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22 March 2007 WD 20051030964 PCT/ GB2004/ 004038 2% MarpR2007
Phar macci nes FIELD OF THE | NVENTION 5 The i nvention
relates to pol ypeptides conprising HV antigens, in
particular to polypeptides conprising mutated H 'V
KB4 sai d nut at ed sequences retai ni ng PEHEB3004/004038
naturally occurring CD8+ epitopes. Furthernore, the

‘invention relates to nutatedi H V sequences into which

extra T hel per epitopes have been introduced. 10
BACKGROUND TO THE I NVENTION HI'V is a pat hogenic virus

| eadi ng to debilitati ndgIXitharmpegingSmune defi ci enci es
such as AIDS. Although there are certain therapies

for conditions such as AIDS which can prolong life
eXpec AFCTHIRNMVENEK®hse quality of life for affected

i ndividuals, the disease 15 is usually termnal.
Elimnating or controlling the virus in HV infected
pdihe einvantivs rdaips cbdslpetprpe;ﬂic‘esr entaposing fHIVh fetigens) rin vpatticular to

H V. th f t 20 . .
e R A R N
s ehaiadatipsilyeiatiig ED8F efitopes Ftuetherniodds éhelifventiobiicRites kemutated

pr ices for odesym c. ne dI es cal
shqieBee S0 [Ricl o TAbG o PvE PR MBI or i 1 y
area of research. There is a need for effective HV
vacc:| nat i on strat el%l:y% 25 Even when i nmune responses
GRARPEND HON el enent (s) of an HIV
parti cle, there are probl ens of imunodom nance, viral

escape and presentation of viral rot ei ns which can
| ip ppathagenio vieg lgwling towdglilifating tal @r@arerdyﬁcmcwr guch as

EX4TH]ITEA Whou tPdBe 404 Sertath {h@ﬁ i%E fc!i" Un@Abld Gke3s hobs "Jﬁﬁ:ch can

I n vacci nes. Furthernore, proteins 30 1dentical
t @rﬂmglrfabxmvtmcefrané ingeppse qusletbrfof b& for effictedandiaduals, thedtsease
Q% ﬁﬁ undesirabl e effects. Furthernore, the
el may th

ensel ves have 22 March 2007 WO
2005/ 030964 PCT/ GB2004/ 004038

Eliminating or controlling the virus in HIV infected patients is a problem.

Prevention of infection with HIV is a problem which has thus far been mosily
countered by social solutions such as modification of sexual behaviour and/or greater

 take up of sterile practices for users of hypodermic needles.

Medical prevention of HIV infection remains a high priority area of research. There 1s

aneed for effective HIV vaccination strategies.

Even when immune responses are mounted againsf certain element(s) of an HIV
 particle, there are problems of immunedominance, viral escape and presentation of
viral proteins which can lead to amelioration of the response. Clearly, it is extremely
'hazardo_us to render HIV particleé for use in vaccines. Furthermore, use of proteins
identical to natural proteins may itself be preblematic if fhes_e proteins hav-e

ndesirable  effects. Furthermore, the proteins may themselves have
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2 i munosuppressi ve qualities and/or may |ack <22March2007
sufficient CD8+ T cell epitopes for a suitably strong
or broad i mmune response to be provoked. Viral escape

mut ation of CD8+ T cell epitopes, especiall 1y
c%/f‘;h%ﬂq8?)38%4nant CDS+ 5 T cell epitopes, is aPCI/GB2004/004038
significant problemin viral vaccination. Existing
vacci nes can exhibit poor recruitment of T hel per
cells and hence produce a narrow and/or weak immune
response. Natural viral sequences '

subject to .
eWP%lﬁaqevl\ﬁr%gfgﬁS@ PhIGY Jask Sufﬁéyﬂb@%é& cell epitopes for a

I ehithy Slohg bEMoAITIRE GhGRL tVbhehrSRikEd Cant epi t opes.
Furthernmoré, 1 nmmunodom nant effects can skew t he

clinical inportance of certain CD8+ T cell 10 epitopes

angf Q& %}tﬁu{aﬁcﬁp&{@%4( i\ Eel Py osk} A8 inffd #rﬁﬁnant CD8+

thi's ser to accentuate nance pr 0
far c@kamop@, lisean sfigmijcand pmbbn:sml aral ivensingtions Exlsting veseines can

f afdéllllgIt P Fetc escC gnte(nl(lz hagésrecgﬁ“gar 0 u&gé g%dhﬁ% ® 9%8(87& oo weak
Natorroae Aésﬁonse SBIEI)JIal Ial\WOPNRAGR BB eftNa bed)lumndry—lomssgr)es in vivo,

di_scl di f.i f
e Iﬁ%&n gé‘“’e‘“’FSﬁnﬁ{?ﬁ%‘lﬁé A §m$1‘8}° 0&/ Yi S&@ﬂ%ﬁ |691£ﬂp3% n. %Wennore

pamiﬂmudmnnam bﬁycté GﬂUSce@nthe retiglicAli idpoitenve aff certain CD8+ T cell

b ohed g s e sppone ) o htor e i€ SUR6e 8 Holentuate

d%ﬁhh@abim%cg b8 AAGRmSletieading46 8@l btiofleMmiaNlined Rhich
spaci ng of hep tad repeats and are disc) osed,

| FRRIFIE 2L ERSOTPIOPS leai topoigntiglyfaial Vet eammedeeaes Broneh of ol

orzogz‘g\ﬁaﬁg_mls%ggfcrl bed, the best results being
 eged for the gag-pol plasm d inmunisation. The bul k

of W02/ 32943 |s concerned wth the discl osure of

S REODS S0 (Rapel i e HisdiBhe R Beafto R HIVGRY 268 48 POL

are analogs' of various

p4e teshagte ithayeogetisitinfut sgendiisdmmpaiaten: shhamlﬁgarathebfefa@?cs on

L S Ca e e

_eﬂﬁeﬁﬁ«f GEN V. n TBB2MBRY 4Bxcifisodaittionsnof &N n:é%avmeesﬁe fusogenic

intr nt o m.HLV-1, P | .
c AP BRErpa i v nd o o LT Ve, i im DA
expbasmiids &jcodihg tEG pbsiet sroBAGerOINiS alescaibed, thdibsst sefults alreing

be,se at t i ons. of 21 329

GRS e PR gisRon A6 by 0P i coppegmed

Swkial ithalidiselosure Noft Rcilef pipehidpaptaddin afble dnshd ubé claims of

AT, N R o oo e b i,
segments having at least 95% sequence identity thereto. To disrupt functions of Nef
such as limitation of MHC class I and/or CD4 expression in WO002/32943, point

mutations were introduced into the Nef gene from HIV-1 PV22. PV22 corresponds

with the HXB2 reference sequence (see example 8) at the positions of mutations. Thus
it can be seen that the mutations of W002/32943 destroy naturally occurring epitopes.
For example, amino acid substitutions in the Nef polypeptide of construct VRC4301
are: P69A, P72A, P75A, P78A, D174A and D175A. Each of 'the_ 6 mutations Hes
within a defined epitope with reference to Exampie 8, and therefore the naturally

occurring epitopes have not been retained in this modified Nef gene. In constructs




within a defined epitope with reference to Exanpf&agch 2007
and therefore the naturally occurring epitopes have

not been retained in this nodified Nef gene. In
constructs 22 March 2007 WD 2005/ 030964

PCT208H080%4/ 004038 3 VRC 4306, VRC 4309, VREUIZRRIINIRO3S
4311, VRC 4312 and simlar construacts in WO02/ 32943,
the reverse transcriptase nutstion nade (D771H) falls
within the YMDD notif (shown in epitope map as RT
183-186) which is an area with a nunber of recorded
epVREPEDS, TRGL30H SRC 4301 VBEA bV ERE 38 1D emshsimiaraonssigracts in

y AR RORE ) S8l r R SRy EREF (07D, e pin e

ha¥YMDID el (&dﬁn hyepitopenoat asRJT £ 8651 860 svhiohdk amsrea with a number
des§r| bed, fa onstruc

r PEFEGE! Fopc T Beoe 0BG e e e L L 4Ebe prior o
51 i gaiseatts. nRdrhan®re, Wittt egypoines gars didtogdsiy Whe1/32943 have

e o, By TRcas e Ao Py B Eoshiooanpe| VG, B2 i il

3" copbtriniy, WﬁhMéréﬁte&@URﬁimz M sRRtc Basgdhe bk ﬁgated in frame
These truncati ons of E mﬁg d nef result in |oss

epWith Sednicngsy cuceding jgn igeae Batcr 94 wsreéiﬁieteép%@n Rave a2
NoYyefRRRidaGH Rl Hresk OPR/ElﬁSrHﬁmOEnJ Hgaltedl \ﬁ"t’lﬂﬁhof 28 RRich RS stop
genes. W02/ 02208 rck and .) disclose

10 poepden gvs delpied. oFhasp W@@s obpel amdmefesult instossHd epitopes and so

Pr ing Bz C

opt | ?nﬁag'g%lll on édi%é Q%% ﬁdtb%g &nggﬁggmfh%f gﬂ} sl{mgth
nogagnel/nefigends. nut ati on of Gag pol ypeptide, only codon
optimsation of the nucleic acid encoding it. Exanple
17 of WO02/022080 presents various nmnutations of the
PoW(E2d122080, (MxrckearploCo) distibst imodiSicaioes pf EE€MGag, Pdl hand eNef,

1= Of whi ¢ ae.oaliedteac the .revers

15 0 TRl ot R B G oro bR B F o pos gna et
pr genes. nTheN islne asdntidbhel dhitatlohiof EGHoApediddSénly Extibh Aptindkation

tlon of H V-1 Pota ) n .

orth Bceltiny o speptiedty Ml Bty oo tE gresents various
e Pinh@pes d’f&H@PMQirotelbeﬁﬁe pBinfmedons ire bﬁsaa&tect, t2ee b4 Ahich are

mut atj o of FHV-1 and I RV-1 Nef (je. 64A, LI 65A
dolapalisetin sach)of dhe raXFSh HRITTIAE é‘é%ss igisgrat ERiopy of the

20 t heroRa, Wiabdsin®DEUIA, D187A SD193AD BA4RMQ1 D960 AREAtions of HIV-1
retained_jn this nutated Nef polypeptide. 25

Pol are within human epitopes and therefore the naturally occurring epitopes have not
been retained. At Jeast the ‘LLAA’ mutations of FHV-1 and IRV-1 Nef (ie. L1644,

L165A double mutant) are within human epitopes and therefore the naturalljr occurring

epitopes have not been retained in this mutated Nef polypeptide.
- 25 ‘
' W003/025003 discloses various altered gag gene con'structs, and also mention nef and
- pol gene constructs. The nef gene constructs appear to be truncated removing epitopes

from the N-terminus of nef. The gag gene constructs appear not to be mutated.

30 The present invention secks, inter alia, to overcome some of the problem(s) discussed

above.




W03/ 025003 di scl oses various altered gag gene 22 March 2007
constructs, and al so nention nef and pol gene
constructs. The nef gene constructs appear to be
YO0 renovi ng epitopes from the N-ter RCTGS26971/004038
nef The gag gene constructs appear not to be nutated.
30 The present invention seeks, inter alia, to

overcome sone of the problen(s) discussed above. 22
March 2007 WD 2005/ 030964 PCT/ GB2004/ 004038 4
SURGARROPFIHEE INKENTIGN The present invention is

based on the design of particularly effective
presentation of HV derived CD8+ T cell epitopes. In

tThe prasent inventors fsrlmﬁgbm thenttsign @iﬁdaﬁtulﬁr{)m&&k?ﬁvé pﬁ:@@xﬂﬁiﬁn of
_ . Thi.s i ' ' t,
520 B0 EOIE Dt AR Vi, SRS i

- c@aponsedan beprodhicsd.way, the natural bi ol ogi ca
function(s) of the viral polypeptides can be
destroyed, advantageously rendering them safe for
- This 43 svebinplished By altéiigthe 6ttt WE thé poRH&HAE bh Rehich the epitopes
nat ur al, | ccurrin epl%p es mhlcﬁ prior art . :
B EAFo AR W e Mgl biofasal Bypetionfs) pfths Vipkpobimepides o
BE@RRETed, SRR SRAREY Mredin e ARt TH VAL @hdibn QES Wik el
hel per epitopes are also introduced into the.
RIFfcrghng yPEpiingeepiiopese Pl pribF ot agboigu¢syare known to
&sh@Ngt heni ng and broadeni ng the immne response. In a
first aspect of the present invention, there is
provi ded a reconbi nant pol ypepti de conpri sing am no

. i deri i nd.,.H V. _gag. gen .
Ig?ﬂzoxg ﬁ%dts %%e%gh%bé&%%% 1 n.ém%r y occ rg% ?ﬁeﬁ;eléﬁntopes
A \alsrefingedeed p'md@r@] utht: , aﬂ:@eﬁics palypatided) fe'ﬂﬁgbgu tavathgeously
espeGgt tq t.he. natural sequence of said gene
sg%*%%‘&ﬁ&”?m?ﬁ” ag‘z’a' € the JOMURCIESPEA0SSt ai ni ng substantial |y
all of the naturally occurring CD8+ T cell epitopes of
In a §rsf gpegieh e progrioteation, best i ppoidypertindean pplppeptidergmexising amino acid
¢ RBvAGoH (5 SRUBRGS: DAY b8 Ak % | dentity.to
el I Tangtn of %%% bRl BEAR pol B8 LORIL bl Sy nef g
produet, said sqqpTneRAbrEng PRstaRd eIt repect tnthy hatiral gecasricn of il mne products, and said

sequ%iﬂrﬁﬁ%?%&%%?%t%ﬁﬂlyfaﬁ Qf%@ﬂadrﬁﬁ%tcugﬂg cofft géll) epgcppes! c];‘\éaig Ee%e products,
said polypeptide comprisirig an amino acid sequence having at least 75% identity to the full length of SEQ ID

- NO:9,

o

‘An embodiment may be a recombinant polypeptide comprising amino acid sequence derived from at least one
of
@) an HEV gag genc product;
| (i) anHIV pol gene product; or
(iii) an HIV nef gene product,

said sequence being mutated with respect to the natural sequence of said gene product,

and said sequence mamt:umng substantiaily all of the naturally occurring CD8+ T cell
epitopes of the corresponding part(s) of said gene product as defined in p17 and .p‘24
(gag), amino acids 1-440 of RT (po}) and nef shown in Example 8. '




~(ii) an MW pol gene product: or (iii) an H V né? Mgee2007
product, said sequence being nutated with respect to

the natural sequence of said gene product, and said

- sequence maintaining substd®ially all of the

naturally occurring CD8+ T cell epitopes of the

correspo ar.t f sai d uct as defined
i n p cmgo eg 4rgay(bg% a}omqjmant olype a & %sca ?51 of RT (pol)
aral;lowecfongkmm annncEataMeI&e cﬁﬁvéabfrmh aﬂﬁa@s?t twd af fddiihend (iii).

e onblnan
der@%% %98513’8“%}{13% com r 'S |amén°a?ﬁ‘ﬁ31 Sglg ﬁ%’g od]@'r v(’eaf @
fKmhmdwmm@mﬁhszﬂm@ﬁuﬁﬁ)mxﬂﬁb)e@mga@nmﬁ). When t he
pol ypepti de conpri ses am no acid sequence derived from
only two of (i), (ii) and (iii), preferably they are
(i) and (iii) ie. gag and net 22 March 2007 WO
2005/ 030964 PCT/ GB2004/ 004038 5 Yet anot her
enbodi mrent nmay be a reconbi nant pol ypepti de as
descri bed above conprising am no acid sequence
derived from (i) and (ii) and (iii). Preferably each
sequence derived from (i), (ii) and (iii) which the
reconmbi nant pol ypeptide conprises is nutated with
respect to the natural sequence of said gene product.
. Preferably each said sequence mai ntains substantially
all of the naturally occurring CD8+ T cell epitopes,
preferably all said epitopes. Still another enbodi nment
may be a reconbi nant pol ypepti de as descri bed above
wherein the amno acid sequences derived from (i)
and/or (ii) and/or (iii) are arranged in the order (i)
- (ii) - (iii) fromthe Ntermnus to the C term nus
of the polypeptide. Another enbodi nrent may be a
-+ reconbi.nant pol ypeptide conprising am no acid sequence
- ~derived from (i) an H'V gag gene product; (ii).an HV
pol gene product; and (iii) an H'V nef gene product,




sai d sequence being mutated with respect to the22March 2007
al sequence of said gene product, a sai

@%%’Iénce mai nt ai ni ng substantially all o @ﬂﬁgz%oﬂamoss

naturally occurring CD8+ T cell epitopes of said gene

product as defined in pl? and p24 (gag), am no acids

1-440 of RT (pol) and nef shown in Exarrpl e 8, said

de co risin an1n ac ence havi
ver PR REBGEE BB T 00R PRREIE » PEEI o B fnd famino scia
sequenyg kdgrpepfrend@) and Girpri(ges ami no aci d sequence havi ng at
| east 95% identity to SEQ ID NO 9. Yet another
enbodi ment, the sequence identity may be interepitope
Prefesably @A€L séqiﬁﬂ&d Ayrived Nfrom NERNE) tdhat [{il)h e/hichPitie Ofpesmbinant
cor.respond with 100% sequence |dent|t to the e es
PolyReRtidé, EOmARIESGH 4 myfatedeith epeet 4 difeitiyra %F}‘I&e‘t"ﬁé’fs’g’d‘ﬁﬁ
prodictle mﬁbﬁb?ﬂ&ﬁ:ﬁ QaidSsehdnct Bt SAR sitsBetiNGN all AP ithe Reurally
regi ons o he sequence ie. the_interepitope regions.
°“m¢$%ﬁ3¥%ﬁ19dl%W@P¢%Pmﬁﬁ¢buﬂbﬁéﬁqW@P%%s all interepitope
regi ons present Preferably "epitope' refers to the
' | i near am no acid sequence to which the epitope has
Still angtherrpmbedipent mayheafrespmipagt maimptldwﬁesp@né gbopywhetpa the amino acid
[ 8. 22 March 2007 WO
soquer g RO, G AT 35 . 6. Anot hor
arrangedbiodtherender i@y (# - 4(iii) efomrritientinternpiobs) et @ ¢eragnus of the
1 dqﬁﬁflbed above conprising SEQ ID NGO 9, or a sequence
poyp Vihg at |east 95%identity thereto. Yet another
enbodi nent may be a reconbi nant pol ypepti de as
descri bed above further conprising an antibody
Anothqr eplpgivieni 1oy bt ageonBivat polsproide epmpeisiop ahinesvid saaynch derigied from
reconbi nant pol ypeptide as descri bed above wherein
said tag _is an HA tag conprising the sequence as
ﬁ%wn arHEEepg geoqordlictyet anot her embodi nent may be a
onb&pgpyggg%%gﬁgh&ggmas descri bed above further

conprl Si ng el epitope tag. Yet another
e@ibdi weIHVnG@gebepmdlm,conbl nant pol ypepti de as

said s{iBLe %I SI ng th gﬁg@eq‘és&@%h eﬁ?%&% qe%@k%\i@tq,

g conp
and sagt $dqhema mdnﬂammgbohhtmmm]ly athyf the naturablyewtimiag CD8+ T cell

0 tide a r ve ol.ype
epitor@OpR BRE by tesinet Bt et B LGt RP bty R Fas0 of
RT (pSh)i drdd ﬁmﬁﬁm BiT’EﬁﬁihpIBrH, dﬁﬂ}/pﬂ@p@uﬂe%ﬁtyﬂ@ﬁ@t amino acid
elPolypepl
sequeilce having at least 75% identity to SEQ ID NO:9. Preferably said polypeptide

comprises amino acid sequence having at least 95% identity to SEQ ID NO:9.

WO 200

nq

© Yet another embodiment, the sequence identity may be interepitope sequence identity. This means that the
ebitopes correspand with 100% sequence identity to the epitopes in the natural ‘
or reference sequence, and the sequence identity quoted is for the remaining non-

~ epitope regions of the sequence ie. the intercpitope regions. Preferably this is
calculated across all interepitopc regions present. Preferably ‘epitope’ refers to the
Iinear amino acid sequence to which the epitope has been mapped, preferably with
reference to the epitopes mapped in Example 8.. |




as described above, said pol ypeptide conpri si ng2aMafe 2007
aci d sequence derived froman H'V nef gene product,

WO 20058800k r econbi nant pol ypepti de sequence bﬁéﬁgﬁﬂybah@g to
di srupt the function of said nef sequence, said nef
sequence further conprisjing one or nore T hel per
epi t opes which are not esent in the naturally
occurring nef gene. Yet another enbodi nent may be a
reconbi nant pol ypepti de as descri bed above conpri si ng
one or nore T hel per epitopes which are not present in

Anothgriembadipenirady by a regnanbina polgpepek 2sdeiBidce and are shown in

E
o i B g = o oA RS ety et

be a reconbi nant pol ypeptide as descri bed above
Yet athKéF Hﬂgcrdm%gtrmgﬂ §é Q gCC%HﬁﬁcFﬂ@ BBI&!&LJ@\Q a@l descglf)e a‘lB nigxttlﬂ:[' %.]Jrl'@{-lsmg an
occurring nef CD8+ T epl topes as I ne
antibodrrgenapition 18 Yet another enbodlnent may be a reconbi nant
pol ypepti de as descri bed above further conprising
_ substantially all of the naturally occurring nef T
Still andlief @ﬂ:bdleﬁit hﬂp‘&& recpmbliednt prégheptide Idantibed aBive Widreidsaolitipas an HA tag

. nment Jrbi nant pol ypepti de as
°°‘-“P“SH‘ sgrs‘:i’qﬁe“aeasr?@“&@ré 'g‘gi d pol ypeptide conpri ses

sequence as shown in SEQID NO 6, or a sequence
having at |least 95% identity thereto. Yet another.
_ enbodi mrent may be a reconbi nant pol ypepti de as
Yet ano@@S6bbdRRS ﬁg@\éﬁwec&%&n%ll Bfed Asqgsc%ﬁpl;olvec‘fuﬂ&r am Qng aCD8+T
: aci d sequence derived fron1an H'V poi gene pro
cell epitepsitag r econbi nant pol ypepti de sequence bei ng nutated to
di srupt the reverse transcriptase activity of the po
sequence, wherein substantially all of the CD8+ T cel
Yet anotfi enbpiiBenofuagt oo mmuihait byly@piild s ﬂ@@lbmdbomﬂﬁﬁmdm is a gpl60

ined in amno a - f (pol) shown in
derived %&coﬁ%’ FEneg L B8 ‘h n %IT:‘IQ ﬁ%{% T ec ombi nant:
pol ypeptide. Still another enbodi nent may be a

reconb|nant pol ypepti de as descri bed above, wherein
the reverse transcriptase activity of said po
Still anogeCpuhbstideent ﬁaymdtaadcaﬁimbyt polpgplidecat i.on of an i nternal
e centre of

- ssdesr BN S PR e b e SR g0y EREC AN
carboxy term nal portions of said pol sequence.
Still another embodiment may be a recombinant polypeptide
as described above, said polypeptide comprising amino acid sequence deﬁved from an HIV nef
gene product, said recombinant polypeptide sequence being mutated to disrupt the
function of said nef sequence, said nef sequence further comprising one or more T

helper epitopes which are not present in the naturaily occurring nef gene.

Yet another embodiment may be a recombinant polypeptide

as described above comprising one or more T helper epitopes which are not present in the naturally

occurring nef sequence and are shown in Figure 3A.




Yet another embodi ment nay be a reconbi nant 22 March 2007
pol ypepti de as descri bed above wherein said duplicated
WO 200503896 nal sequence conpri ses TPDKKI | QKEPRRCTGER04/408038
' NO 4). Yet another enbodi nent may be a reconbi nant
pol ypepti de as descri bed @above wherein said
pol ypepti de conpri ses sequence as shown in SEQ ID
.. NO 12 or._a seqyence having at | east 95% identity
Still qaffer SppCdimest YN8 A s eRPmanAReYPWEYY 030964
as dedfiHod GRRO Rt & Oche)3iSind subSthultiblly MO Rfmr2FRQM R Bf APy Then a
reconbi nant pol ypepti de as descri bed above, said
epitopesi agplepuddde Examplei8si ng ami no aci d sequence derived
froman HV gag gene product, said reconbi nant
pol ypepti de sequence being nutated to disrupt
processi ng of the gag gene product, and said gag .
Yet agoétﬁﬁ SHBAImaRt e becd rfﬁ:f){nglpﬁ@ pglypegtide, -ﬁ;pfieéﬁxbed above “further comprising
substadtidfly SitoPb Adakrl osdubrfie nVNSHBELpRIsRSE &dtihédah E¥anlels. Of the
CD8+ T cell epitopes of the naturally occurring gag
sequence as defined in pl7 and p24 (gag) shown in
Exanple 8 are retained in said reconbi nant
Yet anptbdr gp@imetiemay$e b kdcorstiabtpelyperidrodi nent nmay be a
in the

rec i nant. po epti.de as descri bed abo :
o e EERRE g a F A PRSPt B PR RO 4 7
mmugﬁyidﬁgéafgggggﬂﬁd Wagksi n the nyristoylation site

is disrupted by nutation of the second glycine to
al anine. Still another enbodinent may be a recombi nant
Yet and¥iRt Mﬂ%@i‘ﬂ_eﬂi@m?ﬁe AL3Ghinke golﬁgﬁ}/dg wherein said
pol ypepti de conprises sequence as shown in SEQ | D NO
as desctiBedgbovg, said eejyrepieds corarising amino padissqueds derivabren pryHIV pol gene
nbi nant

thereto. Still another enbodi nent e.a reco
produbll Gt S pmBuian pol AT, s BB 1 BT §ie Bvest
transciiptasteacBvitybFMhe Pbl dehuaiide Viliireif SREGMTERR allGHthe €DB+ T cell

] rq@ggblnan nucl ei c acid encodi ng .a pol ypeptide as

epHopaRAldpe 1 BYRRITINE Q0b SHAENGE RS Fefitiod An amixg agkls 1440 of RT
- (pol) sh&wR BRI lr&thinedfil Sid RS 2%% Lng SEQ ID
ﬁp) NO 11, or %9§%quenggﬁvﬂ?ch dif?@%ga yﬁ%y sil ent

mutations with respect to the genetic code, or a

Still anGRA bHEBIA R MANkY BEY a ddcorhi@si pofipéftiident i ty thereto.

as described above, wherein the reverse transcriptase activity of said pol sequence is mutated by

duplication of an internal sequence derived from the centre of the paturally occurring
- pol gene amlamm@uwtﬁ?&m amino and carboxy terminal portions of said pol

sequence.

Yet another embodiment may be a recombinant polypeptide as

described above wherein said duplicated internal sequence comprises "IIZ'PDKKHQKEPPF (SEQ

1D NO:4). -

Yet another embodiment may be a recombinant polypeptide

+  as described above wherein said polypeptide comprises sequence as shown in SEQ ID NO:12 ora

sequence having at least 95% identity thereto.




In a second aspect of the present invention, théf&aeh2007

provided a viral vector encoding a pol ypepti de as

defi ned above, said viral vector optionally being
WO3S83%edd from the group consisting of pox\BOIVGRRS(4/004038

adenoviruses, AAVY, al phavirus, VSV, HSV and Senda

virus. Yet another enbodi nregt may be a viral vector

encodi ng a pol ypeptide as described above. 22 March

2007 WD 20051030964 PCT/ GB2004/ 004038 9 Anot her

enbodi nent may be a viral vector as described above

A derived vector.
%ﬂgﬁﬁg?mgﬁgﬂﬁ¥%ﬁ%QL“&%m%&mMMﬁm 4vi\//ector as descri bed
23 bauribeddbetcciall p‘él}pdﬂud/sefiﬁl@{smg Smidlo ﬁdﬂﬂﬂe@ﬁﬁ’ce ﬂet’nvéd]WIrp@)HIV gag

ect t a nbodi nent, ma vir
8k Pl " aorofinaBl BYRPEREF T BT el Pty 1 Bt
provdsiinK of elid gﬁg fg&&epmﬂm,mﬁgtgfdad g 8 sedquchice’ Agtherl cobMpiidg a

ector nma Qun n 4
P B R GO D 3"@%@? £t hestbemitopes of
1h@emm&ﬂy0&maﬁﬁghyﬁeﬁﬁmﬁﬁsa§c@ﬁﬁﬁﬂbﬂmmbampyﬁ4(gﬂg shown in
[ n third as ect of the present . invention,
%ﬁn*gcﬁt%%ﬁ%d%aa‘@%o igagipolypepiidgnept | de as

descri bed above in the preparation of a nedi canent

for the treatnment or prevention of HV infection. In a

Sitit aotHar axdpdiniént by Iﬁeh&ecpﬁﬁﬁeﬁfﬁolybﬂm&ﬂt [ on there is
of a s scrl bov.
R R e R S LA
dagamn gnd thremwiﬁle enyristeylafiprs eitalisstisrapted] b emdation of uhh eecond
cleic acid as descri bed above in nedicine.
gﬁ%ﬁg §?@?ﬁyaspect of the present invention, there is
provi ded the use of a nucleic acid as descri bed above
i.n the Ereparatlon of a nedi canent for the treatnent
St} angther sRRGIITR! H3Y bR (OORHRRPPIRPden 4 sixth aspect of
ad de@ripdd@B@a ivhdréiy @t polyPeptidi tOMmpriskSseqimY bkl il SEQHENOSI3 8r a
nucl ei c aC| as described above in the preparation of
sequpnesha iR Ak W”ﬁlﬂ?ﬂ 5N agai nst HIV i nfecti on.
Al so disclosed herein is a nmethod of immunizing a
subj ect against HIV infection conprising adm nistering
Stilf gpolhgrcpbegdifjnenty by apesbyliesptiotipeptide as deshritied abmwd wheregnghe HIV is a clade B

ur@escri bed above.

Still another embodiment may be a recombinant nucleic acid encoding a polypeptide as described above.

Another embodiment may be a recombinant nucleic aciﬂ sequence
comprising SEQ ID NO:11, or a sequence which differs only by silent mutations with
respect to the genetic code, or a sequence having at least 95% identity thereto.

In a second aspect of the present invention, there is provided a viral vector encoding a polypeptide as defined

above, said viral vector optionally being selected from the group consisting of poxviruses, adenoviruses,

AAYV, alphavirus, VSV, HSV and Sendai virus.

Yet another embodiment may be a viral vector encoding a polypeptide as described above.




- 22 March 2007 WD 2005/ 030964 PCT/ GB2004/ 00403822 Wlarch 2007
Further disclosed herein is the use of a pol ypeptide

W02005,030§1;r4 nucleic acid as described above agcg/dihbillod@sfgent
. or as a boosting agent in a prinme-boost imunisation

regime. Prime boost inmmunisation is well known in the
art, and specific teékhings on this subject nay be
t aken fron1M098/056919 which is incorporated herein

ere Lur W of 160 WBEA of MFA
Amﬁwfemgx??%épﬁ¥ eagrlnuc gf%gggggagggdg%%?%nggémere?n in the

derived vectonduct i on of an i nmune response. Said i nmune response
may be, for exanple, a cellular immune response, such
as a CD8+ or CD4+ response, or a _|moral (ant j body %
Another empadingrotrsey, be Frvisalivenjes Ay i“-‘é‘ﬁlePo"’lbéYf\/‘@P‘eﬁrsé‘g VERUS is TREIPRRLY Trvgpox
alICItlng an i mune response in a subj ect conpr|3|ng
dm“mdthdn1n|ster|ng to said subject, which may be in need
of such adm nistration, a pol ypeptide, nucleic acid or
Yet another\éﬁxﬁcgd?rﬁen?rﬁam A @fran vecgpéggéc%g In a seventh aspect of
the present invention, there is provided a nucleic
“above whergipisgid vegtot bp F Bbﬁqmpws‘rengr &ppvifis|tartingg m%lrcg%‘é'q@éﬁ‘@ém'a‘géy

bed above or encodi tide as descri bed
be found %‘6’@83/%?5 i{ r’r"bé‘?%b‘ﬁ’c’f'ﬁ"’ag’ﬁ‘é%’t%%fﬂm &ﬁ’é“'}( €ent i nvention,
there is provided an adenovirus vector conprising a
nucl eic acid sequence as described above or encodi ng
Disclosed hareip Glthepeptt k dedyragsidelesslociityddboibove. Anot her enbodi nent
y be a vector based on VSV (vesicular stomatitis
1nmem(m&\}?rus) adeno- associ ated virus (AAV), alphaV|rus
Sendai virus or Herpes Sinplex virus conprising
In a third aspgb9fdhegpresent iveptionuibere is preyidabde piclsbPolpeRtide thrdessrized &‘P‘W@ inghe

preparation ml R Rh S th%a&@xﬁ Gf ﬂr@.@ﬁjuoﬁ Qﬁm infedlio@ Ni Nth aspect of
- the present invention, there is provided a poxvirus

vector conprising a nucl ei ¢ aci d sequence as
descri bed above or encodi ng a pol ypepti de as descri bed

In a fourth ﬁpﬁt\/cﬂ' the ¥RkenfiB@hinA) th@d1i o@diiaRIThe UIBYF alp6lypepiilcas disdibed above in the
| ect ed fron1the group consisting of p29D. gpn,
Pfcpafmﬂﬁ A 1 R (AL R 1 EA T Hé‘émﬁ?ﬁ‘i“’élh 2007 WD 2005/ 030964

PCTUGBZOO41004038
Also disclosed herein is the use of a nucleic acid as describgd above
in medicine.
In a fifth aspect of the present invention, there is provided the use of a nucleic acid as described above in the

preparation of a medicament for the treatment or prevention of HIV infection.

. In a sixth aspect of the present invention, there is provided the use of a nucleic acid as described above in the

preparation of a medicament for immunisation against HIV infection.

Also disclosed herein is 2 method of immunizing a subject against
HIV infection comprising admmxstcnng to sa1d subject a polypeptide or nucleic acid
'asésmﬂmddmwe.
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5 As used herein, the term "adenovirus" conprises the

 WO20BIMAr s of the Adenoviridae (adenovirusPGTAERINA004008; g

famly, in turn, conprises three genera:

Mast adenovi rus, Avadenovirus and ATadenovirus. In

particular, the invention contenplates the use of

FUﬂhgydlﬁgsc%(ﬂgrQ mlslt}(el{ée (;f%‘nolALat er(]JP K\I/UIC eic agld aslo A "CD8+ T cel
'S an A6~ act gquence which is a peptide

descﬁ&ﬁio gﬁcb\%e@s by lpn% afe€hi %s th bBbstin: F' £heROM Llﬁ%hhié[boost

with a class maj or _hi stoconpati bil'ity conpl ex.
immypisation gegime. PEmebepst dmmynisationis welblmomitis|the &piapd mﬁﬁlﬁc

teackid/ G thifkinjkd MUY b RS Boﬁxewdo%ﬁﬁﬁbfw Sotic &f @E&gsﬁxed

currently knomn epi t opes, efined i'n Exa
hereig by sefsrengpy Mol ecul ar | munol ogy 2002: Maps of CTL

Epi tope Locations Plotted by Protein; 15 Theoreti cal

|oloq¥ & Bi ophysics, Los Al anos Nat i onal Labor at ory,
Furthex disciese l’F“”“‘Zﬁ)@‘S“S" of gpolypeniifdciamuceissicidas t he pr esent
ntiall.y all hunan

acserlBABEHER . HAB o1 hedps IR « P8 imtpSticmanse pey
be, foln @munpie a GilRdar Tmomhé reepm:tse;mad: ased €D&#hior OD4+akdpense, or a

bmoff FFe) e rsStvenepamoreover g aos amEpn iy plitiine

- an nnmuhh réSpbisse (€ ¥ aHjeot icompritivg RiMSEkteEf) to 24 Alb_]e-Et, hﬂinﬂﬁhay
IS a peptide recognlsed

"ok
rfgeﬁié’? E |a'§m§¥%§ﬁ% 3 Rolypetide it Wh agif 198 wf@r %éﬂr@n

descriBBd.Oor hi stoconpatibility conplex; "all* and/or "all
known" T hel per cell epitopes are as defined in
H V Mol ecul ar | nmunol ogy 2002: Maps of CTL

Ex | e
Ina S*"‘Eﬁ‘??%ﬁcé 0‘5%%%&%6'8 AR esiopytheseis ByvidRdynasisic acyd weespirompring a nucleic acid

sequendBiaDdcgipediebdl oBinoRINSIp6Speplid®Ss MNs@iBSabNat | onal
- Laboratory, August 7, 2003. In accordance with the

present invention, substantially all human T hel per

- Inan e@ﬁh bspERbtt (AR S e iifedtiSh, RS pﬂoﬂdédnlﬁ 9 Waselol WINCTaR compnsmg a nuclelc acid
however, T hel per epitopes rel evant

pepti des
Seq“en?itahéls “ﬂ%ﬂ%e|°h‘ﬁ1°°%Q@P‘%@P‘I@G&#S%%PY%e T hel per
' epi topes, may be lost. A T helper cell is synonynous
with a helper T cell. 30 "Substantially all" neans at
| east 99% preferably, it neans at |east 98% 97%
Anotlmxg@nj@dment may be a vector based on VSV (vesicular stomatitis virus), adeno-associated virus

(AAV), alphavirus, Sendai virus or Herpes Simplex

virus comprising a nucleic acid sequence as described above or encoding a polypeptide

as described above.

In a ninth aspect of the present invention, there is provided a poxvirus vector comprising a nucleic acid

sequence as described above or encoding a polypeptide as described above.

Yet another embodiment may be a plasmid selected from the group consisting of p29D.gpn, pOPK6.gpn and

pSG2.gpn.




95% 94% 93% 92% 91% 90% 89% 88% 87% 86% dlerch 2007
85% In an alternative 22 March 2007 WO 2005/ 030964
PCT/ GB2004/ 004038 12 enbodi nent, “substantially all"’
refers to all except one, all except two, all except
M28E/030984 | except four, all except five, alRCIEGRAH004038
six, all except seven, all except eight, all except
nine, all except ten, all excHpt eleven, all except
twel ve, all except thirteen, all except fourteen, all
except fifteen. 5 An epitope is considered to be
* | BEATJID DESCRIBHON OB TEHISVENKBed i 1 the peptide
sequence to which it is mapped, for exanple with
reference to Exanple 8, is nutated. Preferably all
epPEBBESIQING retained, with reference to those shown
in Exanple 8. 10 A "natural' sequence or "reference'
sequence as used herein refers to the source sequence
5 f r Asnuwddi lpdreiphihe dérai faddngibypempipirdes the mentieenof the Adenoviridae

segyence(s) a si gn . or derived. \Werever .

o CURIES o TR B in Bt SpintSis (S SACEE Mistagenovirus,
I eAvinddnevitusimd ATadedwirae Jueatieulaf, ticiavention espansitesghe use of
gene(s). in.a vir found .in nature. However, it wll
beové‘é)epgéllﬁ’é‘???m?g BHSkilled in the art that there

i's not a single HHV virus found 15 in nature, but
rather there are nany different cl ades and many .

10 ¢ 4 EDgH T sdberiond o ARG AE SFAYSRPSHWHIGE d%2 pepie teoognised by
Thenet arRlls Whkity 3n Bajincfot #ith 8 SBNENERjoR BRALSMPAIbLIRY ddilex.
invention has been desi gned or derived froma
pakaetignlar, refersmes o “all'sGP&t & sl epifopes, ppd/ar “allf@mown” CD8+ T cell

Nhdhél refdk to rc%fr@ﬁtﬁr!‘]ﬁﬁ;\vnseg:%ﬁé%?&s H@ﬁ&ﬂﬁntﬂiaﬁagg% hereto, HIV
particular clone or isolate s own sequence. wever,
t hidplecelpre Irmyreologrs 2608n Maps 0 (Sdqbipitnpesl.dcaidony Rleftedhy Protein;
ar - : . 0

S b e e e L R
di Jofaeozdrnce wuthdhepresentihontidn, setmtastidiysalVivingn GREH Deell epitopes
di t G ' M. Nnao..aci .
ot Eeiak @ ibaRlc pERPEAINE BRI Bl el Bp b retovant i
acutheraiangnalian spévdespsuels enviuiineEDE-+ D relh itopee magds login €ED8+ T

0 sEHe HEhel E Brfs COBRRIR RGBT
20 (ef erence sequence. 25 Preferably all epitopes for the
al;zgl“lI‘ ﬂe‘fﬂé? tegi'top% ’,p{ﬂPew?seeP 1es {Je%%gg treséogrﬁsegleﬁc’yc'i"lh%ﬁ)%r Qfﬁlrs %ImPally in
conjunctionl with a class I major histocompatibility complex; “all” and/or “all known”
T helper cell epitopes are as defined in Example 8, HIV Molecular Immunology 2002:
Maps of CTL Epitope Locations Plotted by Protein; Theoretical Biology &
25  Biophysics, Los Alamos National Laboratory, August 7, 2003, In accordance with the
present invention, substantially all human T helper cell epitopes are retained in the
- modified polypeptides; however, T helper epitopes relevant in other mammalian
species, such as murine T helper epitopes, may be lost. A T helper cell is synonynous
with a helper T cell. |
30 |
“Substantially all” means at least 99%; preferably, ‘it means at Ieast 98%, 97%, 96%,
95%, 94%, 93%, 92%, 91%, 90%, 89%, 88%, 87%, 86% or 85%. In an alternative




retained. Preferably all said epitopes are retal@détarch 2007
even when non-epitope containing regions of the gene
product are truncated or deleted. 30 The natural or

ref erence sequence should preferably be considered on
FQWAELIP3YP4 gene basis. For exanpl e, a const rREYGB2004/004038
according to the present invention could conprise a

gag gene, a nef gene and a poi{sz gene. These genes wi ||

each have a natural or reference 22 March 2007 WO

2005/ 030964 PCT/ GB2004/ 004038 13 sequence. It may be

t hambodimenta fsubsantiolly alB fefere hrdl swgpiomeadl ekespt mmc#ll ereppt three,
Wi | I ce : over .

et slert T il BsBPATE, AP UGG B, o 4fccpP el S Rl i,
r eberephaiee, sliguespt ¢enf 4l exeeym lelowti, | alloaxcépt dwelee, dil Efcepiathiricen, all

source,.eqg. t a nd pol reference sequences may
beei“‘rBBH"Pﬁ enz%g?g@qﬁge% consensus sequence whil st .the

s5nef 5 reference sequence may be fromthe 2000 G ade B

consensus sequence. or_ vice, versa. Reference, sequences .
( bGEHCRIGAS B et b Haf) orrmff%s ofl oot Tetaingd e peptide
A SncelBR ARBSIELs Aapplds for SEAAb1E QAR rBfetehdib MREBEIW 1821 mutated.
I miéum;lo?cgg 2002: Swaggéf%f CTQEﬁb Epi torp(i:3 E:Locat [ lgﬁ% B

y. <Y . (
PI Braf@ablppll epitapes e retaiesdy with referemsiedp digse shown Bfwpaples.
Los Al anbs National Laboratory, August 7, 2003).
Specifically the 2001 @ ade B consensus 10 sequence

10 . frehrgl seRUSECen et Feleronmay, seivenreah ugest hereintieisty t9i the source

15

dbi LN R hicfitid &rr%%% B&ﬂ?ﬁ?ﬁgg é)% Rgc14840 SC%J%@(S)BHG designed

cons n_sus sequence > ) ) .
ht opderivatwmMhicteyErpossigo thisciom ehruldiale i prdinh@Nneaning ie. referring

a | | oo BV S H | i Ci .
v F R Bremonth el B A A e e,
at wilt ke mgpatebito ageksos skilled in¢hdoartithat filve id wrt msthile VATV s found

d LIk a1 hrad Ly, ipcluding all.
Lo 0B LR e S G B B o
HI dtofiesMyithin dhdsk Vialle) Diienefprs, whie aipastizold ssqued meceding to the
each of the. kn

oo A BT AP M 0 & PRSI SR GhAFo Pl GV, then

ar theanghul’eordgeferdfde? B&Menck QEfetsNGt MACHartidulr Elaeel &ofite’s own
heret 0. 20_QGui dance on the application of the )
i NSREHENCEN Hog ekt PaiedrR MIISERNS SORREYISUS| SEBeRss iﬂaﬂwmmithp art which

20 H ¥avearbenea e ariaaah 4 s%%@mgé*ﬁﬂ?ﬁfbd@y edofipatibon oF §Rup’ of

25

30

E, HabnB, Marx P,. . .
a number of different isolate or clonal sequences which may be divergent at one or

more nucleotide or amino acid positions. In the situation where a construct according
to the present invention has been designed or derived from such a consensus sequence,

then this consensus sequence will be taken to be the natural or reference sequence.

Preferably all epitopes for the “full length’ g/p/n gene products as described herein are
retained. Preferably all said epitopes are retained even when non-epitope containing

regions of the gene product are truncated or deleted.

The natural or reference sequence should preferably be considered on a gene-by-gene
basis. For example, a construct according to the present invention could comprise a

gag gene, a nef gene and 2 pol gene. These genes will each have a natural or reference




McCutchan F, Mellors J, Wlinsky S, and Kerber 22 March2007

B, editors. Published by the Theoretical Biology and

Bi ophysi cs Group, Los Al anpos National Laboratory,

LA- UR 25 nunber 03-3564, incorporated herein by

VEP 0P84 | n particul ar, consensus sequencePCTEB04avH03s

H V-1 clades A, B, C and D and a nunber of isol ates

can be found on pages 490 to0;550; consensus sequence

data for HV-2 clades A, B, C and D and a nunber of

i sol ates can be found one pages 554 to 578. Preferably

t hécqyence. dt fhy/bel thatrth¢hapur] or rafosncemegfeneeafbryeaph Rent will be from
I Vi de A

or SR sk B e pled ool sl seluon ¥ it o e maturl

An oHirdferspguenoace & dach atill Gadant o diffeeentXBRce, regf e @ag and pol

IR SRR ot 8 Gy DB Bl ot o oS Wit the net

5 delrefaeadeequence may be fronhike 2008 ae&: B Sontsmils sddibfosGR videarersa.

done by 22 March 2007 WD 200 /030964
Do FiaYsh 3raREa §Poth FoRspaRs g clogal) gy b JBw i Los Alamos
us mbhﬁeaiﬂﬁcﬁksﬂnﬁéieﬂa&ﬁmmle%ﬂafm&ﬂﬂﬂge ROOW Maps of CTL
urpose

En ine" for this (ht
| Pailoperhapmtc PLeyed bz Sreieit Phooveienl Bighgy & Biophysios, Los Alamos
Hxﬁ%ﬁﬁﬁ@&awﬁlawtﬂéust 9, AobITUt §lcb@iRally A2 F0B1 CERIBT Qnsensus

hereln enconpasses any additi on, deletlon or
O suBREIFRSEt | omayof AWi no faendds iah a piendywy anbgov/content/hiv-

nuﬁt@lL@GﬂCbgALErﬂ %m anﬁﬁ@%ﬂ%lcladghtc%ﬁsehgﬁ @cﬂi’e mmay be
aci d sequence o € po ypeptlde in questlon suc
i t folinfifabliy ymbiy.lanl. : JAB! il JNDBXhtml
polypeptlde sequence 10 I'n the context of t he present

i nvention, nmutations are often introduced in order to
abtgét & Mmmdefmimckﬁﬁm abhoisdgiutwaﬁseaa’minu:hddﬁﬁciéncy by

th u refe a .seqye
5} oSBT Pupd Gy MREERaRY 1o R R RS Sy v,
S e fnedie, all grdmps amaamﬁypam(cﬁdeg of HIV-ddud elrve2, lﬁir&f]{aﬁﬂb[mv 1M
reno e .bi ol. act i vi t.he
P By Sl PP e St ol fofede B v
r esul prdfemeaheag,qdu 6id BEF ghe ;ﬁ)dﬁamahelphmr il tBé! b land are as
vira%@ﬁ”g i cal, acti vj tles are presented herein.
Fufieed: fas mpARGesin §heet®r domai ns associated with
2oviral functions are known in the art. However, in
éprdance with the present invention, it _is |nportant

1dapcePn the apRlicafiangfdhe puention de diffsrenbelades mayrabpder fgund in
bl Hﬁ@%eﬁﬁéncé \oiipkfiim 3002 Rk 8] FiieP 3 Uibdd, BRbdER PRS- P,

are
McCutchan F, Mellors 7, Wolinsky S, and Korber B,editors. Published by the
Theoretical Biology and Biophysics Group, Los Alamos National Laboratory, LA-UR

25  number 03-3564, incorporated herein by reference. In particular, consensus sequence
data for HIV-1 clades A, B, C and D and a number of isolates can be found oﬁ pages

490 to 550; consensus sequence data for HIV-2 clades A, B, C and D and a number of

' isolates can be found one pages 554 o 578. Preferably the HIV is HIV-1 or HIV-2,
most preferably HIV-1, Preferably the HIV is of clade A, B, C or D, preferably of

30 clade B or D, preferably of clade B. An HIV sequence can be aligned to the HXB2
reference sequence (example 8), and therefore the g/p/n genes can be identified and

corresponding epitopes delineated, no matter which clade is used. This can be done by -
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25
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preserved as expl ai ned herein. 20 A "reconbi nang2 March 2007
pol ypeptide, as referred to herein, is a peptide whose
sequence differs froma or the naturally occurring
equi val ent pol ypeptide and which may be produced by
JENP/B3096dconbi nat i on t echnol ogi es, i ncl udi NBCTHRB004/004038
synthesis and mani pul ati on. Reconbi nant peptides al so

i ncl udes peptides which are ngf produced by 25

reconbi nant neans, but which have desi gned using

reconbi nant DNA technol ogy or, preferably, have a
seqye ot is gefitraldyldobe nsing iy Lde Adesdsgdmebabs/s SHEM2 Numbering

t echnol.ogy. An ii nmmupe resp e, r . :
her%relgﬁ% : sfoéi t htglrs a p&.lgrqsca | a .//wx@\%. Pl : o%g Igtgn v-db/NUM.
| i HiXB2ATKB2 MAWNhiald CD8+) or | nmoral response to an
antigeni c sequence or a 30 conbination of both. 22

March 2007 WO 2005/ 030964 PCT/ GB2004/ 004038 15 The

geAE nAdtRS”, s ecfeh€l 10ih8reir) eftdipAtesSagmadition, elcfitie bredubstitution
acid and/ or onqeptL$e sequence_such as gag', )

'+ pBf aine geifls YRepiidaqs naclgic @pidp MptAtiops 1p geRefal, alter the amino
Or il dqrienddRR MY lypdtate iR fkeBfor SuBh tHRY W8I fRELH6IA AGr the naturally
descri be the pol'ypepti de sequence, or the

c oPFEEBBIELIEDHISEPERYde sequence encodi ng sai d

pol ypepti de sequence. 5 A "protective i nmune response”

as referred to herein, is an antigen specific inmune

r ebptgsentenbof heaupwgeisingerioppmyplationsi are afign datroduced in order to

t NG AREU CuRBRRHL b W RAiGRSIEAP B MRt LORSH6RR.  Thus,
occurin any epitope and l'ead to viral escape. By

pr prefetibiygwhema eaguence iswaithie ibe ofutagi widpeespédct to the najwrel sequence,
likel v th 0 he epi es Wll renai . I
o g PRt DEpr R RSB o BB Blpieopiviesof
extheairdl pudyyeetide Hxaopks pf sdeecific mittiens wkish oesalt ircthn rdiaction or

br oadened. and/ pr .strengt hened. . accordi n o t.he esent
T AR R AR R bR D AR FR bt il ERRER Snples
I nyRAbLD or dstivaind agedutal wittodtih ilti$ons are known in the art. However, in

accordance with the present invention, it is important that when the mutations are

made to reduce/remove the biological functions, the naturally occurring epitopes are

preserved as explained herein.

A “recombinant” polypeptide, as referred to herein, is a peptide whose sequence
differs from a or the naturally occurring equivalent polypeptide and which may be
produced by genetic recombination technologies, including DNA synthesis and
manipulation. Recombinant peptides also includes peptides which are not produced by
recombinant means, but which have designed using recombinant DNA technelogy or,

prefefably, have a sequence identical to a peptide designed by such technology.

An “immune response” as referred to herein, is either a cellular (to include, but not
limited to, CD4+ and CD8+) or - humoral response to an antigenic sequence or a

combination of both.




i mrunodoni nant effects which can affect convent 2dihgrch 2007

vaccines. It is denonstrated that all of the

identified nef human epitopes (both CD8+ T cell and

20 T hel per epitopes) in the H 'V nol ecul ar inmunol ogy

e 2003838%ar e present in the GPN sequence of PATheEB2004/004038
present invention (SEQID NO 1). As noted above,

W02/ 32943 (Nabel and Huang) gakes various disclosures
inthe field of HV vaccines. As will be apparent

fromthis specification, the present 25 invention is

di She pete harom wied bbb edefin® depnridagrafinclelcraciy afdénr rpetipeptide

embodi nents. the present,ipventjon.relates,t ) .
raf EPPAs SUeB s igggﬂgp ndInSE aé“Hc{]j’ﬁﬂ'}ﬁ g eg;%greﬁ?v\%@e;r ordinary

S_r @ieleiliﬁg.d WMuist hﬂ%gt;aés ;Bglig ;(ra&isgd tédcﬁsc?iby tlg:}‘ poﬁﬂ%ﬁiﬁiedsequence, or the
i sclosed.in , and_ preferably, exclude any
ha§PREPIKERSHuCPEd EAtsaeRmerdins s RAFSRANS SeRieBLed | n

5W02/ 32943. 30 As noted above, WO02/022080 (Merck and
Co.) nmakes various disclosures in the field of HV

vadeHigisctivadmpgung responsepas referred foyherein, i§ a8 galigep spesificopmune

t N ResPRS B ploliEN hrBBhy1R i@ AndWi i apkR bentiR. 2005/ 030964
CTI 2004/%04038 16 "di stinct fromdisclosures nmade

therein. In preferred enbodi nents, the present

inx@g?i tes to materials conprising and/or
encodi ngigglf@%er ived proteins which expressly exclude
10any of those disclosed in W02/ 022080, and preferably
“exgh n ing 95% or_greater.identity to f.
o Shiaf S oy AR ¥R By S B o hRE E reater
W G@nbéE o@ GRitopek e ds mard likely Hatsome i the spitspes Wl fenaidueiutated.
HI /. will b arent framthis ecification, t.he
or BEEmPEs, o, PEARREOUTE OSSR (G of JE1ES GP Ry dhimune
t hegsporBe canbebreddefisdedd/eniied et Sccobdif 10 KSR adent invention,

invention relates to materials conprising and/or
encodi ng H V derived proteins which expressly exclude

anyhe, 10 bie0SEmibdEadngS Qe | predB 3in0ehidf 3 adwithgeously counters
preferabl y,exclude any having 95% or greater identity

t o IpHHRQdomingat effscts which\sap alferd senysntioppigraceinesy| |
EPI TOPES

It is demonstrated that all of the identified nef human epitopes (both CD8+ T cell and
20 T helper epitopes) in the HIV molecular immunology database are present in the GPN
sequence of the present invention (SEQ ID NO: 1).

L

OR

15

As noted above, W002/32943 (Nabel and Huang) makes various disclosures in the
field of HIV vaccines. As will be apparent from this specification, the present
25  invention is distinct from disclosures made therein. In preferred embodiments, the
presént invention relates to materials comprising and/or encoding HIV derived
proteins which expressly exclude any of those disclosed in W002/32943, and
preferably exclude any having 95% or greater identity to those disclosed in
WO002/32943.
30 _ _
As noted above, W002/022080 (Merck and Co.) makes various disclosures in the field

of HIV vaccines. As will be apparent from this specification, the present invention is - |
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15 CD8+ T cell epitopes can-be identified 22 March 2007

experinentally and can be predicted by analysis of

the sequence of interest. Preferably these epitopes

are redi ct ed/ recogni sed wusing the ProPred program
PERIDAFEOHr edi ction program enpl oyi ng a natREHGCRAENG4038

prediction algorithmas disclosed in Stumolo et al.

Nat. Biotechnol. 17. 555- 561{4999) and Si ngh and

Raghava (2001) Bi oi nformatics, 17(12), 1236-37, such as

20,.,may be foun

( ARG /ey ‘ihﬁ‘tl%%‘FPSr wads thereiphalpapintired cepbodimngs, j the gesent
aGNRBkiRRGeRlcs (' RaldHNIs SohpriySHiloP @nctoﬁﬁ‘% I deFiddd proteins which

occurring epitopes are preserved in
p &XW@E&M celpdy anyrofithpse diselpsed il WQOP2/{1220%9, @ndaae@@bly exclude any

%Ble%]gatgédéﬂﬂﬂ tﬁ&e(afs?]ﬁgedrﬂ%/di new CD8+

T cel [ epitopes may occur rocess o? ‘nmut ati on
and gene construction. T HELPER EPI TOPES 30 T hel per

A BB 46Q0, WRsfB3hod fuikes RERGE aERKts RS F BOARY. As win

Prbef appatdny fibimethis @mlﬁcqmeﬁ the prepent diventioal/ ik @istigetifoad disclosures

b iy b i SAE Bl o Satenp el

: Z(bﬁﬁlpﬂélﬁgzﬁﬂﬁfr%@&ﬁﬂg POV dBRED H{RGkO0RBich kxprdsyP Exdhidd any of

& B teedrdondn o0l Safl et gscl By Joeving 95% or greater

Bii@ixitft tdmbiecEsclobbd B WObZ/8850893, such as may be found
at (hap ://ww.intech.res.in/raghava/ rropred/)). 5

Preferably, in the present invention naturally
ogau gt TR BRlestEsepi t opes are preserved in the
pol ypeptide(s) of interest and in nucleic acids
encoding them Furthernore, the present invention

agyspt apeoy ?S ICIsg.%aadﬁéect ﬁ;éfd% neﬁmlfeﬁd;; QRESe bLGD by

have the be
b enalyew ofi thetsequenemafriaterests [Porferably (ﬂ:lesd epﬂapesatm prg@cted/recogmsed

b f rred enbodi nent of
¢ el e 3P E B BB Teoil e Bl BLR o A o bosed
epiedipgam algerifhoow diistioskd ianSitdmérlo pateileNaedeetdnh:tdﬂ.nem 555-

S LR o ek RS e

i magnbe formd 4tk shboprednine response.

It ds an advantage of the present invention that maturally occurring epitopes are

preserved in the polypeptide(s) of interest and in nucleic acids encoding them.

Addition or introduction of new CD8+ T cell epltopes may occur in the process of

mutation and gene construction.
T EHELPER EPITOPES
T helper epitopes can be identified experimentally and can be predicted by analysis of

- the sequence of interest. Preferably these epitopes are predicted/recognised using the

ProPred program (epitope prediction program, employing a matrix based prediction .




10

I'n some enbodiments, the invention conprises a <2 March2007

reconbi nant strain FP9 fowl pox and/or a reconbi nant
nodi fi ed vaccinia virus Ankara, (MA), each expressing
a novel fusion protein containing antigenic peptide
SOEHBE%4 f ound i n the translation products POI/EB2004/84038
gag, pol and nef genes of human i mmunodefi ci ency virus
type I, (IHV-1), preferably @ ade B. The invention
also relates to the use of such vectors in vaccination
met hods such as prine-boost (including si

pralaezithm) asi gipdogsd gs tStyrajode shal dfat. pEluoWéh%olét )55515%@%) and
2 e

255 g %@R&%ﬁ@%&i‘bﬁg&%\” i B! 121013387, Aoy B 'ufly ¥ found at
p| Gettpi/dirvrvn it Jn/raghaviyproptedOh shovvn tO i nduce a

strong i nmune response in mamal s such as rodents and
finds application in primtes such as humans. The

| rireferdbly) iraths prasedt tvestidnmatihallyaqpewtting Tihelpenepitopas apepreserved

L R S St il et aciof bnet g i, ' "9 1

conbination wi th 30 HAART, and/or a prophylactlc

ot her for e atf risk nf.ectio i t.h ,

QiopsrnlBy Fs o oo SYBT BEY PR eGIo0) ) b saitopes
' Whlcﬂ-ﬁav%(iﬂéiﬁlaﬂﬁﬂl&ﬂebt of BESHHAY fndAdt badadbdifg the ihiRfine response to
i nvention enpl oy appropriate codon usage to _ optim se

prédt AHigeTbhesFIng s31d APHOPETY Mepraferretheraleqdiment of the present invention,

"A%él@is%@ﬁ%ﬁéryof’f“]dﬁ?&e?ﬂ Rareypfifeal S enpl oyed. 5 1n a

15

20

25

30

preferred enbodi ne herapeutlc antigen(s) of the
present invention conprise a fusion protein based on

£ g S5y PP s

arenidépe n(hs))iu@ﬂentq dhe podipeptidsy obthe present btvientisn, thh@by enkencing the
qﬁgﬂ? ?%@5 nR0X Viruses described herein. 10 In one
aspec I nvention provides a novel fusion protein
contai ning antigenic peptide sequences derived from
B Ry P R
p ramtlfer abécymananken&lﬁd& wkahe vired Aflora) @M)deasl% qxpsmiﬂg ahovel
n protein is shown.jn Fig 1.. A preferred. 15
nErigh oSl BnfHng et ottt o s Tairfiion bl ducts
| fshewdg,i pol Fing We€ gbnes of human immumodeficiency virus type I, (HIV-1),

preferably clade B.

The invention also relates to the use of such vectors in vaccination methods such as
prime-boost (including single prime-multiple boost versions of prime-boost). Indeed,
as discussed below, the use of either or both of these two recombinant viruses to boost
a DNA plasmid-mediated prime has been shown to induce a strong immune response
in mammals such as rodents and finds application in primates such as humans. The
invention also relates to therapeutic immunotherapy for people infected with HIV-1,
for example ﬁsing the antigenic gene(s) of the present invention in combination with
HAART, and/or a prophylactic 1mmunotherapy for people at nsk of infection with
HIV-1.




Naturally a person skilled in the art w |l appr@&iMareh 2007
that due to degeneracy of the genetic code, nunerous
possi bl e nucl eoti de sequences are possible and this is

only one preferred exanple of same. 20 The gene
BYQOUIT364r e preferably in the order GAG POLPCEEBI0M/004038
the fusion protein. This is also the way they are
arranged in the HV genone. Qiker orders may be

equal ly effective. It is well within the abilities of

a person skilled in the art to alter the order to

fvirrscRedy s etprs soqonting ithainverion ceploy sppoptataspden usage to
[ t AW
ol e 9’5‘“@5&%"‘1’%%%5% S R e R
ent$B8F iiemployede constructs of the present invention
possess advant ageous effects regarding
i mmunodom nance. | nnnunodomn nance has hi ndered prior
5 arln 2y preférred smbedipeot, aietqpeuﬁct :Im'ilgas(@eﬁtthet pregg:aiginvention comprise a

e S | SS L L opes
Pk ohaton e OB e PR i Pl B RErtaae )
prgge pbl zﬁﬁ nelﬁ‘gemm Rmfemb@ s;aidmhugdl(s)mré hﬂlveneamploae or both of the

i on %ach noun ]Ea nmune response. It is

PnrgForﬁ IB%‘T LGSR s &FFEY enbodi ment how t he

|nnune response across the entire fusion proteinis

itored (see below for nore details). 22 March 2007

10 WA 280 FeRStio e Besiiop B0 Goa el fsion iprolpin) cqpiaining antigenic

appptas Eec?.leﬁies S6H¥RA Fond he u%bt%%@du@ts @9 H{edga?,epol and nef genes

del et ed or exanple to reduce the size of
¢ &% Sumaadmmugedatigiengyeriru itypei L@y ounspfeghlyetady Bar o

presented herein for individual application.
Preferabgy the gpn constructs disclosed are not
t rupEdfeeel agingjacidpaquensesef the fusipnipeotigioin shotwyl in fRégt.yA. pieferred

15 | %uéi&ﬂ&étsg&;eﬁlgéaten%dﬁ:i NgLe BHQ 6L {Eg'Xe P8 is tsﬁg’\ﬁn 1% Figure 6.

i mminogeni ¢ 11 used alone as & Shal entl
Muﬁgﬁdi persali slollesimdthe atrihwdl agprepéate thal ldus to ldegeaeracy of the

pr nes discl osed re

280 EfteRRpb DR SR ERTF oaferts 45 Birsii g s Bony one
g@pﬂhﬂg@ﬁesmﬂseﬂmame each full length. 10 It mnll be
apparent to the skilled reader that the immnogenic
conponents of the present invention are generally

20 pahppspt ipdebictskesenefrably hethi rydn tGﬁC(B-PEEJ—IﬁEE $n BetiisibrD protein

v\/ﬁ@f% é‘foﬂfﬁ gﬁ% Wﬁg&ﬁeﬁaﬁg atfﬂ%fln CJ ¢! § . g%oggcgﬂn %r({ers may be

equally effective. It is well within the ab111ties of a person skilled in the art to alter the

order to meet the needs of a particular application, or even merely to facilitate an
easier construction and/or handling of the reagent(s).
25
In a preferred embodiment, the constructs of the present invention possess
advaniageous effects regarding immunodominance. Immunodominance has hindered
prior art vaccines, especially with respect to gag epitope(s). This is discussed above.
Three epitopés in GAG in a preferred GPN construct according to the present
30 invention are studied in the example section and each mounted an immune response. It
is further disclosed in a preferred embodiment how the i immime response across the

entire fiision protein is monitored (see below for more details).




DNA, plasnids, viral vectors or other such enti £2&arch2007
I ndeed, the actual node of production of the

anti geni c pol ypepti des nay be varied by a person

skilled in the art 15 according to the particular
Apr0Feén to which the invention is bei ng BIIVGB2i®04033
pol ypepti des may be nmade in vitro or preferably in

vivo, whether intra- or extrajgcellularly. Specific

nodes of use are described herein. GAG 20 The GAG
‘protein has two functional domains, pl7 matrix protein
and p24 core capsid protein, both of which are

> 3@]1' 1?‘?1(%}’%21%3 Iﬁc%llgee Qf ﬂ{eo{“%ﬁ ng[ela & 31381#_%)(%?% gor example to

preded the fveof the Bonstriia. mﬁgedafb’ﬂtaﬁﬂﬂdldﬂﬁa igaase(d) avepresented herein

AP ShNOIST BASINNG 48 R ot 5 P
5 | Nivehoat wikhiak t4\bel HoMACKY BRbiyON id Rigkbsddd H&: a single protem may be
( [/ 47955) .. Ot her _ di sruptional, rearrangenents are

i IgpRunog et if ygedsaloneras o sigllerentifydatherihandised as figqlosed within
( S@geneb Th@WMn a Srefdnef SmBditnle, Qﬁﬂ T%Hn@é Hi¥cIOHe 8 HErkin e £408 Without

T cell ep |to es_are preserved ristoylation site
ofméh@iéelﬁ@ﬁal’rﬁfmblﬁéb@ﬁn/agm ysogd amﬂadt lengtlor der
to 30 prevent binding of the GAG protein to cellular
menbr anes and, consequently, assenbly and buddi ng.

10 Thie gvibhbe eprarent do e slaetbrepddyythatethe tinprnegenicepingroemgnof the

a npo%%ﬁt @%ﬁﬁgdaégl %(r&h?]% %%egt?@r agowgeé%vﬁn%%%mt%oth to

2008 m@@mmmm%mm&acom thmn,l veletree thesanakditha form of

nmno ac t.ef erahl
- AN e i Tt 3 ivnt Dok o et 4 et mode of
dqﬁ-&iubﬂantolﬁ ﬂanmagm gﬁyﬁ@&BMay Hehvmen rbgw&nbssm@med in the art
fromfunc n N i N nenbr.anes
15 RS R, Pkt FoBliiPn g ickitheriragEanar pere . The
o rmmﬁmscmhy befm@agnl ﬁtrmfr paamam_s;ah Wi, tie@@r iirftral BE extra-
rec ene s) of the p i nventi on.
Pr& §P°°f oqes ffpgsar r&@ag?raﬁnng to the present
inventlon means conprising the full sequence of the
p17 and p24 domains. Preferably full [ength gag
@i ses only 10 the full sequence of the pl7 and
20 p24 donai ns.

The GAG protein has two functional domains, p17 matrix protein and p24 core capsid
protein, both of which are essential and sufficient for assembly of HIV virus-like
particles. In the gag gene(s) of the present invention, the p17 and p24 domains have
advantageously been exchanged to disrupt processing of the GAG protein, in
25  accordance with the International Aids Vaccination Initiative (WO01/47955). Other
dismptional rearrangeraents are possible, such as scfamb]ing as was applied to nef (see

below), so long as the naturally occurring CD8+ T cell epitopes are preserved.

The myristoylation site of the pl17 domain is advantageously mutated in order to
30 prevent binding of the GAG protein to cellular membranes and, consequently,
assembly and budding. This mutation is preferably by deletion or replacement of the

second glycine residue in the domain with another amino acid, more prefefably
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POL The pol gene encodes a nunber of proteins, 22 March 2007
i ncluding a protease, (pl0), reverse 15

transcriptase, (p51), RNase H, (pl5) and an integrase,
(p31). The functional am no acid residues for reverse
WaHeEIPtase activity centre on the YNDD nti/€B2004/004038
(shown in epitope map as RT 183-186) which is an area
with a nunmber of recorded epjjopes. Advantageously

the reverse transcriptase is I nactivated wthout 20

| oss of epitopes by domain swapping nutation as

d esplag¢dneght iwﬁthlan freertdwhaiolar beinowacid, thhat preférably hg rqpiaeseet of the

i nvent abI he .reverse transcn
acHROH POpBESIER IR s Rk PG Rhby BEGE, 6 agevens an
Tl’ﬁrcﬁn Ifmqnbﬁﬁg rxaﬁh&ngl el fhaabksa g g asedmbiiénd in budding.

encodi ng sequence such that an altered P51
pol ypeptide is nmade with disrupted RT activity. Most

pr&dantigbotstytBe 506 m@g@ﬁcﬂﬁ%&i@@?&ﬁeﬁmiaﬁ&ea £ thé RB&HAbinant
close to, centre of 25 the P51 pol ypeptide), is
ddﬁpﬂéb?gﬁeﬁﬁﬂ”WH@ﬂ§@auence encodi ng t he am no- and
carboxy-term nal parts of the P51 pol ypeptide
exchan ed about the point between the duplicated

Fﬁ%@é ful lgnethy @ee peqoedipgiodhe pebant ipyestiantaeans cpmprising the

S ' ﬁlﬁ sk eﬁtg—ofttﬂe gﬁﬁﬂﬁﬁttﬁn{aﬁﬁeﬁ er%l il fehgt?z%ﬁg comfises only

activity. Furthernore IS 1S a van ageou
adh@ﬁﬁl*ﬂﬁ@@h@ﬂb@pﬁiﬂ@Iﬂédmh@npresent i nvention while
retaining the i munogenicity of the gene product. If

the active site is nutated eg. by insertion, deletion
orP@i her known repl acenent type mutation, a T cell 22
March 2007 WD 2005/ 030964 PCT/ GB2004/ 004038 21

epi tope woul d be destroyed. According to the present

i mermﬁlogbne LmbBodepi 4 ﬁmﬁﬁﬁ)ofalfretenﬁ elaludig. a chﬁéa%,dpl(}), reverse

“ful th he i nvention
r@gﬁ% (Pgli)ﬁ%&ﬁﬁe&fg?&') %gq %'Tseg@ ‘n of pot (ie.
as 1 440) which is often known as Reverse
Transgri ptase , (RT) nple 8, RT and RNase are
ot atfa Emisboed r%w“%%é&eweﬁ@sw&se S RAROfE D the
C @!Iﬂwlﬁiéhﬂﬁh@wﬁ ﬂ:k@ﬁ'tojﬁé" 611:‘; BERYI 188184 \ﬁhlgi(ﬁrﬁﬁ'a%a with a number

Sonetl S IS may erred to as " 1-440 of RT'.
%011384%"%#386?1%3134 e reeise fapscriptags s ipgctivried wighout
pQ&ss &:‘péﬁﬂ) 40p¥ BEinGAt SvabPiRl nlthfn é?,adets&lb%& ih Borf Wkail below.

viral pot Fare omtted such as th
Thus, in the present invention, preferably the Teverse transcnptase activity present in

the P51 subunit is disrupted. This is preferably done by rearrangement of the encoding
sequence such that an altered P51 polypeptide is made with disrupted RT activity.
Most preferably the sequence TPDKRHQKEPPF (which is present close to cenire of
the P51 polypeptide), is duplicated and the sequence encoding the amino- and
carboky—terminal parts of the P51 polypeptide exchanged about the pbint between the

duplicated sequences.

'This movel technique disrupts the active site in POL to ameliorate reverse transcriptase
activity. Furthermore, this is advantageously accomplished according to the present
invention while retaining the immunogenicity of the gene product. If the active site is

mutated eg. by insertion, deletion or other known replacement type mutation, a T cell -




10 RNAse unit. However, references to "pot', 22 March 2007
“truncated pot' (p51) and full length pot'

preferably nean pot p51 am no acids 1-440 as used

herein and as will be apparent fromthe context. NEF

PO MAONYF gene encodes a multifunctional prRERERR4/004038
whi ch enhances virus growh and nedi ates i mune

evasi on. The NEF protein encodéd by the gene in the
current invention has been inactivated (ife. its

func{ion dj.sru tedk referred enbodi ment this

i nSOPY PGP ¢ Sesiovedt: v#&?%‘%ﬂg trothe quTsARf TRERHISH Sychiepitope(s) are
ei gddinedubr egi ons whi ch were then 20 reordered.

Preferably these eight regions conprise 6 regions of

26 amno acid and two regions of 25 amino acids. A

hl gﬁreyabmf SHILY &0 SRl @d&@%d% ek e 8 onaf&g %ﬁ&ﬁ%ﬁﬁﬁﬁ&g all of

bel OM/£see Figure 2). Exact ju aries’in

5t hths p3 AlBeokpd (@a@ﬁ [4#40) whiok iisf ofectt mpwo asBavérscFratsoriptase
t ha{ Bl PAemj) £ £ 8 Siefl a&‘%!resgo u?e%[qghfeh eaﬁm%eq ﬁ% C-l-llLeMap,

obj ective o1 scranbl1ng accor ng to the presen
i NIMPFAPTiets caxe shoult] by ta}s‘tn when refiding thisoFsmgfle. iSofmetimbsi thistmay be

t | ol | fo.
A TN N AT IO
bepgd a(jpll)tto indiicaie lﬂplt ofhbiepdrid € thednll @fralipoi ORIF drsbmitted such as the

cr ni_mal nunber | us + I.ce 0
10 ﬁ@ope%’fzgloWﬁYe&hw%ﬁﬁl?es Wﬁg%ﬁ‘%@é% @51) and 'l Tength pol’

P@i‘éi@BWéQD@GBﬁSI adinbheideriefser dsedked MetefiCarf as8vifl MR apparent

s disclosed herein represents an advantageous

ba %g’é’oﬁ’ét%&een mai ntai ning CD8+ T cell epitopes and

not creating too many new junctional CD8+ T cel

epi.topes. In a preferred enbodi nent, creation of new

| |onaI CD8+ T cell epitopes is mnimsed. In this
15context "new CD8+ T cell 5 epitopes are those not

occurrlng in the natural nef sequence. The average
eHigt a5t (feney engpdps aTmgkifpoctipnal mp@emswlgclawnmcmwm gramib and

prrﬁécﬂ’e[téseﬂnrﬁﬁ% fe‘é§d1c9p 'Iﬁlreol(]ﬁF \rkr& ﬁoérﬁj:b&% Bg erBrﬁstﬁthun'ent

invention is ere ep ave beé
PR Bas E@FF@ IWVQ‘SCChéW ifs frstion dmi‘upmdb t hp:egrefmvck embochment

this inactivation is by dividing the coding region into eight subregions which were then

20  reordered. Preferably these eight regions comprise 6 regions of 26 amino acid and two
regions of 25 amiino acids. A highly preferred scrambled NEF sequence is presented
below (see rFig"ure 2). Exact junctional boundaries in this sequence are easily

identified by compaﬁson to the native nef sequence (also presented below).

25 The objective of scrambling accbrding to the present invention is to disrupt the
functions of nef whilst preserving its T cell epitopes.

In scrambling nef according to the present invention, attention should be paid to
- disrupt the fimction of nef whilst creating a minimal number of surplus CD8+ T cell
30  epitopes. | '
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10 been made. This is discussed further bel ow. W&ddarch 2007
maki ng a scranbl ed gene according to the present
invention, it is advantageous to.introduce junctiona
l'inkers in order to maintain any epitopes which span
WR208HEE¥H  junctions. This may be easily acREHEBISHeE)38
by review of the sequence(s) using the 15 ProPred
tool s and nmaking correlating aadifications as
necessary. In a preferred enbodi nent, twelve residue

are

lipkers,. spanning these subregi on junctions,
| s, ?fgﬁ%eg‘t Stk B oo desglosadoheatin spRIescnts ap afpanéageous
T lmblibe aphienasaibeibal aCDS 1 1 cphidh!andHt OatilGo Lkl now

subregi o ﬂ he ori.gi nal NEF pr i n sequenc
Prigts Bﬁr 3’ $u| | callo pRjtomes. nel aqwefeatich gubedimbie, preatimndf new
| fusstichenCoeans jped it .No .aci,

§) c&1P BRfoped Psgmﬁﬁ:p.lsgé.bllr%/ h?% A} <& %SD%+hE cell

sequence of the nef gene. Prefera I's incrude
N-PEPRFSIAF thoat pot ocpusting,isf the gatheab BYf sefuentre Tief average length of a

patyPeptded e I.AS epi topes but has been
del et ed f?%%ﬁ%%?%%ﬁgég&ﬁ%f constructs. 25 SEQUENCES

Speci fic sequences are presented in the sequence

| g i pef. SEQID NOJ copprises .a full
ex oy B b ehenc itk ARl E vt i maopod v
prekave wlege gitopabiavierbeat matritinddagsl wiicts HA@NAMBEOALGH0AS have

f and xempl ary core GPN sequence 1S
p?é?enﬁ% Tﬁ%%@ff“ﬁﬁ%ﬁﬁ?? b8eW\ti ch 2007 VIO

2005/ 030964 PCT/ GB2004/ 004038 23 SEQ ID NO 2'is the

p ag_f.ragnent EQID NQ 3 is the pl7 gag fragnent.
el 358 e G Heeiing thibe FespEE s gen. iFio adyintoseons

t leintred-uredindtiond] ¢hRreRCEAR 3G maiRaY i Lot
contain ME@ Thi,s is due to _tmhe prgl?{:a ?tg@égi%zaslmnthechosm
SEREHNSe TE apydie capipyprepmplithed PROTyionof ACGeMEGRG) using the

SERQPHR 161s W) malhScbbelith Mii%éa%ﬁs% nQ%Q .5 and
M on

transl ates to Methi onine The DNA co for Proline
(P) begin with a C so an additional am no acid having

DiNA 8RR Snbb@ittehi) by NekiudIitas, LR&hE §dse s%%‘gegigﬁ Jnu%z:t'ions,
are inserted between the re-ordered subregions to restore T cell epitopes located at the

junctions of the eight subregions in the ori ginal NEF protein sequence.

Preferably “full length’ nef according to the present invention means comprising all of
the amino acid sequence of the nef gene. Preferably this includes the N-terminal part
(ie. nef aa 1-65) of the nef polypeptide which contains epitopes but has been deleted
from prior art nef constructs.

SEQUENCES

Specific sequences are presented in the sequence listing. In bref, SEQ ID NO:1
comprises a full exemplary gpn gene sequence, including tags. In a preferred
embodiment, the tags are removed such as for human use, and an exemplary core GPN
sequence is presented in SEQ ID NQ:9.




In one enbodi nent, SEQ ID NO 2 and SEQ | D NO 3 &2darch 2007
joined (last residue of SEQ 10 ID NO2 to first

residue of SEQID NO 3) to nake a preferred gag gene
according to the present invention. SEQ ID NG 4
wepreseimes a short pol p51 sequence whi ch i SPCT/GB2004/604038
advant ageously duplicated in a preferred pot

construct according to the pregent invention as

expl ai ned herein. 15 SEQID NO5 is the Nand C

term nal pol sequence. In one enbodi nent, a |arger
sefEe ik &NQ 2 isdhs p24igaseblagorent, BEQ D &F0: SE,th Dlw@gﬁagﬁé@t. The

ooRG 77 e R AR B Sl B B e Mg e

at scijmmcd\idasrmut oistaia M A0 Thisdl dhdie the preforfed 74k seieided Dyed for

NQ 5),..th Y ki eferr I .accordin
t o&#ﬁlét @é@ﬁ G{-«Iﬁ (ﬂéﬁ@p E{z g@é@%ﬁ@ %%Q'{egs the nutlatlog codon
5 Scmrmhﬂﬁeéleﬂvﬁﬂﬁ&ﬁlﬁ (D). ThelIICA Rb&SHE Fir Prﬁﬁﬁl’(P) sagm Witk C so
ID NO,7.is . a tag recogni sed_by nurine CD8+ T ce
anth afdionpl geyino jacid, pavingn DINA, coé?rf(webegaqmrwowhoﬁ Vo ingerted
t agknikgy be advantageously incorporated into gene 25
sequences of the present invention, for exanple to
nmoni t or expression and/or to nonitor inmune

I eRRAL SBbsinfRd SB0 f[pN@fhﬂcng G NO:3 are joined (lﬁst residue of SEQ
perSI st ence/ roceSS| n& t.he rot elrn la -

10 ¢ IR ¥PRi A iﬁréfpie@ﬂm elb$EQ WP NG ﬁbtoanal@rmrnﬁggyd SHDgRY e¢cord1ng to
f Ofe nf2 s invol ving human subj ects, preferably
thesg tags are not incorporated into the gene
sequence(s) of the present invention, are renoved

0 ARl L AR B Sy dupfented

| DnNQdferred poh eomstrictvaschriitgnief ths efpsamn devenfiord Elﬁe}tﬂ[lshhed herein.

15 NS W RS 3o 81 e g Py cEbgiment o g

Nedequeadd iy donstrudbedpiar e ramfdﬂSfEleH) INO:4-hgE@ID NO|5- SEQ ID NO:4,

C R T oot F SHOL I B cbne a6t 08 o PRy Ge.

casie af @é NLEQmﬁﬁN afd ohd B thE ESBMinud JTGE IPRO: 538&@1%91 kda¥ing a

t hose reI?ted to SEQ ID NO 11 .and varying onl'y b
preferred pol. gene according to the present invention.

20
SEQ ID NO: 6 is a scrambled nef according to the present invention.

SEQ ID NO:7 is a tag recognised by murine CD8+ T cells, and SEQ ID NO:8 is an
HA tag. Either or both of these tags may be advantageously incorporated into gene
- 25  sequences of the present invention, for example to monitor expression and/or to
monitor immaune response(s) and/or to monitor for persistence/processing of the
protein via the N- or C- termini (preferably via the C—tenninus). However, for
embodiments involving hurman subjects, preferably these tags are not incorporated into
the gene sequience(s) of the present invention, or are removed from or not express.ed on

30  said gene sequence(s).
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15 ¢

translationally silent differences in nucleoti d@2March2007
sequence. 10 As used herein the term sequence " derived
from an H'V gene product has its natural neaning in

the art. Derived fromsinply indicates that it is
MesWo5/B9sthe E |V sequence eg. as a starti nRCTGB004/004038
whether this is in silico or actually experinental
derivation eg. by cloning, PgR etc. For exanple the
termwoul d i nclude predicted amno acid sequence from

an HV ORF, and is not I[imted to experinentally

deSEQ ol N énthe nativie HIV 1&f sdqutice df the THYvIRAB dopsmgiziss@ience
that the sequence originates fromH V, however nuch it
ha®°¥¥en rearranged or nutated, then it will be
considered to be “derived from HV. 1In a preferred

enbodineﬂg t.he sequence deri ved from anot her_ w
“hdrip 8P cxeRPlagRigalFscABTrs iy forGRA. Wptgrally the

Orpéﬂéﬁ%idﬂéd e ihel S dpPlecif thai@ué ?o%l@ RERnEL&D f“iﬂé géﬁeuc code,

is derived. Preferably there will be at Ieast such

r sy esiantypeeleetids| spaganceseeesld grusliy igode for by @ﬂ’é% of the present

prﬁflerlapl XSF?szJI@a%{oséL Orefithan td i i NO'S! GhAIKiA only by
| east such residues, preferably at |east 18 'sucth

r etynal@e@allqo sHe rdﬂfﬂrgncas mingeleotide@eangnde. r esi dues,

preferably at |east 22 such residues, preferably at

| east 25 such residues. For exanple, t he gag, pol and

neds sed hemire thegemeseqhence |‘alﬁnaracbfrea€: Ian H8Y i gepcipodwrinbhd 4 natural

25 The teprm a has
i HeTu sf &l aeﬂ%rﬁverg r*%”s"er%“i“% m‘%%? aqﬁd i&’isg% {fhe HIV sequance
t ragnasd startin gipowe) Whaherakis wed:|sifas os lgét&alljzl rfx@aﬁrﬁehtal demlraitlon eg.
t at.l on SC SCri
ebva e BCRIen b ERGR fih 4 VAT J s Risgiled "tmino acid

n Lﬁéhﬁnee Bérh hnl HBOORFT 4:8)is 88t lidiRd tSEkpdtifehiaBeaerived sequence. If
uences. Preferably nucleic acld

nuc |! ﬁgt‘ {i)gg%% € recpenise that 5@8%@0%?}&%% fa)é%HIV however much it

: prlefs Bealbaratgell @R Stut 1, mual i@t Besonsiakb:ef @6 8O Fdriddd from’ HIV.

20

25

30

'nucleotrdes

| east 100 nucl eqti des, preferabl% at | east 200

nUB BgBeirards smpedipehta Hieysegieneederived Gommmethepwilljpassess a number

PreFlst 1%}31)1% 12kidé<s (%Irﬁ)l hcx%lQ'Q Euce%dgﬁgéﬁ&gﬂg% sequence from which
PCTI GBZ004/ 004038 25 | east 600 nucleotid

prigfierivad| Jreferablydhere 36H ba @t:lee&ﬁﬁrseelsresm@f Blremb}y gitleast 8 such
| @@ﬁ&ueg- Qferwl F@éahtd sudﬂr él&&e@ bi}%ﬁ%‘c ﬁetastlﬁpgmh residues,

er ab east nuc eotrde
prmfeﬁablmaylwt IFewb I rpmib:ehimadtesst 2|9rSGC}ereaid11§s, preferably at

nuc {e%zﬁglgﬂrgﬂ%#eg’f fégﬁ%yv :R{l&F : %ﬁ{?unuc %‘5%59 the gag, pol

and nef sequences given herein are each denved from HIV.

The term ‘mutated’ has its usual meaning and includes deletion, insertion, point
mutation, truncation, inversion as well as site directed mutation and scrambling as

described herein,

It will be appreciated that the invention also embraces nucleic acid fragment(s) of the
disclosed nucleotide sequences, Preferably nucleic acid fragments comprise at least 40
nucleotides, preferably at least 50 nucleotides, preferably at least 100 nucleotides,
preferably at least 200 nucleotides, preferably at Ieast 400 nucleotides, preferabiy at -
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51t will be appreciated that the invention al sg2March2007
relates to nucleic acids which differ from those
presented only by virtue of the degeneracy of the

genetic code. The open reading frame(s) of inportance
wenog/esdgitng vari ati on connected to degener agyr/cb2084104038
genetic code wll be those which encode pol ypepti de(s)

of the present invention, 10,particularly encoding

core GPN (SEQ ID NO 9 and nucTeic acids encoding it).
Unnat ural nucl eoti de resi dues or anal ogues or

deedsy 300 Sa€llcbides] prRferdBhY af GRALUEM® hitleotities, @rdferaﬂy dfleast 1000

accoy di to t he pr.esent invention.

ap}}yﬁléeﬁl%? Y #rigast W&ﬂqcbﬁh%ﬂsweé@ﬁ%ﬁ%aﬂ 2088 rucleotides,
PYr¥BRBly ¢ Feafslr ma%e&zé&)de@ préfB@biydt G4t 3968 ndHolesBrbfrably at
sequences. Preferab gmgnts are consi dered on a

gepast BARO n@@k@“@ﬁ&s‘@@fﬁaﬂﬁeﬁt 1340 pedlepbidet i de fragnents
conprise at |least 8 amno acids, preferably at |east

9 am no acids, geferably at | east 10 am no aci ds,
priewdl biippreiateictigt the reptinnrrdsoarciates o prakdie pad \yhl@h differ from

I qﬂg* A t 0

acl % pre f%gl y aét%feas?e%%e Qchlu Jﬁféﬂ%c eﬁQacaEHdQ The open

P rradar@ﬁﬂrge(a): ofl impettan26 when judgiag waksatxop rofectabiodegeneracy of the

| east,. 30 ,am refe bl v. at i\ . .
i R WP R GB vRRE RS oot G5 e i, EP dpyepton

atpattzaktly Sﬂccaﬂng’mrmPﬁiSEQ mBND:ahhd nadleit eddtenddifhgdt)i no

acids, preferably at |east 150 am no aci ds,

preferably at |east 200 am no acids, preferably at

| Eggian2 Guadoti@e a6idiss oPaaflenabloy dativitRas inoflis aiy Teature in
aci ds, prefer &‘@é a&l | east, 600, 25 ami no aci ds,

priveleicids ageording to theprgsephinNention; ds, preferably at

| east 1000 amino acids, preferably at |east 1108

am no_aci ds, preferably at | east 1125 am no_aci ds.

It
wilt wilbbe appspdaipd fhatithe fatentigneslse @ﬁ@ﬁaerémo}»@ewdagwﬁ?rg(%f)f the
t NRscRALY RARHd 486 sithcBY ChRIGab1 R Slafdet ﬁ%nﬁ&&éﬁ% a gene-by-

invention, the sanme Inportance is attached to
prasse basis.i oRrefifrablg (o&peptisise Fagminit cPRIPTiEs sfa;eastuii ammq/ acids,

7 R ar RrEnbad i, RN, Rl 49 al ARl prU BBl 3P1can

ptase (po I'n a cons
ad@cnndnmgmils; préferably @Sbn&t 1|5 ey dcads, prefraably ﬂt leaSSZO amino acids,

bl o 18k ¢ nbf LR8P BN, AEIYLPR VBB 3L gty o
20661 BB JeiiF/ @may ﬁﬂdﬁBSO aﬁﬁlomctlsupnefeeabbr at least 60 amino
gé\glt g{)ée %l%]lytagt %B&ﬁ 5% uaatl:lld preferClB?y at Ieagtl I100 amino acids,

preferably at least 150 amino ac:1ds, preferably at least 200 amino acids, preferably at

least 300 amino acids, preferably at least 400 amino acids, preferably at least 600

amino acids, preferably at least 800 amino acids, preferably at least 1000 amino acids,

preferably at least 1108 amino acids, preferably at least 1125 amino acids,

It will be appreciated that when consideﬁng fragments of the polypeptides and nucleic
acids of the present invention, the same importance is attached to the preservation of
epitopes. That is to say, if only a part of a gene (such as amino.acids 1-440 of reverse
transcriptase (pol)) are preseﬁt in a construct accofding to the present invention, then it

is required that the corresponding naturally occurring epitopes for that part of the gene




epi topes as appropriate. In-general, and as set 2@ddarch 2007
above, |onger fragnents of the individual genes are
preferred and nost preferred are fullest |ength

pol ypepti des as described herein and as set forth in
We2zoggepasmce | isting. Clearly the sane pri ncRqI/eBo®i/004038
extend to the consideration of sequence identity, that

is to say that when assessingys sequence identity with
regard to a fragnent according to the present

invention, first the fragnment length is chosen and

t heedichee peguead.c Tobmpplicssepallystor@bie: Acel slsitQplaaeand to T helper

or o B8 8 o burib e R cheneiil ol (535, PPy gt Replahs of the

- alindiejdbdlopes pe qmehired and Rkt lﬁrl’eﬁﬁﬁd? afe ﬁlﬁé@ﬂﬁlg&f Polypeptides as

5
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served. . 10_Preferably full |en g/ nes are
i Bérein 2o s ort Toah i reciemuene Tog éﬁ‘ﬁ’g]&%ﬁf‘e?ﬁm Rrppgiples
i nekeant it® Iﬂief @hnatieftibe of 38{ueds i&@tﬁnt )QhtAS RS sEkEthat when assessing
n‘ﬁ)rlsn strings of t enaturaly occurring

enfft YL tE APRRTdior iramenhnserding iy ths prrsentduventions first the

Urﬁ’a%hiéﬂtalengtﬂ'l iB Oc1REdrd gnd 'i:heﬂnﬁla Q@iRAcd b@hskoPlis made across the
derivatised noieties may featurée in the polypeptides

of coprp@oRfing érﬁsmiemv@ngﬁhowcn% pﬁﬁhw&atﬁdq%r@@ewemmmye The
ey R&HEE tEETN a0 Y seﬂf gg rtﬁ%';ftra%ieﬁp 1ea rerseérved

cal cul ate " the perce ta ent|t en t

s dyefenblydullishetly eip gsmnswedmoeméebrgd)aa cteBnmbf:d)herelzo
determning identity, using for exanple default
paraneters. A typical exanple of such a conputer
prIogmamnil‘twdiﬁLdﬂSTAte nvewioiheison gtg/ml/nel AQPREp{iddAR omprising

22. 4 0

htTper w%mz‘%@é‘” G AR PP So M aTE FEAEIEL G AT P A g STBToSs:
Iustal htm ). Alternatlvely the BLAST algorlthmls
S LS it b B 5y e o
htﬂo@péﬁtm%ﬂmreﬁlﬂlﬂ@ﬂwST/ bl ast _hel p. htnl, 25

which is incorporated herein by reference. O:her

comput er programs used to determne identity and/or

SifBldias gewenb@mma?mawa UeBERSed Y ehMBRerPidgrahSwimer can calculate
limted to the GCG program package Devereux et al

1 gBPeRgsRings ifenity BRIWRRSIER % roseqeeryes Using Ay syitableslgorihm for
aldekB9Ming idhlityB! g‘f&%xaﬁ@]e%ﬁ)m %&qn'kﬁ% %%}%%mle of such
sui te of conparison tools. Mar ch

2GRSy sRZRET iscBbUBEAD dmé@wmvowsrml%%de@mq @2:4673-80) or

”U%EAthg«wW psE BRI SR B8 hwak R R g T8 ¥kl NG Hirn §)C A KitternGtively, the
BLAST algorithm is employed, with parameters set to defanlt values. The BLAST
algorithm is described in detail at http://www.ncbinih.gov/BLAST/blast help.html,

which is incorporated herein by reference.

Other computer programs used to determine identity and/or similarity between
sequences include but are not limited to the GCG program package (Devereux ef al
1984 Nucleic Acids Research 12:387), FASTA {Atschul et ol 1990 J Mol Biol 403-
410) and the GENEWORKS suite of comparison tools.
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2444-2448 (1988)) to search for sinmilarities be&ddémch 2007
one sequence (the query) and any group of seqguences.
FASTA uses the followi ng search paraneters: these can

be advantageously set to the defined default

e zns3eres: Matri x: as for BLAST (not used SpdaycBab&iioédoss
for nucl eotide conparisons). Wrdsize - the nunber of
continuous residues or basesywhich are considered at
once in the initial conparison; default is 6 for

nucl eoti de sequences, 2 for am no acid sequences. Gp

p el Ay uscEhthe rhethbd ef Rearbmr andofippan r(PB)cdeﬁhcAmd Smo wSa 85;

| re wh a.n ap i s created; def
P s RS sl S BTl AR Doter b e e thery) b any
S egrougin GESequéim&sf.‘XF.&ﬂ‘SAQﬁesp fﬁﬁafohywm’g'melsrch Yatditeld) these can be
roma simlarit

AR g i et sl Poesarelat MAg oy BLAST (rof sed

nu@I BABT Al efos AURMIES ,comiphond M Wordéied - IR WBNB&Sof continuous
t: this restricts _the nunber of sequences

r éﬁ% e 4t Srsed Pdiieiyare sorsideredsationeg insthe gl camparison; default is 6
d %ﬂ&ﬂcleoh& sbquendes, 2 fof zﬁhﬁo h&G8 bédubrices ! @ﬁr PUARBE Thidfis the number

honol o?ous sequences which are Treporte default 1s
cpf peffsfleducted Sromensimilatity sedre whm BYW &P ﬁ@mateég@f@lt is 16 for

Ul@msse&%ﬁcw hs ?OM%?@%&%BT&QS Hab ﬁﬁ&l@yeﬁglw This is the

deaultls FASTA 1s aval e via
vmunmmﬂpmts deduated Femsi simpilayfty btdre mmels an existing gap is enlarged;

gomﬁp%ﬁ{t gsbfi Bﬁﬁeg@aeﬁﬂeg%esgﬁé#mir ac1d sg{_ﬂoehpﬁg %ﬁﬂ%& nthé% {estncts

Sebe mlunﬁanozlf)seqsememmmmexi accomlomr mmt:aisgcnl istghificenp] defmrd is 2.
bl ast x

bl .
it i PR TR RuBBa R bl sl i e Bt
f i40di Adgs:: usd f@uﬁdﬁeﬂﬁtr@tﬂbsi o CRImd1Bgons esquenceldor! wiicla Alnments

Al tschuyl (s .
htafep‘ﬁfp;fﬁﬁé&cﬁgadfl?ﬁilﬂ: gov/ BLAST/ bl ast _hel p. hbnl) with a

few enhancenents. The BLAST prograns were tailored
larity searching, for exanple

f guence _si 25
?&%‘»ff?% Ve nTRb B oipegfkagihe Al dhe Fopvesiy of Itinois
(Mmagy s RS, ddul) S YRS the GehéHick eanwter §RAp Ehcay of

sequence dat abases, see Altschul et al (1994.-Nature

Cenetics 6:119-29). BLAST uses the follow ng search

ParsAt @hse Lb@m@@ﬁ{enb&aﬁﬂ%egmﬁwc s'ésach Fgoﬁm employed

defined default paraneters
hubgt% PEAgTaEs Blaswe blaplar blasiahtbbptns and éWﬂSttieﬁlml nrogrems asctibe

des C FP%?% BIEJJ%H%%? ﬁgrthé: LiStishiPA HRE or ﬁfmt-lm d'md Altschul (see

ogous  sequences repor
d éftpevww.ecbi. gidh. BT T/blagthieehs hiatl) stifhc al fewi gufiah¢epmne The

| AT bRaials. WA BB A AR MBIARS s BEH80 0 b o

identify homologues to a query sequence. For a discussion of basic issues in similarity

searchj'ng of sequence databases, see Altschul ez af (1994:Nature Genetics 6:119-29).

BLAST uses the following search parameters: these can be advantageously set to the
defined default parameters: HISTOGRAM - Displays a histogram of scores for each
search; defanlt is yes. DESCRIPTIONS - Restricts the number of descriptions of
homologous sequences reported; default is 100. EXPECT - The statisticat significance

threshold for matches between sequences, according to the stochastic model of Karlin -
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WO 2005/ 030964 PCT/ GB2004/ 004038 28 and Al t schi® March 2007
(1990: PNAS 87:2264-8); default is 10. ALI GNMVENTS -
Restricts the nunber of sequences for which

alignnents are displayed; default is 50. MATRI X -
Be2ps/e3em4a scoring matrix for BLASTP, BLASTRCT/GBlofGDR3S
and TBLASTX. The default matrix is BLOSUV62 (Heni kof f

& Heni kof f 1992: PNAS 89: 10915,§€). 5 STRAND - Restri ct

a search to one or other strands of the sequence, (if

a nucl eoti de sequence); default is both strands.

Fl andERtschul/§E906: BIFAS R52a6dt8); ddéfalhia 1GuANGNOMEENES € Bestricts the

o sbeh St ey BT il o BB, At A MATRIX -

Cheyrecisies y schfing 4Q#ik6E)r, BOASTE,BEASBX CUBEASTN Agd TBLASTX. The

shor.t - perj odj ci jntern [epeats S rm.ned b
© PG oo BLDS UBES cieabighs 8 Stentiodt (HELENAS “s57Y0015.9)
CBTRANDS Fafgc@micH foyonk or b¥Her 40dnds OF tRYsedikBcddPA nucleotide

program.oof . Tatusov and Li pman (see
htepierehniEiaEbis btk . siramdg o BILTERY ndMasks joff; segmegs jof the query

D@Sgueh@é whilh Rt Now S5fapleity OlshRferBined b3 R SHPSheram, of Wootton
pre erablygﬁég uence conparisons are ctonducted using
t '%WE@

Hé Fredgstron i ters 5n Chomistop) KTHAGGIE3), 9t gegments| consigling of
S 3 | . | .
o HEBER TR A6 A (R By PRI BloEhih B Claverte &
paitetes (1993 Comstenh podkClamistty 17:11-861)| @r by @ledDUST program of

L : . el et moRor i

Pt AL HRRY R R P BB oy bty G S T for
WBIASTN, S8é6sfor ¢the prdgrangsr esent i nventi on enbraces
sequences possessing significant identity to the

exenpl ary sequences di sclosed herein. Preferably a

s ot ipeeferhisdy, @tudhen Sompaivsonderd tdnducted vding BGUEASEA alignment
d%s | osed herein, preferably at |east 45% i dentity,

pr% erably at | east 50% 25 identity, preferably at

| east 55% identity, preferably at |east 60%identity,
prefergbly at | east 65%iden{ity, preferably at | east
70“5}@9 1 geperal,the SRy comPinses techBigesaptionsd herein are well

Pkabwi abihy afd! refeRBsd nlR7bd RGIY inl phrticRlae kS E@RYolaL: 47€ A8 lecular
7?ﬁdeeB$It , preferably at least 80% identity, ]
p APERE ph yLahorafory JYLapsak, (198} iang , Ausybel e abl $hart Hrelgeqls in
961k A0R BidIdEy (190R @R hohnalibPRHond e 1 dentity,
preferably at |east 92%identity, preferably at |east

30 93% identity, preferably at |least 94%identity,
PH&E §hakhyy in¥ntiof ARl brined tdfBhdeb YpostREifts significant identity to the

exemplary sequences disclosed herein. Preferably a sequence has at least 40% identity

to a sequence disclosed herein, preferably at least 45% identity, preferably at least 50%
identity, preferably at least 55% identity, preferably at least 60% identity, preferably at
least 65% identity, preferably at least 70% identity,' preferably at least 75% identity,
preferably at least 76% identity, preferably at least 78% identity, preferably at least
80% identity, preferably at least 85% identity, preferably at least 90% identity,
preferably at least 91% identity,. preferably -at least 92% identity, preferably at least
93% identity, preferably at least 94% identity, preferably at least 95% identity, more
preferably at least 96% idemtity, preferably at least 97% identity, preferably at least
98% identity, preferably at Least 99% identity, or even more.
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preferably at |least 96%identity, preferably at 2P&dgsgh 2007
97% identity, preferably at least 98% identity,
preferably at |east 99% i dentity, or even nore. 22

March 2007 WO 2005/ 030964 PCT/ GB20041004038 29
drewni/pofedr am no aci d sequences of pol ypept pCiEGB2004/004038
according to the present invention, the requirenent

for preservation of epitopesaﬂﬁans that the sequence
identity nmay be concentrate n areas of known

epi topes where the sequence identity will preferably

be 5 100% wi thin the actual epitope sequence(s) .

re e, fhe re i ons of 0 o aci
< SR o stk e urepi R e b bt ayention,
e phé ARBirdneRt R Presertiiom oPEsifopeiabats RN HetcE@ASE Alhtity may be
ct to the reference se uence Preferalbly

Wth resp

t rFémi?éFEt%‘ﬁ‘tﬂé‘{fés piigyRYR spifopgtiwhers thesergars identibewilk meferably be
Whieo®, widtih SEPARE] 8BSt @ hencef). t hﬁerefbfel ﬁié%boﬁ@ BEARE Rpitope
bei ng conpar ed, |nclud|ng t he ‘epi tope and

i rAiERe agid FegyenaedyYoYary o Igrraten degrer thaniibel iapfialt epitpproregions,

1 et 15r¥fefa'bﬂz“1"e1%§m%sfaﬁ{ B4th rbRedthS tﬁé%f ﬁ!ﬁk@ q%gﬁc%nsf’referably

onI Ie. I nter-epitope regions on
@mtasﬁ 1&6@% &z000% judged ecxoesithie rwholei ®rremm¢dg Ih@gths of the

Oﬁ%“fﬁé‘ﬂ%ﬁ%ﬁ%‘%@%ﬂ%onlﬁn@u??gsf%%&lﬁ g sl Bt g gosions.
A'ﬂﬁaﬁ)therlembpdlsduemdnglqadbnwarﬁgtufhe;tc?gge@mmtJ) the gaﬁah]i:: rheg&)ls only ie.
s iR B Ry TSR AR TBG PSR PR B4 1B bokferved n i

efehibodiatenty of translatlon of the gag-pol - nef
transcript in human cells. In a preferred enbodi nent,
an Apa | and an Asc | restriction endonucl ease

I EOUMISATION OF GENE €(aisredcag the 5-prime and
3-prine ends of the gag-pol-nef (gpn) gene
respectively. This advantageously facilitates

sufel 5@1&&& fbolitRn BN K GARSRhul@sus| Baiddbs AR GCC ACC ATG G,
enbodi ment, the restriction sites will be present in

r deRlats MRFHeary iof e S50F consEuct®}vant ageous! y out si de t he
open reading frane of the GAG POL- NEF fusion protein.
Consequently they will not have any influence on the

art goprafsire] sabedipeat. dhe chdon fsges of ther spguense magy bhaodified to

AS'E@%Bﬁe R SPRASEy SEREIAIRY of thel Aol trihddriptil RhmAD hits,

In a preferred embodiment, an Apa I and an Asc I restriction endonuclease recognition
site are placed at the 5~prime and 3-prime ends of the gag-pol-nef (gpnm) gene
respectively. This advantageously facilitates subcloning of the gene cassefte. In this
embodiment, the restriction sites will be present in recombinant virus but are
advantageously outside the open reading frame of the GAG-POL-NEF fusion protein,
Consequently they will not have any influence on the amino acid sequence of the
fusion protein nor the immune response generated to that protein. Apal and Ascl were
also chosen to advantageously .allow direct cloning into the pOPK6 recombinant
plasmid. They have the further advantage of exerting no known influence on gene
function.
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al so chosen to advantageously allow direct cloni2gdlarch 2007
into the pOPK6 reconbi nant 30 plasm d. They have the
further advantage of exerting no known influence on
gene function. 22 March 2007 WD 2005/ 030964
Wl 70052030484/ 004038 30 In a preferred enbodi ne@far@o4/n04038
sequence encoding a reporter CDS+ T cell epitope,
RGPCRAFVTI (SEQ ID NGO 7), re ni zed by nurine
CD8-positive T cells specifi for the gpl60 protein,
may be incorporated into a reconbi nant gene of the
PrigSE preferred \C@iMotiint, THisSqula® Ld36diag a&g&&& obsalt e gkope,
m)nl tori ngTof t he induction of CD8+ T

LRER BN ipcognicr\by: BWEHES %C\%’é’é iTrrels specific

Actsﬁﬁlte agg@w§foye1ﬁ Neay BESRGRSEate] G I%sunhﬁﬂﬁlt 'g%nenﬁ’ft the prosent

known to affect the function of the fusion gene.

hiigFantjons ' Brithasdhe alvapaeeefallowing monitysing o ﬂhe@pdttc@fyeOﬁ @s+T
a%ﬁg’l Fotlo iR u(v?t?%/ %Hfaﬁuﬁ{ga Qc%ﬂfég S}Xdr/zgliage%usly the

primate vacci nation, cci nation
a ppeserdcerof gk epitvpd isveol knosm iack:[fet:ﬂ e dimcgion iof diaby fusiag gene. In a

RFOAATER, Bdbhdl; HE I, g B s

h &Blﬂlgg(s)tftacnmbmanttgeme@s) for primdidededimtivhsugeschundan tvineination,

present invention (or to the nucleic acid encoding

it). Preferably this is added to the carboxyterm nus

ofmtmgregma eanﬁboﬁgnene,l h@vudaﬂﬁenaieetnﬁa&d;o tagprIanwEBmtl\g(:i;EQ D
tibo S oassa suc ern

oS8 cesbized i PR, Spreck m(ﬁeiﬁ?e infljgnga virus

t dﬁemé‘ggluﬁﬁﬂr;ﬁ@t%ﬂl, ﬁ(idﬁéﬂ @ thd §ene(b§ ﬂﬁ%b’geﬁi!’ ﬁﬂré'ﬂﬁSn @fr t@the nucleic

reconblnant gagrpol gene, such as in a reconbi nant

v éeiign offgAbRY s Srpidsdte thyagrrbrswterainug of the projein to
a ailb\g fﬁﬂlé/da@écﬁsﬁ loF eﬁr@&mdlh%ﬁsodytﬂ%ai mﬁﬁﬁﬂogagysf, L& dsSwestern

absent from construct(s)/reconbi nant gene(s)

prilatesssays/achl Adtigin pre@r;% egbodipgeln thisdeg nﬁamcewora@é into - the
P@%B%@Hﬂu aGENMRERh l@é%gc-ﬁ%f REGS Sh 4sH SNELMbiRhS Roctor

provi des a phar maceuti ca rrp03| I on conpri sing
a@mnnmn%a rergnipinanfegappelttic€ geney o pfbaghly \peefamumbosshnent, this

r eco nb? [&Ifn Qfahﬁe%? E@‘% g&gl uc clt@ic,/x‘%%&éﬁ?aé}é %ﬁ%ﬁ{@a n?p %%%tg g ipation,

asudh s bumsrevhccination.

PHARMACEUTICAL COMPOSITIONS

The present invention also provides a pharmaceutical composition comprising
administering a therapeutically effective amount of the agent. of the present invention
(such as a recombinant HIV gene such as the recombinant gpn gene as discussed
herein) and a pharmaceutically acceptable carrier, diluent or excipients (including

combinations thereof).

The pbarmaceutical composition may comprise two components — wherein a first
component comprises a nucleic acid vector and a second component which comprises
a viral vector thereof. The first and second component may be delivered sequentially,

simultaneously or together, and even by different administration routes.
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herein) and a pharmaceutically acceptabl e carri & March 2007

di luent or excipients (including conbinations

t hereof). The pharmaceutical conposition nay conprise

two conponents - wherein a first 30 conponent

YEhP3E8W4a nucl ei c acid vector and a secondPCIUGEPOMENL038

whi ch conprises a viral vector thereof. The first and

second conmponent may be delivegred sequentially,

simul taneously or together, and even by different

adm ni stration routes. 22 March 2007 WD 2005/ 030964

PCT/ GB20041004038 31 The pharnaceuti cal conpositions

ma .

o sy rasloe AP Ehnlon B0 ey MR E bl U BB Page ipman anc

on¥etesinarygnesicife aad phlbtymicdly bomphd;e)anyme ephaislof 2 ﬂhdrmadfdutlcally
xc I ent Acc abl rriers

£ or it el Gkl B oo E R R R o gents fof Esbeuti

phese e eetliknatvn dn tihe pinainatetidsisat,i B@dare fdascribud bt @xanhlﬂe in

RoRLERUEN, PoERALIRSE M Sl ShaR Foantags SRR Benti ca
phER8ER dhel thiold! of pRiraeFuticEXdamdr Mcipént S HNRAE cm R sBRcted with
sel ec gd wi.th -regard _tq the intended route of

fhgiptgled seite pE dairstistian vad sndasd Phisraequiiead practice.

ThH:leHhﬁihim@tﬁLUill doRtpoRPROMLY CORBrBN C&nfﬁra!dﬁiﬁoﬁ% Bk camcr
in addition to - the carrier, 10 ex0|$|ent or | uent

arfFoRisnt %}bflﬂé‘elﬁuw SkitabYe binden(s)c abricant(s), suspsrding ng}nt(S) coating
ag%ahg§gp&@@ﬁgh@ggmﬁgent(s) or solubilising agent(s).
Preservatives, stabilizers, dyes and even flavouring
agents nmay be provided in t he pharnaceutlca

c n v L | ude sodi um
bg‘r};%‘géz'taﬁé\?eg sty Sogg h?e%a%id L By dﬁ o%h% %%? i fayf 8 % provided in the
p- Hh?lmaewjﬂb@r@mpemm d,ExAlwlesmfcharasasvaamk mompe mﬁthmg benzoate,
ag6RiScid B steﬂloﬁ;a ﬁzgoq(ybt;rn@g{cea be ddsaf er tsusg?pdfqgeagents

conposition/tTormu ron-requir

-y

divfdydealsp uskdl i very systens. By may of exanpl e, the

phar maceuti cal conposition of the 20 present
invention may be fornulated to be delivered using a

m’Iﬂlerepnnap ter djﬁﬁreﬂt ﬁmmpsﬁhoxﬂmﬁhﬁlahsﬁzp re@RMBME  deBénddnt on the

aer qsol i nh iQn or inpgestible
sgﬁ%f?"iﬁeh P’SB%{?%% r‘glaw{” ¢ @PRW%S%@%@W@ﬁH%of the
f presett direltidry nap tenpRatRRASO! BY Reliveb@ ud®) b MBI puddY or by a

for Eole an intravenous, intranuscul ar or
9&&@ e, §°1'r96ﬁ?1313, as a nasal spray or aerosol for inhalation or ingestible

solu‘uon, or parenterally in which the composition is formulated by an injectable form,
for delivery, by, for example, an intravenous, intramuscular or subcutaneous route.

Alternatively, the formulation may be designed to be delivered by both routes.

Where the agent is to be delivered mucosally through the gastrointestinal mucosa, it

- should be able to remain stable during transit though the gastrointestinal tract; for
example, it should be resistant to proteolytic degradation, stable at acid pH and
resistant o the detergent effects of bile.

Where appropriate, the pharmaceutical compositions can be administered by
inhalation, m the form of a suppository or pessary, topically in the form of a lotion,




Alternatively, the fornulation may be designed t28 Masch 2007
delivered by both routes. 25 Were the agent is to be

del i vered nucosal ly through the gastrointestinal

mucosa, it should be able to remain stable during
tWaRkbO3ddough t he gastrointestinal tract; fPCT/GB2004/004038
exanple, it should be resistant to proteolytic
degradation, stable at acid pgand resistant to the
detergent effects of bile. 30 Were appropriate, the

phar maceuti cal conpositions can be adm ni stered by

i nrdiitivi] eregm,jombibig of dnshingfposvdsty pp osd ¢fcrskingratghessty in the form

t op¢ LNt he f f | otion 2 rch 2007 .
OBt bd PraBbR i o vt 3B uglfe, U o i W cither
oi aibmewpt ioradiisititengyith ovmdpientfly ot1$® thé farns kifnelfxak,C Bolutions or
orall%gjn thﬁ.fornh of Iabletﬁ Containing excipieg%§.. q
sutiPREons SpRipnge flayepug orppolpyring, aeenise Or (fhey, fgp e imjecte
5 ei pdiaiieraltyl, OOL eRImPlO iBEAVOIDINIE MhrbdduRUBHPI @Nbboutieohdly.  For
the formaof .elixirs, solutions or suspensions .
c oPFrSHisH: SRS R thityCOmPRBHaNS PRy Pedsahised i pheyfpray of & sterile

beaqubiiR GloRtioR vikaheRhe EShtad, othQ' suBAERY, Soi BlahBYE BRMEH ¥alts or
intramuscul arly or subcutaneously. For parenteral

adRPRAsscheden i makrcthe sRjbian dsobmis vly blged.hEor bipsaloprispblingual
t hgidigikiateh tR c%ﬁ'lgBéitlid%s AHEUITiF QNS Pfe %@TS ibfts or lozenges

contain other substances,” for exanple en s or

10 novibish ernrsfpraudateddn peroavenitienal stapnéron i sotonic with
bl ood. For buccal or sublingual adm nistration the
conpositions nmay be admnistered in the form of
t RHARMAGETHCARGeOMBINATAONRE can be forrmulated in a
conventional manner. PHARMACEUTI CAL COVBI NATI ONS The
agent of the present invention nmay be adm ni stered
wi The ageet of theopreseat hwentidd nplpasaradieinistessall tvith agiki otemore other

1< Sulst ances. .. By way.of exanple, the present invention
15 2 RRPEREER LT YuRlan i B e bGP EPlpesati gt covers
Wi thé sihimlagent, aceqidaiial teanichie Witle a8 Nigenti R¥@dinz 00 A8 Gresent
one_or. rmrcf steroids, analgesics, antjvirals or other .
pHAYTHER 4R 885 PyMORATRILSs AMLESIG ASyrals §r pRigr pharmaceutically
| e dubgtarde@p finds application in a therapeutic
i mmunot her apy for people
20  The invention also finds application in a therapeutic immunotherapy for people
infected with HIV such as HIV-1. The invention may be used in combination with
HAART, and/or in combination with a prophylactic immunotherapy for people at risk
of infection with HIV such as HIV-1. | -

25 It will be understood that these regimes include the administration of the substances

sequeﬁtially, simultaneously or together.
The present invention will now be described by way of example, which is not intended
to limit the scope of the appenided claims, in which reference will be made to the

30 following figures:

Brief Description of the Figures
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infected with HV such as H'V-1. The invention @&Maseh 2007
used in conbination with HAART, and/or in conbination
with a prophyl actic inmunot herapy for people at risk

of infection with H'V such as HV-1. 25 It will be
WooweEsesd t hat these regi mes include the  PCT/GB2004/004038
adm ni-stration of the substances sequentially,

simul taneously or together. The present invention wll
now be described by way of exanple, which is not

intended to limt the scope of the appended cl ai ns,

i.n which reference will be nade to the 30 follow ng

fi : crlptlon of the Figures 22
e Bt Bres 5 ik Bk RSt oo, S e A€ oty and hae
S lomlysbepn edparategichegior deriig. Eodlg hidiatas secjﬁieﬁcsmnaﬁdsmleetw&n GPN
continuo been_separ at ed re
C PR St 4Rt P Rl B dencs (0 biefoush seanpuce
swﬂﬁmema@ﬂo e H'V Ml ecul ar | nmunol ogy sequence

gt all suc ‘i ence 5 variations are shown).
F. cﬁﬂf% fhewaw&m%'&e d dativen ash gene Aoy Bted Bedlnddes I
us;pﬁoﬁe%mf,ﬁgogg ass |l epitope conparisons. Figure 3
shows T hel per -epitopes for scranmbled nef (fig 3A) and

n Atgupe3 shows (T hedpenmjitopesipiggramblled nefifs aAbrazpﬂ mtlve nef (fig 3B).
b BRSO mBp BERLSmbiRAB R ﬁ%ldfﬁQ P%ﬁeftﬁ‘%é EdiSilcAbh of a

of a 10 reconbi nant fow pox strain Xpressing
gé@oﬁlbmWéﬁWIPPK graietD) emeasing gappolofelr econbi nat i on

r eco ?%hant @fﬁ eg%:roég{sn?%%f ag?pbﬁ ne<5 %Blle grutrﬁ%c%ls%cg\?\% ofa
th@ombq!aMAcﬂxp@BMgg'ﬁg@o@bf sequence i s shown in
n %{pq@e! rr% éh%pzé}s the se eggeo o%éﬁﬁl%ele@ﬁ ne@gglgfegg 8 gilnqn hgr%:lai &3t The

' umplsimhmnm@onl;slsﬁlmmmgtaﬁﬂs@ apgritrer Apalabnd G-pHide ABE sites are
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5. Figure 9 shows overl appi ng 20mer peptides used in

aRigupeNG shows p Sptphar eEan PN pot as described in Example 5.
Figure 9 shows overlapping 20mer peptides used in an IFN-y ELISpot assay. Amino

acid length shown in brackets.

Figure 10 shows a bar chart of GAG-sp ecific responses in ex.4 group 4 animals.
Figure 11 shows a bar chart of POL-specific responses in ex.4 group 4 animals.

Figure 12 shows a bar chart of NEF-specific responses in ex.4 group 4 animals,

Figure 13 shows bar charts of IFN-yresponses.

Figure 14 shows a bar chart of IFN-y responses elicited against selected peptides from

gpn-sequence.
EXAMPLES

Example 1: Analysis of CD8+ T cell and T helper epitopes in the GPN sequence.

- We used ProPred to compare T helper epitopes for native NEF versus scrambled NEF,

This program predicts that there are more T helper epitopes in scrambied NEF -
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acid Il ength shown in brackets. 20 Figure 10 showg March 2007
bar chart of GAG specific responses in ex.4 group 4
animals. Figure 11 shows a bar chart of POL -specific
responses in ex.4 group 4 animals. Figure 12 shows a
e 200f1@0464 Of NEF- speci fic responses in ex. 4 grpoB2064/004038
animals. Figure 13 shows bar charts of
| FN-yresponses. Figure 14 s é a bar chart of IFNy
responses elicited agai nst sel'ected peptides from 25
gpn- sequence. EXAMPLES Exanple 1: Analysis of CD8+ T
Cedckoraing 14 thelp@EntCRvERBES Thid Remb&Ebane qbaNGE - scragBIcdENEF
used ProPred to conpare, T hel epi.t es for native
NESEq¥EBpesiy &t lsest mt@am@mnngm F‘%lpﬁ"r ot e%l{ FopRONgs p native
theege are nore T hel per epitopes in scranbled NEF 22
March 2007 WD 2005/ 030964 PCT/ GB2004/ 004038 34
accordlng to the present invention. This denonstrates
4fgﬂ§ 1 g&%ed NEF sequence is at |east as potent
|n e icitl el per and CD8+ T cell responses as
naEpge T NEF cath rﬁmiseTanﬂeeﬂmEmet wipelly ©B&HedTT el and have been

r ea%&%@teﬁewﬂ{‘ Gorflol Qgée‘?m%{ ﬁ{]wn v rﬁ#&&g& 5%ndn G& S8y %&?@;ion in

have been "associ a virTaem a

i nhedeyson in man and SIV infection in nonkeys. 10
Conparison of the GPN sequence (Figure 1) with the

HXB2 reference sequence published in the HYV

moCapatissn ofie NG GyquiatealBigtre( 1 HwWhMbe EEXIBAreference sequence

Lﬁgﬁﬁ%ﬁ e g'??@aoiwp%frg%@fﬂcﬁ'ﬁ%ﬁ@%fw @V %pf?ﬁﬂgrylmrawogy
EIO Z?l:)pttmaﬁ /%f ﬁ.b{gf TRACR EPRordaidatichs BIoRAN3mbitin” AU Shcal Biology

e Bigph Ytst Lot &ltmes nieiRneb ol Aheaper c tAves] Tpdf0p; jitp/hiv-

P & dbQiIREv/cohRent/i R SHEMRPL Periidifedal | Of the
known murine an uman + ce epl t ope

This comparison reveals that all of the known murine and human CD8+ T cell epitope
sequences identified for native gag (p17, p24), trancated-pol (p51) and nef are present
in the GPN polypeptide sequence. There are single amino acid differences between the
GPN sequence and the HXB2 reference sequence. Epitope sequences are indicated on
the protein sequences of HXB2 and provide a relative location of the defined epitopes
although they may vary relative to the protein sequence from which they were defined
(refer to HIV Molecular Immunology Database 2002: Section [I-A-2 — HIV Protein
Epitope  Maps, p56;  htip://hiv-web.lanl. gov/content/immunology/pd{/2002/
immuno2002.pdf ).

Therefore, shuffling and rearrangements within the GPN sequence have not altered per

 se the capacity of this molecule to induce CD8+ T cell responses in mice, monkeys or
man against the native gag (p17, p24), truncated-pol (p51) and nef sequences present
in HIV,

Scrambling and rearrangement of the native polypeptides constituting the GPN protein
- may have created new CD8+ T cell epitopes unique to this molecule.: Since these




- sequences identified for native gag (pl7, p24), 22March2007
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truncat ed-pol (p51) and nef are present in the GPN

pol ypepti de sequence. There are single anm no acid

di fferences between the GPN sequence and t he HXB2

W 20054030%4 sequence. Epi tope sequences are i reiTocs206h/004038
20 the protein sequences of HXB2 and provide a

relative location of the defiqyed epitopes although

they may vary relative to the protein sequence from

whi ch they were defined (refer to H 'V Ml ecul ar

| repiioysh o \yanliledy asepr2@iPin nBivet gam pbl ore? sequeticds Rithinethe HIV

Va
e 8 hens e sy, o iR EGAHBY 2555 iy pesgbgpisen o
i rinchdR0m2, prﬁkfcn)c ag’éﬁlsﬂ' BEV ef Consseqaditllyf tliehd efifthes have not been
rearran n the GPN sequence have not
a RSty g e’é’él Sx%%m ty of this nolecule to
i nduce CD8+ T cell responses in mce, nonkeys or nman
agai nst the native gag (pl7, p24), truncated-pol (p51)
anoheiRsf eri®B%fences present in M. 30 Scranbling and
I ephél5eR GRRRE ré%f)oﬂs&eerﬂﬁﬁdevtﬁe @@qu ?Me!ldeﬁﬁcﬁ)? E‘@sbbﬁdétlh Réms of

the GPN prote| n have created new CD8

@%ﬁ@ 2 |b€f‘7!§éﬂ1t @dtﬂiﬁ@fofﬁamélc gnbancs;the efﬁpmscef ﬁ_az (Mﬁrfc'ﬁ cell
Dnsw% ﬁ%&% PCT/ GB20041004038 35 epitopes
are unlikely to be present in native gag, pol or nef
sequences within the HHV virus, they are therefore
v e f nov
r{'t hg)gllrl]%#o?thg%ﬁ %hg{cg%t%?evacm n%?eg%ng? %ec%u ﬁe\?ugilshed in the
CaHy enpubmﬂduydamua% ¢ Moeeslah Eﬁmmmlogyemﬂfl Maps of T helper

| eplpier %‘gp oc]aﬁ?]%sl gfoﬁhgrh%ﬁ@ e ﬁ?gg agrﬁfgpégha?nﬂeﬁngswls Los

20

25

cellbmef f eclatfonslesp o:nmratdsryt er MAughst nmagni tu dmsan d ht_t_g //hiv-
3 . / ; f f a&l of the
human T helper epitope sequences identified for native gag (pl? p24), truncated-pol
(p51) and nef are present in the GPN polypeptide sequence. Therefore, shuffling and
rearrangements within the GPN sequence have not reduced the capacity per se of this
molecule to induce T helper responses against the native gag (p17, p24), truncated-pol

(p51) and nef sequences present in the clade B virus in humans.

Since T helper epitopes are usually longer than 15 amino acids, fusion of the gag,
truncated-pol and nef sequences in GPN is likely to have advantageously created novel
epitopes bridging the points at which these genes or parts of genes have been fused.
Moreover, shuffling of the nef gene is likely to have created a number of novel

epitopés bridging the shuffled sections of resulting pblypeptide. Such novel T helper

. . epitopes advantageously may elicit immune xesponses when GPN is administered as a

30

vaccine, thereby enhancing the breadth and strength of the biologically-relevant CD8+
T ceil responses elicited by the polypeptide(s) of the present invention relative to the
native GAG, truncated-POL and NEF proteins.




Conpari son of the GPN sequence with the H -XB2 22 March 2007
ref erence sequence published in the H V nolecular

dat abase ("H V Ml ecul ar | mmunol ogy 2002: Maps of T

hel per Epitope Locations Plotted by Protein"

THEWPEIPBAl Bi ol ogy and Bi ophysics, Los Al aP@BGB2004/004038
Nat i onal Laboratory. August 7, 203; h ://hiv 15

web. | anl . gov/ cont ent /i mrunol a@gy/ maps/ hel per/ hel

er.ydf) reveals that all of the human T hel per

epi t ope seguences identified for native gag (pl7,
p211<) derpongiseig thag shydiling bitﬁo'quratedmptmtfal aew Hhelpampitopes;tthe native

CNEPGhy Q&Qﬁﬂ)l‘é@ cﬁﬁﬁe‘ﬁg% Qg&@éfdré gg{{l}?ﬁéjd using the

rearrangenents w th sequ ve no
r ekraped tMECc Bjpac iTk ypltﬁef: Iﬂ'eimﬁont br@ramm beploliagt 0 matrix based

o2} 88 AEREh R RRANREC pERRle b Righ ookt 555

5 priﬁéé1r999)| and; SiegtChudiBaghvy (200$) Broihformaatics,1S(12,61986-37, such as
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'am%ﬁg f?ﬁngf gﬂﬁg AL usuallg/ Igorger t han 1gngmn2?

sequences in GPN |s I i kely to-have advant ageously
at ed no es bridgi ng the_points at which
ott trsoapiat Brreyeeybsianial sbanges ju dee prdicted human

MMH@\tﬁss IIsbetfidted DNYelpdr ebitshet) Ofith0S Eﬁa jed n{lﬂnjﬁﬁl of ptRicAeBitopes
cre ed a gérrber of novel = epit g tp

0
B Rsdushce than the mﬁlge hgﬁli/mp@nca@ge@emﬁ@d/@)
T heI per epi topes advantageously may elicit immne

responses_when GPN is adm nistered as a vacci ne,

t HdHe tﬁgrﬂ@hh@mfth@ef prauence hefrpsulind i theenegtinn ofaddit@nal T helper
b| hARL OB ledidn T- I n [
byeﬁtﬂ% poly ep?‘{%\é‘?g ﬂgé?%tbl’?e T(r:‘:g%len Ss 81%8 %{% psﬁ'gep fide
r étp%qﬂ?me tq dhe tgseng @llmmqnveTma advnaunagm dloﬁ?ELTahtdbeNEEltopes

B GeBaE kR SO AR B spocut G Fisp 32

had cr eat ed potent| al new T hel per epi topes, the

( |gur e gF]Far & scr P%sd“%ﬂlsﬁlﬁﬁ yéJeﬁF‘élfﬁ% %5%@%]%‘5% points

| lbefypen dweplptmmh miinpnmng rtheg G2 p@lypé;ﬁwen gCamPRisoh s described

b d edlc orit as .disclosed in Stum ol o
o Ge maRhE U esugfg‘%§5§1%hq§61( 1999) and Si ngh

and Raghava (2001) Bi oi nformatics, 17(12), 1236-37,
S#‘{ih be fouggplg .
a ?V'P bigantdaPl gene i PNAy M VA are Fenlgoxr i son of

t hese nol ecuI es reveal s substantial changes in the

predi cted hu
A recombinant gag-pol-nef (gpn) gene is constructed for expression of a GPN fusion

protein. This gene construct is used in nucleic acid carrier such as DNA carrier {eg.
plasmid carrier), as well as in MVA and fowlpox vectors and materials for

construction of same.

The use of recombinant virus vectors such as MVA and/or fowlpox vectors to boost a
DNA plasmxd—medlatcd prime has been shown to induce a sh'ong Immune response in

rodents.

Esse_ﬁtially the same constructs also find application in primates such as humans.
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greater nunber of predicted epitopes 10 in the

scranbl ed NEF sequence than the native NEF sequence

(Figures 3A and 3B). Thus, scranbling of the nef

JEQ YOFB%94as resulted in the creation of addPEl/GBReN4/m4038

hel per epitopes for enhancenent of the CD8+ T cel

response agai nst this pol ypeptri de according to the

present invention. These advantageous novel T hel per

epi topes 15 conprise those epitopes shown in Figure 3A

and which are absent fromFigure 3B. Simlar novel T
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pl asm d- medi at ed pri ne has been shown to induce a

strong i mune response in 30 rodents. Essentially the
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synt hes series of overlapping

oliliponucicenmtbinhtion pdasnld, fp260).gpy, freethef copgiuction af e whahbinant
re Ibogﬁcl g{ingo t he cqgnercially avai |l abl e

pl SSM°4! P P %@g%’b&i .gpn, (or 02-213), and

t he

The expression plasmid, pSG2.Mel3, (Palmowski, MJ. et al 2002 J Immunol 168

20 p4391-4398) contains an expression cassette based on the human cytomegalovirus

immediate-early promoter and intron combined with the bovine growth hormone gene
polyadenylation signal to express a synthetic epitope string containing melanoma
antigens. The expression plasmid pSG2.gpn is made by digesting pUC19.gpn with
Apal and Ascl, blunt-ending the insert, and subcloning into blunted PstI-digested

25 pSG2Mel3.

The MV A recombination plasmid, pOPKG6 is made as follows. The plasmid is based on
the commercially available cloning plasmid, pSP72, (Promega Inc.); the standard
30 multiple cloning site being replaced with a synthetic linker containing unique
restriction sites and the vaccinia virus P7.5 late- early promoter and late P11 promoter

arranged in a head-to-head orientation. The linker also has the first twenty nucleotides -
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nucl eoti de sequence determ ned. 10 The gag- pol - @&fMarch 2007
gene is subcloned into three plasmd vectors to nmake

i) a plasm d expression plasm d, pS&.gpn for use as a
primng agent for in vivo use such as preclinical
WAI0YG0# gpn- cont ai ni ng reconbi nant poxvi rRGI/GB2004/004038

vectors; ii) a reconbination plasmd, pOPK6.gpn, for
the construction of a reconbgpant 15 MVA expressi ng
gag-pol -nef; iii) a reconbination plasmd, p29D. gpn,

for the construction of a reconbinant fowl pox strain

FRg t@(%wéesqhwgogég%dbetheﬂactms@meﬁ ifeymdin dkavageinia virus

P S62omi¥Rrd ggénﬁg}s@i h, (Cifheratfabii &'a 19852 0b1 lCTTUAGH 5 $8£b3-3409).
20 p4391- 43 cont ai ns an expressi on cassette se .
orﬂ“heheynthﬁhadutgmt oregdiesivid as a parive dif avverbpping Qigonudlentides,

he bovi R
gen ‘lci)l?’g Pg’(ﬂ;%f]gt% ﬁg%ﬁ snll’t]ognal‘30 “’é"iﬁ rcgéxgﬂ%%saglﬁ;ﬁ? |E§A3'1’ to
e phikepéink (or ﬁ@-?a&&)nTlm saq\regcerm"ltmm@ﬂﬁaseqmn lipkearsis givien below:
expression plasmd pS&.gpn is nade by digesting

pUCL19. gpn with Apal and Ascl, blunt-ending the

i ra‘gmrﬁtaataﬁ@cmé@edaﬁmg@%gcg&g&cbtgtﬁd@wmécc@ﬂg@mda@waga’a‘t&attﬁc
p Mel 3. The 1gﬁorrbl nati on pl asm i s made
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standard 30 multiple cloning site being replaced wth
a SFHCPRECTIECIASRREABEEBRECSICBIENG uni que restriction sites
and the vaccinia virus P7.5 late- early pronoter and
late P11 %rﬁormter arranged in a head-to-head

o rRiaEpf 416 lepeZ evprefirom pREH! flsubslarad imbnpL I de malie pipkLacZ. The
NYerk 8O 43Sy %glel\@efr& fhe? gx?oqo#ggegogg\%ﬂ@ %%%OI-BgUEaCaEment such

PCT/ B2004/ 004038 38. ia colli
( Beat a-cquupletst tets-grlactosidaspeneoding drow reading frinee isdfouned Jiprime to

AR bR RPN EZ 00) (The syntheti ¢

linker is synthesized as a series of overlapping

t M@gﬂ#&g?g%&g&%? iregre%c jlnﬂ'ﬁkf?@% aé/pabré and 49‘1 ?(%he EcoRI

plsiteky the MVAZhBhiine kiase ﬁlecgeemweneoiolaﬂeé fﬁﬂolvbm &yBIR using

| Iﬂrf OﬁOWng EJ\ﬁgrr-]pa?rgl OW.

Left-hand, (5-prime) tk flank
Forward primer CAATTACAGATTTCTCCGTGATAGGT

Reverse primer CGTGCATGCGGCCGCAACAATGTCTGGAAAGAACTG

Right-hand, (3-prime) tk flank
Forward primer CAGGAATTCGCGGCCGCTGTGAGCGTATGGCAAACG

Reverse primer TCATTTGCACTTTCTGGTTCGTA




agat ctttaatt aat gcct aggcaat t gagacggcgcgcccgggcac 2adiaieiy2007
ggcecgt gcaat aaatt agaatatattttc

‘tacttttaccagaaattaattgtacaatttattatttatgggtgaaaaacttac

t at aaaaagcgggt gggt t t ggaat t agt ggt ac

M YeHBWE agaat at at gt at gt aaaaat at agt agaat t t CREHEB404038
tttctatgctataaatgaattcctcaagggatecgt 10

ctcct gcaggcat gct aaget agcggecggcecct cgag Part of the

LacZ gene frompSC | is subcloned into pLINK to nake
pLi nkLacZ. The |inker and LacZ gene were then

subcl oned into pSP72 as a Xhol -Bgl H fragnent such

that a conpl ete beta-gal act osi dase-encodi ng open

reading frane is forned 3-prine to 15 the P 11 late

p rﬁmg@bnmmoéum elonekihmdle cdulidercia nloning veeigi BPRPO-TA,
r [ ase pairs 5-prinme and 3-prine to
tﬁ@@g‘%ﬁ) a%gf%qg&%ﬁ{?t he MVA thym di ne kinase (tk) gene
were isolated from WA by PCR using the follow ng
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I TEEAMAGAAGTEN sificitbd BRe'ET2LinkLacZR
flank 30 Forward prinmer
AEERSET B PP RPGCCAAACG  Reverse pri mer

- TCATT IGCA(,I TTCTGGITCGTA 22 March 2007 WO 2005/ 030964
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P [ GB2004/ 004038 39 The 1500bp PCR products are
EEUIA PeIUEnGe 2pabisenl hinplagnid ideptifiod an @cidﬂppp@bmwbe\se pairs of
( |qu4ieI1cfeQﬂ &1R)pOPREG biﬁé%l_ﬁé‘}%%%ld RitrbBGeel P‘d ‘?szebt&: with

subcl oned i nto pSP72Li nkLacZ as an coRI f ragnment

t ¢he lﬁ%héﬁqoﬂ?@lé|dﬁk@a@21$e°ﬂf@1¢a@¢ﬁebmmthmymﬂsert i s

t hen subcl oned into p72Li nkLacZR as an Nhel - Sphl
fragnent to make pOPK6. 10 Subsequent sequence

arfak gag-polafel Dliﬁnst‘egdmﬁme iwde sitbcohal famm pdAl 2.gamnimto 110141(6 as
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Intr
no alterations had occurred durmg the subcloning steps.

This plasmid functions as a vehicle for introducing the gpn open reading frame, under
control of the P7.5 late-early promoter, into the tk locus of MVA.

FP9 vector

The FP9 strain fowlpox recombination plasmid, pEF1.29, was obtained from Dr Mike
Skinner at the Institute for Animal Health, Compton, UK as published by Qingzhong,
Y. et al 1994, Vaccine 12(6) p569-573.

The gpn open reading frame was subcloned from pUIC19.gpn as a blunted Kpnl-Sacl
fragment into the Smal site of pEFL29 to make pEFL29.gpn. Sequencing of this
plasmid showed that LacY and part of LacA had been introduced with the LacZ
‘marker gene during the construction of pEFL29. Consequently, a linker was
synthesized that allowed the deletion of all of the LacY and most of the remaining




the left-hand flank due to non-specific cleavagé2dyarch 2007
the Nhel enzynme. The gag- pol -nef open reading frane

was subcl oned from pUC19. gpn into pOPK6 as 15 an

Apal - Ascl fragnment to nake pOPK6. gpn and the gpn
MisWpY038Wduenced to confirm no alterati ons PEEIGB2004/004038
occurred during the subcloning steps. This plasmd
functions as a vehicle for infroducing the gpn open

readi ng frame, under control of the P7.5 |ate-early
pronoter, into the tk [ocus of WA. 20 FP9 vector The
FPGacdy ppenrrefiding Femes by omdann af iacBisrB1-Blphi di gess B FFL 20dte make

j . i he Institute f
LI P g M ko 8l chea by i mgznong,

25 Y. et al 1994, Vaccine 12(6) p569-573. The gpn open

ol Tt BRI ARt gRanraataTa

5 pEEL29 to make pEFL29. gpn. Sequencing of this plasmd
showed that LacY and part of LacA had been introduced
with the LacZ 30 narker gene during the construction
of THeEfpa ZStprefsiitc Q6400 tnlaY thed dubdlbied MEE]_S‘DEQ. b 8¢ AatTT-SphI
th@t al | owe he deletion of all of the LacY and nost

of Fagment Wea A rnephd sut\egotielts e makew? 3hepsy-0Bmogen insert was then

PGEGERAG OIS altdBidRBA] ORGR=d SRRE B El{b%ﬂiglﬁlgk%ﬁaps.
nmeans of a Bsrd-Blpl digest of pEFL29 to nake

10 p29pel ta. The sequence of the linker is given bel ow.
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p B2 ennepgnressioneassatie inteSVIA. arfdrERgrmespectivelly. Aat U- Sphl

cut p29Delta to make p29D. gpn- The gpn insert was then
sequenced to confirmno alterations had occurred
dultierrgeontbinagupeivimsen gvesd efade by obRgsiracabinbitiatian of the virus

15 H@%ﬁéﬂl@\%ﬂh %g?ggvagp %cgnqlgmﬁi%%%la%g@d 2 chicken gm 1%’0I trgbqgs!fl,c(EEF),
cultures using standard molecular biology techniques as described in Current Protocols
in Molecular Biology, Ed. F.M. Ausubel, John Wiley & Sons; or according to

suppliers’ or manufacturers’ instructions.

200 MVA.gpn is made by infecting confluent cultures of CEF cells with a non-
recombinant MVA, (stock 57SFHE-K), derived from MVA passage number 575,
(Mayr et al., (1978) Zentralbl Bakteriol [b]. 167(5-6):37 5-90) at a multiplicity of
_infection of 0.1 for one hour. The infected cells are then fransfected with between 0.5
and 2.0pg pOPK6.gpn plasmid DNA mixed with lipofectin. (Invitrogen), according to

25  the manufacturer’s protocol. The cultures are incubated for three days before
harvesﬁng. The harvested cells are freeze-thawed three tinaes and titrated as ten-fold
dilutions and cultured under CMC-containing medium for three days. The medium is
removed and replaced with CMC-medium containing X-Gal and the cultures incubated
in this medium for 20 hours,

30
Recombinant viruses are identified by a blue pla;qﬁe phenotype and picked with a
pipette into cryotubes containing 100pl medium. The picked viruses are plaque -
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P7.5-gpn expression cassette into WA and FP9, 22 March 2007
respectively. The reconbi nant poxviruses were nmade by
honol ogous reconbi nation of the virus 15 genone with

the rel evant reconbination plasmd in chicken enbryo
Whrgheass, (CEF), cultures using standard PCl/eB20b4004038
bi ol ogy techni ques as described in Current Protocols

in Molecular Biology, Ed. F.W Ausubel, John Wley &
Sons; or according to suppliers' or manufacturers’
instructions. 20 MVA. gpn is made by infecting

c opiirifigé five merd imestochsuBEFurite| Husityvfrorh ngn-frecpmbinant parental virus

r W =FTals c /S5FHE- K) . derived, from MVA
pgﬁ%;%e nu%&%f&?&&( %fa%l?éee?wa%e?p,he? snd; tqg]iﬁ’nﬁf’ of 2 WT
BaRTR prodict ikn tht6H0SDEA i87hecA ) ushig appraptibtepringirs.y of
infection of 0.1 for one hour. The infected cells are
then transfected with between 0.5 and 2. 0g pOPK6. gpn

pl sty PCRNAcrednked wad hbrfdrinef@Cing DNAY bukEge Mom 2m! cultures
according, tao 25 the nufacturer's protocol. The

c eﬁtregg’%g ioﬁﬁ‘fﬁﬁéf’g’g°ﬁ6¢3 ¢M¥8-gays before

harvesting. The harvested cells are freeze-thawed

three tines and titrated as ten-fold dilutions and

cutteuyielt RiNdels rerified gpipgianQisgemBlacd ind drell ((abipred B)EA min-kit
Thedgesli GHbIL S Mk eVEMAE 8N, LePlACEHa %EHE%{R}) %%riﬁg to the
ate In thi

i
cont ai ni ng, X-Gal and the cultures inéu
neBTuACchE sgwothenkr &4 PCBoremiion s perfrrmed neivg Klanteq proof reading

i | A ik PARUE d picked with
a%gih%)et t g&lgl%]ﬁfa)glsc#y%g?rg%es c%lﬁ)tggﬁghg‘%&égﬁfjﬁ%ll | medi um
The picked viruses are plaque 22 March 2007 WO

2 X 4 0 41 purified.fiv r

C A U AT g 8 Bt it i P 171 base
paaeningdhe wild-type, wasothingfd Mvad by the absence of white
pl aque phenotype and the absence of a W PCR product
when the virus DNA is screened using appropriate
prikier CAATTACAGYXTPORIGCGEEATAGCGYS perfornmed on virus
DNA purified from2nml cultures infected with fifth or
sixth round clones of MVA gpn. The virus DNA is

PUIKT | FCATITERCACIQrgEGBiceh and Cel | Cul ture DNA
mn-kit (Q agen GrbH, Max Vol mar str. 4, 40724

Hi | den, Germany) according to the

MVA.gpn was screened for using primer TKL and the following primer to give a band

of approximately 2000 base pairs from the MVA.gpn construct:
HIV-U ATACCCCCGTGTTCGCCATTAAGA

Expression of the GPN protein from MVA.gpn is confirmed by immunoblotting as -

described below.

CEF cells are infected with MVA.gpn or MVA.LacZ control virus at a multiplicity of
infection of 1. The culture is incubated for 3 days before harvesting. The cells are
heated to 100 degrees C in SDS sample buffer and electrophoresed through a 4-20%

acrylamide gel and electroblottgd onto a nitrocellulose membrane. The transferred

~ protein is then probed with either an antibody specific for the haém’agglutinin tag -




10 manufacturer's protocol. A PCR reaction was 22 March 2007
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perfornmed using Kl entaq proof reading polynerase

(Sigma) using appropriate incubation conditions.

Parental virus was screened for using the follow ng

PYQ 285/830%66 gi ve a band of 471 base pairs i nPEHIEB2004/004038
Wl d-type, but nothing in WA: 15 TKU .
CAATTACAGATTTCTCCGTGATAGGT  FKL

TCATTTGCACTTTCTGGITCGTA 20 MVA. gpn was screened for

using prinmer TKL and the follow ng prinmer to give a
baffdbcams}, oappe eperifiatfed KV GAG B dDpled)rand fvisnializddeusing a suitable

W R RSl o AT T CREAR AT st

Expression o
cottt i ¢eiie dinfeyted nwiﬂnd‘kiVétgpnngmmﬂ aj@wembeﬂ dpptoonimatFF134kDa

¢ PhonRiRhepd e H A b nifives HRnh el donr RSP RIVA Lacz

c UTheupreditcisd i:mbdﬁnhialt wehgﬁioch tBe @BNSprbtﬁﬁDfsel?Jﬁﬁr ¥Patwiiich isTiheclose

b B e S et e P O VA BBt i de

gel and electroblotted onto a nitrocellul ose rrerrbrane
bed with either an

T transferre rotein t hen pro
AR of e G, Brodiis fie RPSLARE s PORIEAEA DOLETORR iR
2081s M0 inRted GARO Gho) /Mcgo 2962 (é&&%ﬁw@rat a

one specific for HV GAG P24, and VI 'sual | zed
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that the cells infected with contain a

prirosphy a gk 205p perplemire: gl yod 814%19&10&@@ mnbn nnitgoopiidoserierpirane.
e b t

v B R s RO prbd | Wk b al IRBBOEF allclll for the
privempgghitinintag (Abckidh or v specificfor HIYE IGAG PZQQ(ﬂhkn)mmﬂ visualized

in _t.he

wikhgd S aRE Gl ARAGhaRLORNGRS slbolilS apiiboay and o clyopogen
f r'’the HéWasgpyrindisatarbibbg thmeﬂld)mfactad rwittoBP® pirh Rontaifkd-a protein of
cells are.i ed wi.t.h . or .FP9. LacZ .

R Bty 1B it e aflP R betonss s abrgpt it the cell
i rififected eith F#PORODTHE: pratitiod enoldulan telant efit{c0GPN platyia is 128.5
b%(ﬁ) h?c%rlg%stc erg agreement with the specific band produced in the FP9.gpn-

infected cells.

The immunogenicity of the MVA.gpn and FP9.gpn viruses was tested in BALB/c mice
using a “prime-boost’ protocol. The mice were divided into groups of four animals.
The following test and control groups were established:

pSG2.gpn (50) prime followed 14 days later by a boost 1x10° p.fu. of MVA.gpn.
pSG2.gpu (509) prime followed 14 days later by a boost 1x10° p.fu. of FP9.gpn.

1x10° p.£u. of MVA.gpn alone.

1x10° p.fu. of FP9.gpn alone.




5

10

20

25

30

The cells are heated to 100 degrees C in SDS sa@glMarch 2007
buffer and el ectrophoresed through a 4-20% acryl am de

gel and electroblotted onto a nitrocel |l ul ose nenbrane.

The transferred protein is then probed with either an

ava rnsebpssgpeci fic for the haemaggl utinin t aRCTYGEROGHIP4038
or one specific for HV GAG P24, (Dako) and visualized

15 using a suitabl e al kal i negphosphat ase- | abel | ed
secondary anti body and a chronogen. The bl ot assay
indicated that the cells infected with FP9. gpn

contained a protein of approxinmtely 134kDa

cof 1 S i dnEpi-PBinb g Dod S pph RE NG bt Tl nd e

Wem@i‘lier of GPhespehilic pitarteeom gzhrﬁmi & rdhing KyPaphoejtes Ideieﬂmnad in an

Cl 0S B%%ggg'{gg;@e%{}f@ it I%ﬂ%ﬁﬁ%&%ﬁg’gﬁ%@ gf the

I\NA gpn and FP9. gpn vi ruses was tested in BALE/ c nice
usi_n pr| me- boost' prot ocol The m ce were divided
i neer 18%&10698 four AHYIRMILETIThe fol | owi ng test and
control groups were egisgppgped: 25 pSE. gpn (501t)
prime foll owed 14 da s Iater 'Eﬁ a boost 1x106 p.f.u.

of GM@A HZpR CD8spitppey p RE: ime foll owed 14 days

I 15 Reast | X1Qgppp EI"]?& Wi SiRD - 30 1x106
p?%? o%v%.’l gn al one. 1x10(g % FP9. gpn al one.
22 I\/ar ch 2007 WO 2005/ 030964 PCT/ GB2004/ 004038 43 7

?/ﬂrrp 0y t JY \%L\{;ecfrjliP %\%eséthg‘gn Ech@dl%% n%ée_[; ‘?lggﬂqesponses in the

GFihEc&pem fic interferon ganma-secreting |ynphocytes
determ ned in an ELI Spot assay using the HV

followng T cell epitopes (see also exanple 3): 5 H2-D
Cliﬂwemmab@c&t prSidalsEshbwn Tid FeQrhterGrififhsdithaly (BBseen in the

epl t%@e ngtgmmw epl t ope:

"Example 3: Immunisation with FP9.gpn and MVA.gpn elicits antigen specific
CD8+ T cell responses

In this example it is demonstrated that FP9.gpn and MV A.gpn elicit enhanced antigen-
specific CD8+ T cell responses when administered alone or in a prime-boost
immunisation regime with pSG2.gpn. In this example, the demonstration is presented

in mice.

Female BALB/c mice (6 — 8 weeks old) are immunised with 50pg of pSG2.gpn by
‘intramuscular (im.) injection and boosted with 1 X 10° PFU FP9.gpn or 1 X 10°
MVA.gpn by infravenous injection (iv.) two weeks later. A further group of age
matched naive female BALB/c mice are immunised iv. with 1 X 10° PFU FP9.gpn or 1
X 10° MVA.gpn at the same time as the booster immunisation.

Fourteen days after the booster immunisation, all mice are sacrificed by cervical

dislocation and the T cell response elicited against three H-29 restricted CD8+ epitopes -
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10 Both MVA. gpn and FP9.gpn are shown to i nduce2gMasy2007
CD8+ T cell responses in the mce. The prine-boost
protocol is shown to give greater response than that

seen in the 15 groups receiving a single injection

W0 2008030258. Exanpl e 3: | nmuni sati on wi th FPRQpeB2e:)04038
MVA. gpn elicits antigen specific CD8+ T cell

responses 20 In this exanpl ezt is denonstrated that

FP9. gpn and MVA. gpn elicit enhanced antigen- specific
CD8+ T cell responses when adm ni stered alone or in a

pL ﬁnfﬁ-thele pblyp“epwdh il Tabdan Ar egVie TSt Rq?ﬁi@.dgﬁﬂmiﬂeﬁ by IFN-y
this exa e, ,the nstration is presente in mce.
ZSE%H%W%PHEK%?SSMH%?’EI%{VG - 8 weeks ol d) are i munised
with 50g of pSG&2.gpn by intranmuscular (im) injection
and boosted with 1 X 106 PFU FP9.gpn or 1 X 105
MAugime IBNY ERdSRof oredeesl:i nj ection (iv.) two weeks

|ater. A further group of age matched naive female
BALB/c mce are inmunised iv. with 1 X 106 PFU FP9. gpn
orMaterilst 05 MVA. gpn at the sanme tine as the booster

i mmuni sation. 30 Fourteen days after the booster

i mruni sation, all mce are sacrificed by cervical

di BFiNoc BLISpot AlRIKithabieci 8331-22sponse el icited agai nst
three H2d restricted CD38+ epitopes 22 March 2007 WO
20t81E S EN-peyrisdMBABBN038 44 from the GPN

pod %Hﬁjiﬁgg(b}_cﬂiﬂgﬁte@i\daﬁ&?6ﬂ-rs’ RGP) is determi ned by

| FN EL ot aSsay as descri bed bel ow. Mirine | FNy
EL30ED Bteepavadioddkaline Bhospitaesse al s: | FN-y ELI Spot ALP Kit
Mabt ech 3321-2A 600g anti-1FNvy purified Mab AN18

Complete a-MEM medium

500ml MEM a-modification Sigma M-4526

50ml FCS [10%] Sigma F-2442

Sml pen/strep [100U penicillin 100pg strep] Sigma P-0781

10m? L-glutamine [4mM] Sigma G-7513

500p1 2-Mercaptoethanol [50um] Gibco BRL 31350-010

ACK buffer

8.29g NH4C1 [0.15M] (Sigma A-4514)

1g KHCOs[1mM] (Sigma P-9144)

37.2mg NayEDTA (Sigma ED2SS)

800mi milli-Q water

Adjust pH to 7.2-7.4 with HCI (Sigma S-7653)
- Make up to 1000 ml with water and autoclave

Colour Development Buffer: _
BioRad AP Conjugate Substrate kit (170—6432 ).- _
For one plate: ' -

5ml deionised water
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10 50g anti-IFNy biotinylated Mab R46A2 501 22 March 2007
Strept avi di n- Al kal i ne Phosphat ase Conpl ete a- MEM
medi um 500nl MEM a- nodi fication Sigma M 4526 15 50nl
FCS [109%4 Sigma F-2442 5nl pen/strep [100U penicillin
BOOHOEBPED] Sigma P-0781 10nml L- gl ut ami ne [RGEXGB2BI4PAH38
G 7513 5000 2- Mercaptoethanol [50m G bco BRL
31350-010 20 ACK buffer 8.29g NH4Cl [0.15M (Sigma
A-4514) ig KHCGB[1mM (Sigma P-9144) 37.2ng Na2EDTA
(Sigma ED2SS) 800nil mlli-Q water 25 Adjust pHto
7202#170f125w\buff¢rl—|0 (Sigma S-7653) Make up to 1000 ni
\go % and autocl ave Col our Devel opnent Buffer:

] age)& Conj ugate Substrate kit (170-6432). 30 For
%81 Rhaher 5l dei oni sed water 22 March 2007 WO

5/ 030964 PCT/ GB2004/ 004038 45 2001il of 25x buffer
iz walkagd wee immedigiely eagent B M x wel | and use
i mediately 5 Protocol 1. Preparation of Plates:

Protocol

1. Preparation of Plates:

1.1. Coating plates: coat MAIP multiscreen plates (Millipore MAIPS4510) with
rat anti-mouse IFNy (Mab AN18) antibody. Dilute to 10pg/ml in Phosphate
Buffered Saline (PBS; Sigma P-3813) and add 50pl per well tﬁ MAIP plates.
Incubate overnight at 4°C in a humidified chamber

1.2.Blocking plates: Flick off coating ant:ibody and wash plates once with 150 ul

 of sterile PBS (Sigma P-3813) per well using a multi-chanmel pipette. Flick
| off the PBS, add 100ul complete a-NEM medinm per well, and incrubate at
room temperature for 1+ hour. It is important to keep the plates sterile at this

stage.
2. Splenocyte preparation:

2.1.Crush individual spleens in 2 mi of PBS with the plunger of a 10 ml syringe in

| a 70 pm cell strainer {Falcon 352350) contained in a petri dish, add 5 ml of

PBS, suspend splenocytes by pipetting, and transfer into a 50 ml tub e. Rinse

cell strainer and dish with a further 10 ml of PBS and add to the 50 xml tube.
Centrifuge at 1500 rpm. for 5 min.

2.2.Remove supernatant, re-suspend cells by tapping tube and add 5mi ACK buffer
and mix by inversion. Incubate at room temperature for no longer- than 5
- minutes. Add 25 ml PBS, mix by inwversion and centrifuge at 400 X g for 5

min.




1.1. Coating plates: coat A" nultiscrean pl ate&2March 2007
(MI1lipore MAIPS4510) with 10 rat anti-nouse |FNy

(Mab AN18) antibody. Dilute to | Og/ M in Phosphate

Buf fered Saline (PBS; Sigma P-3813) and add 501 per

W) 2005/3099 D pl ates. | ncubate overni ght at BCX/GB2084/004038
hum di fi ed chanber 1.2.Bl ocking plates: Flick off

coating antibody and wash pl ages once with 150 ul of
sterile PBS (Sigma P-3813) per well using a

mul-ti-channel pipette. Flick 15 off the PBS, add
100uR.3Rsmpive sepemabdiM cremsipendnpplibat bywspbing dinditubey add d6rel RBS and

t f 1+ h
ol SRS G el ot PRV Nipate HoRE s b fSERe 1:10
prepar aini 4% trydéh ﬂu&sﬁmf(Sig!ﬁw ™ 4R Aﬁmoeemsumeéaem for the

ool 1ot Hitegi o 4300 5y dur T atrepend By prtpcisB Th an

5di sh, aﬁi@r@rﬁe @ﬂumd:’ﬁ%om‘pl&@ﬁﬁhﬂa MEM AREMHES diYe a concentration

plpettl ndt nsfer into a 50 m tube. Rinse

cel | ?fall% {%’%h with a further 140 m of PBS
and add to the 50 m tube. 25 Centrifuge at 1500 rpm
for 5 mn. 2.2.Renpbve supernatant, re-suspend cells by
t abpPHe S and add 5ml ACK buffer and mx by

i nversion. |Incubate at roomtenperature for no | onger
than 5 mnutes. Add 25 m PBS, m x by inversion and

10centrifugelat 400 X g f¥url5 30 min. SZJQII\/arch 2007 WO

15

20

2005/ 030964 PCT/ GBZOO4/ 004038 ',. 46 3. Renove
super natant Te-Buspendpel &t—by tap?)'rn'g The—Tube, add

10m pPBSjand; vortex. (‘@unt,ﬂu& ng gn [ rolvled Iz\leubauer

haenacyt oneter b d| | utt ng 10 _in O. %trypan bl ue
sol Itl $%§| gma i Figﬂhso A1 qliot pprodnisgneedeéd flor the
El i ppotd and centrilug 1500 r 5mn
reshspdh@®y vaortekind 138 |an 5 appr odris8tle vol une of
co e gt o T w‘; of
10 il ljon (cellls/ng.

150 _ 150 150

150 : 150 150

150 150 150

150 150 150

150 150 150

C C C

Note: Plate layout should be varied according to needs. This layout is convenient for

this example.

3.LFlick blocking media from plate and add 50pl of complete alpha MEM
medium to columns 3, 4, 7,8,11&12.

3.2.Add 150ul of splenocytes to columns 2, 6 and 10 in duplicate. (Up to 12

| samples per plaie) | _

3.3.Take 50pl of splenocytes from columns 2, .6 and 10 and transfer to columns 1, k

Sand 9 respectively:‘ these are the negative control wells.
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3. Plate setup: 10 S01 501 501 1 2 3 4 5 6 7 820 Mech 2007
11 12 150 150 150 150 150 150 150 150 150 150 150
150 150 150 150 150 150 150 150 150 150 150 150

150 C C C 15 Note: Plate |layout should be varied
wocw0sdizpgs t 0 needs. This [ ayout is conveni ersCIiGB2004/004038
this exanple. 3.1.Flick blocking nedia fromplate and

add SO1il of conplete al pha MM nediumto col umms
3,4,7,8, 11&12. 20 3.2.Add | 501 of splenocytes to
colums 2, 6 and 10 in duplicate. (Up to 12 sanples

per pldesilly3didutd akeh Sipleoby 3aMign 60kt fan fovhmnsdl, inasl 20, to
6 and 10, and transfer to colums 1, a 9 ,
eapect TR R Tumb sl s 0nEish Sand A2 Pisead S0

Mar ch 2%;,,@9% B2026103098 4Rk GB2004/ 004038 47
3.4.Serially di|ute each sanple by taking 501 from

col uAAddg test pepiide il confyol peptidentndwize the depierdifinal pangenfiation to
and tr . . { SC .aft _
m Xi ngaﬁﬁeﬁlegg‘%yaéﬁ% éﬂq A H(IQ.P%{ ]#lgcﬁm%%%@k% ﬁ ?ﬂeeg%ﬂp é'& S‘?isg!éd of

and condontrbl geptite ael thigeT wtlkao chlamied) § el fiAdaIS0ul test peptide
concentr ttzizrg%rt 5 native splenocytes at 10

million BRamngeelmes i ym  Add 501..Y.1 of

cont 8 @lmdaBat bERs 3t #r98PokBlks to colums 1, 5 and
9. Add 501i 1 test peptide

4. Developing the Assay

4.1.Wash plates twice with PBS containing 0.05% Tween 20 (Sigma P1379), once
~ with distilled water and twice with PBST.
4.2.Add 50pl/well of biotinylated rat anti-mouse interferon-gamma dilutecd to
| 1pg/ml in PBS. Incubate for 2 hours at room temperature.
4.3.Wash plates four times with PBST, then add 50 ul Streptavidin Alkaline
Phosphatase (Mabtech) diluted to 1pg/ml in PBS, Incubate at room
temperature for 1 hour.
4.4, Wash plates four times with PBST, add 50ul/well of colour development bu ffer
Incubate at room temperature until spots develop {(approx. 10 min). Wash
plates well with tap water, peel off plastic bottom and leave to dry ovemigh:t on

paper towels.
Calculation

- Results are caloulated as the number of epitope-specific IFNy spot forming
cells/million splenocytes (sfc/million). Differences. between groups are determinecd by
one-way ANOVA and a post hoc Tukey-Karamer multiple comparison test on logo

transformed data using GraphPad Instat version 3.05.

Results
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and targeT cells to remaining colums. 3.6.|ncuBaMarch 2007
plates at 37C for 18-20 hours. 10 4. Devel oping the
Assay 4. 1. Wash plates twice with PBS containing 0.05%
Tween 20 (Sigma P1379), once wth distilled water and
WO 085/43p%h PBST. 4. 2. Add 501/ wel | of bi ot i nyRCIVERROS4A04038
anti-nouse interferon-gamma diluted to 15 1 pg/m in
PBS. | ncubate for 2 hours at4goomtenperature.

4.3.Wash plates four times with PBST, then add 50 |
Streptavidin Al kaline Phosphatase (Mabtech) dil uted

to 1g/m in PBS. Incubate at room tenperature for 1

how, . [ . r. i i
oLtk deftpfriitlnf BRI il BBt dold APV Ron Al orin prce-
r @@mtt@hpmmp%&gpnieﬁciﬁmﬁgermwcéﬁ@ﬁD% B pﬂb xespa@esrin mr)ice is
|, at vvat er ff ast C
e Y e R R e

om and paper
Ce(DNAl) afrisham ir@muiResivitls PRE € -c)ahnﬂubcmtwdi ld slayshiaten suithefP9.gpn

of i tope:specific. | FNy spo omi I Ls/mllion

o FER 2 PR RET DIk o o) bevee bescB voesl errae ves
aldeteflfined M §2¢hobYes DN EaystifieAMMbboffl iBmBEiEdioN Aing the IFN-y
Tukey- Karaner nultiple conparison test on | ogto

t EARTOb - geeaY. dplemngs rapseseatapiPagan AENAt sntér@mwgscqblymﬂhon

SRR S SR 68208 for Y0021 9308 icited by CDS+ reactive

| repitepes AMQ@ T TS shéd REPYseg@abR?). MVA. gpn al one or in
prime- boost reginmes with pS&.gpn elicits antigen

specific CD8+ T cell responses in mce is illustrated
i lTafaleg’LJr@N?emtE@mb@ iBMiSdedyri ce were i rmuni sed im

pSG&2, gp (DNA) or shamimunised with PBS (-)
arqé‘”%oé’gf‘@ga@@e@ays later with FP9.gpn

Antigen | Abbr. | Epitope CD4/CD8 | MHC

reactive restriction

HIV-1 RGP |RGPGRAERVII - Cbg D°

env

HIV-1 |AMQ | AMQMLKETI CD8 K¢

gag

HIV-1 |[TTS | TTSTLQEQ CD8 H-2*

gag ‘ _

HIV-1 |{NPP | NPPIPVGEIYKRWIILG | CD4 H-2

gag LNK

- Single or prime-boost immunisation with either FP9.gpn or MVA.gpn elicited a

significantly (P<0.0I) enhanced antigen-specific T cell response against each of the
CD8+ T cell epitopes when compared to sham- immunised controls (Figure 7).




(FP9) or MVA.gpn (MVA) as described above. The €b#tarch 2007
cell response was determ ned in splenocytes 14 days
after the booster imrunisation using the IFNy

ELI Spot assay. Columns represent the nean | FN-y spot

MR HPHGIWEl | s/million splenocytes standar PCTEGH2A04/064938
for 4 mce per group elicited by CD8+ reactive 10

epi topes AMQ TTS and RGP (sge Table A). Table A GPN

epitopes used in this study ('ND = not determ ned)

‘Antigen Abbr. Epitope CD4/CD8 MAC reactive

r elstadiligipi.awiming With PSESRPRARERARNIE wittDBP enn or MV AEpApcited

Y (o B0 Rl seton' et SO 8 S yhen
or copapares tdhangle inmunistitiess widneavh vitus €Figire7).FP9. gpn or

MVA. gpn elicited a significantly (P<0.01) enhanced
antigen-specific T cell response agai nst each of the

5 COB sholldCled doteipthitahe sirwtiities eermat dentical mhhimexperimsnt. Thuls, the

confrols (Figure 7)..20 22 Match 2007 WO 2005/ 964 . .
Pt S By of Te G b iat b, UM ARFRRY it I
P SEdigBEswantto RO this Oy PerfdimEWOR AP WiHAd@Hal Olrhlaitce d
significantly (P<0.01) enhanced responses agai nst each
CD8+ T cell epitope when conpared to single
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be noted that the virus titres were not identical 1n
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immunisation with either FP9.gpn or MVA.gpn, indicating that these constructs are

both potent in eliciting an inmune response against the GPN polypeptide.

‘Moreover, potent immune responses are directed at epitopes lying in the N- and C-
terminal regions of the GPN polypeptide, indicating that the whole polypeptide is
expressed, processed and presented afier delivery with either FP9.gpn or MVA.gpn.

Both viruses elicit significantly higher immune responses against each epitope when
administered to animals that have been primed with pSG2.gpn, indicating that both can
act as boosting agents in prime boost immunisation regimes.

Example 4: Immunogenicity of FP9.gpn and MVA.gpn in primates

The immunogenicity of the gpn immunogens is demonstrated in vivo in primates as

follows.

- The immunogenicity of the GPN polypeptide consisting of the gag, pol and nef

proteins of clade B HIV-1 is tested in non-human primates (Macaca mulatta),

The polyprotein (human codon usage) is expressed in recombinant MVA,

fowlpoxvirus FP9, adeno virus and a DNA vaccine vector. The polyprotsin expressing
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rel ati ve i mmune potency of the viruses has not Bééfarch 2007
conpared. Naturally it is straightforward to assess
this by performng the exanple with identical vira
titres. Thus it is denonstrated that specific CD8+ T

MNQ 1007 E8Wdnses are elicited against the 10 rRCRGERAOMAGL03S
| TV genes according to the present invention such as

the gpn gene by imunisatiogowith either FP9.gpn or

MVA. gpn, indicating that these constructs are both
potent in eljciting an immune response agai nst the GPN
potoRpEIstS Aeadunpisteisd dr a helerplogeusi ipFRwTsatio spEmein oxdes to induce
di ﬁlgmee@isafanﬁgéé PeGAc bmgg?\ld @D&h% obfs, and G 15

term nal regions of pol ypeptide, indicating

that the whol e polypeptlde IS expressed, processed

R RER SERR0s A TS o lithdeld it D0 7"

i mmune responses agai nst each epitope when
g%%P tered to animal s that have been prined wth
dg indi cating that both can 20 act as boosting

agents in prlne boost i mruni sation regi mes. Exanple 4
[m{m]e] n n onrl MVA [a¥al |n nr|

III\J

I FH . —Q Fat-es--the—
i rm:ﬁﬁ‘BE% 3| PEmedne gddrimeRinogehloostl qenohBreshi ed

of {t-he GPN polypentide g¢onsisting of the gagl pol and

nef| proteins|BeY® ade BDAYYS1 is Rt in hBAY Khiman
prijATES (VAT prarty e el T
codon.usage) gﬁge press =gP|9ﬁﬁ}ecorrb| n)é&n%jﬁ et
fovMooxvi rus MY A gmbeno | MY Agpand fHBl‘ngnvacc FR9.gpn

[l F oo a1t

Veqgtor- IIIC poryprotetr E€SsSt1ig =
25 [Rr ch 20071 WO 2005/ 0XB3EM pCTTIABS0dRP004b38 50

cornstructs ar ppRNAHTI2St ¢ MVIAIghn @ hiEtP®ph 0gOUS Adeno.
i muni sation feqimen inforder to ijnduce high levels
of |anti gen-spg ic CD8+ and CD4+ cells. Table B
shoms the study design of the Tmmunogenicity studies.

Egble B Goup No Prine 1 Prine 2 Boost 1 Boost 2
e design of the macaque study of this example is shown in Table B.

Blood samples are taken pre-immunisation and 7 days afier each immunisation and
four weeks after the last immunisation. PBMCs were cryopreserved and tested in

ELISpot and intraceltular cytokine assays using pools of overlapping peptides.

Cellular immune responses are tested during and at the end of the study. The
frequency of IFN-y-secreting T cells is tested by IFN-y ELISpot assays (see Figure 9
“for overlapping peptides used).

In an additional group, for comparitive purposes, DNA vaccines adjuvanted with IL-
2/1g fusion proteins (Barouch, D. H., A. Craiu, et al. (2000) Proc Natl Acad Sci WU S A
97(8): 4192-7) and recombinant adenovirus are tested. For study design see Table B.

There are several parameters that are presented in this study:




n=5 Day O Day 28 Day 56 Day 84 1 FP9.gpn FP9. gpA2 March 2007
MWA. gpn MVA. gpn 2 WA gpn MVA gpn FP9.gpn FP9.gpn 3
- FP9. gpn MVA. gpn 4 pDNA+1L2- MVA. gpn FP9. gpn
Adeno. gpn 1g/fc The design of the macaque study of
W 200%838%bl e i s shown in Table B. 10 Bl ood RHGBA084/004038
are taken pre-imuni sation and 7 days after each
i nnnuni sation and four weeksiafter the | ast
i mruni sati on. PBMCs were cryopreserved and tested in
ELI Spot and intracellul ar cytol dne assays usi ng pool s
of over | appi ng peptides. 15 Cellul ar i mrune responses
d f d
fi quJS%‘ o S RN Pl 008 GRAR) conPafBYE pebifius vector
| Ffmn}cs A lameiﬁ arestompsstfatede THHs gartienl@ly hersesowegroupsdi ang 2 ofthe
an additional group, for
ca rrpdg %gn\?@gedfable . ) !

purposés, DNA vaccines adjuvanted with IL-

520 2/1g fusion proteins (Barouch, D. H, A Crain, et
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dgsingi witke aEﬁx@leanBmusTlhﬁmmﬁﬁ@l eﬁﬁ\bebﬂilng pﬁmarmﬁgds Betérbhigous
are present his stu ch 2007

OBV erdor o eﬁ*ﬂ%é?zfeﬁ?a o%%s Pasticu yffaﬁpaf‘é Pn&mr@#sgn g 3
Mvéhichig bawahugkdeitouiegonbi nat i ons of poxvi rus

vector prines and boosts are denonstrated. This
particularly focuses on groups 1 and 2 of the study

d &&da@Butt ’Tﬁ@k%] &R of i %cﬁiﬂ%ﬂ léﬁ&@@ﬂf Qo PlabeES AR mIune
boosts. The éfféctiveness terns I mrunogeni ci ty)

O fTeSPPRSEHy] ﬂger@ﬁfmehtha Bilpying yéawu afaslsﬁdmw mrasier Gelludasgimmune

p u
pagepisfd IACE RSP G NoRhR AN Rl PO YNGR by 10
aranmm idsras gioyupinFig 9), intracellular cytokine stammg for CD8+ and CD4+ T
cells. In ELISpot assays CD4/8 depletion experiments will confirm IFN-y secretion in

. response to peptides by CD4+ and/or CD8+ T cells.

Data for group 4 is presented below. The data shows immunogenicity of HIV

immunotherapeutics in rhesus macaques wvsing novel prime-boost immunisation

regimens.

Table 1 Immunisation and sampling schedule

Groupd-zs d0 d2 d7 |d28 d35 [d56 - |d63
4 |Bleed|Bleed; |im, inj.[Bleed |Bleed; |Bleed |[Bleed; [Bleed
im. inj.of 5 mg id. inj. id.inj. -
of 5mg [pfu of 5x10° of 5x10®
pfu pS-IL- pfu  of pfu  of
pSG2.  |2fc - IFP9. MVA.
gpn gpn gpn
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which will be inmunised as outlined. 10 Read- ou®Z Meneh 2007
key objective of this vaccination strategy is to

i nduce cellular imune responses. Therefore the
foll owi ng assays are used to nonitor cellular immne
MEsoISes4 | FN-y ELI Spot usi ng overl appi ng papi/éBReet/004038
(20nmers overlapping by 10 amno acids as shown in Fig
9), intracellular cytokine sgaining for CD8+ and CD4+

T 15 cells. In ELI Spot assays CD4/8 depl etion

experinments will confirmIFNy secretion in response

t Resels | des by CD4+ and/or CD8+ T cells. Data for

group 4 is presented bel ow. The data shows

I mmunogenicity of FIIV imrunotherapeutics in rhesus
maldeqURN wsring moweloganic and heivsds intefervngatminensecRfing T cells
rqg&yens” TaQ&e.l | muni sation and sanpling schedul e
GOUPYEE Ui JE IO O T R matkEe BERKCYS: By eed Bl eed:

i.m inj. Bleed Bleed; Bleed Bleed; Bleed i.m inj.

of. 5 i.d. inL..i.d. inj. of 5 fu_of, 5x105 of,

0 5B dpisgeiitic Tisef] respOilsea 5 4SR5 Ghiemls sy atter
g ke B bogiNTheXfespddsdyafetiaid@Rad M w0 208 G964,

PCT/ GB2004/ 004038 '.. 52 Results The GPNinsert is

I mmunogeni ¢ and i nduces interferon-gamm secreting T
CethlisSdatd SHIw@WhRThY ighr® bus)eR PrAbin| i THMALSSHh® Nn IpAintHRE BFHR it is
nmonkeys. 5 In group 4 gpn-specific T cell reésponses
adgliveeadeisingaeqombineat waoral s seven days after the

FP9. boost. The responses are maintained foll owm ng WA

boost .
GAG, POL and NEF of gpn are recognised in immunised macaque monkeys.

Figures 10, 11 and 12 show responses of individual animals to different parts of the
gpn protein indicating that T cell epitopes from the proteins gag, pol and nef are
recognised in the same responding animal. For example animal N93 in Group 4 shows
‘T cell responses recognising the GAG, POL and NEF portion of the GPN protein
indicating that cell »erwn~meag can be induced using GPN. Furthermore,
without wishing to be bound vy wwory, the breadth of #»~ *~mune response to the
diverse elements of the triple GPN polypeptide indicales an aavantageous feature of
the invention in avoiding immunodominance effects where a single epitope can
dominate thg immune response to a polypeptide at the cost of responses to other
epitopes present on the polypeptide. By contrast, the polypeptide according to the
‘present invention of this example advantageously demonstrates a broad and balanced

TESponse.
Primate Immunogenicity Single Administration Experiments

The immunogéniéity of the GPN polypeptide (SEQ ID No. 1) was tested in 10 thesus:
macaques (Macaca mulatta), labelled A-J, in single administration (“single shot™)
experiments. In this example the polypeptide was delivered via either the MVA or
FP9 vector. o ' | '




This data shows that the gpn fusion protein is 22March 2007
i mmunogenic in primates when it is 10 delivered using
reconbi nant vectors. GAG POL and NEF of gpn are

recogni sed in i muni sed macaque nonkeys. Figures 10,

WP 2805038984 show r esponses of individual ani meRGI/GR3004/004038
different parts of the 15 gpn protein indicating that

T cell epitopes fromthe progxins gag, pol and nef are
recogni sed in the sane respondi ng ani mal. For exanpl e
animal N93 in Goup 4 shows T cell responses

recogni sing the GAG POL and NEF portion of the GPN
pr]ﬂk@ﬁo@ asgapsdw&%tda&gdtoﬁﬁas &&L ibetd dboye. “r@esﬁcﬁs@estis 19 @%fagpmg

usi ng GPN. her nor e, w shing to be bound
uy-?-gmeweytldqs Iﬁ@ dsscoifyett . E;cample"?) zqvemmeas pohben smamer do give
Mrgg Sfise el enents of the triple GPN pol ypeptide
&I catds an auvant ageous feature of the invention in
av0| d| ng i munodoni nance effects where a si ngI e

pe. Can dom nat.e the inmmun onse fq.
SRR i ol BB Mo S o8 SRR iR Responses are
ephdmph&lo‘mrméeﬁmtahaﬁ inenyne Irgspmsé irckell anByiale simdiedast , t he
pol ypepti de according to the present invention of
thi s exanpl e advant ageously denonstrates a broad and

bal anced 25 rlesponse. [Primapgylormunogemagity Single
Adm ni stration Experiments The i nmmunogenicity of the
GPN pol ypeptide (SEQ I D No.Blesd them testd® i n 10 rhesus
30 macaques (Nacaca muliat tig) syl ! €4 deeh |1 N single
adm ni stration ("single shot”) experiments| In this
exanpl e the pal ypepti de maémﬂ@ﬂgw@red via e|ther the
- MVA or FP9 vector. 22 A [Sp il D30964
- PCT/ GB2004/ 004038 53 HLI Spot assays arried out
as descri bed agbove. REsponsSEChnﬂhmngBhﬁbrlaaping
- 20mer pepti es—Casrdescr+b i I:Aalﬂ‘fﬁ%ej":l' wer e
nmeasur ed and thémeEI%Ld to 3?92 a tota'3rasponse. 5
Responses wer g neasun@&t priore.I® i nj e¢c0msd and 28 days
post injection. Respopses—are—shownbelow GPN
elicited an i nmune response ?ﬁ4gll ani $” 5t udi ed.
D 6.65 20.00
E 0.00 320.00
Day 0 Day 28
Bleed then Bleed
i.d. 5x10° pfu
FP9.gpn
Summed ELISpot response
SFC/million PBMC
Animal | F 0 9.90
G 28.35 48.33
H 3.35 31.67
I 0 98.33
J 0 345.00
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Day 0 Day Bleed then 28 i.d. 5x10s pfu Bl eed 22 March 2067
MVA. gpn Sumred ELI Spot response SFC/mllion PBMC

Animal A 13.35 28.33 B 6.70 203.33 C 23.40 133.33 D
6.65 20.00 E 0.00 320.00 Day O Day 28 Bleed then
BYQE5/030964 . 5x108 pfu FP9.gpn Sunmed ELI SpRCTYEBAMHPEH3IS
SFC/ mllion PBMC Animal F 0 9.90 G 28.35 48.33 H

3.35 31.67 |1 0 98.33 J 0 345%.00 22 March 2007 WO

2005/ 030964 PCT/ GB2004/ 004038 54 The results indicate
that the GPN pol ypeptide is inmunogenic and i nduces
interferon- gamma secreting T cells follow ng viral

\r/rgnr?; ée){t;,gljl aRShdt B GBN %Biyﬂ@ﬁtﬁé iﬁﬂﬁﬁn@g%nic%& Ad€es interferon-
gamma .secreting T cells following viral vector immunisation in primates such as

macaque monkeys.

Thus the effectiveness of the recombinant genes of the present invention is

demonstrated in vivo in primates.

Example 5: Heterologous prime-boost immunisation regimens with FP9.gpn and

MVA.gpn elicit enhanced T cell responses.

In this exaraple it is demonstrated that FP9.gpn and MV A.gpn elicit enhanced antigen-
specific CD4+ and CD8+ T cell responses when administered to subjects in
heterologous or homologous prime-boost immunisation regimens. In this example, the

effect is demonstrated in mice.

- Female BALB/c mice (6 — 8 weeks old) are immunised with either 1 X 10° PFU
FP9.gpn or the 1 X 10° of MVA.gpn by iv. injection. Animals were boosted two

weeks later with either virus in an identical manner fo the initial immunisation.

Fourteen' days after the booster immunisation, all mice were sacrificed by cervical
dislocation and the T cell responses elicited against three CD8+ epitopes (Table A:
AMQ, TTS, RGP) and a CD4+ epitope (Table A: NPP) from GPN were determined 'by
IFN-y ELISpot assay as described in the above examples.

Results were calculated as the sum of the number of epitope-specific IFNy spot
forming cells/million splenocytes (sfe/million). Differences between groups were

| determined by one-way ANOVA and a post hoc Tukey-Karamer multiple comparison
test on logyp transformed data using GraphPad Instat version 3.05.

Results
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Thus the effectiveness of the reconbi nant genes28Mar¢te2007
present invention is denponstrated in vivo in

pri mtes. Exanple 5: 13eterol ogous prinme-boost

I muni sation reginmens wth FP9.gpn and 10 MVA. gpn

- YQ egogo8anced T cel | responses. I n this exeewGE20p4004038
- is denonstrated that FP9.gpn and MVA. gpn elicit

enhanced antigen- specific G4+ and CD8+ T cel

responses when administered to subjects in

het er ol ogous or honol ogous pri me-boost i nmunisation

r 8¢ demnenstratipnt thts inevenigelien. WitheFP9Igpn afnfl ddW Agpn in prime-boost

o 5 Pt o d GO etk O L ol e .

t Rende YBADB/cofnideM Avergp ripyniked. iv. nivﬂttHBSrgpnAr(le o VIV gpn

DRt Rl it PRS- b Rl bl o er virus o

Faesciited mbokay Tha fODE+ T bell hegmbevad amrnn@at hpgpzemlcytem& days

were sacrificed by.ceryical dislocation and th
F ﬂ}%@ﬁ%ﬁ@&m@ﬁy Aion usiedbe RSy Blhpekastays ﬁcgm%m@sent the

(
(380 odon R, TP LR i S LT s
a% migsper grpepielicited beAbIeh & SeB@PrpthcbﬁPP 856 Reblgld)s wer e

cal cul ated as the sum of the nunber of

epi tope-specific IFN7 spot formng cells/mllion
sHetenbeyisgsinisbaystrinimindealion Bith (fEg.gme esi MEVAGR igreith@sorder

er, e- ANOV, d,a post hoc, .
Hlelis? RaeEEP R ebbat et 1 keBRoges geginst epitopes
t fran SIRN wheh cahgaredSio ngbjctia pivBiatorhelsfak ivenhdtisilions @fth either
30 Res.ul t} 22 March 2007 WD 2005/ 030964

004038 55 The denonstration that
|rmun| sation with FP9.gpn and MVA. gpn in prine-boost
rﬁ% nE)s el{cits enhanced T cell responses agai nst GPN

fRotogoyss IppRieation  vath .Fﬁ9 EPYMVAgen oM Ao ZmiFRY-gon elicits

NdigGefioARIl EhipRaFtNdeB @6 pbikes Mafnbt 9 1R RorkS1I0SbuLfmdyMfs-88A with
FP9.gpu/FP9.gpn or MV A.gpn/MVA.gpn.

Moreover, these viruses can advantageously be used intercharageably as priming and

boosting agents with each other.

Thus the efficacy of recombinant HIV genes such as the gpn pene is demonstrated, in

particular when delivered by viral vector such as fowlpox or MV A based vectors.

Example 6: Heterologous prime-boost immunisation with FFP9.gpn and MV A.gpn
elicits enhanced CD8+ and CD4+ T cell responses against the individual

component proteins of gpn

It is demonstrated that heterologbus prime-boost immmﬁsation with FP9.gpn and
MVA.gpn or FP9.gpn and MVA.gpn elicits enhanced anfiggen-specific CD4+ and
CD8+ T cell responses against the component parts of the GPN polypeptide. In this

example, the demonstration is presented in mice.
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( WA) sham i mruni sed with PBS (-) and boosted 1424Mgsch 2007
|ater with either virus as 5 descri bed above. The CD8+

T cell response was determ ned in splenocytes 14 days
after the booster imrunisation using the |FNy ELI Spot
LMYV urms represent the sum of the neaPCHEBRINGH004038
spot formng cells/mllion splenocytes - standard
deviation for 4 mce per gregp elicited by AMY TTS,

RGP and NPP (see Table A). 10 Heterol ogous pri ne-boost

I mmuni sation wth FP9.gpn and MVA.gpn in either order
elicited a significantly (P<0.001) enhanced overall T

c qiéma!@ﬁﬁﬁ@é%g&@ﬁb@i‘gn Iﬁgéa gf,om%veex&sr&&s S5 R RG R GRINALED X

to §ubbects gl ven us imuni sations wth either

vi ¥0uEFURPY.gpreog) X 105PIE MV gy - infaetion. Siingls agjbpested two
FP Mé{ﬁ A gRp AR P
sﬂ%ﬁ???ﬁant g Elgké&yéhggﬁﬁéfggpongggég%%?hsfm%¥$ﬂ%han

honol ogous i mruni sation with FP9. gpn/ FP9. gpn or

acPuea M P e BB bR, YA 09 A" P i

2Qiidiomsion mgl thgdheed] miionseaadtibitedt dyainst 7 litwaryt dfepepfides (20 ymino

of r.econbi nant.. H V genes.such. a he ene is .
SR SOPIPRAE tonlO" R eoh et o % B S pogipien fermined
V egin@kheSWNDy FISISHR WA s QdscriBéiD@s abbveRedmlIS . 25
Exanpl e 6: Heterol ogous prime-boost inmunisation with
F'P9.gpn and MVA.gpn elicits enhanced CD8+ and CD4+ T
CQiésulfse\?‘Ingn&fcﬁla?ea?ﬁ@ﬁIe L€ of B ¥ Iof gpﬁg?égs:}g{iﬁc IENy spot

protelns of gpn I s denonstrated that ogous
p riomEnd calls/millionsplemeytieofz fommilion RO cgpeptdt. 30 MVA. gpn
or FP9.gpn and MVA.gpn elicits enhanced

antigen-specific CD4+ and CD8+ T cell responses

aGasuitst t he conponent parts of the GPN pol ypeptide. In
this exanple, the denonstration is presented in mce.
22 March 2007 WD 2005/ 030964 PCT/ GB2004/ 004038 56
b i o 9 st Gt
[ ni s wi.th either . P9. r

g@wﬁaﬁ (FiGYS eghaneed dcfilb o A S T i B
VWReHSark@ioHomM dgbuFininBisaibd téSinded with the8fk vecklrs, TaNner

to the initial 1munisation.
Moreover, these T cell responses include CD8+ and CD4+ responses, as well as being

directed at epitopes derived from several regions of the GPN polypeptide.

Thus it is demonstrated that heterologous prime-boost is a highly effective application

of the recombinant gene(s) of the present invention.
Example 7: Epitope Mapping of GPN in Mice |

The gene encoding a gag, pol and nef polyprotein (gpn; figure 1; SEQ ID NO:11) of
the Human Immunodeficiency Virus (HIV) was inserted info pox virus vectors:
modified vaccinia virus Ankara (MVA.gpn) and attenuated fowlpox virus (FP9.gpn).
The immune response elicited in BALB/c mice against gpn by these vectors in prime-

boost immunization regimens was evaluated. These siudies showed that T cell
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5 Fourteen days after the booster inmunisation, 2aMarch 2007

mce are sacrificed by cervical dislocation and the T

cell responses elicited against a |library of peptides

20 amino acids overlapping by 10 am no aci ds)
300%30%%¢ om t he GPN sequence determ ned usPCRIGBINE4/004038

| FN-y ELI Spot assay as described in the above exanpl e.

10 Results were cal cul ated as7the sum of the nunber of

epi t ope-specific | FNy spot forming cells/nillion

spl enocytes (06/nmillion) for each peptide. Resijl ts

%@%P@%@@d@e dstectrd. ip Jhe £ag, el AR mefi Teg{ons ¢ his o hgppiidg H’dmg
W%mgnﬂ c(v@ﬂéﬂpfﬂgsfntﬁfhﬁég idhe Sind BE%I® rsﬂﬁj})wﬁ' foCidbtify md1v1dua1

enhanced T cell” responses across the GPN sequence whe

c papee avithin Hewendies Pspiidmunels athershy rdefning sthoi lﬂwtlﬁh e0f the

R i AR R R

directed at epitopes derived from several regions of

}1'2’? et% :gécgl% 1¥ it ""{ngo%goos sI:to ets ‘bﬁmghe;m{‘?%sg %Vééiﬁhe pool are

apqlﬂnhﬁat |ﬂan all dubet mapomddﬂmdmrt eligiting (the 1da:i1t1ﬁ¢uiepqpt1és—qmuﬁc

ntion anple 7. Epitope Mappj.ng. o . .

VS ot SRS eoglh AR r RRAE s FHitPegpitopes
( @prtombingd teotier sfadigs.! D NO: 11) of the Human

I mmunodeficiency Virus (HV) was inserted into pox
virus vectors: 30 nodified vaccinia virus Ankara

( Wyanegn) and attenuated fow pox virus (FP9.gpn). The
i nune | response elicited in BALB/c mce against gpn by
t hese vectors in prime- boost inmunization reginens
WasicEMAl T RRatiodaese studi es showed that T cell 22
March 2007 WD 2005/ 030964 PCT/ GB2004/ 004038 57
responses can be detected in the gag, poI and nef

' yBED! ts and kept
ot SRR s PO B0 RO R of Rt nd kgt in
i dalinidfally iveotileted wages in accordance with the Animals (Scientific Procedure)

Act 1986 of the UK. 1 x 106 pfu of recombinant virus was administered intravenously

-

(i.v.; 100y into the tail vein).

Immunological Assays

ELISPOT assays were performed as described previously. A cut-off value of 3 times
standard deviation of the negative control (responses >60 SFCs per million) was
applied to detect positive responses.

Depletion of CD4tand CD8+ cells

A single cell suspension. was prepared in PBS containing 1%FCS and incubated for 15
minutes at 4°C with either anti-CD4 or anti-CDS MACS beads (Miltenyi Biotech®,
Germany), according to the manufacturer’s instructions. On completion of the
incubation, cells were washed once (PBS, 1%FCS) and loaded onto. a MACS column
whigh was placed on a MACS magnet. CD4 and CD8 cell content before and éfl:er cell




peptides within respondi ng peptide pools, thereB§March2007
defining the | ocation of the responding epitopes

within the gag, pol and nef regions of the

pol ypeptide. 5 In this exanple, inmmunogenic epitopes

WQ 9p503emeh respondi ng pepti de pool are i dertl/GBaoeH 004038
the T cell subset responsible for eliciting the
identified peptide-specific s§FN-y responses is

del i neat ed and sequences corresponding to the

identified epitopes are conpared to other studies. 10
Vetubest slepistiore veas ddstermined sigt itemsoloE AewatbdorBaE/ CD4-depleted
( ; - e..us ' [

eprtoeyfec ool B8 T IS CCol? il ol B oEEPEF LR e flfpresen
wi infthetsplsnguytembmrdtivo ifdivwidg COFr depietion.e) Act 1986 of

the UK 1 x 106 pfu of reconbi nant virus was

adm ni stered intravenously (i.v.; 100 into the tai
veRaplides?0 | nunol ogi cal Assays ELI SPOT assays were
performed as described previously. A cut-off value of

3 tinmes standard deviation of the negative control

- (resqaingdd9 6&14pplay 20 mdiipkptided ypaiisg (aPRIHE dpd-Qquence were

10

det ect .pQsitive responses. 25 Depletion of l+and
coathesider by Avatyralrad Metieal spiegessdreiute A Beikagen; Germany)
PESai1e ). BéptidBdwb Yafemea thid Sp4ppat gebif or 15 mnutes at
43 Wi t hmt eiptﬁher anti % or gﬁﬁi - MACS beads

(Mltenyi Biotech(r), 30 Germany), according to the

w%i@%tpébﬁgés%s%@gﬁggwﬁns. On conpl etion of the

incubatjon, cells were shed once (PBS, 1%CS) and
[loaded pnto a MACS colum which was gl aced on ajMACS
rjﬁ'gfﬂ@@‘? SmingAgidSoguense| cont en{ Peptider|@agrppokflt = cel |
dihset Hepl ot i on vas det or mi ned| B ed AABIA | bw
qyit onet [ MAFCDONIARREOMVEDAISPR | 20

2 GOMVHQAISPRTLNAWVEKVV |20

3 RTLNAWVEKVVEEKAFSPEVI 20

4 EEKAFSPEVIPMFSALSEGA 20

5 PMFSALSEGATPQDLNTML 19
|6 ATPQDLNTMLNTVGGHQAAM | 20

7 NTVGGHQAAMQMLKETI 17

8 AAMQMLKETINEEAAEWDRL | 20

5 NEEAAEWDRLHPVHAGPIA | 19

10 LHPVHAGPIAPGQMREPR 18

11 IAPGQMREPRGSDIAGTTSTL 21

12 SDIAGTTSTLQEQIGWM 17

13 STLQEQIGWMTNNPPIPY 18

14 WMTNNPPIPVGEIYKRWIIL 20

is GEIYKRWILGLNKIVRMY 19

16 LGLNKIVRMYSPTSILDIRQ 20

17 SPTSILDIRQGPKEPFRDYV 20




spl enocyt es contai ned <1% CD4+ cel | s whereas >6%2 bfarch 2007
CDS+ cells were still present in the splenocyte
preparation foll ow ng CD8+ depletion. 5 Peptides A

total of 119 overl apping -20-ner peptides spanning the
HRIPEPh- sequence were synthesi zed by NatREFTAFBAP04038
Medi cal Sciences Institute (NM; Reutlingen, Gernmany)
(Tabl e 1). Peptides were arrs&nged into 6 peptide

pools. 10 Table 1: Peptides used in this study Peptide

Amino Acid Sequence Peptide gag pool 1 = |t lamgth 20
pe1|§t| de$ GPRERPROONDBEN WG4 SPR| 29 2

VHOAT SRRT TENAYWIVVEEKAFSPEVI PO 4
HEKAFSPEV ‘FW%%E?G SEE EGATPQDLNTML 1P 6
ATOQDL N BRNS QEHMVEMTETLLY QRFA/GEBMAAMOVLKETI 17 | 8

AMOMEKETH EAARVPREHPVHAGPHA—1D 10
L|HPVHAGPI APGQVREPR 18 11 | APGQVREPRGSDI AGTTSTL P1 12
SDIAGT TEMIGHDL SR ANPDERTERAEQ &M NNREE Byol28= 2414
WRAENNPRLRPVGEL YKRWL L2015 GEF VKRWHLIGLNKIL VRW 19 16
L|@ENKI VRVWBERAHSAREPAATLEEMSPTERY DI RQESRESHERDYV| 20 22
|\'7@I‘30h Z JQGPAMEQM@&@@@Q{ PCI/ ##004/ 004038

24 EEMMTACQGVGGPGHKARVL | 20

25 GGPGHKARVLMAARASVL 18

26 VLMAARASVLSGGELDRWEK, | 20

27 SGGELDRWEKIRLRPGGKKK | 20

28 TRIRPGGRRKK YKL KHIVWA 19

29 KYKLKHIVWASRELERFAV 19

30 ASRELERFAVNPGLLETSEGCR | 22

3] GLLETSEGCRQILGQLQPSL 20

32 RQILGOLQPSLOTGSEELR 19
33 SLQTGSEELRSLYNTVATLY | 20

34 SLYNTVATLYCVHQRIEVK 19

35 YCVIQRIEVKDTKEALEKI 19

36 KDTKEALEKIEEEQNKSKKK | 20

37 EEEQNKSKKKAQQAAADTGN | 20

38 AQQAAADTGNSSQVSONY 18

39 GNSSQVSQNYTPDERHQK 18

40 NYTPDKKHQKEPPFLWMGY | 19

41 KEPPFLWMGYELHPDKWIVQ | 20 pol pool 1 =23

42 ELHPDKWTVQPIVLPEKDSW | 20 peptides

43 PIVLPEKDSWTVNDIQKLYV 19

44 WTIVNDIQRLVGKLNWASQIY |20

45 GKLNWASQIYAGIKVEQLCK |20




59 18 GPKEPFRDYVDRFYKTLRA 19 19 VDRFYKTLRAEQASZEWarsly 2007
20 20 EQASQEVKNWWMTETLLVQNA 20 21 MTETLLVQNANPDCKTI LKA
20 gag pool 2 = 2( 22 NPDCKTI LKALGPAATLEEM 20
pepti des 23 LGPAATLEEMTACQGV 17 24

HOIHCGPGHKARVL 20 25 GGPGHKARVL VAARASRET/GB20045494038
VLMAARASVL SGGELDRWEK 20 27 SGGELDRWEKI RLRPGGKKK 20
28 | RLRPGGKKKYKLKHI WA 19 28 KYKLKH VWASRELERFAV 19
30 ASRELERFAVNPGLLETSEGCR 22 31 GLLETSEGCRQ LGQLQPSL

20 2 LGOLOPSLOILGSEELR 19 33  SLOTIGSEELRSLYNTVATLY
266 34 |SNVEVEQLGEARETEK 19 |38 YCVHQRI EVKDTKEALEKI
EEE MK ERACE AT %gg‘ )@ADTGNSS(NSQI\N 18 39
BABSQVRBVIPLREEARL A EMRBENY TPORRHQKEPPFLWWGY 19 41
VO 20 nol--peat+—23 42
mgg i dg 30 43
DWPEKDSBMBH\DI@KZYDPSKEMAMNNU QILVEKENWASQ Y 20 45
J l\I\I\ACﬂ VYACGL K\/K

1 | DPSKDLIAE KQGQGQWTY 20

52 IQRQGQGQWTYQIYQEPFK. | 19

53 TYQIYQEPFKNLRKTGKYARM | 20

54 NLETGKYARMRGAHINDVKQ | 20

55 RGAHTNDVKQLTEAVQKIA | 19

56 KQLTEAVQRIATESIVINGK | 20

57 ATESIVIWGKTPREKLPIQK 20

58 TPKFKLPIQKETWEAWWTEY | 20

59 ETWEAWWTEYWQATWIPEW | 19

60 YWQATWIPEWEFVNIPPLVK | 20

61 EFVNIPPLVKLWYOLEKEPI | 20

62 LWYQLEKEPIVGAETFPI 18

63 PIVGAETFPISPIETVPVKL 20

64 SPIETVPVKLKPGMDGPKVE | 20 pol pool 2 = 23

65 KPGMDGPKVKQWPLTEEKIK | 20 peptides

66 KQWPLTEEKIKALVEICTEM | 20

67 KALVEICTEMEREGKISKI 19

68 MEKEGKISKIGPENPYNTPV | 20

69 | GPENPYNIPVFAIKKKDSTK | 20

70 FAIKKKDSTKWRKLVDFREL | 20

71 WRKLVDFRELNKRTQDFWEV | 20

72 NKRTQDFWEVQLGIPHPAGL | 20

73 VQLGIPHPAGLKKKKSVIVL | 20
|74 |LKKKKSVIVLDVGDAYESV |19 .

75 | LDVGDAYFSVPLDKDFRKY |19
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AG KVKQLCKLLRGTKAL 18 47 CKLLRGTKALTEVI PLTEEA 20 48
TEVTPLTEEAELELAENREI 20 49 ELELAENREI LKEPVHGVYY 20

50 LKEPVHGVYYDPSKDLI AEI 20 51 DPSKDLI ABI QKQGQGQATY 20
B0 30054508560 YQ YQEPFK 19 53 TYQ YQEPFKNL KTRGLIGHA4004038
54 NLKTGKYARMRGAHTNDVKQ 20 55 RGAHTNDVKQLTEAVCKI A 19

56 KQLTEAVQKI ATESI VIWGK 20 %7 ATESI VI WaKTPKFKLPI QK 20

58 TPKFKLPI QKETWEAWMEY 20 59 ETVEAWAMTEYWQATW PEW 19

60 YVMOATW PEMEEVNTPPLVK 2061 FEVNTPPL VKIWQ FKEPI 20
6278 Wl Wﬁﬂ@ﬂ’sss Pl VGABTFPI |SPI ETVPVKL |20 64
A P e N Bl
KCJPLTEE mNmMEREQEMW@?WKALVE_n@TENEKEm SKI 19 68
MEKFEKT$K 4P FAI KDSTK 20 70
FAKKKDS : \%EREL NKRTQDFVEV | 20

80 GWKGSPAIFQSSMTKILEP 20

81 SSMTKIL EPFRKQNPDIVIY 20

82 RKQNPDIVIYQYMDDLYV 18

83 TYQYMDDLYVGSDLEIGQHR | 20

84 GSDLEIGQHRTKIEELRQHL 20

85 TKIEELRQHLLRWGFTTPDK | 20
186 LRWGFTTPDKKHQKEPPFLV | 20

87 KHQKEPPFLVWKFDSRLAFH | 20 nef pool 1 =16

38 WKFDSRLAFHHMARELHPEY | 20 peptides

89 HMARELHPEY YKDCDPEREV | 20

90 YKDCDPEREVLVWEKFDA 17

91 KEVLVWKFDANEGENNSLLH | 20

92 NEGENNSLLHPMSLHGM 17

93 LLHPMSLEGMDDPEKEVPEK | 20

94 DDPEKEVPEKVEEANEGENG | 20

95 VEEANEGENGPGIRYPLTF 19

96 GPGIRYPLTFGWCFKLVPV 19

97 FGWCFKLVPVEPEKVEEWQ 19

98 VEPEKVEEWQNYTPGPGIRY | 20

99 | NYTPGPGIRYQKRQDILDLW |20

100 YQRRQDILDLWVYHTQGYF | 19

101 LWVYHTQGYFPDWQNYTPEGL | 21

102 DWQNYTPEGLIYSQRRQDI 19

103 | LIYSOKRQDIPMTYKAALDL |20 nef pool 2 = 17

104 PMTYRAALDLSHFLKEKGGL | 20 peptides
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72 NKRTQDFVEVQLA PHPAGL 20 73 VQLGA PHPAGLKKKKSVEWMargin 2007
74 LKKKKSVTVLDVGDAYFSV 19 75 LDVGDAYFSVPLDKDFRKY 19
22 March 2007 WD 2005/ 030964 PCT/ GB2004/ 004038 61 76

VPLDKDFRKYTAFTI PSI

18 77 KYTAFTI PSI NNETPG RYQ 20 78

RA2PRA3EFEOYNVLPQGAK 19 79 YQYNVLPQGAKGSPAI FESTIGB208104038
GWKGSPAI FQSSMTKI LEPF 20 81 SSMIKI LEPFRKQNPDI VI Y 20

82 RKQNPDI VI YQYNDDLYV 18 83 ¢2YQYNDDLYVGSDLEI GQHR 20

84 GSDLElI GQHRTKI EELRQHL 20 85 TKJEELRQHLLRWGFTTPDK 20

8 TTPDKKHOKEPPEL /20 87 KHOKEPPELV WKEDSRLAFH 20
nefl0%ool WE@QWWP%ﬁnMﬁRE&%E\EX‘ 20 peptidels 89
E \/\L/\EF %‘Aﬁ E '{)ﬁ%d%EGE Elhﬁfﬁéﬂ? 933
L | HYPVEL ERBDPEREXAEIC/AAPLEAQ DDPEREVPEKVEEANEGENG 20
Sgﬁm"ﬁm @%@Ln@%@ RYPLTFGACFKLVPV 19
109 | EEEEVGFPVRPQVPLRNTAA |20
110 | PQVPLRNTAANNADCAWLA | 19
111 | ANNADCAWLADGVGAVSEDL | 20
112 |DGVGAVSRDLEKHGAITSSNTA | 22
113 | HGAITSSNTAANNRRAEPAA | 20
114 | ANNRRAEPAADGVGAMGGKW | 20
1115 | DGVGAMGGKWSKRSYVGW | 18
116 | KWSKRSVVGWPTVRERMRRA | 20
117 | PTVRERMRRAEPARGPGRAF |20
118 | BPARGPGRAFVIIYPYDY 18
119 | AFVIIYPYDVPDYA 14
AMQ | AMOMLKETI 9 Immunodomi
nant control
RGP | RGPGRAFVTI 10 Reporter
epitope
control

Resualts

Identification of immunogenic epitopes within each responding peptide pool

Individual epitope mapping of responding peptide pools was conducted by IFN-y.

ELISPOT assay was performed using overlapping peptides from each pool (see Figure

13). Figure 13 shows IFN-y responses elicited against peptide pools and overlapping




98 VEPEKVEEWQNYTPGPG RY 20 - 99 NYTPGPG RYQKRQDI EBMAre02007
100 YQKRQDI LDLWYHTQGYF 19 101 LWYHTQGYFPDWONYTPEGL

21 102 DWONYTPEGLI YSQ&RQD:c 19 |10§ L 104

LI YS | PMTYKAALDL 20 nef poo =

W%(QI;%&SHFLKEKCE_ 20 pept !Odes 22 MNarch 2007L/GRR0p4/004038
2005/ 030964 PCT/ GB2004/ 004038 62 105 '

SHFLKEKGGLEGLI YSPQV 19 106 Lg3GLI YSPQVPLRPMIYKAA 20

107 PLRPMTYKAADCAW.EAQ 18 108 AADCAW.EAQEEEEVGFPVR 20

LRNTAA 20 110 PQVPLRNTAANNADCAW. A
188@%%5 e Ge M-@guenggg/ﬂith markers). Groups of female

DCRENBERBEJEIHEA FSSMNIA) $2re k3 |4 E@E@%ﬁé@ 10°
113 g upclet i ISR 16

. . E Y PYDVEDYA 14
AV ANGHL KT S | mrionaomt T et *udiel e o adding pleens

3 REPeRMoved, [oke (rvitspleerspantdothenumber of IFN-y spot forming cells (SFC)
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per million splenocytes was determined by IFN-y ELISPOT. Columns represent the

number of SFC/million,

In summary these results indicate that the following individual peptides in responding
peptide pools were identified;

In peptide pool gagl: peptide 7: NTVGGHQAAMQMLKETI
peptide 8: AAMQMLKETINEEAAEWDRL
peptide 15: GEIYKRWIILGLNKIVRMY

In peptide pool poll: peptide 50: LKEPVHGVYYDPSKDLIAEI

In peptide pool pol2: peptide 66: KQWPLTEEKIKALVEICTEM
peptide 85: TKIEELRQHLLRWGEFTTPDK

In peptide pool nef2: peptidel18: EPARGPGRAFVTIVPYDV

The underlined sequence in nef2 corresponds to the reporter epitope that was added to
provide a measure of the induction of IFN-y responses. This response in the
penultimate peptide, 118, indicates that the entire GPN polyprotein is being expressed.
However the IFN-y response detected in peptide pool nef2 was not due to epitope
sequences derived from native nef but due to the inserted reporter epitope. Example 8
contains very few CD8&+ T cell epitopes in nef for BALB/c mice (H-2d) so the lack of

response in nef is not surprising.

Determination of the T cell subset responsible for eliciting the identified peptide-
specific IFN-y responses
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A partial reduction in the IFN-y response against peptides 7, 50, 85 and 118 was
observed following depletion of CD8' T cells. The partial reduction in IFIN-y
responses observed against these peptides indicates that they are mediated by CD8* T

cells (see figure 14).

Comparison of sequences corresponding to the identified epitopes with other

described epitopes

To determine whether the peptide sequences identified in this study have been defined
prev1ously they were compared with those in the Los Alamos HIV sequence data
base (mouse; see example 8 (BALB/c; H2%)

Epitopes W1th1n the sequences corresponding to peptides 7,8,15 and 118 have been
previously identified in BALB/c mice according to Example 8, whereas epitopes
within sequences corresponding to pepndes 50, 66 and peptide 85 have not been

prewously described.
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All publications mentioned in the above specification are herein incorporated by

reference. Various modifications and variations of the described methods and system

of the present invention will be apparent to those skilled in the art without departing
from the scope and spirit of the present invention. Although the present inventi on has
been described in connection with specific preferred embodiments, it showild be

understood that the invention as claimed should not be unduly limited to such specific

embodiments. Indeed, various modifications of the described modes for carryimg out

the invention which are obvious to those skilled in biochemistry and biotechnology or

related ﬁelds are intended to be within the scope of the following claims,
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460 470 480 460”5 Fi gure 24: RT T-Hel per Map as
501-550 DR supernotif [|-Ab and HLA-DR DR supernotif
H2f, k,d Ad and Dd Ad orDd o

YALG | QAQPDQSESELVNQ | EQLI KKEKVYLAWPAHKG GGNEQVDK sbo

s o0 560 540 540
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RT T-Hel per Epitope Map RT T-Hel per Map as 551-560
LVSAG RKVL 22 March 2007 WD 2005/ 030964

PCT/ GB2004/ 004038 98 Nef T-Hel per Epitope Map 13 Nef
WalopErsokpi t ope Map Nef T- HeI per Map as 1- 50PQ4/Q@BR004/004038
H2d H2d H 2d

MECKWEKSSVI G\/\PTVRERI\/RRAEPAADRVGAASRDL EKHGAI TSENTAA 10

20 30 40 50 Figure 65: Nef T-Hel peng%p v . Ma

H 26 chi npanzee D2, D@, D 5EDQ, T%g ?—érg% 4

H 2d H 2b

13NANuf T dAQkpEEEpitoy e MBL RPMT YKAAVDL SHFL KEKGGLEGL
60 70 80 do 160 Figure 66: Nef T-Hel per Map as

101-1 b H2b c Iff, anzee H2d H b H2b
| HSORREDF P MAR RS PDXQONY TPGPGVRYPL TFGWCYKL VPVEP
H-2d
H-2d H-2d
H-2d | H-2d
MGGKWSKS SVI GWP TVRERMRRAEPAADRYGAASRDLEKHGAI 'I'SSNTZJL%I :
10 20 30 40 30

Figure 65: Nef T-Helper Map aa 51-100

H-2b chimpanzee
DQ2, DQ3, DY5, DQS, DQY, DQS, H-2b
H-2d H-2b
] f i
TNAACAWLEAQEEEEVGFPVTP QvP LRPMTYKAAVDLSHFLKEKGGLEGL
60 ] 80 9% i
Figure 66: Nef T-Helper Map aa 101—150
H-2b
H-2b
chimpanzee . H-2d
H-4b H-2b
K I ]
THSQRRQD ILDLWI YETQGYFPDXONYTPGP GVRYPLTF?WCYKLVPVEP
1o 120 130 140 150

Figure 67: Nef T-Helper Map aa 151-200

chimpanzee
human
H-2bd
H-2d H-2b
_| H-2d H-2b
I |
DKI EEANKGENTSLLHPVSLHGMDDPEREVLEWRFDSRLAFHHVARELHP
160 170 180 150 2
Figure 68: Nef T-Helper Map aa 201-206

chimpanzee

EYFKNC
2
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110 160 160 140 Iso Figure 67: Nef T-Hel per Map2darch 2007

151- 200 chi npanzee human H2b,d H2d H2b H 2d |

H 2b '

DKI EEANKGENT SL L HPVSL HGVDDPEREVL EWRFDSRLAFHHVARELHP 160
130 140 19,0 260 Figure 68: Nef T-Hel per Map aa
201-206 chinpanzee EYFKNC 286 22 Mirch 2007 99
CLAIMS 1. A reconbi nant pol ypepti de conprising am no
acid sequence derived from 5 (i) an H'V gag gene
product; (ii) an HV pol gene product; and (iii) an

H V nef gene product, saf Ag;!}gﬁuence being nutated with
respect to the natural sequence of said gene 10

1 Pr odpGédombaiagk fohipdptdaisaierRingantiicdicid sequanubdirved i y
all of the natural?y occurring 'CDS+ T cell epitopes
of said gene products, said pol ypeptide conprising an
amn i géx?ag&tpavi ng at least 75%identity to
‘the ?Lﬂﬁlwe%ggt of SEQ 1D NO 9. 2. A reconbi nant

pol y{iBpo HE¥ paleeas BodRck #%| ai m 1 wherein the naturally
15 OogHIM inNGn & nlodifel! epitopes, of said gene '
prodﬁ'fcﬁjz[lslr ar g@g&;l é)-(gfi ngd in. pl7 and p24 (gag), amno
acids 1-440 of . RT (pal) and nef shown in Exanple 8. 3.

In s

' -s:%)] petoteln )y %Qigk'm 3 PG | 18§ eBC EPiH ReuhD s6udhdB bf said gene
er al-d-poly

peptide “conprises an.am no

| : acid .
pedycienod ihdenuenge madatainingswppiartially 3l afohe paturalpy oceurring

dD%Q-gf t&e]?_fepi'_top_es of said gene prodﬁéts, said polypeptide comprising an amirio.
acid sequence having at least 75% identity to the full length of SEQ ID NO:9.

2. A recombindnt polypeptide according to claim 1 wherein the naturally
occurring CD8+ T cell epitop'cs,éf said gene producté. are as defined in pl7 and p24
(zag), amino acids 1-440 of RT (pol) and nef shown in. Example 8. -

3 A recombinant polypeptide according to claim 1 wherein said paiypepti@e
“comprises an amino acid sequence having at least 95% identity to. the full length of
SEQ ID.NO:9.

4. A recombinant polypeptide according to. any preceding claim wherein the

| sequence identity is interepitope sequence identity.

5. A 'rébom‘binant polypeptide according to. claim 4 wherein said_-.polypeptit_ie
- comprises SEQ ID N:97 N |

6. A -:'é'cnmbinant pﬁiyﬁcﬁﬁde according to any preceding claim whersin

substantially all of the naturally occurring T helper epitopes of said ‘gene products are




20 SBQ 1D.NO. 9. 4. A. reconbi nant pol ypeptide 22March 2007
according to any preceding claimwherein the sequence
identity isinterepitope sequence identi ty. 25 S A
reconbi nant pol ypepti de according to claim4 wherein

said polypeptide conprises SEQID NO9.. 6. A

r econbi nant pol ypepti de accor dt % to any preceding
claimwherein substantially all of the naturally
occurring T hel per epitopes of said gene products are

30, mai Nj 7. 41 nant .
pol ypepti 8%&%% c%{{&%a{} d%%?cordmgq%ﬂear"g ﬁgrmffeu?agfrflgy ovcurring
ocEUreipengpitdpes eif seid gepé poylestsafe saidefigenm pi7ogshdciZs @gg), amino
as_defj ' 17.a 4 , _amipo acids 1-440 of
RT“(‘%%*%@B@HEW%W%W%%@P@@ 8. A reconbi nant

poI ypeptide according to any preceding claim said

ypepti de _conpri sing. am no .acid sequence derived
5fr m an-HEFsPmpanan eplypeitide aetordiag Q) any pregpding alakm, said polypeptide

© PobormRingd Grt&sl L&@ﬂc §eqkﬁ€hd%g déieat 88nf QndegvURts % product, said

function of said sequence, said nef seque

f ufee?fekmélﬁrﬁﬂlmhgc me@ﬂe hebeem ] fredisaipt ﬁhﬂpﬁ@cm o,ihsmd nef

4SS S i PSR e 9y B v

V\mweotrpr@mtmrthewumﬂyecc“ﬁmm@gbn@pl t opes which are
10 Not present in the naturally occurring nef sequence.
are shown in Figure3A. 15 10. A reconbi nant

POy peh ircmnideon olygejtilecicaditing tor clailng BnvRervihi aki€ bite or more T
e, one T hel itope(s).which are no
o R ot bl 7 Pl Pres i o e Carae neh seauence. are
 shaewninFigugisL. 3A and' are absent from Figure 3B. 11:
A reconbi nant pol ypeptide according to any of clains 8
to 10 further 20 conprising all naturally occurring

15 CO8 T & eddorBRichOp&i§paptiad Bkﬁ:oﬂ:ﬁafag L08R 8 ¢Eim 9heherdn the one.or
reconmbi nant pol ypepti de accord ng to claim1l wherein -

t HBO it bleat epitoRsED Wiist e opiaresent i fhedhurliicaccamingmet sequence
nefe BRAR i HW@HSBA%&a&Sap_Q@Jt!&BﬁpF;gﬂm%ﬁﬂm e 8.

i1 A recombinant polypeptlde accordmg to any of claims 8 to 10 ﬁll'ﬂ‘le[' ,
20-  comprising all naturally occurnng CD8+ T cell epitopes of the nef gene product, |

12, A recombiﬁant " pbflypeﬁtide_ according to claim 11 wherein the 'nattirall}r
* occurring CD8+ T eell epitopes of the nef gene product are as defined in Exa_mple 8.

25 13. A recombmant polypeptade accordmg to any of claims 8 to. 12 further
'cempnsmg all naturaﬂy occurnng nef human T helper ep:topes '

14 A recombinant polypeptlde accordmg to clalm 13 wherem the naturally
- occirring nef human T helper epltepes are a5 deﬁned in Example 8.
-
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25 13. A reconbi nant pol ypeptide':accordi ng to aajagth 2007

clains 8 to 12 further conprising all naturally

occurring nef human T hel per, epi topes. 114. A

reconbi nant pol ypepti de according to claim 13 wherein

the naturally occurring lief human T hel per epitopes

are as defined in Exanple 8.,39 22 March 2007 101 15.

A reconbi nant pol ypeptide according to any of clains 8

to 14 wherein said polypeptide conprises an am no

acid sequence as shown in SEQ ID NO 6, or a sequence

havi g RbodiAsd: ﬁ%‘:ﬁ@&&&ﬁﬂiﬁd&&{ &iyOof Saikl- 8 £ 14 wherein said

reconbi nant pol ypepti de according to any precedi ng

Oblrpentids omhppistsy e printe acid epndnse g BAVAONaEEQ ID NO:6, or a
j $ oi gene product; said

?gﬁgﬁ%ﬁﬁgﬂg%lo yggﬁ’?%‘gﬂ%&eﬂgﬁ%{gce being mutated to

di srupt the reverse transcriptase activity of the pol

quenc er e| ntially e.,CD8+ . L1 oo
367 oRaEeopl iR LO BB BBt Iy Bl prSlcalliond dudoffpopice
cehpishey aminc acid semendy derivtedpfioypept HBE . pol Ogehi# . préduct, said

RS B 5 28GR0 7 P s

pcivity fdene? saquenes whedin Bedtantialiyalhof theiCi38-1 1440 epftopes of
‘ recanbi n

RT .) sh i Ex I S. 15,18.. lant .
BRI e B e aEs S repied & i s PP ReRt{e:

reverse transcriptase activity of said pol sequence

s mutated hy duplicatjon of an internal . sequen ‘
5T+ AR SRS BOOKHE Ioaf -awaﬂ?w‘z%% thq ﬁﬁ%&r cell
EsiPpeSOtheN/RANY Scdtiming HA sédlicHee A8 ds 8RN ath®b AL -440 of
ortions of said pol sequence. 20 19. A reconbi nant
digpleshavadndecwpliifig to claim 18 wherein said

duplicated internal sequence conprises TPDKI CHQKEPPF
;SEQ 11) NO.4). 20: A .reconbinant pol ypeptide = -

%.C ordi rﬁg)mlgmgqt gpl.(wg;gzd@rap@qr.gqng]tgg@m el 7s,qwvhprein the reverse
RANUREBL SRivRY TR daREFo1RqRHcE §s AfltAled BYURPESBS of A Rtemal
n S ) NO. 12 or a 25 sequence having at |east 95%
prauencetdprivedeiem dhe centre af thecunsr iy Aecuping il genejend exchange of
BRGRAEH A dafboRD YerRiE f6HBA: & BidPol S@futhdd0! YPePL i de

19. A recombinant polypépﬁdg acgordiﬁg_ to claim 18 wherein said duplicated
internal sequence comprises TPDKKHQKEPPF (SEQ ID NO:4).

20. | A recombinant polypeptide according to claim 18 or claim 19 wherein said

péIYpepﬁde corprises an amito acid séquence as shown in SEQ ID NO:I2 or a

sequence _Iiaving' at léast 95% identity thereto.

o _»Qfl'.“ " A recomibinant poiypepﬁde' according to anyprecedmg claim, said polypeptide

compiising ammo acid sequence derived from an HIV gag gene product, said

C racombmant PO’YPéPﬁde' sequence being mutated to distupt processing of the gag genie
" BO" product, and said gag séquence firther comprising a disrupted myristoylation site,
. Whéi'e_in' substantially all-of the CD8+.T cell -'epitépes of the naturally-ocoumring 2§

L scquenccaremtamed in said r@coﬁbiuantjxelypepﬁﬂe; :




conprising am no acid sequence derived from an P Wagedg2007
gene product, said reconbinant pol ypeptide sequence
bei ng mutated to di srupt processing of the gag gene
product, and said gag sequence further conprising a

di srupted nyristoylation site, 30: wherein

substantially all of the CD8+T qelal epitopes of the
naturally occurring gag sequence--are retained in

sai d reconbi nant pol ypeptide. 22 March 2007 102 22. A
reconbi nant pol ypeptide according to claim 21l wherein

the CDS+ T cell epitopes of the naturally occurring

sequée e e .as defl in _pl7 and p24
?fﬂﬁirr"%“‘sm‘%’% e AC?O@@B%? Glapp QdoWE??féE't fhgCD8+ T cell
ac caprtdpd@ Of the rab@dY dobuRingZ@a g \REL&GICE at R dRf 99@ ﬁf‘bf‘ﬂand) {324 (gag)
ga i s disrupted by exchanging the. pl7. and '
PWRILE MRkt ein the nyristoylation site | S

5disrupted by nmutation of the second glycine to
al ani ne. 10 24. A reconbi nant pol ypeptide according to
any3one Agkcabinans P@Ipmldwhewmdmg:uacldm pbby2ephedin the processing

CO'EEP Sé geé @E}u@@a gﬁ’c gﬂgu nceeaéflé g%g: F‘l’fg?f??E %}d wherein the

th mm@yiaﬂax sm is éasmpmdnammpﬁ&nymhé scdendiglpoine i@aitife.
any preceding claimfurther 15 conprising ah antibody
recognition tag wherein said tag is an HA tag

10 c o/ i SArrgcoiﬂ’nﬁ'lanBﬁaWe aSco'irJi‘iﬁE@o by %Qf'c&lﬁ@ﬁ‘mz@herem said

i.nant pol ypeptjde according to any precedin
cl B&ﬁ?%ﬁ? I‘T‘%‘iﬂp 8 A 18"51"(?93% d epauenge g shovspin FFHQ tIBgl%0 13 or a

- WhesqRibrite havihglatt 1ot 95 aditPRees i ved tag 20
conpri sing the sequence as shown in -SEQ ID NGO 7. 27. A

.reconbi nant . pol ypeptide according to, any precedlng .
clasm AakdoRsindme &0 g h Pé}y(r%ia

shovvn_ in SE& | D NO%H)%%I)“8 r%%@%%ﬁtt)% n%’r‘?ﬁ pol yp ptl m fucther
15 acespRiising @@"Hh@ﬂmﬁm‘%taglﬁmlmﬂ ddgis ahddMditag compxasmg the
- G a4BeRe il owhdn SAQ' dtgﬁqatg nant nucleic. acid encoding

a. poI ypept | de accordi ng to-any Precedl ng.-

26, A recombmant polypeptlde accordmg to any precedmg claim further
E compnsmg a2 CD8+ T cell epitope tag whcmm said tag is a gp160 derived” tag '
20 - comprising the sequence as shown in SEQ_ iD NQ 7. '

| 27. A recombmant polypeptide accordmg to any precedmg claim, said polypeptlde
comprising the sequence as shown in SEQ D NO 1.

25 28, Arecombinant polypeptide aceordmg to any preccdmg clmm wherem the HIV
" isa c!ade B HIV

+29. A recombinant nucleic acid enéoding' a_paiypc].')ﬁdclaccording to.any preceding
- claim. ' ' L '
.30




claim 3 t) 22 March 2007 - 103 30. A reconbi nan¥Z March 2007
nucl ei ¢ acid sequence conprising SEQ ID NO 11, or a
sequence which differs only be silent nutations with
respect to the genetic code, or a sequence having at
| east 95% i dentity hereto. 31. A viral vector encoding
a pol ypeptide according to &AY one of clainms 1 to 28,
said viral vector optionally being selected fromthe
group consisting of poxviruses, adenoviruses, AAV,
al phavirus, VSV, HSV and Sendai virus. 32. Avira
vect,or according o claim31l wherein ' ector is a
30p A AR gt e Rtamce SRiPrng S 19 B b o a sSaunce
wiiECARsRaly I sl IﬁmaionWm%s;beéﬁb Fhe/RAERS cdds, G alseyeROX
or fow pox .derjived vector. 34. A viral vector
hayiag at lgash §5Yogdentisy hergdg. wherein said vector is a PF9
fowl pox vector. 35. A nucleic acid vector conprising
a nucl ei ¢ aci d sequence according to claim29 or
31cl aiAnvigd vertoremcating g palypaptivp e@ordsg @cngode ofclsimsdrty 28, said
il ff cLaggB l. tOIZ%%E$6. An adenovi r.us vect or
- VirloYRBIOF SPYRTaLY Reigs vt o e et eonsisting of B VES SR ai m
| adéHdviredes, A AV IBAGs, ADNHIWaR! SeldiPaRE! de according to
any one of clainms 1 to 28. 37. A poxvirus vector
conprising a nucleic acid sequence according to claim
3229 Qlvirafl, @aé&rﬁh%?@&%g%?ﬂgge@&sme\%&?ﬁ M@W& 0
any one of clalns to i . e of polypeptide
deriedorecdiong t o any one of claims 1 to 28 in the
preparation of a nedicanent for the treatnent or
prevention of HV infection. 22 March 2007 104 39.
33.Us e AGfirapGdcydrepédriag acasinil N@héeinaaid veber &fa folviioxTr Towipox
28 in the preparation of a nedicanent for
derjwefhyRt9ht i on against H V infection. 40. Use of a
nucleic acid or a vector according to any one of
claims 29 to 37 in the preparation of a nedi canent
34.f or Atviime] vectatanending to gaienEnwheminehidieMor isfacktiidl fowlpox vector.

35. A nucleic acid vector comprising a nucleic acid sequence according to claim 29 or

~ claim 30 or encoding a polypeptide according to any one-of claims 1 to 28.

36.  Anadenovirus vector comprising a nucleic acid sequence according to claim 29

or claim 30 or encoding a polypeptide according to any one of claims 1 to 28.

37. A poxvirus vector comprising a nucleic acid sequence according to claim 29 or

claim 30 or encoding a polypeptide according to any one of claims 1 to 28.

38.  Use of polypeptide according to any one of claims 1 to 28 in the preparation of a

medicament for the treatment or prevention of HIV infection.




41. Use of a nucleic acid or a vector accordi ng22 baghy2007

one of clains 29 to 37 in the preparation of a

medi canment for i mmuni zati on agai nst H 'V infection. 22

March 2007 105 42. A reconbi nant pol ypepti de

conprising an am no acid sequence having at |east 95%

identity to the full Iength(ﬁoﬁhe am no acid sequence

presented in the SEQ ID NGO 9. 43. A Herpes Sinpl ex

Virus (HSV) vector conprising a nucleic acid sequence

according to claim29 or claim30 or encoding a

pol ypepti de according to any one of clains 1 to 28.
3944. Userof polypeptiala taicqoodiypepiny dag of eleianshi to@8tin the preparation ofa

gﬂﬁ%g : ubstantially as
mﬁg‘lf ern lrD?or e gggt?:ornl %@Ltﬁﬁﬁ@% 1(<=3rr?ence to t hey
acconpanyi ng drawi ngs. 22 March 2007 WO 2005/ 030964
4OirCtT hf@%@@ﬁaﬁa&é%ﬁ or l/\r&t&%&g@’ﬁlﬂﬁ% Ft)fr a8} biofIkfnb B f&av'\J}n the
: i.fici.a
prfafion@r BmeBE AR e oy Gepim@nprprerepih IRt Vo',
FSALSEGATPQDLNTMLNTVGGHQA A
41Q MUSL} oKa Etu(-:]ielh aNd Br Ev@cuﬁ* a%cé%ﬂgl?b E:ll)t-bl% o\f cmﬁs B

prepagatipn Pf ‘?/Héd’Ea’Fleﬂi %Wzarwrga@lrtst frigeipny
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ZA0WTTMZO~
O-"1—-IT<xOosr
OoxX—"zZzr<—x

n<>»
g'rlr—
m>»><
<—m
QX
—xX0
OoTwm
AT
UOTUTRX
m>»>s
PV
AR
<X
4xX<
RLIP

W0

- <

o

5 VGDAYFSVPL
Il RYQ YNVLPQGWKGSPAI FQ
pmbinhntipoRpeptRiciCofiirifinDah aMiro aci QuddcOhdDing af 1848t

%ﬂﬁtg& f@E ghrﬁf @W‘k“lid &@eﬁe@rﬁeﬁcm@ﬁi@@ﬂ

HPEYY KDCDPEKEVLVWKFEDANEGEN
NS LLHPMSLHGWDD 30 PEKEVPEKVEEANEGEN
43 pAdiprpes Yinplex Yirgs HSN)estorcqmpyismg anugicfs geidsequence \y

2oring el clainf2 LofS1bin0ter ghodielh wblipesith prcidhgliotny off of
clafms Im28.S H FLKEKGGLEGLI YS
PQVPLRPMIYKAADCAWEEAQ EBEEVGFPVRPQVPLR
NTAANNAD. CAWLADGVGAV35SRDLEKHGA
441 Tp&e&)rﬂblﬁarApélybbﬂﬁdB, fecdtiindnt PoRmbkléatie Or HrdfveéioK W
? TVRERMRRAEPARGPGRAFV
Subﬁtantlﬂfl Bpa#ier@i‘a?fwe despripedwith geiensncego the aggpmprysing sidygings. -
PCT/ GB2004/ 004038 2/8 SEQ ID NGO 2 Artificial sequence
GAG P24 MAPI VONLQGQMVHQAI SPRTL

%U:U-<m
ISR

_|

'O

®

g

o
rghBon<zzdmmA>0zZ

%pm—rxtmn

NAWVKVVEEKAFS PEVI PMFSALSEGA
TPQDLNTMLNTVGGHQAAMQM 5LKETI
NEEAAEWDRLHPVHAGPI APGQMREPR
GSDI AGTTSTLQEQI GWMTNNPPI PVGE
I YKRWI I LGL NKI VRMYSPTSI LDI RQ
GPKEPFRDYVDRFYKTLR :
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1 duplication 20 T P
Artificial

equence POL P51 C LHPDKWTVAQP
VLPEKDSWTVNDI QKLVG 25 KLNWASQOQ
| SEQADAQ: 1 dryfigdalyequegrac PN RGTKAL TEVI PL T
E RAELELAENRHI LKRPVHGVYYDPSKDLIAE | QK Q GQG QW
TYQl YQEPFKNLKTGKYARMRGAHTNDYV
KO2PE TVEQA & @M AR S F AR IWG'R T PREKEERB 24
KeB: 7 WWeEmAr WML § FEcYa WRoAD T W1 MPu By WE d e\t N AT aP1R
et é‘?&%ﬂ%&%&%‘ PRk AL RO s
TN AR Lt G S R AT R R R SRR
TNM{W\QRKMLY\?DTFSFE EILII\F}QRPTKGBFW\PEYWQH_FGF“PL
m%é}GSLQPﬁ&K}ﬁKNST\é-’ENEBQ\/N@NAPY)EIS'IVIFLRD;K@P

FaAR K ¥eluAd Eddg §de’\bNH'itIﬂ°vCi' BYRQAY NVsle R
QGWKGS

KENPBI W/IEYbﬁvﬁlj‘_V\/EﬁDgéf %ﬁTRlIEﬁL}hé v M’ B i RRE\N ¥V
22 QBrelF 2007 ¢ WR 2005/ 630964 PETY GBRGD4A/ HE40F8S BNGY T

SEQ LD; NGy6G: Ari ixf EGi @lp seguencer-x $Ctakl ed NEFxlk ¥ Mo
Ry PV EARE L ARG LS00 EARE K
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PDKWTVQPIVLPEKDSWTVNDIQKLVGKLNWASQ
YAGIKVKQLCKLLRGTEKALTEVIPLTEEAELETDSA
NREILKEPVHGVYYDPSKDLIAEIQKOQGOGQWTY
IYQEPFKNLKTGKYARMRGAHTNDVEKQLTEAVQK
ATESIVIWGKTPKFKLPIQRKETWEAWWTEYWQAT
IPEWEFVNTPPLVKLWYQLEKEPIVGAETFPISD
ETYVPVKLKPGMDGPKVKOWPLTEEKIKALVEICT
MEKEGKISKIGPENPYNTPVFAIKKKDSTEKWREKL
DFRELNKRTQDFWEVQLGIPHPAGLXKKKSVTVL
VeEDAYFSVPLDKDFREKYTAFTIPSINNETPGIRY
YNVLPQGWKGSPAIPFPQSSMTKILEDPFREKQNPDIV
YQYMDDLYVGSDLEIGQHRTKIEBLRQHLLRWGF
TPDKKHQKEPPFLVWKFDSRLAFHHMARELHPEY
KDCDPEKEVLVWXKFDANEGENNSLLHPMSLHGMD
PEKEVPEKVEEANEGENGPGIRYPLTFGWC FKLV
VEPEKVEEWONYTPGPGIRYOKRQDILDLWVYHT
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FLXEKGGLEGLIYSPQVPLRDPMTYKAADCAWELEA
EEEEVGFPVRPQVPLRNTAANNADCAWLADGYVGA
SRDLEKHGAITSSNTAANNRRAEPAADGVGAMGE®
WSKRSVVGWPTVRERMRRAEPARGPGRAFVTITYEP
DVYPDYA | - - '
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SEQ ID NO:4 Artificial sequence— POL P51 duplication

TPDEKHQKEPRPPTF

20

SEQ ID NO:5 Artificial sequence — POL P51 core

LAMGYELHPDREWTVQRQPIVLPEXDSWTVNDIQIXLYS®G

ELELNWASQIYAGIKVEKQLCKLLRGTKALTEVIPLTE

25

EAELELAENREILKEPVHGVYYDPSKDLIAETZLOQKDQ

GQGQWTYQIYQEPFKNLKTGKYARMRGAHTND.VKQ

LTEAVQKIATESIV-IWGKTP'KFKLPI.QKETWEAWW

TEYWQATWIPEWEFVNTPPLVELWYQLEEKEPIVGA

ETFPISPIETVPVEKLEPEGMDGEGPEVEQWPLTEEE KTIEK

30

ALVEICTEMEEKEGKISKIGPENPYNTPVFAIKEKEKD

STEKWEREEKELVDFRELNKRTQOQDFWEVQLGIPHPAGLI KK

KKSVTVLDVGEGDAYFSVPLDKDFRKYTAFTIPSINN

ETPGIRYQYNVLPQGWKG‘SPAIFQSSMTKILEPFR

35

KQNPDIVIIQYMDDLY_VGS-DLEIGQHRTKIEELRQ

HLTLRWGFT
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LKTGKYARMRGAHTNDVKQLTEAV QKI A
TESI VI WGKTPKFKLPI QKETWEAWWT
EYW(gATWIPEWEFVNTPPLVKLWYQLE
RYQUESPIW4C A ETEPI SP I PCT/GB2(:04/004038
RTVPVKLXPGVDGPKVXQAPL TBEXI RALVEI CTES5 MEKE GK
I SKI GPENPYNTPVFAI KKKDSTKWRK
LY DFRELNKRTQDFWEVQLGI PHPAGL
KKKKSVTVLD VGDAYFSVPLDKDFRKY
TAFTI PSNYNVLPQGWKGSPAI FQSSM
T 3EQ I ND:PAFIfiiaKse@uédcP—BrrbmbMed NEFQ Y MDD L YV G S
DLEIl GQHRTKI EELRQHLLRWGFT 10T
PDKKHQKEPPFLVWKFDSRLAFHHMAR
ELVHIE EDYSWR ke D EIDMPR H KIHE\? E WYWR F IDPAE N E \GLEV W
SNBNela & dHeR M Sl H @ MR 5 b Koo ¥ R Evke e HE5fe 2
- N P T E E \,
KU E WO Y TR E B R AR R BTN B
YHITCB CE ¥ FPEB VN TY TVPVE ETACY ERPPKIR H DT F =
PaETri¥ KAXAR R DILpS EHUE Faluk E KEG G kK ExG e b eSu I
EXSS\F\{PE & %ng MI‘ITEY_?_( Ain% WN AVIIE)ECE:A.% %?VELE Fvis E'\\;PGV Reo
10 Vg T B A A R G A e B B R RS B ©
DGMVEG ARG & KE NASRIR R BOAY € VKA P ¥ RRSEVR MIRPRE V
AEER A 26 SEQeIZD NO 10 Human i mrunodefi ci ency virus
-Native NEF MGGKWSKRSVVGWPTVRERMR
RAEPAADGVGAVSRDLEKHGAI
T Qbesifie meyyine RIBNMSK AAL DL
15 SHFLKEKGGLEGLI YSQKRQDI LDLW/YHTQGVFPDWINVTPGP 25 G 1 R
" YPLTFGWCFKLVPVEPEKVEEANEGEN
NBCPEHPPMEL HGMDD _
PEKEVLWKFDSRLAFHHVARELHPEYYKDC 22 March 2007 WO
200%) RSROAYARGTLCRGANAL0003E 5/8 SEQ 1D NO 11
Artiticial sequence - gpn nucl eotide sequence
20 ¥YrPr¥yDVPDYRXR
SEQ ID NO: 9 Artificial sequence - core GPN
MAPIVQNLQGEQMVEQAISPRTLNAWVKVVEEKAFS
25 PEVIPMFSALSEGATPQDLNTMLNTVGGHQAAMOM
LKETINEEAAEWDRLEPVHAGPIAPGQMREPRGSD
IAGTTSTLQEQIGWMTNNPPIPVGEIYKRWIILGL
NKIVRMYSPTSILDPDIRQGPKEKEPFRDYVDRPFYXTILR
AEQASQEVEKNWMTETLLVOQNANPDCRKTILKALGE?A
-30_ATLEEMMTACQGVGGpGHKARVLMAARAs-v‘LSGGE
LDRWEKIRLRPGCEXKKEKYXLXHIVWASRELERTFAVN
" PELLETSEGCRQILGOLOPSLOQTGSEELRSLYNTYV
ATLYCV'HQRIEVKDTKEA'LEKIEEEQNKSKKKAQQ
.A'_AADTGNSSQVSQNYTP‘D‘KKH.QKEPPFLWMGYELH
33 PDKWTVQPIVLPEKDSWTIVNDIQKLVGEGKLNWASOQT
YAG”IKVKQLCKL'L.RGTKALTEV‘IPL‘I‘EEAELELAE
NREILKE.PVHGV,YYDPSKDLIAEIQKQ_GQGQ_:WTY.Q
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GAGGAGGA G C Az2eharen 2007
GAAGAAGGCCCAGCAGGC
GCAACAGCAGCCA
AACTACACCCCCGA'.. 35
A G C C C C ETGH200p/081038
AC TGCACCCCG
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ATGACCGCCTGCCAGGGCGTGGECEGACCTEECCA
CAAGGECCAGAGTGECTCATGECCGCCAGAGCCAGCSG
TGECTGAGCGECGEGEGAGAGCTGGATAGATGGGAGRRAG
ATCAGACTGAGACCTGGCGGCAAGARGAAGTACGCAR
GCTGAAGCACATCGTGTGGGCCTCTAGEGAAGCTGGE
AGAGATTCGCCGTGAATCCTGECCTGCTGEGAGACC
AGCGAGGGCTCECTAGACAGATCCTGEGEGGCCAGCTGCA
ACCCAGCCTECAAACCGGCTCTGAGGAGCTGAGAT
CCCTOGTACAACACCGTGGCCACCCTETACTECGTG
CACCAGAGAATCGAGGTGAAGGACACAARGGAGGC
CCTGGAGAAGATCGAGGAGGAGCAGAACAAGTOCCA
AGARGAAGGCCCAGCAGGCCGECTGECCGACACCGGC
AACAGCAGCCAGGTGAGCCAGAACTACACCCCCGA
CARGAAGCACCAGAAGGAGCCCCCTTTCCTGTGGA
TGEECTACGAGCTGCACCCCGATAAGTGGACCGTGQ
CAGCCCATCGTGCTGCCTGAGAAGGATAGCTGGAC
C GAACGACATCCAGAAGCTGGTGGGCAAGCTGA
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20ATCAGCAAGATCGGCCCCGAGA 22 Mah2007
CTACAATAC CCCCGTGTTCGCCATTAA
GAAGAAGGACTCCACCA AGTGGAGAAAG
CTGGTGGACTTCAGAGAGCTGAAC AAG
ROBORR0C CAGGACTTCT GGGA G G RCIEERING38
CTGGG CATCCCCCPACCCTGCCGGCCTG
AAGAAGAAGAAGA25GCGTGACCGTGCT
GGACGTGGGCGACGCCTACTTC AGCGT
GCCCCTGGACAAGGACTTCAGAAAGTA
CAC CEETC TCFEMRINATF ETCCEACCATCAART®
C 2A2/6 C BACT A AG C GaxXC A TC AGEA R ACAR A G C
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CREGRAT LR RGN R qop EARE Lo Ere
CACTGA‘GCG‘(E‘%HTT‘EZGCGGGTCE?@?\%AAT&G%TG‘,@@%ATG‘-C
GAACACTR T E€ETITEGACCLTTTA RGALAGAAGCGGCGACTCCACCA
AGTGGAGAAAGCTGGTGGACTTCAGAGAGCTGAAC
AAGAGAACCCAGGACTTCTGGGAGGTGCAGCTGGG
CATCCCCCACCCTGCCGGCCTGAAGARGAAGAAGA
GCETGACCGTGCTGGACEBTGEGGCGACGBCCTACTTOC
AGCGTOGCCCCTGGACAAGGACTT TCAGARAGTACAC
CGCCTTCACCATCCCCAGCATCAACAACGAGACCEC
CCEGCATCAGATACCAGTACAACGTGCTGCCCCAGG
GECTEGGAAGGGECAGCCCCGCCATCTTCCAGAGCAG
CATGACAAAGATCCTGGAGCCCTTCCGGEGAAGCAGHA
ACCCCGATATCGTGATCTACCAGTACATGGACGATC
CTGTACGETGEGEGECAGCGATCTGGAGATCGGCCAGCA
CAGAACCAAGATCGAAGAGCTGAGACAGCRACCTGC
TGAGATGGGGCTTCACCACACCAGATAAGRAACAT
CAGAAAGAACCACCATTCCTGGTGTGGAAGTTTGA
CAGCAGACTGGCCTTCCACCATATGGCCAGAGAGEC
TGCATCCTGAGTACTACAAGGACTGEGCGATCCCGACG
ARGGEAGGTGCTGGTCTGGEAAATTCCGACGCCAACGA
 GGGCGAGAACAACAGCCTGCTGCACCCCATGAGECEC
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GTGGEECTEECCCACCGTGAGAGARARGARATGAGRAAG

"GE@CCGAACCCGCCAGAGGACCCGEGGCAGAGCCTTCG
TGACCATCTACCCCTACGACGTGEGCCCGEGACTACGCT
TGATGAGGCGCGEGCCCT

S-pﬁme Apal and 3-prime Ascl sites are underlined. Initiating ATG and terminating
TGAareinbold. |




[¥/]

15

20

25

30

| KETWEAWWTEYWQATWI P E WSMarsh 2007
kl?P(F?LVKLmWYQLEKEPIVGAETFPIS
PI ETVPVKLKPGMDGPK VKQWPLTEEK
| KALVEI CTEMEKEGKI SKI GPENP YN
VEROPBEPIRIK K KDSTKWRKL VDF R E LPRI/EBIR400¢H3IS
DFWEV QLGI PHPAM|  KKKKSVTVLDVG
DAYFSVPLDKDFR KYTAFTI PSI NNET
PGl RYQYNVLPQGWKGSPAI F15QSSMT
KI' LEPFRKQNPDI VI YQYMDDLYVGSD
L E I GQHRTKIEELRQeﬁH!_fLR?/VGFlnIePDK
K SEQIBND: P2 RrifficBEQqh&cDOdishdtdl ol f i Ci al sequ -
disr?ptedgagZOl\/AqPIVQ L%GQMVHQAISP
RTLNAWVKVVEEKAFS PEVI PMFSALS
E GPAPTK R IQolk Lk NﬂFMkﬂMGTy$ﬁﬁ3pgb8ﬁﬁvgbg%|v SlL(EEKD
REISTT R BT LS g RS0 AN R b0 f iR o
G"EKFSA$ﬁ}?avvﬁlpF“i_EéﬁENRHA\FNMEYISJWHPSWHE\DYWD

ROSEP KEAER RN Y ORIE Y KiTrlo B 2% AFLQ A $xQ »
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Pife AgTcls B EMYT G @ EVaG & LGHKARY L MA
VLigG& WETY F RELVE B BICK KPR ¥
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FTIPSINNETPGIRYQYNVLPQGWKGSPAI
QSSMTKILEPFRKQNPDIVIYQYMDDLYVGSDL
GQHRTKIEELRQHLLRWGFTTPDKKHQKEPPF

21}

SEQ ID NO:13 Artificial sequence — disrupted gag

.MAPIVQNLQGQMVHQAISPRTLNAWVKVVEEKAFS
PEVIPMFSALSEGATPQDLNTMLNTVGGHQAAMQM
LKETINEEAAEWDRLHPVHAGPIAPGQMREPRGSD
IAGTTSTLQEQIG‘WMTNI\TPPIPVGEIYKRWIILGL
NKIVRMYSPTSILDIRQGPKEPFRDYVDRFYKTLR
AEQASQEVKNWMTETLLVQNANPDCKTILKALGPA
ATLEEMMTACQGVGGPGHKARVLMAARASVLSGGE
LDRWEKlIRLRPGGKKKYKLKHIVWASRELERFAVN’
PGLLETSEGCRQILG-QLQPSLQ.TGSEELR,SLYNTV
ATLYCVHQRIEVKDTKEALEKIEEEQNKSKKKAQQ

ONY |

AAADTGNSSQVS

SEQ ID NO:14 Kozak sequence for Gagp24
GCC GCC ACCATGG




