09 Nov 2006 WO 03/097675 PCT/ EP0O3/ 05039 Fusion protein of H
regul at ory/ accessory proteins The invention relates to fusi onOBPIB‘(%(?%s

conpri si n%\;}ge”am' no aci-d sequence of at |east four H MPEBEESHNY sel ected
© from ViIYONS*Rpu, Vpx, 5 Rev, Tat and Nef or derivatives of the am no

aci d sequence of one or nore of said proteins, wherein the fusion protein
is not processed to individual HV proteins having the natural N and C
termini. The invention further concerns nucleic acids encoding said
proteins, vectors conprising said nucleic acids, and nethods for producing
sai d proteins. The;:{ﬁgi@hqi}oigimbf)t-lwmegﬂlaibejrbafaaﬁsaw‘}aﬁﬂotﬁ‘é'é% ors are usable
as vaccines for the at l'east partial prophylaxis against HV infections.
Background of the invention 15 The Human i mmunodeficiency virus (H'V) is

t he causative agent of the Acquired,| nmunodefj.ei ndr (AIDS). Like
al | retroviheuswenting refEABIE fHﬁ‘Q”h@er:PWSC%'%%dJSg@gW\% aa@,g agg?aand Env
proteins. In addition, _the vinr Fobvih&inry Egul &pery
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infected 25 individuals at the end of th ar: 2000, i AW ingethdrhan what
was  pr edildbeareivinhbapiag Eiegraiihal @aq%d g’\ ﬁ@i‘&ﬁ ago]%O & UNA| ng
UNAI DS, 2000). d.aball.y,_t i tHIné, Yebtdreatdmpssing 2000 i s
esti mat ed %QRCS?@SMLM“?’é%CH@ge&g@g%?'d{%‘% 03/ 097675 PCT/ EP03/.05039
nucleic acids, and methods for producing said proteins. The fusion

10 protein, nucleic acids and vectors are usable as vaccines for the at least

partial prophylaxis against IV infections.

Background of the invention

. The Human immunodeficiency virus (HIV) is the causative agent of the
Acquired Immunodeficiency Syndrome (AIDS). Like all retroviruses the
genome of the virus encodes the Gag, Pol and Env proteins. in addition,
the viral genome encodes further regulatory proteins, i.e. Tat and Rev, as

20 well as accessory proteins, i.e. Vpr, VpX, Vpu, Vif and Nef.

Despite public health efforts to control the spread of the AIDS epidemic

the number of new infections is stili increasing. The World Health
Organization estimated the global epidemic a’; 36.1 million infected

25 individuals at the end of the year 2000, 509, higher than what was
' redicted on the basis of the data a decade ago (WHO & UNAIDS.
UNAIDS, 2000). Globally, the number of new HIV-1 infections in 2000 is

estimated at 5.3 mitlion.




2 Gven the steady spread of the epidemc, there is still a need to_bring
an effective vaccine to the clinic. A nunber of different H Vv Ng%Eeene
delivery wsdoageegises such as novel vectors or adjuvant systems have now
been devel oped and evaluated in different pre-clinical sdXiliERyso@msy well as -
in 5 clinical trials. The first vaccine candidate that entered a phase-I1|
clinical trial is based on envel ope gp 120 protein in alum (Francis et

al., AIDS Res. Hum Retroviruses 1998; 14 (Suppl 3)(5): S325-31). The
al t hough the vaccine did not prove to
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of prophyl adtfiectivaccicethefd .hased_on..envel ope antigens, nore r
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e oo ot ancunt seto g ISED 10 3 o
(Mller et al., AB\eUR biated 109diffeBenBFeHini&al ag Fr?g\%tas TN #ancet
1998, 351, ﬁ:BﬁQ‘aﬁtrié}éyaM‘Pé)ﬁ% | ... Al DS, 2000, 14, 1- 9?. re Fgc% tlpy t he
use of thesgr_ea]nti Igaens in pr op%%céjé'i‘? Capdidateethat afitesed m phabé-11] clinical
pre-cl i ni calidlr {sabaseédson eygal ofb§e he use of Tat and Rev, or Tat
al one as a RrOpEfél acti ¢ vacci r??écgﬁd?%gt%’:o s Ty oS (F Eansds ted @onftd$ 20
Sl Vmac ' ( Ost EFhralis et Retrovinsesi 1858999, &Yppﬁﬁj(%gﬂf)sgj@ v there are
i ndi cat i onstid th%b@er ec{ egec; owards the Virus éarly r§331 ibgr@/heﬁi‘eo!izi ns
are inportant for el i hattREES fiEtaush éh@l\saqmim@rditionbhqﬁrrovgi@ggey(%]
product i on sfcomasiy en ki len et al., J. Gen. Virol 1997,°78,
1913- i(? Addo et al ., ngamg%%%ﬁgﬁgﬂatf%l 6). 25 Although the
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regul ry/accessory proteins of HV induce an effective inmune response,
of them have serious side effects, which limt up to now

nost, if nqgt i
thei b use aSOIl?gJé@gHganMeygaﬁsa@f Arepvpactiawecefen efforts based on envelope
antigens, more recent efforts have focused on the use of regulatory

o

H
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proteins such as Tat, Nef and Rev as candidate vaccine antigens. The yse
| of these regulatory antigens in therapeutic setiings has been ongoing for
15 several years (Miller et al., Nature Medicine 1997, 3, 389-94 Calarota et
al., Lancet 1998, 351, 1320-5, Ayyavoo et al., AIDS, 2000, 15;, 1-9). More
recently the use of these antigens in prophylactic vaccine studies in small
pre-clinical trials has revealed promise. The use of Tat and Rev, or Tat
alone as a prophylactic vaccine candidate, was demonstrated to’control
20 §1Vmac (Osterhaus et al., Vaccine 1999, 17, 2713-4). Moreover, there are
indications that CTL directed towards the virys early regulator;/ proteins
are important for eliminating infeéted cells prior to their high level
production of mature virions (van Baalen et al.,, J. Gen. Virol 1997, 78
1913-8; Addo et al., PNAS, 2001, 98, 1781-6). o
25
fﬂ\lthough the regulatory/accessory proteins of HIV induce an effective
lm@une response, most, if not all, of them have serious side effects
which limit up to now their use as vacciné:.Nef, Tat and Vpu have beer;
shown to play a role in the_ down regulation of CD4+ and/or MHC class |
30 expression (Howcroft et al.,, Science, 1993, 260, 1320-2; Schwartz et al




shown to play a role in the down regul ati on of. CD4+ and/or MHC class | 30
expression (Howcroft et al., Science, 1993, 260, 1320-2; Schwaf? Yoe00§)
.09 Nov %Rg&mw 03/ 097675 PCT/ EP03/ 05039 3 Nature Med. B@86r03R50838-42;
Swann et ., ‘Virol ogy, 2001, 282, 267-77; Janvier at al., J. Virol., _
2001, 78, 3971-6, Weissmann at at., PNA3 1998, 95, 11601-6). It is known
_that Tat nediates acute i mMmune suppression in vivo (Cohen et al., PNAS,
1999, 96, 10842-10847). |munosuppressive 5 effects have al so been

described for Vpr (A | t d., 1997, 3 i It
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to have fupstionali-gy.apes khednt el BierRalatdesidiad intmube up@ession in
formul ation. Attenpts to reduce the harnful effects of the H'V proteins are
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to use thoggfetesiian d t@it@ti@_samdj\aégt@@@mti@@atﬁtEOIreqdeMB’t cetlse&taer i dles
bet ween the conponent proteins. Since the conponent proteins are 20
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suggegt s ushBgc-glet ®rHatigdopr ot ei ns. Thus, WO 02/ 06303 teaches to use a

fusion protein conprising the HV Vif, Vpr and Nef protein, wherein 25
cl eavage sites are inserted between the H 'V proteins and wherein the HV

Attempts to reduce the harmful effects of the HIV proteins are disclosed
in WO 02/06303. In particular, WO 02/06303 discloses a fusion protein
including amino acid sequences of HIV Vif, Vpu and Nef, wherein the

15 ‘component proteins are contiguous with another component protein or
separated by non-component proteins such as amino acid sequences,
which make up proteoclytic cleavage sites. it is disclosed that it is
preferred to use those fusion proteins that comprise proteolytic cleavage
sites between the component proteins. Since the component proteins are

20 separated by proteolytic cleavage sites native HIV proteins are produced
that are known to be harmful. To reduce any harmful effects of the HIV
proteins that result from the cleavage of the fusion protein WG 02/06303
suggests using attenuated proteins. Thus, WO 02/06303 teaches to use a
fusion protein comprising the HIV Vif, Vor and Nef protein, wherein

25 cleavage sites are inserted hetween the HIV proteins and wherein the HIV
proteins are attenuated proteins. However, the disadvantage of
attenuated proteins is that the amino acid sequence of the attenuated
profein differs from the amino acid sequence of the native prqtein so that

an immunization with the attenuated protein may lead to an immune




proteins are attenuated proteins. However, the disadvantage of attenuated
proteins is that the am no acid sequence of the attenuated pr89é’PYl2Qﬂaffers
fromthe agpngesgid sequence of the native protein so that an immunization
with the attenuated protein may lead to an i mmune 09 Nov 200B8xpid@s€8/ 097675 -
PCT/ EPO3/ 05039 4 response that only weakly recogni zes the native protein

or that even does not recognize the natid¥e protein at all. 5 Object of the
invention It was the object of the present invention to provide a vaccine -
al I owi ng ther generg%i on of an effective i Mmune response, in particular an
effective cyroPBRE&Nat ealy Wﬁéklydmegnmaim@tnmeeﬁ%tem Gﬁlﬂl]at even

regul at ory/ qq&q%gﬁémzje%r otFi ns of HV, wherein the regul atory/ acg%%Ssory
H'V proteins .int vatct nel¥y pb?@éﬁh@é@”by t he vaccine are | ess functional
than the native, individual regulatory/accessory proteins so that the risk
is reduced that the accessory/regulatory proteins in the vaccine exert
undesired side effects and wherein the |ess active HV proteins induce a
siml ars i mmune 15 response than the native HV proteins. Detailed
description of the invention 20 Ghjectatfjthetinnestibaen achi eved by the

- provision of a fusion protein ) conprising the am no acid sequence of at

| east four (Izl%fferent H V proteins selected fromVif, Vpr, Vpu, Vpx, Rev,

Tat and Nef owaséhe ol éoiess oAl ' uence of .one or nore of

sai d_protei ns, ;M%,ergﬁ t he ?ﬁs?%engm@tﬁﬂ go ﬁg@'ﬁﬁo@c&%%ae@élom@mmum

H V prot ei nS*HEARR ohan wifegtiak iNAbnamdsfoh &8 Thhartld ﬁ!e‘F‘F‘élcﬂfz t he
obj ect of teﬁo@éﬁéﬁ*‘é@f’; nventi on has been achieved by nucleic a 'ds and
vectors encodi ng sai GEPRA$ ASEIRSt savieraher alisegoigivot kiceessoryr oduced |n}

ani naliocel | proteired ofdHNg, \WH@Pé]nCtﬁla'rﬁgulatory/accessory HIV proteins in the
vaccine or produced by the vaccine are less functional than the native,
Individual regulatory/accessory proteins so that the risk is reduced that
the accessory/regulatory proteins in the vaccine exert undesired side

effects and wherein the less active HIV proteins induce a similar immune
15 response than the native H|V proteins.

Detailed description of the invention
20 This object has been achieved by the provision of a fusion protein ”
comprising the amino acid sequence of at least four different H|V proteins
selected from Vif, Vpr, Vpu, Vpx, Rev, Tat and Nef or derivatives of the
amino acid sequence of one or more of said proteins, wherein the fusion
protein is not processed to individual HIV proteins having the natural N
25 and C termini. In particular the object of the present invention has been

achieved by nucleic acids and vectors encoding said fusion proteins.

If the fusion protein is produced in animal cells, including human cells
the fusion protein is not cleaved by cellular proteases in such a way that

30 accessory/regulatory proteins with native N- and C-termini are obtained.




the fusion protein is not cleaved by.cellular proteases in such_a way that

30 accessory/regul atory proteins with native N~ and Cterm ni épék%ﬁﬁg?ned.
09 Nov 2006 PCT/-EP03/01039 WD 03/097671 5 Due to the PatErbhigitian H V

© protei WPHA?TE part of a fusion protein has an altered secondary/tertiary

structure conpared to the individual HY protein, the HV protein in the

~fusion protein is less functional than the individual protein, if not

~ fully dysfunctional. A regul atory/accessory 5 protein that is |ess
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of the i ndiyduak Iy GAHERE B HeaRGRsS P ytein ot éesesuriedioned thaniithe fusi on
protein- I'nparficular there is no substantial difference with respect to
the cyt ot dridividuaeptoteGTL) noedplyndgsisinetionehe” EBBY GPRY FREESSUPe present ed

to the i mune systemare identical. The s i der.at i ly if
the fasi orpr@t@it%’ihﬁ’ti i§ [@%ﬁﬁwcgt@@i@rteﬁeph%&"@&oﬁ@ﬁt .‘ %%ﬂl t'ﬁ,@ﬁg@tﬁﬁf ggf gf
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(cl ade), st Faitny nown the person skilled in the, art. In

particul arfar'é's\'iﬂ@bmﬁﬁlrkﬂ%%nlciw isHtaArnBtEhErbas noesiibdpadsl gif’ienge nine
subtypes (clades A through I), whereas H V-2 has been cl \fritH ‘13‘1% in 20 five
subt ypes (whehrtbaghBpnoghnisityapietha 11siey 8F @ERIBYS CRERTGHVET Tie  present

nvent | on BREECTICRABEE A B & TSR a Y R VLR o s ot
~restricted: £, theF8sIRSSroRERT ¢ RdtichR#aBere is no substantial difference
with respect to the cytotoxic T cell (CTL) response since the epitopes that
are presented to the immune systenﬁ are identical. The same
considerations also apply if the fusion protein is administered o the
patient.
15
In the context of the present invention the term “HIV" refers to any HIV
group, subtype (cladé), strain or isolate known to the person skilled in the
art. In particufar, HIV may be HIV-1.or HIV-2. HIV-1 has been classified in
nilne subtypes (clades A through 1), whereas HIV-2 has been classified in
20 five subtypes (A through E), which are ali covered by the scope of the
. present invention. The most preferred HIV clades according to the present
invention are HiV-1 clades A, B and C. However, the invention is not

restricted to these most preferred clades.

25 The protein sequences of the HIV regulatory proteins Vif, Vor, Vpu, Rev,
Tat, Vpx and Nef are known 1o the person skilled in the art.
By way of example and without being restricted to said embodiments
reference is made to the various sequences as disclosed in the genebank
database, in particular to the sequence of the HiV-1 isolate HXB2R having
30 the genebank accession number KO3455. In this genebank entry the




25 The protein sequences of the HV regulatory proteins Vif, Vpr, Vgu Rev,
Tat, Vpx and Nef are known to the person skilled in the art. BWQ\M%'/ qu
exanpl e angoWsbRid being restricted to said enbodiments reference is made
to the various sequences as disclosed in the genebank dat abwge)s/dsme
particular to the sequence of the H V-1 isolate HXB2R having 30 the
genebank accessi on nunber K03455. In thisfgenebank entry the 09 Nov 2006
WO 03/ 097675 PCT/ EP03/ 05039 6 sequences of the various H V1 genes and of

t he proteinsg g(gy said. genes is specified. Preferably the HV
proteins that formth thl?s\fad'ﬁp‘%rfdi\él geacs el ovet bf@t’é‘in@eﬁ&?‘dqﬁ S%ide.
or

Accor di ng t gamresaktgiaidye enbodi nent the HV proteins that

fusion protein are derived fromtwo or nore clades. It is also possible
that one or nore of the HIV proteins that formthe fusion protein are
H V-1 proteifs ang]that one or nore of the HIV proteins that formthe

fusi on prot & i HARDHING bl imsokdins thaDidine tRai i quenges of .the HV
pr ot ei s th@ﬁefs%hﬁ bg% ft}%icon protein are gqrﬁg gﬁ%’ﬁ)}é@e%%eﬁ%@ée‘i fiRMare
encoded by known S TCOLANE 1o am Héteramimeamaﬂiﬁm%? theid v
pr ot ei ns in‘tfnaﬂefdrm'tf@élfﬁi@ﬁ?@téjﬁaigcefpt ical . to the amino aci gequences of

t he correspgggi%j%gq ﬁirv%[ eins as encod WVEETTREN tiwglarymete wladasy IHIMAlso

i sol ates. Al 9ne be raoienof Bl one.or .mare H'V

proteins i na}@gl\pgﬁi on_pr ot ei n my beqy?gggﬂﬁg&@gt Eﬁﬂj@ﬁ%&mpﬂ@mﬁem
sequence that as' sulfP Aael thet poamd mnraokm@@wm!v'ﬁ&otéﬁx%@%? %H,% hat |
shows an optusiar pher, 99 erj%gar% i.cular with respect to é i gbgs - to
several or all known H'V'isol Eg.e“@%nputer algorithns 20 to calculate a .-
consert8us sequence are known to the person skilled in the i

The amine acid sequences of the HIV proteins that form the fusion brotein
are'preferabiy seque.r_}ces that are encoded by known HiV isolates, i.e. the
amino acid sequence of the HJV proteins in the fysion protein is identical
to the amino acid Sequences of the corresponding proteins as encoded by
15 naturally occurring M1V isolates. Aiternatively the amino acid sequence of
one or more HIV proteins in the fusion protein may be a consensus
.sequence, I.e. a sequence that as such may not be found in a known HIV
tsolate but that shows an optimal homology — in particular with respect to
CTL-epitopes - to several or all known HIV isolates. Computer algorithms

20 to cale
ulate a consensus sequence are known to the person skilled in the
art.

e’

In an alternative embodiment the fusion protein may cohnprise derivatives

of the amino acid sequence of one or more HJV proteins that are part of
25 the-fusion protein. The term “derivative of the amino acid sequence of an

HIV protein” as used in the present specification refers tb HIV proteins

that have an altered amino acid sequence compared to the corresponding

naturally occurring HiY protein. An altered amino acid sequencé may be a

s‘equénce in'which one or more amino acids of the sequence of the HIV
30+ protein are substituted, inserted or deleted. More particularly a




art. In an alternative enbodi ment the fusion protein may conprise
derivatives of the am no acid sequence of one or nore HV protogiN‘?gz’Pcl"f‘at
are part of 25 the-fusion protein. The term "derivati vecofErthesidh no acid
sequenc%’od’?m%-"rﬁ”?—llv protein” as used in the present specification refers to
H'V proteins that have an altered am ng acid sequence conpared to the
~corresponding naturally occurring H'V protein. An altered am no acid
sequence may be a sequence in which one or nore am no acids of the

part 1 cul ar I9PHEEYeIG S008I e Ge BBt Pt Ehyaraeass 5 on GBI FORTde of
the am no j : LRct & Sora i i Sfesiuen
showi ng a %g%%ln%gy of gllgoég QQ&IME%{%@%?%@%%?Z}E%I@? g?e]g}fm?gast %0@,/0@ even

mor e pref e7@d vveh rabrd easter8Bip ommiskeapt 806K abiost airetirabéast at gasinhen the
correspondi ng part of the am no acid sequence in the 5 - fusjion protein is

conpared t¥0%heharithe cutespeylisgdedof the anesreatifveEauangeinct® n of known
H Vi | ates. Al i i d i s. i

ndi cated SaIbRE bR FoRPRearD e oS AR bes o fne Bl iR e
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t hat ther e corresponding proteins in other isolates 10 showing a
| ower honth@ghg tBy alry cofcéxatapl saqudnca hMpmotteyi eatn idhierhaemelogiuis on

protein shows a honol ogy of 95%to the Vpr seque .of one HV |.solate,
but only donsAdPsdhesorbesIuTlingtyotain 9 @%fuég"elﬁ)? i‘%%?get:éér,espﬁél[”ﬂ& | ogy

of said Vpr rivative is r de ) | f _al % It has been
poi nted oUeHB6Y I EhHtE B BT Brol BRI e AL RS 87 ohrat b ave a
reduged acdiidiiihg 2 WweY BBrislost Byiway 8t erdinpls,orpareddenvatiee innkévi dual
-proterns, since the conformatron of the grotei ns in the fusion proteinis
di ff erent fusidrhproiatiushlowsoafomeligyrofd5SHhte tioVegiseaueycast ope HIV
isolate, but only a homology of 50-70% to (all) other HIV isolates, the

homology of said Vpr derivative is regarded as being of at least 90%.

15 It has been pointed out above that the HIV proteins in the fusion proiein
have a reduced activity, or even no activity at all, compared to the
individual proteins, since the conformation of the proteins in the fusion
protein is different to the natural conformation of the biologically active
proteins. However, it might be desirable to further reduce the risk that the

20 HIV proteins in the fusion protein are biologically active. To this end

| particularly preferred “derivatives” of an individual HIV protein that is part
of a fusion protein are amino acid sequence derivatives in which several
amino acids are deleted, inserted or substituted, more preferably not
more than 10 amino acids, most preferably not more than 5 amino acids

25 to obtain an HIV protein with reduced activity or no activity at all. Tests
are known to the person skilled in the art how to determine whether an

HIV protein has reduced biological activity:

The molecular mechanism of the Vif protein, which is essential for viral

30 replication in vivo, remains unknown, but Vif possesses a strong tendency




proteins. However, it mght be desirable to further reduce the risk_that

the 20 HV proteins in the fusion protein are biologically act iAoVl hi s
end partiwoloapdyPpreferred "derivatives” of an individual HV protein that
is part of a fusion protein are anino acid sequence deri VBEWERS/BEEIWhi ch -
several amno acids are deleted, inserted or substituted, nore preferably
not nore than 10 am no acids, nost prefer?’abl y not nore than 5 am no acids
25 to obtain an H'V protein with reduced activity or no activity at all.

Tests are Kok 4 erson skilled in the art how to deternne whether
an HV protein ?\dagelﬁé;%i?%éﬁ’%@'oﬁkw gayltimaetivation W'E’Jseshmhﬁi%llb@rmmgm sm of

the Vif prot &myif v, ' I al viral ;30 replication in vivo,

r emai ns Enkggggég&i?pggéggge@%&gﬁ/ﬁ%gﬁte@rﬁie% QSN 20006 2 X6 :

03/ 097675 P 38dd&idresgr ¢ f @ss0sikatdon. . Thi s, mul timeri zation
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al., J Biol d8icieonmteimesmmenand iiditiphnak! Mnwiibn to be
speci figal | yKgs00l At i thy th Lr nucl eoprotein conp%\@s%gﬁ%ﬁts’
m ght be fu%(c,ti i 'ﬁyég?'\év"n? S/i'%oi-néoﬁlsa)ém: M2%.2-66).aThus,h Wi 1b9bteiR001; 75

(16): 7252- 68ith redused activft ' ' reduyced .activity shows a reduced
mul timeri zat igqtﬁﬁand/ or assogﬂ??‘géng rteégh{:%% rﬁH&l@%’ﬁF%’{"é‘F RNEd AP ResoziTHenVpr

“protein pl a} Nyeieprratein odmplex.t he viral life cycle. Vpr 10 regul ates
the nuclear inport of the viral preintegration conplex and facilitates
infection of non dividing cells such as macrophages (Agostini et al., ADS

R H Ret rférei ¥ : -8).. Additi [ly, it h . ‘
t(ra:ms;(r?t i Sa’[i nI %ﬁ?ﬁti%?gg%ig%f?e@%g&%rﬁtr@%ﬁ hlﬂfg‘t’]f\%ﬁlt l%fet&}eit'?\sﬁ)m Vani t har ani{__,.w»}

R et 9., (¢8¢ptrptmooicic289 or with reduced 15
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n of non dividing celis suckh as macrophages (Agostini et
al., AIDS Res Hum Retroviruses 2002; 18(4):283-8). Additionally, it has
transactivating activity mediated by interaction with the LTR (Vanitharani
R. et al., Virology 2001; 289 (2):334-42). Thus, a vpr with reduced

ac.:trwty shows decreased or even no transactivation and/or interaction
with the viral preintegration complex.

15

Vpx, which is highly homologous to Vpr, is also critical for efficient viral
‘replication in non-dividing cells. Vpx is packaged in virus particles via an
20 interaction with the p6 domain of the gag precursor polyprotein. Like Vpr E":-f”'
Vpx is involved in the transportation of the preintegration complex into the
nucleus (Mahalingam et al., J. Virol 2001; 75 (1):362-74). Thus, a Vpx
with reduced activity has a decreased ability to associate to the |

preintegration Compl'ex via gag precurser.
25
The Vpu protein is known to interact with the cytoplasmic tail of the CD4

and causes CD4 degradation (Bour et al., Virology 1995; 69 (3):1510-20)

Therefore, Vpu with reduced activity has a reduced ability to trigger CD4
degradation. '

30




with the viral preintegration conplex. Vpx, which is highly honpl ogous to
Vpr, is also critical for efficient viral replication in non- #PN° iz%e
~cells. \\/1126( 4/(§97%ackaged invirus particles via an 20 intgrpepé;ano th the
p6 donai &Y we gag precursor polyprotein. Like Vpr Vpx is involved in the
transportation of the preintegration conplex into the nucleus (Mbhalingam
et al-, J. Virol 2001; 75 (1):362-74)- Thus, a Vpx wth reduced activity
"~ has a decreased ability to associate to the preintegration conplex via gag
precurser._25 The Vpu protein is _known to interact with the cytoplasmc
tail of théhemalevang bielegisn! epdivilygriddet ok chsbartesizes Tat Nﬁq“t@Irb%y 95: 69
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The rel evapds Pinab gt SRINtaThRYl LY vifs dborehiztefanaciatizadielad protein is

the transactivation of transcription via interaction with the
 transacti vatineactivaiepeniseoigensrprofTéRy s |htkingsH Vesemstmetseothetidhamat i s

ha 5 rabd TR Yot ol e IR TR SR SBTRER L
t at L ei e , Syt . . .

promoters P AR EA v SR Rl FRMSF BnLACTRAR Kb Hhcfers
replicati ofiari@eppARidbedr@r di sease 10 progression by inducing the cell

surface downregulation of CD4 (Lou T et al., J Biorned Sci 1997;4(4):132).
This downregulation is initiated by direct interaction between CD4 and Nef

%\ELEUSSNE; @PBSE@%iWi% Eggggﬁéinfoz'%ilpﬁh%glEclzqgtslor??gs%gn%%?ezi‘ozrggisgggé 734-40)
o 10 progression by inducing the cell surface downregulation of CD4 (Lou T et

al., J Biomed Sci 1997:4(4):132). This downregulation is initiated by
direct interaction between CD4 and Nef (Preusser A. et al., Biochem
Biophys Res Commun 2002;292 (3):734-40). Thus, Nef protein with
reduced function shows reduced interaction with CD4.

15
The relevant function of Rev is the posttranscriptional transactivation
initiated by interaction with the Rev-response element (RRE) of viral RNA
{Iwai et al., 1992; Nuceic Acids Res 1992; 20 (24):6465-72). Thus, a Rev
with reduced activity shows a reduced interaction with the RRE.

20
The fusion proteins according to the present invention comprise the
amino acid sequence of at least four different HIV proteins selected from

Vif, Vpr, Vpu, Rev, Vpx, Tat and Nef. The fusion protein may preferably

comprise 5, 6 or all of said HIV proteins. The order of the HIV proteins in

25 the fusion protein is not critical.

One or more of the at ieast four different HIV proteins may be comprised
~ in the fusion protein in two or more copies. Thus, by way of example a
fusion protein according to the present invention may comprise Vif, Vpr,

30 Vpu and two copies of Rev. The amino acid sequence of the two or more




reduced function shows reduced interaction with CD4. 15 The rel \@pt
function of Rev is the posttranscriptional transactivation initi éﬁo%y

i nteracti gpy WM dobs-khe Rev-response el enent (RRE) of viral RNA (Iwai et al.,
1992: Nuce) & AGi 3 Res 1992 20 (24):6465-72). Thus, a ReVCTHROMMEduced -

activity shows a reduced interaction with the RRE.. 20 The fusi on proteins
according to the present invention conpri¥e the anino acid sequence of at
| east four different HI'V proteins selected from Vif, Vpr, Vpu, Rev, Vpx,

. Tat and Nef. OThe f¥si n protein rrag preferably conprise 5 6 or all of
said H V prot®iis Ot fa\opaelieimmash eHiﬂM‘tbcait.@ilmnhﬂve@StHéﬁgﬁ{iﬁia%m protein
i's not critigy n%%fqher&{e of ths g{_ | east four different H Vproteins
may be conpri se(? In'the L%?%FP?% £ 'ﬁef@ﬂttW)Dartifrtdaeifqm@it@isl.séau@-,cegy way
of exanpl e arefussidothapr-okeidy ' he, pr.esent invention may
conprise Vif,. Vpr, 30 Vpu%aéga@mbgﬁogﬁg%%ﬁ Pﬁg\,s_tramé Cirfiladesacd.8. sequence of
the two or 8P¥ GRANONV-I0B6Y MO 61 0836 BF RAT(EBARLPE039 10 copies of a

H'V profein may be identical. Aternatively, the am’ho acid sequence of
the copies may be different, in particular if protein sequences are used

that are deAdysshritriom g t,.HYV strains or clades (e.g. one copy of an
H V-1 Rev angtj;ptne (iopygt)(%%ﬁ]seﬁl W—ezﬁ‘ﬁé% PrateNajmae ke THssd prtitaeitns in the
fusi on prot 8ffitmal Eeningseddei drivadbd j3ddj 0o acids or, fused in
such a way Patfe t Wo &d%ace_nt HV pr oltﬁgiﬁl'!nctshl ?E‘Pétyh@’rgﬁﬁypﬁélﬁ?%te}ﬁfwv are
separated b Melstohsiadgroleinalre sepangteachyl at S G ARG " of both
are within ér‘?ﬁ’né%ﬁfﬁgot %e 5r e%.ent 10 invention. By way o exarr%1 e, in a
fusion protein according GInbia |§>p§3c§‘rhoth are within the scope of the present ‘j
10 -‘mventlon, By way of example, in a fusion protein according to the present

invention comprising the amino acid sequence of four HIV proteins two

adjacent HIV proteins may be directly linked to each other, whereas the

third and fourth HIV proteins are linked via additional amino acids. The

term “additional amino acid” in the context of this embodiment refers to

15 aminq acids that are not found in this position in the naturally occurring
HIV proteins.

Thus, the fusion protein according to the present invention preferably has
the following general formula-
20

+P1--P2--P3...P4...p5*... PG p7H,

wherein P1 to P7 are different HIV proteins selected from Vif, Vpr, Vpx
Vpu, Tat, Rev and Nef, wherein the fusion protein comprises at jeast fo,ur
25 different of said HIV proteins, i.e. P1 to P4 and optionally one (P5%), two
(P5*---P6*) or three (P5*---P6*-..P7%) additional of said HIV proteins. The
abbreviation “-..« independently stands for 0 to n additional amino acids.
When “---“ stand for O amino acids, the adjacent Hiv profeins are directly
fused to each other without additional amino acids. When “-..% stands for

30 1 to n amino acids the adjacent HIV proteins are separated by one ton




i nvention conprising the am no acid sequence of four HV protei Eiﬁ’t%}
adj acent HV proteins may be directly linked to each other, wheP ¥ <096
third and f éh H V proteins are |inked via additional p@mmymnﬂs The
term” a&’d}[f}?[’ﬁﬁ(‘r amino acid" in the context of this enbodinent refers to 15
amno acids that are not found in this R05|t|on in the naturally occurring
H V proteins. Thus, the fusion protein accordl ng to the present invention

" preferably has the fol | ow ng general formula: 20 +P i

L P2---P3---PA---P5*. - P6*- - PT* tq P7 djff

prot ei ns s@l¥e? 88 Jrﬁewppevvblﬁt \\S/VE 'Eh U'O”Iajtamﬁg{/gﬁz ot %H%E}e&eﬁ t he
f f H V t ,
st on P o SHILGMPELSES kol SaSL Loy r’fhe%és'%' ra ety GH ?Er At

(P5*- - - P6*prodtiéer @dgk@ﬁ@,@@b i8fcesail d H V pr ot eins. The abbreviation "..-"
[ ndependent |y stands for to n additional amno acids. Wen "---" stand

for O am no aC| ds, the adj acent HV prote| ns are directly fused to each

oo M B0 AR B 4 WP e N % 10,2006
VO 03/ 097%r5ﬁé%°%§4féﬂ%§lé,t vmegﬁb%;rabxg tePpekidiiiBhil Ahitbe

addi ti onal 0 acl e | nteger pends on the nmaxi mal size of
the fusi omqidetein that can be produced or expressed in cells. 5 According
to one enbodinment all "---" stand independently for O to 20, nore
preferably 0 to 10 even nore preferably O to 5 additional am no acids.

e Bl R PR B B R B SRe PP
10 amino acid sequence of an.additional protein or a part thereof, which is
not an HIV protein selected from fo, Vpr, Vpx, Vpu, Rev, Tat and Nef.
Thus, according to this alternative embodiment the additional protein is
flanked by regulatory/accessory HIV proteins. The additional protein may
be any protein. More preferably the additional protein comprises
15 additional epitopes that may help o induce a better immune response
against HIV. Thus, the additional protein may be the HIV Env, Gag and/or
Pol protein or parts thereof. In this context the term “part” of Env, Gag
and Pol refers to an amino acid stretch derived from one of said protein,
which comprises at least one epitope. More preferably the term part
S 20 refers to at least 10, even more preferably fo at least 20, most preferably
| to at least 50 amino acids from one of said proteins. According to an
related embodiment at least one of “---* stands for the amina acid
sequence of one or more of the proteins P1 to P7 that are part of the
fusion protein. Thus, in this case the fusion protein may comprise one of
25 more copies of one or more of the proteins that are part of the fusion
protein. As pointed out the copies of the proteins may or may not have an

identical amino acid sequence.

[n the above formula the abbreviation “+” independently stands for O to n

30 additional terminal amino acid. Thus, the fusion protein according to the




not an HV protein selected fromVif, Vpr, Vpx, Vpu, Rev, Tat &N%h
»Thus, according to this alternative enbodi nent the additional 3{’2’ Ri*H% s

fl anked byy® gged;aisory/ accessory H'V proteins. The additional protein may

be any protein. Mre preferably the additional protein cof$iEes0359

addi tional epitopes that may help to induce a better inmune response

agai nst HV. Thus, the additional protei nl?ray be the HV Env, Gag and/or

Pot protein or parts thereof. In this context the term"part" of Env, Gag °
and Pol ref e?egeg}ta}n am.no acid stretch derived fromone of said protein,

whi ch conpri §es {TUSLHOR Hea¥e Br 1apie NOksos i o addtional heniner 1088k tﬁ%
refers to at(ClaasisrhQ. ef.erab to. at |east 20, nost preterably
to at |east 50 'airﬁn'f rr]‘(J){Q ggﬁﬁgﬁq%{rﬁ)@ r%tﬁ'%a‘%\%cq{ﬁm&mgnembadinmmtm Bast

rel at ed enmbodn@eht +atsthrdsfoore fino =v the, ami no acid.

sequence of one B oy € of the gri’l’ﬁ?ﬁg'ﬁéﬁggﬁeé?*ﬁap a&’rﬂﬁ%aﬂp%ﬁtetm@r

fusion prot €. TRIRYT Mhiehi's nehse thepfolsioBe RICos @ By WFPVPE(G e or
' & 'fusi on

25 nor es copi of the.proteins that are part "of
pr ot ej n AS Fg%\if’g]:aetmtw etf‘rqﬁ@%’p"ii%%orgfr?g ke thisotrabadimeagt the fesiongirob@ive an
i denti cal ardompesed agee ve formul a the abbreviation "+"
i ndependent |y _st ands afor 0%4?”%%&38% %ﬁ%%rﬁ?wri%ﬂof%m iaRilg nothus,
t he fusion ‘ﬁ%f)t\é‘i"’m VG Ol iRevt, T athe 108F. Ngye gggﬁion\épppg‘fe%?ﬁ%;

[ conpri Eécﬁf{y. onal

PCT/ EPO3/ 05 - resent invention may or may not
ani no aci ds%g?)t%]ﬁew%ed?f(?ﬁ(@ﬁaw thee arldiidond! privdeipr csrapriscAcgRidbag to one

enbodi ment itopRStth 4 [ nds_for.the am no acid sequence of an
addi ti onal S?otcz?n or mﬁaa}(r?be{%te? ziﬁfc%ﬂiwt?rs'wnﬁﬁeﬂpww ageinstdélect ed :‘._-rf-»»}

from VA% , VErg.,\¥ps addhtionsl inr efinTAUS, r,ding to this
enbodi nent {he, fysi on, prot eﬁﬂetno?r{paryﬁggsmgtmivtgﬁ% %%%ﬁfﬂﬂf ?’Qi R RSN &
addi ti onal ?&Se#ﬁre%iliiﬁhiﬁsCmitexlE%é,terv‘pr",pa\{ﬁxof Wav, GRe\andTeb AlieNef, The

addi tional ghofiRidy 5@136 88eB derived from one of said protein, which comprises
at least one epitope. More preferably the term part refers to at least 10,

even more preferably to at least 20, most preferably to at ieast 50 amino
15 acids from one of said proteins.

According to an alternative embodiment at least one of “+" stands for an
amino acid sequence that allows the easy detection or purification of the

fusion protein. Thus, at least one of “+" might for example be a tag such
20 as a His tag.

According to the present invention the fusion protein is not processed to
individual HIV proteins having the natural N- and C-termini. More

particularly, the fusion protein according to the present invention is not

25 processed to individual HIV proteins having the natural N- and C-termini,
when expressed in human cells. Methods are known to the person skilled
in the art how to check whether a fuéion protein when expressed in human
cells is processed to individual HiV proteins having the natural N- and C-
termini. In this context reference is made to Ayyavoo et al., AIDS 2000,

30

14, 1-9, in particular to the experiment disclosed in Figure 2 of said




protein. More preferably the additional protein conprises addi toi (tma% 5
epitopes that may help to induce a better inmune response agai ng Be® 10
E g., t{*%(%qg%,,i;onal protein may be the HV Env, Gag andiare¥elsqspotei n or
parts thereof. In this context the term"part" of Env, Gag and Pol refers
to an amno acid stretch derived from qpe of said protein, which conprises
at | east one epitope. Mire preferably thée termpart refers to at |east 10,
even nore preferably to at |east 20, nost preferably to at |east 50 am no

15 acids from,.one of _sai otei ns. Accordi to an aj terpative enbodi nent
A foner onuBiRateR! gl theirernoh shilka Mtk B TRalLe TRl S oseaene. casy

detecti WA gatlon of -t he, fisi ' hn t for+"
mont for it e TRESh® gHah R QLSS HREel S ETRIRETE, Csent

invention then fyssidoangritbteigil vsatest ais oggjgsest t® Wagtdiry biitingHl V protei ns
having the natural N and Ctermni. Mre particularly, the fusion protein
accordi ng E3PEHENPRESNMTHERt eoipiiadioroes sy sovdbesddwdias ispariicdiosl H v
protei_ns hayi ng,t al N and. G termnij,. en_expr.ess i n_.human

et o= vt Rota T LRI Btotins i SorBLRH o e PG FR R B 5t heck
whet her a HusicHnR p 1,8 ] - I-$igpresessed to

i ndi vi dual b_HI V pr OdtﬁtgitaﬁgQﬁ%?ﬁb&@?ﬁé@%ﬁﬁ?%ﬁo@@ﬁgs%ﬁ{ "trglrelr?‘i%r(])i?k.@(?n this
context rebgrencani smoade dfdRyyetemets dbiectdd DSe 20000f whickd, 1-9, in
particular to the experinment disclosed in Fi gure 2 of said 09 Nov 2006 - WO
03/ 097675 PRTEEPOBHSI0ITe1TZe BN BgtyieHal BHY srey latpRy as6e8eRrYsRIQEEY i n

the art mght easily express the respective fusion protein in human cells
uch as HelLa cells; the cells are then lysed and the cell |ysates are

- subj et ed 1oVest BF Bnbliad thAM0th cerRRsH FRBESH QIccoRIMBORY B Pidsahiton assays
with antibodies specific for 5 the individual H'V proteins that together
form the r#spedttnvie mMivpfassissad to individual HIV proteins having the natural N-
and C-termini, the fusion protein should not contain specific cleavage
sequences for cellular proteases, which might trigger the generation of
HIV proteins having the natural N- and C-termini, between the amino acid
15 sequences of the HIV proteins that form the fusion protein. Thus, the
amino acid seguence “---* as abbreviated in the above general formula
does not contain specific cleavage sequences for celiular proteases, which
might trigger the generation of HIV proteins having the natural N- and C-
termini. in particular the fusion protein does not contain the cieavage
20 sequence REKRAVVG (one letter amino acid code) between the amino acid
sequences of the different HIV broteins that form the fusion protein.
Further cleavage sequences for celtular proteaseé are known fo the person
skilied in the art. Thus, the person skilled in the art can easily avoid to
include cleavage sequences for (cellular) proteases that might lead to
25 individual HIV proteins having natural N- and C-termini. An example for

the cleavage sequence of a cysteinprotease is lle/leu-X-Thr-X-Gly.

The proteins according to the present invention do not comprise specific
cleavage sequences leading to HiV proteins having both, the native N- and

30 C-termini. However, this does not generaily exciude the presence of




protein. For a fusion protein according to the present inventio M9 2008
-significant anmount of HIV proteins is detected the size of whic v
correspondgo hoedspR si ze of an individual HV regulatory/accessory protein.
10 In order to ensure that the fusion protein according tPGTeErogHESent
invention is not processed to individual H'V proteins having the natural N
and C-termni, the fusion protein should kbt contain specific cleavage

sequences for cellular proteases, which mght trigger the generation of
al N and Gtermni, between the am no acid 15

H'V proteins ing the natu
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The invention further relates to nucleic acids encoding the above defined
15 fusion proteins according to the present invention, The nucleic acid may
be DNA or RNA. Preferably the nucleic acid is DNA if it is intended to
insert the nucleic acid into human cells by using a DNA vector such as a

plasmid or a vector based on a DNA virus.
20 Methods are known to the person skilled in the art how to construct a
nucleic acid encoding the fusion protein according to the present
invention. Without being bound to the foliowing methods, the person
skilled in the art may start from a genomic HIV clone, from a subgenomic
HIV clone or from any starting material, such as plasmids, comprising the
25 coding sequence of one or more of the regulatory/accessory Hiv proteins.
If the coding sequence of 3 regulatory/accessory protein is in the form of
a continuous reading frame, said coding sequence may be isolated by
cleaving the nucleic acid comprising said coding sequence with
appropriate restriction enzymes. The thus obtained DNA fragments may
be used for further cloning. Alternatively the coding sequences of an

0

S




In particular, the amno acid sequence "---" as abbreviated in t{l‘ﬂé éB ve 5
general fornula nmay conprise cleavage sites for the proteases tHarev

i nvol ved in t([t; _generation of short peptides presented ogriGhoarse MVHCl 1.
" Accordi Wd)‘f%m %i”s enbodi nent the result of the cleavage reaction is a
short peptide stretch of preferably less than 20 amino acids, the N or C
~termnus of which may correspond to the NN or C-term nus of one of the 10
- HIV accessory/regul atory proteins. However, these short peptides, when

d d duri h f i.on.of i
Bryimor ot HECGOeP G C el ORGP LY G oy BEBPH 1B a Ty i Dehars VB mhe
| nvention ksl (PERISHRATWERSISHapiRegnoeRiaar the above defined 19

fusion protelns accor to the present i1nvention. The nucleic acid may
be DNA or RAlaferefscadsisyri heotrired are eacodedyDarefthan dre exammiied iso

insert the nucleic acid_into hunan cel IEJ by usi n%{)%éDl%\lf Vﬁ%ﬁ%\%&' suych as a
pl asni d orif¥ ¢aw 8r2-pasdat sRdONAL V358 MRFEhee e Y9%fie

ersop skij,l ed.i t 1 LE+aGi i t he
Poeron protistirtdlehl Bxale alaiteuRs d08hT o imeDerdteth EoGuRRLE: PRAPRED Lne 1o

the foll OWeré@r%ﬁegtuW@coP%/&@ésséw Bh@t@nh orttbaisar teveese Staastribtiom a
genom c HV clone, froma subgenom c |V clone or fromany starting

mat eri al , wosimchsgpbashiagdyT-Caitpri si ng t he 25 codi ng sequence of one or

nore of the regul atory/accessqry HV proteins. |f the codin equence of a
regul at or yR&O6EI8 SEHUBNGE &R *ﬁ%gibﬁ g '(g%‘grﬁyogeneas}é%tﬁteishﬁjdl?s%éadi ng frane,

said codin L sol at ' j Ifhigsi d

conpri si ngggi(%%tﬂ@%g? (] %e%%%%eé% @%%%ﬁ%ﬁ?%@%d%r%r?&p@%zymas. The
thus 1gbt ai pgoriMAcbtidgaents may 30 be used for further cloning.

Al ternatively the coding sequences of an 09 Nov 2006 WD 03/097675

PCT/ EPO3/ 05039 15 accessory/regulatory protein nay be obtained by using

Pol ymer aselncgaac'ienr to obtain a fusion protein the nucleic acid encoding said fusion

protein pfeferab!y contains a continuous reading frame. Conseguently, the
stop codons of all buf the last sequence encoding HIV proteins or

15 additional proteins are preferably mutated into a codon coding for an
amino acid or deleted completely. Preferably, this can be easily achieved
if for PCR specific primers are used that amplify the coding sequence
without the stop codon. !n other words, according to this alternative the
downstream primer should not be complementary to the stop codon. The

20 amplified DNA fragment therefore will not contain a stop codon and can
be cloned into the cloning vector. Alternatively, it is also possible to clone
a coding sequence with its stop codon into-the cloning vector. The stop
codon can be deleted later, e.g. by using specific endonucleases or by
mutagenization.

25
The result of the cloning steps should be a continuous reading frame

encoding the fusion protein according to the present invention.

The regulatory elements that are necessary to obtain the expression of the

30 fusion protein may be any regulatory elements that drive the expression in




Reaction (PCR) nmethods with appropriate prinmers. If the
regul at ory/ accessory proteins are encoded by nore than one exor?,9 NQ¥ 2096 ; o
t he case r

t he di ffesﬂé%{mgegggﬁs and to fuse themto generate a conti nkEESCPOEEDENG

frame for the regul atory/accessory protein or to use reverse transcription
t echnol ogy such as RT-PCR. A codi ng sequdfce can al so be provided by gene
synthesis, i.e. by generating a gene using a set of conplenentary and/or
overl apping 10 oligonucleotides. In order to obtain a fusion protein the
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stop coton. PFRE'IS Amhancesdl s ntageedttotdxpresotiee fadibn pebtelAMyaiiding St op

codon and can | into-the,cloning vector. Alternatively, it iS also
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endonucl eases or by nutageni zati on. ult of the cloning steps
shoul d be a continuous reading frane encoding the fusion protein according
to the presgl t i The requl atory elenents that are necessary to

_Tat and Rev, it may be necessary to independently clone 5
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obtain the e pngﬁ?@no f aPREe e fumPBnDEsst e imayraprbprisayiusiegu baltier's S

el emenios t Nahi el la¥e dHHEXBFGER £ Befatt P 1R \%ﬁc\?pr,‘%QVQu%7?§t? Revand

PCT/ EP03/ 05039
Nef. Thus, the fusion protein may comprise the amino acid sequence of

other proteins or parts thereof. Exarmnples of other proteins are the HIV
Gag, Pol and Env proteins. Consequently, the nucleic acid according to
the present invention may comprise also the coding sequences for one or
15 more additional proteins or part thereof in the open reading frame

encoding at least four regulatory/accessory HIV proteins or derivatives
thereof.

In a further embodiment of the present invention the nucleic acid may
20 further comprise independent expression cassettes encoding additional
proteins that may help to further improve the immune response against
HIV. In a preferred embodiment the nuclei¢ acid may further comprise
expression cassettes comprising the coding sequence of at least one
additional HIV protein selected from Gag, Pol and Env or parts thereof,
25 Even more preferably the nucleic acid may comprise in addition to the
coding sequence of the fusion protein the coding sequences of alf HIv
proteins Gag, Pol and Env. The nucleic acid is preferably part of a vector.
The nucleic acid may also be the viral genome or part thereof of a viral
vector, preferably a poxvirus vector such as MVA. Thus, it is possible to

30 express from the poxviral vector the fusion protein as well as the

.
St




_sequence o0

16 the desired expression system If it is intended to produce té\P)e fusi on
protein in prokaryotic cells such as Escherichia coli it is pré'fll9 YEP® t o

use a bacterial or phage pronoter. If it is intended tocexpnee®sthe fusion
pr ot ei n“’i%“@ﬁ@?yoti c cells it is preferable to use an eukaryotic or viral
5 promoter/enhancer. If it is intended {0 express the fusion protein by
using a poxviral pronoter (see below) it is preferable to use a poxviral
pronoter such-as the 7.5 pronoter or the ATI pronoter. As pointed out

above the fusion protein nmay conprise fusion rtner _whi ot HV
protei ns sefddtad! fildhPwieinsyps-g- %Q?a@gﬁ,nﬁﬁga'tﬁ&?]jﬂltylgi\%ﬁéfﬁ%‘?ﬁ%&e?he
fusion projej y rd the am no acid sequence of other proteins or
parts therﬁ§w6§arﬁ%1?§gdo$ﬁ%'t her proteins are the HV Gag, Pol and Env
proteins. Consequently, the nucleic acid according to the present

invention may conprise also the coding sequences for one or 15 nore .

addi ti onal Theotriaitiar foather hetades i@ VALWBeSONERAFNG & aMeClelncddifng at
| east four regu).atory/accessory H V praoteins _or LV At ' In a
furthér enb® rr?téﬂg?%%{(‘?%eﬁ?%E@?nrlﬂgeﬁﬁo%r%eve%gé{ e%bgﬁda%y e‘égc%‘s
further copprise] t h O, §ABSEIEE QRCBEinglasdid venabr
proteins tﬁigetswﬁgtyd %g&?% usrk'?ﬁag ﬁ??ﬁ?&/@ ?\h'e I nmune respgnse agai nst H V.
In a prefesneld ;anpRABIENdr bhechucbetiee atl®l sergsf Marbepreteriaply tee vegitessi on
cassettes conprising the coding sequence of at |east qgne ,Ladditional alHIV

protei n seise@t WiUs nGei@agn et Cantetndl he REpsent HayesBion Hac gGEN n¥y
fornbly. the nucl ai ' v o U .
Dequence ST s, ik st seie b bory e BHELE AN pitepp ER Mot

‘ _ . e sequences of V' protelns
~Gg, fFol aﬁgnﬁgsigghﬁ ik Shiforasi thitmiPrekerat upait afidaofvie gresehe

nucl eic acid so be the viral genone or part thereof of a viral
vector, prafwralinyisappoxyf ths virat genosuz bf dbe Meaperhve virial VEStPodsHAPe t o
30 expresscfoagg]tl}tggt ng\{ireglaglenvoerrclé.o hé pgcé#} iir?ann \Feocgtgi’s?cgﬁ bvéeilée&?ort J&?e
infection of cells and cell lines, in particular for the infection of living
animals including humans. Typical virus vectors according to the present
15 invention are adenoviral vectors, retroviral vectors or vectors on the basis
of the adeno associated virus 2 (AAV2). Most preferred are poxviral
vectors. The poxvirus may be preferably a canarypox virus, a fowlpoxvirus
or a vaccinia virus. More preferred is modified vaccinia virus Ankara
(MVA) (Sutter, G. et al. [19947, Vaccine 12: 1032-40). A typical MVA strain
20 is MVA 575 that has been deposited at the European Collection of Animal
Cell Cultures under the deposition number ECACC V00120707. Most
preferred is MVA-BN or a derivative thereof, which has been described'in
the PCT application PCT/EP01/13628 filed at the European Patent Office
on November 22, 2001, entitled-, Modified Vaccinia Ankara Virus Variant®.
25 MVA-BN has been deposited at the European Collection of Animal Celi
Cultures with the deposition number ECACC VO0083008. By using MVA.
BN or a derivative thereof the additional technical problem has been
solved to provide a particular safe virus vaccine against HIV since the
MVA-BN virus vector is an extremely attenuated virus, which is derived

30 from Modified Vaccinia Ankara virus and which is characterized by the




09 Nov 2006 WO 03/097675 PCTI EPO3/05039 17 additional HV pr&tggqnao
at | east one additional H'V protein selected from Gag, Pol v ofghe

i nvent i onwigi3idagdsrel ates to vectors corrprl sing a nucleic acid 5 according
to the present invention. The term"vector" refers to anyPGEEPSYE03%nown to -
the person skilled in the art. A vector can be a plasmd vector such as
pBR322 or a vector of the pUC series. Mt& preferably the vector is a
virus vector. In the cont ext of the present invention the term"viral
vector™ or "virus vector" refers to an infectious and/or attenuated virus

10 conpri si K§SaONits grpgbiido reprodistivayeeblieateuil iisackdiofvAGRrigseNt
i nvention i §Eef@gr@? of the VI r al }Tﬁgnome of the respective viral vector and/or

constitutes Fh1 %6 WPe&@%ﬂ@n‘WUﬁecﬁ’tbﬁHQScdnebéo us ethdkoroft he
infection ofefiRldt® [ r,the infection of
living ani r?aglls ¥ [néﬁﬁgpﬁg%iuéne{ﬂ? ypi Ceaq EW@V‘W&%‘@S'“&@B PRIGRIIAESNE he
present 15 &hwentrebiveat® adetzdwin athe/m,mrasc I tors
on the bam@ é hamgdeno assoc?at ed virus Corrém% tﬁk/b‘yree%%ﬁgﬁg%%t\égg
poxvi r 3l Pl Q@WWW%‘S n@fy MHApBM effhbl ﬁeaetuceanaoﬁ/anAvBNus,th@

f owl poxvir refe red is nodified vaccinia

Vi rus Anka?(ze C?W??Hacg %@é(?g'%@ir a§§a¥ﬁ ’[Of@@g] O gyaliake whethrysa- M i

typi cal MAVYA-BNNoRG dsrilihvd t ?ﬁ-@a d e the an
Col | ection of Anl mal Oelnl Eﬁ?ﬁeés%ﬁua'g? ge%lgéﬁhgoﬂ %{W(Bélr @%}3
V00120707. Mbst dgyiedtéve eﬂiareoﬂvkﬂkeBl‘dlmioaedem vitld \ebdveerepdrennbiicipdias
been descri th p on PCT/EPOL/ 13628 filed at the European
Pat ent dfl%&ﬂldaﬁl%vgﬁﬁgﬁ@) 12‘3@5 eWhiah eds " kstewitbd Maogporiadednkiay a ,}
Vi rus iiv/ar i a8ferend®. WA- BN has been deposited at the European Col |l ection of

Animal Cell Cultures with the deposition nunber ECACC VO0083008. By using
MVA- BN or a derivative thereof the additional technical problem has been

Thus, according to these embodiments the invention concerns preferably
a recombinant MVA, such as MVA-BN, comprising in the viral genome an

expression cassette encoding a fusion protein according to the present
15 invention.

Methods to insert the nucleic acid according to the present invention into

the viral genome and methods to obtain recombinant viruses are known to
the person skilled in the art.

In a recombinant vaccinia virus the expression of the DNA according to
the present invention is preferably, but not exclusively, under the
transcriptional control of a poxvirus promoter, more preferably of a
vaccinia virus promoter. The insertion of the DNA according to the present
25 invention is preferably into a non-essential region of the virus genome. in
another preferred embodiment of the invention, the heterologous nucleic
acid sequence is inserted at a naturally occurring deletion site of the
poxviral genome (disclosed in PCT/EP96/02926). However, the nature of

the insertion site is not critical for the present invention as long as a




solved to provide a particular safe virus vaccine against HV %i nce é(gse
MVA-BN virus vector is an extrenely attenuated virus, which is dePY ¢ 30

fron1Nbd&I@@® accinia Ankara virus and which i s charactperi/zmd/obyst he 09
Nov 2008 0%F097675 PCT/ EP03/ 05039 1$ loss of its capability to
reproductively replicate in human cellﬁ9 MVA-BN i s safer than any ot her
known vaccinia virus strains due to a l'ack of replication in humans. In a
preferred enbodi nent the invention concerns as a viral vector containing

t he DNA according to the present inventi 5 MVA-BN an i [ f
MVA- BN. Tiec et naes VeECMAVBNS isHDta PT W%@W%EPG%P&%‘E‘?%%?& é%’é%iay@

allowi ng to eval yate whet her,,a MA I . = #@ derivative thereof and
. met hods alm%eﬁéHY§”8ﬁa§e AV %%@eéwgéﬁtﬁ\}aﬁrt?/é thereof are disclosed in

t he above referenced PCT application PCT/EP0O1/ 13628, which is herewith
incorporated by 10 reference. Thus, according to thesg[ enbodi rrent?]SEhe
i nvent i on Ryeneeibis the efier alscyor, anrpedimilanbie MOAVIrBLEHFRE TNRA-BNP

conprising in the viral genone an e ssian et {Ngehek Ugi ON
prot ef n acettEpng! tfét?’toﬁgablg@@%tse'%%qpc{ﬁ@ﬁ? %M% hFE) sﬁg{?)%ns Ftt he

nucl ei ¢ acid ordi t i iVERt iseauERt® fort e figiah pyeteine and
met hods tghgb\ﬁgﬁﬁ@%%ﬁb%néﬁ?lt\%fﬁggéeare ktﬁgwﬁ to the person skilled in
the art. 20 dpdmd Q60 Mptematpictitioni Moset pefesaiie SbPoHraf VERETDNA
according to the present invention is preferably, \gut noteqe%%-lH iG’ Y,
under the pdntansar itpe iporxslrat yactwl I’BﬁY&%@RU??L@' Hrl ot &P, re %re rably
of a vaccinia virus pronoter. .The_ insertiop.of ONA, acg ey gk nerateint he
present 25°?h@BAt FON TS a5t04H @ 51 $h?n?% ]hgng%@l’ei%igtfl al” region g?’ the virus
genong. Inaccordihg to the present invention. These additional genes might have
been inserted with the same nucleic acid according to the present
invention. According to this embodiment all HIV genes would be located in

the same insertion site in the viral genome. In an alternative embodiment

the additional genes are inserted in different locations of the viral

15 genome.

In a preferred embodiment the present invention concerns the nucleic
acid, the vector or the fusion protein according to the present invention as
a vaccine for the at least partial prophylaxis against HIV infections and

20 AIDS. A ,vaccine® is a compound, i.e. a nucleic acid, a fusion protein, a

‘vector or a virus that induces a specific immune response.

According to one alternative of this embodiment the ,vaccine" according

to the present invention is based on the fusion protein according to the

25 . present invention.

In a preferred embodiment the nucleic acid according to the present
invention, in particular DNA, is used as a vaccine. | is known by the
person skilled in the art that the administration of naked DNA harboring a

30 eukaryotic expression cassette as in the present invention, in particular




anot her preferred enbodi nent of the invention, the heterol ogousogr}ggllzphé
acid sequence is inserted at a naturally occurring deletion site it
poxviral @aNeR-§A[i scl osed in PCT/ EP96/02926). However, the nature of
insertion site is not critical for the present invention XETIEFAZ0A3 a 09

Nov 2006 WO 03/097675 PCT/ EPO3/ 05039 19
obt ai ned. Thus, the person skilled in thedart

t he

reconbi nant Vaccinia virus is
may easily envisage further

suitable insertion sites. Preferably the viral vector, in particular the
poxviral vecior. conprise s additional retroviral genes selected from
Tt

H V Gag,

Pol
sequence f orgddy i ein according to the present invention.
preferably the S']Kie?atﬁy %?gﬁ%eslspn ﬁﬁ?%@‘gﬁl gﬁ%eph@temm/ema@samm dhe may

Ugiias injectionedVDNAllegentothe eRpasidith oR Hto progifodi ng
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conpri se al lirth\ngenetrangadi ; I Env i.n addition to the coding
4 el ImBRln e e Ren S sRlsech

acid

sequence for the fusion protein 1

c t invention.

h ddi t i'Bridl aljerediva gmbadi ; el iy Augh ei
These additi g g wreentbigenvansestied iyt hat Eﬁ%%%ﬁ?n%lﬁféﬁjér%%

accordigng t t _invention. According to this
genes v%/oul dggétktﬁogé?@gﬂ?% 'EC{ ﬁgesaﬁ%ﬁﬂ‘isé}v@ﬂbnnsiinepa'arrtictthar\Ei Wadal ORRQAAE. | N

H V

an al t er nat nveree | t Liional genes are inserted in different
e e s SAnd ol RipditeiasabBrpoarerne vimes ymotornt

| ocati ons of the viral

enone.

i nvention cBiGer MV/A mectoucl ei ¢ acid, the vector or the fusion protein
according to the present invention as a vaccine for the at |east part
prophyl axis against HV infections and 20 AIDS. A "vaccine" is a conpound,

i.e. a nucl ghetRei ' protein, a vector or a virus that induces a
speci fic i mmune rgg%%%%%wAgggr\éﬁ%n'@ov'ﬁ% basedvageing ttike tinis aeobatihgent -

t he "vécci ne&' thedovalitigh i$ @ohberiBHESEAL, | ian_is _based qn the fusi
protei n according 4o the 25 prgggnﬁgnavgﬁygféméca”y accepgabqe form. This

15

20

25

30

o : :
n one based on the experience in the preparation of poxvirus

vaccines used for vaccination against smallpox (as described by Stickl, H.
et al. [1974] Dtsch. med. Wschr. 99, 2386-2392). For example, the
purified virus is stored at -30°C with a titer of 5x108 TCIDsg/m
formulated in about 10mM Tris, 140 mM NaCl pH 7.4, For the
preparation of vaccine shots, e.g., 107108 particles of the virus are
iyophilized in 100 ml of phosphate-buffered saline (PBS) in the presence
of 2% peptone and 1% human albumin in an ampoule, preferably a glass

ampoule. Alternatively, the vaccine shots can be produced by stepwise

i al

on

freeze-drying of the virus in a formulation. This formulation can contain

additional additives such as mannitol, dextran, sugar, glycine, lactose or

polyvinylpyrrolidone or other additives such as antioxidants or inert gas

- stabilizers or recombinant proteins (e.g. human serum albumin) suitable

for in vivo administration. The glass ampoule is then sealed and can be
stored between 4°C and room temperature for several months. However,
as long as no need exists the ampoule is stored preferably at
temperatures below -20°C. For vaccination the lyophilisate can be
dissolved in 0.1 to 0.5 m! of an aqueous solution, preferably physiological
saline or Tris buffer, and administered either systemically or locally, i.e.

by parenterally, intramuscularly or any other path of administration know

¥



In a preferred enbodi ment the nucleic acid according to the pregent 5
invention, in particular DNA is used as a vaccine. It is known E[}VIZH%
person skilled in the art that the adm nistration of nakedg/ENAckaprboring a
- 30 eukar¥OtE"¥Rpressi on cassette as in the present invention, in
particular 09 Nov 2006 WD 03/097675 Pg:T/ EP03/ 01039 20 the intranuscul ar
injection of DNA | eads to the expressioln of the protein encoded by the
expression cassette. The protein is exposed to the imune systemand a

speci fic i nmune response is raised. In an alterpative enbodi
vacci nati ap the sted hyraatitiomest ehengode o Fddt B‘rS%aﬁ?t%“r&ngngg{%‘gt gfeesent

invention, in particular a viral vector,. nore.pn i it $n
vector, nosimMbelePtAERMYIHTGHRLT PR ?P@?Wg% otr), tﬁé?%.%ggbéﬁf/k\rpspe‘%taor. For

the preparat] e k& tedbRs eshwats nectothés eubositanesrdphg 10
to the i nﬁekb?@ﬂ%@ﬂg}%ﬁv&@é ﬁ|élrféilg)l a phsljsbi ologically acceptable form This

.can be dqpgZpasedlgnathenextpsido®nce in the preparation of poxvirus
vacci nes used for vaccination against snallpox (as described by Stickl, H
et als [1974] Dtsch. ned. Wschr. 99, 2386-2392). For exanple, the purified

virus is ed at. -80C wi titear of : 5@/ figihaus &1l 1 n
about 10rr§h%%?§/,ac§w W&%%N v#cior (z)‘ré(%?ﬁgﬁw-p%%par gﬂcgﬁ’i%fl \%@(’:‘ci ne shots,
e. 9. 102708, Bpid g %eofp(é%tvuﬁwnt%re, 4 yopbicuiaredmbodovent of the

phosphat e saline (PBS) in the presence of 2% pﬁ%;one and ]i% human
al bumi n i ny@BeATPOWantion efenabins atiy assmiaigsatien At efifat V9EYYT t'He

vacci ne shots can be produced by stepw se 20 freeze- ' f dRgVinkUs in
a fornul atiherapauiisaifor rifiestiven %Qﬁ'ugg%t dind aﬁgg‘%i bneﬁm%g%ﬁti gs sugﬁ as
~manni tol, dextran, ,su lyeing,: hooReinyvinay L ptiarol)i done or
ot hertladdi ﬂo\‘?ﬁgﬁ%ﬁ a&’s% gh%i%)%bggrwgegiaqﬁﬁeﬁ gas, gwst abilizers or
reconbi nant proteins (e.g. human serum al bum n) suitable

If the vaccine is a MVA-BN vector or derivative thereof comprising a DNA
according to the present invention a particular embodiment of the present
invention concerns a kit for vaccination comprising a MVA-BN virus vgctor
15 according to the present invention for the first vaccination (,priming®) in a
first vial/container and for a second vaccination (,boosting®) in a second
vial/container.
T(hus the invention concerns in the vaccine embodiments a vaccine
comprising a nucleic acid, a vector or a fusion protein according to the
20 present invention and the use of said nucleic acid, vector or protein for

the preparation of a vaccine.

According to a further embodiment the invention concerns a method for
| protecting an animal, including a human, against an HIV infection by

25 administering to an animal, including a human, in need thereof a fusion
protein according to the nresent invention, a nucleic acid according to the

present invention or a vector according to the present invention.

Moreover, the invention concerns a method of producing a protein

30 according to the present invention, comprising the steps of (i) transfecting




for in vivo adm nistration. The glass anpoule is then sealed a ehfa%gg 25
stored between 4C and roomtenperature for several nonths. Howe ov

|l ong as ngd@aeGxi sts the anmpoule is stored preferably at tenperatures
bel ow -20C. For vaccination the |lyophilisate can be di ss&#C¥gR0} oD 1 to
0.5 m of an aqueous solution, preferably physiological saline or Tris
buffer, and adninistered either systenmicd@ |y or locally, i.e. 30 by
parenteral ly, .intramuscularly or any other path of adm nistration know 09
Nov 2006 WD 03/097675 PCT/ EP03/ 05039 21 to the skilled practitioner. The
mode of adrf APSt P8I MGH) atecidissacianat & vectoruadwerdifg B @bsédeaiti ons can be
optim zed biywérqtc?@i zk(i.él.efd 1.n thg aét in a known manner. Most preferred
for poxvirus vectors \i's "YGEHIE EBSCR Wiitherdialveaterraceimdimgte thé on. 5 | f
t he vacci neyssedt v ispatd t her.eof. c i Si a, DNA
accordi ng tepb t he m%??r?tn'?ﬁ@gﬁ(to?%%aﬁg ﬂégrf |¥€Otﬂ QEOfgﬁh%%ﬁtang?e%t% present
i nventi on d¥IRd@elioftstepadndntiss rrebttnl bbst b V)ﬁ@féﬂ?i)i andt@\?)rr%{%%\v’érjiﬁ§| ly
effect‘_j‘ve gﬂoﬁnts in%first i nocul ation ("primng fo 1'noculation and
in a second TAOE Ui YR T boosting inocul ation"). If the vaccine is a
MA- BN vector or derivative thereof conprising a DNA according to the

pr esent in\{r%nti on a particular enbodi nent of the present invention
concer ns a Kiginventivadariadriremte9FBHS < | b ic AR
according to the present inventi gggfﬁoor%lt{a%le]gfgw%@%f@\&f\gc%@t%/g‘%tcgl?églqﬁ ng")

in a firstoNA ¥9tesmcapréingaiod heoprasest dovahtiaror ety (/09Sirang”) in a
second Vi %{:ﬁﬂ%%iop}gfn Thus the inventigon concerns in the vaccine

enbodi ment s a vacci &4 § SIPRFTH IAYRNEPR- acid, a vector or a fusion
proteign according to the 20 present invention and the use of said nucleic..,
acid, vector or protein_for

According to an alternative embodiment the fusion protein may comprise-
at least three different HIV proteins selected from Vif, Vpr, Vpu, Rev, Vpx
and Tat. The fusion protein may preferably comprise 4, 5 or all of said HIV
proteins. A typical fusion protein according to this embodiment comprises
15 the amino acid sequence of the HIV proteins Vpr, Vif, Vpu, Rev and Tat or
derivatives of the amino acid sequence of one or more of said proteins. As
pointed out above, the order of the HiV proteins in the fusion protein is

not critical. All preferred ernbodiments as specified above also apply for
this alternative embodiment.

. O




the preparation of a vaccine. According to a further enbodiment_ the
i nvention concerns a nethod for protecting an ani mal, incl udi r?& '\E’Vﬁﬁ%n,

againstxfgmjﬂ%ﬁ%ﬁfection by 25 administering to an ani nalgr/EmglEdeng a
human, i A88d*Fhereof a fusion protein according to the present

invention, a nucleic acid according to,4he present invention or a vector
according to the present invention. Moreover, the invention concerns a

" nethod of producing a protein 30 according to the present invention,
conprising the steps of (i), transfecti.n WO 03/ 097675

PCT/ EPO3/ 05039 22 a host éEPY@§P§ﬂ18'ﬂﬁé$3P§q§ ng%r a vector according to
the present invention or (ii) infecting a host cell with a viral vector

- according to the present invention, (iii) expressing the .fusion protein in
the transfest gdschegiatepteséniatiop ¢fi Annealing of Rligeinclaglifiede | of step

(ii), and v) recovering 5 the fusion protein., The,l V]% wetdher

rel ates t§Heosictoed Bbowséhgfééﬁte@b”@QWOHP@@@&L@!%O&?%&%QM éﬂé/}leéc%lgg@
according to the present inventio r..i.nf; I e Yheatapaver or

accori@i ng StedRd pRE<Eit b?rﬁ%ﬁ?’e&ﬁbﬁfgnﬁé@@ﬁﬁﬁﬁyto an %[@?egna(ti Vpgfﬁ

embodi ment.. .t he. f usion prateln.dreyhieAnXhilSEs aatrdotestdingresvayiiferiet H vV
proteins ggfeéﬁneWr%W%’%pr’, \}pu, Rev, Vpx and Tat. The fusion protein
may preferﬁgymeq-gg@},i se 4, 5 or all of said HHV proteins. A typical fusion

protein according to this enbodi nent conprises 15 the am no acid sequence
of the HV proteins Vpr, Vif, Vpu, Rev and Tat or derivatives of the am no

aci d sequence .of . qne o[, nore ' iiRS. intisesf et blalbove, the
order of tH& i@ \w Wé{‘ﬁ§ﬁeﬁeﬁ%§§%§f%ﬁﬂ%rggggiorﬁ?g”gr?ot critical. Al
~prefe

&f}r ed BODQH JHNY ShawsIPEGAAmsinabaerienkcsonidphy roTfragmiestaiieeY At ive
e ' mentéoding fragment shows an overlapping sequence with the rev gene (grey).
| The PCR fragments are denatured and the overiapping complementary
ends are hybridized. The resulting gaps are filled using Pfx polymerase.
The vif-vpr fragment is fused to a overlapping sequence of the vpu-rev

15 fragment, which again is used for fusion.

Fig. 3: Cloning strategy of the sequence encoding a fusion protein
according to the present invention in a recombination vector for
insertion of foreign genes into the MVA genome

20 The fused vif, vpr, vpu and rev polyprotein coding region was amplified
with primers comprising a Clal and Apal restriction site. This pCR product
was cloned into the Clal/Apal cutted vector pBNX65, which contains the
Poxvirus ATl promoter. The tat coding region was amplified by PCR with
primers containing an Acc65l restriction site and ligated to the AccHbl

25 linearized pBNX65+vif-rev. The resuliing expression cassette (ATI
promoter + sequence encoding a fusion protein according to the present
invention) was isolated by Pacl restriction and inserted in the
recombination vector for insertion of foreign genes in the MVA genome 4L
intergenic region (pBNX39). PBNX39 contains sequences homologous 1o

30 the flanking sequences of the insertion site of the MVA genome (F1 i4L




20 7)) 09 Nov 2006 WD 03/097675 PCT/ EP03/ 05039 23 Short Descrkﬁt'on of the
Figures Fig. 1. Schematic presentation of Annealing of oligonu A% The
pi cture sl;;‘p(y\@w&glq&ganneal ing of four Aigonucleotides. They are single 5
stranded and can be anneal ed by conpl enentary ends. The gap¥Easmsofoilled in -
w th a pol ynerase, which exhibits a proofreading activity (eg Pfx

pol ynmerase). Fig. 2: Schematic presentatén of annealing of four genes of
the bl ob 10 The vif gene shows a overl appi ng sequence with the vpr .
fragnent, the v codi ng fragnment shows an overl appi ng sequence with the

u
rev gene (grad .E2 I4hp fReRsdleatimeof sewmbmtmms%%ﬁmﬂgrgqﬁppi ng
|

conpl enent ar, ds .are hybridized. The resulting gaps are ed using Pfx
pol yrer ase. rg?ﬂ%ﬁﬁ‘?ﬂ%P#ﬁ%@ﬂ&hgengmq}g@@ QBN&EEgibelvapfﬁm@dSiéimahye of the
vpu-rev 15 tba f (el ¥ in faor fusion. Fig. 3: oni ng
strategy of th?@%&ﬁg&\@ge@]n%%é gprbj%g?m%sdﬁéﬁﬂgeéﬁi&g%ﬂ%%@rt he
present i nvéntrification ef reecottinnat Vpnsy¥eaRr iof el L, gn genes
into tl%e I\Nﬁ er]oma 20 The fused vif, vgﬁﬁ Svégﬁété%%e?g%/é%%%ygéigﬁ%ﬁ g’lycodi ng
regi on “was f?%l’{? PERdS raFembyiatinst bebwapt Fiimgl and akepest Arplercesdfri ction
site. This ﬂgﬁk%gﬁ{“&tt was cloned into the Cal/Apal nutted vector pBNX65,
whi ch contains t oXvi rus ATl pronoter. The tat codi ng region was
anplified by PCRwith prinmers containing an Acc651 restriction site and
ligated to the Acc651 25 linearized pBNX65+vif-rev. The resulting

expressi on EibSEI e qmatic presentation of de @A cemeask ng a fusion protein
accordi ng tﬁwmgorﬁ)@isent]. i nvention) was isolated by Pacl restriction and
inserted in the i Higa" dFenpee.onhichr shawe chiaactefistiofrigmegines in the.

MWA geapone d#br restriction with Hind I (A-0). The non functional region between the )
141 and the 15L genes is located in the | fragment. Insertion of foreign
genes using pBNX39 occurs at position 56767-56768.

d}




intergenic region (pBNX39). PBNX39 contains sequences honol ogou[%i{odég t he
fl anki ng sequences of the insertion site of the MVA genone (F1 oV %

2006 {9@0(39677@7-5 PCT/ EPO3/ 05039 24 and F2 14L). For Bl of
"~ reconbi nant” viruses after honol ogous reconbination of the MVA genone and
PBNX39 the vector additionally contaifijs the E. coli gpt gene

(phosphori bosyl transferase gene). After purification of reconbinant

" viruses, the selection cassette is deleted by 5 honol ogous reconbi nati on
between Flank 1 and a repeat sequenge ofl flank 1 (Flrpt). Fig. 4:

Schematic presentation of the MWA ¢ YOHR'S%A contains a |inear genone,

whi ch shows characteristic fragnments 10 after restriction with Hnd 111

(A-0). The non functional region between the ' 14L and the 15L genes is

| ocated i fydtgatioh! FUTBNA crieoeing arHif VifeY pi-yipLgBrst aldisiphBRXEY N occur s
at position 56767-56763. 09 Nov 2006 WD 03/097675 PCT/ EP0O3/ 05039 25
Exanpl es GCeneration of a DNA encoding a H'V Vif-Vpr-Vpu-Rev-Tat fusion

protein 5 The single gen of ..t,he H V gen r j rmPrepasedopy PCR
out df gdnBnFiESNBERSS Qgﬁ?ﬁwyme%@Q&gp@%ﬁcge?agggs@ﬁﬁ hgti cally by a
techni que,_ whi ch : ek igietedoleldranmibtoaliiby /i a

over | appi r%f%e”fﬁlge@]@ég&?aﬁg[r%]ﬁahﬁﬁ@gf themr_esul ting single, stranded gaps. 10
For the olihgRAkGlattidn ibaseddganenannonabng ddilggNHESBHE DY Pgenes,  whi ch

are to be inserted into the nucleic acid encoding..th ' in

accor di ng dwertdppipg esgbentayanti h|n @gﬁ%‘? ‘%?ﬁg’&%%f‘gg‘? it’%l%lrs]a%dﬁaﬁsgbp

overl aps were designed. The sequence of the oligonucleotides is based on
© 1 For the oligonucleotide based generation of coding regions of genes,

which are to be inserted into the nucleic acid encoding the fusion protein
according to the present invention, AOmer oligonucleotides with 15bp
overlaps were designed. The sequence of the oligonucleotides is based on
the genomic map of the HIV1 isolate HXB2R that is derived from strain
15 111B. The oligonucieotides for the annealing reaction or the PCR for
isolation of the required sequence were designed in that way, that in the
resulting coding region the stop codons for translation termination were
deleted. The tat gene was synthesized using oligos containing a Stop
codon as this gene was to be inserted at the last postion of the nucleic
20 acid encoding the fusion protein according to the present invention and
therefore should contain a stop triplet for a correct termination of

translation of the polyprotein.

For the oligoannealing rection 10 cycles of a two step Pfx polymerase

25 (Gibco-BRL) reaction (denaturation at 95°C and annealing/extension at
68°C) were performed. During that reaction the overlapping sequences of
the oligos become annealed and the gaps are filled in by Pfx proofreading
polymerase (Fig. 1).
For synthesis of the vif coding region, the first encoded gene in the

30 nucleotide sequence encoding the fusion protein, a PCR using genomic




the genomc map of the HI V1 isolate HXB2R that is derived from(%th{oa%HOBIS
[11B. The oligonucl eotides for the annealing reaction or the P 0

i sol ati onwaj estdogs75 equi red sequence were designed in that way, that in the
resulting coding region the stop codons for translation t&EHERBYISEI wer e
del eted. The tat gene was synthesized usi gg oligos containing a Stop codon
as this gene was to be inserted at the | 48¢ postian of the nucleic 20 acid
encodi ng the fusion protein according to the present invention and
therefore shovlghigg i Q ip for a correct term nation of

transl ation o&_ t he %ﬁ@?@?@%ﬁa-ﬁr&ﬁ %ﬁg WEs geaionamd imgthaotangrthiftiey ¢lres of
a two step PPslingtagien ases ARRI(IG #4605 i on (denaturation at 95C and
anneal i ng/ exégnsi on.at 68C) were pe?&?r_irr%%s%&wgﬂwq‘ﬂﬁg R Raneoier tthe

over | appi ng°SRetféHidsAHieal ingofrif gast s are

f?ll I edp}mn gﬁp%%ywﬁzgﬁﬂgg{ oIg m\?gggﬁ%F?‘gbe%ﬁ%#%%g%@Wﬂ%ﬁ%ovﬁsthe

v <o ng 16l O 00 FIVS Uh s igmmern vao mmbona posysegpraeprce
di g th ' , ng genom Y,

PNEPOID39 _ [% SRHfg\IC}Qg B%A&\t/\ﬁég Jg%f %%ﬁé@ﬁé ﬁ%@%@(%ﬁ@%éﬂd aftRrdsubseguant way,

that the viFCRdBliRNIDIfgitoon wes pf-seest é@ni‘aﬁﬁ?cﬁ 'tﬁéb&?%?BB;ﬂ%r%gn&g%%Og ng

vpr gene foErO %ﬁv subsequent annealing of vif and

regi on, which @gé’egﬁ)g'%f@%g’if%ﬂ\!pﬂ,Mcﬁl%dﬁ%gimé@aft}@?%pprepar ed by
anneal i ng Qj‘ocﬁn%%%ﬁoingonucl eotides. The resulting gaps were ti1lled and

after subsequen CR for anplification the product contained the vpr

coding region fused to flanking regions for vif and vpu, which was to be
inserted after ,vpr coding region. 10 The Vpu coding region was anplified
by Pcigeout T%‘Ie Y Cogiree semianusasiamplified by PCR out of the same cDNA used )

for synthesis of vif and the resulting product contained the flanking
regions for fusion with vpr and rev,

- The rev coding region was synthesized by annealing of 14

oligonucleatides, which cover the region bp 5970-6045 and 8379-8650 of

the HIV HXB2R genome and 15 bp overlaps for annealing with vpu and
tat.

15

The tat coding region was created by using 10 oligonucleotides, which
20 cover bp 5831-6045 and 8379- 85466 of of the HIV HXB2R genome. )

The vif and the vpr coding region as well as the vpu and the rev coding

region were fused by annealing of the two fragments via their overlaps

with a two step Pix polymerase reaction (Fig.2). After additional PCR
25 amplification of the fusion products, the fragments were purified and
ligated to each other via the overlap of vpr and vpu (Fig. 2). After PCR
amplification of the resulting product (coding sequences for vif-vpr-vpu-
rev) the tat coding region was fused by cloning of the vif-vpr-vpu-rev
fragment and tat in adjacent cloning sites in a pBluescriptkKS+ vector

30 containing the poxvirus ATl promoter (Fig-3, pBNX65). The complete




for synthesis of vif and the resulting product contained the f%gqﬁ&gg
regions for fusion with vpr and rev. The rev coding region was sSynth %?zed
by annegkj%%}g%;l4 15 ol i gonucl eoti des, which cover thePCEFPrOHIIE 5970- 6045
and 8379-3 8 of the H V HXB2R genone and 15 bp overlaps for annealing
with vpu and tat. The tat coding regi @i was created by using 10

ol i gonucl eoti des, which 20 cover bp 5831-6045 and 8379- 8466 of of the HV
HXB2R genonme. The vif and the vpr coding region as well as the vpu and the
rev coding ks i cltrBetrioword nadrmpedtediia their
overl aps %ﬁ?ﬁggng%g%%g%qgggtg%?i%%??géﬁgggition (Fig.2). After additional
PCR 25 anppBhixest @mﬁ, ). RBEXBIscontnodegtsncachBomadegrewd & Hee &¥rifi ed
and ligated to eac

ther via the overlap of. d Fig. . 2), Aft
PR anp | EFRTROR ROl BHawECBGFROTy Thr GHILE oY BBdieAl LSt daggfome! "
i f-vpr-vpy- _cadi ' fused by cloning of th
Vi - vpr-veupes) by H e Rl Rd P AR e ey oFoni pg sites in a

pBl uegcri pt KS+ vector 30 containing the poxvirus ATl pronoter (Fig.3,
pBNX65). The conplete 09 Nov 2006 WD 03/097675 PCT/ EP03/ 05039 27
expression cassette was then isolated by Pacl restriction and inserted in
pPBNX39 (Fig. 3). PBNX39 contains sequences honol ogous to the MWA genone,
which allows insertion in a non coding region (14L) of the genone (Fig. 4)
by honol ogous reconbination. 5 09 Nov 2006 28 Clains Fusion protein
conprising the am no acid sequence of at |east four HV




proteins selected fromVif, Vpr, Vpu, Vpx, Rev, Tat and Nef or derivatives
of the am no acid sequence of one or nore of said proteins, whe

fusi on protein does not contain speci®ic cleavage sequences for cellular
prot eases, which mght trigger the generation of H 'V proteins having the
natural N- and C-termni, between tE .amno acid sequences of the HV
proteins that formthe fusion prote ﬁ"‘“&ﬁd wherein a derivative of the am no
acid sequence of an H'V protein is an am no acid sequence showi ng a

honmol ogy of at |east 50% when the corresponding part of the am no acid
sequence i nlt he Fupsoroprofsimoemnprising thempraneacid scquierccarfiab astdbar BB{uence of

the respective H V protein.in t V-1 isplate 2R nebank. accession
nunber K03455) . Iirpt&%ffsslegeﬁ{%wg%?]ﬁﬂ ?@5’0 W’ﬁé’xt g‘%:ﬁ ﬁ?ﬁ&gﬁﬂ’fe‘f'b"é’ivﬁmfeﬁe
honol ogy is at |gfaht aB@feaciBseqhbride @ oRé BF Rloft SRR ProtenB, WhgeATh&o aci d

sequence of at least four HV proteins selected fromVif, Vpr, Vpu, Vpx,
Rev, Tat and Neflusiongsptpipaioey aet coptain sneciiei oeavagd squegeefereelbflanne or nore

of said proteins el . i rotein. d ot, contaln_specific
cl eavage sequenc S %{S’ {_(’:er}llc}l%ﬁ g?gtﬁ%?%tqggg%%fatﬁiOgﬁﬁmqurﬂiielr{srhf’&l&éthohe
generation of HhatpabNeambChawing betfween fat dniiab abld sdqi@nbestFhikd HIV bet ween

the am no acid sequences of the HV proteins that formthe fusion protein
and wher ei n t he RferiRzdpstfarmg thefysion penicinand whersin pderivative phthe amingart  of
the fusion protejsyi AP0 QR Hiei nee i ' NRLwi than 10
am no aci ds are del eet%ig , E:i nsert@?@?eﬁg%ggaﬁﬁ%%%%%gg%t al F\V“%?HI V protein
with reduced acthomdlygpof atdeast50%,) wierathe catrspodding psit ofitharantisd acidccor di ng
to anyone of clains 1 to.3,. wherein the HV proteins are selected from
VT Vpr. Vpx,  ViSHUeRen e e Prajein iipransens ©36e smine seidisansase of n

according to anyifheees@&ctﬁleqmspr%te&&nﬂhe EQVPI is81ROHKRORABEABanACI d sequence
of the HV proteins Vif, Vpr, Vpu, Rev and Tat or
accession number K03455).

2. Fusion protein according to claim 1, wherein the homology is at least 80%.

3. Fusion protein comprising the amino acid sequencé of at least four HIV
proteins selected from Vif, Vpr, Vpu, Vpx, Rev, Tat and Nef or derivatives
of the amino acid sequence of one or more of said proteins, wherein the
fusion protein does not contain specific cleavage sequences for cellular
proteases, which might trigger the generation of HIV proteins having the
natural N- and C-termini, between the amino acid sequences of the HIV
proteins that form the fusion protein and wherein the derivative of an
individual HIV protein that is part of the fusion protein is an amino acid
sequence in which not more than 10 amino acids are deleted, inserted or

substituted to obtain an HIV protein with reduced activity or no activity at
all.

4. Fusion protein according to anyone of claims 1 to 3, wherein the HIV

proteins are selected from Vif, Vpr, Vpx, Vpu, Rev and Tat.




derivatives of the am no acid sequence of one or nore of said p O'iﬂ‘hzﬁﬁ 6.
Fusi on protein according to anyone of clains 1 to 5, wherein th

aci d sequences of at least two of the®H V proteins are fused to each other
wi t hout additional am no acids. 7. Fusion protein according to anyone of

clains 1 to,_6, V\EEI’EII’] t he am(go aci d seguences of at l.east twqg of the HYV
pr ot ei ns are < s epRySIRERFOfRin agcording o anyppe ghielaimsohiel 4, SAMRESIAE g aMHN0 Fysi on

protein accordi n&;la@eq%eﬂ&rmﬁéﬂ@wr&&n}vﬁpn@ Wﬂfuse ihg gm no acid

sequence of at |east one of the HI'V protei to a fusion partner
whi ch is not a Hievivativtseifiths ahiotaeil feoenciof pnd/pr momf saidpuoteiRev, Tat and
Nef. 9. Nucleic acid encoding a fusion protein according to anyone of

claimse 1 to 8. 10. Nucleic acid according to claim9, wherein the nucleic

acid is DNAg 11. Fwﬁdﬂoﬁelﬁﬁmrcﬁﬁ%m iy0fe Bf)clﬁlh?sl molfpwh\é&%{ﬁfe@n{lﬁt? expressi on

of the fusion protein fromthe i's controll'ed By regulatory el enents
sel ected from edi@psAvENSSS of polsast Yoo pEtherdli Wirotrinspro frsedtoseach pthelucl ei ¢
acid according t tﬁénﬁa dljtéh 1vvhelrelan1 the viral pronoter is a poxviral
pronoter. 13. Nu el c acid accorai ?18Sto anyone of clains 9 to 12, wherein
the nucleic acid further conprises the coding sequence for at |east one
additional HV protein selected from Gag, Pol and Env. 09 Nov 2006 30 14.
Nucl ei ¢ aci & acchHysipmprotedn a¢earding B anygae @f@'lmtﬂh?el U Meerimte@rdehpri ses t he

codi ng sequence z}(ﬁ’(ﬁ sé @m%ls\éf %g%st RRb oRBd Pﬁ@/vn%xg{e?ﬁ %é;?e&a;agedt%ﬁa%z

conprising a nuclerc accor to anyo
Vect or accor di ngotecadditainai anmommdof clainms 15, wherein the vector is a
viral vector.
8. Fusion protein according to anyone of ¢laims 1 to 7, wherein the amino
acid sequence of at least one of the HIV proteins is fused to a fusion
partner which is not a HIV protein selected from Vif, Vpr, Vpx, Vpu, Rev,
Tat and Nef.

9. Nucleic acid encoding a fusion protein according to anyone of claims 1 to
8.

10.  Nucleic acid according to claim 9, wherein the nucleic acid is DNA.

11.  Nucleic acid according to claim 10, wherein the expression of the fusion
protein from the DNA is controlled by regulatory elements selected from

eukaryotic, procaryotic and viral promoters.

12. Nucleic acid according to claim 11, wherein the viral promoter is a

" poxviral promoter.

13. Nucleic acid according to anyone of claims 9 to 12, wherein the nucleic
acid farther comprises the coding sequence for at least one additional HIV

protein selected from Gag, Pol and Env.




17. Vector according to claim 16, wherein the viral vector is asﬁ\?xw [ us
vector, in particular a Vaccinia Virus vector. 18. Vector accol

claim 17, wherein the Vaccinia virus fector is Mdified Vaccinia \f i rus
Ankara (MVA). 19. Vector according to claim 18, wherein M/A is sel ected

(EORO ™ ol BB e bR Sy ki Al o et e
ECACC under the &ﬁmssehua{bememvf@%%%d% Mefdod of producing a
1 s

protein according to anyone of cla , corrprl sing the steps of
transfecting a host cell with a nucleic acid according to anyone of clains

9 to 14 or W t vect or .accor di.n i m15 or infectin hpst cell with
a viral vector ag?:%?ﬁ?oﬁ@prfsgl%%9%cﬁ%w g?laéiF%ﬁrﬂ’élg tq gnyoge i)g falrg%gﬁ)r g‘gsi ng the
fusion protein in the transfected host cell or the infected host cell, and
- recoverin? the fusion protein. 21. Host cell transfected with a nucleic
aci d accor dlithg t edpranserdine el climsngongpof daimsrl Sawhersinghe siegoridiang to clai m
15 or infected V\%EATVEC raI vector according to anyone of clainms 16 to 19.
09 Nov 2006 31 usi'on protein according to anyone of clainms 1 to 8,
nucleic acid according to anyone of clainms 9 to 14 or vector according to

anyone of f al 15 to 19 as a .nedicanent. 23. Fusion protein according to
anyone of ctains gct{nbacgordm&qo&l%ma](q whe%%&edlmbvwrama%ww vettahns 9 to

14 or vector accurdifGdra RveRevRls v&hi@ M 15 to 19 as a vaccine. 24.
Vacci ne conprising a fusion protein accordl ng to anyone of clains 1 to 8,

18.  Vector according to claim 17, wherein the Vaccinia virus vector is

Modified Vaccinia Virus Ankara (MVA).

19.  Vector according to claim 18, wherein MVA is selected from MVA-575
deposited at the European Collection of Animal Cell Cultures (ECACC)
under the deposition number V00120707 and MVA-BN deposited at the
ECACC under the deposition number V00083008.

20. - Method of producing a protein according to anyone of claims 1 to 8,

comprising the steps of

- transfecting a host cell with a nucleic acid according to anyone of
claims 9 to 14 or a with a vector according claim 15 or

- infecting a host cell with a viral vector according to anyone of claims
16to 19,

- expressing the fusion protein in the transfected host cell or the
infected host cell, and

- recovering the fusion protein.

21.  Host cell transfected with a nucleic acid according to anyone of claims 9 to
14 or a vector according to claim 15 or infected with a viral vector

according to anyone of claims 16 to 19.




a nucleic acid according to anyone of clains 9 to 14 or a vector accordlng
to anyone of clains 15 to 19. 25. Use of a fusion protein accor

anyone of clains 1 to 8, of a nucl ei 1 aci d according to anyone of clains 9
to 14 or of a vect or according to anyone of clains 15 to 19 for the
preparation a.vacc e of the fu5|o §1Otel acco ding to any

one of the & al B U d’r%teuht?ﬁ‘f(g 108 10 aBYoRe: 8F LGSt & Yn: dRslelt aEidains 9 to

14 or a vector ageerdh@® hRycHRYof Qs t&h@'dffﬁreét%rfaecol&n b ahfishengnuf act ure
of a nedi canent for protecting an aninal, including a htman,” agai nst an
H V i nfection. c¢laims 15 to 19 as a medicament.

23.  Fusion protein according to anyone of claims 1 to 8, nucleic acid
according to anyone of claims 9 to 14 or vector according to anyone of

claims 15 to 19 as a vaccine.

24.  Vaccine comprising a fusion protein according to anyone of claims 1 to 8,
a nucleic acid according to anyone of claims 9 to 14 or a vector according

to anyone of claims 15 to 19.

25.  Use of a fusion protein according to anyone of claims 1 to 8, of a nucleic
acid according to anyone of claims 9 to 14 or of a vector according to

anyone of claims 15 to 19 for the preparation of a vaccine.

26.  Use of the fusion protein according to any one of the claims 1 to 8, nucleic
acid according to any one of claims 9 to 14 or a vector according to any
one of claims 15 to 19 for the manufacture of a medicament for protecting

an animal, including a human, against an HIV infection.




