GTA ACC ATG GAT GGA
25 GAT (SEQ ID NO:38) and w344: GGA TCA GAC ATG GCC ATG GCT GGT TTC
TG (SEQ ID NO:39)). The PCR product was digested with restriction enzyme Nco 1
and purified from an agarose gel. The purified PCR product was ligated to pET/71
DNA that had been previously digested with Nco I and CIAP to remove 5° phosphate.
The ligation reaction was used to transform £. coli DH5alpha and putative clones
30 containing the HPV16 E7 gene insert were selected based on diagnostic restriction
digestion. This initial restriction anatysis was confirmed by DNA sequence analysis of
entire fusion gene, promoter and termination regions. The confirmed construct, named

PET/E7/71, was used to transform E. coli strain BL21(DE3). The nucleotide sequence

30



5. The method of claim1, wherein the heterol ogous pol ypeptide corrpr;gseﬁE% 2003
sequence identical to at |east eight consecutive amno acids of (i) 1

protein of a human pathogen or (ii) a tunor associated antigen. 25 6. The

met hod of claim 1, wherein the heterol ogous pol ypepti de conprises a

sequence identical to at | t eight consecutive am m,ci ds of a protein

of a human virus. 7. The od of claim®6, wherein th®virus is selected

fromthe groupvccaamasati ng 30 of hurman papilloma virus (HPV), bermpseo/1ss2s
simpl ex virus (HSV), hepatitis B virus (HBV), hepatitis C virus (HCV),

cyt onegal ovi rus . gstel n-Barr viru ti.ﬁ(,EB I nfluenza virus, neasles
virus, and hu@é%% [AdQeeoding fs wxprepsian ¢ }{SEQIDRFQ:42piszhews imBigsod
of claim7. Iofh t he

met hod of cl ﬁﬁﬁﬁmigf%ljaﬁﬂ%&ﬂgt er o‘gﬁi‘ous b{‘vﬁ%pep&@})@oﬁﬁd rlcé)egl?tgl PV E7.
10. The net hoskqaénazkat the B, endhof the hsp’hegdne)h;r ephganentpd b Kpeltto thed diigiiehe s
HPV 16 E7 or a fragnment ther of at st. eight_ am no acid_residues in

| ength. 10 1 1ConHBMESERUACEY frap 1en gidisR7l B@%@t%ﬁ%&g’%@}?&t%@qﬁd de
conpri ses sHPYCRETAp gﬁnf.@& aﬁﬁflﬁa@ﬁsm?fmﬁwsu@tpﬁlﬁﬁw@h ahé waﬁ? E‘g?%fa il G o

residues in |ength. I al m™10 erein the
conpri ses WCGﬁ'écGQrTIﬁGMG@T}AﬁGﬁmI&MD HP)\artioy 2. TIT. GATS TG of

Fymph node.  pAPGERE T biGsEE Cheds BT ORI hnresiiing Gt i at ory
tract, or ansEEME7IAP, e mﬁvﬂ&lmmea ma%lﬁﬁ-tmlﬁbiﬁhl-lengmﬁ B the

cel l sanple conprises splenocytcs or node cells. 15. The nethod of

claimi, V\herI@'PWH! ard was wedte angfemn Eo%’rﬁt@ébBﬁél@ﬁi)-n@m m¢legdisimsequenoeiuced
by th I f S t
o?‘y (e)e grey\)/l ng a secor)d&c}ar{geﬁbsaﬂgrgesmglo&lﬂﬁgl%ﬁlﬁggﬁgbgsﬁgn%ﬁg‘tgg Qezf)s ops

contacti ng t hsEHEIMAisshbivnda Fygdsel4AtldBa second fusion. protein; and 30 (9)
det er mi ni ng wheth ond fusion St hi-Li

response in the E@E%ﬁz‘@g(ilpmtg@ﬂﬂsé’"rﬁ{f t?q %ﬁ&“‘jﬁ‘%"q g Xﬁ'l"%‘%mf‘ﬁ%ﬁ on
protei n conprirggsed AEdEEARNBEvOFrom £ Woli BISNEDR3) Gt Waﬁéfbﬁfnedq&;ﬁvgrahﬂﬂi l'i sp,
and the second fusion protein conprises at |east” eight am no acids but |ess

than all of tpb"érfﬁwden 7—157dafwmprqtemtq§mtumgheﬂgplusm Bpdy Raction wasl of

screeni ng;a eI sanple
conpri si ng ng\(l Ve Flyrrp ocy éro b%gﬁﬁﬂ?w Qgéo%\ﬁogégﬁ)o%ngro
conprising ( lAm%hmp’Mnnamld)raglrﬁmheﬂa‘img(SGphabsd (8asil, Aﬁlegslhmna?haﬂﬁacﬁs)l d
oo U oA e EoR i it erfhn WRAEEE QIRRE I RIG lon Lrdg™>" © O
followed by serial washmg to remove residual Triton X-100. The purity of the protein

‘was checked by SDS-PAGE, the appropriate fractions pooled and dlalyzcd overnight at
20  4°C against DPBS/10 %(v/v) glycerol.

Example 15: Production of Recombinant Streptococcus pneumoniae HSP65(2) —
HPV 16 E7 Fusion Protein (SP65(2)-E7)
A plasmid encoding SP65(2)-E7 was constructed as follows. The Stfeptococcus

25 pneumoniae hsp65 gene was PCR-amplified from plasmid pETP60-2 (PCT patent
application WO 99/35720) using primers w384 and w385 (w384: GCA GCC CCA
TGG CAA AAG AAA (SEQ ID NO:46) and w385: GCT CGA ATT CGG TCA GCT
AGC TCC GCC CAT (SEQID NO:47)). The PCR product was digested with Nco I
and EcoR I, gel-purified and ligated to pET28a digested with the same enzymes to

30 generate pET/SP65-2C.

The HPV16 E7-coding sequence was PCR-amplified from pSK/HPV16 i
(ATCC) using primers w133 and w134 (w133: AAC CCA GCT GCT AGC ATG CAT
GGA GAT (SEQ ID NO:48) and wi134: AGC CAT GAA TTC TTA TGG TTT CTG

i



10 (c) contacting the cell sanple with the conpound and the fusion roi]gtn'mm
and (d) determ ning whether the cell sanple exhibits a Thil-1like res:'go
fallowing the contacting step, wherein a decrease in the Thl-1like response
in the presence of the conmpound conpared to in the absence of the conpound

I ndi cates that the conpound @i bits a Thl- 15 |ike res;’se by the cell
sanple. IS, The rrﬁ%g‘%i of clallm 17, wherein the determ nfhg steg conpri ses
detecting |FW¥ roduced by the cell sanple. 20 19. The methQbYSYy18s2s
claim 17, wherein the cell sanple conprises cells derived from a spleen,

| ynph node, pgSEQITE RD:49)90Whe PORGroMIcE W5 dighytB¥ Svithl Hfdetid ct,
or anogeni taﬁ rrgcosa 20 )QThe met ﬁ)od of cl a{gm 17, 1\/\/nerefrlldt3 e ce%?m%éarrpiil

conprises spl &seRyltand pawified fromy appagasesgegel eThespurified PR prostubbeasthen ligited o7

Hep10, Hspeo, PSR i dad bR ol ieciBERidh ip sl pERE e Rbitot on

protein conpr lrédt&oﬂw@.@hﬂ@ﬂb&tﬂ@fonﬁ%‘ %hémﬁdl ;ﬁaﬁgyuﬂdtﬁuelﬁﬁg%&& tgé
Hsp65, Hsp40, \210 Hsp60, and Hs E 2 The et hod of

claim 17, whetE V& ERimser svess %Fé?ﬁi@dp %P@p@ﬂtaga@t@gﬁq;nq:tmsdxchn (Ts igitial The

rethod of ot S\ ddion hehelyhvlinlishel o) BSOS, BB B ERMASSR ot
Mycobact eri unprdanmesmidstpﬁﬁuzaIMidEibnkGWA oPthe cénﬂﬁhémdm@frua,cﬁeﬁﬁéﬂ ng a
ﬁSWEUPS@Eggﬁ&ﬁc%S'# SrRoahds cal i SRR, Tesngersieng (1) a
Hs f h, ’
T o e a9 SIS

fused to (ii) a heterolo us pol ypepti de
rési dues il@ | shayvhin Kigs. l%@ﬁlﬁitl ng the cell sarrpl e with the conmpound and

Thi-1i ke response TBEFEGP Iy EY MEcteBLRtR MG S el Eiedpa ey Shston n
the Thl-like wasprpaedias defeibpd s@rdmmE. ESIEBLRIDESNELIRGraaopac@ditho i n the
absence of the corrp ndj Sa%%s t hat the conmpound pronotes a Thl- |ike

response by tRBSREIR 'ggﬁﬁﬁ‘éﬁ ePRe> W@S‘% Pratein present ipbe B!CHISIOWEBOC‘Y
sanpl 6. 26, TRANE T PR i Mo TR ARG R (LYo by |
derived fidém ccalump) Amershayrfarmecis) anddNi-getatialy (60 od,dAmbshemiRinrmacia)tindeis,
N TN A AN T SR T e T T AT
3 1 DEC 2603 by serial washing to remove residual Triton X~100. The purity of the protein was
checked by SDS-PAGE, the appropriate fractions pooled and dialyzed overnight at 4°C
against DPBS.
20
( Example 16: Recombinant Production of Aspergillus fumigatus Hsp60- HPV 16 E7
Fusion Protein (AF60-E7)
pETAFG60E7 is a plasmid encoding a recombinant protein, AF60-E7, composed
of the Aspergillus fumigatus (ATCC 26933) Hsp60 protein (without leader) (obtained
25 asdescribed in PCT/CA99/01152) fused at its C-terminus to the HPV16 (ATCC 45113)
E7 protein sequence. Plasmid pETAFG0E7 was used to transform E. coli BL21(DE3)

cells for protein production and purification. The nucleotide sequence (SEQ ID
NO:52) coding for expression of AF60-E7 (SEQ ID NO:53) is shown in Figs. 16A-
16B.

30 The AF60-E7 protein was purified as follows. The Inclusion Body fraction was
prepared as described above from E. coli BL21(DE3) cells transformed with plasmid
PETAF60E7. AF60-E7 protein was purified using the following chromatographic
steps: Source 15Q Sepharose (Amersham-Pharmacia) and Ni-chelating Sepharose (60
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10 .3 0 N. The nmethod of claim26. wherein the lisp is selected fromthe
group consisting of Hsp65, Hsp40, Hspl O. Hsp60, and Ilsp7l. 31. THe nBE6GoHII
of claim 30. wherein the fusion protein conprises a polypeptide selected
fromthe group consisting of 11sp65, I-1sp40, HsplO, Hsp60, and Hsp71l. 32.
The met hod of cl ai m 26, V\hﬁi n the heterol ogous pol ygt | de conprises |IPV

E6. 33. The nethod of clai 6, wherein the heterol og pol ypepti de
conprises HP The net hod of claim 26, wherein the fusj n
conpri ses Nygggacterlunl bovis BCG | 1sp65 and HPV 16 ‘E7. 35. # %ﬁhﬁ%ﬁ?
determ ni ng whether a hybrid conmpound stinulates a Thl-1ike response, t he

met hod conpr insl, Agherétiin Phhddid) Gnder dedmrirpaohditionsMiihderial wiashis cytRiagy t es
in vitro; (b) rovi di_ng ﬂé’éb“ d conmpound that is non-naturally occurring

and conpri se§ 6 (W/V) BrikX Cdsuagvashingig remeavs wedpal Triles $hi0hf | ess
h
e 500" SHUALER LYok 868 oo SPRLVRER! Al bl

| i nki ng the naddidpieddsrenagipat AWC ﬁg}mtshBPBSl ypeptide; (c) contacting the

cell sanmple with the hybrid conpound; and (d) determ ning whether the
hybri d cor?pound stinmulates a Thl-like response in the cell sanple. 36. The

nmet.hod of cl & ] . ' K r
Wi ght of at ﬁl%%tﬁhﬁ‘laﬁ&?of@ﬁ‘@%%ﬂa‘ifelé&@ Hﬁi@?%ﬁ?ng whet her

a hybrid corrﬂja_lwndkonenul ates a Thl-like response, the nethod conprising:
(a) producing a h geglt und coval entl | i nki on 1ide
conpound to a pol)ipﬁ Fﬁﬂgg'fmﬁ?ghlﬂﬁcytﬁgﬁ{ p&ﬁ’?ﬂ?ﬁ%@f’ﬁ‘é‘l eﬁteﬂ fh; (b)
providing a g37BL}@HRtEONAINBE FSh\Qordifatent|syiBOMNLRs Rivey Labs¥atory &ad

contacting the cell sanple with the hybrid conpound; and det er m ning
whet her t HWPP'&I%‘ERFE@E‘H“@W%P@@@ @mﬂetf—fmql\émr(é@ﬁﬁh?é{ﬁ’hﬂ) atiex 1@ |

20l ccul ar Sl AR TP A, s Aol Bl Ghdjes, Micri RERLEL SRR e e
whet her a f usicobatpd ddre?2rhairs with §t05¢o 4. 4Mrhel/mik eomcmapanm oﬂrbrmm’md;mM

vitro (o) pbovs BEEERR0RbeS) Hv e P LB e BFRnE ke A GOEIERG Do e at
| east ei ght a&mmeww%w&ﬁmq{sbésﬁwgpvwml (Hbp65 $ENW M PyRetGde at

| east eight amino acids its length; (c) contacting the cell sample with

the fusi dd pHspél nHPYi§ Ebfusion pa@m&ﬂ Da Subseqpentdo incubalinge cellsivaset ed by
the cell sampliglPlhhilindifs weR AP tTFRRgamma capture ELISA plates.

After incubation, the replicate samples were harvested, pooled in eppendorf
tubes and pelleted at 1260 rpm for 7 minutes in Beckman GS-6R centrifuge (300 x g).

The supernatants were removed into cryovials and frozen at -70°C until time of
; 20 analysis.
i' Maxisorp ELISA plates (Nunc cat# 442404A) were coated overnight at 4°C

with 1 pg/mL purified rat anti-mouse IFN-gamma (PharMingen cat. no 18181D) in
0.1 M NaHCO; buffer, pH 8.2. The plates were washed with 0.05% Tween 20 in PBS
then blocked with 3% BSA (albumin fraction V: Amersham cat. no 10857) in DPBS

25 (blocking buffer) for 2 hours. After the plates were washed, recombinant mouse IFN-
gamma (8000, 4000, 2000, 1000, 500, 250, 125, 62.5 pg/mL in complete RMPI) was
placed in triphcate onto each ELISA plate. Sample supernatants were removed from -
70°C, thawed quickly at 37°C, and placed undiluted onto the ELISA plates in duplicate.
The samples were then serially diluted by seven, 3-fold dilutions in compiete RPMI

30 followed by incubation at 4°C overnight. Background ELISA valies were established
by measuring eight wells containing all reagents except the target antigen.

Detection of bound murine IFN-gamma was accomplished using 1 pg/mL of a

rat anti-mouse IFN-gamma biotin conjugate (PharMingen cat. no 18112D) in blocking

oo
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40. The nethod of claim 39, wherein the detected Thl -like response is
greater than a Thl-like response exhibited by a second cell sanpl (PEC 2003
conpri sing naive |ynphocytes when the second cell sanple is contacte

either the first pol ypeptide, the second pol ypeptide, or a mxture of the

first polypeptide and the seqgd pol ypeptide. 41. The od of cl ai m 40,
wherein the detected Thl-1like"fesponse is at |east two nmes greater than
the Tlhl-1ikeweeposde exhi bited by the second cell sanple. 30 #ETALORGHE28
42. The nethod of claim40, wherein the detected Thl -like response is at

| east five ti greater than.the Th] .-l.i ke response exhibited by the
second cel | sé’g‘géé %ﬁﬁowﬂ‘ﬁi‘ﬁw g?‘H}Je‘?lﬁn%Sﬂ‘EPg%tFﬁiﬁm(hoﬁY &aﬁ@stfetesmn&an or
a fragment theregdo dluddiista stRp@idiRaikaABnshdbphiad d (i)
a heterol ogous pol ypelTotlde aam%t}east el ght glhrf‘liﬁo acl Sg%tﬁ({:%l%%n @2 The

fiasion proteiSAKI08 Thmphdss wonwaskiduy tefids fdllovweddiyethe addifontbf a diveniogenion

br ot oi n. 46, THEFAR RS P BEDY ARCmbARAPNFR: SiErseet B 708 1.1 ORI P81 ng ¢ he

Af vcobact ers widihantRthtet, HH 358 AfEF30MminGeRk %&dﬁbmoncttﬁ'cmoﬁe HBRWHsN The

het er ol ogous pol ypept i de Iar’rgrl ses a sequence identical to at 1east ei ght
K

consecut i ve aﬁtqweésmg 36 1 mMhEDT Ay pHh8ifa The iabsoshang@wag measiged atsd kin

rotein of clai
Br otein of cl usjég m g%cﬁ %EOW& B¢ %‘J a%e&eﬂw@ﬁ?cﬁﬁ’éh E&@%L?QQWWVI 6
E7. 50. A fusi rma leveld €f IFN-gammasictgtediin test mmes %ﬁte@trﬁpdléte@ﬁ%ﬁﬂm%%dard
thereof at |east eight gm no acid residues_in length, and (ii) a

heter ol ogous ﬁB‘I"fﬁéﬁ‘ﬁrﬂ'@ &Peﬁ'é}h%ff the respectiyeiFldSAxintgs Para pegrpressedrareliN-s si on

protein ofjucl e%?fﬂ) p40 protein. 0 47 1 DEC 2003 protein.
The fusion prg elno i(:felnthellsp40 protein is a

nnycobact eri al 53. Rﬁhelt:*oqéaseayspmslmwnmfﬁgs avmms Tlegyeiagenfrotnfive
Af vcobaet E:r iur.n tuber I05| ro e fusion prot
o et F e litaH B SR et B DRt idiaticg, sPeatial s iy lsraed
i dentical to aimhRAasds aio@babyeﬂp@maoﬁsplemhﬁes@oodﬁ ooffs 949&93@411196111%1,
human virus. 10 55. The .fusign protein of clali m54 wherei n the hunan

Vi Irus i s Hpv. HseE7.THap¢aleas, Eﬁr@?’é‘?s HEgricneqingd @mdmiureeiHes and Erwensgous
pol ypept i q?EI v Orflgﬁfc%gl«iﬁgo}@mﬁé}ah N %a.@éﬁsatﬁ%ie%?e.pél%ﬁf Rt Whleidndd ) 2

I 1sp7l pro ment t
with splenocytes prepared from mice obtained from the Charles River Laboratory (Fig.

17A) and from the Jackson Laboratory (Fig. 17B).

Example 18: Stimulation of IFN-Gamma Release by a HspE7 Fusion Protein in

20 Splenocyte Cultures from Mice Having Different Genetic Backerounds

Experiments similar to those presented in Example 17 were carried out using
splenocytes from mice-(from Jackson Laboratory) of three different haplotypes:
C57BL/6 (H-2"); Balb/c (H-2%); and C3HeB/FeJ (H-2%). The relative effects of the
fusion protein on the different splenocyte preparations were similar, although there

25 were differences in the absolute amounts of IFN-gamma released: the observed order
being Balb/c (highest; Fig. 18A), C57BL/6 (intermediate; Fig. 18B), and C3HeB/FeJ
(lowest; Fig. 18C). As in Example 17, substantially increased IFN-gamma release was
induced by HspE7, but not by E7 alone, Hsp65 alone, or an admixture of E7 and

~ Hsp65. ' |
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eight amno acid residues in length, and (ii) a heterol ogous pol ypeptide Eﬁ
| east eight anino acids in length. 20 58. The fusion protein of c}ai Be674003
conprising a |Ilsp71l protein. 59. The fusion protein of claimb58, wherein

the 14sp7] protein is a Inycobacterial protein. 25 60. The fusion protein

of claim59, conprising th | Ncobact criwn tubercul osi Hsp7l protein. 61

. The fusion protein of cl 57, wherein the heterol us pol ypepti de
conprises a speYERsA4I dentical to at |east eight consecutive apgnosdagisgs of
a protein of a ,0 human virus. 48 1 DEC 2003 The fusion protein of claim

61, wherein the human virus is HPV. 63. The Fusion protein of claim®62,
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sanpl e fol | owpbagrieddhatsgmulationed naive splepocytes by eordIpes §Me Aevs BhE)a
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Example 20: _Stimulation of IFN-Gamma Release by E7 Fusion Proteins Having

Different Stress Protein Moieties

Experiments were performed as discussed under the previous examples.
HPV16 E7 was fused to different Hsps, 1.e., M. tuberculosis Hspl10 (TB10-E7), M.

B 20 bovis BCG Hsp65 (HspE7), Streptococcus pneumoniae Hsp65 (2) (SP65(2)-E7), and
Aspergillus fumigatus Hsp60 (AF60-E7). Furthermore, in two cases (E7—L-BCGGS and
E7-TB71) the Hsp (M. bovis BCG Hsp65 and M. tuberculosis Hsp71, respectively) was
added to the carboxy terminus of the E7 antigen instead of to the amino terminus asin
the other fusions. ,

25 Additionally, one construct was tested, in which the E7 antigen was linked to
the amino terminal one third (residues 1-200) of the M. bovis BCG Hsp65 sequence
(BCG65(F1)-E7), rather than an intact Hsp. It was observed (Figs. 20A-20B) that -
stimulation of IFN-gamma release occurred upon exposure of splenocytes to ali the
different fusion proteins, although differences in the magnitude of the responses were

30 noted. Thus, fusions containing different Hsps, including Hsp65 from different
organisms as well as different types of Hsps, were capable of eliciting enhanced IFN-
gamma release. Furthermore, fusions containing a stress protein at either the amino
terminal end or at the carboxy terminal end of the E7 antigen were active. Finally,

o
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15protein. 74. The nucleic acid of claim73, wherein the 11sp40 protein jﬁ'ﬂ?ﬂg
nycobacterial 7-5. The nucleic acid of claim 74, wherein the Hsp403pr ik A
is a tlYcohacteriumtubercul osis Hsp40 protein. 76. The nucleic acid of
claim 72, wherein the heterol ogous pol ypeptide conprises 20a sequence
Identical to at |east eight secutive amno acids ol ’rotei n of a

virus. 77. The nucleic acid ol" claim76. wherein the virGs is an HPV. 78.
The nucl ei c aMQ0IgH34H] ai m 77. wherein the heterol ogous pol ypepthCIdIs00/18828
conprises HPV 16 E7. 79. A nucleic acid encoding a fusion protein

amiho aci d r SOGRIELHE CalioRne iRt s LoHPERL piUSBET pirgs, Sifienthiy”
| east ei ght %ﬂhﬁ'@a @etdioniifl alifdtiehsim3@r #0the Ehﬁleﬁglmlmtps_s 36quined gﬁgﬁbjﬂ 79,
wherein the fission protein conprises an Hsp7l protein. 1 DEC 2003 S |

The nucleic acid of claim80, wherein the Hsp7l protein is a mycobacterial

protein. 82. _The ei&:.acid of .glha 81 erein,th [ sp pratein i.s a
X11 cobacter'@éﬁqﬂg%eu&i' ﬁm@rfégg#g 510 . L2PH ‘-.-!."-!-é AR ai m
79, wher eisn NiclBileCaihagous pol ypepticlc conprises a sequence identical

to at |east erght consecutive am no acids of a protein of a virus 1() $4.
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virus, hepatefine 43 RPMld 640 evitht 1004 fetdl culf seram) eweroadded ab esplicute samples (3 to

Epstein-Barr virus, inf nza viyus, . neasles yiru or h n
hmunodet 1 of Sfgpicplesh HPoEom S BE et R RAEY Yar e MO spRPERGRL ofic

het er ol 0gQus ROJsYRE Rirkél b @i lynkiSnodds weR\asBticAll, k&dvedfom ThEedistc! ei ¢ acid
of clai mqgo, mgr%?n t he g]%t cteroal ogoous poel ygipti%e conpri sfgs an HPV E6

antigen. 9. Ch@Bh{fcinidecangdgtlarediin é mliahgk’s\halaneedsaitrsolutiou sepplemeitgé withs HPV

16 E6. 90. T =1 | A j rel e het.er ous

ool ypept | de Sanehy S0k Serbfl uigfi) Shellovtng HaERaftel % AEHE A A gy
human pat hogfiesh,3Gtérile SyAngaEuRid a8 iisedliolisperst ehecells itltongh fleahe¥h 90,
wher ei n the,_ hupan pathéfen_is a virus,. . bacterium _nycoplasm  fungus, or

pr ot ozoan. QMed’I‘]’F’_é“ﬁﬁé‘F t@rggsieal.lq)qe.l]& HP‘H?“@B‘,PW%‘P BPW@‘R@“‘E@F@E&‘GHOI 1S
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antigen. e nuclejc acid of claim92, wherein the tunor associ ated
antigen is W@ﬂatGMG%@,llmmaEA@Eml@EEfO-PRﬂNE;ultS@&-We ‘ekposedtsi thase,

MART- 1, NY- %mpﬁégpﬁﬁﬁ@ﬁ%ﬁm e Tl RGP Se 37857 2By, CO,

Proeill . ase-

atmosphere. Following incubation, replicate cultures were pooled, cells pelleted by
centrifugation and supematants either measured for IFN-gamma content by ELISA
20 according to the procedure described in Example 17, or frozen immediately at ~70°C

for later analysis.

Fig. 21 shows the results of the above experiment, comparing induction of IFN-
gamma release by lymph node cells and by splenocytes. The fusion protein was found
to elicit a release of IFN-gamma in both cell types. The IFN-gamma release elicited by

25 the fusion protein greatly exceeded that induced by Hsp65 alone.

Example 22: Regression of Pre-Established Tumeors in vive Induced by
Administration of Hsp Fusion Proteins

Human papilloma virus type 16 (HPV16) is an infectious agent associated with
30 the induction of cervical cancer and its premalignant precursor, cervical intraepithelial
neoplasia. The following experiments use Hsp - HPV16 E7 fusion proteins of the
invention to target immune recognition as part of a strategy to eliminate HPV16 E7-

expressing host cells.



10 CEA, PIA, HK2, PAPA, PSA, PSCA, PSMA, pg75, MUMI, MIGI, E6, E7, 3dTHEG 2003
Beta-catenin, CDK4, or P 15. 94. A plasm d conprising the nucleic acid of
claim65. 1.5 95. An expression vector conprising the nucleic acid of claim
65. 96. The expression vector of claim95, wherein the expression vector is

a manmal i an expression ve r. 20 97. The nucleic acigiof claim 76,

wherein the virus is a herg sinmplex virus, hepatitis B virus, hepatitis

C virus, cytoNedaos¥#drus, Epstein-Barr virus, influenza virus, PCT/300/18828

virus. or human i mmunodeficiency virus. 98. The nucleic acid of claim77,

wherein the lieter I ol ﬁaﬁq 99.
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PRAMS, SSX-2, Tyrosinase, MART-I, TRP-1, TRP-2
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PAPA, PSA, M50 50 in
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expression vector of cI ai m er el 5| .on a
manmal i an exPeaRE} Was Ef?ﬁp gwﬂﬁﬁcﬁﬁg? 4 cgf’e’cq\{lﬁf"hgg& CM8rein the
virus is a hergasoss) i ﬁygifd:ﬁybsns(banﬁyhm &uBe,VCQBﬁchéiﬂF&i hd.1490651y] 1 Us,

cyton~. egal ovirus, Epstein-Barr virus, influenza virus, neasles virus, or

human i munodef i cSmeﬁWT@dSWHi@@ wayeriyrdcram @ GEHIRL/6 mausaithis mpusesirairei n
t he hcterol ogous_pal The
nucl ei ¢ aci d*81 " %eﬁ W%liégt\%ne?%% e'?ger%%l#?ggggdsﬁ%’%g%ﬁ@gmi%%ﬁﬁ ses
an HPV E§5aniol HB@ec]@%fthE@ré}ﬁﬁ&aﬂelﬂﬁoﬂ IﬁxaﬁemkmecCamdi(Sf-Codnmanuebﬁc

wherein the [ -1 PV E6, anti gen |§ HPV 16 E 12 The nucl c acid of claim
79, wherein @P@dﬁt‘s?@r@ﬂ"éa‘g }t%}%?‘i‘ﬁé era?g C- bi ndi ng epi t ope

of a protein prOdg‘éeﬂcéllé\?erg'ﬂf@&eﬂ?éﬂ%%tan%ﬁ%s £ RS SicS1PREE sBbge! i m

112, wherein the human q en is a virus bacterium mycoplasm fungus,
or pr ot ozoanat aldensityiof 2’h &x Hli celly /mlaandinebatadfontwoto fanedays Nﬂtlh'@ to 90%

het er ol ogous Q%ﬁte pLiid e&%rsm?z%ﬁ usiig al\flolsgc&{dneq:'pgﬁug B} 6.95%, 'ﬂ'{zps%n t‘l‘fﬂor

associ ated a
20 stock, Gibco cat. no. 1505-065, diluted to 1x with DPBS), then diluted four-fold with

{ supplemented complete medium: Following trypsinization, TC-1 cells were pelleted at

4°C at 1000 rpm (250x g) for 4 minutes, the supemnatant removed by aspiration and
30 mL of cold DPBS added. The cells were then pelleted at 4°C at 700 rpm (100x g)
for 4 minutes, the supernatant removed by aspiration, and a-minimal-amount (approx.
25 5mL) of cold DPBS added. The final cell density for injection was adjusted to 6.5 x
10° viable cells per mL, as measured by the trypan blue dye exclusion method. At least
90% of the cells used for TC-1 inoculations were viable. The celis were stored on ice
for immediate injection into mice.
TC-1 cells were implanted as follows. Between 24 to 72 hours prior to
30 implantation, the hind flank of each mouse was shaved. TC-1 cells were prepared as
described above and held on ice until injected. All injections were performed within
two hours of cell trypsinization. The cells were swirled gently in the centrifuge tube

and drawn into a 1 mL syringe (Becton-Dickinson, cat. no. 309602) without a needle.
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115. The nucleic acid of claim11.4, wherein the tunor associ at Mnbgew
is MAGEl, MAGE2, MAGE3, BAGE, GAGE, PRAME, SSX-2, Tyrosinase, g

15 ESC?-1, gpl OO TR P-1, TRP-2. A2 nel anot ope, BCR/ ABL,

Proei nase- 3/ Myel obl astin, HER2.!neu, CEA, PlA HK2, PAPA, PSA, PSCA,
PSWA, pg75, MUM1, MJC1, E E7, G1T-V, Beta-catenin, 4, or P 15. 20
116. A plasm d conprising. the€ nucleic acid of claim 79, 17. An

expressi on veW@p/&B#brising the nucleic acid of claim79. 11 FCTHOs00/18828
expression vector o('claim117, wherein the expression vector is a

mamral i an ex S| on ve 4 DEC 2003, SE ENCE Tl <110>
S oescan b A3 g hed ﬁ%faeﬁ%n@f%@%m AP v bt iigetig TN
VITRO <130> mveymawgenewm BalEUSERWHE 828 d ﬂ%%na%pn&ale]\gas ifiderféd US
60/ 143, 757 <151> 1999-07 <160> 55 <170> Fas for Wndows Version

4.0 <210> 1 hexmlladezm jusphensatbipe Si@lslﬂfﬂﬁiﬁt Q@'ll%(lali xs&ﬁmmenjcmam a @228%

! 0 Soe et A SRS SREAT Ri e bn. 212

ttctcggcetas getcag dﬁ&iomﬁ@t@mﬁﬁa éct&l asPlidws. 168 Ireatiért Baﬂ\'ﬁméﬁ]&%ﬁ proteins

Artificial Sequence <220> <2 usi on sequence <220>

spE7, SP65(2)-E7, AF60-E7 E7-TB71 (shown if Figs. 23A and 23B as E7-MT71),

MTA40-E7 and TB10-E7 (prepared as described above) were removed from —70°C

storage and thawed in a 37°C water bath. Dulbecco’s phosphate buffered saline

(DPBS) (4°C) was added to obtain the protein concentration desired for injection. The

( 10 diluted fusion protein was held on ice until drawn into a 1 mL syringe (Becton-
Dickinson, cat no. 309602) with a 30 gange needle (Becton-Dickinson, cat no. -
3095106). The same syringe was used to inject 0.2 mL of fusion protein into each
mouse within a dose group; the syringe was refitted with a fresh needle for every fifth
injection. Mice were injected subcutaneously in the scruff of the neck, as high on the

15 neck as possible. _

Tumor incidence (TI) was measured as follows. TI was generally recorded
three times per week, beginning eight days after tumor implantation and continuing for
eight weeks. Mice were assessed for the presence or absence of subcutaneous tumor by
palpation and visual observation of the tumor injection site.

20 Tumor volume was measured as follows. Volumes of palpable subcutaneous
tumor nodules were measured beginning on approximately Day 8 post implantation,
The two longest orthogonal dimensions were measured using a Fowler Sylvac Ultra-
Cal Mark IIT digital caliper with computerized data collection. Data points were
tabulated in a‘Microsoft Excel spreadsheet. Tumor nodule measurements were

25 extrapolated to mm® using the formula V= W2xLx 0.5 (where V represents volume,
W represents width and L represents length) and are presented as average tumor
volume + standard error of the mean. The Student’s t test function of Excel (two-tailed,
unpaired samples, equal variances) was used to test the 'signiﬁcance (p <0.05) of the
difference of the means of tumor volumes in each group.

30 Seven different HPV16 E7 fusion proteins linked to various hsps were tested for
their ability to regress a tumor in vivo.

In the first experiment, C57BL/6 mice (18 per group) were inoculated
subcutaneously with 1.3 x 10° TC-1 cells in the right hind flank (Day 0). After 7 days,



<221> CDS <222> (1)...(1620) 24 27 <400> 3 atg gcc aag aca att ggﬁ t%c g%c
gaa gag gcc cgt cgc ggc ctc gag 48 Net Ala Lys Thr Ile Ala Tyr3 FD 31 u
Ala Arg Arg Gy Leu u 1 5 10 15 egg ggc ttg aac gcc ctc gcc gat gcg gta
aag gtg aca ttg ggc ccc 96 Arg Ay Leu Asn Ala Leu Ala Asp Ala Val Lys Val
Thr Leu Ay Pro 20 25 30’9 ggc cgc aac gtc gtc ct aa aag aag tgg ggt
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105- 110 et c guyeonitared fprdhe presgge obghserpgof ftmorjn @dditign gatymaagolpmoe. athe gata
Leu Gy Leu Lys_Ar I . Al.a Vi Lys ~Nal u 115 120
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this timepoint, TI in all of the mice declined until day 25 when the incidence for the

{_
10 DPBS-treated animals stabilized to approximately 50% for the remainder of the

observation period. In contrast, the animals treated with fusion proteins showed a
comparatively sharp decline in TI unti} day 28, when none of the animais had
detectable tumor. This complete absence of tumor was observed for the remainder of
the observation period for most of these animals. The complete regression of tumor in
15 the animals treated with the fusion proteins was also clearly seen when measured by
tumor volume. Figure 22B shows that by day 28, the average tumor volume of the
animals treated with the fusion proteins was not detectable. By comparison, the
average tumor volume of those animals treated with DPBS rose steadily from day 25
onwards. '

Y 20 In the second experiment, C57BL/6 mice (18 per group) were inoculated
subcutaneously with 1.3 x 10° TC-1 cells in the right hind flank (Day 0). After 7 days,
groups of mice were treated with 0.2 mL of either DPBS (saline), 100 ug HspE7, 100
ug MT40-E7, 100 ug E7-TB71 (shown if Figs. 23A and 23B as E7-MT71), or 100 ug
TB10-E7. The mice were monitored for the presence or absence of tumor in addition to

25 tumor volume. The data are represented as percent tumor incidence (TI) per group
(Fig. 23A) and tumor volume, expressed as average tumor volume + standard error of
the mean (Fig. 23 B).

As in Figure 22A, a majority (approximately 95%) of the animals had visible
and palpable tumors on day 8 post tumor implantation (Fig. 23A). By day 19, a

30 decrease in TI was apparent. Following this, a sharp decrease in T1 for all of the fusion
protein-treated animals was observed such that by day 33, practically all of the animals
were tumor-free. In contrast, the TT of the mice treated with DPBS had stabilized to

approximately 75%. Fig. 23B shows the average tumor volumes of the mice treated
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864 912 3 1 DEC 2003 3/54 ctg acg ctg gag aac gcc gac ctg tcg ctg cta ggc
aag gcc cgc aag 960 Leu Thr Leu Qu Asn Ala Asp Leu Ser Leu Leu C?yﬂg@ 2003
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aat 1200 Val QQu Leyu Lys Qu Arg Lys Hs Arg Ile Qu Asp Ala Val Arg Asn
385 390 395 460 pyvidingycgdlampleComprisREnlHyYEREoates Hé gcc ggt ggg ggt
gtg acg 1248 £€)I El{olv}'cﬁn ﬁlsiadngrryéln & ggﬁrgc(? Yheal EnotRlordibict (B Sy Gy Val

Thr 405 410 4 g ttg caa gcg gee ctg gac gag ctg aag ctc gaa ggc
gac 1296 fragmint thereGl at iddsaeightaaniino adil redidues As fen@hufuseditol(yig a heterdBgous y Asp

420 425 430 gag, gcg acg c.gcc .aac. atc. gt ag gtg gcg ctg gag gcc ccg ctg
1344 d lﬁ’ompgpt%r?rat@t eﬂ}g%ﬁ’é W@rﬂx%ﬁlewge&aﬁ Ala Leu Gu Ala Pro Leu 435
440 445 aag c@g é&ﬁa(ﬂiﬁgtﬁé&ll%@ﬁlpie%iﬂgﬂﬂ Gdi6n PREIAGHAY9C gt g gtg gcc gag
1392 Lys An'lle Ala Phe Aen Ser Ay Leu Au Pro Gy Val Val Ala G u 450

455 480 aag gid) defermsinimgortgtilsr thegasiongoteinstigybatestagl labkapsspanagindbe ggt
1440 Lys%%/al Al\rg Asn Leu Pro Ala Gy Hs Ay Leu Asn Ala @ n Thr Ay 465
470 475 480° & tac gag gat ctg ctc get gcc ggc gtt get gac ccg gtc aag
gtg 1488 Val Tyr Qu Asp Lem Len Ala Ala Ay Val Ala Asp Pro Val Lys Val

485 490 495 acc cgt tc cg ctg cag aat _gcg gcg tcc ate gcg ggg ctg ttc
ctg 1536 Thr 2Ar]§183@ﬂ1949 <stg daam Igwhepdm the Hspap &qug‘?d frpi the gropp gopsiingiol ey

500 505 t, gcc gac aag ccg gaa aag gag aag get
tcc 1584%]&%?’ ﬁa’gqifg%g%g@gr%ﬁlg}&lé Asp Lys Pro Qu Lye Qu Lye Ala Ser
515 520 525

3. The method of claim 2, wherein the fusion protein comprises a polypeptide

selected from the group consisting of Hsp65, Hsp40, Hspl0, Hsp60, and Hsp71.

4. The method of claim 1, wherein the fusion protein comprises amino acids 1-200

20 of Hsp65 of Mycobacterium bovis.

5. The method of claim 1, wherein the heterologous polypeptide comprises a
sequence identical to at least eight consecutive amino acids of (i) a protein of a human
pathogen or (ii) a tumor associated antigen.

25
6. The method of claim 1, wherein the heterologous polypeptide comprises a

sequence identical to at least eight consecutive amino acids of a protein of a human virus.

7. The method of claim 6, wherein the virus is selected from the group consisting
30  of human papilloma virus (HPV), herpes simplex virus (HSV), hepatitis B virus (HBV),
hepatitis C virus (HCV), cytomegalovirus (CMV), Epstein-Barr virus (EBV), influenza

virus, measles virus, and human immunodeficiency virus (HIV).
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gtt ccc ggt ggc ggc gac atg ggt ggc atg gat ttc tga 1623 Val Pr ozf,lyng%/_mgg
Gy Asp Net Ay Ay Net Asp Phe 530 535 540 <210> 4 <211> 540 <242>

<213> Artificial Sequence <220> <223> fusion sequence | DEC 2003, 4/54
<400> 4 Met Ala Lys Thr Ile Ala Tyr Asp Qu Gu Ala Arg Arg Ay Lou Gu 1
510 15 Arg Ay Leu Ann Ala Lou Ala Asp Ala Val Lys Val Thr Lou Gy Pro 20
25 30 Lye Ay Arg Ann Val Val Lou Qu Lys Lys Trp Gy Ala Pro Thr Ile 35
40 45 Thr Ann Asp Gy Val Ser Ile Ala Lys Qu Ile Gu Leu Gu Asp Pro 50
55 60 Tyr Qu Lys Ile Ay Ala Qu Lou Val Lys Qu Val Ala Lys Lys Thr 65
70 75 80 Asp 8sfh¥alethididaf@aymAs prhGein thhhetthrlogdus pAlypepiinte MdalprkesHPVa G n
85 90 95]?0a Lou Val Arg Qu Ay Lou Arg Asn Val Ala Ala Gy Ala Asn Pro
100 105 1 Lou Ay Leu Lys Arg Gy Ile Gu Lys Ala Val Au Lye Val Thr
A u 115 120 125 Thr Lou Lou Lys Gy Ala Lys Qu Val Gu Thr Lye Qu Gn
Ile Ala 130 135 140 Ala Thr Ala Ala lle Ser Ala Ay Asp An Ser Ile Ay
Asp Léu Ile 1u5Themelnd of@BumAl, svh@ein bk hetvbilogisip pbiypeMale cGnpridesHPVu Gy
Val Ile Thy Val GQu 165 170 175 Gu Ser Asn Thr Phe Gy Leu Gn Leu Gu
Lou Thr U Gy Met Arg 180 185 190 Phe Asp Lys Ay Tyr Ile Ser Ay Tyr
Phe Val Thr Asp Pro Gu Arg 195 200 205 dn Qu Ala Val Lou Qu Asp Pro
Tyr Ile Leu Lou Val Ser Ser Lys 210 215 220 Val Ser Thr Val Lys Asp Leu
Lou Pro Lou Lo¥. Ghg mgtbodsef claimel ,avhereip 28 Ipggolpgsusppdypeptide @myprisgs Pro Leu

Lou Ile | u V. Ala 245 250 255. Lgu Ser Thr Lou
Val' var ALY S5 el el e e QufholiR A5 JReensly
10
{ 11. The method of claim 1, wherein the heterologous polypeptide comprises

HPV 16 E6 or a fragment thereof at least eight amino acid residues in length,

12. The method of claim 10, wherein the fusion protein comprises Mycobacterium

15 bovis Hsp65 and HPV 16 E7.

13. The method of claim 1, wherein the cell sample comprises cells derived from a
spleen, lymph node, peripheral blood, bone marrow, thymus, lung, respiratory tract, or
anogenital mucosa

20
14. The method of claim 1, wherein the cell sample comprises splenocytes or

lymph node cells.

15. The method of claim 1, wherein the detecting step comprises detecting IFN-
25  gamma produced by the cell sample.

16. The method of claim 1, comprising the further steps of
(e) providing a second cell sample comprising naive lymphocytes;
(f) contacting the second cell sample with a second fusion protein; and
30 (g) determining whether the second fusion protein stimulates a Thl-like response

in the second cell sample,

42



Al a
285
295
305
Ay
Au
Gu

du
I'le
Lou
Ile
Asn
Leu

Arg
Thr
525
535
f usi

Val Lye Ala Pro Gy Phe Ay Asp Arg Arg Lys Ala Met Leu G n 275 280
Asp Met Ala Ile Lou Thr Ay Gy An Vval Ile Ser Qu Gu Val @y peO 2003
300 Lou Thr Lou Qu Asn Ala Asp Leu Ser Lou Lou Gy Lye Ala Arg Lys
310 315 320 Vval Val Val Thr Lys Asp GQu Thr Thr Ile Val u @y Al a
Asp 325 330 335 Thr Asp Ala lle Ala Gy Arg Val Ala Gn lle Arg Gn
Ile Au 340 345 350 Asn Ser Asp Ser Asp Tyr Asp Arg Gu Lys Lou G n

Arg Leu Al ys Al a
A S Aa TRICEn TR 500y st Pipta & bt 6Tl (ALRRRL pdllel® T
Asp Abeuriag Hép,ginAuline seB&Si RGidnPedeh@Ompises dt yamstdight Anand/adidshut I€dsu A y
Val g Thr 405 410 5 Lou Lou Gn Ala Ala Pro Thr
Asp %ﬂﬁéﬁﬂﬁey%eqli%e a ne§walxgseugisg Ps 430 Gu Ala Thr Ay Ala Asn
Val Lys Val Ala Lou Gu Ala Pro Lou 435 440 445 Lys An lle Ala Phe
Ser Ay Leu Gu Pro Ay Val Val Ala GQu 450 455 460 Lys Val Arg Ann
Pfo Al a Gl¥. Hime@@oﬁweemmgemcan@undﬁhc II@tlyod HBHriding: 475 480 Val Tyr

Asp Leu Lgéﬁ ]%L)%i nggﬁa%lgsampi @é?pWSF&%“éF hlﬁéﬁ Val .485 490 495 Thr

Ser AI a L A& %Bu 500 505 510
Thr aﬂ{sﬁm Qteirb’e%rrﬁir& d—H &4 dlfradfSenlirerfiat 1chskS 520
DEC 209 % Pr oﬁgi Ay yr@(iD I\/iet Gy Ay Met Asp Phe 530

540 eizhpamBio aezilrzsadlzas mlezrgﬂbﬁmtmamgﬁemr@lpg@lmmll)fpsea@feﬁd@askgg% <223>
on S%&?&”&dms&%esfilgﬁg%ﬂ“ gtaa ccatggatgg agat 24 <210> 6 <211> 24

10 (c) contacting the cell sample with the compound and the fusion protein; and
(d) determining whether the cell sample exhibits a Thl-like response following the
contacting step,
wherein a decrease in the Thl-like response in the presence of the compound
compared to in the absence of the compound indicates that the compound inhibits a Thi-

15  like response by the cell sample.

18. The method of claim 17, wherein the determining step comprises detecting

IFN-gamma produced by the cell sample.
20 19. The method of claim 17, wherein the cell sample comprises cells derived from
a spleen, lymph node, peripheral blood, bone marrow, thymus, lung, respiratory tract, or

anogenital mucosa

20. The method of claim 17, wherein the cell sample comprises splenocytes or

25  lymph node cells.

21. The method of claim 17, wherein the Hsp is selected from the group consisting
of Hsp65, Hsp40, Hsp10, Hsp60, and Hsp71.

30 22. The method of claim 21, wherein the fusion protein comprises a polypeptide
selected from the group consisting of Hsp65, Hsp40, Hsp10, Hsp60, and Hsp71.
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<212> DNA <213> Artificial sequence <220> <223> fusion sequence <400>
agccatgaat tcttatggtt tctg <210> 7 <211> 297 <212> DNA <213> ArtiJile

<400> 7

Met
gag
Thr
gaa
Ile
gta
Thr
aca
H s
gtg
Cys

<211> 98

Asp
aca
Asp
at a
Asp
ace
Phe
cac
Val

t§c

Pro

10

15

20

25

30

%ﬁtt tgt tgc aag tgt gac tct acg 192 Arg Ala H's Tyr Asn Ile Val

Cys Lys Cys Asp Ser Thr 50 55 60 ctt egg ttg tgc gta caa age
gta gac att cgt act ttg gaa 240 Leu Arg Leu Cys Val G n Ser Thr
Asp Ile Arg Thr Leu G n 65 70 gac ctg tta atg ggc aca eta gga att
ccc atd. tlje mashodtelrl#igsl 7, adwreirethe beterdlegouSpplypaptideeconirised HEVVaal |
IE;Je Cys Ser G n 85 297 aaa cca taa Lys pro DEC 2003, 6/54 <210> 8

<212> PRT <213> Artificial Sequence <220> <223> fusion sequence

25. The method of claim 17, wherein the fusion protein comprises Mycobacterium

bovis Hsp65 and HPV 16 E7.

26. A method of screening a compound, the method comprising:

(a) providing a cell sample comprising naive lymphocytes in vitro,

(b) providing a fusion protein comprising (i} a Hsp or a fragment thereof at least
eight amino acid residues in length, fused to (ii) a heterologous polypeptide at least cight
amino acid residues in length,;

(c) contacting the cell sample with the compound and the fusion protein; and

(d) determining whether the cell sample exhibits a Th1-like response following the
contacting step,

wherein an increase in the Thl-like response in the presence of the compound
compared to in the absence of the compound indicates that the compound promotes a Thl-

like response by the cell sample.

27. The method of claim 26, wherein the determining step comprises detecting

IFN-gamma produced by the cell sample.
28. The method of claim 26, wherein the cell sample comprises cells derived from
a spleen, lymph node, peripheral blood, bone marrow, thymus, lung, respiratory tract, or

anogenital mucosa

29. The method of claim 26, wherein the cell sample comprises splenocytes or

lymph node cells.
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Sequence <220> <223> fusion sequence <220> <221> CDS <222> (1)...(294) 24
atg gat gga gat aca cct aca ttg cat gaa tat atg tta gat ttg caa 48
Ay Asp Thr Pro Thr Leu Hs Qu Tyr Met Leu Asp L15 Gn 1 5 10 cca
act gat ctc tac tgt tat gag caa tta aat gac age tca 96 Pro G u Thr
Leu Tyr Cys Tyr G n G n Leu Asn Aspp Ser ser 20 25 gag gag gag gat
gat ggt cca get gga caa gca gaa ccg gac 144 Gn Qu Gu Asp Gn
dy Pra. Ale rethodGfrcldAnal TwheriiothAdpteBdoddisaghypgpiidccaimpirzes HRYV at t



<400> 8 Met Asp Ay Asp Thr Pro Thr 1 5 Pro Gu Thr Thr Asp Leu Tyr ﬁg 03
GQu du Au Asp Qu Ile Asp 35 Arg Ala H's Tyr Asn Ile Val 50 55§/L1e ﬁréﬂ
Leu Cys Val G n Ser 65 70 Asp Leu Leu Met Gy Thr Leu 85 Lys Pro <210> 9
<211> 27 <212> DNA <213> Artificial Sequence <220> <223> fusion sequence
Leu Hs Gu Tyr Net Leu Asp Leu G n 10 15 Cys Tyr Au A@n Leu Asn Asp Ser
Ser 25 30 Ay Pro Ala @y An Ala Qu Pro Asp 40 45 Thr Phe Cys Cys Lys
Cys Asp Ser Thr 60 Thr His Val Asp Ile Arg Thr Leu u 75 80 dy Ille Va
Cys Pro Ile Cys Ser An 90 95 <400> 9 aacccagctg ctagcatgca tggagat <210>

10 <211> 24 3&2Thempiadof tBim A6t whercinghe Hep tsenleeted 20 the@@g@>cangistiog

sequence 00 a t rctt t tctg <210> 11 <211> 366 <212> DNA
25055 ar o] Fi Sa#%g‘@ﬁ%%ﬂi@%sm Fana st

5 31. The method of claim 30, wherein the fusion protein comprises a polypeptide

selected from the group consisting of Hsp65, Hsp40, Hsp10, Hsp60, and Hsp71.

32. The method of claim 26, wherein the heterologous polypeptide comprises HPV
E6. '
10
1 33. The method of claim 26, wherein the heterologous polypeptide comprises HPV
E7.

34. The method of claim 26, wherein the fusion protein comprises Mycobacterium

15  bovis BCG Hsp65 and HPV 16 E7.

35. A method of determining whether a hybrid compound stimulates a Thl-like
response, the method comprising:
(a) providing a cell sample comprising naive lymphocytes in vitro;
20 (b) providing a hybrid compound that is non-naturally occurring and comprises (1)
a non-peptide compound having a molecular weight of less than 1,500, covalently linked to
: (ii) a polypeptide of at least eight amino acids in length, wherein the hybrid compound is
made by covalently linking the non-peptide compound to the polypeptide;
(c) contacting the cell sample with the hybrid compound; and
25 {d) determining whether the hybrid compound stimulates a Th1-like response in

the cell sample.
36. The method of claim 35, wherein the non-peptide compound has a molecular

weight of at least 100.
30
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<220> <223> fusion sequence <220> <221> CDS <222> (1)...(363) 27 3241 QEBOZJM
11 atg ggc age age cat cat cat cat cat cac agc agc ggc ctg gtg ecg 48 Met
Gy Ser Ser HHs H's Hs Hs Hs Hs Ser Ser Gy Lou Val Pro 1 5 15 cgc ggc
age cat atg get agc atg cat gga gat aca cct aca ttg cat 96 Arg Gy Ser Hi s
Met Ala Ser Met His Ay Asp Thr Pro Tarr Leu H's 20 3 1 DEC 2003 1.P 6

7/54 gaa tat atg tta gat ttg caa cca gag aca act gat ctc tac tgt tat 144

Gu Tyr Met Ley ASpelRd oBiflefhifind whelkkr a BbrideBmpSthdlstimiMes IYh1-BRe 40 45
gag caa tta aat gac agc tca gag gag gag gat gaa ata gat ggt cca 192 Qu

A n Leu AssponsptienctBed caphprisGlgs Gu Asp Gu lle Asp Gy Pro 50 55 60 get

gga caa gca ¢ ccC ac .gcc _cat tac aat ati .gta acc ttt,. 240 Gy

&h Aa &o oo ARG YRR Em G ool Rnh inhe « BRE riilesG i wole? 2

tgc sag tt@bpﬁ%eﬁrtﬁe Faflcaitleigh® @midothcidiGn ngtigaa agc aca cac 288 Cys Cys

Lys Oés Asp Ser Thr Leu Arg Leu Cys Val G n Ser Thr H s 85 90 95 gta gac
cat

at't act tt(h geevidjngaecelfsample segrHyes paise bimphggrieninvigas val Asp Ile

Arg Thr Leu @ e . . 105 110 gtg tgc ccc
atc tgt tct cé%') §§r§aégf§1 t a%llh%p%&égﬂ_ﬁeoﬂyﬁﬁg%gb@f n Lys Pr 0 115 120
<210> 12 <2118 detbrmindikdvhdiiRt teid®ridAobipouad stim3ers e The-1k228ponsein3>
fusion sequence <400> 12 Met Ay Ser Ser-His Hs Hs Hs Hs Hs Ser Ser
dy Leu kg cabrgmple.5 10 15 Arg Ay Ser His Met Ala Ser Met Hs Ay Asp Thr

Pro Thr Leu His 20 25 30

10 38. The method of claim 37, wherein the non-peptide compound has a molecular

weight between 100 and 1,500.

39. A method of determining whether a fusion protein stimulates a Th1-like
response, the method comprising:

15 (a) providing a cell sample comprising naive lymphocytes in vitro;

(b) providing a fusion protein comprising (i) a first polypeptide at least eight
amino acids in length, fused to (ii) a second polypeptide at least eight amino acids in
length;

(c) contacting the cell sample with the fusion protein; and

20 (d) detecting a Thi-like response exhibited by the cell sample following the

contacting step.

40. The method of claim 39, wherein the detected Th1-like response is greater than
a Th1-like response exhibited by a second cell sample comprising naive lymphocytes when
25  the second cell sample is contacted with either the first polypeptide, the second
polypeptide, or a mixture of the first polypeptide and the second polypeptide.

41. The method of claim 40, wherein the detected Thl-like response is at least two
times greater than the Thl-like response exhibited by the second cell sample.

30
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Gu Tyr Met Leu Asp Leu Gn Pro Qu Thr Thr Asp Leu Tyr Cys Tyr 353h6 QE& 200
GQu dn Leu Asn Asp Ser Ser Qu GQu Gu Asp u Ile Asp Ay Pro 50 55 60

Ala Ay An Ala Gu Pro Asp Arg Ala His Tyr Asn Ile Val Thr Phe 65 70 75 80
Cys Cys Lys Cys Asp Ser Thr Leu Arg Leu Cys Val @n Ser Thr Hs 85 90 95

Val Asp Ile Arg Thr Leu Gu Asp Leu Leu Met Gy Thr Leu Ay Ile 100 105

110 Val Cys Pro Ile Cys Ser Gn Lys Pro 115 120 <210> 13 <211> 36 <212>

DNA <213> Ar tighi %@heﬁ%m%mﬁz%ereﬁ%gggfe%h 3@18@9%%}58@5%?%@%#@5 19>

cgctcggacg ctagctcaca tatggaaatc catgcc

DNA <213%infstgrdataritiedn tBe Ghbdike rddpth<2@kBibdtd By fiZA0zond<2A3amblesi on sequence
<400> 14 ccagctgtac atatgcatgg agat <210> 15 <211> 24 <212> DNA <213>
Artificial Sequence <220> <223> fusion sequence <400> 15 agccat gaat

tcttatggtt tcig ?Zﬁlgf)né) oteﬁ%}rﬁ)ﬂ%gl%%) a 1240 plhein o8 A 3raghiehi fibfht 19ggUence

<220> <223> fusion se
5  eight amino acid res1dues 1n length and (ii) a heterologous polypeptide at least eight amino

acids in length.
44, The fusion protein of claim 43, comprising a Hsp10 protein.

10 45. The fusion protein of claim 44, wherein the Hspl0 protein is a mycobacterial

; protein.

46. The fusion protein of claim 45, comprising the Mycobacterium tuberculosis
Hspl0 protein.
15
47. The fusion protein of claim 43, wherein the heterologous polypeptide
comprises a sequence identical to at least eight consecutive amino acids of a protein of a

human virus.
20 48. The fusion protein of claim 47, wherein the human virus is HPV.

49. The fusion protein of claim 48, wherein the heterologous polypeptide
comprises HPV16 E7.

25 50. A fusion protein comprising (i} a Hsp40 protein or a fragment thereof at least
eight amino acid residues in length, and (ii) a heterologous polypeptide at least eight amino

acids in length.

51. The fusion protein of claim 50, comprising a Hsp40 protein.
30
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<220> <221> CDS <222> (1)...(1917) 24 24 <400> 16 atg gcc aag aca ?ttnﬁﬁg'lﬂﬂ?)
tac gac gaa gag gcc cgt cgc ggc ctc gag 48 Mt Ala Lys Thr Ile Ala Tyr Asp
Gu @10 u Ala Arg Arg Ay Len Gu 1 "' egg ggc ttg aac gcc ctc gcc gat gcg
gta aag gtg aca ttg ggc ccc 96 Arg Ay Leu Asn Ala Len Ala Asp Ala Val Lye
Val Thr Lea Gy Pro 20 25 aag ggc cgc aac gtc gtC ctg gaa aag aag tgg ggt
gcc ccc acg ate 144 Lys Gy Arg Asn Val VvVal Leu Qu Lys Lys Trp Ay Ala
Pro Thr Ile 3%,4 . : g : : 6t g gag
gat ccg 102 Thr TReRCHET O oM O hERIF LR IBEA0 PRARA% B EIRRLR 0 05
Pro 50 5prdi€int ac gag aag atc ggc gcc gag ctg gtc aaa gag gta gcc aag aag
acc 240 Tyr Qu Lys Ile Ay Ala Qu Leu vVal Lye Qu Val Ala Lys Lye Thr 65
70 75 gat gac gtc gcc ggt gac ggc acc acg acg gcc acc gtg ctg gee cag 288

Asp Asp Val Aka @hy sk febiinl&¥ claiiy 52T 0bnpridh@ thb Wy MdhcrbRigm Miser&aiBsi85  9cg
ttg gtt cgc gag ggc ctg cgc aac gtc gcg gcc ggc gecc aac ccg 336 Ala Leu

Val Abg Espd@mptdimu Arg Assn Val Ala Ala Ay Alaa Asn Pro 100 ctc ggt ctc
aaa cgc ggc ate gaa aag gcc gtg gag aag gtc ace gag 384 Leu Gy Leu Lys
Arg Ay Ile Qu Lys Ala Val Qu Lys Val Thr u 115 acc ctg ctc aag ggc

gcc aag gag gk gagfigedh Rei0eelamd0R Whe@adthdIterdibgods@alyipeptideys Ay Al a
Lye Au Val Qu Thr Lys Gu An lle Ala 130 135 140 3 1 DEC 2U(3' .. 9/54 gcc

acc gca @ewpHses aisequegegidgpticaysatdenst ¢ight wnsecyhve gamogckis of a paein odpa Thr
Ala Al a l}llugl&g{mﬁla Gy Asp An Ser Ile Ay Asp Leu Ile 145 150 155 160
gcc gag gcqg atg dac aag gtg ggc aac gag ggc gtc atc ace gtc gag 528 Al a
GQu Ma Met Asp Lys Val Ay Asn Au @y Vval Ile Thr val du 165 170 175

gag tcc aac acc ttt ggg ctg,. cag,ctc_gag ctc _ace gag.got cgg 576 Gn
Ser Asn Thr PRe @9%&?@%%@?91@11?%@%‘3%*@%“%“3“%&3 1%@’\3 180 185 190
ttc gac aag ggc tac ate tcg ggg tac ttc gtg acc gac ccg gag cqt 624 Phe

Asp Lys Ay Tyr Ile Ser Ay Tyr Phe Val Thr Asp Pro Gu Arg
56. The fusion protein of claim 55, wherein the heterologous polypeptide

comprises HPV16 E7.
15
57. A fusion protein comprising (1) a Hsp71 protein or a fragment thereof at least
eight amino acid residues in length, and (ii) a heterologous polypeptide at least eight amino

acids in length.
20 58. The fusion protein of claim 57, comprising a Hsp71 protein.

{ 59. The fusion protein of claim 58, wherein the Hsp71 protein is a mycobacterial

protein.

25 60. The fusion protein of claim 59, comprising the Mycobacterium tuberculosis

Hsp71 protein.
61. The fusion protein of claim 57, wherein the heterologous polypeptide

comprises a sequence identical to at least eight consecutive amino acids of a protein of a

30  human virus.

48



195
G n
gtg
5er
gcc

acc
Lou
aag

ctc
Thr
gcc

ace
Au
cga
Val
gac
Arg
gtg
I'le
ate
395
gte
Al a

200
Au
tcc
Thr

gt

ctg
Val

15

20

25

30

cag gag gcg gtc ctg gag gac ccc tac ate ctg ctg gtc agc tcc aag 672
Ala Val Len Gu Asp Pro Tyr Ile Len Leu Val Ser Ser Lys 21P 12D5C2H13
act gtc aag gat ctg ctg ccg ctg etc gag aag gtc atc gga 720 Val
Val Lys Asp Len Len Pro Leo Leu Gu Lye Val Ile Ay 225 230 235 240
aag ccg ctg ctg ate atc gee gag gac gtc gag ggc gag gcg 768 Al a
Pro Leu Len Ile Ile Ala Qu Asp Val Gn Ay 255 Ala 245 250 ctg tcc
gtc ggs, @ﬁ@ﬁﬁ?ﬂ; pﬁ‘&t%mctﬁfél&gﬂl%la%eﬁelrpth@ﬁgmtaﬁglrﬁﬁ&I@liﬁ. Len Ser Thr
Val Asn Lys | Arg Ay Thr Phe Lys Ser Val 260 265 270 gcg gtc
ccc ggc ttc ggc gac cgc cgc aag gcg atg ctg cag 864 Ala Val Lys

€ As A G,n 275 t at tt
oot o8% Chbrsl ApEint i et g BRet G 3o R ,*| e TT ey
QipHL HYal 162 Ser Gu Gu VaI Ay 290 295 300 ctg acg ctg gag aac

ctg tcg ctg cta ggc aag gcc cgc aag 960 Leu Thr Leu Gu Asn Al a
Ser Leu Leu Gy Lys Ala Arg Lys 305 310 315 gtc Val 9tg Val gte

'gl'ﬁ? 9 F)lg %C Cet&xﬁ %tle)c} %n%ng_]%e%g a gé@p %g@l&&gg; Th lvﬁi(e ;I-Jgg?ﬁesg ; c 'g‘s gg a

gRAnEBE adpi@ee:Cag gag ate gag 1056 Thr Asp Ala IIe Ala Ay Arg
Anlle A°bg Gn Gu Ile Au 340 345 350 aac age gac tcc gac tac
gag aéy ]éf?@ldé'tﬁgﬁ ‘6&193367@& QPrisig npANSAYMBROLYERS i XEFP.Ser  Asp Tyr Asp
Lye L@@ ;é?o@1d%£ 4. Ala 355 360 365 aag ctg gee ggt ggt gtc gcg
aag g gcc acc gag 1152 Lys Leu Ala dy dy Val Al a Val
Al a | y§ dintacBhg thEhwell GhmpAQitlBHhS cogtmpogralaasd ¢ aag gag cgc aag cac cgc

0 54 Rl it SN

ggﬁta{gglgs%t gtg acg 1248 Ala Lys Ala Ala Val du Qu Gy Ile Wall
Val Thr 405 3 1 DEC 2Q 911

65. A nucleic acid encoding a fusion protein comprising (i) an Hsp10 protein or a
fragment thereof at least eight amino acid residues in length, and (ii) a heterologous

polypeptide at least eight amino acids in length.

66. The nucleic acid of claim 65, wherein the fusion protein comprises an Hspl0

protein.

67. The nucleic acid of claim 66, wherein the Hsp10 protein is a mycobacterial

protein.

68. The nucleic acid of claim 67, wherein the Hspl0 protein is a Mycobacterium

tuberculosis Hsp10Q protein.

69. The nucleic acid of claim 65, wherein the heterologous polypeptide comprises

a sequence identical to at least eight consecutive amino acids of a protein of a virus.

70. The nucleic acid of claim 69, wherein the virus is a human papilloma virus

(HPV).
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10/ 54 ctg ttg caa gcg gcc ccg acc ctg gac gag ctg aag ctc gaa ggc gfc i]%z6 .
Leu Leu G n Ala Ala Pro Thr Leu Asp Clu Leu Lys Leu Au Gy Asp 42 b 32)093
gag gcg acc ggc gcc aac ate gtg aag gtg gcg ctg gag gcc ccg ctg 1344 du
Ala Thr Ay Ala Asn Ile Val Lys Val Ala Leu Gu Ala Pro Leu 435 440 445 aag
cag atc gcc ttc aac tcc ggg ctg gag ccg ggc gtg gtg gcc gag 1392 Lye Gn

Ile Ala Phe Asn Ser Gy Leu u Pro Ay Val Val Ala Qu 450 455 460 aag gtg
cgc aac ctg ccg get ggc cac gga ctg aac get cag acc ggt 1440 Lys Val Arg
Asn Leu Pro Ala Ay His Gy Leu Asn Ala @ n Thr 480 465 470 475 gtc tac gag
gat ctg etc g&t. hengdeicgtil ofetaimg 0, wheyeimtthe hetgrofpiagud p@dgpeptide chypprigdsu Asp

Leu Leu Gy Val Ala Asp Pro Val Lys Val 485 490 acc cgt tog gcg ctg
cag aat g@&lggg'tcc atc gcg ggg ctg ttc ctg 1536 Thr Arg Ser Ala Leu G n
Asn Ala Ala Ser Ile Ala Ay Lau Phe Leu 500 505 acc ace gag gcc gtc gtt gcc
gac aag ccg gaa aag gag aag get tcc 1584 Thr Thr, Gu Ala Val Val Ala Asp

Lys Fro G u Ly2 @&nnclejsacid ell@émgﬁi1®8152®r®@5 cgtnmrlel@g (iggn Hyptl pgteigaea at g ggt

ggc atg gat ttc, cat cat a 163 t dy Ay
Ver acp PRemppdngigts iGstibefnd 38 eeniftcs Y Bplhland Sl 1Y E Y
tta gat gl)]gp%ﬂﬂe(aﬁﬁgaﬁ 1A @minkPais iAsdhgliir Pro Thr Leu Hi s GI u Tyr Met Leu
Asp Leu ro Au hr 545 550 555 560 act gat etc tac tgt tat gag caa tta

aat gac agc tca gag gag gag 1728 Thr Asp Leu Tyr Cys Tyr Au G n Leu Asn

gon gan cog glt Shaniiutieald of (R 72 wRB AP ARIA FRELRBm R SELPRE X7,
Gu Rro AspeiArgg Ala His 580 585 tac aat att gta acc ttt tgt tgc aag tgt

gac tot acg ctt cgg ttg 1824 Tyr Asn Ile Val Thr Phe Cys Cys Lys Cys Asp
Ser Thr Leu Arg Leu 595 600 tgc gta caa agc aca cac gta gac att cgt act ttg

gaa gac ctg t?g %ﬁg Bucl&R¥ e cfFid 79eWhdiBin thi BsYA) pro®ih IslanobadiBliallau G u
Asp Leu Lau 6 atg ggc aca cta gga att gtg tgc ccc ate tgt tct cag aaa

cca 1917prdtet. Ay Thr Lau Gy Ile Val Cys Pro Ile Cys Ser A n Lys Pro 625
630 635 t as <210> 17 <211> 639

15 75. The nucleic acid of claim 74, wherein the Hsp40 protein is a Mycobacterium

tuberculosis Hsp40 protein.

76. The nucleic acid of claim 72, wherein the heterologous polypeptide comprises
a sequence identical to at least eight consecutive amino acids of a protein of a virus.
20

77. The nucleic acid of claim 76, wherein the virus is an HPV.

78. The nucleic acid of claim 77, wherein the heterologous polypeptide comprises
HPV16 E7.
25
79. A nucleic acid encoding a fusion protein comprising (i} an Hsp71 protein or a
fragment thereof at least eight amino acid residues in length, and (ii) a heterologous

polypeptide at least eight amino acids in length.

30 80. The nucleic acid of claim 79, wherein the fusion protein comprises an Hsp71

protein.

50



<212> PRT <213> Artificial Sequence 1920 <220> <223> fusion sequence 11/54
<400> 17 Met Ala Lye Thr Ile Ala Tyr Asp Gu Gu Ala Arg Arg Ay Lkd BEG 2003
510 15 Arg Gy Lou Asn Ala Leu Ala Asp Ala Val Lys Val Thr Len Ay Pro 20
25 Lye Ay Arg Asn Val Val Leu Gn Lys Lys Trp Ay Ala Pro Thr Ile 35 40
Thr Ann Asp Ay Val Ser Ile Ala Lys Qu Ile Qu Len Gu Asp Pro 50 55 60
Tyr Gn Lys Ile Ay Ala Gn Leu Val Lys Qu Val Ala Lys Lys Thr 65 70 75
Asp Asp Val Ala Gy Asp Ay Thr Thr Thr Ala Thr Val Leu Ala G n 85 90 95
Ala Lou Val Arg Gu Gy Leu Arg Asn Val Ala Ala Gy Ala Ann Pro 100 105
110 Leu GI y Béu Thy sudleig acidyoficlaam@0uwhsrsinghe HenplT 1 @iotein Ber tys¢obrpierid u - 115
120 Thr oy Leu Lys Ay Ala Lys Gn Val GQu Thr Lys Qu Gn lle Ala 130
135 140 p H'Y%Thr Ala Ala Ile Ser Ala Ay Asp Gn Ser Ile Ay Asp Lou Ille
145 150 155 160 Ala Gu Ala Met Asp Lys Val Ay Asn Gn Gy Val Ile Thr
Val G'n 165 170 Qu Ser Ann Thr Phe Gy Leu A n Leu Gu Leu Thr Au Ay Mt
Arg 180 185 188. Thhaudgis amﬁsnf@laymﬁlrwmrém%? HepYl mpteipise Afsgobypteripgp Pro

Gu Arg u Ala Val Lou Gu Asp Pro Tyr Ile Leu Lea Val
Ser Ser % grc”g %%?1 a{’lt gér Thr Val Lye Asp Leu Len Pro Lou Leu G u Lys

Val Ile 20y 40 225 230 235 Ala Gy Lye Pro Leu Leulle Ile Ala Qu Asp
Val Qu Ay 255 Ala 245 250 Leu Ser Thr Lou Val Val Asn Lys Ile Ar
Thr Phe Lys S&8- Ve nudeig aoidmf glasm\jgy whergindhe heserplqgoys PﬂlaP@t GAQBIPRP% Arg

Lys él a %%qubgf}e lge{;tlcag g"g“@%@t %@8[ Malectli dhfno la@i‘ds by Rﬁté’in Gy i Val lle

Ser Leu Thr Lou u An Asp Leu Ser Len
Leu. 18y Lys Ala Arg Lys

{ 84. The nucleic acid of claim 83, wherein the virus is an HPV.
85. The nucleic acid of claim 84, wherein the heterologous polypeptide comprises
HPV16 E7.
15
86. The nucleic acid of claim 69, wherein the virus is a herpes simplex virus,
hepatitis B virus, hepatitis C virus, cytomegalovirus, Epstein-Barr virus, influenza virus,

measles virus, or human immunodeficiency virus.

20 87. The nucleic acid of claim 70, wherein the heterologous polypeptide comprises

an HPV E7 antigen.

88. The nucleic acid of claim 70, wherein the heterologous polypeptide comprises
an HPV E6 antigen.
25
89. The nucleic acid of claim 88, wherein the HPV E6 antigen is HPV 16 E6.

90. The nucleic acid of claim 65, wherein the heterologous polypeptide comprises

an MHC-binding epitope of a protein produced by a human pathogen.
30
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305 310 320 Val Val Vval Thr Lys Asp Gn Thr Thr Ile Val Qu Ay Ala 3dy
35 Asp 325 Thr Asp Ala lle Ala Ay Arg Val Ala Gn lle Arg Gn 3du 50 Ile
G u 340 Asn Ser Asp Ser Asp Tyr Asp Arg Gn Lys Leu Gn Gn Arg Bell DEG 2003
355 Lys Leu Ala Gy Gy Val Ala val Ile Lys Ala 380 Ala Ala Thr Gu 370
375 Val du Lou Lys GQu Arg Lys H's Arg Ile 395 Asp Ala Val Arg Ann 385
390 Ala Lys Ala Ala val Gn Gn dy Ile Val Ala dy Gy dy Val Thr 405

Ay Asp  Lou b@uéﬁ? Ry 2BlaheRlfin OB wheiis AR hifin btodotis hQthud G U 30 420

425 du Ala Thr nn I'l'e Val " Lys Va a Pr'o Len 435 445
Lys G n bheaehm, Rhcophsm, Bargutl or pkwozc@n Pro Ay Val Val Ala Au 450 455
460 Lys Val Arg Asn Leu Pro Ala Ay Hs Gy Lou Asn Ala Gn Thr 4y 80
465 470 Val Tyr GQu Asp Leu Lou Ala Ala Gy Val Ala Asp Pro Val Lys Val

485 Thr Arg S@E %énln&la’lcgcl'a (ff‘%ﬂmﬁ‘l@ Bhéreerhe hberoh gﬁbﬂyh i@ nlpeRes 500
505 510 Thr Thr G n Ala Val Val AIaAspLyePro u 5LysAIaSer

515 520 BEGIEGUiRdibg cpitdpef @ t@hgr GBhocidEqaigenivet d y GI y Met Asp Phe His
Met Hs Gy 530 535 540 Asp Thr Pro Thr Leu His Qu Tyr Net Leu Asp Leu
G@n Pro u Thr 545 550 555 560 Thr Asp LOU Tyr Cys Tyr A u G n Lou Asn

Asp Ser Ser Gy, @hbl nfdlbicabi of im0, wﬁéﬂ@nﬁhbl tirh& adsRidRdardtigen A MAGH1, G n
Ala Qu Pro Asp Arg Ala Hi s 580 585 590 Tyr Asn Ile Val Thr Phe s Oys

Lys Cys M@Ggér ELRAGEQGABE. PBIMEBOYS B35 T yroyimasga MAR - 1sBYY -F/P-Hi s Val
Asp Ile A I'le
Val oy APROYHRPEDEY. A2 R COARE S as Sy Aot SO,
10 CEA P1A, HK2, PAPA, PSA, PSCA, PSMA, pg75, MUM-1, MUC-1, E6, E7, GnT-V,
i Beta-catenin, CDK4, or P15.
94. A plasmid comprising the nucleic acid of claim 65.

15 95. An expression vector comprising the nucleic acid of claim 65.

96. The expression vector of claim 95, wherein the expression vector is a

mammalian expression vector.
20 97. The nucleic acid of claim 76, wherein the virus is a herpes simplex virus,
hepatitis B virus, hepatitis C virus, cytomegalovirus, Epstein-Barr virus, influenza virus,

{ measles virus, or human immunodeficiency virus.

98. The nucleic acid of claim 77, wherein the heterologous polypeptide comprises

25  an HPV E7 antigen.

99. The nucleic acid of claim 77, wherein the heterologous polypeptide comprises
an HPV E6 antigen.

30 100. The nucleic acid of claim 99, wherein the HPV E6 antigen is HPV 16 E6.
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<212> DNA <213> Artificial Sequence <220> <223> fusion sequence <220

<221> CDS <222> (1)...(1479) <400> 18 atg gcc caa agg gaa tgg gtcwg&aﬁ%ﬂaﬁﬂﬂi
gac ttc tac cag gag ctg ggc 48 Met Ala Gn Arg Qu Trp Val Au Lye Asp Phe
Tyr Gn Qu Leu Gy 1 510 15 gtc tcc tct gat gcc agt cct gaa gag atc aaa
cgt gcc tat cgg aag 96 Val Ser Ser Asp Ala Ser Pro Au GQu Ile Lys Arg Ala
Tyr Arg Lys 20 25 30 ttg gcg cgc gac Ctg cat ccg gac gcg aac ccg ggc aac
ccg gcc gecec 1 I Pro
Ao Aa 35 a0k SEntldo 808 of PRk Y. hacliRe Aol Bt o
tcg gat iﬁMHGbin&ﬂlgleﬁt@eBﬁe protsinAraduded bﬁehuﬂaupﬂlhagftﬂ s Asn Val Leu Ser
Asp 50 55 60 ccg gcc aag cge aag gag tac gac gaa acc cgc Cgc ctg ttc gcc
ggc 240 Pro Ala Lys Arg Lys Gu Tyr Asp AQu Thr Arg Arg Leu Phe Ala Ay 65
70 75 80 ggc g C ttc
288 Gy Gy I;EQ H‘néﬁt@gQEagg%&E%inﬁgggA\g%&%g?& H’tﬂﬁaﬁgﬂﬁhcgéeB 19991&9% P%EQBS 50
95 ggf gdhcttfivmgggcaianyg fingygor pastogyo. gec gag ttc aac ctc aac gac 336 Gy
Gy Phe Ay Val Ay Ay Asp Ay Ala Gu Phe Aen Leu Aen Asp 100 105 110

ttg ttc gac gcc gcc agc cga acc ggc ggt acc acc atc ggt gac ttg 384 Leu
Phe Asp Al a A3 S§he Adeid BEid G ¥laleth 72 Wherdiirthd h@efolagons PollyBeptiid Tomphsdk2S ttc
ggt ggc ttg ttc gga cgc ggt ggc agc gcc cgt ccc agc cgc ccg 432 he Ay
Ay Leu RhMELybindigg epijopeiof aSamordssochteld MittgeSer Arg Pro 130 135 140 cga cgc
ggc aac gac ctg gag acc gag acc gag ttg gat ttc gtg gag 480 Arg Arg Ay
Asn Asp Lou Gu Thr u Thr Au Leu Asp Phe Val du 145 150 155 160 1 DEC
2U 1143/ 54 gcqomcwhaﬁ@clgl@m@to@cmﬁg 168 OwlEs ¢in Chegtub @R atdodiatgiandgen mcg gcg ccg

528 Ala Al a ﬁ[ Val Ala Met Pro Leu M%QLGU Thr Ser ]a 165
170 175 tl\ééGEécN&é& 2.04A648, BoCEa G GESP R éé)%%aT)@@%n%?@cMé@% é aag 576
Cys Thr Ay PYsh1bbSrihN, PRE- a8 fibigndb s, Bek/SY., PReimSE-3MPelbdiSsidkB0 185 190
HER2/neu, CEA, P1A, HK2, PAPA, PSA, PSCA, PSMA, pg75, MUM-1, MUC-1, E6, E7,
GnT-V, Beta-catenin, CDK4, or P15.

15
105. A plasmid comprising the nucleic acid of claim 72.
106. An expression vector comprising the nucleic acid of claim 72.
20 107. The expression vector of claim 106, wherein the expression vector is a

mammalian expression vector.
108. The nucleic acid of claim 83, wherein the virus is a herpes simplex virus,
hepatitis B virus, hepatitis C virus, cytomegalovirus, Epstein-Barr virus, influenza virus,

25  measles virus, or human immunodeficiency virus.

109. The nucleic acid of claim 84, wherein the heterologous polypeptide comprises

an HPV E7 antigen.

30 110. The nucleic acid of claim 84, wherein the heterologous polypeptide comprises

an HPV E6 antigen.
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tgt ccc act tgc aac ggg teg ggc gtg ate aac cgc aat cag ggc 624 Val
Pro Thr Cys Asn Ay Ser Ay Val Ile Asn Arg Asn An dy 195 200 205
ggc ttc tcc gag ccg tgc ace gac tgc cga ggt agc ggc tcg 672 Al d Pk 3003
Phe Ser Qu Pro Cys Thr Asp Cys Arg Ay Ser Ay Ser 210 215 220 ate ate
cac ccc tgc gag gag tgc aaa ggc ace ggc gtg acc acc 720 Ile lle Qu
Pro Cys Qu Qu Cys Lys Ay Thr Ay Val Thr Thr 225 230 235 240 cgc
cga acc ate aac gtg cgg atc ccg ccc ggt gtc gag gat ggg 768 Arg Thr
Thr Ile Asn Val Arg Ile Pro Pro Gy Val Qu Asp Ay 245 250 255 cag
ate egg ethl.g€ke g@ﬂe@&gdgﬁclaga@l@c@egggthetIng’giﬁ aglgugexgestHB‘i{%% n Arg
Arg Leu Ala Ay A@n Ay GQu Ala Gy Leu Arg Gy Ala 260 265 270 ccc
ggg gat ctc tac gtg acg gtg cat gtg cgg ccc gac aag ate 864 Pro Ser
Asp Leu Tyfo V@he Jeivalid b lai¥@b o Ak BerBh ShdRRerbloBohs ﬁol@{e}h@@@oﬁ sdst C ggcC
gac ggc gac gac etc acc gtc acc gtt ccg gtc age€ ttc y Arg
Gy AsMHShindng dPitopyal a Prteivaproduced binh hSaan paibog®0 295 300 ace gaa ttg
ttg ggc tcg acg ctg tcg gtg cct acc ctg gac ggc 960 Thr GQu Leu Al a
Gy Ser Thr Leu Ser Val Pro Thr Leu Asp Ay 305 310 315 320 acg gtc
gtc cgg 9493 Cthe ARdeifH6id JEElaBR Y 12 36he@dA tecdfunddnt patiiged @0Bvirddhr Val Gy
Arg Val Pro Lye Ay Thr Ala Asp Ay Arg lle Leu 325 330 335 «cgt gtg
gga bagerggn, yyepplestr, Sgus e PEYEZAPHg ggt agc ggc gac 1056 Arg Val Arg
Arg Ay Val Pro Lys Arg Ser Ay Ay Ser Ay Asp 340 345 cta ctt gte acc
aag gtg gcc gtg ccg ccc aat ttg gca ggc gcc 1104 Leu Leu Val Thr Val
Yol Ala Valsg, P[Heiﬂlcﬂhié\sﬂd e tlath 39 Gviyerdinah ShderdfRodSpolgpdptidagomprsget ct g
gcctatlicg) ggeg) cggteeatg‘gt 1152 Ala Gn GQu Ala Leu Gu
Tyr ApMECDiniag epifppaofa GERorgspoce ¥°B75 ttc aac ccg egg gcc gga tgg
ggt aat cgc atg cat gga gat aca 1200 Phe Asn Pro Arg Ala Ay Trp Ala
Asn 9g Met Hs Ay Asp Thr 385 390 cct aca ttg cat gaa tat atg tta gat
caa cca gads.athe meldeigatid bP4iAim Pi4 Wiereihche tdiror @socified anbgeniseu Asp LL1uu
-ﬁ-);,? %Gﬁ?:l\ém@& ﬁg‘?jé?ltz}%(]_‘;ﬁ ﬂl’i&l@ﬁi, %gﬁ-ﬁ,alcyrésq}lasg,%A%gl,cﬁ?‘- tta

15 ESO-1, gp100, TRP-1, TRP-2, A2 melanotope, BCR/ABL, Proeinase-3/Myeloblastin,

HER2/nen, CEA, P1A, HK2, PAPA, PSA, PSCA, PSMA, pg75, MUM-1, MUC-1, E6, E7,
GnT-V, Beta-catenin, CDK4, or P15.

116. A plasmid comprising the nucleic acid of claim 79.

20
117. An expression vector comprising the nucleic acid of claim 79.
118. The expression vector of claim 117, wherein the expression vector is a
mammalian expression vector.
25
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420 ata gat ggt cca get gga caa Ile Asp Ay Pro Ala Gy dn 435%81;t9£t?093
acc ttt tgt tgc aag |Ile Val Thr Phe Cys Cys Lys 450 455 caa agc ‘ac cE
gta gac att Gn Ser Thr H's Val Asp Ile 465 470 aca cta gga att gtg tgc
ccc Thr Leu Ay Ile Val Cys Pro 485 <210> 19 <211> 493 <212> PRT <213>
Artificial Sequence <220> <22 fusi on sequence aat gac c tca gag gag
gag gat gaa 1296 . Asn Asp Ser S€r GQu Qu Gu Asp Au 4257430 gca gaa ccg
gac aga gcc cat tac aat 1344 Ala Qu Pro Asp Arg Ala His Tyr Asn 440 445
tgt gac tct acg ctt cgg ttg tgc gta 1392 Cyg/%sp Ser Thr Leu Arg Leu Cys
Val 460 cgt act ttg gaa gac ctg tta atg ggc 1440 Arg Thr Leu Qu Asp Leu

Leu Met Gy 475 480 atc tgt tct cag aaa CGRodencd kEsrT¥S Ser G n Lys Pro 490
<400> 19 Met Ala @ n Arg Gn Trp Val GQu Lys Asp Phe Tyr Gn Gn Leu Ay 1

5 10 15 Val Ser 3@P> A&peeRfer 8irtepidodes @R 11e Lys Arg Ala Tyr Arg Lys 20

25 30 Leu Ala Argaésprbit1dl or B nASikeAsdrdEl R GrebY Ann Pro Ala Ala 35
40 45 Ay G u Arg _Phe L‘iY_s,Ala Val Ser Qu Ala H's Ann Val Leu Ser Asp 50

55 60 Pro Ala Lyd3% ¢293<%¥3 i Tyr Asp Gu Thr Arg Arg Leu Phe Ala Gy 65

70 75 80 Ay d waikire p&hpostdpsdasg Arg Phe Asp Ser Ay Phe Ay Ay Ay Phe
<141> 2000-07-10

<150> Us 60/143,757
<151> 1999-07-08

<160> 55

<170> FastSEQ for Windows Version 4.0

L : <210> 1
' <211> 24
<212> DNA
<213> Artificial Sequence

<220>
«<223> fusion seguence

<400> 1
ttcgeecatgg ccaagacaat tgeg 24

<210> 2

<211> 27

<212> DNA

<213> Artificial Sequence

<220>
<223> fusion sequence

<400> 2
tteteggeta getecagaaat ccatgec : 27

<210> 3

<211> 1623 |

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

<223> fusion sequence

<220>
<221> CDS
<222> (1)...{1620)

<400> 3
atg gcc aag aca att gcg tac gac gaa gag geoc ogt cge gge cteo gag' 48
Met Ala Lys Thr Ile Ala Tyr Asp Glu Glu Ala Arg Arg Gly Leu Glu

1 5 10 ' 15

cgg ggc ttg aac gcc cte goc gat geg gta aag gtg aca ttg ggeo cco 96
Arg Gly Leu Asn Rla Leu Ala Asp Ala Val Lys Val Thr Leu Gly Pro
20 25 30

aag ggce cge aac gtc gte ctg gaa aag aag tgg ggt goe cee acg atc 144
Lys Gly Arg Asn Val Val Leu Glu Lys Lys Trp Gly Ala Pro Thr Ile
35 40 45



85 90 95 Gy Ay Phe Ay Val Gy Gy Asp Ay Ala Gu Phe Ann Len A@n‘]&]gzgﬂig
100 105 110 Leu Phe Asp Ala Ala Ser Arg Thr Ay Ay Thr Thr Ile Ay Asp ’
Leu 115 120 125 Phe Gy Gy Leu Phe Ay Arg Ay Ay Ser Ala Arg Pro Ser

Arg Pro 130 135 140 Arg Arg Ay Asn Asp Leu Gu Thr Gn Thr Au Leu Asp

Phe Val GQu 145 150 155 160 A.Ala Lys Gy Val Ala M ro Leu Arg Leu
Thr Ser Pro Ala Pro 165 170 175 Cys Thr Asn Cys Hs Ay Ser Ay Ala Arg

Pro Gy Thr Ser Pro Lys 180 185 190 Val Cys Pro. Thr Cys Asn Gy Ser Ay

Val Ile Asn Arg Ann A n Ay 195 200 205 Al &/ fhe Ay Phe Ser Gu Pro Cys
Thr Asp Cys Arg Gy Ser Gy Ser 210 215 220 Ilelle Qu Hs Pro Cys Qu

GQu Cys Lye Ay Thr VaI g thhr 225 230 235 ..240 Ar Thr Arg Thr Ile

Asn Val Arg lle 193’3 He g3t U ASLG 3 gzzﬁaﬁso:zsgg B3 1e AY

Leu Ala Gy Gn ycscu AIa Gly Leu AEQ Gly Al a 26030265 270 ro Ser Gly

Asp Leu Tyr Val Thr Val Pro WAL 275 280 285 Phe

s acp oy rcp 5 diiintebdts l e} st astimo s
DE--C 20, 15/54 Tfﬂﬁ Gu Leu Al a Lé@u Gy Ser Thr 178u Ser Val Pro sbhr Leu Asp
Gy 305 310 315 T al y Arg Nal, Br ng Thr Ala Asp

Ay I Te Lou 325 S36 Soeusalos U0) S3f STEm g BT T aser OY
Ay Ser Ay Asp 340 345 350 L&u Leu Val Thr V&l Lys Val AI a%al Pro Pro
Asn Leu Ala Gy Sex 36 p G U A dbAlR Jr Ala Ia
Ala Au Arg Ser %g %%y%&?&%?:gﬁég Sgg/i‘iﬁ tfgi r;?l&a;gga ﬁyaz rnééAl a Gﬁ%
Asn Arg Met His Gly Asp Th#9¢ 385 390 395 46® Pro Thr Lewifis Gu Tyr NEt

Leu Asp Leu G n Rie dgkUctbhiaalBie H5P ak03a4 Qg 4Le =% SaclYgagd U
Leu Asn Asp Ser §eu g%rwe@ L;BG\I;; mp:'-i'a giu 42%%2%%%3 Lyé 391! Tgr éillg 3

{ 125
acc ctg ctc aag ggc gec aag gag gtc gag acc aag gag cag att geg 432
Thr Leu Leu Lys Gly Ala Lys Glu Val Glu Thr Lys Glu Gln Ile Ala
130 13s 140
gce acc grca geg att teg gog ggt gac cag tee ate ggt gac ctg ate 480
Ala Thr Ala Ala Ile Ser Ala Gly Asp Gln Ser Ile Gly Asp Leu Ile
145 150 155 160
'gee gay geg atg gac aag gtg ggc aac gag gge gte atc acc gtc gag 528
Ala Glu Ala Met Asp Lys Val Gly Asn Glu Gly Val Ile Thr Val Glu
165 170 175
gag tecc aac acc ttt ggg ctg cag ete gag cte ace gag ggt atg cgg 576
Glu Ser Asn Thr Phe Gly Leu Gln Leu Glu Leu Thr Glu Gly Met Arg
180 185 180
ttec gac aag gge tac ate teg ggg tac tte gtg acc gac ccg gag cgt 624
Phe Asp Lys Gly Tyr Ile Ser Gly Tyr Phe Val Thr Asp Pro Glu Arg
185 200 205
cag gag gcg gte ctg gag gac cce tac ate ctg ctg gte age tee aag 672
, 61ln €lu Ala Val Leu Glu Asp Pro Tyr Ile Leu Leu Val Ser Ser Ly®
. * 210 215 220
gtg tce act gtc aag gat ctg ctg ccg ctg ctc gag aag gte atc gga 720
val Ser Thr Val Lys Asp Leu Leu Pro Leu Leu Glu Lys Val Ile Gly
225 230 235 240
gce ggt aag ccg ctg ctg atc atc gec gag gac gte gag ggc gag gog 768
Ala Gly Lys Pro Leu Leu Ile Ile Ala Glu Asp Val Glu Gly Glu Ala
245 250 255
ctg tcc acc ctg gte gte.aac aag ate cge gygc ace tte aag teg gtg 816
Leu Ser Thr Leu Val Val Asn Lys Ile Rrg Gly Thr Phe Lys Ser Val
260 265 270
gcg gtc aag get coce gge tte gge gac cge ¢ge aag geg atg ctg cag 864
Ala val Lys Ala Pro Gly Phe Gly Asp Arg Arg Lys Ala Met Leu Gln
275 280 285
gat atg gec att ctc ace ggt ggt cag gtg atc age gaa gag gtc gge 912

Asp Met Ala Ile Leu Thr Gly Gly Gln Val Ile Ser Glu Glu Val Gly
290 285 300



Ile Asp Gy Pro Ala Ay Gn Ala Gu Pro Asp Arg Ala H s Tyr Asn 3/3?@;3-82003
445 |le Val Thr Phe dye Cys Lys Cys Asp Ser Thr Leu Arg Leu Cys

455 460 dn Ser Thr His Val Asp Ile Arg Thr Leu Gu Asp Leu Leu Met Gy
465 470 475 480 Thr Leu Gy Ile Val Cys Pro Ile Cys Ser Gn Lye Pro 485
490 <210> 20 <211> 2847 <21%’NA <213> Artificial Se nce <220> <223>
fusi on sequence <220> <221> <222> (1)...(2844) <40 20 atg ggc age
age cat cat cat cat cat cac age agc ggc ctg gtg ccg Mt Gy Ser Ser His
Hs Hs Hs His Hs Ser Ser Gy Leu Val Pro 3/84 O 10 15 cgc ggc age cat atg
gcc aag aca att gcg tac gac gaa gag gcc cgt "Arg Gy Ser H's Met Ala Lys
Thr Ile Ala Tyr aéd drddgdgAlaad MeQgac28:g2&g36gCgR GEyCatit gocgegy ey ggcoed g
aac gcc ctc gcc &prmg&gt{;&ua‘&g ggghsl’ﬂr‘ﬁ “Gryl'q‘_’ % Wg’*’@ ?rq_gxg Asn Al a
Leu Ala Asp Al a | Lye Val 45 aca ttg ggc ccc aag ggc cgc aac gtc
gtc ctg gaa aag gtHgtgghe a‘Ebrgahegagqut chOatIsysch! dyeggdksaggt/aac Val 10@q
Qu Lye Lys Trp ‘iaiﬁlgVaJBGEBS’thifEcﬂf‘Pc‘tle B g™hEt Beatd cGHaflaggiy 8% tcc ate
gcc aag gag ate gag Ala Pro Ile Thr Asn ,&sp Gy Val Ser IIe Al a Lys
AQu Ile GB0 65 & dix oty agagegadgacwg dtacy gaqyakc ctd%fic
aaa gag gta Leuthd HemdpE Br %Wr“l@’tfgﬂi?é Ey g@ fﬁcﬁﬁ“\/«gﬁwe @5
Val 85 90 gcc aag aag acc gat gac gtc gcc ggt gac ggc acc acg acg gcc acc
Al a Lys Lye Thr aspagdispad/gkc Alag t@F\g Asgw SF9r cEBhFAITEHT PITTTNLCT 100 1185
110 48 96 144 195Pn8%F 5@53’3@” Tyz“Aep frg Clu Lys Leu Gln 27y Arg Le

t

aag ct cc ggt ggt gtc geg gtg atc aag goce ggt goc gec acc gag 1152
Lyg Leg gla Gly Gly Val Ala val Ile Lys Ala Gly Ala Ala Thr Glu
* 370 375 3aso

gtc gaa ctc aag gag €gc aag cac cge atc gag gat gcg gtt cge aat 1200
Val Glu Leu Lys Glu Arg Lys His Arg Ile Glu Asp Ala Val Arg Asn
385 380 395 400

ce aa cc gcc gte gag gag gge ate gtc goc ggt ggg ggt gtg acg 1248
gla Lyg gla Ala Val Glu Glu Gly Ile Val Ala Gly Gly Gly Xil Thr
405 410 ) 5

ctg ttg caa geg goc ccg ace ctg gac gag ctg aag ctc gaa ggc gac 1296
Leg Leg Gln Ala Ala Pro Thr Leu RAsp Glu Leu Lys Leu Glu Gly Asp
420 425 430

a cg acc gge gee aac atec gtg aag gtg gog ctg gag goc ccg ctg 1344
glg glg Thr Gly Ala Asn Ile Val Lys Val Ala Leu Glu Ala Pro Leu
435 440 445

aag cag atc gec ttc aac tee ggg ctg gag cecg ggc gtg gtg goc gag 13s2
Lyg Glg Ile Ala Phe Asn Ser Gly Leu Glu Pro Gly Val Val Ala Glu
450 455 460

; 440
aa cgc aac ctg ceg got gge cac gga ctg aac gct cag acc ggt 1
Lyg 32% Arg Asn Leu Pro Ala Gly His Gly Leu Asn Ala Gln Thr Gly
465 470 , 475 480

:
) c tac gag gat ctg ctc gect gec gge gtk got gac ccg gtc aag agtg 1488
3;1 Tyr glg Asp Leu Leu Ala Ala Gly Val Ala Asp Pro Val igg Val
485 490

c te cg ctg cag aat gcg geg tee atce gog ggg otg tte ctg 1536
;ﬁi Ag; Seg gla Leu Gln Asn Ala Ala Ser Ile Ala Gly Leu Phe Leu
500 505 510

cc acc gag gee gte gtt gec gac aag c¢cg gaa aag gag aag get tec 1584
;hr Thr glg Ala Val Val Ala Asp Lys Pro Glu Lys Glu Lys Ala Ser
515 520 525

1623
t ccc ggt gge ggc gac atg ggt gge atg gat ttc tga
3;1 Pro Gly Gly Gly Asp Met Gly Gly Met Asp Phe
530 535 540

<210> 4

<211> 540

<212> PRT

«<213> Artificial Sequence

<220>
<223> fusion sequence



DEC 2003?. 16/54 gtg ctg gcc cag gcg ttg gtt cgc gag ggc ctg cgc 3a? ﬂéé
gcg gcc 384 Val Lou Ala Gn Ala Lou Val Arg Qu Gy Leu Arg Asn Val 2003

Ala 115 120 125 ggc gee aac ccg etc ggt ctc aaa cgc ggc ate gaa aag gcc gtg
gag 432 Gy Ala Asn Pro Leu Gy Lou Lys Arg Ay Ile Gu_Lys Ala Val Qu
130 135 140 aag gtc ace gag acétg etc aag ggc gcc aag .g gtc gag ace aag
480 Lys Val Thr Qu Thr Leu Lel Lye Ay Ala Lye Qu Val Gu Thr Lye 145
150 155 160 gag cag att gcg gcc ace gca gcg att tcg gcg ggt gac cag tcc
ate 528 Qu dAnlle Ala Ala Thr Ala Ala Il es/8er Ala Ay Asp G n Ser Ile
165 170 175 ggt gac ctg ate gee gag gcg atg gac aag gtg ggc aac gag ggc gtc

576 dvy Asp Leu=49% Al a_ s..\Va As PGy, Val 180
185 190 ate acc 5?%%%16”5935%?583&%%&5%%%% %li\;éghlcﬁ%ygcagdqgﬁc g9 ‘etc acc 624

Ile Thr Val G u &igicEenedFpnTiia Rigchl@ Aspl Bla GINLioWIGHy LeushhPrd 95 200 205

gag ggt atg egg }ic 2085 $:3Ciadt Qut Buf hfa SEPrACQ1672 G n
Gy Mt Arg Phe chgilg\?gﬁg Tyr I eeSer4gG£§§ %%9!‘ hely{/ais ThrT2101215 220 gac

ccg gag cgt cag yagrge@sptidyciad fpagligaklackns thcTim Blictep ERyAFREro Asp Pro

du Arg dn du Aa Rl Lay.Qy ASRera RuTvi LjLcheVal Rik 2201930235 240
gtc age tcc aag g¥5g tcc act gtCc aag gat ctg ctg Tcg ctg ctc %;198668 Val

Ser Ser Lys Val 8Ser Aghvavaila(Sly e 1y eThr| By go“@eﬁhfl_éﬂ‘ By A2 5lp50 255 aag

gtc ate gga gcc ot 188¢a£G9¢ W10 Gl Gl Gl GaCatatHaty YiL abl@roLys Val
lle Ay Ala Gy Lys Pro LagoLou Ile Ile Aled Qu Asg1VaI 280 265 270 gag ggc

gag gcg ctg tcc RSt goytes dre Hucafuate tcVygtatys U™ Gy du
Ala Leu Ser Thr kgurMalbeValksA2R diyIyblAu/¥gy éduythkhtye?dhn 2801028514t Cc aag tcg

gt g gcg gtc aag get1d3xc ggc ttc d3gac cgc cgc_aayt®™1 Phe L Ser Val
Aa Vel Lys Aa ot S98a 5 HFRGrof esSBo8h st iiace oty cag
gat atg gcc att cBL A1 Gkt 9 1gaYalidyhse @gec3y6tal AleaThbval Glu G n Asp

Met Ala Ile Lou Thr Ay Ay &8k Val lle Ser 5. 310 3 017%3a gag gtc
ggc ctg acg ctg %S%%ﬂ‘gé{ég&&% ¥ §°t G rs %ﬁamd’g%hrléghig ﬁi'ggr% val dy
Leu Thr Leu G u Ashadll ay\spy l1gu 1dersek alylmys Keyvad28n:386p 88Hcha@drgcc cgc aag

0 2
gtc gtg gtc acc aag gadiygg 366 AcG.a1Eadle AI0AORE vhYSelbd 219 Lys Val
Val Val Thr Lys ®pS ht- TRY TT&ryal Gl 220
val Ser Thr Val Lys Asp Leu Leu Pro Leu Leu Glu Lys Val Ile Gly
225 230 235 240
BAla Gly Lys Pro Leu Leu Ile Ile Ala Glu Asp Val Glu Gly Glu Ala
245 250 255
Leu Ser Thr Leu Val Val Aen Lys Ile Arg Gly Thr Phe Lys Ser Val
260 . 265 270
Ala Val Lys Ala Pro Gly Phe Gly Asp Arg Arg Lys Ala Met Leu Gln
27% 280 285
Asp Met Ala Ile Leu Thr Gly Gly Gln Val Ile Ser Glu Glu Val Gly
290 295 300
Leu Thr Leu Glu Asn Ala Asp Leu Ser Leu Leu Gly Lys Ala Arg Lys
305 310 315 320
val val Val Thr Lys Asp Glu Thr Thr Ile Val Glu Gly RAla Gly Asp
' 325 330 335
Thy Asp Ala Ile Ala Gly Arg Val Ala Gln Ile Arg Gln Glu Ile Glu
( 340 345 350
‘ Asn Ser Asp Ser Rsp Tyr Asp Arg Glu Lys Leu Gln Glu Arg Leu Ala
355 360 365
Lys Leu Ala Gly Gly Val Ala Val Ile Lys Ala Gly Ala Rla Thr Glu
370 375 380
val Glu Leu Lys Glu Arg Lys His Arg Ile Glu Asp Ala Val Arg Asn
385 390 395 400
Ala Lys Ala Ala Val Glu Glu Gly Ile Val Ala Gly Gly Gly Val Thr
405 410 415
Leu Leu Gln Ala Ala Pro Thr Leu Asp Glu Leu Lys Leu Glu Gly Asp
420 425 . 430
Glu Ala Thr Gly Ala Asn Ile Val Lys Val Ala Leu Glu Ala Pro Leu
435 440 445
Lys Gln Ile Ala Phe Asn Ser Gly Leu Glu Pro Gly val val Ala Glu
450 455 460
Lys Val Arg Asn Leu Pro Ala Gly His Gly Leu Asn Ala Gln Thr Gly
465 470 475 480
Val Tyr Glu Asp Leu Leu Ala Ala Gly Val Ala Asp Pro val Lys Val
485 490 495
Thr Arg Ser Ala Leu Gln Asn Ala Ala Ser Ile Ala Gly Leu Phe Leu
500 505 . 510
Thr Thr Glu Ala Val Val Rla Asp Lys Pro Glu Lys Glu Lys Ala Ser
515 520 . 525



340 345 350 ggc gcc ggt gac acc gac gcc ate gcc gga cga gtg gcc cqg1a@ggcgm$
1104 Gy Ala Ay Asp Thr Asp Ala lle Ala Ay Arg Val Ala dn lle Arg 5
360 365 cag gag ate gag aac age gac tee gac tac gac cgt gag aag ctg cag

1152 d@n Gu lle Au Asn Ser Asp Ser Asp Tyr Asp Arg Gu Lys Lou A n 370
375 380 DEC 2003, 17/54 gag e ctg gcc aag ctg gcc got@mot gtc gcg gtg atc
aag gcc ggt 1200 du Arg Leu a Lye Leu Ala Ay dy Ala Val Ile Lys
Ala Ay 385 390 395 400 gcc gcc ace gag gtc gaa ctc aag gag cgc aag cac

cgc ate gag gat 1248 Ala Ala Thr Gu Val G@Maleu Lys Gu Arg Lys His Arg
Ile Gu Asp 405 410 415 gcg gtt cgc aat gcc aag gcc gee gtc gag gag ggc ate
gtc gcc ggt 129Qa1 Ak cYal c1Ar erylAsdp WdtaclyySlyAket AMdmPMal G u Gu Ay Ile Val
Ala Gy 420 425 43030ggg ggt gtg aedf ctg ttg caa éﬂb gcc ccg acc ctg gac

gag ctg aag 1344,,dy Gy Val Thr Leu Leu Gn Ala Ala Pro Thr Leu Asp Gu
Leu Lye 435 440<ﬁﬁ5 g4 C gaa ggc gac gag gcg ace ggc gcc aac ate gtg aag gtg
gcg ctg 1392 Lewlay W?% .,?ﬁpeGeqweAl a Thr Ay Ala Asn Ile Val Lys Val Al a
Leu 450 455 460<gHg YFRLEG °§ 950 cag ate gee ttc aac tee ggg ctg gag ccg
ggc 1440 G u Akgedro Leu Lys Gn Ile Ala Phe Asn Ser Ay Leu Gu Pro Ay
465 470 475 480<23frgfvpigre fe8Y4% aag gt g cgc aac ctg ccg get ggc cac gga
ctg aac 1488 Vgloak Ala Gu Lys Val Arg Asn Leu Pro Ala Ay H's Ay Leu
Aen 485 490 495 cgajctéen ecdagryuydgget t ac gag gat ctg etc get gee ggc gt?‘get
gac 1536 Ala G<91-£h£ Gy Val Tyr Qu Asp Leu Leu Ala Ala Ay Val Ala Asp
500 505 510 ccgafatscepag gtg acc cgt tcg gcg ctg cag aat gcg geg tee ate
gcg 1584 Pro Vakizzyerna/a| _TQrSQAreqw§er Ala Leu Gn Asn Ala Ala Ser Ile Al a
515 520 525 ggg<ety PTE ti§ 468 ACC gag gecc gtc gtt gee gac aag ccg gaa aag
1632 dvy Leu Phkezdseu Thr Thr Au Ala Val Val Ala Asp Lys Pro Qu Lys 530
535 540 gag aag<ga> fedopta*NLTESggt ggc ggc gac atg ggt ggc atg gat ttc
1680 du Lys A gypeg Val Pro Ay Ay Gy Asp Met Ay Gy Met Asp Phe 545
550 555 560 getagegegaditgtgtetdode tgk® ggc gca gca agc atg gaa ttt tgt t 2
gat 1728 Al a Se<r °|\>/EI, Gy Ser lie dy Ala Ala Ser Met du Phe Cys Phe Asp
565 570 575 gta<§i§.gﬁg gag ctc aaa gtc cac cat gee aat gag aac ate ttc tac

1776 <212> DNA
<213> Artificial Sequence

<220>
<223> fusion sequence

<220>
«<221> CDS
<222> (1)..-(294)

< > 7
a:gogat gga gat aca cct aca ttg cat gaa tat atg tta gat ttg caa 48
Met Asp Gly Asp Thr Pro Thr Leu His Glu Tyr Met Leu Asp Lig Gln

1 5 10

' ‘ tca 96
aca act gat ctec tac tgt tat gag caa tta aat gac agc
3 ;ﬁz g?g Thr Thr Asp Leu Tyr Cys Tyr Glu Gln Leu Asn Agg Ser Ser
20 25

144
a at gaa ata gat ggt cca gct gga caa gea gaa ccg gac
ggg gig glg gsp Glu Ile Asp Gly Pro Ala €Gly Gin A%; Glu Pro Asp
35 40 .

' : tct acg 192
cat tac aat att gta ace ttt tgt tgc aag tgt gac
:3; gi: His Tyr Asn Ile Val Thr Phe Cys Cys ng Cys Asp Ser Thr
50 55

t ttg gaa 240
+t cgg ttg tgc gta caa agc aca cac gta gac att cgt ac
Eeu Agg Leg Cys Val Gln Ser Thr His Val ASE Ile Arg Thr Leu.Gég
7
65 70

tct cag 288
tg tta atg gge aca cta gga att gty tge cece atc tgt
g:; geg Leu Meg Gly Thr Leu Gly Ile val Cys Pro Ile Cys SSE Gln

85 90

297
aaa cca taa

Lys Pro



Val

tgc
Pro
gac
Ser
gga
Phe
200;
cca 3.968 Asn Val

645 650 655 aat gat

Phe
ccc
Ile Ala
age ace
Thr Arg
ttc gga
Gy Asp

du
gcc
Ile
agg
Thr
gac
Ser

Leu
ate
Met

aca
Gn
agt

Ile

Lys
att

2016 Asn Asp VEEIRVEe

H s Ser

Val

t ea
Al a
at a
Asn
gaa
Al a

Hs Hs Ala Asn G u
get cta gee atg gta
Leu Ala Met Val Tyr
aat aag gtt gtt cgc
LZ.VaI Val Arg Phe
g cag tgt

ggc aca
G@n Cys Ay Thr Ser

Lys
atg
Ser
cag
Ile
att
Au

Ser Leu Arg Asp F{%
tt tat tcg ttc agc ctt gee
Ser Phe Ser

Asn Il e Phe Tyr 580 585 590
tac ctg ggt gca 18

Leu Gy Ala 595 60@4(%0@@&2&93‘
ttt gat aaa 1872 Lys Asp

Asp Lys 0 615 620 ctt cca
tct gta"™®920 Leu Pro Ay
Val 625 630 635 640 DEC

1, 18/54 aac gtt cac tct tca ctt aga gac atc etc aac caa ate ace aaa
Leu Asn Gn Ile Thr

Lys Pro
agt aga ett tat get gaa gag

Leu Ala Ser Arg Leu Tyr Ala Gu du 660

665 670 aga tac @tz atus ctg cca gaa tac ttg cag tgt gtg aag gaa ctg tat

2064 Arg Tyr

Prg13t artigoBmioSsI'e"fyr Leu G n Cya Val Lys Gu Leu Tyr 675

680 685 aga gga ggg-ttg gaa cct atc aac ttt caa aca get gca gat caa gcc
2112 Arg Gy GepaievudBion #awerddee Aen Phe A n Thr Ala Ala Asp A n Ala 690

695 700 aga gag e

b &
2160 Arg Gu LQ,},I_.t
710 715 720 aga aat gtc ctt
gtt 2208 Arg ASWOVEM TR,TEY
725 730 735 Ctgegt,tg]aaéluge@ ald 1y¢ e=p ¢y Fan AGeLEtY A
Aen AI a 35

2256 Leu Val.
745 750 gat gad gdt

2304 Asp GQu Aapumrg ﬁtunf—‘sﬂd aal\/ﬁtlﬂ Pep TPRdLAGL

Jgp%‘eﬁ’a%é’ta&%et 85 yr

760 765 aaa cct
2352 Lye Pro V

e aat tcc tgg gta gaa agt
a
HSIP eu%é %ger'ﬂg

a gca atgscct ttc ag

‘i.e&%ﬁl
dn If

\faﬂlp s (<

aht WWlcyst ol tie agasey
e G yolLeu Phe Arg Vvat

cag aca aat gga att atc

é@nnﬁemhfﬂppo ot L&k uuS@rluGyn HeRrLepshPASE Fi% |l e 705

et naal A-ntadpaseragde gca atg
al Asp Ser

G rBoThr Ala Met Val
YogPRaRPaca ttt aag

%évi‘sn Ehe vy S e L&y &@p;,y@ ¢hslaep ddir miRhe Lye 740

a gtég act gaa age
chﬁ éacu Ser 755
6p gca tea
Ala Ser 770

775 780 atg get dyetexpag aaa atg aag ate ctg gag ctt cca ttt gcc agt ggg
2400 Met Ala Ser Qu Lys Met Lys Ile Leu Qu Leu Pro Phe Ala Ser Gy 785
790 795 800 aca atg age atg ttg gtg ctg ttg cct gat gaa gtc tca ggc ctt

gag 2448 Thr
805 810 815

<211>
<212>
<213>

<220>
<223>

<400>

NE¢21$elg7NEt Leu Val

DNA
Artificial Sequence

fusion sequence

9

aaccecagetg ctagcatgca tggagat

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

<220>
<223>

<400>

10
24
DNA
artificial Segquence

fusion sequence

1c

agccatgaat tcttatggtt teotg

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

<220>
<223>

«<220>

11

366

DNA

artificial Sequence

fusion segquence

<221> CDS

<222>
<400>

atg ggc agce
Met Gly Ser

1

t
cgc c agc cat atg gct age atg ca
Agg ggy ser His Met Ala Ser Met His

20

(1)...(363)

i1
age cat cat cat cat cat

ser His His His His His
5 10

25

Leu Leu Pro Asp du Vval

cac agc agc ggce ctg gtg ccg
Bis Ser Ser €ly Leu Val Pro
15

gga gat aca cct aca ttg cat
Gly Asp Thr Pro Thr Leu His

Ser Ay Leu GQu

27

24

48

96

30



cag
Leu
tct
Asn
atg
Au
gtg
Phe
aag
Lys
gag
Val

agc
Val

cac
Ile

Cys

ctt gag
A u Ser
aat gtt
Val Met
gag gaa
A u Lys
ttt agc
Ser Ser
ata tct
Il e Ser
gig gta
Val Gy
gtc tct
Ser GQu
atc gca
Al a Thr
Val Gy

agt
I'le
atg
du
aaa
Tyr
tct
Ser
caa
Adn
ggg
Ser
gaa
Au
acc
Asn
Ser

Sequence <220>
Hs Hs H's Ser

Thr

Ile Al a

Tyr

Asn Ala Leu Al a

Asn

Val Val

Leu

Ay Val Ser Ile
|

at a
I'le
gaa
Glu
tac
Asn
tea
Al a
get
Al a
b&a
Al
gaa
Bhe
g8t
Al a
846

2pp Gy {418 791 Tagteend® b 51° % Pt ¢

Ser

A5

ate aac ttt gaa aaa ctg act gaa tgg ace agt 2496 Gn
Asn Phe Qu Lys Leu Thr Qu Trp Thr Ser 820 825 =
gag agg aag ate aaa gtg tac tta cct cgc atg 252%18!3@&“ 2003
Arg Lys Ile Lys Val Tyr Leu Pro Arg Met 835 840 845 aag
aac etc acﬁ/ct gtc tta atg get atg C 2592 Lye Met
Leu Thr Se al Leu Met Ala Met Ay 0 855 att act gac
gcc aat ctg tct ggc ate tcc tca 2640 I1le Thr Asp Val
Asn Leu Ser Gy Ile Ser Ser 865 870 875 gca gag age ctg
gtc cat gca gca cat gca Ha?é 2688 Gdu Ala Qu Ser Leu
Waal0 H's Ala Ala H's 895 885 ate aat gaa gca ggc aga
tg€ atgagagedt ggacal ge2g8bacd ket Asn c& kad\tat Gay Ar g 1@ku
6 tepAledab@ tPuveln S chpBhpRE dBFY: TUF SA°gET get gca
ttt3agg Oct gac cat cca ttc ctc 2784 Asp Ala Ala Ser
chs tAl stAsE dfcstddr gadPhes bea) g9 §ad 202 925 9ok (cepgt  at¥¥2aag
G%gdﬂegt’i“cﬁ? Barcsqn Flht SHR RIS TPhERY 1T Lys Hi s
| Leu Phe Phe Gy Arg 930 935 940 tgt gtt gga tcc taa
g6 K3z @b gaaldch>gf48ga gix] gat P#I'BQQT:‘?% mtgﬁﬁi;ﬁal 240
er-ser S Hs Hs
Gy Leu Val Pro 15 10 15 Arg Ay Ser Hs Met Ala Lys

Asp taF 1pad wyt/ag Wga‘—zloc%"%tt%?ﬁ:%: &y gg?@gg;ﬁ:@zg dy 4%y
0 Leu y

Cxp FYYAYSLARR RPAT TP Ub U ES resLys Ay Arg

GQu Lye Lys Trp Ay 50 55t 691; ALa Pro Thgcalglgg J:Qr A3n33'2*3p
t t g, gaa gac ctg a atg ggc aca ¢
e\ﬁ?ggg qleegglgﬁg guuclu Asp Leu Leu Met Gly Thr Leu &ly Ile
100 105 110
gtg tgc ccc atc tgt tet cag aaa cca taa 366
val Cys Pro Ile Cys Ser Gln Lys Pro
115 120
<210> 12 '
<211i> 121
«212> PRT

<213> Artificial Sequence

<220>
<223> fusion seguence

<400> 12

Met

1
Arg
Glu

Glu

Gly Ser Ser‘ﬂig His Hie His His Hig Ser Ser Gly Leu V:; Pro
Gly Ser H;; Met Ala Ser Met H;g Gly Agp Thr Pro ng Leu His
Tyr Mg; Leu Asp Leu Gln P:g Glu Thr Thr Asp L:g Tyr Cys Tyr
Gln Leu Asn Asp Ser Ser Glu Glu Glu Asp Gég Ile Asp Gly Pro

50 55 .
Gly Gln Ala Glu Pro Asp Arg Ala His Tyr Asn Ile Val Thr Phe

Ala
v o Ve Val Gln S8 Th H@O
: 8 Asp Ser Thr Leu Arg Leu Cys Va n Ser r His
Cys Cys Lys Cy Bg g o hx
1 Asp Ile Arg Thr Leu Glu Asp Leu Leu Met Gly Thr Leu Gly Ile
va P 100 105 110
Vval Cys Pro Ile Cys Ser Gln Lys Pro
115 120
<210> 13
<211> 36
<212> DNA
<213> Artificial Sequence
<220>
<223> fusion sequence
<400> 13 2
cgeteggacg ctagetcaca tatggaaatc catgec
<210> 14
<211> 24
<212> DNA

<213> Artificial Sequence



65 70 75 so

Val
Thr
Al a
Al a
Val
Al a
Lys
Phe
Ay
Al a
Val
Ay
Au
Lys
Al a
315
325
du
Arg
Tyr
Ay
L?‘u

100 105 110 \Vval

Val GQu
G u Thr Lys

Leu Ala A n Al a Leu Val

Val Gy Asn u Gy Val
Gy Leu Gdn Leu Gu Leu Thr
Tyr
Ristod \Heqldnee Leu Leu

Tyr 1le Ser
Val Leu Gu
Ser Thr Val
Ala Ay Lys
Al a Leu Ser
Ser Val Al a

320 du @
330 335 L
340 345 35

Asp Arg Gu
Val Al a Val

YS

<
<

<A
<

@
P

L
<E$?z
c
<2@ﬂ>
Met Leu G niisH

r

Phe Val

eu Val

e Lye Ala

130 135 140 Lys V
145 150 155 7T
Gy Asp A n Ser

Thr

A u Thr

180 185 -

190

195 200 20?5(2
Thr

210

S Asp Leu Leu Pro Leu

Woddt8g ldger Al a
tt{é‘% 2 e g

Asn Lys
e Ala Pro Ay Phe

Val

Val

Leu Gu Asp Pro Tyr Qu Lys Ile Ay Ala G u Leu Val
85 90 95 Ala Lys Lys Thr Asp Asp Val Ala Ay Asp @y Thr Thr Fhi RBE&

Lys Qu

Arg Gu Ay Leu Arg Asn Val
Ala 115 120 125 dy Ala Asn Pro Leu Ay Leu Lys Arg Ay Ile GQu Lys

y Ala Lys Gu
Audnlle Ala Ala T Ala Ala |Ile Ser

Leu Leu Ly

Thr Val
QQu Ay Met Arg Phe Asp Lys
215 220 Asp Pro Au Arg dn Qu
225 230 235 240 Val
Leu Qu 245 250 255 Lys Val lle

A u Asp Val
Ile Arg Gy Thr
Gy Asp Arg Arg Lys 290 295 300
; Ile Ser-
w2l AGliyidiay SERvericeuy G u Asn Ala Asp Leu Ser
a Arg Lys Val _
A¢.d6E khen28/ 54 Gy Ala Gy Asp Thr Asp Ala Ile Ala Ay
Val Ala dn lle Arg 355 360 365 An AQu lle Gu Aen Ser Asp Ser Asp

Thr

Lys Gu Arg:%i&g tgzso Arg Ile Au Asp 405 410 415

<212> DNA
<213> Artificial Sequence

<220>
<223> fusion sequence

<220>
<221> CDS
<222> (1)...{1917)

<400> 16
atg gec aag
Met Ala LysB

1

cgg
Arg

aag
Lys

acc
Thr

tac
Tyr
65

gat
hAsp

gcg
Ala

cte
Leu

acc
Thr

gge
Gly

ggc
Gly

aac
Rsn
50

gag
Glu

gac
Asp

ttg
Leu

ggt
Gly

ctg
Leu
130

ttg
Leu

cge
Arg
35

gat
Asp

aag
Lys

gte
val

gtt
val

ctc
Leu
11%

cte
Leu

aca
Thx

aac
Asn
20

aac
Asn

ggt
Gly

ate
Ile

gec
Ala
cge
100
aaa

Lys

aag
Lys

att
Ile
5

gcc
Ala

gte
val

gtg
val

ggc
Gly

ggt
Gly
85

gag
Glu

cge
Arg

ggc
Gly

gcg
Ala

cte
Leu

gtc
Vval

tce
Ser

gce
Ala
70

gac

Asp

ggec
Gly

ggce
Gly

gcec
Ala

tac
TYr

gcc
Ala

ctg
Leu

atec
Ile

gag
Glu

age
Gly

ctyg
Leu

atc
Ile

aag
Lys
135

gac
ABp

gat
Asp

gaa
Glu

gce
Ala

ctg
Leu

acc
Thr

cge
Arg

gaa
Glu
120

gag
Glu

gaa
Glu

acg
Ala
25

aaqg
Lys

aag
Lys

gte
Vval

acg
Thr

aac
Asn
105

aag

Lys

gtec
val

gag
Glu
10

gta
val

aag
Lys

gag
Glu

aaa
Lys

acg
Thr
g0

gte
Val

gece
Ala

gag
Glu

gcc
Ala

aag
Lys

tgg
Trp

atc
Ile

gag
Glu
75

gce
Ala

gcg
Ala

gtg
val

ace
Thr

cgt
Arg

gtg
val

ggt
Gly

gag
Glu
60

gta
Val

acc
Thr

gce
ala

gag
Glu

aag
Ly®
140

Ser

Ile 165 170 175 dy Asp Leu Ile Ala Gu Ala Met Asp
Au du Ser Asn Thr

Ser Lys

260 265 270 G u G2y
275 280 285 Phe

Ala lle Leu Thr Gy Ay dn Val

cge

aca
Thr

gece
Ala
45

ctg
Leu

gcc
Ala

gtg
Vval

ggce
Gly

ttg
Leu
3o

c¢ee
Pro

gag
Glu

aag
Lys

ctyg
Leu

gce
Ala
110

gte

8 Val

cag
Gln

cte
Leu
15

ggc
Gly

acg
Thr

gat
Asp

aag
Lyse

gce
Ala
95

aac
Asn

acc
Thr

att
Ile

305 310

Leu Leu Gy
Lys Asp G u Thr Thr

Il e Val

- catf‘%al{ Aot 3¢ 380 Gu Arg Leu Ala Lys Leu Al a Gky
y 385 390 395 400 Al a Ala Thr

Au Vval Qu
gag 48
Glu
cce 96
Pro
atc 144
Ile
ceg 192
Pro
ace 240
Thr

80

cag 288
Gln

ccg 336
Pro

gag 384
Glu

gcg 432
Ala

2003



Ala Val Arg Asn Ala Lys Ala Ala Val Qu Ju Gy Ile Val Ala Gy 420 425

Gy Ay Val Thr Leu Leu Gn Ala Ala Pro Thr Leu Asp Qu Leu Lye 4@51%320%
445 Leu u Ay Asp Gu Ala Thr Ay Ala Aen Ile Val Lye Val Ala Leu -
455 460 du Ala Pro Leu Lys An lle Ala Phe Asn Ser Ay Leu GQu Pro Gy

465 470 475 480 Val Val A a Lys Val Arg Asn Leu Pr ady Hs Gy

Lea Asn 485 490 Ala Asp Al a n Thr Ay Val Tyr Qu Asp Leu Leu Ala Al a
Gy 5val 10 500 505 Pro Val Lys Val Thr Arg Sex Ala Leu G n Asn Ala Al a Ser
Ile Ala 515 520 525 dvy Leu Phe Leu Thr Tr/ u Ala Val val Ala Asp Lye
Pro Gu Lys 530 535 540 du Lys Ala Ser Val Pro Gy Ay Ay Asp Met Gy

Ay Met Asp Phe _245.098k 399 atfltdg SRy JWRlgad dagSeic ddcegdtl yacAbeg Ata Ser 4dfet

d u Phe eye 57e %&prcﬂ%gléi@a Vae Seherleydy@op q_lebﬁglgyéle\/‘é]ﬂf MRIRE Si%N a Aen G u
Asn 59e Phe Tyr 14580 585 Cys prd®Ple Ala Ile Mt Ser Ala Leu Ara Met Val .
Tyr Leu Gy A a ;295.P08; 609 gab)sg AR oeraathdaghAygy dier at@d pcd bec Asm Lys 53Rl

Val Arg Phe Asp giuegoa 845 Aep (LyPriel Gily ’F’l‘fe‘i}ﬁ Gy B ™ B Ala dn

Cys @y Thr Ser Waall 625 680 635 Asn Val 'H s Ser Ser Lel Arg Asp Ile

Lea Aen G n Ile Jhftde/Sadabe thé [ghsitgAsy afal gabystcSege PeaBenty cag Al a S2¢

Arg Leu Tyr AQ aiuc}ser &bw ThEGhe 698 TP PITIeuptY e PER LMY r Leu an
Cys Vval Lye GQu Leu Tyr 8%% 680 Arg Ay y Leu Qu Pro Ile Asn Phe gép

Thr Ala Ala Asp Qg aag 686 ta0:tArigaGag tasuticl etoAReF ST STF gaU/48 G u
71n Thr Asn Gy Plteehwsgg G?D!?'Y’?l’éeﬁg Wt B B noEe gr%grl“ gé? Val Asp

Ser Adn Thr Ala Met Va 725 730 Phe Lys Leu Val Asn Ala Ile Val Phe Lys
745 Leu Trp G u baeodlhes S0c 240 gadsysGioy s i oGy S SBPECPAga Phe A7
Al 1 G a u
vals Thr 765 G n @ruSief y8k LegFie 53F aon
| 720
tcc act gtc aag gat ctg ctg ccg ctg ctc gag aag gte atc gga
g;% s:r Thr gal Lys Asp Leu Leu Pro Leu Leu Glu Lys Val Ile Gly
225 230 2385 240
768
t aag ccg ctg ctg atc atc goc gag gac gte gag ggc gag gcg
gig g%y Lyg Pro Leu Leu Ile Ile Ala Glu Asp Val Glu Gly Glu Ala
245 250 . 255
. 816
cc ct tc gtc aac aag ate cgc gge acc ttc aag tecg gtg
:Eg §§§ ;hr Leg 3a1 val Asn Lys Ile Arg Gly Thr Phe Lys Ser Val
260 265 270
gcg gte aag got ccc gge ttec gge gac cgc c¢gc aag gcg atg ctg cag 864
Ala Val Lys Ala Pro Gly Fhe Gly Asp Arg Arg Lys Ala Met Leu Gln
275 280 285
912
cc att cte acc ggt ggt cag gtg atec age gaa gag gtc gge
g:; ;:E gla Ile Leu Thr €ly Gly Gln Val Ile Ser Glu Glu val Gly
290 295 300
. 960
ct ayg aac gcc gac ctg tcg ctg cta ggc aag gcc cgc aag
= f:g ;gg Leg glu Asn Ala Asp Leu Ser Leu Leu Gly Lys Ala Arg Lys
K ' 305 310 . 315 320
( 1008
tc acc aag gac gag acc acc ate gtc gag ggc gec ggt gac
%gi 32? 3&1 Thr Lys Asp Glu Thr Thr Ile Val Glu Gly Ala Gly Asp
325 330 335
1056
cc atc geco a cga gtg gcc cag atc cgc cag gag atc gag
;ﬁi g:; gla Ile gla ggy Arg Vval Ala Gln Ile Arg Gln Glu Ile Glu
340 345 350
tg gce 1104
¢ gac tcc gac tac gac cgt gag aag ctg cag gag cgg ctg
;:ﬁ ggr gsp Ser Asp Tyr Rep Arg Glu Lys Leu Gln 6lu Arg Leu Ala
355 360 - 365
1152
3 cc t ggt gtc gog gtg atc aag gcec ggt gec gec acc gag
i;g geg gla ggy Gly val ala Val Ile Lys Bla Gly Ala Ala Thr Glu
370 375 380
t 1200
ctc aa ag ¢ge aag cac cge atc gag gat gcg gtt cge aa
3:2 gii Leu Lyg glu Arg Lys His Arg Ile Glu Asp Ala Val Arg Asn
385 390 395 400
gcc aag gec gee gtc gag gag ggc atc gtc gee ggt ggg ggt gtg acg 1248

1 Thr
Ala Ala Val Glu Glu Gly Ile Val Ala Gly Gly Gly Va
Ala Ly 405 410 415



Lye Pro Val Gdn Met Met Tyr Gn lle Gy Leu Igo Arg Val

Met Ala Ser Qu Lys Met Lys Ile Leu Qu 795 Pro Phe Al a Ser

Thr Met Ser Met Leu Val
Ser dn Leu Au Ser
Met 820 825 Ser Asn Val

Thr Asp Val

Leu Leu Pro AAspp du Val
Ile Ile Asn Phe Qu Lys Leu Thr Gu Trp 830 e5 Pro Arg

Met

C'Glu Arg Lys Ile Lys Val
Met Au Gu Lys Tyr Asn Leu Thr

Ser Val

Al a Ser

Ser Ay L85G

LLeeuO Met Al a

2000, 21/54 Ala Gu Ser Leu Lys Ile Ser A mopga Val
885 890 895 Ile Asn Qu Ala Gy Arg Ju Val

900 905 910 Asp Ala Ala Ser Val
Leu 915 920 925 ctPietg

Ay Arg 930 933°84¢G"

<213> Artificial
<222> (1).
ctt gtg caa ccc

20 25 30 tat

144 Tyr A u Arg Asp G

aag
Lys
465

gtc
Vval

acc
Thr

acc
Thr

gtt
Val

gat
Asp
545

act
Thr

gat
Rep

tac
Tyr

tge
Cys

atg
Met
625

taa

gtg ©
val

tac
Tyr

cgt
Axg

ace
Thr

cce
Pro
530

aca

gat
Asp

gaa
Glu

aat
Asn

gta
val
610

gge
Gly

339

gag
Glu

tcg
Ser

gag
Glu
515

ggt
Gly

cet
Pro

cte
Leu

ata
Ile

att
Ile

PRE &
G e,
Gn Pro 15 10 15 act cga ctt ctt

cat ttg 96 Thrggsf@eﬁ%gﬁ @5l

Ser

C%B’s %?&%% E%cr %4%
Sequence <220>
. ( 735Rpg<gpg0ac

Uy Mg

ge aacy ctg ech¥,§t

Asn Leu Pro RAla Gly

gat
Asp

gcg
Ala
500

gece
Ala

ggc
Gly

aca
Thr

tac
TYyr

gat
Asp
580

gta
val

595 |

caa
Gln

aca
Thr

<210> 17

<211> 639
<212> PRT
<213> Artificial Sequence

<220>
«<223> fugion segquence

agce
Ser

cta
Leu

ctg
Leu
485

ctg
Leu

gte
vVal

ggce
Gly

ttg
Leu

tgt
Cys
565

ggt
Gly

acc
Thr

aca
Thr

gga
Gly

470

cte
Leu

cag
Gln

gtt
Val

gac
Asp

cat
His
550

tat
Tyr

cca
Pro

ttt
Phe

cac
His

att
Ile
630

gct
Ala

aat
Asn

gco
Ala

atg
Met
535

gaa
Glu

gag
Glu

gct
Ala

tgt
Cys

gta
Val
615

gtg
val

geco
Ala

gcg
Ala

gae
Asp
520

ggt
Gly

tat
Tyr

caa
Gln

gga
Gly

tge
Cys
600

gac
Asp

tge

H 8

ggc
Gly

gcg
Ala
506

aag
Lys

ggc
Gly

atg
Mqt

tta
Leu

caa
Gln
585

aag

Lys

att
Ile

ccc
Pro

Val
A u du Phe Ar

o ST9ESAS

25210> 22
<223> fusion se

%%:??% Gésy

el

&3 36

Gly

gtt
val
490

tece
Ser

ccg
Pro

atg
Met

tta
Leu

aat
Agn
570

gca

Ala

tgt
Cys

cgt
Arg

atc
Ile

yr

770 775

R o]

Lea 835 Lys

t Gy 850 855 Ile

Phe 874 Ser Ser Ala Asn Leu Ser Gy Ile Ser 8Ser

80

865 DEC

Hs Ala Ala Hs Ala du

Ay Ser Ala Qu Ala dy Val

tat ctt

e 368 =B

Leu
475

gct
Ala

atc
Ile

gaa
Glu

gat
AsSp

gat
Asp
555

gac
ABpD

gaa
Glu

gac
Rhsp

act
Thr

tgt
Cys
635

é%nC

Ala Asp H
g e B
<211s80738
e <220>

i s Pro e
Ty Phe%}i

<212> DNA

1>

Toliid Frearell t a%%ggc
Tyr Trp LQAS Ile Lys Gy Leu Val

f2gd Al 9ags9ag

I

gac
Asp

geg
Ala

aag
Lys

ttc
Phe
540

‘ttg

Leu

agc
ser

ceg
Pro

tect
Ser

ttg
Leu
620

tct
Ser

ccg
Pro

ggg
Gly

gag
Glu
525

cat
Hie

caa
Gln

tca
Ser

gac
Asp

acg
Thr
605

gaa
Glu

cag
Gln

gtc
val

ctg
Leu
510
aag
Lys

atg
Met

cca
Pro

gag
Glu
aga
590
ctt
Leu
gac
hAsp

aaa
Lys

afd eavd U His Leu
gat gaa ggt gsd aaa tgg cga 48c aaa aag ttt gaa ttg

A% Qoh g LS doXCedg hé‘ccq:;drl: Leuisao

Asn Ala Gln Thr G

aag
Lys
495

tte
Phe

gect
Ala

cat
His

gag
Glua

gag
Glu
575

gece

Ala

cgg
Arg

ctg
Leu

€ca
Pro

480

gtg
Val

ctg
Leu

tce
Ser

gga
Gly

aca
Thr
560

gag
Glu

cat
Hie

ttg
Leu

tta
Leu

1488

1536

1584

1632

l680

1728

1776

1824

1872

1917

1920



35 40 45 ggt ttg gag.ttt ccc aat ctt cct tat tat att gat ggt gat gtt aaa

192 dy Leu Qu Phe Pro Asn Leu Pro Tyr Tyr

Ile Asp Gy Asp Val

Lyde 1 50E&:2003.

60 tta aca cag tct atg gcc atc ata cgt tat ata get gac aag cac aac 240 Leu
Thr G n Ser Met Ala lle Ile Arg Tyr |

atg ttg ggt ggt tgt
Lev Ay Ay Cys Pro
gcg gtt ttg gat att
Val Leu Asp Ile Arg
gac ttt gaa act ctc

Phe A u Thr Leu l¥s Yal

Met Phe @ u Asp Ail
gta acc cat cct

lg

|l e
cca aaa gagmrdt gca
Lys Gu Ar@Ala du
aga tac ggt gtt tcg
Tyr Ay Val Ser Arg

aaa gtt gat ttt ctt

Asp Phe Leu Ser

Al a Asp
gag att
Il e Ser
aga att
e Ak
agc aag
Lys Leu
aaa atg ttc gaamgatalegtyst The Tt Béaffya&apéféa

ey OxSa S by 51T htp mg L

t¢ atgotty tat

gac

Thr His Pro Asp LﬁheGJNEIArgLé%P Tyt VASFenca I

tta tac atg gac
Tyr Met Asp Pro%éahséy

2003 22/54 gtt t

qlmtbmal%méév
Val Cys Phe Lys Ay Sadd a1l hEa Ghyl 2
190 ttg aaa tcc agc aag tat aBa gca

Lys Ser Ser Lys ARgrLley| gal g\’d‘ei
acg ttt ggt ggt ,99ce
Gy Ay Ay Asp H's
too. cca gga att W&t gbe“t My §

aga tcc ggc tgc 1eaa Leu Ar
<213> Artifici al®8etiedt® hét

Glu
Phe
Gln
Vval
225
Ala
Leu
Ala
Asp
Leu
305
val
{ Thr
Asn
- Lys
val
385
Ala
Leu
Glu
Lys
Lys
465
val
Thr

Thr

Ser
Asp
Glu
210
Ser
Gly
Ser
Vval
Met
290
Thr
Val
Asp
Ser
Leu
370
Glu
Lys
Leu
Ala
Gln
450
val
TYyr
Arg

Thr

Asn
Lys
195
Ala
Thr
Lys
Thr
Lys
275
Ala
lLeu
val
Ala
Asp
355
Ala
Leu
Ala
Gln
Thr
435
Ile
Arg
Glu
Ser

Glu
515

Thr
180
Gly
val
val
Pro
Leu
260
Ala
Ile
Glu
Thr
Ile
340
Ser
Gly
Lys
Ala
Ala
420
Gly
Ala
Asn
Asp
Ala

500
Ala

i

§er
165
Phe

Tyr
Leu
Lys
Leu
245
val
Pro
Leu
Asn
Lys
az2s
Ala
Asp
Gly
Glu
Val
405
Ala
Ala
Phe
Leu
Leu
485

Leu

val

Cay ey dEt g
&1} lrar e z&mlhl TrAs) Lepsh

B it

feuCBYs BG4 cLfAlaTAu 1Gg PgatVaCt(guglEy[s wgfmggmu Thr Phe
r osPr o Lé

gt

Géu lVa&' G\{erher% '%2@ Gl%lglgzlga 220 gga

ca cca cca cc
diy Ile Pro dy ﬁngh hi1aARDe Ala sPr a1Pco0y Rep dncsePrie GLYCRER3BEW

a3t 1e<31§!r1?a12

Lys)bafléﬁy

Gly Leu
Ile Ser

Glu Asp
215

Asp Leu

230

Leu Ile

Val Asn
Gly Phe

Thr Gly
295

Ala Asp

310

Asp Glu

Gly Arg
Tyr Asp
Val Ala
375
Arg Lys
390
Glu Glu
Pro Thr
Asn Ile

Asn Ser
455

Pro Ala

470

Leu Ala

Gln Asn

val Ala.

Gln
Gly
200
Pro
Leu
Ile
Lys
Gly
280
Gly
Leu
Thr
val
Arg
360
val
His
Gly
Leu
Val
440
Gly
Gly
Ala
Ala

Rep
520

cct

® Qb

Net Leu
gca tat agt 336 dy A a
Tyr
cta cct gaa 384 Lys Asp

Pro Au 115 120 125 atg ctg

Ser

Lys His Asn 65 70 75 80
tca atg

t gaa 288 Met
u 85 90 95 gga

100 105 110 aaa

:Egt"lf’t"égafafﬁ BILSAEY Leu Lys

elLyAan 1md ﬂeBSGJ:M@mggt gat cat
gat. 480 3@
LA§6’EEAF‘§Y1

ﬁ%ﬁ5ﬁluzé§¢

Leun
185
Tyr
Tyr
Pro
Ala
Ile
265
Asp
Gln
Ser
Thr
Ala
345
Glu
Ile
Arqg
Ile
Asp
425
Lys
Leu
His
Gly
Ala

505
Lys

170
Glu

Phe
Ile
Leu

Glu
250

Arg.

Arg
Val
Leu
Ile
330
Gln
Lys
Lys
Ile
val
410
Glu
val
Glu
Gly
val
490

ser

Pro

Leu
val
Leu
L.eu
235
Asp
Gly
Arg
Ile
Leu
315
val
Ile
Leu
Ala
Glu
395
Ala
Leu
Ala
Pro
Leu
475
Ala
Ile

Glu

Thr
Thr
Leu
220
Glu
val
Thr
Lys
Ser
300
Gly
Glu
Arg
Gln
Gly
380
Asp
‘Gly
Lys
Leu
Gly
460
Asn
Rap
Ala

Lys

Glu
Asp
205
val
Lys
Glu
Phe
Ala
285
Glu
Lys
Gly
Gln
Glu
365
Ala
Ala
Gly
Leu
Glu
445
val
Ala
Pro
Gly

Glu
525

B85

Gly
190
Pro
Ser
val
Gly
Lys
270
Met
Glu
Ala
Ala
Glu
350
Arg
Ala
Val
Gly
Glu
430
Ala
Val
Gln
val
Leu

510
Lys

L

oCCa CCa

Met
Glu
Ser
Ile
Glu
2556
Ser
Leu
val
Arg
Gly
335
Ile
Leu
Thr
Arg
Val
415
Gly
Pro
Ala
Thr
Lys
495
Phe

Ala

g ohe

M g6y Gho s9atr1g6da tily6 GQGanaaautrtea &@28aspVato Val Leu
S Leu Asp Al as$he Pro Lye Lelfol

e c% 2 caz

ln

H s Val
gtt gtt

170 l7§ 3 1 DEC
9% Toat aag tac

180 185

gcc Leu

Arg
Arg
Lye
Gly
240
Ala
val
Gln
Gly
Lys
320
Rep
Glu
Ala
Glu
ABIN
400
Thr
Asp
Leu

Glu

Gly
480
Val
Leu

Ser

200 205

Pro
240 ctg
<212> PRT



<220> <223> fusion sequence <400> 23 Met Ser Pro Ile Leu Ay Tyr Trp Lye
Il'e Lys Ay Leu Val dn Pro 15 10 15 Thr Arg Leu Leu Leu Qu Tyrj Iggggﬁ%
GQu Lys Tyr Qu GQu Hs Leu 20 25 30 Tyr Qu Arg Asp u Ay Asp Lys Trp
Arg Asn Lye Lys Phe Qu Leu 35 40 45 Gy Leu G u Phe Pro Asn Leu Pro Tyr
Tyr Ile Asp Ay Asp Val Lys 5Q@lS 60 Leu Thr dn Ser Ala llelle Arg
Tyr Ile Ala Asp Lys H s Asn 65 75 80 Mt Leu Ay Ay s Pro Lys Gu
Arg Ala Qu Ile Ser Met Leu Au 85 90 95 Ay Ala Val Leu Asp Ile Arg Tyr
Gy val Ser Arg Ile Ala Tyr Ser 100 105 11Q é‘ngys Asp Phe A u Thr Leu Lys
Val Asp Phe Leu Ser Lye Leu Pro G n 115 120 195 Met Leu Lye Met Phe G u
Asp Arg Leu Cys KLP pby@iihd1yTony AgumdAetly d30md3bepl #fk Ee/ nédsmikiczyVal Thr
H's Pro Asp Phe Met sBeu Tyr Asp Al aS¥%eu Asp 145 1§ﬂ3 33'2"5 16Q églr Val Leu
Tyr Met Asp Pro TEE/S"E&]“A&% BECPhEPIT EYSEIRGTEE 70 T rsecval oOys
Phe Lys Lys Arg LEAQ)lLeAl:ﬁrrld:%g Brocld Bln Len ﬁegjhsuySeﬂ'yer Gl@(g_llli%ulgo Leu
Lys Ser Ser Lys Tyr lle Ala ro.le ' E Ir 200 205
Thr Phe Ay Gy éa“lg/GA%pnﬁi%‘;E;‘fFIJ E”r%“ ayﬁlygéﬁ b° “eg”‘ic/;gfk %‘g% 3’5 810 215 220
Ay Ser Pro Ay kke sBhaledwalSmr e cvir gysAmaa ProRfir gerPaly Pew APg deu225 230

235 240 L A S G595 45, <2 A '3 513
Artificial egeqlrjgﬁﬁgrgﬁgﬁ%% *}’E‘o‘gﬁgﬁﬁ IBE%J%SFQ%% %%mg‘? e

Met Gly Thr Leu Gly Ile Val Cys Pro Ile Cys Ser Gln Lys Pro
625 630 635

<210> 18

<211> 1482

<212> DNA

<213> aArtificial Sequence

<220>
<223> fusion sequence

<220>
<221> CDS
<222> (1)...{(1479)

<400> 18
atg gcc caa agg gaa tgg gtc gaa aaa gac tte tac cag gag ctg gge 48
Met Ala Gln Arg Glu Trp Val Glu Lys Asp Phe Tyr Gln Glu Lig Gly

1 S 10

gte tce tet gat gec agt cot gaa gag atc aaa ¢gt gec tat cgg aag 96
Vval Ser Ser Asp Ala Ser Pro Glu Glu Ile Lys Arg RAla ng Arg Lys
20 25

tt cg cgc gac ctg cat ccg gac gog aac ccg ggc aac ccg goec goee 144
Leg glg Agg gsp Leu His Pro Asp Ala Asn Pro Gly Aen Pro RAla Ala
as 40 45

c gaa ¢ ttec aag gog gtt teg gag geg cat aac gtg ctg teg gat 192
ggy glu Agg Phe Lys Ala Val Ser Glu Ala His Asn Val Leu- Ser Asp
' 50 55 ‘ 60

ceg goe aag ¢gc aag gag tac gac gaa acc ¢gc cgc ctg tte gee ggo 240
Pro Ala Lys Arg Lys Glu Tyr Asp Glu Thr Arg Arg Leu Phe Ala Gly
€5 70 75 80

c ttc ggc gge cgt cgg the gac age gge ttt ggg ggc ggg tte 288
ggy ggg Phe Gly Gly Arg Arg Phe Asp Ser Gly Phe Gly Gly Gég Phe
85 S0

c t tte ggg gtc ggt gga gac ggeo goce gag tte aac ¢te aac gac 336
ggy ggy Phe Gly Val Gly Gly Asp Gly Ala Glu Phe Asn Leu Asn Aep
100 105 . 110

ttg ttc gac gcc goc age cga acc gge ggt acc ace atc ggt gac ttg 384
Leg Phe gsp ala ARla Ser Arg Thr Gly Gly Thr Thr Ile Gly Asp Leu
115 120 125

tte t gge ttg ttc gga cge ggt ggc age goc cgt ccc agc c¢gc ccg 432
Phe ggy gly Leu Phe Gly Arg Gly Gly Ser Ala Axg Pro Ser Arg Pro
130 135 140

cge ¢ aac gac ctg gag acc gag acc gag ttg gat ttc gtg gag 480
gg; Agg ggy Asn Asp Leu Glu Thr Glu Thr Glu Leu Asp Phe Val Glu
145 150 155 160



<220>

atg
Pro
ctt

Leu
gaa
Ay
aat

Leu
ate
Ile
aaa

aaa

tcc
Ile
ctt
du
ggt
Asp
ctt
Pro
ata
Arg
gag
Arg
ggt
Val
gat
Phe
t gt
H s
ttg
Tyr
ctg
Asp
ate
Pro
cct
Leu
tcg

<223> fusion

cct
Leu
ttg
Tyr
gat
Lys
cct
Tyr
cgt
Tyr
cgt
Al a
gtt
Ser
ttt
Leu
cat
Lys
t at
Asp Al
gat
Al a
cca
Adn

ttg
gat

sequence <220>

<221> CDS <222> (1).

. (972) <400> 24

ata cta ggt tat tgg aaa att aag ggc ctt gtg caa ccc 48 I\/ﬁE ?ﬂi«
Gy Tyr Trp Lye Ile Lys Ay Leu Val @n Pr0151015 [;5
gaa tat ctt gaa gaa aaa tat gaa gag cat . ttg 96 Thr Arg Leu Leu
Leu Gu Gu Lys Ty#G u Qu Hs Leu 20 25 3 tat gag cgc gat
aaa tgg cga aac aa®aag ttt gaa ttg 144 Tyrmdu Arg Asp Qu
Trp Arg Asn Lys Lys Phe Qu Leu 35 40 45 ggt ttg gag ttt ccc
tat tat att gat ggt gat gtt aaag%g% Ay Leu Qu Phe Pro Asn
Tyr Ile Asp Gy Asp Val Lys 50 O tta aca cag tct atg gee
tat ata get gac aag cac aac 240 Leu Thr @n Ser Met Ala lle
| | e gAk agchsie 9: b#ssgmﬁtﬁﬁcq@ﬂ??gsﬁtaagg age C% 9980 t gt t=ta
gca »@agﬂatferst ’E{ Mg tley&aC 288 PrRde | S Pro Lys
Gu lle Ser eu Gu 85 90 95 gga gcg gtt ttg gat attq%ga
t cg tagaacat &acgt;qp tat geyeoa3369 ICF \FIAICH2 W Arg
Ar g QvF &FhA| BeTE¥E B Cihges G8Y Al M%{fé"\ﬁﬁ ;'lt;f tiogaa a%‘f ctc aaa
ctt agc aag c a cct gaa 384 Lys Ast Phe G u Thr Leu Lys %/ie}ll
Ser dtystgtecrcPaer Bqadc] 999 209 B2S gt t aa g cgt
aaa VaeLyeafEo T G4t A2 Y © P&fﬁiqle aq{‘ﬁg 5 "‘\g ggp:gArg Leu
Thr Tyr Leu Ast? 130 135 140 ggt gat c_aﬁtg éqgaag(ée cat cct gac ttc
gac tttemgcg c 2ED ég z@? r

Lgh %lyl%f %5’0 %g; E)TE@§ tzl:g taiseatg gac cca atg
gcg ttc cca aaa tta 528 Val VaI . -ﬁé, Asp Pro Met
Phe e IEVERILEAL TS 10 B85 ¢ yﬁq‘?igyt ﬁé? oz att gaa

caa BEtM§a

Ile Asp LysT

con ST

ctg gtt cc

cag
Gln

ccce
Pro

tte
Phe

acc
Thr
305

acg
Thr

cgt

cta
Leu

gct
Ala

tte
Phe
385

cct
Pro

cgc a
Arg

tcg
Ser

ggc
Gly
290

gaa
Glu

gtc
val

gtg
val

ctt
Leu

cag
Gln
370

aac

aAsn

aca
Thr

Ile

ggg
Gly
275

cge
Arg

ttyg
Leu

gg9g
Gly

cge
Arg

gtc
val
355

gaa
Glu

Pelals
Pro

ttyg
Leu

Arg
260

gat
Asp

gac
Asp

gct
Ala

gte
Val

gga
Gly
340

acc
Thr

gct
Ala

cgg
Arg

cat
His

180 185

ﬁgc nﬁ?

gc cggg 672

aag taczm/6 Val

190

t%c

aaa

ccce

¥5¥r Sro
200 205 acg 280t ggt ggt 99c2%pac cat cct cca

cta gecc ggt cag ggc

Leu Ala

tac
Tyr

ctc
Leu

gge
Gly

gac
Asp

Gly

gtg
val

gac
Asp

Gln Gly

265

gtg
Val

acqg
Thr
280

cte
Leu

acec
Thr

298

ttg
Leu

ggce
Gly
310

gtg
Yval

cgg
Arg
325

cgce
Axg

ggt
Gly

gtg
Val

aaqg
Lys

ctyg
Leu

gaa
Glu

tcg
Ser

ceo
Pro

gtg
val

gtg
Val

gee
Ala

ctg
Leu

acg
Thr

aaa
Lys

gge
Gly

cce
Pro

aag
Lys
345

gtg
val

gec
Ala
360

tat
Tyr

gcg
Ala

375

goe
Ala

gga
Gly
390

tat
Tyr

gaa
Glu
405

tgg
Trp

atg
Met

gca
Ala

ggt
Gly

tta
Leu

gat
Asp

gag
Gliu

cat
Ris

gtc
Val

teg
Ser

ace
Thr
330

cge
Arg

ccg
Pro

gcg
Ala

aat
Asn

ttg
Leu
410

gce
Ala

gtg
Val

acc
Thr

gtg
Val
315

gct
Ala

agt

Ser

ccc
Pro

gcyg
Ala

cge
Arg
395

caa
Gln

999
Gly

cag
Arg

gtt
val
300

cct
Pro

gac
Asp

999
Gly

aat
Asn

gag
Glu
380

atg
Met

cca
Pro

ttg
Leu

cee
Pro
285

ccg
Pro

acc
Thr

ggc
Gly

gagt
Gly

ttg
Leu
365

cgy
Arg

cat
His

gag
Glu

o
S

cgco
Arg
270

gac
Asp

gte
Val

ctg
Leu

cge
Axg

agc
Ser
350

gca
Ala

tece
Ser

gga
Gly

aca
Thr

a%y%d

gge gct
Gly Ala

atc
Ile

aag
Lys

tte
Phe

agc
Ser

gac
Asp

ggce
Gly
320

att
Ile
335

ctg
Leu

ggc
Gly

gac
Asp

ggc
Gly

gce
Ala

agt

Ser

ggt
Gly

aca
Thr
400

gat
Asp

act
Thr
415

gat
Asp

ﬁ,AIa

s PheslLye Lys Arg IMQGIU Ala

o &

816

864

912

960

1008

1056

1104

1152

1200

1248



Thr Phe Ay Ay @y Asp Hs Pro Pro Lys Ser Asp Leu Val Pro Arg 210 215 220
24/ 54 gga tcc atg cat gga gat aca cct aca ttg cat gaa tat atg tta%étﬂﬁ@dﬂ@ﬁl
Gy Ser Met His Ay Asp Thr Pro Thr Leu H's Gu Tyr Met Leu Asp 225 230 235
240 ttg caa cca gag aca act gat ctc tac tgt tat gag caa tta aat gac 768

Leu Gn Pro Gu Thr Thr Asp Le.Tyr Cys Tyr Au Gn Leu’n Asp 245 250 255
agc tca gag gag gag gat gaa ata gat ggt cca get gga caa (gca gaa 816 Ser

Ser Qu QQu Qu Asp Qu Ile Asp Ay Pro Ala Gy @ n Ala Au 260 265 270

ccg gac aga gcc cat tee aat att gta acc ttt,tgf tgc aag tgt gac 864 Pro
Asp Arg Ala H's Tyr Asn Ile Val Thr Phe Cys @s Lys Cys Asp 275 280 285 tct
acg ctt cgg ttg Jgc Gt erCem 3gf caL atL a6t Gha aga&catdag%b Bgtgddlgaa Ser 1F4¢r,

Leu Arg Leu Cys réalTy evsSEyz ¥hy CH Sewaisn Asp SPF Searge FiF OP=8'™300 ttg gaa
gac ctg tta atg ggc aca cf‘%ogga att gtg tgct ccc atc tgt 0 C sli CPy
ro e ys Leu G yASfut kel g hgcya Het daelbcflgpc|dge géal caB0ER34E: 31513940

tct cag aaa cca Jtlﬁ\;%@;%tﬂw By Spr §lak 8)9125’”4’221‘59 %H%Z%AWT <213>
Artificial Sequence <2¥¥> <223> fusion sequence <400> 25 Met Ser Pro Ile
Leu Ay Tyr Trp Je¥Sqtal &cd ys Gy thewayakt @an Her regloth <b@ e tochgtadr g RERE Leu
Leu Au Tyr Leu rﬂesugda@ TheLRe TY7 COF GYEIWD AP SO U 2f A5 OTYR HUYR g Asp G u-
Ay Asp Lys Trp Arg""sﬂnn Lys Lyn Phe ulLeu 3540 45 dy Leu Qu Phe Pro

Asn Leu Pro Tyr I adel £caAs tdSggc Ash ovhlack\tbg gaa gac ctg tta atg gge 1440
Y gl% ggr Thr HfﬂDEal Az£ IIE)Arg Thry§2u Glu Asp Leu Leu Met Gly

465 470 47% 480
482
ca cta a att gtg tge ccc atc tgt tct cag aaa cca tag 1
o ;hr Leu ggy Ile Val Cys Pro Ile Cys Ser Gln Lys Pro.
0 485 490
<210> 19
<211> 493
<212> ERT

<2313> Artificial Sequence

«220>
«223> fusion sequence

<400> 19 '
Met Ala Gln Arg Glu Trp Val Glu Lye Asp Phe Tyr Gln Glu Lﬁg Gly
1 5 10
val Ser Ser Asp Ala Ser Pro Glu Glu Ile Lys Arg Ala ng Arg Lys
20 25
Leu Ala Arg Asp Leu His Pro Asp Ala Asn Pro Gly h:n Pro Ala Ala
35 40 5
Gly Glu Arg Phe Lys Rla Val Ser Glu Ala His nzg Val Leu Ser Asp
50 55 _
Pro Ala Lys Arg Lys Glu Tyr Asp Glu Thr Agg Arg Leu Phe Ala G;g
65 10
Gly Gly Fhe Gly Gly Arg Arg Phe Asp Ser Gly Phe Gly Gly Gég Phe
85 =10
Gly Phe Gly Val Gly Gly Asp Gly Ala Glu Phe Asn Leu Asn Asp
i Gly 61y 10% 105 110
{ Leu Phe Rep Ala Ala Ser Arg Thr Gly Gly Thr Thr i;: Gly Asp Leu
' 115 120
Phe Gly Gly Leu Phe Gly Arg €Gly Gly Ser Ala gig Pro Ser Arg Pro
130 135 _
Arg Arg Gly Asn Asp Leu Glu Thr Glu Thr Glu Leu Asp Phe Val Glu
145 150 155 ‘ 160
Ala ala Lys Gly Val Ala Met Pro Leu Arg Leu Thr Ser Pro Ala Pro
165 170 175 L
g Thr Asn Cys His Gly Ser Gly Ala Arg Pro Gly Thr Ser Pro Lys
e 180 i85 190
val Cys Pro Thr Cys Asn Gly Ser Gly Val Ile Asn ggg Asn Gln Gly
195 200
Ala Phe Gly Phe Ser Glu Pro Cys Thr Asp Cys ggg Gly Ser Gly Ser
210 215
Ile Ile Glu His Pro Cys Glu Glu Cys Lys Gly Thr Gly val Thr Thr
225 230 235 240
Arg Thr Arg Thr Ile Asn val Arg Ile Pro Pro Gly Val Glu ggg Gly
245 250
Gln Arg Ile Arg Leu Ala Gly Gln Gly Glu Ala Gly Leu ggg Gly Ala
260 265
Pro Ser Gly Asp Leu Tyr Val Thr Val His Val Arg ggg Asp Lys Ile
275 280
Phe Gly Arg Asp Gly Asp Asp Leu Thr val Thr Val Pro Val Ser Phe
230 295 300



50 55 Leu Thr G n Ser Met Ala lle Ile Arg Tyr Ile Ala Asp Lys H's Asn 65

70 75 80 Met Leu Ay Ay Cys Pro Lys Gu Arg Ala Gu Ile Ser Mt 31950 W03,
85 90 Ay Ala Val Leu Asp Ile Arg Tyr Ay Val Ser Arg Ile 1llaa Tyr Ser 100
105 Lys Asp Phe Qu Thr Leu Lys Val Asp Phe Leu Ser L2s Leu Pro Gu 115

120 Met Leu Lys Met Phe Gu Asifrg Leu Cys His Lys Thr @r Leu Ann 130

135 dy Asp H's vVal Thr Hs Pro Asp Phe Met Leu Tyr Asp a Leu Asp 145

150 155 Val Val Leu Tyr Met Asp Pro Met Cys Leu Asp Ala Phe Pro 175 Leu

165 170 Val Cys Phe Lys Lys Arg Ile Gu Alaid/se Pro G n Ile Asspp Lys Tyr
180 185 Leu Lys Ser Ser Lys Tyr Ile Ala Trp Pro Leu Gn @Ay Trp Gn Ala

195 200 Thr Phe 1Bryel@ yewGhya Asp S SePridr Pep ey sVabet=oAlyy teurapaElPro Arg

210 215 220 d 398 ' Rsn. The JPt o Fhilalaw & thel¥du Met Leu
Asp 225 230 975*“5?612/'8}9”3?525/2 218%38 &% o ot Hial s ddvoncd el Tyr Oys

Tyr Gu G n Leu MsrvaAsiry S1E 22512551 Sap gggrhre W FY QUHESPIW® I1e Asp

Ay Pro Ala Gy Gn Al GGt v26Q.,2681 219 valRo AR Mndredl RaHesy Kyd Asn Ile
Val Thr Phe Cys S LysssCys Asp 575 2860285 Ser Thr ¥u Arg Leu Cys Val

G n Ser Thr H s Aalclaspiv Pea Aey SHRrkla Zyp 293130821 H HOUSKsPLEY Leu Met

Ay Thr Leu Gy JlelXab, Oxs, Ri chi Grpdsa c39SheRlgdids B20c1y60ep Eun Lys Pro

<210> 26 <211> i <212> DNA <298> Artificial BEquence <220> 23> fusion
sequence <400> %Ocﬂﬁgbﬁt"gﬁa%l%g:&?ggﬁf d@uaf@atﬁgflg SGLyThe The Asp

Leu Tyr g Tyr Glu Gln Leu Asn Asp Ser Ser Glu Glu Glu Asp Glu
yr &y 420 425 430
Ile Asp Gly Pro Ala Gly Gln Ala Glu Pro Asp Arg 2%2 His Tyr Asn
435 440
Ile Val Thr Phe Cys Cys Lys Cys Asp Ser Thr ng Arg Leu Cys Val
450 455 4
Gln Ser Thr His Val Asp Ile Arg Thr Leu Glu Asp Len Leu Met Gly
465 470 475 480
Thr Leu Gly Ile Val Cys Pro Ile Cys Ser Gln Lys Pro
485 490

<210> 20

<211> 2847

<212> DNA

<213> Artificial Segquence

<220>
<223> fusion sequence

<220>
<221> CDS
<222> (1).-.(2844)

<400> 20

J 48

T c agc agc cat cat cat cat cat cac agc agc gge ctg gtg ccg

;eg g%y sgr Ser His His His His His His Ser Ser Gly Leu Val Pro

1 5 10 15

' ' 96

cgc ¢ age cat atg goe aag aca att geog tac gac gaa gag gec cgt

f\ Agg ggy Sgr His Met Ala Lys Thr Ile Ala Tyr Asp Glu Glu Ala Arg

1 20 25 30

144

¢ cte gag ogg gge ttg aac gec ctc goc gat gog gta aag gtg

:g; ggy Leu glu Arg Gly Leu Asn Ala Leu Rla Asp Ala Val Lys Val

3% 40 45

192

tt ¢ ccc aag gge cge aac gtc gtc ctg gaa aag aag tgg ggt

;ﬁi Leg ggy Pro Lys Gly Arg Asn Val Val Leu Glu Lys Lys Trp Gly

50 55 60

: ' 240

cc acy atc acc aac gat ggt gtg tcc ate gcc aag gag atc gag

gi; ;ro Thg Ile Thr Asn Asp Gly Val Ser Ile Ala Lys Glu Ile qlu

65 70 75 80
288

a at ccg tac gag aag ate ggc gcc gag ctg gtc aaa gag gta

E:g glg gsp pro Tyr Glu Lys Ile Gly Ala Glu Leu Val Lys Glu Val

85 90 . 95

gcc aag aag acc gat gac gtc geoe ggt gac gge acc acg acg gec acc 336

la Thr
Lvs Lys Thr Asp Asp Val Rla Gly Asp Gly Thr Thr Thr A
Ala Lys ¥ 100 105 110



<211> 27 <212> DNA <213> Artificial Sequence <220> <223> fusi onzggsiqﬂwlw
<400> 27 gccatggtac tagttggttt ctgagaa 27 <210> 28 <211> 1947 <212> 4
<213> Artificial sequence <220> <223> fusion seguence <220> <221> CDS
<222> (1)...(1944) <400> 28 atg gat gga gat aca cct aca ttg cat gaa tat atg
tta gat ttg caa 48 Mt Asp 4 p Thr Pro Thr Leu His Tyr Met Leu Asp
Leu dn 15 10 15 cca gag aca dact gat ctc tac tgt tat g caa tta aat gac
agc tea 96 Pro Clu Thr Thr Asp Leu Tyr Cys Tyr Au G n Lau Asn Aspp Ser

Ser 20 25 gag gag gag gat gaa ata gat ggt ccg,get gga caa gca gaa ccg gac
144 du QQu Qu Asp Qu lIle Asp Ay Pro Ala Gy An Ala Qu Pro Asp 35 40

45 aga gcc cat tgeg s8y @blct gaty §dtt cdcQbad §6c @ty cthadaec igey greg 19284Ar g
Ala His Tyr Asn Vil LealAlFHilnphe @psvalyarg Gku @S&L%ﬁrﬁggg Th¥ 238 235 60 ctt
egg ttg tgc gta caa agé*lca cac gta gatatt cgt act ttg gaa 240 Leu Arg
Leu Cys Val A n §g4 gdbiraakl &g\l fgpetel saleqr Jdw ategadGaug Gbc 409 ABg80 V 4BC
29P, 26/ 54 gac cely fla Map@radevdtd Eualwfglrafty gty Sipiveds 4 ¥Yt tct cag
288 Asp Leu Leu I\/EturGy Thr Leu Ay’ lle Val Cys Pro Ile Cys Ser Adn 85 90

95 aaa cca act agig g6t aggGyagQicc gGCazygeud eec e&T gad T8y &gy amga 33680Lys
Pro Thr Ser Gy ¥3 V& ﬁaﬁ“dwcﬁy"eseﬁ“’l-ﬁ”s" =it s ﬁl‘tg;gf'ﬁ? ngdl‘{;% 110

att gcg tac gac a gag gcc cgt cgc ggc ctc gag cgg ggc ttg aac-384 lle
Ala Tyr Asp G u &gl chy atArgreAreg @EcyacaeargGtr ey 9@ ggﬂ_eac A8 tEiE?ﬂl:EZO 1238gcc
ctc gcc gat gcg @%‘a%‘édlgt%aﬁé T Plgotiactte St thEeder SR B3 %A a Leu
Ala Asp Ala Val Lys Val Thr Leu Gy Pro Lys Ay Arg Asn 130 135 140
, ggt gac ctg atc gcc gag gog atg gac aag gtg gge aac gag ggc gtq 576
. Gly Asp Leu Ile Ala Glu Rla Met Asp Lys Val Gly Asn Glu Gly Val
o 180 185 150 -
| atc ace gtc gag gag tec aac acc ttt ggg ctg cag ctc gag cte acc 624
Tle Thr Val Glu Glu Ser Asn Thr Phe Gly Leu Gln ggg Glu Leu Thr
195 200 )

gag ggt atg cgg ttc gac aag ggc tac atc teg ggg tac tte gtg ace 672
Glu Gly Met Arg Phe Asp Lys Gly Tyr Ile Ser Gly Tyr Fhe val Thr
210 215 220

gac ccg gag cgt cag gag gcg gte ctg gag gac ccc tac ate ctg ctyg 720
Asp Pro Glu Arg Gln Glu Ala Val Leu Glu Asp Pro Tyr Ile Leu Leu
225 230 235 240

gtc agc tecc aag gtg tec act gtc aag gat ctg ctg cecg ¢tg cte gag 768
Val Ser Ser Lys Val Ser Thr Val Lys Asp Leu Leu Pro Leu Leu Glu
245 250 : 255

aag gtc atc gga gec gagt aag cog ctg ctg atc atc goc gag gac gtc 816
Lys Val Ile Gly Ala Gly Lys Pro Leu Leu Ile Ile Ala Glu Asp Val
260 265 270

gag ggce gag geg ctg tec ace ctg gtc gte aac aag atc cge gge acc 864
Glu Gly Glu Ala Leu Ser Thr Leu Val Val Asn Lys Ile Arg Gly Thr
\ 275 280 285

ttc aag tcg gtg geg gtc aag got cce gge ttc gge gac cgec cgc aag 912
Phe Lys Ser Val Ala Val Lys Ala Pro Gly Phe Gly Asp Arg Arg Lys
290 295 300

gcg atg ctg cag gat atg goe att cte ace ggt ggt cag gtg atc agc 260
Ala Met Leu Gln Asp Met Ala Ile Leu Thr Gly G6ly Gln Val Ile Ser
308 310 315 320

gaa gag gtc ggc ctg acg ctg gag aac gcec gac ctg tog ctg cta gge 1008
Glu Glu Val Gly Leu Thr Leu Glu Asn Ala Asp Leu Ser Leu Lgu Gly
325 330 335

aag gcc cge aag gte gtg gte acc aag gac gag acc ace atec gtec gag 105¢&
Lys Ala Arg Lys Val Val Val Thr Lys Asp Glu Thr Thr Ile Val Glu
340 345 350

ggc goc ggt gac acc gac goc atc gce gga cga gtg goe cag ake cge 1104
Gly Ala Gly ARsp Thr Asp Ala Ile RAla Gly Arg Val Ala Gln Ile Arg
355 360 365

cag gag atc gag aac agc gac teoe gac tac gac cgt gag aaé ctg cag 1152
Gln Glu Ile Glu Asn Ser Asp Ser Asp Tyr Asp Arg Glu Lys Leu Gln
370 37% 380



gtc
Val

gtg
Ser
gcc
Au
gac

ctg
Arg
gaa
Lys
aag
du
ggt

Asp
ggc
Aen
etc

ttc
Val
tac
Il e
gat
Leu
ate
I'le
aag
I'le

gtc
Leu
tee
Ile
gag
Leu
ggc
Thr
cgc
Asn
aag
Al a
gag
Val
gac
Adn
aac
Au
gag
Leu
gtg
Thr
atc
Leu
ctg
Leu
atc
Al a
ate
Arg

ctg
Au
ate
Al a
ctg
Val
acc
Thr
aac
Val
gcc
Val

gaa aag aag tgg ggt gcc ccc acg atc acc aac gat ggt 480 Val
Lys Lys Trp Ay Ala Pro Thr Ile Thr Asn Asp Ay 145 15d k6 208
gcc aag gag ate gag ctg gag gat ccg tae gag aag atc 528 Val
Lys Gu Ile u Leu CAu Asp Pro Tyr Qu Lys Ile 165 170 175 ggc
gtc aaa gag gta gc ag aag acc gat gac gtc% 576 Gy Aa
Lys Qu Val ‘Ala Lys Lys Thr Asp Asp Val 0 185 190 ggt
acg acg gcc acc gtg ctg gcc cag gcg ttg gtt cgc 624 Gy Asp
Thr Ala Thr Val Leu Ala G n Al aﬂa@g Val Arg 195 200 205 gag ggc
gtc gcg gcc ggc gcc aac ccqg etc ggt etc aaa 672 GQu Ay Leu
Ala Ala Ay Ala Asn ProLeuGIy LeuLe210215220cgc cate

gtg ge@agtyUec aee © cgca 17 a%ﬂr IIe
Gu ﬁ Axgaferht® &S %g (ngg A shad % W5 e(%oo ggc gcc

cite gag acc aag gag cag att gcg gcc acc gca gcg 768 Ay Ala L

Au
cag
Ser
gag
Ay
ctc
Thr
acc
Asp
ctg
Leu
ctg
Pro
gcc
du
cgc
Ay

Thr degsgd@ ecdGgpg 9K 924 StR|2a9 ?Og 2ttt e gcg
t ee ApcrifgtrySt® By oA é’e‘gé' “;ggﬁ %Fai 1B8T§ %%gr?A la dy
Ile Ay Asp LeuIIeAIaGIuAIaNet 26002%2%%253_?% 1%?8
ggc cotdt e9n t 8 Val

Val Heevatnfr agg %ﬁa L?%%ﬁa it aa %7% Y286 Ph5 %tt ggg ctg cag
acc gag ggt atg egg ttc gac aag %gc 912 Phe G Leu

o S e sisager ol Heszotean ol 25 o 365 1 ac
gac

aggscgt cag gag gagogtc 960 Tyr 4dse Ser Gly Tyr Phe
ProGIuAr A@n du Al a Val 30531031 3 gac ,q
ot iecssolry e et B B it bl i B0 o5
era Lye Val SemsSI'hr Val 325 33050335 DEC 2003, 27/54 aag
ccg ctg ctc ga te gg CC 4 LYS 48P
Leu gaaiass foo o0 B8 off 8:Bie 0 i enldd BBt 0 387 0
gag gac gtc gag ggc4'gag gcg ctg tccé7acc ctg 1104 B8 Leu lle
p val gﬁ %gugg @gtj:‘ecsgc %%E c-l'-:grgéteéb 3o ég@océﬁﬁatgt C dhgs aae

ggc ﬁc‘{c‘,ﬁt EF0vEl gr§een gl ﬁamlg ylEB2C1Vady ¥ad Ann Lys
Thr Phe Lys Ser W8 Ala Val Lys 4aP

ct cag acc ggt gtc tac gag gat ctg ctec gect gee gge gtt get gac 1536
gla Glg Thr Gly Val Tyr Glu Asp Leuw Leu Ala Ala Gly Val Ala hep
500 505 510
tec aa g ace cgt tcg gog ctg cag aat geg gog tec ate gog 1584
ggg %al Lyg 3:1 Thr Arg Ser Ala Leu Gln Asn Ala Ala Ser Ile Ala
515 520 525
ggg ctg ttc ctg acc acc gag gce gte gtt gecc gac aag ccg gaa aag 1632
Gly Leu Phe Leu Thr Thr Glu Ala Val val Ala Asp Lys Pro Glu Lys
530 535 540
1680
ag aag gct tce gtt cec ggt gge gge gac atg ggt ggo atg gat ttc
glg Lyg Ala Ser Val Pro Gly Gly Gly Asp Met Gly Gly Met Asp Phe
545 550 555 560
ct age atg ggc tcc atc gge gca gca age atg gaa ttt tgt ttt gat 1728
gla Sgr Meg Cly Ser Ile Gly Ala Ala Ser Met Glu Phe Cys Phe Asp
565 - 570 575
1776
ta ttc aag gag ctc aaa gtc cac c§t gcc aat gag aac ake ttc tac
%al Phe Lys Glu Leu Lys Val His His Ala Asn Glu RAsn Ile Phe Tyr
580 585 590
tge cce att gee ate atg tca get cta gee atg gta tac c¢tg ggt gea 1824
cys Pro Ile Ala Ile Met Ser Ala Leu Ala Met Val Tyr Leu Gly Ala
595 600 605
2
aaa gac agc acc agg aca cag ata aat aag gtt gtt cgc ttt gat aaa 187
Lys gsp Sgr Thr Arg Thr Gln Ile Asn Lys Val Val Arg Phe Asp Lys
610 615 620
ctt cca gga ttc gga gac agt att gaa get cag tgt ggc aca tct gta 1920

pro Gly Phe Gly Asp Sexr Ile Glu Ala Glm Cys Gly Thr Ser Val
ggg ¥ 630 635 640



370 375 380 ccc ggc ttc ggc gac cgc cgc aag gcg atg ctg cag gat atg gcc
att. 1200 Pro Ay Phe Ay Asp Arg Arg Lys Ala Met Leu @ n Asp Mef PIDEC PEIL
385 390 395 400 <ctc ace ggt ggt cag gtg atc age gaa gag gtc ggc ctg acg
ctg gag 1248 Leu Thr Ay Ay dn Val Ile Ser Qu Au VvVal Ay Leu Thr Leu
A u 405 410 415 aac gcc gac ct cg ctg eta ggc aag gcc C aag gtc gtg gtc
ace 1296 Ann Ala Asp Leu Ser ulLeu Ay Lys Ala Arg L Val Val Val Thr
420 425 430 aag gac gag acc ace ate gtc gag ggc gcc ggt gac ace gac gcc
ate 1344 Lys Asp Gu Thr Thr Ile Val Gu qysg\la Gy Asp Thr Asp Ala lle
435 440 445 gcc gga cga gtg gcc cag ate cgc cag gag ate gag aac agc gac tcc
1392 Ala Ay ArgcVglt Aat& rchlcet Abg debmta@ atcldae Gk etAsareSera Agp Ser9450
455 460 gac tac Apacvalghizy§eF zggg Iefg\reefgpg%g EyPeetY gl FaggEh § e got
1440 Asp Tyr Asp Arg Qu Lys Leu G n GQu Arg Leu Ala Lys Leu Ala Ay 465
470 475 480 (gOtagt €atQ6er ga'g tad etaage et gggtaggcama agsis gaazeit
aag 1488 Qy Valsnpber Vel 1YY éew&/ﬂea%ﬁgl%%raﬁﬁr% ﬁ% Leu Lye
485 490 495 gag cgc aag cac cgc ate gag gat gcg gtt cgc aat gcc aag gcc gcc
1536 G u Arg LysgaHis: Argatd ethuaAs AR b tyerag Mol 9&3 ta Al 2°600
505 510 gtc gaghfgaﬁfng ate gt cf'”gc?& St G851t gt ’g caa gcg
1584 Val du Qu Qy e Val Ala Gy dy dy Vval Thr Leu Leu G@n Ala 515

$20,528, ¢, ccg amcan @a‘wﬁ%ﬁo%; T PIEmI E%zf%?ce g

u Gy 530
535 540 gcc aac ate gtg aag gtg gcg ctg gag gcc ccg ct aag cag ate qgee
1660 A2 Asn |1mavely byssvnisiise Las o GeRvsroes TR e w478
550 555 560 tt(f,’o@a%l“tﬁ 6 1gag cCg ggc g 'gsgtg gcc gag aagp gtg cgc
aac 1728 The Asn Ser Leu G n Pro Ay Val Val egt Q’S
fe% tac 3

565 570 575 gecepty c S 3o

gat 1776 Leu Pg% %&'% g%c %%ggguégg %ilaggenﬁar%% ?/ﬁVa:ts Tyr GI u Asp

580 585 ctg ctc get gcc ggc gt get gac ccg/ tc aa acactttgt tcg %%@
o1l aacheet A 3%

1824 Leu Leu AI‘&‘M@%JH%Q‘R@@ s ASD BT @

600 3 1 DEC 2003:.,3:; 74d g cag aat Qgcg4gcg tcc atc gc'g:wggg ctg ttc ctg
acc acc gag gcc 1872

gat gaa gac aca caa gca atg cct ttc aga gtg act gag caa gaa agc 2304
Asp Glu Asp Thr Gln Ala Met Pro Phe Arg Val Thr Glu Gln Glu Ser
755 760 765
aa cct g cag atg atg tac cag att ggt tta ttt aga gtg gca tca 2352
iys Pro 3:1 Gln Met Met Tyr Gln Ile Gly Leu Phe Arg Val Ala Ser
770 775 780
t ct tct gag aaa atg aag ate ctg gag ctt cca ttt goe agt ggg 2400
;eg gla Ser Glu Lys Met Lys Ile Leu Glu Leu Pro Phe Ala Ser Gly
785 790 79% 800
a atg age atg ttg gtg ctg ttg cct gat gaa gte tca gge ctt gag 2448
;gr Meg Sgr Met Leu Val Leu Leu Pro Asp Glu Val Ser Gly Leu Glu
\ 805 ) 810 815
{ 2496
‘ ctt gag agt ata ate aac ttt gaa aaa ctg act gaa tgg acc agt
gig Leu glg Sser Ile Ile Asn Phe Glu Lys Leu Thr Glu Trp Thr Ser
820 825 830
tg 2544
tct aat gtt atg gaa gag agg aag atc aaa gtg tac tta cct cge a
" Ser Asn %al Met Glu Glu Arg Lys Ile Lys Val Tyr Leu Pro Arg Met
835 840 845
at a aa aaa tac aac ctc aca tct gtc tta atg get atg gge 2592
2;3 Heg glg glu Lys Tyr Asn Leu Thr Ser Val Leu Met Ala Met Gly
850 855 860
2640
act gac gtg ttt age tect tca gecc aat ctg tct gge atc tcc teca
?EZ Thr gsp %al Phe Ser Ser Ser Ala Asn Leu Ser Gly Ile Ser Ser
865 870 875 880
t gca gaa 2688
ag agc ctg aag ata tct caa get gte cgt gca gea ca
gi: glg Sgr Leu Lys Ile Ser Gln Rla Val His Ala Ala His Ala Glu
885 890 a9s
atc aat gaa gca ggc aga gag gtg gta ggg tca gca gag get gga gtg 2736

1le Asn Glu Ala Gly Arg Glu Val Val Gly Ser Ala Glu Ala Gly Val
S00 205 910



Leu dn Asn Ala Ala Ser Ile Ala Ay Leu Phe Leu Thr Thr Gu Al a 6\10({%}5 E&O
gtc gtt gcc gac aag ccg gaa aag gag any get tcc gtt ccc ggt ggc ¥9P 2003
@ yy Val vVal Ala Asp Lys Pro Gn Lye Qu Lys Ala Ser Val Pro 625 630 635
640 ggc gac atg ggt ggc atg gat ttc tga Ay Asp Met Ay Gy Met Asp Phe
645 <210> 29 <211> 648 <212> <213> Artificial Sequ%e <220> <223>
fusi on sequence <400> 29 Met Asp Ay Asp Thr Pro Thr Leu ™ s GQu Tyr Met
Leu Asp Leu Gn 15 10 15 Pro GQu Thr Thr Asp Leu Tyr Cys Tyr GQu dn Leu
Asn Asp Ser Ser 20 25 30 du Qu Gu Asp Glgg4le Asp Ay Pro Ala Gy dn
Ala Gu Pro Asp 35 40 45 Arg Ala His Tyr Asn I'le Val Thr Phe Cys Cys Lys
Cys Asp Ser Thr 50 55 60 Leu Arg Leu Cys VaI A n Ser Thr Hs Val Asp Ile
Arg Thr Leu G u 68 BEt 2825TC dkeptitednal ggt tri*c %J grfI&cval €p4
Pro Ile Cys Ser &fh 32855 aI_ erPro %: vay Qy Ser
Hs Mt Ala Lye Thr 100 105 110 Ile Ala Tyr As Glu Gu Ala Arg Arg

Leu Gu Arg Ay Eeqtperts 339 ;% 598, eug éﬁ ﬁ@lggﬁyagavm ZFHF

Leu Ay Pro Lys a’?cﬁélﬁéﬁm 30 Eﬁfﬁ %/Bé'I @? ) VSHYETrp Ay
Ala Pro Thr Ile Thr Asn Asp Ay 145 150 155 160 VaI Ser Ile Ala Lys_G n
lle Gu Leu Gu &b qﬁqgggr@“dﬂﬁ‘ Lys Ile 165 170 175 dy Ala G u Leu A/

Lys du Val Ala hr. Asp Asp Val Ala 180 185 190 Ay Asp Gy Thr

Thr Thr Ala Thr VaI Leu Ala Gn Ala Leu Val Arg 195 200 205 Gn Gy Leu
Arg Asn Val Ala Al@.Gy Ala Asn Pro Leu Gy Leu Lys

<211> 948
<212> PRT
<213> Artificial Sequence

; <220>
<223> fusion sequence

<400> 21 . .
Met Gly Ser Ser His His His His His His Ser Ser Gly Leu Val Pro

1 5 10 15
Arg Gly Ser His Met Ala Lys Thr I%g Ala Tyr Asp Glu G;g Ala Arg
20
Arg Gly Leu Glu Axrg Gly Leu A:g Ala Leu Ala Asp Aig Val Lyse Val
35
Thr Leu Gly Pro Lys Gly Arg Asn Val Val Leu G%g Lys Lys Trp Gly
50 55
ala Pro Thr Ile Thr Asn Asp Gly Val Ser Ile Ala Lys Glu Ile Glu
65 70 : 75 80
Leu Glu Asp Pro Tyr Glu Lys Ile Gly Ala Glu Leu Val Lys G;g val
85 90
Ala Lys Lys Thr Asp Asp Val Ala Gly Asp Gly Thr Thr Thr Ala Thr
100 108 110
val Leu Ala €ln Ala Leu Val Arg Glu Gly Leu Arg Asn Val Ala Ala
115 120 128
Gly Ala Asn Pro Leu Gly Leu Lys Arg Gly Ile Glu Lys Ala Val Glu
130 135 140
Lys Val Thr €lu Thr Leu Leu Lys Gly Ala Lys Glu Val Glu Thr Lys
" 145 150 155 160
| Glu ¢1n Ile Ala Ala Thr Ala Ala Ile Ser Ala Gly Asp Gln Ser Ile
‘ 165 170 175
Cly Asp Leu Ile Ala Glu Ala Met Asp Lys Val Gly Asn Glu Gly Val
180 185 - 190
Tle Thr Val 6lu Glu Ser Asn Thr Phe Gly Leu Gln Leu Glu Leu Thr
198 200 205
Glu Gly Met Arg Phe Asp Lys Gly Tyr Ile Ser Gly Tyr Phe Val Thr
210 215 220 :
Asp Pro Glu Arg Glm Glu Ala Val Leu Glu Asp Pro Tyr Ile Leu Leu
225 230 235 : 240
Val Ser Ser Lys Val Ser Thr Val Lys Asp Leu Leu FPro Leu Leu Glu
245 250 255
Lys Val Ile Gly Ala Gly Lys Pro Leu Leu Ile Ile Ala Glu Asp Val
260 265 270
Glu Gly Glu Ala Leu Ser Thr Leu Val Val Asn Lye Ile Arg Gly Thr
275 280 285
FPhe Lys Ser Val Ala Val Lys Rla Pro Gly Phe Gly Asp Arg Arg Lys
290 - 295 300
Ala Met Leu Gln Asp Met Ala Ile Leu Thr Gly Gly Gln Val Ile Ser
305 - 310 31s 320
Glu Glu Val Gly Leu Thr Leu Glu Asn Ala Asp Leu Ser Leu Leu Gly
325 330 335
Lys Ala Arg Lys Val Val Val Thr Lys Asp Glu Thr Thr Ile Val Glu
340 345 aso



210 215 220 Arg Gy Ile Gn Lys Ala Val Ju Lys Val Thr du Thr Leu Leu
Lye 225 230 235 240 dy Ala Lys Gn Val Qu Thr Lye Qu dn Ile.A é:fﬁﬂ&?/
Thr Ala Ala 245 250 255 1Ile Ser Ala Ay Asp Gn Ser Ile Ay Asp I:’e

Ala Gu Ala Met 260 265 270 Asp Lys Val Ay Asn Gu Gy Vval Ile Thr Val

Gu GQu Ser Asn Thr 275 280 Phe Gy Leu G n Leu Leu Thr Gu Ay
Met Arg Phe Asp Lys Gy 290 2 300 Tyr Ile Ser Ay Ty™ Phe Val Thr Asp
Pro Gu Arg G n Qu Ala Val 305 310 315 320 Leu Gu Asp Pro Tyr Ile Leu
Leu Val Ser Ser Lye Val Ser Thr Val 325 3328{%5 Lys Asp Leu Leu Pro Leu
Leu u Lys Val Ile Gy Ala Ay Lys Pro 45 350 1947 | DEC 20a. 29/54
Leu Leu Ile Il egﬁlﬁiaGb ty ASP NaIASGmaGm GauclA Brglel Ber cIFhild g 355 360

365 Val Val s |1Bs5 Arg s,.Se qu %$, Ala 370
375 380 Pro Gg}npgeg G}?GAE&%S@‘AQ,@ ‘°L %I AP Eﬁu ﬁysi%%‘l_l\/b? Alalle
385 390 395 400 ,Led The AGayLya neuGia dlal GJJyI w1See GuIGE yye\/&}a? Leu Thr

Leu G u 405 4108615 Asn Al a . O eu Ser %SLZ §é%§u Lys Val
Val Val Thr 42ga43% 380 StYs2Ash AU Lﬁﬁrﬂfhsl @'ﬁyﬂa}/nl Gays Ala Ay Asp

Thr Asp Ala || eyi4e0 M@nééalaAlya JGIa 1Ar 1Vallu Auacyl Ald Vg;l AtyS&yn du lle

A u hen Ser Asp Ser 450 488 46 M e @p AQu Arg
Leu Ala Lye Lel® §¥d'%: Eg‘eﬂ% A&}%;% QA%/%I)gi asval ITe ys Ala Ay

Ala Ala Thr 4 ULe\‘aJ;]_LG?.]Jy lrepi d1y9k14881r4£9® MQSABHGHP L!I’_Slga’l-li‘%a APY 1le Au

Asp Ala Val Arg Aa#bol a 3 7 0R.0d8 &l W1Oeko Ghy |1 e Val
Ala dy dy d yGl\‘g f‘laTﬁfr" 1E efﬁ% Afigola]%l%%&ﬂs Ala Prod®hr Leu Asp

du Leu Lys Lewdd wiCGhya Asp L@k (Vap| P&'Q'an guy® 8135313 B SINLER RER 11 e Val
Lys Val Ala Leu, @ bt Bi a8 Uryk Vo1 G ielueL Ma EA5cHOababa 56H

| Pro Val ?gg Val Thr Arg Ser 253 Leu Gln Asn Ala 22: s:r Ile Ala
Gly ggg Phe Leu Thr Thr g;g Ala Vval Val Ala gzg Lys Pro Glu Lys

Glu Lys Ala Ser Val ggg Gly Gly Gly Asp Eg; Gly Gly Met Asp ggg

ig ser Met Gly Ser Ile Gly Ala Rla Ser Met Glu Phe Cys g!}x: Asp

val Phe Lys ggg igi Lys Val His gég izg Asn Glu Asn ;;g Phe Tyr

Cys Pro g;: Ala Ile Met Ser ﬁgg Leu Ala Met Val ggg Leu Gly Ala

Lys ggg Ser Thr Arg Thr gig Ile Asn Lys Val Zg% Arg Phe Rsp L?s

Leu Pro Gly Phe Gly Rsp Ser Ile Glu Ala gég cys Gly Thr Ser gié

gii val His Ser Ser igg Arg Asp Ile Leu Ren Gln Ile Thr ggg Pro

Asn Asp Val ggg g:i Phe Ser Leu 2%2 gzg Arg Leu Tyr 2%3 @lu Glu

Arg Tyr Egg Ile Leu Pro Glu zgg Leu ¢ln Cys Val ggg Glu Leu Tyr

{“ arg gég Gly Leu Glu Fro éég Asn. Phe éln Thr ?ég Ala Asp Gln Ala
\ Arg Glu Leu Ile Asn gig Trp Val Glu Ser gig Thr Asn Gly Ile gég
;g; asn Val Leu Gln Pro Ser Ser Val ?gg Ser Gln Thr Ala ?g; val

Leu Val Asn ?ﬁg Iig Vval Phe Lys sig Leu Trp Glu Lys ggg Phe Lys

Asp Glu ?gg Thr Gln RAla Met ggg Phe Arg Val Thr gég Gln Glu Ser

Lys g:g val Gln Met Met ggg Gln Ile Gly Leu ggg Axg Val Ala Ser

Met Ala Ser Glu Lys ?gg Lys Ile Leu Glu ?gg PrO‘Pﬁe Alé S?r gég

;ﬁi Met Ser Met Leu Val Leu Leu Pro gig Glu Val Ser Gly ggg Glu

Gln Leu Glu gg; ggg Ile Asn Phe ggg Lyes Leu Thr Glu ggg Thr Ser

Sex Asn gg; Met Glu Glu Arg ggg Ile Lys Val Tyr gig Pro Arg Met

Lys gg; Glu Glu Lys Tyr 2:2 Leu Thr Ser Val gzg Met Ala Met Gly

e Ser Ser

éég Thr Asp Val Phe gﬁg Ser Ser Ala Asn g$g Ser Gly Il Ses



Phe Aen Ser Ay Leu Au Pro Gy Val Val Ala Qu Lys Val Arg Asn 5% Ség SZ@
Len Pro Ala Ay Hs Gy Leu Aan Ala A n Thr Ay Val Tyr G u Asp d 5 %
590 Leu Leu Ala Ala Gy Val Ala Asp Pro Val Lye Val Thr Arg Ser Ala 595

600 605 Leu Adn Asn Ala Ala Ser Ile Ala Ay Leu Phe Leu Thr Thr Qu Al a

610 615 620 Val Val Ala Asp LQ Pro Gu Lys Qu Lys A er Val Pro Ay

Ay 625 630 635 640 dy Asp t dy Ay Met Asp Phe 6 <210> 30 <211>

24 <212> DNA <213> Artificial Sequence <220> <223> fusion sequence <400>
30 ttcgccatgg ccaagacaat tgcg <210> 31 <2 ]1>5435 <212> DNA <213>

Artificial Sequence <220> <223> fusion sequénce <400> 31 gtaccccgac

atat ggccct tgtcgaacsy Lot Ak £Aldte 8@ cr2iila v8BRis #Rd Ara BNAMREB2 Artifici al
Sequence 24 35 ;3 3 DEC 2UQL 8830/ 54 <220> = &¥P3> fusi on Seddence <220>

<221> CDS <222>Itqysn Qiggiy €obss 8% Ity 3 & HAEE" Ach “at thigcg’ tac gac gaa

gag gee cgt CQC p@8G18tMa06 48 sdlebrAbm ks adhinid lnep Alia PRy Phdgpud u G u Al a

Arg Arg Gy Leu Gu 198510 15 e 82¢ ¢ C et?@3qcc gat. gcg gta aag
gtg aca ttg ggc pB%(gggene Lys His IPeggfggThr Ag’n %?a Vgle%ig tPﬁe & (ﬁy Arg

Cys Val Gly Ser
945

«210> 22

<211> 738

<212> DNA

<213> Artificial Sequence

<220>
<223> fusion seguence

<220>
<221> CDS
<222> (1)...{735)

<400> 22

48
tg tce cct ata cta ggt tat tgg aaa att aag ggc ctt gtg caa ccc
geg Ser Pro Ile Leu Gly Tyr Trp Lys Ile Lys Gly Leu Val Gln Pro
1 5 10 15
act cga ctt ctt ttg gaa tat ctt gaa gaa aaa tat gaa gag cat ttg 96
Thy Arg Leu Leu Leu Glu Tyr Leu Glu Glu Lys Tyr Glu Glu His Leu
20 25 30
tat gag cgc gat gaa ggt gat aaa tgg cga aac aaa aag ttt gaa ttg 144
Tyr Glu Arg Asp Glu Gly Asp Lys Trp Arg Asn Lys Lys Phe Glu Leu
35 40 45
tt ag ttt ccc aat ctt cect tat tat att gat ggt gat gtt aaa 192
gg; Lea glg Phe Pro Asn Leu Pro Tyr Tyr Ile Asp Gly Asp Val Lys
50 55 60
240
tta aca cag tet atg gee atc ata cgt tat ata gct gac aag cac aac
Leu Thr Glg ser Met Ala Ile Ile Arg Tyr Ile Ala Asp Lys His Asn
65 70 75 80
{
| 288
tg tt gt tgt cca aaa gag cgt gca gag att tca atg ctt gaa
;eg Leg gg; gly Cyes Pro Lys Glu Arg Ala Glu Ile Ser Met Leu Glu
8s s0 95
336
a gc tt ttg gat att aga tac ggt gtt teg aga att gea tat agt
ggy glg 3a1 Leu Asp Ile Arg Tyr Gly Val Ser Arg Ile Ala Tyr Ser
100 105 110
aaa gac ttt gaa act ctc aaa gtt gat ttt ctt agc aag cta cct gaa 384
Lys Asp Phe Glu Thr Leu Lys val Asp Phe Leu Ser Lys Leu Pro Glu
115 120 125
tta aat 432
tg ctg aaa atg ttc gaa gat cgt tta tgt c?t aaa aca tat
;eg Leg Lys Met Phe Glu Asp Arg Leu Cys His Lys Thr Tyr Leu Asn
130 135 . 140
t ctt gat 480
t gat cat gta acc cat cct gac ttc atg ttg tat gac gc
ggy gsp Hig Val Thr His Pro Asp Phe Met Leu Tyr Asp Ala Leu Asp
145 150 155 160
gtt gtt tta tac atg gaec cca atg tge ctg gat gcg ttc cca aaa tta 528

val Val Leu Tyr Met Asp Pro Met Cys Leu Asp Ala Phe Pro Lys Leu
165 170 175



Arg
aag

aac
Asp
aag
Ile
gtc
Al a
cgc
du
aaa
Arg

ggc
Al a

gcc

ttg

Asn
aac
Val
gtg
Ser
gee
Au
gac
Ay
ctg

Al a
gtc
Val
tee
I'le
gag
Leu

ggce

Leu Al a
gtc ctg
Leu Gu
ate gee
Al a Lys
ctg gte
Val Lys
ace acg
Thr Thr Thr
cgc aac gtc
ggiis ngi/ditt Maa Faacdd

Asp Al a
gaa aag
Lys Lys
aag gag
Galle
aé!'gag
du Vval

acg gcc
Al a Thr

Val
aag
Trp
atc
du
gta
Al a
acc
Val

gcg gcc ggce
%;UM@% m§nawwec

Val
ggt
Al a
ctg
Au
gcc aag
Lys Lys
gt J
Le%2g§4
gcc aac

Lye
tgg
Ay
gag
Leu

at e"glagYad’é‘enggg WP gatt oSy R THCE”

Thr GQu 115 120 125 ace ctg etc aag

Gu Lys Ala Val

gagted cag
Val Ley &vy
gac cag téa ate ggt

G u Lys

gac

a na®|tt1=lgat@9§ gpﬁg efet] g%
t§eace

ggc T%(ghg’ (,fdy
Asn Au Ay Va

cagsm Code

Leu,

IIe Thr

g ga gat aca cct aca ttg

t
o5 e § Tk
tC tac Z4gt tat
Asp Leu Tyr Cys Tyr Gu
gaa %@ %t ggt cca get
IIe< v Pro Ala Ay

cat <2ie Arrifipiel FPEeAtT
Ann_dle Val Thr Phe Cys
t gc<gd3a D@dormgeaureee cac

<400> 23
Met Ser Pro Ile Leu
1 5
Thr Arg Leu Leu Leu
20
Asp

Gly Tyr
Tyr

Asp

Glu

Glu Arg Glu Gly

35
Glu

Tyr

Gly Leu

55
Ile

Phe Pro Asn

Leu
50
Thr Ala
70

Pro

Leu Gln Ser Met

€5
Met Gly Cys
B85

Asp

Leu Gly Lys

Leu Ile
100

Glu

Gly Ala val Arg

Phe Thr Leu Lys

118
Lys

Lys ABD

Met Phe Glu Asp

135
Pro

Leu
130
Asp

Met

His
150
Asp

val Thr

Tyr

Lys
180
Ser

Gly His
145

val Pro

Met
165

Lys

Val Leu

val Cys Phe Arg Ile

LYB Ile

Ser Lys Tyr

195
Gly

Leu

His
215
Gly

Gly Gly Asp

Phe
210

Ser

Thr

Ile Pro
230
Cys
245

Gly Pro Gly
225
Leu Gly

Arg Ser

<210> 24

<211> 975

<212> DNA

<213> Artificial Sequence

Val

L2 5% B el T

ctg

Val

%ﬁ%ﬁ%@g&ﬁ@

cat
Au

gag
Adn

gga
225

ttt
Cys
gt a
Trp
Leu
Lys

40
Pro
Ile
Glu
Tyr
val
120
Arg
Asp
Met
Glu
Ala
200

Pro

Ser

Bag ©
pr

Thr
gcc
Pro
gag
Asp
aag
Thr
gcc
Adn
ccg

2

4 I5

Leu Ay Pro 20, 35 2003,
ccc acg ate 12%% ng

Thr 1le 35 40 45 acc
gat ccg 192 Thr Asn

Pro 55 60 tac gag
ace™240 Tyr Qu Lys

65 70 75 80 gat gac

cag 288 Asp Asp Val

85 90 95 gcg ttg gtt
336 Ala Leu Val Arg

ggt ¥Efc
ég:jf Kg y Leu Lys

iggt;gi(gga 1956 Lys @ty

€ acc gca gcg att

ate 480 Ala Thr Ala Ala |Ile Ser

3‘25;52135@
gtc

Arg 1

R B

A u 165 170 175

oS o o ian

@3€185 190

gcg Htg
Met Asp
tee aac ce
ASR Thr

ttc gao aag ggc

gaa tat 624 Phe Asp Lys Gy

Tyr

195 200 205 atg tta gat ttg caa

caa 672 Net Leu Asp Leu Gn Pro
210 215 220 tta aat gac agc tea gag

720 Leu Asn Asp Ser

Ser Au du

230 235 240 31/54 caa gca gaa ccg
Gn Ala Qu Pro Asp Arg

tgt tgc
245 -
gac

Ile
1o
Glu

Lys

Glu
25
Trp Arg

Tyr Tyr

Arg Tyr

Lys
Lys
Asn
Ile

Ile

Gly
Tyr
Lys
Asp

60
Ala

75

Ala
S0
Val

Arg
Gly

105
Asp Phe
Cys

Met

Leu

Phe

Glu
Ser
Leu
His

Leu

Ile
Arg
Ser
Lys

140
Tyr

155

Leu
170
Ile

Cys

Ala
1a5
Trp Pro

Pro LysB

Thr Arg

Asp
Pro
Leu

Ser

Ala
Gln
Gln

Asp
220

Ala Pro

235

250 255 aag tgt gac tct acg

Val Gln
15

His

Leu Pro

Glu Glu
30
Phe

Leu

Lys Glu Leu

Gly Asp Val Lys

Asp Lyse His Asn

Met Leu Glu

95
Tyr

Pro

Ser
Ala Ser
11¢
Leu

Ile

Lys Glu

125
Thr L.eu Asn

Tyr

Ala Leu Asp
160

Leu

Asp

Phe Pro Lys
175
Lys

Ile Asp

1%0
Trp

val

Tyr

Gly Gln Ala
205
Leu Pro Arg
Pro

240

Pro Pro Pro



Lye Cys Asp Ser Thr Lou Arg Lou Cys Val dn Ser Thr H's Val Asp 2@012?@_ 2003,
270 att cgt act ttg gaa gac ctg tta atg ggc aca cta gga att gtg tgc

Arg Thr Leu Gu Asp Lou Lou Met Ay Thr Leu Ay Ile Val Cys 275 280 285
ccc atc tgt tct cag aaa cca taa Pro lle Cys Ser Gn Lys Pro 290 295 <210>
33 <211> 295 <212> PRT <213>Qrtifici al Sequence <220 <223> fusion
sequence <400> 33 Net Al a Lys r lle Ala Tyr Asp Qu Ala Arg Arg Gy
Lou Gu 15 1015 Arg Ay Lou Asn Ala Leu Ala Asp Ala Val Lye Val Thr Leo
Gy Pro 20 25 30 Lye Gy Arg Ann Val Val IH%Z QulLye Lys Trp Ay Ala Pro
Thr Ile 35 40 45 Thr Ann Asp Gy Val Ser Ala Lys Qu Ile Gu Leu Qu
Asp Pro 50 55 60 Tyr Gn Lys Ile Ay Ala Qu Lou VvVal Lys Qu Val Al a Lys
Lys Thr 65 70 75289 Asp Asp Val Ala Gy Asp Ay Thr Thr Thr Ala Thr Val
Lou Ala G n 85‘9?)”95“%%%?8&“\?& Arg Gu Gy Leu Arg Ann Val Ala Ala Gy
Ala Asn Pro 10Qa4&5 110 Leu Ay Lou Lys Arg Ay Ile GQu Lye Ala Val GQu
Lys Val Thr G u<24% ¢ 125 Thr Lou Leu Lys Ay Ala Lys Qu Val @u Thr
Lys Gu Gn Ile<Af% (W30-C987 140 Ala Thr Ala Ala Ile Ser Ala Gy Asp G n
Ser Ile Ay Asp<hoos h&et 145 150 155 160 AIa Au Alaﬁ&Nergtths F’f.}és Val (?
AsnGuGIyVaIaF'hé"ﬂrmC % %; 8 E Ay Bu

An Leu Gu Leu™h rseﬁlpro %& ??'é :L %t 1d.9 g%I'f&sp LyasGIy H s Net
Hs @y Asp Thr Pro Thr Leu Hs Gu Tyr 195 200 205 t eQ Asp Leo

o Gu T Thv s BRI st SEhIN0,2 18 21b ST oy &

Ser Qu du Qu yPro aGIy 252303935 240 dn Aa

G‘U Pro ASp A gtﬁ\'ll: aéalg_|lcsgcT | Aa\lsanggl ! ga V%L.a IQI’ Pheaatgé a%& ttt gaa ttg 144

. Tyr Glu Arg Asp Glu Gly Asp Lye Trp Arg Asn Lys Lxg Phe Glu Leu
40

ggt ttg gag ttt ccc aat ctt cet tat tat att gat ggt gat gtt aaa 192

Gly Leu Glu Phe Pro Asn Leu Pro Tyr Tyr Ile Asp Gly Agp Val Lys
50 585 &0

tta aca cag tct atg gcc atc ata cgt tat ata gcet gac aag cac aac 240
Leu Thr €ln Ser Met Rla Ile Ile Arg Tyr Ile Ala Asp Lys His Asn
65 70 75 80

tg tt t t tgt cca ama gag cgt gca gag att tca atg ctt gaa 288
:eg Leg ggy ggy Cys Pro Lys Glu Arg Ala Glu Ile Ser Met Leu Glu

85 20 95

a go tt ttg gat att aga tac ggt gtt tcg aga att gca tat agt 336

ggy glg gal Leu Asp Ile Arg Tyr Gly Val Ser Arg Ile Ala Tyr Ser
100 105 110

aaa gac ttt gaa act ctc aaa gtt gat ttt ctt agc aag cta cct gaa 384

Lys Asp Phe Glu Thr Leu Lys Val Asp Phe Leu Ser Lys Leu Pro Glu
115 120 125

atg ctg aaa atg ttc gaa gat cgt tta tgt cat aaa aca tat tta aat 432

Met Leu Lys Met Phe Glu Asp Rrg Leu Cys His Lys Thr Tyr Leu Asn
130 135 140

ggt gat cat gta acc cat cct gac ttc atg ttg tat gac get ctt gat 480 -
Gly Asp His Val Thr His Pro Asp Phe Met Leu Tyr Asp Ala Leu Asp
145 150 155 160

gtt gtt tta tac atg gac ceca atg tge ctg gat geg ttc cca aaa tta 528
val Val Leu Tyr Met Asp. Pro Met Cys Leu Asp Rla Phe Pro Lys Leu

165 170 175

tt ttt aaa aaa cgt att gaa gct atc cca caa att gat aag tac 576

' 3;1 cgz Phe Lys Lys Arg Ile Glu Ala Ile Pro Gln Ile Asp Lys Tyr
180 185 190

624
ttq aaa tcc age aag tat ata geca tgg cct ttg cag ggc tgg caa gce
Leg Lys Ser Ser Lys Tyr Ile Ala Trp Pro Leu Gln Gly Irp Gln Ala

195 200 205
acg ttt ggt ggt ggc gac cat cct cca aaa tocg gat ctg gtt ccg cgt 672

Thr Phe Gly Gly Gly Asp His Pro Pro Lys Ser Rep Leu Val Pro Arg
210 215 220



'3 1 DEC 2002,
245 250 255 Lys Cys Asp Ser Thr Leu Arg Leo Cys Val G n Ser Thr H s Val

Asp 260 265 270 Ile Arg Thr Lou G u Asp Leo Lou Met Ay Thr Lou Ay lle
Val Cys 275 280 285 Pro Ile Cys Ser G n Lys Pro 290 295 768 816 864 868
<210> 34 <211> 597 "1CC 2003, 32/54 <212> DNA <213> Artificial Sequence
<220> <223> fusion sequence <,)> <221> CDS <222> (1) @ (594) <400> 34
atg gcg aag gtg aac atc aag cca'ctc gag gac aag att ctc g cag 48 Mt Al a
Lys Val Asn Ile Lys Pro Leu Gu Asp Lys Ile Leu Val Gdn 1 5 10 15 gcc aac
gag gcC gag ace acg acc gcg tcc ggt ctg gt CZ%L cct gac 96 Ala Asn Ju A a
Gu Thr Thr Thr Ala Ser Gy Lou Val Ile Pro p 20 25 30 acc gcc aag gag
aag ccg cag gag fPCtAcCetdkat Gigh Yeregtet gys wwatcatigha Gayr athy ataL a G u 3%
Pro Gn Gu Gy Slirseyatetysis Ay A IT"GPW%G 58 5 93 Tggletcl g% gac gag
gac ggc gag aag ©dg ate ccg ctg gac gtt gcg 192 dy Arg Trp Asp Gu Qgg
Ay Gu Lys Arg ddgecddr ecd oug Asp avalgah\ e 30c 3t oGt ge gtc

tac agc aag tac IgachlglgBﬂaéé“ dap "ar eadyg 246 Sie Vr% %p gﬁ '\/af Ile Tyr
Ser Lys Tyr Ay Ay Thr Gu I'lTe Lys 65 70 75 80 tac aac ggc gag gaa Egﬁi
ctg ate ctg tcg geat®gGad) @6y gg@t G2 288 ggFygca e Tyr

Ile Leu Ser Ala Srgsesplvg “L&lﬁ AﬂPglgSIlg(];‘ Gl ?m%gicg—l,&gg%?g cat gga
gat aca cct aca ttg cat gaa tat atg 336 VaI Val Ser Lys Met Hs Ay ﬁﬁ

Thr Pro Thr Leu ddgsgdd wugal gre et thO(@at oct tgg;h % GF gag

act gat ctc tac R¥tPimapryay® das YE4e3 TR pl’%éy %pThr Thr
Asp Lou Tyr Cys Tyr u G n Lou

t acg ctt cgg ttg tge gta caa agc aca cac a gac att cgt act 912

: ggr ghg Leu Arg Leu Cys Val Gln Ser Thr His Val Asp Ile Arg Thr

0 290 295 300
tgt 960
tt aa gac ctg tta atg gge aca cta gga att gtg tgc coce atc

Leg glu gsp Leu Len Met Gly Thr Leu Gly Ile Val Cys Pro Ile Cys

305 310 315 320
tct cag aaa cca taa 975

Ser Gln Lys Pro

<210> 25

<211> 324

<212> PRT

<213> Artificial Sequence

<220>
<223> fusion sequence

zégozeisPro Ile Leg Gly Tyr Trp Lys Iig Lys Gly Leu Val Gig Pro.
Thr Arg Leu ng Leu Glu Tyr Leu G%g Glu Lys Tyr Glu Ggg His Leu
_ Tyr Glu A;g Asp Glu Gly Asp Lig Trp Arg Asn Lys L{; Phe Glu Leu
L‘ Gly ng Glu Phe Pro Asn ng Pro Tyr Tyr Ile ngg Gly Asp Val Lys
Leu Thr Gln Ser Met A%g Ile Ile Arg Tyr I%g Ala Asp Lys His ngg
Mgz Leu Gly Gly CES Pro Lys Glu Arg Agg Glu Ile Ser Met ng Glu
Gly Ala Val igg asp Ile Arg Tyxr fég Vval Ser Arg Ile ?i: Tyr Ser
Lys Asp i?g Glu Thr Leu Lys X;é Asp Phe Leu Ser ?gg Leu Pro Glu
Met ggg Lys Met Phe Glu ?gg Arg Leu Cys His izg Thr Tyr Leu Asn
Gly Asp His Val Thr ?gg Pro Asp Phe Met igg Tyr Asp Ala Leu ?gg
%gi val Leu Tyr Met Asp Pro Met Cys Leg Asp Ala Phe Pro ?¥§ Leu
val Cys Fhe ?gg i;g Arg Ile Glu ?ég %Ze Pro Gln Ile ?gg Lys Tyr
Leu Ly# igg Ser Lys Tyr Ile gég Trp Pro Leu Gln gég Trp Gln Ala
Thr Phe Gly Gly Gly Asp gig Pro Pro Lys Ser ggg Leu Val Pro Arg
Gly gig Met His Gly Asp Thr Pro Thr Leu His Glu Tyr Met Leu 2:8
225 230 23%



115
432
135
Al a
160
Cys
cgt

Thr
t gt

198
f usi
Ile
Val

Al a
Leu
Thr

Arg
Leu
Tyr

Ile
Aen

120 125 aat gac age tca gag gag gag gat gaa ata gat ggt cca getS qg €20,
Asn Asp Ser SerGIuGIuGinAspGIuIIeAspGIyProAIaGIyGinl% !
140 gca gaa ccg gac aga gee cat tac aat att gta ace ttt tgt tgc aag 480
Gu Pro Asp Arg Ala H's Tyr Asn Ile Val Thr Phe Cys Cys Lys 145 150 155
tgt gac tct acg ctt cgg t tgc gta caa agc aca ca@lwta gac att 528
Asp Ser Thr Leu Arg Leu Cy al Adn Ser Thr H s Val plle 165 170 175
act ttg gaa gac ctg tta atg ggc aca cta gga att gtg tgc ccc 576 Arg
Lou Gu Asp Leu Leu Met Ay Thr Leu G yshkg Vaall Cys Pro 180 185 ate
tct cag aaa ccatag Ile Cs Ser A n Lys Pro 195 597 <210> 35 <211>
<212> PRT £&d %xnAfrol éiuc'ga& TBegere hee T{r gg@ﬁ@ﬁ}urmss/es%agzm <223>

on sequence <400> 35 tg\fﬂ L I € Asp Lys
Leu Val QdnSeq S%fl%“léf‘; uagfeﬁ&(iygégfg tfggr#gTdE?(%%r RIC%MSer dy Leu
Il e Pro Aspp2d »2p 3@ alkheisAlrer Rys IR Yal yhr Phe QP CYE ys(F%? AP Val Val
Val Ay Pro_ 35 475 Oy Arg Jrpan. Cu ASD vahYaos delitS A0 I1e Pro
Asp Val Al a5*5355"B0 u Gyadsp Thr Val Tleodyr Ser Lys Tyr Ay Gy
Qu Ile Lys16b ci6 #p 86 LayMetASHy @y Lat Gl lde Tt aLPPl BeLBYE Ser Al a
Asp Val Leu 38 lnalgl 9p 95 VAt° val Ser Lys Nef His Gy Asp Thr Pro Thr
Hs Au Tyr REC"108 105 110 Leu Asp Leu A n Pro Gu Thr Thr Asp Leu
Cys Tyr u G n Leu 115 120 125 Asn Asp Ser Ser Gu Qu Gu Asp Qu
Asp Gy Projﬁ% y Gn 130 135 140 Ala Gu Pro Asp Arg Ala His Tyr

Ile Val Thr ¢ Cys Lys 145 150 155 160
. <213> Artificial Sequence

<220>
<223> fusion sequence

<400> 26 ”s
ccagctgtaa ccatggatgg agat

<210> 27

<211> 27

<212> DNA

<213> Artificial Sequence

<220>
<223> fusion sequence

<400> 27 .
gccatggtac tagttggttt ctgagaa

<210> 28

<211> 1947

<212> DNA

<213> Artificial Sequence

<220>
<223> fusion sequence

<220>
<221> CDS
<222> (1)..-(1944)

<400> 28

t a gat aca cct aca ttg cat gaa tat atg tta gat ttg caa 48
;Zg g:p ggy gsp Thr Pro Thr Leu His Glu Tyr Met Leu Asp Leu Gln
1 5 . 10 15
96
aca act gat ctc tac tgt tat gag caa tta aat gac agc tca
gig gig Thr Thr Asp Leu Tyr Cys Tyr Glu Gln Leu Asn Asp Ser Ser
20 25 30
144
a a at gaa ata gat ggt cca gct gga caa gca gaa ccg gac
gig glg glg gsp €lu Ile Asp Gly Pro Ala Gly Gln Ala Glu Pro Asp
35 40 45
192
cc cat tac aat att gta acc ttt tgt tge aag tgt gac tct acg
gg; gla His Tyr Asn Ile Val Thr Phe Cys Cys Lye Cys Asp Ser Thr
50 55 60
ctt cgg ttg tgc gta caa agce aca cac gta gac att cgt act ttg gaa 240

Leu Arg Leu Cys Val Gln Ser Thr His Val Asp Ile Arg Thr Leu Glu
65 70 75 80



Cys Asp Ser Thr

Leu Arg Leu Cys Val

Arg Thr Leu A u Asp Leu Leu Met Ay Thr
190 Ile Cys Ser G@n Lys Pro 195 <210> 36

Artificial

Sequence <220>

ctcgtgcggt cggg <210> 37

<220>
38 <211> 24

sequence <400> 38 ccagctgtaa ccatggatgg agaf,

<223> fusion sequence <

A n Ser Thr

H s Val
Leu Ay Ile Va
<211> 24

<212> DNA <213> Arti
> 37 acctccgcgt ccacag

<212> DNA <213> Artificial

Sequence <220>

DEC 2003, 11 34/54 <212> DNA <213> Artificia
sequence <400> 39 ggat cagaca tggccatggc tggtttctg <210> 40

gac ctg tta atg ggc
Leu Met Gly

<212> DNA

Asp

aaa
Lys

att
1le

gcc
Ala

gtec
val
145

gty
val

gge
Gly

ggt
Gly

gag
Glu

cgc
Arg
225

ggc
Gly

att
Ile

gac
Asp

ttt
Phe

tac

Tyr
305

ctg
Leu

Leu

cca
Pro

acg
Ala

cte
Leu
130

gte
val

tece
Ser

gee
Ala

gac
Asp

ggc
Gly
210

ggac
Gly

gcc
Ala

teg
Ser

aag
Lys

gg9g9
Gly
290

ate
Ile

gag
Glu

act
Thr

tac

Tyr
118

gce
Ala

ctg
Leu

atc
Ile

gag
Glu

ggc
Gly
195

ctg
Leu

atec
Ile

aag
Lys

gcg
Ala

gtg
val

275
ctg
Leu

tecg
Ser

gac
Asp

agt
Ser
100

gac
Asp

gat
Asp

gaa
Glu

gce
Ala

ctg
Leu
180

acc
Thr

cgce
Arg

gaa
Glu

gag
Glu

ggt
Gly
260

ggc
Gly

cag
Gin

gygg
Gly

cce
Pro

85

ggt
Gly

gaa
Glu

gcg
Rla

aag
Lys

aag
Lys
165

gte
Vval

acqg
Thr

aac
Asn

aag
Lys

gtec
val
245

‘gac
Asp

aac
Asn

cte
Leu

tac
Tyr

tac
Tyr
325

aca cta gga att gtg
Thr Leu Gly

ggc
Gly

gag
Glu

gta
Val

aag
Lys
150

gag
Glu

aaa
Lys

acg
Thr

gtc
Val

gce
Ala
230

gag
Glu

cag
Gln

gag
Glu

gag
Glu

tte
Phe
310

ate
Ile

ggt
Gly

gce
Ala

aaqg
Lys
135

tgg
Trp

atc
Ile

gag
Glu

gcce
Ala

gcg
Ala
215

gtg
Val

acc
Thr

tec
Ser

ggc
Gly

cto
Leu
295

gtg
Val

ctg
Leu

ggc
Gly

cgt
Arg
120

gtg
Val

ggt
Gly

gag
Glu

gta
Val

acc
Thr
200

gee
Ala

gag
Glu

aag
Lys

ate
Ile

gtec
Val
280

ace
Thr

ace
Thr

ctg
Leu

Ile

gge
Gly
105

cge
Arg

aca
Thr

gece
Ala

ctg
Leu

gec
Ala
185

gtg
val

ggc
Gly

aag
Lys

gag
Glu

ggt
Gly
265

ate
Ile

gag
Glu

gac
Asp

gtc
val

Val
90

gga
Gly

gge
Gly

ttg
Leu

cce
Pro

gag
Glu
170

aag
Lys

ctg
Leu

gce
Ala

gtc
val

cag
Gln
250

gac
Asp

ace
Thr

ggt
Gly

ccg
Pro

age
Ser
330

% 27 24 <210> 39
equence <220>

tgc
Cys

tece
Ser

ctc
Leu

gge
Gly

acg
Thr
155

gat
Bap

aag
Lys

gcc
Ala

aac
Asn

ace
Thr
235

att
Ile

ctg
Leu

gte
val

atg
Met

gag
Glu
315

tee

‘Ser

ccc
Pro

cac
His

gag
Glu

cec
Pro
140

ate
Ile

ceg
Pro

acc
Thr

cag
Gin

cecg
Pro
220

gag
Glu

gcg
Ala

ate
Ile

gag
Glu

<gg

Arg

300
cgt
Arg

aag
Lys

atc
Ile

atg
Met

cgg
Arg
125

aag
Lys

acc
Thr

tac
Tyr

gat
Asp

gcg
Rla
205

cte
Leu

ace
Thr

gce
Ala

gcc
Ala

gag
Glu
285

tte
Phe

cag
Gln

gtg
val

Asp lle 165
Cys Pro
<212> DNA <213>

L Ci al

<211> 213

180

<223> fusion sequence <400> 36 ttcaccatgg
<211 7

%Zg%[} 80,

Sequence

g ctcagcc <210>
<223> fusion
<211> 29
<223> fusion

tgt tect cag
Cys Ser Gln

geo
Ala
110

ggce
Gly

ggce
Gly

aac
hsn

gag
Glu

gac
Asp
190

ttg
Leu

ggt
Gly

ctg
Leu

ace
Thr

gag
Glu
270

tee

Ser

gac
Asp

gag
Glu

tce
Ser

95

aag
Lys

ttg
Leu

cge
Arg

gat
Asp

aag
Lys
175

gtc
Val

gtt
val

cte
Leu

ctec
Leu

gca
Ala
255

gcyg
Ala

aac
Asn

aaqg
Lys

gcg
Ala

act
Thr
335

aca
Thr

aac
AsSn

aac
Ren

ggt
Gly
160

atc
Ile

gee
Ala

cge

aaa
Lys

aag
Lys
240

gcg
Ala

atg
Met

ace
Thr

gge
Gly

gtc
Val
320

gte
val

988
336
3B
432
480
528
576
624
672
720
768
816
864
912
960

1008



<213> Artificial Sequence <220> <223> fusion sequence <220> <221> CDS
<222> (1)...(2133) <400> 40 atg gat gga gat aca cct aca ttg cat gaa it SECail)3
tta gat ttg caa Mt Asp Gly Asp Thr Pro Thr Leu H's Qu Tyr Met Leu Asp
Leu dn 15 10 15 cca gag aca act gat ctc tac tgt tat gag caa tta aat gac
agc tca Pro GQu Thr Thr Asp L Tyr Cys Tyr Gu An Le nn Asp Ser Ser
20 25 30 gag gag gag gat gaa atW gat ggt cca get gga ca?a@ca gaa ccg gac
Gu Qu du Asp Qu Ile Asp Ay Pro Ala Ay G@n Ala Qu Pro Asp 35 40 45
aga gcc cat tac aat att gta acc ttt tgt tgczﬂg tgt gac tct acg Arg Ala
H's Tyr Ann Ile Val Thr Phe Cys Cys Lys Cys p Ser Thr 50 55 60 ctt egg
ttg tgc gta caa RQCGACRtL§AtgHQ GACcHR! fagCelg GO atcl GgaJes: gdiedadhicgg Leu 1096
Val @ n Ser Thr tfssasfalLedgpu|ire HeuglePh@lvl byg Glu11e6511'76137§1580¥'b£§° ctg tta
atgq ggc aca eta gga att gt 0t gc ccc atc t&'is tct cag Asp Teu Leu Met Gy
Thr Leu Ay Ile Mgl cfystbraacldce daysgavestcGidy gfibgdi0gdbcantcceee gtg at riget
cgt gcg gtc ggg meelegadletidegyy ‘-‘d@cﬁﬂa’c%ala‘ét’c‘ ClyySluphly M SRR ALE  Arg Al a
Val Ay Ile Asp Len Gfsﬁ'hr Thr Asn 1 105 110 tee gtc gtc tcg gtt ctg
gaa .ggt ggc gac gtd GagladgQite @rcggragre Bar addatedVaty Ser gvakad agt G u 35y
Gy Asp Pro Val ﬁ vajaewIys AdR ATg1RYIDE BEsE%RE R Bt Ytk iYadd®ace acc
ccg tea att gtc gcgamc gcc cgc aac Ser Au Ay Ser Arg Thr Thr Pro Ser
Ile Val Al a Phe &gy gtAge gh8Ocgb3épclaHy a Qe gigatg gog@tcag ¥Oe
gcc aag aac cag %G@t ghea Y £58 A8 AFIgf %t“%% g @%"% ﬁ‘lg4 oAl a Lys
Asn A n Al a Val r Ann 145 150 155 160 gtc gat cgc acc gtg cgc tcg gtc

g
aag cga cac at ag @ agtt gtyadtc gaph c gy a YIRT | vs WRAE
S N ) RN B R ARy By LAl A

Hs Mt Gy Ser e
aac gcec gac ctg tcg ctg cta gge aag gcec cgc aag gte gtg gtc acc 1296
Asn gla gsp Leu Ser Leu Leu Gly Lys Ala Arg Lys Val Val Val Thr

420 425 430
a ac gag acc acc atc gtc gag gge gec ggt gac acc gac goco atc 1344
:yg gsp glu Thr Thr Ile Val Glu Gly Ala Gly Asp Thr Asp Ala Ile
435 440 445
cc a cga gtg gce cag atc cgce cag gag atc gag aac agc gac tcec 1392
gla ggy Arg Val Ala Gln Ile Arg Gln Glu Ile Glu Asn Sex Asp Ser
450 455 460
ac tac gac cgt gag aag ctg cag gag cgg ctg gec aag ctg gec ggt 1440
gsp Tyr gsp Arg Glu Lys Leu Gln Glu Arg Leu Rla Lys Leu Ala Gly
465 470 475 480
¢ gc g atc aag goc ggt goc goc acc gag gtc gaa ctec aag 1488
gg; 321 glg 331 Ile Lys Ala Gly Ala Ala Thr Glu Val Glu Leu Lys
485 450 485
gc aag cac cgc atc gag gat gog gtt cge aat goe aag gec goo 1536
gig ggg Lyg His Arg Ile Glu Asp Ala Val Arg Asn Ala Lys Ala Ala
500 505 510
{ .
a a gec ate gtc gee ggt ggg ggt gty acg ctg ttg caa gcg 1584
ggi.glg glg gly Ile Val Ala Gly Gly Gly Val Thr Leu Leu &ln Ala
' 815 520 525
acc ctg gac gag ctg aag ctc gaa gge gac gag gcg acc ggc 1632
gi: ggg Thr Leu Asp Glu Leu Lys Leu Glu Gly ASp Glu Ala Thr Gly
530 . 535 540
atc gtg aag gtg gcg ctg gag gcc ceg ctg aayg cag atc gceo 1680
gi: igg Ile 3a% Lyg val Ala Leu Glu Ala Pro Leu Lys Gln ile Ala
545 550 ' 555 560
tece ctg gag ceg ggc gtg gtg gec gag aag gtg cgc aac 1728
§§: :23 Ser ggg Leu Glu Pro Gly Val Val Ala Glu Lys Val Arg Asn
565 570 575
ct ¢ cac gga ctg aac gct cag ace ggt gtc tac gag gat 1776
fzg gig gla ggy His Gly Leu Asn Ala Gln Thr Gly Val Tyr Glu Asp
580 585 590
ctg ctec goct gcc gge gtt gct gac ceg gte aag gtg acc cgt tcg geg 1824

Leu Ala Ala Gly Val Ala Asp Pro Val Lys Val Thr Arg Ser Ala

tes 595 600 605



336
ccg

gcc
Tyr
ttc
Asn
etc
Asn
gcc
Tyr
gac
Leu
ggt

Val

gac
Trp
agc

€gg
Au
ace

. Ser

ttg
Phe
gac
Leu

384 432 480 528 DEC 2HUl tcc ata gag att gac ggc aag aaa tac
gag ate agc gcc 576 Ser Ile Qu lle Asp Ay Lys Lys Tyr Thit ﬁﬁg 2003
Ile Ser Ala 180 185 190 cgc att ctg atg aag ctg aag cgc gac gcc
tac ctc ggt gag 624 Arg Ile Leu Met Lys Leu Lys Arg Asp Ala G u
Leu Gy Gu 195 200 2 gac att ace gac gcg gtt C acg acg ccc gcc
aat gac gcc 672 Asp | Thr Asp Ala Val Ile Th hr Pro Ala Tyr
Asp Ala 210 215 220 cag cgt cag gcc ace aag gac gcc ggc cag atc gcc
aac gtg 720 dn Arg Gn Ala Thr Lyg,ap Ala Gy Gn lle Ala Ay
Val 225 230 235 240 <ctg cgg ate gtc aac gag ccg acc gcg gcc gcg
tac ggc ctc 768 Leu Ar Il1e Val AsntGIu Pro Hazu
Gy Leu cpasegcyioney SeTdls d0f SAGCAIN B FAGERIAE of g T
tG;[g ggt gggﬂzgf 270p Geys GQu @0 Arg Ile Leu Val Phe

y cact ttc gac gtt tee ctg g ate C
ot otf | seqaon: By hEep 405 %?euw% o5 ek R &y
?/al 245 3 28 csmgt g%e a(é[ tcgsaggt gac aac caé40ctc ggc ggc
gg gac a rg el Asp Asn His Leu Gy GAy,4sp

t t

Asp 290 g?igﬁagoggt %,g“;bg ﬁ: :gﬁ? tgg ctg gtg gac aag ttc aag ggc
ggc 960 n“Arg Val s Asp Trp Leu Val Asp Lys Phe Lys Ay Thr
305 310 315 320 ate gat ctg acc aag gac aag atg gcg atg cag cgg
%Iaa ggg %Eg%le Asp Leu Thr Lys Asp Lys Met Ala Net G n Arg Leu

a ag aag gca aag ate gag ctg agt tcg agt ca
tcg ate@@%“ﬂ%‘”@l g WE R a Lys Ile Au Leu Ser Ser 5er Gn Sgr
Il e 340 34& 350 aac ctg ccc tac ate ace gtc gac gcc gac aag aac
ttc tta<kid4fufion degwer@eo Tyr [le Thr Val Asp Ala Asp Lys Asn Pro
Leu 355 3 %%595 gac gag cag ctg ace cgc gcg gag ttc caa egg ate act
g;g %%33’550 B édyUndd mﬂ_etb Tht LA gx#\leau Gyn Mehclel Inspr-g ¢l Thr A n

Pro Glu Thr

Glu Glu Glu

35

Arg Ala His
50
Leu Arg Leu

&5

Asp Leu Leu

Lys Pro Thr

Ile Ala Tyr

115

Ala Leu Ala

13
Val Va
145

0
1l Leu

val Ser Ile

Gly Al

a Glu

Gly Asp Gly

185

Glu Gly Leu
210
Arg Gly Ile

225
Gly Rl

a Lys

Ile Ser Ala

Asp Ly

g Val
275

Phe Gly Leu
290
Tyr Ile Ser

308

Leu Glu Asp

Lys RAsp Leu

Thr Asp Leu Tyr Cys Tyr Glu Gln Leu Asn Agg Ser Ser
20 25
Asp Glu Ile Asp Gly Pro Ala Gly Gln Ala Glu Pro Asp
40 45
Tyr Asn Ile Val Thr Phe Cys Cys Lys Cys hsp Ser Thr
55 60
Cys Val Gln Ser Thr His Val Asp Ile Arg Thr Leu Glu
70 75 a0
Met Gly Thr Leu Gly Ile Val Cys Pro Ile Cys Ser Gln
85 S0 95
Ser Gly Gly Gly Gly Gly Gly Ser His Met Ala Lys Thr
100 105 110
Asp Glu Glu Ala Arg Arg Gly Leu Glu Arg Gly Leu Asn
120 125
asp Ala Val Lys Val Thr Leu Gly Pro Lys Gly Arg Asn
135 140
Glu Lys Lys Trp Gly Ala Pro Thr Ile Thr ARsn Asp Gly
150 1585 160
Ala Lys Glu Ile Glu Leu Glu Asp Pro Tyr Glu Lys Ile
165 170 175
Leu Val Lys Glu Val Ala Lys Lys Thr Asp Rep Val Ala
180 185 1380
Thr Thr Thr Ala Thr Val Leu Ala Gln Ala Leu Val Arg
200 205
Arg Asn Val Ala Ala Gly Rla Asn Prg ieu Gly Leu Lys
: 215 22
¢lu Lys Ala val Glu Lys Val Thr Glu Thr Leu Leu Lys
230 23% 240
Glu Vval Glu Thr Lys Glu Gln Ile Ala Ala Thr Rla Ala
245 250 255
Gly Asp Gln Ser Ile Gly Asp Leu Ile Ala Glu Ala Met
260 265 270
Gly Asn Glu Gly Val Ile Thr Val Glu Glu Ser Asn Thr
280 285
¢ln Leu Glu Leu Thr Glu Gly Met Arg Phe Asp Lys Gly
295 300
Gly Tyr Phe Val Thr Asp Pro Glu Arg Gln Glu Ala Val
310 3ls 320
Pro Tyr Ile Leu Leu Val Ser Ser Lys Val Ser Thr Val
325 330 335
Leu Pro Leu Leu Glu Lys Val Ile Gly Ala Gly Lys Pro
340 345 350



ctg

att
Ser
Ccgg
Met
ccc
Asn
get
Leu
gat
Val
atg
Thr
act
Phe
t at
Adn
gag
Lou
act
Phe
gac
Lys
ctg
Ser
gcc
du
gag
Thr

gac
Arg
tcg
Val

atg
Pro
aac
Lys
ctg

gtt
Thr
acc
Arg
ttc
Thr
cag

ctg
Thr
ttc
Asp
aag

tcc
Lys
gag
du
aca
Lou

ttg
Val

act cgc sag ccg ttc cag tcg gtg ate get gac ace ggc 12%0 @ﬁg 03
Arg Lys Pro Phe G n Ser Vval Ile Ala Asp Thr Ay 385 39 &9 0?19‘
tcg gag ate gat cac gtt gtg ctc gtg ggt ggt tcg ace 1248 lle

Gu lle Asp H's Val Val Leu Val Ay Ay Ser Thr 405 410 415

gcg gtg ace gat ct tc aag gaa ctc ace ggc c aag 1296 Arg

Val Thr Asp Leu ValTmLys GQu Leu Thr G&Byy AV Lys 420 425 gaa
ggc gtc aac ccc gat gag gtt gtc gcg gtg gga gcc 1344 du Pro

Val Asn Pro Asp GQu Val Val A azvat Ay Ala 435 440 C2J 36/ 54

gcc ggc gtc etc aag ggc gag gtg aaa gac gtt ctg ctg 1392 Ala
Gy DéalLepelld §ie &y G%*d*ﬂl?@lg}, 1S}8 GAXd”\‘/aﬁ“Eﬁg %6%“&5’??“455 460 ctt
COQ 2h QvATksL L¥s G9¢ 225 G1PaAGr A%E 13aGeg0a10g G oLybddh Lou Asp

Lou Sersfoeu G gyl le A @7Fhr I;%e dy G%OVaI 465, 470 475 480

et c BrpeClyathefiy 450 ';%E@r&égs 8 MeE eI g g Pekoe1488  Met

1 e & updr @1 8Dy Blis viDriiblser Rue dlbrvablymy ey BerLab861w490 495 gag

ace gcc gac gac #8% caa ccg to g c giP536 G u Thr
Al a MesprlASHPEALER EFh 1RF §°% Y@E %“%"Pla%“é}ag %%o"%o'g"%lo gtc
gag tasdagAtrRr QRE 1€ YaL &Qu ZAL FAAGIviAppCtie Fpgrleb8¥e Val Tyr

Arg Gu I1e5%A a Ala Hs AdoLys Leu.ley 5 25 tee ttc
ggc MeeSchredyt §iy ccrdigdye gcéﬁ Gé?ﬁlgc‘%o%% %%335592%%5 Phe du
| | e Bporyier SspAheg BLO Lis gedoyn |dle H2pdhe@ A1a530 BR5ABYGLMt e gag gtc

at e 4§4c_gcgc age, ggc 43 ac 9t Acq  1680c14 L& K Val Thr
Asp %P’avag\s?ll a Eg‘é x‘(';altm itcgy\q}aﬁ BB 545 "550 55548560 gcc aag
ace qggcagaty=glie dsx Ide Flater dda val ArgRypngtla WEdla A4 Lys Asp

Ay Lys.du AT T vii G409 IHE G el 565 PetOchymLdC tcg gge
gaa G ¢t 1sgac cgcvatglatgegaag Gg%c a‘gccrlsms6 Ay Ser Ay Lou

Asp sikeprAsthrAtep RBR Gl &ep Jys ASH AR £1EPRSES 5’@0""%"95%? gcg cac

gat Ggidan ool §f veadiDa0. 456 MatrgtdeulBainCese Ma Hs Al
Argdags Arg Arg dus&u Al a Asg Val55595 600 605 C?P“hat caa gcc

gt c Rhachsoagpratly Eg@ Sy gre Co et BaPeH A PR O Aa G u

Tyr Lglrl?r-ghﬂlac;‘si& Vs e &eVabn lg%g Gln Thr Gly Val ggg Glu Asp
580
Leu Leu Ala Ala Gly Val Ala Asp Pro Val Lys Val ggg Arg Ser RAla
595 600
Leu Gln Asn Ala Ala Ser Ile Ala Gly Leu Phe Leu Thr Thr Glu Ala
610 615 620
val Val Ala Asp Lys Pro Glu Lys Glu Lys Ala Ser Val Pro Gly Gly
625 630 635 €40

Gly Asp Met Gly Gly Met Asp Phe
645

<210> 30

<211i> 24

<212> DNA

<213> Artificial Sequence

<220>
<223> fusion sequence

<400> 30 2
ttcgecatgg ccaagacaat tgeg

<210> 31

<211> 35

<212> DNA

<213> Artificial Sequence

<220>
<223> fusion seguence

<400> 31 : a5
gtacccegac atatggccct tgtcgaaccg catac

<210> 32

<211> B88

<212> DNA

<213> Artificial Sequence



610 615 620 gaa cag cgt gag gcc gag ggt ggt tog aag gta cct gaa gac acg ctg
1920 Qu dn Arg GIl Ala Qu dy Gy Ser Lys Val Pro Qu Asp Ther?LDg’QQuﬂg;
630 635 640 aac aag gtt gat gcc gcg gtg gcg gaa gcg aag gcg gca ctt

gga 1968 Asn Lys Val Asp Ala Ala Val Ala Gu Ala Lye Ala Ala Leu Gly Gly
645 650 655 tog gat att tcg ate aag tog gcg atg g aag ctg ggc cag
gag 2016 Ser Asp Ile Ser Al a e Lys Ser Ala Met Glu L Lou Ay @n Qu
660 665 670 tcg cag get ctg ggg caa gcg atc tac gaa gca get cag get gcg
tea 2064 Ser An Ala Leu Ay Gn Ala Ile TyseGu Ala Ala G n Ala Ala Ser
675 680 685 cag gcc act ggc get gcc cac ccc ggc ggc gag ccg ggc ggt gee cac
2112 dAn Ala Thyzo&dy Ala Ala Hs Pro Ay Ay Gu Pro dy Ay Ala Hs 690
695 700 DEC 20092233 749B3°on E€IYJte t cg get gag cta gca tga Pro Ay Ser Ala
Gu Leu Ala 705, ;%Q <210> 41 <211> 711 <212> PRT <213> Artifici al
Sequence <220> <zd23psf usi on sequence <400> 41 Net Asp Gy Asp Thr Pro Thr
Leu Hs Gu Tyr<i¥ee 38u-AS$f%Leu An 1 5 10 15 Pro Gu Thr Thr Asp Leu Tyr
Cys Tyr Qu Gn‘}o%yﬁen Asp Ser Ser 20 25 30 du Gu Gu Asp Au lle Asp
Ay Pro Al a G yadd ged\laag Gea RtogcAsipc S5 96 9T ‘Jgfgm: geHgEe %gg%n | 1 e4¥al
Thr Phe Cys @s“ﬂ{lyélwgs,@‘ﬁ Qe MniT 8 B8 B “elTATE Celi A n Ser
Thr H s Val e Arg Thr Leu 1:GI u 65aﬁ70 75 80 Asp Le%ﬁLeE I\‘%é Gll ;I)'gr
Leu Ay lle VaI eddy 9gPrEdy [dag LOFscESegee 99959 9%3/ %1 t Ala”Arg
Ala Val Gy Il erssBy&f &S reeFHE® Bﬁ’A H’?S‘i OShigesoé Val Ser Val
Leu Gu Gy Gy Asp Pro Val VaI Val Al a Asn 115 120 125 Serg 3, U G|y1§§r

Arg Thr Thr Proagegsd Icee \;&F TR 2900iyisHE R0AIRE A 1ie
N 40

i

¢ aac gat ggt gtg tecc ate geec aag gag atc gag ctg gag gat ccg 192
gﬁr Aen gsp gly val Ser Ile Ala Lys Glu Ile Glu Leu Glu Asp Pro
50 EE 60 s
aag atc ggc goc gag ctg gtc aaa gag gta goc aag aag ace 240
;;i gig Lyg Ile Gly Ala Glu Leum Val Lys Glu Val Ala Lys Lys Thr
65 70 75 80
+ gac gtc goc ggt gac gge acc acg acg gec ace gtg ctg gcc cag 288
ggp gsp 3a1 gla Gly Asp Gly Thr Thr Thr Ala Thr Val Leu Ala Gln
85 90 95
36
tt tt cgc gag ggc ctg cgc aac gtc gcg gec gge goc aac ccg 3
gig Leg 3al Arg Glu Gly Leu Arg Asn Val Ala Ala Gly Ala Asn Pro
100 105 110
t ctc aaa cge gge atc gaa aag gocc gtg gag aag gtc acc gag 384
Eeﬁ gg; Leu Lys Arg Gly Ile Glu Lys Ala Val Glu Lys Val Thr Glu
115 120 125
432
ctg ctc aag ggc gcc aag gag gtc gag acc aag gag <ag att gcg
;§§ Leg Leu Lys Gly Ala Lya Glu Val Glu Thr Lys Glu Gln Ile Ala
130 13§ 140
{
i : 480
) acc gca gcg att tcg geg ggt gac cag tec ate ggt gac ctg atc
gi: Thr gla Ala Ile Ser Ala Gly Asp Gln Ser Ile Gly Asp Leu Ile
145 150 155 160
cg at ac aag gtg ggc aac gag ggc gtc atc acc gtc gag 528
gi: gig glg Heg gsp Lys Val Gly Asn Glu Gly Val Ile Thr Val Glu
165 170 175
tcc aac acc ttt ggg ctg cag cte gag cte acc gag ggt atg cgg 576
gig Ser Asn Thr Phe Gly Leu Gln Leu Glu Leu Thr Glu Gly Met Arg
180 18% 190
t 624
te gac aag ggc cat atg cat gga gat aca cct aca ttg cat gaa ta
;he gsp Lyg c¢ly His Met His Gly Asp Thr Pro Thr Leu His Glu Tyr
195 200 205
672
tta gat ttg caa cca gag aca act gat ctc tac tgt tat gag caa
:Zg Leu gsp Leu Gln Pro Glu Thr Thr Asp Leu Tyr Cys Tyr Glu Gln
210 21s 220
tta aat gac agc tca gag gag gag gat gaa ata gat ggt cca got gga 720

Leu Asn Asp Ser Ser Glu Glu Glu Asp Glu Ile Asp Gly Pro Ala Gly
225 230 235 240



Gy GQu Val Leu Val Ay G@n Pro Ala Lys Asn Gn Ala Val Thr Asn 145 @E@Zﬂﬂﬂ:
155 160 Val Asp Arg Thr Val Arg Ser Val Lys Arg Hs Met Ay Ser Asp

165 170 175 Ser Ile Qu lle Asp Ay Lys Lys Tyr Thr Ala Pro Gu Ile Ser
Ala 180 185 190 Arg Ile Leu Net Lys Leu Lys Arg Asp Ala Ju Ala Tyr Leu
Gy Gu 195 200 205 Asp lle Asp Ala Val Ile Thr ThgaPro Ala Tyr Phe
Asn Asp Ala 210 215 220 dAn A’ dn Ala Thr Lys Asp Al & y Gnlle Al a
Gy Leu Asn Val 225 230 235 240 Leu Arg Ile Val Asn Qu Pro Thr Ala Al a
Ala Leu Ala Tyr Ay Leu 245 250 255 Asp Lys,;@y Gu Lys GQu A@n Arg lle
Leu Val Phe Asp Leu Ay Ay 260 265 270 Gy Thr Phe Asp Val Ser Leu Leu
Qulle dy GQu Gly Val vVal Qu 275 280 285 Val Ala Thr Ser

Aen His Leu Ay 9A8 [FAASEFIT 514) atb It‘-'V g“Asp ﬁ"ﬁ
Leu Val Asp Lys ﬁﬁ% Sa e chid ﬁ%ghgg 36'5:553613131 *Thr Lys
Asp Lys I\/EtAIaNethArgLeuAr GIuAIa 325330335 AIaGIuLsAIa

Lys Ile Gu Leu $ey *gergagefctcpis %jlr gl it EE B o3n@II452 30 O °Leu P8

Tyr Ile Thr Val A&H KFaRspeolys ro Leks Phe Leu 355 5360 365 Asp G u
Gn Leu Thr Ar AIaGIuPheGInAr Ile Thr Gn Asp :270375380 %Eg
90 3

rg
Asp Arg Thr Arg B E&@hﬁ’ﬁg@?ﬁ Sﬁrxﬁﬁ GET éﬁ? Té%iejlggy 1V Vad85e3
400 Ile Ser Val “Ser e Asp His Vado Val Leu Val Gy Ay Ser Thr 405
410 415 Arg Net Pro AIa VaI Thr As Leu Val Lys Qu Leu Thr Ay dy
420 425 430 21365385 g rgi‘?fgﬁi E&,s WYy val Asn Pro Asp Gu Val Val Aa
Val Gy Ala 435 4439445 Ala Leu GzesAla Gy Val Leu Lys Ay Qu Val Lys
Asp Val Leu Leu 450 455 460 Leu Asp Val Thr Pro Lou Ser Leu Ay Ile GQu
Thr Lys Ay Gy Yals 2h5 470 475 480 Met Thr Arg Leu Ile Gu Arg Asn Thr

Thr Ile Pro Thr kym>Aprr Ser 485 490 495
<213> Artificial Sequence

<220>
<223> fusion sequence

<400> 33
Met Ala Lys Thr Ile Ala Tyr Asp Glu Gig Ala Arg Arg Gly Lig Glu
1 5
Arg Gly Leu Aen Ala Leu Ala Asp A;g Val Lys Val Thr ng Gly Pro
20
Lys Gly Arg Asn Val Val Leu Gig Lys Lys Trp Gly Aig Pro Thr I1le
35
Thr Asn Asp Gly Val Ser Ile Ala Lys Glu Ile G%g Leu Glu Asp Pro
50 55
Tyr Glu Lys Ile Gly Ala €lu Leu Val Lys Glu Val Ala Lys Lys Thr
65 70 75 80
Asp Asp Val Ala Gly Asp Gly Thr Thr ng Ala Thr Val Leu A;; Gln
8s
2la Leu Val Arg Glu Gly Leu Arg Asn Val Ala Ala Gly Ala Asn Pro
100 105 110
Leu Gly Leu Lys Arg Gly Ile Glu Lys Ala Val Glu Lys Vval Thr Glu
115 120 125
- Thr Leu Leu Lys Gly Ala Lys Glu Val Glu Thr Lys Glu Gln Ile Ala
130 135 - 140
{ Ala Thr Ala Ala Ile Ser BRla Gly Asp Gln Ser Ile Gly Asp Leu Ile
145 150 i 155 160
Ala Glu Ala Met Asp Lys Val Gly Asn Glu Gly Val Ile Thr Val Glu
165 170 175
Glu Ser Asn Thr Phe Gly Leu €ln Leu Glu Leu Thr Glu Gly Met Arg
180 ies 150
Phe Asp Lys Gly His Met His Gly Asp Thr Pro Thr Leu His Glu Tyr
195 . 200 205
Met Leu Asp Leu Gln Pro Glu Thr Thr Asp Leu ggg Cys Tyr Glu Gln
210 215
Leu Asn Asp Ser Ser Glu Glu Glu Asp Glu Ile Asp Gly Pro Ala Gly
225 230 235 240
cln Ala Glu Pro Asp Arg Ala His Tyr Asn Ile Val Thr Phe Cye Cys
245 250 " %5? s
sp Ser Thr Leu Arg Leu Cys Val Gln Ser Thr His Va sp
Lys Cys Rep 260 s 265 270
Ile Arg Thr Leu Glu Asp Leu Leu Met Gly Thr Leu Gly Ile Val Cys
275 280 285

Pro Ile Cys Ser Gln Lys Pro
290 235 .

<210> 34
<211> 597



G u Thr Phe Thr Thr Ala Asp As
510 val Tyr dn Gy Au Arg G4

p
u

Asn G
e A

n Pro Ser Val
a Ala His Aen Lys Leu Leu dy- 'B%%C 2003,

Anlle dn

500

D

520 525 Ser Phe Qu Leu Thr Gy Ile Pro Pro Ala Pro Arg Ay Ile Pro @n
Phe Asp Ile Asp Ala Asn Ay Ile Val
Asn Thr

530 535 540 Ile du Vval

Thr

Thr 545 550 555 560 Ala Lys

Lys Gy Thr Ay Lys 4
lle An GQu 565 570 575 dy S dy Leu Ser

Hi s

Val

Ile Arg

Lys Qu As |l e Asp Arg Met

Ile Lys Asp Ala 580 585 590 Qu Ala Hs Ala GQu Gu Asp Arg Lys Arg Arg

Au Gu Ala Asp Val

Lys Val Pro G u Asp. BRk

Leu

625 630 635 640 Asn Lys Val

595 600 605 Arg Asn G
Thr Gu Lys Phe Val Lys 610 615 620 Gu GHn'Atg

a du Thr

Leu Val

Tyr

Gn

Gn Ala du dy dy Ser

Asp Ala Al a Val

Ala Gu Ala Lye i AriflieinlChsaueéhae 645 650 655 Ser Asp Ile Ser Ala lle
Lys Ser Al a Met Gléj Lye Leu Gy G n du

Gn Ala Ile Tyr
Ala Gu Leu AIa%g
-

<210> 42

<211> 20

L 660 665 670 Ser An Ala Leu Ay
jgib Alhgiofl sedobiteAl 2 Al @ Ser

675 680 685 dn Ala Thr Ay

<212> DNA <213> Artificial

Ala Ala H's Pro GI%GIy GQu Pro Ay Gy Ala H's 690 695 700 Pro Ay Ser
3

Sequence <220>

43 <211> 27 <212> DNA <213> Artificial

sequence <400> 4307 P8att L0 .6t A0C1aERCha B8 ol CgaB2kg

Ile Lys Pro Leu Glu Asp Lys

Met Ala Lys
1

gec aac gag
Ala Asn Glu

acc gcce aag
Thr Ala Lys
as

ggc cgg tgg
Gly Arg Trp
80

gag ggt gac
Glu Gly Asp
65

tac aac ggc
Tyr Asn Gly

gtc gtt tec
Val Val Ser

tta gat ttg
Leu Asp Leu
115

A aat gac agc
Asn Asp Ser
130

gca gaa ccg
Ala Glu Pro
145

tgt gac tct
Cys hsp Ser

cgt act ttg
Arg Thr Leu

atc tgt tct

Ile Cys Ser
195

<210> 35
<211> 198
<212> PRT

val

gecc
Ala
20

gag
Glu

gac
RAsp

acc
Thr

gag
Glu

aag
Lys
100

caa
Gln

tca
Ser

gac
Asp

acqg
Thr

gaa
Glu
180

cag
Gln

Asn
5

gag
Glu

aag
Lys

gag
Glu

gtc
val

gaa
Glu
85

atg
Met

cca
Pro

gag
Glu

aga
Arg

ctt
Leu
165

gac
Asp

aaa
Lys

acc
Thr

ccg
Pro

gac
Asp

atc
Ile
70

tac

Tyx

cat
His

gag
Glu

gag
Glu

gcc
Ala
150

cgg
Arg

ctg
Leu

cca
Pro

acg
Thr

cag
Gln

ggc
Gly
55

tac

Tyr

ctg
Leu

gga
Gly

aca
Thr

gag
Glu
135

cat
His

ttg
Leu

tta
Leu

tag

<213>» Artificial Sequence

ace
Thr

gag
Glu
40

gag
Glu

agce
Ser

atec
Ile

gat
Asp

act
Thr
120

gat
Asp

tac
Tyr

tge
cys

atg
Met

Sequence <220>

gcyg
Ala
25

gge
Gly

aag
Lys

aag
Lys

ctg
Leu

aca
Thr
105

gat
Asp

gaa
Glu

aat
Asn

gta
val

ggc
Gly
185

10

tce
Ser

acc
Thr

cgg
Arg

tac

Tyr

teg
Ser
90

cct
Pro

cte
Leu

ata
Ile

att
Ile

caa
Gln
170

aca
Thr

ggt
Gly

gtc
Val

ate
Ile

ggc
Gly
75

gca
Ala

aca
Thr

tac
Tyr

gat
Asp

gta
val
155

age

Ser

cta
Leu

ctg
Leu

gtt
val

ceyg
Pro
60

ggc
Gly

cge
Arg

ttyg
Leu

tgt
Cyse

ggt
Gly
140

acc
Thr

aca
Thr

dga
Gly

gte
val

gce
Rla
45

ctg
Leu

acce

gac
Asp

cat
His

tat

Tyr
125

cca
Pro

ttt
Phe

cac
Hise

att
Ile

Leu

att
Ile
ao

gtc
Val

gac
Asp

gag
Glu

gtg
val

gaa
Glu
110

gag
Glu

gct
Ala

tgt
Cys

gta
val

gty
Val

190

Val Gln
15

cct gac
Pro Asp

gge cct
Gly Pro

gtt gea
Vval Ala

atc aag
Ile Lys
80

ctg gee
Leu Ala
95

tat atg
Tyr Met

caa tta
Gln Leu

gga caa
Gly Gin

tge aag

Cys Lys
160

gac. att
Asp Ile
1758

tge ccce
Cye Pro

X1j Usiem)sequence <400> 42 gagggtggtt cgaaggtacc <210>
<223> fusion

Satddetc<gthgleac? 175 48
Ile

96

144

192

240

288

336

384 .

432

480

528

576

597



<212> DNA <213> Artificial Sequence 20 27 <220> <223> fusion sequence 1 0O

E C
gat

Pro
ctc
Cys
gat

Pro
ttt

Cys
gta
Asp
gtg
Cys
gac
Leu
ccg
Val

gcg
Phe
gcg
Val

atg
Ay
ccg

20
aca
Thr
tac
Tyr
cca
Al a
t gt
Cys
gac
Ile
tgc
Pro
ctc
dy
gtc
Val
ttc
Al a
gtg
Thr

qgc
Ser

gag

0,
cct
Leu
t gt
Au
get
Ay
tgc

Lys Cy

att

Arg
ccc
I'le
ggg
Thr
gtc
Val

gcc
Arg
acc
Asn
agc
Asp
atc

39/ 54 <220> <221> CDS <222> (1)...(2172) <400> 44 atg gaf [[Fga2(@3,

aca ttg cat gaa tat atg tta gat ttg caa 48 Mt Asp Ay Asp Thr
Hs Gu Tyr Met Leu Asp Leu Gn 1 5 10 15 cca gag aca act gat
tat gag caa tta aatggac agc tca 96 Pro du ghr Thr Asp Leu Tyr
G@n Leu Asn Asp S er 20 25 30 gag gag gai;at gaa ata gat
gga caa gca gaa ccg gac 144 GQu Gu Qu Asp Au Ile Asp Ay
Gn Ala Qu Pro Asp 35 40 45 aga gcc cat tac aat att gta acc
aag tgt gac tct acg 192 Arg Al®/Ms Tyr Asn Ile Val Thr Phe
Ser Thr 50 55 60 ctt cgg ttg tgc gta caa agc aca cac

s As
cgt g@f; L&k cdogeqddlde Leu Arg Leu Cys Val @ n Ser Thr His Val
Thr Leu Qu 65 70 75 80 gac ctg tta atg ggc aca cta gga att

at c <¥ee> 881 c 8 Mo Ile Val
Cys M8E A %5829195%?‘2329 Ié,gg ngt:éig/?épgqgg Iggtz' g?&%&% ggg atc
acc M6 saa®ludBBr Gly FhiPThr Ahg AghtSeAlGay Aty VAlla";ga‘fmG%P Il e Asp
Thr Asn 100 1 & G%n GQ1 Gkt AikOrsda@ydsdo 9gC gac
gtcTﬁ‘EcMﬁa%?Bg§ 1%ﬁgrp ‘%/%F %gg GSge(r:m%/al Leu @su GI‘}/YGI “Asp Pro
Al a cAgrary1EplRE ED6 MR ELY A" Gye Kecladgodee ec ¥k ca att gtce
cge G%ac iﬁ%p S6r vl Y1 GhYr S6F 1A Gyd Wiy Ui} ReQuSeniel Ly Val Al a
Asn EOG 1357140 got @ag gtg ctg gtc’ig%(; cag ccc_ gccetaag aac cag
aac MBMenGHy €USIMIYLLEY VAe Lef PR ® B8 2RP Ly LARI G n Al a
145 15Q,,156. 160 ud GidJely Ggs THE @roingr Q86 Hie gt iyramg cga cac
gac tgg 528 Asg Argl" Thr 19&al Arg Ser VaIé—‘{Eygln Hi s Met
Tr p LegPep7Apu1 91 PIGE Al Jhy PER ey dE” 53k BidF 8™ & acc geg

agC ;3fhe3Rr Ser Glu Glu Glu Asp Glu Ile Asp Gly Pro Ala Gly Gln

130 135 - 140
Ala €lu Pro RAsp Arg Ala His Tyr Asn Ile Val Thr Phe Cys Cys Lys
145 150 155 . L igo

A Ser Thr Leu Arg Leu Cys Val Gln Ser Thr His Val Asp e
cys howp 165 170 17%
arg Thr Leu Glu Asp Leu Leu Met Gly Thr Leu Gly Ile Val Cys Pro

180 185 190
Ile Cys Ser Gln Lys Pro
195

«<210> 36

<211i> 24

«<212> DNA

«<213> Artificial Sequence

<220>
<223> fusion sequence

<400> 36 04
ttcaccatgg ctcgtgeggt cggg

<210> 37

<211> 27

«212> DNA

<213> Artificial Sequence

<220>
<223> fusion sequence

<400> 37 0
acctoecgegt ccacagctag ctcagoe

«<210> 38

<211> 24

<212> DNA

<213> Artificial Sequence

<220>
<223> fusion segquence

<400> 38 va
ccagctgtaa ccatggatgg agat

<210> 39
<211> 29



Ser Ile Qu lle Asp Ay Lys Lys Tyr Thr Ala Pro Qu Ile Ser Ala 180 185 190
cgc att ctg atg aag ctg aag cgc gac gcc gag gcc tac ctc ggt gag 624 {AyEL 2003)
Ile Leu Met Lys Leu Lys Arg Asp Ala Gu Ala Tyr Leu Ay Gu 195 200 205 gac
att acc gac gcg gtt atc acg acg ccc gcc tac ttc aat gac gcc 672 Asp lle
Thr Asp Ala Val Ile Thr Thr Prga Ala Tyr Phe Asn Asp Al agl10 215 220 cag cgt
cag gcc acc aag gac gcc ggc cbatc gcc ggc ctc aac gtg 0O dn Arg dn
Ala Thr Lys Asp Ala Ay An lle Ala Ay Leu Asn Val 225 230 235 240 C
20021, 40/54 ctg cgg atc gtc aac gag ccg acc gcg gcc gcg ctg gcec tac ggc
ctc 768 Leu Arg lie Val Asn Qu Pro Thr A4/ a Ala Leu Ala Tyr Ay Leu
245 250 255 gac_ C gag aag gag cag cga atc ctg gtc ttc gac ttg ggt ggt
816 Asp Lys Gy UpdeY 8id8at debenfeg |1 e Leu Val Phe Asp Leu Ay Gy 260
265 270 ggc act ttc gac gtt tcc ctg ctg gag atc ggc gag ggt gtg gtt gag 864
Gy Thr Phe Asp<3f Ser led.l&u.Gu lle Gy Gu Gy Val Val GQu 275 280 285
gte cgt gcc act %cg ggt gac aac cac ctc ggc ggc gac gac tgg gac 912 Val
Arg Ala Thr Ser<@op F&p I% g y Asp. Asp Trp Asp 290 295 30Q,cag
cgg gtc gte gat gﬁ‘j@a‘&"’t‘”@‘ “gqgg"@%“‘ 3§tttfcg aag ggc acc agc ggc 960 Gn Arg
Val Val Asp Trp<bsis Mal Asp Lys Phe Lys Gy Thr Ser Ay 305 310 315 320

atc gat ctg acc< aag atg gcg atg cag cgg ctg cgg gaa gcc 1008 Ile
Asp Leu Thr LysZ ?% sMahi Alegudet G n Arg Leu Arg Gu Ala 325 330 335 gee
gag aag gca aag atc gag ctg agt tcg agt cag tcc acc tcg atc 1056 Ala du
Lys Ala Lys ||e<§g@ LeYoSqhangle Ser G n Ser Thr Sex Ile 340 345 350 aac ctg
ccc tac atc C gaC gcc'gac aag aac ccg ttg ttc tta 1104 Asn Leu Pro
Tyr. Il e Thr Val <13£qa Ala Asp Lys Asn Pro Leu Phe Leu 355 360 365 gac gag cag
ctg acc cgc gcg ﬁg E)c C@2aHUg atc act cag gac ctg 1152 Asp Au G n Leu
Thr Arg Al a n Arg Ile Thr Leu 370 375 380 ctg gac cgc act

cgc aag ccg ttc<mg 4 atc &Cgq Leu AR &g Thr 4rg
Lys Pro Phe G na%gpeay4 % gﬁg g& ﬁé’s%& éé&gi&i%e&egaﬁma tcg gtg
tcg gag atc gat cac gtt gtg clsc gtg ggt ggt &g acc 1248 1138 Ser Val Ser
Gu lle Asp H's val Val Ley M3l . @ YadQst B8 gdfleadt@0a 410 fAlouge tea 56

Pro Glu Thr Thr Asp Leu Tyr Cys Tyr Glu Gln Leu Asn Asp Ser Ser
20 25 30

a a at gaa ata gat ggt cca gct gga caa gca gaa ccg gac 144

gig glg glg gsp Glu Ile Asp Gly Pro Ala Gly Glmn Ala Glu Pro Rep
’ 38 40 45

aga gec cat tac aat att gta acc ttt tgt tge aag tgt gac tot acg 192

Arg Ala His Tyr Asn Ile Val Thr Phe Cys Cys Lys Cys Asp Ser Thr
50 55 60

tt ¢ tt tgc'gta caa agc aca cac gta gac att cgt act ttg gaa 240
Eeu Agg Leg cys Val Gln Ser Thr His Val Asp Ile Arg Thr Leu Glu
65 70 75 80

a ¢ ctg tta atg ggc aca cta gga att gtg tgc cecc atc tgt tot cag 288
' g:p Leg Leu Met €ly Thr Leu Gly Ile Val Cys Pro Ile Cys Ser Gln

85 90 95

aaa cca goc atg get egt geg gtc ggg atc gac ctc ggg acc acc aac 336

Lys Pro gla Met Ala Arg Ala Val Gly Ile Asp Leu Gly Thr Thr Asn
100 105 110

384
teeo ¢ gtc tcg gtt ctg gaa ggt gge gac ccg gte gtc gte geo aac
Ser 3;1 331 Ser Val Leu Glu Gly Gly Asp Pro Val Val Val Ala Asn

115 120 125

432
tee ga ¢ tcc agg ace ace ceog tea att gtc geg tte gec cge aac
Ser glg ggy Ser Arg Thr Thr Prc Ser Ile Val Ala Phe Ala Arg Asn

130 135 140

480
t ga tg ctg gtc gge cag ccc goc aag aac cag gog gtg acc aac
ggy glg gal Leu Val Gly €ln Pro Ala Lys Asn Gln Ala Val Thr Rsn
145 150 is85 160

gtc gat cgec acc gtg ¢cgc tcg gtc aag cga cac atg ggc agce gac tgg 528

Val Asp Arg Thr Val Arg Ser Val Lys Arg His Met Gly Ser Asp Trp
165 170 175



cgg atg ccc gcg gtg acc gat ctg gtc aag gaa ctc acc ggc ggc aag 1296 Arg
Net Pro Ala Val Thr Asp Leu Val Lys Qu Leu Thr Ay Ay Lys 420 425?4?3);?%33)
ccc aac aag ggc gtc aac ccc gat gag gtt gtc gcg gtg gga gcc 1344 G'u ‘
Asn Lys Ay Val Asn Pro Asp Gu Val Val Ala Val Ay Ala 435 440 445 get ctg
cag gcc ggc gtc ctc aag ggc ¢ gtg aaa gac gtt ctg ctg 92 Ala Leu Gn
Ala Ay Val Leu Lys Ay G u VawPLys Asp Val Leu Leu 45055 460 ctt gat gtt
acc ccg ctg agc ctg ggt atc gag acc aag ggc ggg gtg 1440 Leu Asp Val Thr
Pro Leu Ser Leu Ay Ile Qu Thr Lys Ay Ay Val 465 470 475 480 atg acc

agg ctc ate gag cgc aac acc acg atc ccc acc®®4&f) cgg tcg 1488 Met Thr Arg
Leu Ile Gu Arg Asn Thr. Thr, |le Prao_Thr Al &l 490, 495 .0ag agf ttc
scc ace goo ga SACTAMEIORS a0 2% achin: aad At sl Rer A AN B Phe e
Thr Ala Asp Asp Ass G n Prege Ser Val Gn 118 G n 500 505 ¥20 DEC ?0U 41/54
gtc tat cag ggg gag.cat g £ Aa tfd &LCadiOfhal584 go\al
Tyr @n Gy G u;%é%?&iﬁ&ﬁ%ﬁ?si i R ol e e GeyeB 189520 535 t oo
ttc gag ctg acc ggc atxesccg cog gcg c@80cgg ggg att 9§ cag 1632 Ser Phe
GQu Leu Thr Gy lle Pro Pro ALa Bl Qelags Gy dob&eEriRcFek ad05a235c040 a§H gag
gtc act ttc gac ?égcﬁga%ﬁﬁgg% g.fgxgrggaifat;hg g'h% Peaggx‘lzgtngm HspSkep Mae G u Val
Thr Phe Asp Ile Aspifla Asn Gy |l &%al H s Val Th?9545 550 555 560 gcc

aag gac aag ggc acc. g9g gad QG ALE LYAutdldecCaQ @rdaak/AG Al ardoye
Asp Lye Ay Thr ééﬁﬁgy@ﬁ% Nmr%%%s:ﬂw IAegAng GﬂgeﬂamaGlur BeoReR7YRIGT5 gge tcg
ggc ctg tcc aag 2§4a gac att gac2¥yc atg ate aadJac gcc 1776 v ser Ay
Leu Ser Lys Qu Roh! fcASR: M ogdplocd laBe lo¥s ofS el dgbdtd &85gdr9tc gaa TRy

cac gcc gag gag zdggthggguzaw aet CbyErydhr day %E@lgdte“g‘tlﬁ %Z%Y WU Ala H's
Ala Gu Gu Asp Arg Lys Arg A% Gu Gu A a?R8p Val 595 600°605 cgt aat can
gcc gag aca ttg Qi GabafycCaddy add gfingadiaga at€ gy artaaacldiettalegy dgtn G N8 a
Qu Thr Leu Val a er; GryTeiu TrauChy S1Phes Jae 1By &'28 1B g FS ¥2069allicag cgt gag
gcc gag ggt ggt tcg aag g"faf cct gaa gac acg ctg 1920 du dn Arg Au Al a
Au Ay Gy Ser JyyscValtcPse Gutdsptdkes lgey s625563DI6RB B40gttages aag B4

gat gcc geg gt g SdeghgRbeghey drlgStedeylsy Y e S g A B val “Asp
Ala Ala Val Ala Gu A4 Lys Ala Ala Leu Ay Gy

te cgt gecc act tcg ggt gac aac cac ctc gge gge gac gac tgg gac 912
331 Agg gla Thr Ser -Gly Asp Asn His Leu Gly Gly Asp Asp Trp Asp
290 : ) 295 300
¢ gte gat tgg ctg gtg gac aag ttc aag ggc acc age gge 960
gig :gg 321 3a1 Rsp Trp Leu Val Asp Lys Phe Lys Gly Thr Ser Gly
308 310 315 320
t at ctg acc aag gac aag atg gog atg cag cgg ctg cgg gaa gcec 1008
;1: gsp Leg Thr Lye Asp Lys Met Ala Met Gln Arg Leu Arg Glu Ala
325 330 335
- aa ca aag atc gag ctg agt tcg agt cag tce ace tecg atc 1056
gig g?g Lyg gla Lys Ile Glu Leu Ser Ser Ser Gln Ser Thr Ser Ile
’ 340 345 350
{
04
ctg cece tac atc acc gte gac gcc gac aag aac ccg ttg tte tta 11
:Eg Leg Pro Tyr Ile Thr Val Asp Ala Asp Lys Asn Pro Leu Phe Leu
3556 360 365
cag ctg acc cgc gog gag tte caa cgg ate act cag gac ctg 1152
g:; gig Glg Leg Thr Arg Ala €lu Phe Gln Arg Ile Thr Gln Asp Leu
370 375 380
¢ cgc act cge aag ccg tte cag tcg gtg atc get gac acc gge 1200
g:g g:p agg Thr Arg Lys Pro Phe Gln Ser Val Ile Ala Asp Thr Gly
385 390 395 400
1248
tg teo ag atc gat cac gtt gtg ctc gtg ggt ggt tcg acc
;&2 ;:g %ag Seg glu Ile Asp His Val Val Leu Val Gly Gly Ser Thr
405 410 415
1296
atq cecc geg gtg acc gat ctg gtc aag gaa ctc ace gge ggc aag
;gg Meg Pro gla Val Thr Asp Leu Val Lys Glu Leu Thr Gly Gly Lys
420 425 430
gaa cce¢ aac aag gge gte aac cce gat gag gtt gtec geg gtg gga gee 1344

Glu Pro Asn Lys Gly Val Asn Pro Asp Glu Val val Ala Val Gly Ala
435 440 445



645 650 655 tcg gat att tcg gcc atc aag tcg gcg atg gag aag ctg ggc\cpggﬁ:aa
2016 Ser Asp Ile Ser Ala Ile Lys Ser Ala Met Qu Lye Leu Ay A n Qu 66 003

665 670 tcg cag get ctg ggg caa gcg ate tac gaa gca get cag get gcg tca
2064 Ser G@n Ala Lev Ay G@n Ala lle Tyr Gu Ala Ala @ n Ala Ala Ser 675
680 685 cag gcc act ggc get gcc.cac ccc ggc ggc gag ccg C ggt gcc cac
2112 dAn Ala Thr Ay Ala Al a { Pro Ay Ay Qu Pro Gggdy Ala H's 690
695 700 ac gcg gag gtg etc gac gac ggc 2160 i actt at t gg 9g9g gg
ccc ggc tcg ge Pro Ay Ser Ala Asp Asp Val Vval Asp Ala Glu Val Val Asp Asp
Ay 705 710 715 720 egg gag gcc aag tga APYSE u Ala Lys <210> 45 <211>
724 <212> PRT <213> Artificial Sequence 2175 <220> <223> fusion sequence
42/ 54 <400> 45 Me Q c o Saz@ &be Tt ck®uU Asped eu
AGn 15 10 15 ﬁ%on%oﬁﬂréﬁa E;%%ipfﬁa;g gw%sﬁ%yuys(ggp %mgﬁ)@tﬁsn Asp Ser
Ser 20 25 30 Gu @5 G u Asp Gu I4%8 Asp Gy Pro#a dy Gn Ala Gu Pro
Asp 35 40 45 Arg, Ala BLS alylecchSigldeB o¥alggthutcRtg 4¢Sadaysod ¥ga G¥e Aspager
Thr 50 55 60 Lk ngL'OIThQPSOVaE Sek nebetly THe HusTivalysASky FleVAk g Thr Lou
Gu 65 70 75 so 46Asp Leu Lou Met*’®y Thr Lou A¥°5I1e val Cys P*8%I1e Oys

Ser G n atg acc agg ctc atc gag cgc aac acc acg atc cce ace aag cgg teg 1488
Met Thr Arg Leu Ile Glu Arg Aen Thr Thr Ile Pro Thr Lys Arg Ser
488 490 495
gag act ttc acc acc goc gac gac aac c¢aa ccg tecg gtg cag atc cag 1536
Glu Thr Phe Thr Thr Ala Asp Asp Asn Gln Pro Ser Val Gln Ile Gln
500 505 510
) c tat cag ggg gag cgt gag atc gcc gcg cac aac aag ttg ctc ggg 1584
{ fa1 Tyr Gln Gly Glu Arg Glu Ile Ala Ala His Asn Lys Leu Leu Gly
5815 520 525
tecec ttc gag ctg ace gge atc ccg ecg gog ccg €99 999 att ccg cag 1632
Sser Phe Glu Leu Thr Gly Ile Pro Pro Ala Pro Arg Gly Ile Fro Gln
530 535 540
atc ga c act ttc gac atc gac gec aac ggec att gtg cac gtc acc 1680
Ile glg 321 Thr Phe Asp Ile Asp Ala Asn Gly Ile val His Val Thr
545 550 555 560
cCc aa ac aag ggc acc gge aag gag aac acg atec cga atc cag gaa 1728
gla Lyg gap Lys Gly Thr Gly Lys Glu Asn Thr Ile Arg Ile Gin Glu
565 570 575
c tc c ctg tcc aag gaa gac att gac cge atg atc aag gac gcc 1776
g%y Seg ggy Leu Ser Lys Glu Asp Ile Asp Arg Met Ile Lye Asp Ala
580 311 590
aa gcg cac gocc gag gag gat cgc aag cght cgc gag gag goc gat gtt 1824
glu glg His Ala Glu Glu Asp Arg Lys Arg Arg Glu Glu Ala Asp Val
595 600 605 _
c aat caa gcc gag aca ttg gtc tac cag acg gag aag ttc gtc aaa 1872
' Ags Asn Gln Ala Glu Thr Leu Val Tyr Gln Thr Glu Lys Phe Val Lys
{ 610 615 620
ag ¢ ag gce gag ggt ggt tcg aag gta coct gaa gac acg ctg 1920
gi: glg Ag; glu Ala Glu Gly Gly Ser Lys Val Pro Glu Asp Thr Leu
625 630 635 640
68
c aa tt gat gcc geg gtg gecg gaa gog aag geg gea ctt ggc gga 19
::n Lyg gal gsp Ala Ala val Ala Glu Ala Lys Ala Rla Leu Gly Gly
645 650 655
: 2016
t at att tcg gec atc aag tcg geg atg gag aag ctg ggc cag gag
Sgg gsp Ile Ser Ala Ile Lys Ser Ala Met Glu Lys Leu Gly Gln Glu
660 665 670
' 2064
a ct ctg ggg caa gcg atc tac gaa gca gct cag gct geg teca
ggg glg gla Leg €ly Gln Ala Ile Tyr Glu Ala Ala Gln Ala Ala Ser
675 680 685
cag geec act gge get goce cac ccc gge gge gag ccg ggc ggt goc cac 2112

Gln Ala Thr Gly Ala Ala His Pro Gly Gly Glu Pro Gly Gly Ala His
690 695 700



85 90 95 Lys Pro Ala Met Ala Arg Ala Val Ay Ile Asp Leu Ay Thr T
Lou u Ay Ay Asp Pro Val

100
Aen
Arg
Val
Met
Al a
Al a
Thr
Al a
du
Lye
Asp
Al a
Arg
320
330
340
355
Lou
Thr
Gy
Lou
Val
du

105
115
Asn
Thr
Ay
Pro
Au
Pro
Ay
Pro
du
Val

Thr
Val

110 Ser Val
120 125 Ser Au Gy Ser Arg Thr Thr
130 135 140 Ay du Val
Aen 145 150 155 160

Ser Asp Trp 165 170 173 Ser

Val

Ser Val

Lou Val

Val

v 1.DEC 2008

Pro Ser Ile Val Ala Phe Al a
Gy Gn Pro Ala Lys Asn @ n Al a
Arg SegmVal Lys Arg H s

Asp Arg Thr Val

lle ulle Asp 4 ys Lys Tyr Thr

GQu lle Ser Ala 160 185 190 Arg Ile Lou Met Lys Lou Lys Arg Asp
Ala Tyr Leu Ay Gu
Ala Tyr Phe Asn Asp Ala 210 215 220

Gnlle A
Thr Al a Pcae

o et

195 200 205

3

Val

Py

G

n

|l e Thr Asp Al a Val
n Arg

Gn Ala Thr
QYet! dagnetWadea 25 230 235 240 Lou Arg Ile Valiaésn
Qua/dla TRyralgl y Leu 245 250 255 Asp Lys Ay Qu
An Arg 79% Lou Val Phe 3p Lou Gy Ay 260 265 270 Gy Thr Phe
Ser Lou Lpoy-Gu Ile dy Gn dy Val

|l e Thr

Lys Asp

275 280 285 Val Arg

Ser Ay £&sip>Apn His Lou Ay Ay Asp Asp Trp Asp 290 295 300 Gn

Ile Asp Lou

335
345
360
370
Ay
Ay
Thr
Val

Val

365 Asp<fdod 4 n Lou Thr Arg Ala Gu The A n Arg

Gy Gy epsclusin 258 43
Ala Val gyafl ais 43 M4144k) ArapHeOtysCys DY ced Bei/der oy L

Lys Asp Val
Leu
65
Asp
Lys
Ser
Ser
Gly
145
val
Ser
Arg
Asp
Gln
225
Leu
Asp
Gly
val
Gln
305
Ile
Ala
Asn
Asp
Leu
385
Ile

Arg

jeu Leu

aArg
Leu
Pro
val
Glu
130
Glu
ASp
Ile
ile
Ile

210
Arg

Arg

Lys
Thr
Arg
290
Arg
Asp
Glu
Leu
Glu
370
Asp
Ser

Met

Leu
Leu
Ala
val
115
Gly
Val
Arg
Glu
Leu
195
Thr
Gln
Ile
Gly
Phe
275
Ala
Vval
Leu
Lys
Pro
3ass
Gln
Arg
val

Pro

Cys
Met
Met
100
Ser
Ser
Leu
Thr
Ile
180
Met
Asp
Ala
val
Glu
260
Asp
Thr
val
Thr
Ala
340
Tyr
Leu
Thr

Ser

Ala
420

aﬁ%gql}e}gge Phe Lye Ay Thr Ser Ay 305 310 315

val b Bk,

Lye Met Ala Met G n Arg Leu Arg Gu Ala 325
Ala Qu<itps Ala Lys Ile Gu Lou Ser Ser Ser G n Ser Thr Ser Ile
350 Asn TP PeTI®8°Thr Val Asp Ala Asp Lys Asn Pro Lou Phe Lou
Ile Thr G n Asp
375 380 MdtoBsEASHY AP THErPIArGTLARS PEoSIhEYIaieF BBt ARLSE ISR Al a Asp
385 390?1%9511;499.: Thi Qep8len Vigh &8I/ ¢hul b ASPAKR Rsp/aer 2k Leu Val
Ser Thr 405 410 41%0 Ar

Val
Gly

85
Ala
val
Arg
Val
Val
165
Asp
Lys
Ala
Thr
Asn
245
Lys
val
Ser
Asp
Lys
325
Lys
Ile
Thr
Arg
Glu

405
val

erire

Gln

70
Thr
Arg
Leu
Thr
Gly
150
Arg
Gly
Leu
val
Lys
230
Glu
Glu
Ser
Gly
Trp
310
Asp
Ile
Thr
Arg
Lys
390
Ile

Thr

55

Pro A5a_ Val
B BT

Ser Thr His Val

Leu Gly
Ala Val

Glu Gly
120

Thr Pro

13s

Gln Pro

Ser Val
Lys Lys

Lys Arg
200

Ile Thr

215

Asp Ala

Pro Thr
Gln Arg
Leu Leu
280
Asp Asn
295
Leu Val
Lys Met
Glue Leu
val Asp
360
Ala Glu
375
Pro Phe
Asp His

Agp Leu

Ile
Gly
105
Gly
Ser
Ala
Lys
Tyr
185
Asp
Thr
Gly
Ala
Ile
265
Glu
His
Asp
Ala
Ser
345
Ala
FPhe
Gln
val

val
425

val

90
Ile
Asp
Ile
Lys
Arg
170
Thr
Ala
Pro
Gln
Ala
250
Leu
Ile
Leu
Lys
Met
a3o
Ser
Asp
Gln

Ser

Val
410
Lys

Asp

75
Cys
Asp
Pro
val
Asn
155
His
Ala
Glu
Ala
Ile
235
Ala
val
Gly
Gly
Phe
315
Gln
Ser
Lys
Arg
val
395

Leu

Glu

60
Ile

Pro
Leu
Val
Ala
140
Gln
Met

Pro

Ala

Tyr
220
Ala
Leu
Phe
Glu
Cly
300
Lys
Arg
Gln
Asn
Ile
aso
Ile
val

Leu

Arg
Ile
Gly
Val
125
Phe
Ala
Gly
Glu

Tyr
205
FPhe
Gly
Ala
AsBp
Gly
285
hep
Gly
Leu
Ser
Pro
365
Thr
Ala
Gly

Thr

ot (5Pt

Thr Leu

Cys Ser
o5

Thr Thr

110

val Ala

Ala Arg
Val Thr

Ser Asp
1758
Ile Ser
190
Leu Gly

Asn Asp
Leu Asn

TYyr Gly
255
Leu Gly
270
val Vval

Asp Trp
Thr Ser

Arg Glu
335
Thr Ser
3s0
Leu Phe

Gln Asp
Asp Thr
Gly Ser

415

Gly Gly
430

Glu
80
Gln
Asn
aAsn
Aen
Asn
160
Irp
aAla
Glu
Ala
Val
240
Leu
Gly
Glu
Asp
Gly
320
Ala
Ile
Leu
Leu
Gly
400
Thr

Lys

Lys Qu

Asp G u

ys Ay



450 455 460 Lou Asp Val Thr Pro Lou Ser Lou Gy Ile Qu Thr Lye Gy d
Val 465 470 475 480 Net Thr Arg Leu Ile Qu Arg Asn Thr Thr Ile er ﬁép 2003,
Lys Arg Ser 485 490 495 du Thr The Thr Thr Ala Asp Asp Asn G n Pro Ser

Val dnlle Gn 500 505 510 Val Tyr Gn dy Gn Arg u Ile Ala Ala H s

Asn Lys Lou Lou Gy 515 520 5 43/ 54 Ser Phe G u Leu Gy lle Pro Pro
Ala Pro Arg Ay Ile Pro dn 5 535 540 Ile Au Val Th he Asp lie Asp

Ala Ann Ay Ile Val His Val Thr 545 550 555 560 Ala Lys Asp Lys @y Thr

Gy Lye u Asn Thr Ile Arg Ile A n Au 565 85%% 575 dy Ser Gy Leu Ser

Lys Qu Asp Ile Asp Arg Met Ile Lys Asp Al & 0 585 590 u Ala Hs Ala

Gu Gu Asp Arg chySe-Ar fbn fgs Chyl vl helpdo ASp cValval %25 MAG60Ay Aag Asn G n

Ala Gu Thr Leu Val Ty43s@ n Thr G u Lyd49Phe Val Lys &%® 615 620 Gu dn

Arg Gu Ala G uathyLeg Ginshta C3% V%lLe?rLéss & GA%ﬁ’a’rég 1?88 V35256 635 640

Ann Lys Val Asp Al &edl da1Vahe A& LGk odlza. lye I/Na&erTﬂrh’.@H dByye1@ va1645 650 655

Ser Asp Ile Ser adka [le Lys Ser 4a Met Ju 8e Gln Ggﬁ°660 665
670 Ser G n Al aMebhg Aracher Aba oMt &raFn &M Téfé’ Al 5°§ ) ¥Ser 675
680 685 dn Al g;Thm-Gne vﬁluaw ale\Sp BE@AQ:)GIGP)‘O@IBH ﬁncm@l eG: Ala His
690 695 700 Pro d Ser gﬂﬂh Asp g gﬁh sé‘df 1% ' V@iy Asp Asp
Ay 705 710 7192% Y GnRET 9% 29 P03 P28 R Y81 IS oNA <2135

Artificial Sequ%esa:hs2¢ﬂ5>1.eu<2&8m§ USe mno Feq idndFeo M@Gﬂvmegbrag@bccat

ggcaaaagaa a <2]i9§ ﬁg 2:?‘hl>PhSOAsp 2i‘e AB% Asn Gly Ile val His Val Thr

545 550 585 L 1 5?0
Lys Asp Lysg Gly Thr Gly Lys Glu Asn Thr Ile Arg Ile Gln Glu

hla Ly P 565 570 575

Gly Ser Gly Leu Ser Lys Glu Asp Ile Asp Arg Met Ile Lys Asp Ala

580 585 590
Glu Ala His Ala Glu Glu Asp Arg Lys Arg Arg Glu gég Ala Asp Val
595 600

Arg RAsn Gln Ala Glu Thr Leu Val Tyr Gln Thr gég Lys FPhe Val Lys
610 615 '

¢lu Gln Arg Glu Ala Glu Gly Gly Ser Lys Val Pro Glu Asp Thr Leu

625 630 : 635 640

BAsn Lys Val Asp Ala Ala Val Ala Glu Ala Lys Ala Ala Leu Gly Gly

645 650 655 X

Asp Ile Ser Ala Ile Lys Ser Ala Met Glu Lys Leu Gly Gin Glu

ser 2%P 660 665 670

Ser €ln Ala Leu Gly Gln Ala Ile Tyr Glu Ala Ala Gln Ala Ala Ser

675 . 680 685 )

¢ln Ala Thr Gly Ala Ala His Pro Gly Gly Glu Pro Gly Gly Ala His
690 695 700

Pro Gly Ser Ala Glu Leu Ala

705 710

<210> 42

<211> 20

<212> DRA

<213> Artificial Sequence

: <220>
‘ <223> fusion sequence

<400> 42 ’0
gagggtggtt cgaaggtacce

<210> 43

<211> 27

<212> DNA

<213> Artificial Segquence

<220>
«223> fusion segquence

<400> 43 ”
tttgatttcg ctagctecact tggeccte

<210> 44

<211> 2175

<212> DNA

<213> Artificial Sequence

<220>
<223> fusion segquence



<213> Artificial Sequence <220> <223> fusion sequence <400> 47 gct ng?abﬁf 2008,
ggt cagctag ctccgcccat <210> 48 <211> 27 <212> DNA <213> Artifici al 4
Sequence <220> <223> fusion sequence <400> 48 aacccagctg ctagcatgca

t ggagat <210> 49 <211> 24 <212> DNA <213> Artificial Sequence 21 30 27

<220> <223> fusion sequence C 2Q 44/ 54 <400> 49 .Qcat gaat tcttatggtt
tctg <210> 50 <211> 1926 <2 DNA <213> Artificial gquence <220> <223>
fusi on sequence <220> <221> CDS <222> (1)...(1923) 24 <400> 50 atg gca aaa
gaa att aaa ttt tea tea gat gcc cgt tea gebo/apg gtc 48 Net Ala Lys Qu lle
Lys Phe Ser Ser Asp Ala Arg Ser Ala Met val 1 5 10 15 «cgt ggt gtc gat ate

ctt gca gat act<aiot a gta act ttg gga cca 96 Arg Ay Val Asp Ile Leu Ala
Asp Thr Val Lys:2 if%%r Lkewrz@ y Pro 20 25 30 aaa ggt cgc aat gtc gtt ctt

s e

gaa aag tea ttc ggt tca ccc ttg att. 144 Lys Gy Arg Aen Val Val Leu Qu

<408
Lys Ser Phe d yatg ga?gga ng'y aIcL eCCQSECéq:téSCEt gaa tat atg tta gat ttg caa 48
Met Asp Gly Asp Thr Pro Thr Leu His Glu Tyr Met Leu Asp Leu Gln
1 5 10 15
cca gag aca act gat ctc tac tgt tat gag caa tta aat gac agc teca 96
Pro Glu Thr Thr Asp Leu Tyr Cys Tyr Glu Gln Leu Asn Asp Ser Ser
20 25 30
a a ag gat gaa ata gat ggt cca get gga caa gca gaa ccg gac 144
glg glg glg Asp Glu Ile Asp Gly Pro Ala Gly Gln Ala Glu Pro Asp
) 35 40 45
aga gcc cat tac aat att gta acc ttt tgt tgc aag tgt gac tct acg 192
. Arg Ala His Tyr Aen Ile Val Thr Phe Cys Cys Lys Cys Asp Ser Thr
{ 50 55 60
ctt cgg ttg tgc gta caa agc aca cac gta gac att cgt act ttg gaa 240
Leu Arg Leu Cys Val Gln Ser Thr His Val Asp Ile Axrg Thr Leu Glu
65 70 75 8O
gac ctg tta atg ggc aca cta gga att gtg tge ccc ate tgt tet cag 288
Asp Leu Leu Met Gly Thr Leu Gly Ile Val Cys Pro Ile Cys Ser Gln
85 90 95
aaa cca gec atg gct cgt gog gte ggg atc gac ctec ggg acc acc aac 336
Lys Pro Ala Met Rla Arg Ala Val Gly Ile Asp Leu Gly Thr Thr Asn
100 105 116
tece c c tcg gtt ctg gaa ggt gge gac ceg gte gtc gte goe aac 384
Ser 3;1 3:1 ser Val Leu Glu &ly Gly Asp Pro Val Val Vval Ala Rsn
115 120 125
teoc gag gge tec agg acc ace cog tca att gtc goeg tte gec cge aac 432
Ser Glu Gly Ser Arg Thr Thr Pro Ser Ile Val Ala FPhe Ala Arg Asn
130 135 140
t ga tg ctg gtc gge cag ccc goc aag aac cag gog gtg acc aac 480
g%y glg gal Leu Val €ly Gln Pro Ala Lys Asn Gln Ala Val Thr Rsn
K 145 150 155 160
( ‘
at cge acc gtg cgc teg gte aag c¢ga cac atg ggc age gac tgg 528
3§§ gsp Agg Thr Val Arg Ser Val Lys Arg His Met Gly Ser Asp Trp
165 170 175
tce ata gag att gac ggc aag aaa tac acc gcg ccg gag atec agc gce 576
S:r Ile glg Ile Asp Gly Lys Lys Tyr Thr Ala Pro Glu Ile Ser Ala
180 185 190
624
cgc att ctg atg aag ctg aag cgc gac gcc gag gee tac ctec ggt gag
Agg Ile Leu Met Lys Leu Lys Arg Asp Ala Glu Ala Tyr Leu Gly Glu
195 200 205
672
¢ att acc gac gog gtt atc acg acg ccc gee tac tte aat gac gee
g:p Ile Thr gsp Ala Val Ile Thr Thr Pro ala Tyr Phe Asn Asp Ala
210 : 215 220
cag cgt cag gcc acc aag gac gcc ggc cag ate goec gge ctc aac gtg 720

Gln Arg Gln Ala Thr Lys Asp Ala Gly Gln Ile Ala Gly lLeu Asn Val
225 230 235 240



ace aat gac ggt gtg act att gcc aaa gaa att gaa tta gaa gac cat 192 Thr
Asn Asp Ay Val Thr Ile Ala Lye Qu Ile Gu Leu Au Asp H's 50 55 6(% gﬁEC 7083,
gaa eat atg ggt gcc aaa ttg gta tea gaa gta get tea aaa acc 240 Phé

Asn Net Ay Ala Lys Leu Val Ser Gu Val Ala Ser Lys Thr 65 70 75 80 aat
gat ate gca ggt gat gga act ac@mact gca act gtt ttg acc a 288 Asn Asp
lle Ala Gy Asp Ay Thr Thr Thr~ Ala Thr Val Leu Thr A n 385 90 95 gca ate
gtc cgt gaa gga atc aaa aac gtc aca gca ggt gca aat cca 336 Ala Ile Val
Arg Qu Ay lie Lys Asn VaI Thr Ala Gly Alaaomn Pro 100 105 ate ggt att cgt
cgt ggg att gaa aca gcc a384 lle dylle Arg Arg
Gy ITe Gu Throi gogdtc s Hoe aovars fo gmsz@tfz 967 F @o5eEioaac 8 gt c
ate set gtt gcc teh aa gaa gmet ate get 43225l a Lev Lys As:nisAsn Val Ile
Pro Val Ala Asn Lys Gu Ala Ile Ala 130 135 caag %ca ggta tct tegit cgt
tct gaa aaa gtt@gg@g"tﬁ‘@ 2%eIET Hh PR Mai ILe%»%ly%?; Arg Ser

G u Lys Val |4doee 145 150 tctzefgaa gca atg gaeaoaaa gtt ggc aaa
gac ggt gtc atc ace ate gaa q: yS V | Lys gsPp

Gy Val T1e Throff echiie B Hoee e 't Bedbre S sl I e ol WP

gta gaa gga atg cag 526s u Ser Arg @o Met Gu Thr 2€§u Leu Gu Val Val

GQu dy Net Gn 180 185tt ol € gtg qgat
age gaa aaa 6249-PEE: ASH ;‘ﬁ&gség 3gq;l' 3 acE Eeﬁtg Ebtg%i/;ggT%'c Asp .
G u Lye 195 200 C 29%) 6' 45/54 at g2sgitg get gac ctt3°¢gaa aat ccg tac att ttg
att aca gac aag_ aaa 67 wal Leu. G.U. As Qed Ydge! Leu dgoe
Thr Asp Lys Lysg&l Bé ﬁ%% ga\éai fe%a;%pgi;el.;:fghgaﬁgggf zﬁrgpggo%ag%ctt ttg gaa
age att etc caa3<7520 IIe Ser As-'hwlle An Ju IP¥ Leu Pro Leu L¥9 du Ser
e Leu A n 225 LaRg 240 a gL bby kb o8l tegdldaa 0@ gat 1apat
gtg gat qggt gag;‘?’z ga %63 ﬁergy %;Ax% %%toggueﬂ_em hé éﬁ@g L‘auﬁ@p Asp Val

Asp Ay Ju Ala 245 250 255 ¥ft cca act ctt3#tt ttg aac aag®8tt cgt gga acc

ttc aac gta gt ag§,1 Iagéu oL Qaddtcl&ld MR adiCtePaft bi$ thé RclnggQ@ee Thraiddae

Asn Val Val 260a661 %ﬁaﬂygtneafag gamaS@cEergger Gin Sgﬁgt'l‘hg rcke cgc aaa
gcc atg ctt gaa 864 Ala Lye Ala Pro®8y Phe Ay Asg®drg Arg Lys Ala
Met Leu Gu aac ctg cce tac atc acc gtc gac goc gac aag aac ccg ttg ttc tta 1104
Asn Leu Pro Tyr Ile Thr Val Asp Ala Asp Lys Asn Pro Leu Phe Leu
355 360 365
gac gag cag c¢tg acc cgc gcg gag ttc caa cgg ate act cag gac ctg 1152
RAsp Glu Gln Leu Thr Arg Ala Glu Phe Gln Arg Ile Thr Gln Asp Leu
370 375 380
ctg gac cgc act cgc aag ccg ttc cag teyg gtg ate gct gac acc ggc 1200
Leu Asp Arg Thr Arg Lys Pro Phe Gln Ser Val Ile Ala Asp Thr Gly
385 390 385 400
att tecg gtg teg gag ate gat cac gtt gtg cte gtg ggt ggt tcg ace 1248
Ile Ser Val Ser Glu Ile Asp His Val Val Leu Val Gly €Gly Ser Thr
405 410 415
‘ c atg ccc gcg gtg ace gat ctg gtc aag gaa ctc acc gge ggc aag 1296
Agg Met Pro Ala Val Thr Asp Leu Val Lys Glu Leu Thr Gly Gly Lys
420 425 430
gaa ccc aac aag ggc gtec aac ccc gat gag gtt gte geg gtg gga gee 1344
Glu Pro Asn Lys Gly Val Asn Pro Asp Glu Val Val Ala Val Gly Ala
435 440 445
¢t ctg cag gec gge gte cte aag gge gag gtg aaa gac gtt ctg ctg 1392
gla Leg Gln Bla Gly Val Leu Lys Gly Glu Val Lys Asp Val Leu Leu
450 455 460
ctt gat gtt acc cecg ctg age ctg ggt atc gag acc aag ggc ggg gtg 1440
Leu Asp Val Thr Pro Leu Ser Leu Gly Ile Glu Thr Lys Gly Gly Val
465 470 475 480
atg acc agg ctc atc gag cgc aac acc acg atc ccc acc aag cgg tcg 1488
Met Thr Arg Leu Ile Glu Arg Asn Thr Thr Ile Pro Thr Lys Arg Ser
485 490 495
gag act ttc acc acc gce gac gac aac caa ¢eg teg gtg cag ate cag 1536

CGla Thr Phe Thr Thr Ala Asp Asp Rsn Gln Pro Ser Val Gln Ile Gln
500 505 510



275 280 285 gat atc gcc ate tta aca ggc gga aca gtt ate aca gaa gac ctt ggt i
912 Asp Ille Ala lle Leu Thr Ay @y Thr Val Ile Thr Au Asp Leu Gyssz@E[: 2008,
295 300 ctt gag ttg aaa gat gcg aca att gaa get ctt ggt caa gca gcg age 960
Leu Qu Leu Lys Asp Ala Thr Ile Qu Ala Leu dy G@n Ala Ala Arg 305 310 315
320 gtg acc gtg gac aaa gat a’/acg gtt att gta gaa ggtgmca gga eat 1008
Val Thr Val Asp Lye Asp Ser Th al Ile Val Qu Ay Al a y Aen 325 330 335
cct gaa gcg att tct cac cgt gtt gcg gtt ate aag tct caa ate gaa 1056 Pro
Gu Ala lle Ser Hs Arg Val Ala Val Ile Lyesopsa G n Ile Gu 340 345 350
act aca act tct gaa ttt gac cgt gaa aaa ttg caa gaa cgc ttg gcc 1104 Thr
Thr Thr Ser A u Phe Asp Arg Qu Lys LeuthI n Gcl‘_uc‘_,f\cr gacL%ug@LacE)SS §60 %@gqaaa
(1o tca oot oot RInIECHISEE Mot B i dbdnd Gl vy Lot

a Va

Ser Ay Ay Val ls3$1 e"Lys Val G s20Ala Ala Thr Gses 370 375 380 act gag

ttg aaa gaa atg aaa etc cgc att gaa gat gcc ctc aac 120Q.. Thr Gy Leu
LyS G ot Lys Fomthg Go Iseociar Seorch seol sy e o8 sedhe Mmoo et
cgt gca get gtt gaasg@a ggt att gttsigca ggt ggt gg&i@ca get 1248 Thr Arg
Ala Ala Val Gu u dy Ile Val Ala Gy Ay dy Thr 2, 405 415 4

gec aat grg it SEEEHT G F R el A L R
Asn Val Ile Pro gd=ma Val Ala Thr $®u G u Leu Thrs&8y Asp 420 42%6430 gaa
gca aca gga cgt eat att gtt etc cgt_gef t 028,883, £eka Qbd cdddda G uAka
Thr Gy Arg Asn giiiﬁﬁ:ﬁéﬁg&% Arae ﬁ.;g(iﬁ ﬁ'm;gmlé/ 34353413 1445 cgt caa
att get cac aat gca gga ttt ¢4 gga tct ate §t& atc gat 13927°Arg An lle

Ala Hs Asn Ala d Mo @Y Mgkl SacVale dde Begtabe 429 ¢46Qcs0t tixgeaaa
eat get gag ctt aﬁggggggagtsge I@gcg?gc%;gu; ganigeetlztmw#\mgpmga Lys Asn

Ala Qu Leu Ay Ile Gy PEECAsn Ala Ala TH® Ay DEC 290" 159%6/ 54 465 470 475

480 gag tgg gtt 'ﬁfg@j qa@tgt:c%at; $289%a80igcalRy &dtt cflfbad Gag gbé gaaatgt g 1veEs
GQu Trp Val Asn ald aidf\spa @R ChyAsp| gl lye RpARy 81w/ghu pya Agp|Vali85 490 495
agt cgt tca gcc cta cad®sat gca gca tct®gta gcc age tf§att ttg 1536 Ser

Arg Ser Ala Leu @ AeBafAlgacAag 2erteladtcAl SBY adyad lagy lreel g5ORaB05 SiED?2

Arg Asn Gln Ala Glu Thr Leu Val Tyr Gln Thr Glu Lys Phe Val Lys
610 615 620

aa cag cgt gag gcoec gag ggt ggt teg aag gta cct gaa gac acg ctg 1920
glu Glg agg Glu Ala Glu Gly Gly Ser Lys Val Pro Glu Asp Thr Leu
625 630 638 640

aac aa t gat gcc geog gtg gog gaa geg aag goeg geoa ctt ggc gga 1968
Asn Lyg 3:1 Asp Ala Ala Val Ala Glu Ala Lys Ala Ala Leu gég Gly
645 €50

tcg gat att teg goe ate aag tcg geg atg gag aag ctg ggc cag gag 2016
Ser Asp Ile Ser Ala Ile Lys Ser Ala Met Glu Lys Leu €ly Gln Glu
660 665 . 670

teg ca ct ctg ggg caa gcg atc tac gaa gca got cag got gog tca 2064
Seg Glg gla 1eu Gly Gln Ala Ile Tyr Glu Ala Ala Gln Ala RAla Ser
675 680 685

cag gce act gge got gec cac ccc gge gge gag ceg gge ggt goc cac 2112
Glg gla Thr Gly Ala Ala His Pro Gly Gly Glu Pro Gly Gly Rla His
690 695 700

coce ¢ te ct gat gac gtt gtg gac gog gag agtg gtc gac gac gge 2160
Pro ggy Seg gla Asp Asp Val Val Asp Ala Glu Val Val Asp Asp Gly
705 710 715 720

cgg gag gecc aag tga 2175

Arg Glu Ala Lys

<210> 45

<211> 724

«<212> PRT

<213> Artificial Sequence

<220>
<223> fusion sequence



aca aca gaa gca gtc gta gcc aat aaa cca gaa cca gta gcc cca get 1584 Thr
Thr Au Ala Val Val Ala Asn Lys Pro Gu Pro Val Ala Pro Ala 515 520 52253@20&3;
gca atg gat cca agt atg atg ggt gga atg ggc gga get agc atg 1632 Pro Al

Met Asp Pro Ser Met Met Ay Gy Met Ay Ay Ala Ser Met 530 535 540 cat gga
gat aca cct aca ttg cat gaa tajgmatg tta gat ttg caa ccage80 Hs Ay Asp
Thr Pro Thr Leu H's Qu Tyr Met™Leu Asp Leu A n Pro 545 0 555 560 gag
aca act gat ctc tac tgt tat gag caa tta aat gac agc tca gag 1728 G u Thr
Thr Asp Leu Tyr Cys Tyr Au G n Leu Asn Asp4§}95r Ser Qu 565 570 575 gag gag
gat gaa ata gat ggt cca get gga caa gca gaa COg gac aga 1776 Gu du Asp
GQulle Asp Ay Bie-Alsa Ay Gn Ala Gu Pro Asp Arg 580 585 590 gcc cat
tac aat att gta m:cn&;t Gly gsptRye Racagﬂtrgtaevga{? ¢lot Tyrcletcheu Agplkeu Sl His Tyr

Asn Ile val Thr » A o595, 800 sBDBe£0g ttg tgc
gta caa agc aca Gaghgagoat cgt "gcs:t tStH;gs gaa gac u1872 %%r Lgu Cys Val

Gn Ser Thr His Ma;l GAspld lrep Alg Illlqrhﬂlpe@lyc}’v Ns*pm@lellﬁcge EOPE? d%®ta atg ggc

aca cta gga att % g L:gt atlo.}h Wed- 86 Mat Gy Thr
Leu Ay Ile Val irﬁg%i Crg %/s Slerv 58l n L S 6306063 620 cca taa Pro

<210> 51 <211> ﬁdw_hrcxz&@ﬂypmléﬂ 3er AP m%m g fitfe itk TR 36 €1L 223>

fusion sequence SH00z, B, et Al Ak Gly HeevdysPh S8 ciPbedtn Al @ Ar g
Ser Ala Met val T 15 Aeg Gy Val Asp Ig0e Leu Ala Asp THr Val Lys Val
Thr Leu Gy Pro 2o 26 36 Mey AIAFIANG Yend %ZPWP Pes, oty T8 7B 8% Phe O y

Ser Pro Leu Ile ¢35540v4b sébvafSRuASR GyyaNahspThio vhevdl &ai_ma @t |le Guu
Leu Au Asp His 50 55160 Phe Ju Asnlaet d a égigfa Ser @u Val
Al a Ser Lye Tar rs%ﬁ‘g‘;% sendy9 B85 ThEePR %Frd%} }S&Ip §er ? MAr Ala Thr

Vé‘l Leu Thr Gn G§5G vdD26u valr Gly Gln Pro aAla Lys Asn Gln Ala Val Thr ;\zg
145 150 155
Val Asp Arg Thr Val Arg Ser Val Lys Arg His Met Gly Ser Asp Trp
165 170 : 175
ser Ile Glu Ile Asp Gly Lys Lys Tyr Thr Ala Pro Glu i;g Ser Ala
180 185 :
Arg Ile Leu Met Lys Leu Lys Arg Asp Ala Glu Ala ggg Leu Gly Glu
195 200 }
Asp Ile Thr Asp Ala Val Ile Thr Thr Pro Ala Tyr Phe Asn Asp Ala
210 215 220
Gln Arg Gln Ala Thr Lys Asp Ala Gly Gln Ile Ala Gly Leu Asn Val
225 230 235 240
Leu Arg Ile Val Asn Glu Pro Thr Ala Ala Ala Leu Ala Tyr Gly Leu
245 ' 250 225 L
Asp Lys Gly Glu Lys Glu Gln Arg Ile Leu Val FPhe Asp Leu Gly Gly
Rl Y 260 265 270
Gly Thr Phe Asp Val Ser Leu Leu Glu Ile Gly Glu g;g val Vval Glu
275 280
val Arg Ala Thr Ser Gly Asp Asn His Leu Gly gsg Asp Asp Trp Asp
290 295
Gln Arg Val Val Asp Trp Leu Val Asp Lys Phe Lys Gly Thr Ser Gly
305 310 als 320
Ile Asp Leu Thr Lys Asp Lye Met Ala Met Gln Arg Leu Arg Glu Ala
: 325 330 338
{ Ala Glu Lys Ala Lys Ile Glu Leu Ser Ser Ser Gln Ser Thr Ser Ile
340 345 350
Asn Leu Pro Tyr Ile Thr Val ‘Asp Rla Asp Lys Asn on Leu Phe Leu
355 360 365
asp €lu Gln Leu Thr Arg Ala Glu Fhe Gln Arg Ile Thr Gln Asp Leu
370 375 380
Leu Asp Arg Thr Arg Lys Pro Phe Gln Ser Val Ile Ala Asp Thr €Gly
385 390 : 395 400
Ile Ser Val Ser Glu Ile Asp His Val Val Leu Val Gly Gly Ser Thr
405 410 415
Arg Met Pro Ala Val Thr Asp Leu Val Lys Glu Leu Thr Gly Gly Lys
420 425 430
Glu Pro Asn Lys Gly Val Asn Pro Rsp Glu Val Val nia val Gly Ala
435 440 445
Ala Leu Gln Ala Gly Val Leu Lys Gly Glu val 223 Asp Val Leu Leu
450 455
Leu Asp Val Thr Pro Leu Ser Leu Gly Ile Glu Thr Lys Gly Gly Val
465 470 475 480
Met Thr Arg Leu Ile Glu Arg Asn Thr Thr Ile Pro Thr Lye Arg Ser
485 490 495
clu Thr Phe Thr Thr Ala Asp Asp Asn Gln Pro Ser Val Gig Ile Gin
500 505 5
val Tyr Gin Gly Glu Arg Glu Ile Ala ala His Asn Lys Leu Leu Gly
5185 520 52§



47/54 Ala lie Val Arg Qu Ay Ile Lys Asn Val Thr Ala Ay Al a Asn Pro 100

105
115
Al a
Tyr
I'le
Val
Val
Ile
Pro
Ile
Leu
Pro
I'le
Lau
Val
Pro
350
360
370
Al a
Ay
Leu
Lau
Ay

110
120
130
Ile
Thr
Gu
Thr
Leu
Lau
Ile
Asn
Ay
Lau
Lye
Thr

Il e
125
135

Gy lle Arg Arg Ay Ile Au Thr Ala Val Ala Ala Al a Val Y 5 Zﬂﬁﬁ
Ala Leu Lys Asn Asn Val Ile Pro Val Ala Asn Lye Au Al az: Ileﬂ—r
140 dn Val Ala Ala Val Ser Ser Arg Ser u Lye val Ay Gu

145 150 155 160 Ser Ala Met Ju Lys Val Ggmlys Asp Gy Val

I'le
dy
Asp
Ile
Leu
Al a
Lys
Phe
Thr
Asp
Val

Au A a

Thr
365
375

385 390 395°%

Thr

G u 165 170 175 ® Ser Arg Ay Met Qu Thr™&n Leu G n Val
Met Gn 180 185 190 Phe Asp Arg Ay Tyr Leu Ser A n Tyr Mt
Ser Qu Lys 195 200 205 Met Vq},/ a Asp Leu A u Asn Pro Tyr
Thr Asp Lys Lye 210 215 220 Ile er Asn Ile dn Qu lle Leu
G u Saf phd @1baleuCGha 312251.;236 235012480 &grclésnleAPgo BPro Leu Leu

Asp As sva 3A| 5 250 25% Lou Val

Il e EB‘ gﬁ'é ’3@5 P\fﬂj] Jgsé‘es?;_;%’z g‘(‘i)‘o % 3 \/qté Lys Ala
Gy ﬁ&px,ﬁ g.slé\ ol mlraﬁlwmysL@m EnuThr2 7k E&)IEBSIn Byp lie Ala
dy dy Thr. Val Thr p% 0 Q. Leu G u
A n T 5 S*Hnes A%s PG ‘*‘Spéﬁ P “%1 g“ir?ge 5 18" 315 320
Asp éysnﬁesplsesrla'ﬁip Glalhsbllerg\ﬁais Fgurg GLuARie GéyMEsﬁaBZS 330 335

Il'e Ser H I 1l SrRCE1d 340 345
Thr &5 23 % ﬁ"eaﬁt‘ ’%lr”a"iaa% L+Yg o ﬁ,}g ’?{F !'AJFGSV&E AWa 355

Lye LaucﬁeﬁerAyg Gy HJ’aIGlAI @\ FrelreLYIEy?W&W &y Ay 51’"AF'§D Thr Qu

380

Thr 3 b gl s o2 3R L. digUhodr il b Flandsmpbsy Leu Asn
r Argafl a Ala Val AesoGn Gy Ile VesAla Ay Gy

Thr Al a 405 =ekQaep 3le ﬁg AAPa?lAslfx \B§F %re“elbr’b‘“Ahﬁ v Shy TR Leu Gin
4

Thr d y Asp Seé}:Zan

¢ b1AlAaaTh Ye 1A £ aARTA bieatahid aur Arg Al a

Gu GQu Pro Val 48% 440 445 Arg&8pbn Ile Al a Hi sé¥sn AIaGIQI Phe G u
Ser Ile Val qqnenggsﬁhr Gly Ala Ala Hls Pro Gly Gly Glu Pro Gly Gly Ala Hi

695 700
Pro Gly Ser Ala Asp Asp Val Val Asp Ala Glu Val Val Asp Asp Gly
705 710 715 720

Arg Glu Ala Lys

<210> 46

<211> 21

<212> DNA

<213> Artificial Sequence

<220
223> fusion sequence

<400> 46
gcagecccat ggcaaaagaa a | 21

<210> 47

<211> 30

«<212> DNA

<213> Artificial Sequence

<220>
<223> fusion sequence

<400> 47
gctcgaatte ggtcagctag cteegeccat 30

<210> 48

<211> 27

«<212> DRA

<213> Artificial Sequence

<220>
<223> fusion sequence

<400> 48

aacccagetg ctageatgea tggagat 27
<210> 49

<211> 24

«<212> DNA

<213> Artificial Segquence

<220>
<223> fusion sequence



450 455 460 Arg Leu Lys hen Ala Qu Lou Ay Ile @y Phe Asn Ala Ala Thr .
Gy 465 470 475 480 Gu Trp Val Asn Met Ile Asp Gn Gy Ile Ile Asp. Pt JEC 2602
Val 495 Val 485 490 Ser Arg Ser Ala Lau A n Aen Ala Ala Ser Val Ala Ser
Lau Ile Leu 500 505 510 Thr Thr Gu Ala Val Val Ala Asn Lys Pro G n Pro
Val Ala Pro Ala 515 520 Pro Met Asp Pro Ser Met y Ay Mt Gy
Gy Ala Ser Met 530 535 540 s Ay Asp Thr Pro Thr LeU Hs Gu Tyr Met
Lau Asp Lau G n Pro 545 550 555 560 du Thr Thr Asp Lau Tyr Cys Tyr Gu
A n Leu Asn Asp Ser Ser G u 565 570 575 Ggud u Asp Gu Ile Asp Gy Pro
Ala Ay An Ala Gu Pr9oo Asp Arg 580 585 Ala Hi's Tyr Ass Ile Val Thr Phe
Cys Cys Lys dye<smyp &er Thr Leu 595 600 605 Arg Leu Cys Val dn Ser Thr ‘
H s Val Asp |1 eaggesgtaaat Y9t ASY 610 615 DEC ZQU, 48/54 Leu Len Mef Qvy
Thr Leu Gy Ileda ys Pro Ile Cys Ser Gn Lys 625 630 635 640 Pro <210>
52 <211> 1944 <§ﬂ1-2£2|6NA <213> Artificial Sequence <220> <223> fusion
sequence <220> < 1 S < > ...(1941) <400> 52 atg aaa gag ctc aag
ttc ggt gtc gaa‘ﬁg(% %’égpbceltagg%au%%%: ctc aag 48 Met Lys Gu Lev Lys Phe Ay
Val Qu Ala Arg<fdee Gn Leu Leu Lys 1 5 10 15 ggt gtt gac act ctg gcc aag
gcc gtg act tcg<&Y Tttt aag 96 4y val Asp Thr Lou Ala Lys Al a Val
Thr Ser Thr Leu<$dgs Pro Lys 20 25 30 ggt cgt aac gtc ctt atc gag tct ccc
tat ggc tcc cct< % a §a444 Gy Arg Ann Val Leu Ile Gu Ser Pro Tyr
Ay Ser Pro Lys<##3 Wr"?)éﬁ 45 aag gat ggt gtc tct gtt gcc aag gee ate
act etc caa gac<amg $dc 192

ca aaa gaa att aaa ttt tca tca gat gec cgt tca get atg gte 48
:Zg gla Lys glu Ile Lys Phe Ser Ser Asp Ala Arg Ser Ala Met Val
1 5 10 15
{
926
t t gtc gat atc ctt gca gat act gtt aaa gta act ttg gga cca
;gg g%y 331 Asp Ile Leu Ala Asp Thr Val Lys Val Thr Leu Gly Pro :
20 25 30
cgc aat gtc gtt ctt gaa aag tca ttc ggt tca coc ttg att 144
:;: gg; Agg Asn Val Val Leu Glu Lys Ser Phe Gly Ser Pro Leu Ile
35 40 45
t gac t gtg act att gece aaa gaa att gaa tta gaa gac cat 192
:ﬁﬁ ;:n gsp g%y Val Thr Ile Ala Lys Glu Ile Glu Leu Glu Asp His
50 55 60
240
tt gaa aat atg ggt gcc aaa ttg gta tca gaa gta gct tca aaa acce
;he glu asn Met Gly Ala Lys Leu Val Ser Glu Val Ala Ser Lys Thr
65 70 75 80
t atc gca ggt gat gga act aca act gca act gtt ttg acec caa 288
g:; g:p Ile gla gly.nap Gly Thr Thr Thr Ala Thr Val Leu Thr Gln
85 20. 95
[ t cca 336
atc c cgt gaa gga atc aaa aac gtc aca goca ggt gca aa
gi: Ile 321 Arg Glu Gly Ile Lys Asn Val Thr Ala Gly Ala Asn Pro
: 100 105 : 110
i t gce geca gea gttt gaa 384
att ¢ cgt ggg att gaa aca gca gtt g g g
?:: gg; Ile ng; Arg Gly Ile Glu Thr Ala Val Ala Ala Ala Val Glu
115 120 125
t 432
ttq aaa aat aac gte atc cet gtt goc aat aaa gaa gct atc gcC
gg; Leg Lys Asn Asn Val Ile Pro Val Ala Asn Lys Glu Ala Ile Ala
130 135 140
tac atc 480
£ gca gec gta tct tet cgt tect gaa aaa gtt ggt gag
gi: gﬁl gla gla Val Ser Ser Arg Ser Glu Lys Val Gly Glu Tyr Ile
145 150 155 160
tc acc atc gaa 528
t gaa gca atg gaa aaa gtt gygc aaa gac ggt gtc a
::r glu gla Met Glu Lys Val Gly Lys Asp Gly Val Ile Thr Ile Glu
165 170 175
tg cag 576
t t atg gaa aca gag ctt gaa gte gta gaa gga a
gig 22: Kgg g%y Meg €lu Thr Glu Leu Glu Vval Val Glu Gly Met Gln
180 185 190
ttt gac cgt ggt tac ctt tca cag tac atg gtg aca gat agc gaa aaa 624

Asp Ser Glu Lys
sp Arg Gly Tyr Leu Ser Gln Tyr Met val Thr
Phe Asp 19% 200 205



Lys Asp Gy Val Ser Val Ala Lys Ala Ile Thr Leu G n Asp Lys Phe 50 55 60
gag aac etc ggt get cgc ctc ctc cag gat gtc get tct aag acc aac 240° Q@GEC 2003
Asn Leu Ay Ala Arg Leu Lou G n Asp Val Ala Ser Lys Thr Asn 65 70 75 80
gag att get ggt gac ggt ace acc ace get acc gtc ctt gcc cgt gcc 288 Qdu
Ile Ala Ay Asp Gy Thr Thr Th§RAl a Thr Val Leu Ala Arg a 85 90 95 ate
ttc tct gag ace gtg aag aat gtt get get ggc tgc aac ccc atg 336 |Ile Phe
Ser u Thr val Lys Ann Val Ala Ala Ay Cys Asn Pro Met 100 105 110 gat
ctg cgc cgc ggt ate cag get get gtt gat getssgdsc gtc gac tac 384 Asp Leu
Arg Arg Ay Ile Gn Ala Ala Val Asp Ala Val Val Asp Tyr 115 120 125 ctc cag
aag aac aag cgt gac atc acc ace ggt gag gag. at et, ca 4£2€ An Lys
An Lys A G ASpild LTI BNY of aerers brosw SoPbte BB siienaaitort o2t ac
ate tee get aac ggtzagac acc cac ateigmgt aag ctg areoc480 Val Ala Thr Ile
Ser Ala Asn Ay Asp Thr Hs Ile Jy L Len 1J 6 tee e
gcc atg gag cgt ‘i‘% ol RSnant gnoety SObE ?e?,g‘p&% 2 %gg stpdebdla [P0 A
Met Qu Arg Val 268y Lys Gu Ay23al Ile Thr Vak3tiye 165 170 1739 gag ggc

aag ace att gag gat gag.,ctc gag,gafc..a Ay Je¥S
Thr Ile Gu ASDS% liigq%;@ﬁi %539 L %ﬁiﬁﬁ gﬁ%ﬁéﬁtﬁg‘i’ %%S ﬁ%éiﬂ%ﬁzom 49/ 54
ttc gac cgt gga tac acc tcc 24c tac ttc ate?®¥te gat ace aag5fcc624 Phe Asp
Arg Gy Tyr Thr Ser Pro, Tyr, e T aatQ2a202@ 205 fag
20 011 gh0 116 HRGoaarost Tored FoTis relo ek aue ek MadaiAedl n Lye Val
Gu Phe Gu Lys Pro Leu 126 Leu Leu Ser &% Lys Lys 21#7915 220 ate tct
gcc gtt cag gacggﬁ Sr8l8gC&ha GaCol tetdaet G54 c§tCCgRGRa 366 20 dtkegader AlgsVal
Gn Asp Ile |l eakk vaf1gslmaw GloucA BheSely 3éw Afkhprg 226 A28(MeRIHu GO et c cgcC
cgc ccc ctg gtt att at®d5gca gag gac att® gag ggt gag J&%768 Leu Arg Arg Pro
Leu Val Ile Ilegll acldécARR {daCadd Ygdhdh Gdighl atc 245 gAbGadSatejg gcc ke
tgc att ctg aaeasmgletmlachie YycTraglcEly CmyValt Eleydh8Blv [Aep IRLlYal Cys Ile
Leu Asn Lys Leu Ar@®@y A n Leu G A%Val Ala 300

ctt gag ttg aaa gat geg aca att gaa get ctt ggt caa gea gocg aga 960
Leu glg Leg Lys Asp Ala Thr Ile Glu Ala Leu Gly Gln Ala Ala Arg
305 310 315 320
acc gtg gac asa gat agc acg gtt att gta gaa ggt gca gga aat 1008
ggg Thr gag Asp Lys Asp Ser Thr Val Ile Val Glu Gly Ala Gly Asn
325 330 335
cct gaa gog att tct cac cgt gtt gcg gtt atc aag tct caa atc gaa 1056
Pro Glu Ala Ile Ser His Arg Val Ala Val Ile Lys Ser Gln Ile Glu
340 345 350
act aca act tect gaa ttt gac cgt gaa aaa ttg caa gaa cg¢ ttg goe 1104
Thr Thr Thr Ser Glu Phe Asp Arg Glu Lys lLeu Gln Glu Arg Leu aAla
355 360 365
aaa ttg tca t ggt gta gcg gkt att aag gtc gga gcc gea act gaa 1152
- Lys Leg Ser ggy Gly Val Ala Val Ile Lys Val Gly Ala Ala Thr Glu
- 370 375 380
‘ act gag ttg aaa gaa atg aaa ctc cge att gaa gat gocc ctc aac gct 1200
Thr glg Leg Lys Glu Met Lys Leu Arg Ile Glu hsp Ala Leu Asn Ala
385 390 398 400
1248
act ¢© ca gct gtt gaa gaa ggt att gtt gea ggt ggt gga aca gct
Thr Ag; gla Ala Val @lu Glu Gly Ile Val Ala Gly Gly Gly Thr Ala
405 410 415
t 1296
ctt gce aat gtg att ceca get gtt get acc ttg gaa ttg aca gga ga
Leu gla Asn Val Ile Pro Ala Val Ala Thr Leu Glu Leu Thr Gly Asp
420 425 430
1344
aa gca aca a cgt aat att gtt ctec cgt gct ttyg gaa gaa cct gtt
glu gla Thr ggy Arg Asn Ile Val Leu Arg Ala Leu Glu Glu Pro Val
435 440 445
t 1392
caa att gct cac aat gca gga ttt gaa gga tct atc gtt atc ga
;3; Gln Ile gla His Asn Ala Gly Phe Glu Gly Ser Ile Val Ile Asp
450 455 _ 460

1440
t ttg aaa aat gct gag ctt ggt ata gga ttc aac geca gca act ggc
;gg Leg Lys Asn Ala Glu Leu Gly Ile Gly Phe Asn Rla Ala Thr Gly



260 265 270 get gtc aag get cct gga ttc ggt gac aac cgc aag age ate ctg

ggc864 Ala Val Lys Ala Pro Gy Phe Gy Asp Asn Arg Lys Ser Ile Leu @y DEC5200%
280 285 gat ctt gcc gtc ctt ace aac ggt ace gtc ttc act gat gag ctc gac912

Asp Leu Ala Val Leu Thr hen Ay Thr Val Phe Thr Asp Qu Leu Asp 290 295

300 ate aaa etc gag aag ctt ac cc gat atg ctt ggt tcc Qe ggc gcc9e0 Ile

Lys Leu Qu Lys Leu Thr Pro As t Leu Ay Ser Thr Ay a 305 310 315

320 ate ace atc ace aag gag gac ace ate ate ctg aac ggg gag ggc agel008 Ile
Thr 1le Thr Lys Gu Asp Thr lle Ile Leu Aenyggss Gu Ay Ser 325 330 335

aag gac gcc att gcc cag cgc tgc gag cag att cgc ggt gtc atg gcgl056 Lys Asp
Ala lle Ala Gn #5 Cys Qu A@n 41% Arg Ay Val 4Mt Ala 340 348°350 gac

CCC agc acc tcc gaa ag .2 930,820 £ ¢ad fadac ot @J,QQ@,t@sp Rrs@g Ser
Thr Ser A u Tyr giﬁféﬁ%‘; uﬁﬁ h@vge@' mﬁ% Aregileegzp 35?5%{816%6@519& aag

etc tct ggc ggt gtt gecc gtc at® aag gtc ggt & geec tccl1524M a Lys Leu Ser

Ay Gy Val Ala val || .LVicVala Qayadd & S8 gr346k 3O +8PAPagg gt t Bag
gtc ggt gag aag ﬁgﬁﬁé&ie&%ﬁgﬁ? gnncg%ag‘;zgg:ta eézc?ralahlaZSé)r GwIValteed u Val Ay

A u Lys Lys Asp Arg Val Va#i9°Asp Al a Leu A8¢F 385 390 3955400 get ace cgt

get get gtt gag Efagaggtgagtg%ag& §GCq@0iatd8da O& o@f @d2 45 Aba cdllgefr g AlsasAl a
Val Gu AQu Ay thethediPrzaaCGa Glyalg ysnaThys PA)SIV PP FA6 Aje @retrlaet ¢ aag
gcc gee gcc aac ggc ctt5iac aat gtc aa§°ccc gagl296 AP® Leu Leu Lys Ala Al a

Ala Asn Gy Leu AsPgésSReyaatlys BtOatgl dbg dtOgde? o136k age gtt aggatgcag 1aa
etc ggt gtg age miccrbd @etdgraxP mcﬁe&tféetaéb'lslmﬂﬁs@ig?ﬁ@ ApSe&F G n Leu Ay
Val Ser Ile Ile LysS®8n Ala Ile Thr®*®435 440 445 .

: cat gga gat aca cct aca ttg cat gaa tat atg tta gat ttg caa cca 1680
( His Gly Asp Thr Pro Thr Leu His Glu Tyr Met Leu Asp Leu Gln Pro
545 550 555 560

gag aca act gat ctc tac tgt tat gag caa tta aat gac agc tca gag 1728
Glu Thr Thr Asp Leu Tyr Cys Tyr Glu Gln Leu Asn Asp Ser Sex Glu
565 570 875

a a at gaa ata gat ggt cca gct gga caa gca gaa ccg gac aga - 1776
glg glg gsp Glu Ile Asp Gly Pro Rla Gly Gln Ala Glu Pro Asp Arg
580 585 590

gcc cat tac aat att gta acc ttt tgt tge aag tgt gac tet acg ctt 1824
Ala His Tyr Asn Ile Val Thr Phe Cys Cye Lys Cys Asp Ser Thr Leu
595 600 605

c ttg tgc gta caa agc aca cac gta gac att cgt act ttg gaa gac 1872
Agg Leg Cys Val Gln Ser Thr His Val Asp Ile Arg Thr Leu Glu Asp
610 - 615 620

ctg tta atg gge aca cta gga att gkg tgc ceoc ate tgt tet cag aaa 1920
Len Leu Met 6ly Thr Leu Gly Ile Val Cys Pro Ile Cys Ser Gln Lys
625 €30 635 640

cca taa 1926

{\ Pro

<210> 51

<211> 641

<212> PRT

<213> Artificial Sequence

<220>
<223> fusion sequence

<400> 51 :
Met Ala Lys Glu Ile Lys Phe Ser Ser Asp Ala Arg Ser Ala Met Val

Ar; Gly Val Agg 112 Leu Ala Asp ng V;g Lys Val Thr ng Gii Pro
Lys Gly Agg Asn Val Val Leu Gig Lys Ser Phe Gly S:; Pro Leu Ile
Thr A:g Asp Gly Val Thr Iég Ala Lys Glu Ile G%g Leu Glu Asp His
Phe Glu Asn Met Gly h%g Lys Leu Val Ser G%g val Ala Ser Lys ng
Agi Asp Ile Ala Ggg Asp Gly Thr Thr ng Ala Thr Val Leu Tg; Gln



cgc ccc get cgc ace att gtt gag aac gcc ggc etc gag ggc age gtcl392 éggcﬁg@zﬂuﬁ

Ala Arg Thr Ile Val

GQu Asn Ala dy Leu du @y Ser Val

450 455 460

20f1 1 50/ 54 att gtc ggc aag ctg acc gac gag ttc gcc aag gac ttc aac cgc ggt
1440 1le Val Ay Lys Leu Thr Asp G u Phe Ala Lye Asp Phe Aen Axg Ay 465

gc gag tac gtc gac at g’t
Ser

470 475 480 ttc gac agc tcc a

atc 1488 Phe Asp Ser
485 490 495 <ctc gat ccc etc aag gtt gtt cgc acc get ctg ctc gac gcc agc
ggt 1536 Leu Asp Pro Leu Lye Val

Ser

Lye

ag

G u Tyr Val

Val

Arg T -
500 505 510 gtc gcc tcc ctg etc ggt acc act

i,

Asp Met

c tcc agc ggt
Ser

Ay lle

&l a Leu Leu Asp Ala Ser Gy
gtc get att gtt gag gcc

cct 1584 Val Al g;Sefelvall A:QuUedl MyThfe e Aa waMahr Al@ chy ela\/ahn @wu Ala Pro
gg¥occ

515 520 525 gag gag aa
1632 Gu GQu Ly$!G%YR

28 o STpF

,got ggt atg

&et C% 99ana{%1 && %]vai%y

Met 530

535 540 ggc ggc atg ngc;,yggxanaieg: mtxggarcgail caanemmya@au thlg IGatrlgaa t at

1680 dy dy Mt @1

550 555 560 atgS}?

bd»tla ztlat Val Ser Sy

dsCca ga

5

Thr

Ser Glu
aca achsgat ct

.00 72

G g%lb'ﬁrqlu Tyr 545
tac taeot at gag

caa 1728 Met Leue,A:‘gmu laud zthcJersG!au Gty Lil'mmsﬂspy Vel ITyr’l‘hQFée'ﬁ;lP Au Gn
tgiqCa get gga

565 570 575 tta aat

1776 Leu Asn Asfi'sé

585 590 caa gcargaasg

2539 1, GRTRPGu088, GN L0P%u2 Ty &
ggly agal-egc%erca-'tn ti‘m Ma'atVahfrbr
B ALOA @t 53 rhsnid ke Val

1824 dn Ala du Pro

600 605 aag tgt §&t

ET -ﬁgt acg ctt cggzistg tgc

gta caa2agc aca cac

ro Ala Ay 580
@E% saé(f;lt*tlti’st gt tgc

1872 Lys Cys Aspléeer Pan LeUCAr¢ul Ble BysPambeciey SaY S?ﬁrnﬂllﬁ“\ﬁg
615 620 att cgt &8¢ .t

1920 Ile Arg Thr

eu

Qg8 o0aG
U Aspzaseu Leu Met

gta gac

Asp 610

001 et 1 AR de8 286 a'ailtnap gaga cﬁt;'i?llgt g tgc
a

630 635 640 ccclet dre ghrilen BagtdatPicby
Pro 645 <210> 53,,<311%,6

ABp
Leu
305
val
Pro
Thr
Lys
Thr
385
Thr
Leu
Glu
Arg
Arg
465
Glu
Ser
Thr
Pro
His
545
Glu
Glu

Ala

Ile
290
Glu
Thr
Glu
Thr
Leu
370
Glu
Arg
Ala
Ala
Gln
450
Leu
Trp
Arg
Thr
Ala
530
Gly
Thr
Glu
Ris

Leu
610

275
Ala

Leu
val
Ala
Thr
355
Ser
Leu
Ala
Asn
Thr
435
Ile
Lys
val
Ser
Glu
515
Met
Asp
Thr
Asp

Tyr
595
Cys

Zhs w3lay

Ile
Lys
Asp
Ile
340
Ser
Gly
Lys
Ala
val
420
Gly
Ala
Asn
Asn
Ala
500
Ala
ABD
Thr
Asp
Glu

580

ASn

val

Leu Thr Gly

Agp Ala

Lys
325
Ser
Glu
Gly
Glu
val
405
Ile
Arg
Bis
Ala
Met
485
Leu
val
Pro
Pro
Leu
565
Ile
Ile

Gln

310
Asp

His
Phe
Val
Met
390
Glu
Pro
Asn
Asn
Glu
470
Ile
Gln
Val
Ser
Thr
8§50
Tyr
Asp
vVal

Ser

295
Thr

Ser
Arg
Asp
Ala
375
Lys
Glu
Ala
Ile
Ala
455
Leu
Asgp
Asn
Ala
Met
535
Leu
Cys
Gly
Thr

Thr
615

280
Gly T

Ile
Thr
val
Arg
360
val
Leu
Gly
Val
Vval
440
CGly
Gly
Gln
Ala
Asn
520
Met
His
Tyr
Pro
Phe

600
His

d

Glu
val
Ala
345
Glu
Ile
Arg
Ile
Ala
425
Leu
Phe
Ile
Gly
Ala
B0O5
Lys
Gly
Glu
Glu
Ala
585
Cys

Val

Gl'hr

r Val
Ala
Ile
330
val
Lys
Lys
Ile
val
410
Thr
Arg
Glu
Gly
Ile
490
Ser
Pro
Gly
Tyx
Gln
570
Gly
Cys

Asp

Leu

Oys 625

DEKY TR (5'“? I"é"(‘ﬁé QW Gn Lys
PR cﬁZ APJ tak-d iLgh aha R URE A

Ile
Leu
315
val
Ile
Leu
val
Glu
ags
Ala
Leu
Ala
Gly
Phe
475
Ile
val
Glu
Met
Met
5565
Leu
Gln
Lys

Ile

Thr
300
Gly
Glu
Lys
Gln
Gly
380
Asp
Gly
Glu
Leu
Ser
460
Asn
Asp
Ala
Pro
Gly
540
Leu
Asn
Ala
cys

Arg
620

Glu Asp
Gln Ala
Gly Ala

Ser Gln
3so

Glu Arg

365

Ala Ala

Ala Leu
Gly Gly

Lea Thr
430

Glu Glu

445

Ile Val

Ala Ala
Pro Val

Ser Leu
510

Val Ala

525

Gly Ala

Asp Leu
Asp Ser

Glu Pro
590

Asp Ser

605

Thr Leu

Leu
Ala
Gly
335
Ile
Leu
Thr
Asn
Thr
415
Gly
Pro
Ile
Thr
Lys
495
Ile
Pro
Ser
Gln
Ser
575
Asp
Thr

Glu

Gly
Arg
320
Asn
Glu
Ala
Glu
Ala
400
Ala
Asp
Val
Asp
Gly
480
Vval
Leu
Ala
Met
Pro
560
Glu
Arg

Leu

Asp



<220>

Al a
Thr
Tyr
Ile
Arg
Asp
Thr
Arg
Lys
Al a
160
170
180
195
Lye
Thr
Au
Adn
Arg
Val
Asp

Arg
Ser
Ay
Thr
Lou
Gy
Val

Ay
Ann
Thr

Ser Thr Al affet G u Arg Val

175
185
200
210
Thr
Ay
Len
Lys
Phe

Ala Gn
Thr Leu
Ser Pro
Leu G n
Leu A n
Thr Thr
Lys Asn
Ile Gn
Lys Arg
Il e Ser

<223> fusion

sequence <400> 53 Met Lye GQu Leu Lys Phe Gy Val

Au

Leu Leu Lys 1 5 10 15 dy Val Asp Thr Leu Ala Lys: )
Gy Pro Lye 20 25 30 Gy Arg Asn Val Leu lle GQu S')e'ﬁ\I %g%’aﬂﬂﬂﬁ
Lys Ile Thr 35 40 45 Lys Asp Gy Val Ser Val Ala Lys Al a
Asp Lys Phe 5 5 60 Dr EC 20oq 51/54 u Asn Len Ay Ala
Asp Val Ala Se ys Thr Ann 65 70 75 80™&G n Ile Ala Ay

Thr Ala Thr Val Len Ala Arg Ala 85 90 95 Ile Phe Ser Qu
Val Ala Ala Ay Cys Asn Proq%gg‘1 100 105 110 Asp Leu Arg

Ala Ala vVal Asp Ala Val Val p Tyr 115 120 125 Len G n
AsPrél eed iy T Eoyedd meGral EyepAl ardGeps sé&3601435:140 Val

8% Ann Ay Asp §r His Ile Ay%%s Leu lle
Gy Lys u dy Vval

Qu Ay Lys Thr

205 d ni3M3

Gn Al a
d n Val
Ser Ile
Thr Asp

Ile Au Asp Gu Lou du Vval
190 Phe 2&9>4% Ay Tyr Thr Ser Pro Tyr Phe Ile Thr Asp Thr Lye Ser
Gn Phe u Lys Pro Leu Ile Len Leu Ser Qu Lye
215 220 <iise ioetfidlial Wetme@rer Asp Ile Ile Pro Ala Len Gu Al a Ser
225 230 2 240 Len Arg Arg Pro Leu Val
>2hQidp3eqdete Ala Val Cys Ile Leu Ann Lys Lou Arg Gy

Ala 260 265 270. Al a Val

atg aaa

Met
1

ggt
Gly

agt
Gly

aag
Lys

gag
Glu
65

gag
Glu

atc
Ile

gat
Asp

ctc
Leu

gtt
val
145

tecc

Ser

gag
Glu

>

Lys

gtt
val

cgt
Arg

gat
Asp
50

aac
Asn

att
Ile

tte
Phe

ctg
Leu

cag
Gln
130

gct
Ala

acc
Thr

ggc
Gly

Ile Thr Val

1449150 155

Lys 165

Thr Au Ay Mt Arg

Ilelle Ala Gn Asp Ile

Lys Ala Pro Gy Phe Ay Asp Asn

275 280 285 Asp Leu Al a Val

321 8y. Axpe290 295 300
Net Leu Ay Ser Thr Ay Ala 305 310
<400> 52

gag ctc aag ttc ggt
Glu Leu Lys

gac
Asp

aac
ASn

ggt
Gly

cte
Leu

get
Ala

tct
Ser

cgce
Brg
115

aag
Lys

act
Thr

gee
Ala

aag
Lys

act
Thr
20

gtc
val

gtc
val

ggt
Gly

ggt
Gly

gag
Glu
100

cgc
Arg

aac
ABn

ate
Ile

atg

Met

acc
Thr
180

5
ctg
Leu

ctt
Leu

tct
Ser

gect
Rla

gac
Asp
85

acc
Thr

ggt
Gly

aag
Lys

tee
Ser

gag

165

att
Ile

Phe

gce
Ala

atec
Ile

gtt
Val

cgc
Arg
70

ggt
Gly

gtg
Val

ate
Ile

cgt
Arg

get
Ala
150

cgt
Arg

gag
Glu

Gly

aag
Lys

gag
Glu

gcc
Ala
B5

ctc
Leu

ace
Thr

aag
Lys

cag
Gln

gac
Asp
135

aac
Asn

gtt
Val

gat
Asp

gte
Val

gee
Ala

tet
Ser
40

aag
Lys

ctec
Leu

acc
Thr

aat
Asn

get
Ala
120

atc
Ile

ggt
Gly

gge
Gly

gag
Glu

Ile Lye Leu Gu Lys Leu Thr

315 320

gaa
Glu

gtg
val
25

cece
Pro

gcc
Ala

cag
Glin

acc
Thr

gtt
val
105

gct
Ala

acc
Thr

gac
Asp

aag
Lys

ctce
Leu
185

gecc
Ala
10

act
Thr

tat
Tyr

atc
Ile

gat
Rsp

gct
Ala
20

gck
Ala

gtt
val

accCc
Thr

acc
Thr

gag
Glu
170

gag
Glu

cgt
Arg

teog
Ser

gge
Gly

act
Thr

gte
val
75

acc
Thr

gct
Ala

gat
ABp

ggt
Gly

cac
His
155

ggt
Gly

gte
val

gct
Ala

act
Thr

tece
Ser

cte
Leu
60

gct
Ala

gte
Val

ggc
Gly

gct
Ala

gag
Glu
140

att-

Ile

gtc
val

act
Thr

Len Thr Asn Ay Thr
Pro

cag
Gln

ctt
Leu

cct
Pro
45

caa
Gln

tct
Ser

ctt
Leu

tgo
Cys

gtc
val
125

gag
Glu

ggt
Gly

atc
Ile

gag
Glu

ctec
Leu

ggt
Gly
30

aag
Lys

gac
Asp

aag
Lys

gcc
Ala

aac
Asn
110

gte
Vval

ate
Ile

aag
Lys

act
Thr

ggt
Gly
190

cte
Leu
15

cct
Pro

atc
Ile

aag
Lys

acc
Thr

cgt
Arg
95

cce
Pro

gac
Asp

gect
Ala

ctg
Leu

aag
Lys

aag
Lys

ace
Thr

tte
Phe

aac
Asn
a0

gee

Ala

atg
Met

tac

Tyr

cag
Gln

atc
Ile

160

gtec
val
175

atg
Met

aag
Lys

cge
Arg

48

96

144

192

240

288

336

384

432

480

528

876



Ile Thr 1le Thr Lys Qu Asp Thr Ile Ile Leu Aon Ay Gu Gy Ser 325 3?%0,;3652&%}
Lys Asp Ala lle Ala @dn Arg Cys Qu dAn lle Arg Ay Val Mt Al a 340'3‘4551
350 Asp Pro Ser Thr Ser u Tyr Qu Lys Gu Lys Leu dn Qu Arg Leu 355
360 365 Ala Lys Leu Ser Ay Gy Val Ala val Ile Lys Val Ay dy Ala Ser
370 375 380 du Val @u Vval G n Lys Lys Asp Arg Val@al Asp Al a Len
Ann 385 390 395 400 Ala Thr g Ala Ala Val Qu du @V Ile Leu Pro Ay
Gy @y Thr 405 410 415 Ala Len Len Lys Ala Ala Ala Asn Gy Leu Asp Asn
Val Lys Pro Gu 420 425 430 Asn Phe Asp G p/hn Leu Ay Val Ser Ile lle
Lye Ann Ala Ile Thr 435 440 445 Arg Pro Ala Arg Thr Ile Val GQu Asn Al a
Gy Len Qu Ay tsergadabgtdgfa 4886 ad6(-ccldce tyaltt€ are|: 1aGuaC?h¥ag A u fife
Ala Lys Asp Phe B9 BELLYY 4654757 438 WEO" g gt IS I Ay G u
Tyr Val Asp Net Ile Ser Ser Ay Ile 485 490 495 Leu Asp Pro Lou Lys ’\S/%I
Val Arg Thr Al a deguadgeattAg Altaaa§eilag@lc ct Ot 505 Akl t‘-‘AI g eutQ@y
Thr Thr G u Val APalyd léal\/ﬁﬁg v &re CArdY PGg %Tm%gztﬁu g?’? E’S/e dy Pro
Ala Ala Pro Ay Net J@y Ay Mt Gy Gy Met 530 535 540 dy Gy Met Ay

Gy Net His GI y AsptcEhgedPobt Fay gee ptri rett tars Leu?®sp
Lou Gn Pro IEE rSerhPraadpt AT, “ggr“t\;ﬁ %g }g’afg 52?55%0 %efogtemoé\sn Asp Ser
GI u

Ser u Qu p Qulle Asp Ay PrrooAIaGI 58058552/54GnAIa
' c g g
Gu Pro Asp Arg gélca}gq sggLT goAgf@v@{ aﬁe gz 2 ggg%gg 605 tSfe
Cys Asp Ser Thr TP 2 i's® Aspzsﬁl 615 620
Ile Arg Thr Leu Qu Asp Leu Leu Met GI Thr Leu GI IIe Val g 625 630
Lo/
635 640 Pro Il gv3fa %*f AT IR (AN @%5 SRl £§ S2E-Rd R 12> Ba
L 260 265 270
{
gct gte aag got cct gga tte ggt gac aac cgc aag age atc ctg ggc . 864
Ala Val Lys Ala Pro Gly Phe Gly Asp Asn Arg Lys Ser Ile Leu Gly
275 280 285
gat ctt gec gtc ctt acc aac ggt acc gtc ttc act gat gag cte gac 912
Asp Leu Ala Val Leu Thr Aen Gly Thr Val Phe Thr Asp Glu Leu Asp
290 295 300
atc aaa ctc gag aag ctt acc cecc gat atg ctt ggt tec ace gge gecc 960
Ile Lys Leu Glu Lys Leu Thr Pro Asp Met Leu Gly Ser Thr Gly Ala
305 310 315 - 320
atec acc atc acc aag gag gac acc atc atc ctg aac ggg gag ggc agce 1008
Ile Thr Ile Thr Lys Glu Asp Thr Ile Ile Leu Asn Gly Glu Gly Ser
325 330 335
aa ac gce att geoc cag cge tge gag cag att cge ggt gte atg gcg 1056
Lyg gsp Ala Ile Ala Gln Arg Cys Glu Gln Ile Arg Gly Val Met Ala
340 345 350
gac ccc age acce tee gaa tac gag aag gag aag ctc cag gag cgt cta 1104
Asp Pro Ser Thr Ser Glu Tyr Glu Lys Glu Lys Leu Gin Glu Arg Leu
5 355 360 365
(
' t aag ctec tet gge ggt gtt goc gte ate aag gtc ggt ggt goc toe 1152
gia Lyg Leu Ser Gly Gly Val Ala Val Ile Lys Val Gly Gly Ala Ser
370 375 380
a t gag gtc ggt gag aag aag gac cgt gtt gtc gat got ctc aat 1200
glg 321 glg Vval Gly Glu Lys Lys Asp Arg Val Val Asp Ala Leu Asn
385 390 395 400
ot acc cgt .get geot gkt gag gag ggt ate cte cee ggt ggt ggt acc 1248
gla Thr Agg gla Ala Val Glu Glu Gly Ile Leu Pro Gly Gly Gly Thr
405 410 415
¢ ctt cte aag geoe gee gec aac gge ctt gac aat gte aag ccc gag 1296
gga Leu Leu Lys Ala Ala Ala Asn Gly Leu Asp Asn Val Lys Pro Glu
420 425 430
t ac cag caa cte ggt gtg age atc atc aag aat gec atc acc 1344
::g Ehg gap Glg Gln Leu Gly Val Ser Ile Ile Lys Asn Ala Ile Thr
435 440 445
cge cec gct cge ace att gtt gag aac gcc ggec cte gag ggo age gte 1392

Arg Pro Rla ARrg Thr Ile Val Glu Asn Ala Gly Leu Glu Gly Ser Val
450 455 460



<213> Artificial Sequence <220> <223> fusion sequence <220> <221> £QSPEC 2003
<222> (1)...(1227) <400> 54 atg ggc age agc cat cat cat cat cat cac age age
ggc ctg gtg ccg 48 Net Gy Ser Ser Hs Hs Hs His HHs H's Ser Ser Ay Leu
Val Pro 1 5 10 15 cgc ggc agc cat atg get agc atg ggc tce ate ggc gca gca
age atg 96 Arg Gy Ser His Ala Ser Net Gy Ser Ileg y Ala Ala Ser Met
20 25 30 gaa ttt tgt ttt gat ttc aag gag ctc aaa gtC®cac cat gcc eat
144 du Phe Cys Phe Asp Val Phe Lys GQu Leu Lys Val Hs Hs Ala Asn 35 40
45 gag aac ate ttc tac tgc ccc att gcc ate Q}Aﬂg‘ tca get cta gcc atg 192 Qu
Asn Ile Phe Tyr Cys Pro Ile Ala Ile Net Ser a Leu Ala Met 50 55 60 gta
tac ctg ggt gca aaa gac agc acc agg aca cag ata aat aag gtt 240 Val Tyr
Leu Ay Al a Lysa#sptSenc Hwg MQaC'EhgaCCJ;w Fﬂ%9§Ha1§ vgr 285 "99 80 14Q9t
cgc ttt gat aaaig Fat Eay dgd teciorrgdt Bt B P 508 PRUGTY Val Arg
Phe Asp Lys Leu Pro Ay Phe Gy Asp Ser Ile Glu Ala Gn 85 90 95 tgt %gc
aca tct gta aactgd bacagettse aasagmga@ %ﬁc gt 8¢ 2g3@9t GFS d y¢

Ser Val Asn Val Ph 3=m&Fr &&F 18 S i teq ueAen B0 *103s310°caa ate acc

aaa cca aat gat gtt tat tcg ttc a c ctt gcc agt aga 384 Gn Ile Thr ¥s
gaa

Pro Asn Asp Val cfo/gaSeec pie A%r gh%‘rnﬁrg EL%" 52D J123 28 3t at Jg"é

gag aga tac cca’st &%REE°d5h s a v Lesidyr Ala Qu
Arg Tyr Pro Ile Leu Pro Qu Tyr Leu Gn QIS 130 135 140

aga gga ggc Ll ggEmece Fcig %ﬁ gaggvzgg ‘cﬁ,élg]%ﬁ Lﬁugﬁ‘.?rfsk?gt at

dy dy Leu 81"1‘ 4 150 155 &89 get gca gat caa

e U i

aat gga att ate agg_a,@a gtc ctt cagscca agc tee gsgpgat tct 576 Thr Asn

Gy llelle Arg Asn Val LeuGInaPca Lt 3Pa 182190 fag act
gca atg gtt ctggg} ggﬁlﬁtg@@g gi‘t;tufﬁt td %} %@agﬁgﬁrﬁégr EG% Hég%iu e

545 555 560

atg tta gat ttg caa cca gag aca act gat cto tac tgt tat gag caa 1728
Meg Leu gap Leu Gln Pro Glu Thr Thr Aep Leu Tyr Cys Tyr Glu Gln
565 570 575 :

tta aat gac agc tca gag gag gag gat gaa ata gat ggt cca goct gga 1776
Leu Asn gsp Ser Ser Glu Glu Glu Asp Glu Ile Asp Gly Pro Ala Gly
580 585 590

caa gca gaa ccg gac aga gecce cat tac aat att gta acc ttt tgt tge 1824
Gln gla glu Pro Asp Arg Ala His Tyr Asn I1le Val Thr Phe Cye Cys
595 600 605

aag tgt gac tct acg ctt cgg ttg tge gta caa agc aca cac gta gac 1872
Lys Cys Asp Ser Thr Leu Arg Leu Cys val Gln Ser Thr His Val Asp
610 615 620 :

tt © act ttg gaa gac ctg tta atg ggc aca cta gga att gtg tge 1920
§1e Ag; Thr Leu Glu Asp Leu Leu Met Gly Thr Leu Gly Ile Val Cys
{ 625 630 635 640

cecc ate tgt tct cag aaa cca tag 1944
Pro Ile Cys Ser Gln Lys Pro
645

<210> 53

<211> 647

<212> PRT

«<213> Artificial Sequence

<220>
<223> fusion sequence

<400> 53
Met Lys Glu Leu Lys Phe G¢ly Val Glu Ala Arg Ala Gln Leu Lig Lys
1 5 10
Gly Val Asp Thr Leu Ala Lys Ala Val Thr Ser Thr Leu Gég Pro Lys
20 25

Gly Arg Asan Val Leu Ile Glu Ser Pro Tyr Gly Ser Pig Lys Ile Thr
35 40
Lys Asp Gly Val Ser Val Ala Lys Ala Ile Thr Leu Gln Asp Lys FPhe
50 55 60



An
gag
Lys
gag
G n
ttt
Arg
ttt
Al a
ggc
Leu
ace
Ser
atg
Lys
atg
Ay
tea
Al a
ate
Asn
get
Al-a
ate aag
Lys Hi s
gtt gga

Thr
aaa
Thr
caa
du
aga
Val
gcc
Ser
ctt
du
agt
Ser
aag
Met
ggc
Ile
gca
du
aat
du
gca
Ser

Al a
aca
Phe
gaa
Ser
gtg
Al a
agt
Ay
gag
Adn
tet
Asn
atg
du
att
Thr
gag
Ser
gaa
Al a
agc
Val
cac
Ile
t ee

<211> 409

<212>

Met
ttt
Lys
age
Lys
gea
Ser

Val

aag
Asp
aaa
Pro
t ea

Al a
aca

Val
yea
Met
tac
Gn
atg aag
Lye Ile

Phe
atg
Pro
cag
I'le

195 200 205
672 du \
21% 12860403
Thr du
235 240
768 Phe
250 255 cca

I'le
caa
Al a
atg
Tyr
aaa
Met

Leu Val Aen
gat gaa gac
Gu Asp Thr Gn
cct gtg cag atg
Val G n M t
atg get tct™gag
Met Ala Ser G u Lys
ggg aca atg age atg ttg gtg ctg.ftg cct gat gaa 816 Pro Phe

Thr Met Ser Met Leu Val Leu Leu Pro Asp Qu 260 265 270 gtc tea
cag &hiadofe2Biy A2 22 Qeddtu tchh Paavaaaaacty Bo4ThrVadn Ser Gy

Leu 6u Ser Ile Ile Aan Phe G u Lyn7Beu 275 %%01\:28 1°act gaa tgg
aat QFrtTigt Yggdy §5p Aydadgs A8 HFagtg o1 Mhtsed U Trp Thr

Val Netprd se:Collu Ag vhy Syt Iaen s AYal21290y28m SM0rtcaBett t a cct cgc
gag gaa aaa tae%aac etc_aca Pro Arg Met

t16f gc 96 r%ekls )
G u AEpstePy AT (81 TTRE184p) Varf ‘% 5°87 a?i% 0 R{% atg get
w]©O8Ilel s bt Al a Met

act 19QCeigt fyd hbn Age ak@lasp e ghe Mmatclgt u
Asp Vali¥®he Ser Ser Seri3A\ n.Leu. 3 5. 5ct,09Cc ate tee
age Erefge £ ?g%ésrég Y%SE %‘5&; 056 gﬁ%e%%é{? ile Ser ser

et f'3a

Leu éeysrﬂrl B1aSeet GLn pAY ¥aValy Hys Q4(51346136@ Beavalchyvecat gea gaa

9ca 09%:1394 oY 4% Oy Akferdl & Agp Qulle
€] ysg\ggslél TE?’E{J/%E gg‘?c%ﬁ?} %rg %%g %0 §65rgca gpggﬁget Qgga gtg gat
gt C shetaspamragyaty Tyt Tay§eydro Fy5Fhe Aly ey BrEYP %20 Asp Al a
Ser ng Li.yg %’EPI?.PQEJ BhY el iya’;zﬁo 3o B8QedateuCatlr 6GALYd EyeLI C TTC QL
ate (JC&iacC aac gcc gttid200 Asp His 200 Phe Leu Phe Cys Ile
Al a rTarsehskiaAVel Vit 23B3ledde 393 A %5“&16 RiacSer ?h‘ggglaga t gt
taa i%é%?tg UpPNeePRE Sy 1A 1068 E fileYc19€61y40M £1510> 55
<2I3> Awts ficial Sequerse <220> 258
cys Ile Leu Asn Lys Leu Arg Gly Gln val

260 265
Ala Asp

Lye
cct
Phe
att
Ay
atc

Gy Leu
ttc aga
Arg Val
ggt tta
Leu 5

ctg g
Leu A u Leu

Trp
gtg
210
720
230
ctt
245

Gln Ala
270

Ile

Leu

Leu Ala Val

Ser Leu Gly
285

Asp

Phe Gly Asn Arg Lys

280
Gly

Ala Vval Lys Pro Gly

275

Ala Glu

Phe Thr Leun

300
Gly

Thr Asn Thr Val Asp

29%
Thx

Leu val Leu

290
Lys

Asp

Ala
320
Ser

Met Leu Ser Thr Gly

315
Leu

Leu Pro
alo

Glu

Ile Leu Glu Lys Asp

305

Ile Glu

Gly
33s

Met

Ile Ile
a3o

Gln

Ile Thr Lys Asp Thr Asn Gly

325
Ala

Thr

val Ala
350

Glu

Glu Ile
345

Lys

Ile Gln hArg Gly

340
Thr

Arg Cys
Glu
360
Ala

Lys Asp Ala

Gln Leu
365

Gly

Ser Ser Glu Tyr -Glu Lys Leu Arg

ass
Leu

Asp Pro

Val Ala Ser
380

val

val val Ile Gly

375
Lys

aAla Ser Gly Gly Lys

Lys
370

val Asn

400
Thr

Val Ala Leu
395

Leu

Glu Asp
3%0

val

Glu Glu Val Gly Lys Asp Arg

385

Ala Gly

Gly
415
Pro

Ile Pro
410

Leu

Ala Glu Glu Gly

405
Ala

Thr Arg Ala Gly

Vval Glu

Asn Lys

430
Ala

Ala Rla Asn Gly Asp

425
Ser

Leu LyS
420

Gln

Ala Leu

Ile Ile Thr

Asn
445

Glu

val Ile
440

Glu

Phe Rsp Gln Leu Gly Lys

43%
Ala

Asn

Leu Gly Ser Val

460
Rep

Val Rsn Ala Gly

455
Asp

Pro arg Thr Ile

450
val

Arg

Phe Asn Arg Gly

480
Ile

Glu Phe Ala Lys

47%
Met

Thr
470
Gly

Ile Gly Lys Leu

465

Phe Ser

Gly
495

Ser

Glu val asp Ile Ser

490
Ala

Ser Lys TYr

485
Lys

Asp Ser

Ala
510
Glu

Thr Leu Leu Asp Gly

505
Glu

Leu Val Val Arg

500
Leu

Pro

Leu Asp

Val Ala Pro
525

Met

Thr val Ala Tle

520
Pro

Ser Leu Gly Thr

515
Lys

val Ala

Met
Tyxr

560
Gln

Met Gly Gly Gly Gly

540
Thr

Ala
535
His

Ala

Pro Gly

Glu Gly
£30

Gly

Glu

His Glu
Tyr

Pro
590

Pro Leu
5556

Leu

Met Thr
550

Pro

Gly Asp

Met Gly Gly

Gly
545

Met Glu

5§75
Ala

Glu Thr Thr Asp Tyr Cys

570
Glu

Gln
565
Ser

Leu Asp Leu

Glu Glu Ile Asp Gly Gly

Glu Asp

585

Ser
580

Leu Asn Asp



<223> fusion sequence | DEC 200 54/54 <400> 55 Net Ay Ser Ser His Hs His
Hs Hs Hs Ser Ser Ay Leu vVal Pro 1 5 10 15 Arg Ay Ser H's Met Ala Ser
Met Ay Ser Ile Ay Ala Ala Ser Met 20 25 30 d u Phe Cys Phe Asp Val | F?q_tt mﬁ
Lys Gu Leu Lys Val His Hs Ala Asn 35 40 45 Ju Aen Ile Phe Tyr Cys Pro =
Ile Ala Ile Met Ser Ala Leu A t 50 55 60 Val Tyr Gy Ala Lys Asp
Ser Thr Arg Thr An Ile Asn Lys™Wal 65 70 75 80 Val Arg™he Asp Lys Leu
Pro Gy Phe Ay Asp Ser Ile Gu Ala Gn 85 90 95 Cys Ay Thr Ser Val Asn
Val H's Ser Ser Leu Arg Asp Ile Leu Asn 10Q %%5 110 Gn Ile Thr Lys Pro
Aen Asp Val Tyr Ser Phe Ser Leu Ala Ser Arg t 120 125 Leu Tyr Ala Qu
Gu Arg Tyr Pro ki€ ahewiRrmoGdp Ay alenisCryr £3S 1161881 1R5 pAd@ydadysLys G u
Leu Tyr Arg Ay Ay Led98lu Pro |l e AefP®Phe A n Thr $9%5 150 %55 160 Ala
Ala Asp Gn Ala RArg SEE #ePetr T8 An2geteuThH VA 8 gosel” &h "165°170 175

Thr Aen Ay |le ki€ alygrAseu\Gih ipurds neuPra: 88f TibeLewaly ASe vBercys180 185
190 Gn Thr Ala k% Val Leu Val #n Ala Ile Val 6Fhe Lys Ay Lelf*rp 195
200 205 @ u Lys®IhrteifEe 1878 %&p @ U sp Thr Gn Ala Net Pro Phe Arg Val
210 215 220 Thr Qu Gn GQu Ser Lye Pro Val A n Met Met Tyr An lle Ay
Leu 225 230 235<2M9 *Phe Arg Val Ala Ser Net Ala Ser Gn Lys Met Lye Ile
Leu Gu Leu 245 Zﬁi‘;’z Pro Phe Ala Ser Gy Thr Net Ser Mt Leu Val Leu
Leu Pro Asp G u <260 £2685f281 VatmeBee Gy Leu Gu G n Leu Qu Ser Ile lle
Asn Phe G u Lye Ley, 275 280 285 Thr Gu Trp Thr Ser Ser Asn Val Met Qu
Gu Arg Lys Ile [58-Valsi29ReaR8c300 Tyr Leu Pro Arg Net Lye Net G u G u
Lys Tyr Asn Leu Thr Ser Val 305 310 315 320 Len Met Ala Met Gy Ile Thr
Asp Val Phe Ser $%Sg; Ala Asn Leu 325 330 335

i <222> (1)..-(1227)

<400> 54

atg ggc agc age cat cat cat cat cat cac agc age ggc ctg gtg ceg 48

Met Gly Ser Ser His Hie His His His His Ser Ser Gly Leu Val Pro
1 5 10 15

cge ggc agc cat atg get age atg gge tec atec gge gca gea age atg 96

Arg Gly Ser His Met Ala Ser Met Gly Ser Ile Gly Ala Ala Ser Met
20 25 30

gaa ttt tgt ttt gat gta ttc aag gag ctc aaa gtc cac cat gcc aat 144

Glu Phe Cys Phe Asp Val Phe Lys Glu Leu Lys Val His His Ala Asn
35 40 415

gag aac atc ttc tac tge cce att gec ate atg teca got cta goc atg 192

Glu Asn Ile Phe Tyr Cys Pro Ile Ala Ile Met Ser Ala Leu Ala Met
50 55 60

gta tac ctg ggt goca aaa gac agc acc agg aca cag ata aat aag gtt 240
val Tyr Leu Gly Ala Lys Asp Ser Thr Arg Thr Gln Ile Asn Lys Val
65 70 75 80

Co : gtt cgec ttt gat aaa ctt cca gga ttc gga gac agt att gaa bct cag 288
{ : val Arg Phe Asp Lys Leu Pro Gly Fhe Gly Asp Ser Ile Glu Ala Gln

85 90 95

tgt ggc aca tct gta aac gtt cac tct tca ctt aga gac atc cte aac 336

cys Gly Thr Ser Val Asn Val His Ser Ser Leu Arg Asp Ile Leu Asn
100 105 : i10

caa atc acc aaa cca aat gat gtt tat teg tte agc ctt gec agt aga 384

Gln Ile Thr Lys Pro Asn Asp Val Tyr Ser Phe Ser Leu Ala Ser Arg
115 120 125

ctt tat got gaa gag aga tac cca atc ctg cca gaa tac ttg cag tgt 432

Leu Tyr Ala Glu Glu Arg Tyr Pro Ile Leu Pro Glu Tyr Leu Gln Cys
130 135 : 140

gtg aag gaa ctg tat aga gga ggc ttg gaa cct ate aac ttt caa aca 480
val Lys Glu Leu Tyr Arg Gly Gly Leu Glu Pro Ile Asn Phe CGln Thr
145 150 155 160

gct gca gat caa gcc aga gag cte atc aat tece tgg gta gasa agt cag 528

aAla Ala Asp Gln Ala Arg Glu Leu Ile Asn Ser Trp Val Glu Ser Gln
165 170 175



Ser Ay Ile Ser Ser Ala GQu Ser

350 Ala Ala Hs Ala QQu Ile Asn Qu Ala Ay Arg Gu Val

360 365 Ala Gu Ala dy Vval
370 375 380 Asp His Pro Phe Leu Phe Cys Ile Lys Hs Ile Ala Thr
Val 385 390 395 400 Leu Phe w Gy Arg Cys Val Ay 8‘405

aca

Thr Asn

caa
Gln

gag
Glu

act
Thr
225

ttt
Phe

cca
Pro

gtc
Val

act
Thr

tac
Tyr
305

tta
Leu

tect
Ser

gca
Ala

gca
Ala

gac
Asp
385

cte
Leu

<210> 55

aat

act
Thr

aaa
Lys
210

gag
Glu

aga

Lttt
Phe

tca
Ser

gaa
Glua
290

tta
Leu

atg
Met

agc
Gly

geca
Ala

gag
Glu
370

cat

His

tte
Phe

gga
Gly

gca
Ala
195

aca
Thr

caa
Gln

gtg
val

gec
Ala

gge
Gly
275

tgg
Trp

cct
Pro

gct
Ala

atc
Ile

cat
His
ass

get
Ala

cca
Pro

ttt
Phe

<211> 409
<212> PRT
<213> Artificial Sequence

<220>

<223>

att
Ile
180

atg
Met

ttt
Phe

gaa
Glu

gea
Ala

agt
Ser
260

ctt
Leu

acc
Thr

cge

atg
Met

tce
Ser
340

gca
Ala

gga
Gly

ttc
Phe

ggc
Gly

Asp Ala Ala Ser Val

atc
Ile

gtt
Val

aag
Lys

agce
Ser

tea
Ser
245

ggg
Gly

gag
Glu

agt

Ser

atg
Met

gge
Gly
325

tca
Ser

gaa
Glu

gtg
val

cte
Leu

aga
Arg
405

Leu Lys Ile Ser dn Al a Val

aga
Arg

ctyg
Leu

gat
Asp

aaa
Lys
230

atg
Met

aca
Thr

caqg
Gln

tot
Ser

aag
Lys
310

att
Ile

gca
Ala

ate
Ile

gat
Asp

ttec
Phe
390

tgt
Cys

fusion sequence

aat
Asn

gtt
Val

gaa
Glu
215

cct
Pro

get
Rla

atg
Met

ctt
Leu

aat
Asn
295

atg
Met

act
Thr

gag
Glu

aat
Asn

get
Rla
375

tgt
Cys

gtt
Val

gtc
val

aat
Asn
200

gac
Asp

gtg
Val

tect
Ser

agce
Ser

gag
Glu
280

gtt
Val

gag
Glu

gac
Asp

age
Ser

gaa
Glu
360

gca
Ala

atce
Ile

gga
Gly

ctt
Leu
185

gco
Ala

aca
Thr

cag
Gln

gag
Glu

atg
Met
265

agt
Ser

atg
Met

gaa
Glu

gtg
val

ctg
Leu
345

gea
Ala

agce
Ser

aag
Lys

tce
Ser

53/54

cag
Gln

att
Ile

caa
Gln

atg
Met

aaa
Lys
250

ttg
Leu

ata
Ile

gaa
Glu

aaa
Lys

ttt
Phe
330

aag
Lys

ggc
Gly

gte
val

cac
Hise

taa

cca
Pro

gte
val

gca
Ala

atg
Met
235

atg
Met

gtg
Val

atc
Ile

gag
Glu

tac
Tyx
315

agce
Ser

ata
Ile

aga

tct
Ser

ate
Ile
395

Ser

age
Ser

tte
Phe

atg
Met
220

tac
Tyr

aag
Lys

ctg
Leu

aac
Asn

agg
300

aac
Asn

tct
Ser

tct
Ser

gag
Glu

gaa
Glu
380

gca
Ala

tee
Ser

aaa
Lys
205

cect
Pro

cag
Gln

atc
Ile

ttg
Leu

ttt
Phe
285

aag
Lys

cte
Leu

tca
Ser

caa
Gln

gtg
Vval

365
gaa
Glu

acc
Thr

Val

gty
Val

190

gga
Gly

tte
Phe

att
Ile

ctg
Leu

cct
Pro
270

gaa
Glu

ate
Ile

aca
Thr

gcc
Ala

gect
Ala
350

gta
Val

ttt
Phe

aac
Asn

His 340 345

gat tet
Asp Ser

ctg tgg
Leu Trp

aga gtg
Arg Val

ggt tta
Gly Leu
240

gag ctt
Glu Leu
258

gat gaa
Asp Glu

aaa ctg
Lys Leu

aaa gtg
Lys Val

tet gte
Ser Val
320

aat ctg
Asn Leu
335

gtc cat
val His

ggg tca
Gly Ser

agg gect
Arg Ala

gce gt
Ala Val
400

dy S
Gu Oe PKe %g"m 200z

lien Al a

576

624

672

720

768

816

B&4

S12

960

1008

1056

1104

1152

1200

1230



<400> 55

Met

Glu
Glu
Val

65
Val
Cys
Gln
Leu
val
145
Ala
Thr
Gln
Glu
Thr
225
Phe
Pro

val
Thr

Tyr
305
Leu
Ser
Ala
Ala
Asp

385
Leu

Gly
Gly
Phe
Asn
Tyr
Arg
Gly
Ile

Tyr
130
Lye
Ala
Asn
Thr
Lys
210
Glu
Arg
Phe

Ser

Ser
Ser
Cys
35
Ile
Leu
Phe
Thr
Thr
115
Ala
Glu
Asp
Gly
Ala
195
Thr
Gln
val
Ala

Gly

- 275

Glu
250
Leu
Met
Gly
Ala
Glu
370
His

Phe

Trp
Pro
Ala
Ile
His
355
Ala

Pro

Phe

Serx
His
20
Phe
Phe
Gly
Asp
Ser
100
Lys
Glu
Leu
Gln
Ile
180
Met
Phe
Glu
Ala
Ser
260
Leu
Thr
Arg
Met
Ser
340
Ala
Gly
Phe

Gly

His
Met
Asp
Tyx
Ala
Lys
val
Pro
Glu
Tyr
Ala
165
Ile
Val
Lys
Ser
Ser
245
Gly
Glu
Ser
Met
Gly
325
Serxr
Glu
Val

Leu

Arg
405

Asn

His
Ser
Phe
Pro
Asp
Pro
Val

Asp

Arg Ty

Arg
150
Arg
Leu
Asp
Lys
230
Met
Thr
Gln
Ser
Lys
310
Ile
Ala
Ile
Asp
Phe

390
Cys

r
135
Gly
Glu
Asn
Val
Glu
21%
Pro
Ala
Met
Leu
Asn
295
Met
Thr
Glu

Asn

Ala
375
Cys

val

His
Met
Lys

40
Ile
Ser
Gly
His
val
120
Pro
Gly
Leu
val
Asn
200
Asp
val
Ser
Ser
Glu
280
val
Glu
Rsp
Ser
Glu
360
Ala
Ile

Gly

His
Gly
Glu
Ala
Thr
Phe
Ser
108
Tyr
Ile
Leu
Ile
Leu
185
Ala
Thr
Gln
Glu
Met
265
Ser
Met
Glu
Val
Leu
345
Ala
Ser
Lys

Ser

Ris
10

‘Ser

Leu
Ile
Arg
Gly

90
Ser
Ser
Leu
Glu
Asn
170
Gln
Ile
Gln
Met
Lys
250
Leu
Ile
Glu
Lys
Phe
330
Lys
Gly

val

54/54

Ser
Ile
Lys
Met
Thx

75
Asp
Leu
Phe
Fro
Pro
155
Ser
Pro
val
Ala
Met
235
Met
val
Ile

Glu

Tyr
315
Ser
1le
Arg
Ser

Ile
395

Ser
Gly
val
Ser
Gln
Ser
Arg
Ser
Glu

140
Ile

Trp
Ser
Phe

Met
220

Tyr
Lys
Leu
Asn
Arg
300
Asn
Ser
Ser
Glu
Glu

380
Ala

Gly
Ala
His

45
Ala
Ile
Ile
Asp
Leu
125
Tyr
Asn
Val
Ser
Lys
205
Pro
Gln
Ile
Leu
Phe
285
Lys
Leu
Ser
Gln
val
365
Glu

Thr

Leu
Ala
30
His
Leu
Asn
Glu
Ile
110
Ala
Leu
Phe
Glu
val
190
Gly
Phe
Ile
Leu
Pro
270
Glu
Ile
Thr
Ala
Ala
350
Val
Phe

Asn

Val
15
Ser
Ala
Ala
Lys
Ala
95
Leu
Ser
Gln
Gln
Ser
175
Asp
Leu
Arg
Gly
Glu
255
Asp
LyB
Lys
Ser
Asn
335
Val
Gly
Arg

Rla

Pro
Met

Asn

val
B8O
Glin
Asn
Arg
Cys
Thr
160
Gln
Ser
Trp
Val
Leu
240
Leu
Glu
Leu
Val
Val
320
Leu
Hie
Ser

Ala

Val
400
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