WO 03/ 097675 PCT/ EP03/ 05039 Fusion protein of H 'V regul atory/ accessory
proteins The invention relates to fusion proteins conprising the am no
acid sequens®Iwlhs at | east four H 'V proteins sel ected fromCViHPN3/85089 Vpu,
Vpx, 5 Rev, Tat and Nef or derivatives of the am no acid sequence of one or
nore of said proteins, wherein the fusion protein is not processed to
individual HV proteins having the natural N and Ctermni. The invention
further concerns nucleic acids encoding said proteins, vectors conprising
said nucleic acids,_and nethods for producing said proteins. The fusion 10
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partial prophylaxis against H V infections. Background of the invention 15
The Human Innunodef|0|ency V|rus (H'V) is the causative agent of the
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predicted on the basis of the data a decade ago (WHO & UNAIDS. UNAI DS,
2000) . G obabhgernshrudiaitbacidsfenvding gaid prétecns,oresctors cooprisdng said nat ed
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nucleic acids, and methods for producing said proteins. The fusion
10 protein, nucleic acids and vectors are usakle as vaccines for the at least

partial prophylaxis against HIV infections.

Background of the invention
15
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 still increasing. The World Health
Organization estimated the global epidemic at 36.1 million infected
25 individuals at the end of the year 2000, 509% higher than what was
predicted 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 million.



G ven the steady spread of the epidemc, there is still a need to bring an
effective vaccine to the clinic. A nunber of different H V-1 vaccine

del i very wetmapmgs es such as novel vectors or adjuvant syCEmPSBINE NOW
been devel oped and evaluated in different pre-clinical settings as well as
in 5 clinical trials. The first vaccine candidate that entered a phase-I11|
clinical trial is based on envelope gp 120 protein in alum (Francis et
al., AIDS Res. Hum Retroviruses 1998; 14 (Suppl 3)(5): S325-31). The
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be too successful in the earlier phase Il trial. ol | ow ng many~years
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cused on the use of rggul at or protei ns such as Tat, Nef
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1913-8; Addo et al., PNAS, 2001, 98, 1781-6). 25 Although the
regul atory/ accessory proteins of HV induce an effective imune response,

most, 1T noFofblingmiRe PeBr orSSidgfactid9atline tforts based on envelope
antigens, more recent efforts have focused on the use of regulatory
proteins such as Tat, Nef and Rev as candidate vaccine antigens. The use
of these regulatory antigens in therapeutic settings 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, 14, 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 SlVmac (Osterhaus et al., Vaccine 1999, 17, 2713-4). Moreover, there are
indications that CTL directed towards the virus early regulatory 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).
25
Although the regulatory/accessory proteins of HIV induce an effective
immune response, most, if not all, of them have serious side effects,
which limit up to now their use as vaccine: Nef, Tat and Vpu have been
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.,



which Iimt up to now their use as vaccine: Nef, Tat and Vpu have been
shown to play a role in the down regulation of CD4+ and/or MHC class | 30
expr essi owo(oslowesroft et al., Science, 1993, 260, 1320-2; Schmmeod/esoss al .,
WO 03/ 097675 PCT/ EPO3/ 05039 3 Nature Med. 1996, 2, 338-42; Swann et al.,
Virol ogy, 2001, 282, 267-77;, Janvier et ml., J_. Virol., 2001, 78, 3_971-6,
Wei ssmann et al., PNAS 1998, 95, 11601-6). It is known that Tat nedi ates
acute i mune suppression in vivo (Cohen et al., PNAS, 1999, 96,
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to be harnful. To reduce any harnful effects of the HHV proteins that

resul t10f r ond WHEC@Péc&\Vﬁ@JéaBPnt he fusion protein WD 02/06303 suggests using
attenuat ed proteins. Thus, WD 02/06303 teaches to use a :

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 seguences,
which make up proteolytic 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 WO 02/06303
suggests using attenuated proteins. Thus, WO 02/06303 teaches to use a
fusion protein comprising the HIV Vif, Vpr and Nef protein, wherein

25 cleavage sites are inserted between 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
protein differs from the amino acid sequence of the native protein so that

an immunization with the attenuated protein may lead to an immune



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

pr ot ei ns wWpa3adtteehuat ed proteins. However, the di sadvant ageTaro3/etosenuat ed
proteins is that the am no acid sequence of the attenuated protein differs
fromthe am no acid sequence of the native protein so that an inmunization
with the attenuated protein may lead to an i mune WO 03/ 097675

PCT/ EPO3/ 05039 4 response ‘that only weakly recogni zes the native protein
or that eve g;rigﬁ% q\&r}%k j [ i Fg%in f the
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al | owi ng t heot peoograzeé dhe ofative mfoteict atvalli nmune response, in particular an
effective cytotoxic T cell response, against several or all

regul atory/accessory 10 proteins of H'V, wherein the regul atory/accessory
H 'V proteins in the vaccine or produced by the vaccine are | ess functional
than the native, individual regul atory/accessory proteins so that the risk
is redyced that the accessory/ iqgecebPtie PRPERIGR | N the vaccine exert
undesired side effects and wherei'n the | ess active HV proteins induce a
simlar inmmune 15 response than the native HV proteins. Detail ed
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H 'V proteins having the natural N 25 and Ctermni. |n particular the
obj ectl0of tROtgINSs@hH Y nVvBRteiIBrihRdegHELAry/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 HIV 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 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 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.



achi eved by nucleic acids and vectors encoding said fusion proteins. If the
fusion protein is produced in animl cells, including human cells, the

fusi on prwODa@BM9i635 not cl eaved by cellul ar proteases in suecTE&PMEYSBhat 30
accessory/regul atory proteins with native N and Cterm ni are obtained. WO
03/ 097675 PCT/ EPO3/05039 5 Due to the fagt that an H'V protein that is
part of a fusion protein has an altered secondary/tertiary structure
conpared to the individual HHV protein, the H'V protein in the fusion

protein is | i |+t Ji 6l M [ [
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even not fuatteredsecandaty/tdoémrynsirubiane carhpatstiies thethgivitugfHigct s of the
H'V protein in its naL&ve conformation, As far as the inmmunogenicity is
concerned t REPEEINsthg HeVipyolginitaIthei fuswincRtateinifelessfenchinnab thay of
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HIV rogut ac i S PP TS S lstinb BREY A teedl dhe Ve at ool n 1
particuwl ar pheteinithanps RisstABtIbALI OF Ef&H %@_@unwiéﬁ?laﬁm%eé%tth%ve

cytotoxic T cell (CTL) response since the epitopes are presented to
the i mune §fetdseairedi vidatdftests offblee SHifeproteinsindés attivescamfsomatiphy Asf t he

fusion protejn_J mnistered.,to the atient. 15 In the context of the
present i nvi%{?{?%ﬁh?ﬂ@mlé??ﬁeww I QPEPEPQ%J ﬁ?ﬁfeHﬁ\WO @V'B%ut@,n%?thlgﬂ ©nCel ade) ,
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(A through %{ %i (];h are all covered by the scope of the present
i nventiPon. HHE AR fUpioBrRAteln. nwagtishay thekeisinagubstantiapeftasance

with respect to the cytotoxic T cell (CTL) response since the epitopes that
are presented to the immune system are identical. The same
considerations also apply if the fusion protein is administered to 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 particular, HIV may be HIV-1.or HIV-2. HIV-1 has been classified in
nine subtypes (clades A through 1), whereas HIV-2 has been classified in
20 five subtypes (A through E), which are all 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, Vpr, Vpu, Rev,
Tat, Vpx and Nef are known to 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



invention are HV-1 clades A, B and C. However, the invention is not
restricted to these nost preferred clades. 25 The protein sequences of the
H V regulaomsypIprdteins Vif, Vpr, Vpu, Rev, Tat, Vpx andPREfEPas/esoBnown to
the person skilled in the art. By way of exanple and w thout being
restricted to said enbodinents referenc& is made to the various sequences
as disclosed in the genebank database, in particular to the sequence of
the H V-1 isolate HXB2R having 30 the genebank accession number KO03455. In
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various H V1 genes and of the proteins encoded by sai genes 1 s “specified.
Pref erabl y 8f@esIssspedfieflns that formthe fusion protein are derived from

5 the sane d ade. According to an alternative enbodi nent the H'V proteins

that formthe fusion protein are derived fromtwo or nore clades. It is
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the HV pro&%gsth?{@nformthe _ .
that are en A BythensisierHPotedd pae slerivieddromhisvo aimimoreaclatlese duisnalsoof
the HV pr i i [ p innhs identical. to the am no acid
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occurring Hiré Hiollabemeindl ¢ tigdi ved b_rtrHGr@BLEH’e ﬁﬁvgar%?ém%”cﬁ%t eormqpg or
nore H'V proteins in the fusion protein may be a consensus sequence, i.e.
a sequence THRIAN REOtei BrenklVridprokeifsund in a known HV isolate but that
shovvslém optimal honology - in particular with respect to
The amino acid sequences of the HIV proteins that form the fusion protein
are preferably sequences that are encoded by known HIV isolates, i.e. the
amino acid sequence of the HIV proteins in the fusion protein is identical
to the amino acid sequences of the corresponding proteins as encoded by
15 naturally occurring HIV isolates. Alternatively 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
isolate but that shows an optimal homology - in particular with respect to
CTL-epitopes - to several or all known HIV isolates. Computer algorithms
20 to calculate a consensus sequence are known to the person skilled in the
art.

In an alternative embodiment the fusion protein may comprise derivatives
of the amino acid sequence of one or more HIV 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 to HIV proteins
that have an altered amino acid sequence compared to the corresponding
naturally occurring HIV protein. An altered amino acid sequence may be a
sequence in which one or more amino acids of the sequence of the HIV

30 protein are substituted, inserted or deleted. More particularly a



CTL-epitopes - to several or all known HV isolates. Conputer algorithns 20
to calculate a consensus sequence are known to the person skilled in the
art. In awoapwegmnati ve embodi ment the fusion protein nay @ONEPIFES039
derivatives of the am no acid sequence of one or nore HIV proteins that
are part of 25 the-fusion protein. The term"derivative of the am no acid
sequence of an H'V protein” as used in the present specification refers to
H V proteins that have an altered am no acid sequence conpared to the
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50- 70%,t o |1). other HYV isolates, the honplogy of said Vpr derivative is
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the H'V profgid prHteiRShoW £ MoOLEYbf 959 to the Vpr sequence of one 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 909,

15 It has been pointed out above that the H|V proteins in the fusion protein
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



have a reduced activity, or even no activity at all, conpared to the

i ndi vidual proteins, since the conformation of the proteins in the fusion
protein iwodBPdmrent to the natural confornmation of the biporEpozedoBy active
proteins. However, it mght be desirable to further reduce the risk that
the 20 HV proteins in the fusion proteingare biologically active. To this
end particularly preferred "derivatives" of an individual HV protein that
is part of a fusion protein are am no acid sequence derivatives in which
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be important  for Vif function in viral e cycle (Yang J Biol
Chem 2001; 7§} redigggl agbgify shawista seduicad i tinasrizdibowm ana/be aspeziatiosal | y

associ at ed wi viral. nucl eoprotein conplex and this m ght be
functional | &i‘f‘]egﬁ'}“f@fec%?%%”ﬁ&mﬁ?ﬁ%i-A. et al., J Virol. 2001; 75 (16):
7252-65). Thus, a vif protein wth reduced activity shows a reduced

mul tinmerization and/or assoziation to the nucleoprotein conplex. The Vpr
protei n pl aybeatpri prgdeiraptaysadre impottamtwoteln the eirayttfeecydler vap regul at es

t he nu%I ear igrmo“ 8{ the viral preintegration conplex and facilitates

i nfectlon of SIBA'EH 1&INHg edeimpatt of the Virat Popiniegrationgeemipiex snd al ., Al DS

Res Hum Ret fQYiita¥s€titBH8n oriich arfdin® celfdsiidd %Earllwg&op%ﬁagheas,s(ﬂ\gostini 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

15 activity shows decreased or even no transactivation and/or interaction

with the viral preintegration complex.

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
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 complex 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



transactivating activity nediated by interaction with the LTR (Vanitharani
R et al., Virology 2001; 289 (2):334-42). Thus, a vpr with reduced 15
activity whowwderreased or even no transactivation and/ oPCIPe3/ess9 on

with the viral preintegration conplex. Vpx, which is highly honol ogous to
Vpr, is also critical for efficient viralg replication in non-dividing
cells. Vpx is packaged in virus particles via an 20 interaction with the
p6 donmai n of the gag precursor polyprotein. Like Vpr Vpx is involved in the
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transactivation of transcription via interaction ransact iVati on
response el pretein (NithyedUJ¢ec§:astidiéynshsWsarte€emdetiaitrafﬁaacﬁi\&atam ef ppomoters
transacti vate het I? ous ,pronoters | acking H 'V sequences other than 5 TAR
(Han P. et &'la.t,hel\lﬁéﬁeﬁ %mﬁé‘i’fd Res 1991; 19 (25):7225-9). Thus, a tat

protein with reduced activity shows reduced transactivation of pronoters
via the TAR elenent. Nef protein is essential for viral replication

responsi bl eNebprolieseds essential for viral replication responsible for disease

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
(lwai 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 least 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
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conpriged in the fusion protein in tw or nore copies. Thus, by way of
exanple a fusion protein according to the present invention may conprise
Vif, Vpr, 36dianendrdl M meotebps bsthef fuRéon pFokeiamayp b@Cﬁuld\e/samﬂB@Qte of tBe t wo
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one copy ofaamnelagi@ Meso)corBbinations of both are within the scope of the present
10 invention. 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 amino 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*...p7*+

wherein P1 to P7 are different HIV proteins selected from Vif, Vpr, Vpx,
Vpu, Tat, Rev and Nef, wherein the fusion protein comprises at least four
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 O to n additional amino acids.
When “---“ stand for 0 amino acids, the adjacent HIV proteins 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



Adj acent HI'V proteins in the fusion protein may be fused w thout
additional am no acids or fused in such a way that two adjacent HV

prot ei ns WO oBlgrefusi on protein are separated by at | east @a@/ERdsioiodonal

am no acid. Al so conbinations of both are within the scope of the present
10 invention. By way of exanple, in a fugijon protein according to the
present invention conprising the am no acid sequence of four HV proteins
two adjacent H'V proteins may be directly linked to each other, whereas
the third amdinfoosEiti. i ! j i fi.anal apl no ,aci ds.
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i nventi on pPEPRNGEH PriExPressrd iPelbwi ng general fornula: 20 +P
1---P2...P3---P4---P5*---P6*. --P7*+ wherein P1 to P7 are different HYV
proteins selected fromVif, Vpr, Vpx, Vpu, Tat, Rev and Nef, wherein the
f usi on 5pr ot Acnocdimgrtiosese emb&#AstedtoMr “-- 25s1@inkf i i | ot ei ns,
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i ndependent Yt ands for O to n additional am no acids. Wen "---" stand
for O amno acids, the adjacent H V proteins are directly fused to each
ot her wi thout additional am no acids. Wien "---" stands for 30 1 to n am no

acids the adjacent HV proteins are separated by one to n WD 03/097675
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not an HIV protein selected from Vif, 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 to 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
20 refers to at least 10, even more preferably to 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 amino 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 or
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.

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

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



produced or expressed in cells. 5 According to one enbodinent all "---"
stand i ndependently for 0 to 20, nore preferably O to 10, even nore

pr ef er ablwo®31097635 addi ti onal ami no acids. According to amCalFpes/oms9 ve
enbodi nent at | east one of "---" stands for the 10 am no acid sequence of
an additional protein or a part thereof, mhich is not an HV protein
selected fromVif, Vpr, Vpx, Vpu, Rev, Tat and Nef. Thus, according to
this alternative enbodi nent the additional protein is flanked by
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sequence. | @pitopeskinas rhay inel@ to iedabdadwtadn onmiure foxpepeadeniihyt Sands
anm no acid, Thus, the fusion protein
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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 refers to at least 10,
even more preferably to at least 20, most preferably to at least 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 fu.sion 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
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reference I's nad

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
sequences of the HIV proteins that form the fusion protein. Thus, the
amino acid sequence “---“ as abbreviated in the above general formula
does not contain specific cleavage sequences for cellular 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 cleavage
sequence REKRAVVG (one letter amino acid code) between the amino acid
sequences of the different HIV proteins that form the fusion protein.
Further cleavage sequences for cellular proteases are known to the person
skilled in the art. Thus, the person skilled in the art can easily avoid to
include cleavage sequences for (cellular) proteases that might lead to
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

C-termini. However, this does not generally exclude the presence of

n or

nbodi ment



30 14, 1-9, in particular to the experinent disclosed in Figure 2 of said
WO 03/ 097675 PCT/ EPO3/ 05039 13 publication. Briefly, the person skilled in
the art nwohB/oemsi |y express the respective fusion protePeTiEPOSI0SVBN cel | s
such as HelLa cells; the cells are then Iysed and the cell |ysates are
subjected to Western blotting experinentig or inmunoprecipitation assays
with antibodies specific for 5 the individual H'V proteins that together
formthe respective H'V fusion protein. For a fusion protein according to
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anymore the activity of the HIV protein from which they are derived.

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 following 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 a 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

30 be used for further cloning. Alternatively the coding sequences of an



the cl eavage sequence of a cysteinprotease is Ile/leu-X-Thr-X-A@y. The
proteins according to the present invention do not conprise specific

cl eavage woguerwes | eading to H 'V proteins having both, tReTERVIOBIN and
30 CGtermni. However, this does not generally exclude the presence of WO
03/ 097675 PCT/ EP03/ 05039 14 cleavage sitlig#s for cellular proteases between
the proteins in the fusion protein as long as these cleavage sites do not
nmedi ate the generation of HV proteins having both, a natural N—ternlnus
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The nucleic Preferably the nucleic acid is DNA if

it is i ntenﬂexbdmg seggentetdae algelRd pragdedi e/ BPAtHER)S 5. QYpyiSi ng @ DNA
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encodi;gg th ein according to the present invention. Wthout
bei ng oundgltléwag?gﬁ%w ng nmet hods, the person skilled in the art may

start froma genomc HV clone, froma subgenom c

In order to obtain a fusion protein the nucleic acid encoding said fusion
protein preferably contains a continuous reading frame. Consequently, the
stop codons of all but 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. In 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



H'V clone or fromany starting material, such as plasmds, conprising the
25 codi ng sequence of one or nore of the regul atory/accessory H 'V proteins.
| f the cowbrg/ogwguence of a regul atory/ accessory protei n iPSTIEPO3/OR3F or m of
a continuous reading franme, said coding sequence nay be isol ated by

cl eaving the nucleic acid conprising sai ggcodi ng sequence with appropriate
restriction enzynes. The thus obtained DNA fragnments nay 30 be used for
further cloning. Alternatively the codi ng sequences of an WO 03/097675
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can be easily achieved if for PCR specific priners are used that anplify
the codi ng Asqpeimted sut hbatet tiee susipncpdorin IMmapt denpreedilsiare quardnag t o
this alternative the downstream primer should not be conplenentary to the
stop cddon. Whigh are not HIV proteins selected from Vif, Vpr, Vpx, Vpu, Tat, Rev and

Nef. Thus, the fusion protein may comprise the amino acid sequence of

other proteins or parts thereof. Examples 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 nucleic 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 all 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



20 anplified 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 wodBMgresequence with its stop codon into-the cl oRCAEPIFesy . The
stop codon can be deleted later, e.g. by using specific endonucl eases or
by mutagenization. 25 The result of the igloning steps should be a
continuous reading frame encoding the fusion protein according to the
present invention. The regulatory elenments that are necessary to obtain the
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prokaryotic cells such as Escherichia coli it is preferable to use a
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| east Four FEHIRIBBy? L ERIsEBRYMAr WNpis ciase Hie aeicieiatacigsof the present
invention is part of the viral genome of the respective viral vector and/or

constitutes the viral genome. The recombinant vectors can be used for the
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. [1994], 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 Cell
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



thereof. In a further enbodi nent of the present invention the nucleic acid
may 20 further conprise independent expression cassettes encodi ng

addi ti onawo opogtees ns that may help to further inprove thePCRRPOI®0I0ESpoONse
against HV. In a preferred enbodi nent the nucleic acid may further
conprise expression cassettes conprisingthe coding sequence of at |east
one additional HV protein selected from Gag, Pol and Env or parts
thereof. 25 Even nore preferably the nucleic acid may conprise in addition

h dj f, t,he fusi . i . i .all
WV oot o IeaS T RaPa iy R <P rRUCRA BF & Erleh i 1 RE PR REAY OIS ERER i,
vector. Thesfayct 'r?r%g;?dow Rhenbeatbmiyi Vidhs 98RaIR Uudaidt o hageods of a

viral vector, prete y a poxvirus vector such as MWA. Thus, it is
possi bl e t or&gflicatipress hinoang.He perefaraéd wecbodimart theimvergiat edncanswel |

as the WO 03/097675 PCT/ EP03/05039 17 additional HV proteins,.e.qg,. at

| east one aBd¥lid VURAIVEALY ﬁpat@ﬂm%éh@c@ﬁg ???Qﬂﬁf”@%gt,o Bﬁq péﬁ%?@n{nve%ﬂ@n _
nventhon THABIN T Sha! SRrAAIVES! 8F SVRATEINS 1L eBiFleR! Gragnia EBACER di N
to the present Invention. e term"vector™ refers to any vectors ' known to

the person gksddigidohnott dolagical Aasesisosllormgdeoacydiaats avhetbieora MVAhisas
pBR322 or a vector of the pUC series. Mrxre preferably the vector |

is a
virus vect oMVA-BN ¢ a slerivativer theieopasdemetnademiavingne obkain"MivAaBN
vector" or "yirus vector".refers_to i nf ectio a dpW US
16 conpr i Ry & JeFEAtgen hE et natd: BRaltl L’ et 2% P PHEHE P Xl on
I nvention '§p|ﬁﬁéétiéﬁ tPETYEPOlL /988288 afhithe jsesRerdvivie Vhedtporaeddr Bnd/ or
constitutes the viral genonme. The reconbi nant vectors can be used for the
i nf ectioon ofefesdrice.and cell lines, in particular for the infection of
living

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.

20
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



ani mal s includi ng humans. Typical virus vectors according to the present 15
i nvention are adenoviral vectors, retroviral vectors or vectors on the
basi s ofwoOhg/gmeno associ ated virus 2 (AAV2). Most pref ePCamkpras/esopoxvi ral
vectors. The poxvirus may be preferably a canarypox virus, a fow poxvirus
or a vaccinia virus. Mre preferred is npdified vaccinia virus Ankara

(MVA) (Sutter, G et al. [1994], Vaccine 12: 1032-40). A typical MWA strain
20 is MVA 575 that has been deposited at the European Coll ection of Aninal

Y N R A R e

appl i cat i onmBGTedshPldrhds2de furtker stithbke fAseiieanitést ent Office on Novenber
22, 2001, entitled "Mdified Vaccinia Ankara Virus Variant". 25 MA-BN has

been deposited at the European Collection of Animal Cell Cultures with the

deposi tion r V0008 8. usin - er] i er eof
the additi Oﬁ%@f@éﬁ%ﬁg& ‘y%r‘g%q%gﬁn Wasggﬁ“apg%/?@ﬁ Pg?ggggqq’d@aga%%%ﬁ% | ar
safe virus yadgigiongl aaaioistal lHehes ssiectdie frdfAHBNQAY, USoVgAHOENY EedBs in
extrenmely attenuated virus, Wwhich is derived 30 from Mdified Vaccinia
Ankar a vi r uheavidahv@eérndmies it hadidorto Zbd doylingsewne0ae (017 676 fU=ioNn EPOS2IN5039
18 loss of its cars)agil't to retpr.odu tiveM/ re Iifcat? i,n humaB ce{ls..

WA BN i s SCHATdR U RSERRT IGIFIQMCMaRR PRI PaD4 e KUAKYECHY 4 ack
of replicati ' ggﬂﬁz i f [ ISR cerns
as a viral aé/ée@[bgrlgrcgﬁt I nyhrémtvﬁgw&?%@?ﬁggtagm? \étég?!glssent I rlle ntion 5
MA- BN and Relr avdt EnesirofadditteBNo The datihgr ssquéndd/foBiihet fusiordgroteipt i on
of biological assays allow ng to eval uate_whether a WA is MWA-BN or a
derivabi ve a¢raabig dadthetregentlinwatien-t 6hese AdfipRabgenss Bight inaYe ve

thereof ar %Qé'r? Cilngaﬁ%di QNittlt?etl‘?‘gogmeaEfn%rc?é]gegcf?JCTaccording 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. It 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



application PCT/EPOL/ 13628, which is herewith incorporated by 10
reference. Thus, according to these enbodi nents the invention concerns

pr ef er ablwo oao9mednbi nant MVA, such as MVA-BN, conpri si ngPCR/EP0&03037 al
genonme an expression cassette encoding a fusion protein according to the
present 15 invention. Methods to insert gphe nucleic acid according to the
present invention into the viral genone and nethods to obtain reconbi nant
viruses are known to the person skilled in the art. 20 In a reconbi nant

vent on i o5/ BHErERRaE eclon STBIAT AR & tha g laesiof A iER T bts Bna

control of @npoxedriisthe erptegsiomenssattef Biablrytedh i@ expased nbangi r us
pronoter. The insertion of the DNA according to the present 25 invention is
pref er abl y ifYBUBE SYRlEBEH PAPacHE BRNYING FRSRANSEsisg@i®ath. I n  anot her

preferred e | £ L QW 1,0 t het.er ol nuclei.c. ,acid-
sequence | sm%g-legﬁghq%twéagﬁ}#@gﬁv {gicecﬂé]%'ﬁg{'ggllaﬁﬁ%ﬁ%sl?}f édB?'”{%S“”g a
poxviral genegtor( dcgordingdid thBCHHERIR/ 1RRZ6bN, HavpweficulaPea NALAI Qeéfor, t he
insertion site is not critical for the present invention as long as a WO
03/ 097675 POTOIEPPBIfOETIY a poxvises vBCtamimasiceiaierahbly rueaddnisbtinalnedctorhus,
t he person skill R&(é?’@}i e art nmay easily envisage further suitable

i nsertion sPt&s? 'y the viral vector, in particular the poxviral

vector may conprise 5 additional retroviral genes selected fromH V Gag,
Pol and Env genes in the viral genone, in addition to the codi ng sequence
for the fusiFon theqgtreiparationarfd ngctinid hirusriessd vacsies] tloe vilvsr scqorelireg abl y
the viral vector, in | . . :
10 0 tﬁe invention is converted into a physiologically acceptable form. This
.can be done 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 -80°C with a titer of 5x10% TCIDse/ml

15 formulated in about 10mM Tris, 140 mM NaCl pH 7.4. For the

preparation of vaccine shots, e.g., 102-108 particles of the virus are
lyophilized 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
20 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
25 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 ml of an aqueous solution, preferably physiological
saline or Tris buffer, and administered either systemically or locally, i.e.

30 by parenterally, intramuscularly or any other path of administration know



particul ar the poxviral vector, may conprise all H 'V genes encodi ng Gag,

Pol and Env in addition to the coding sequence for the fusion protein 10
accor di ngwoe3dm7pr esent i nvention. These additi onal gene®CriEpht/ofave been
inserted with the sane nucleic acid according to the present invention.
According to this enbodinent all HV gengs would be |ocated in the sane
insertion site in the viral genone. In an alternative enbodi nent the
additional genes are inserted in different |locations of the viral 15

genone. 11 & L ENGE0pPIRIb IR D e e B P EREHER, 9B SRIGSa e

nucleic acid f usi on protein accor resent

I nvention asumbeyafGdiinistratishsadan b@%pml’zedibyptﬂmb%laﬁeé lagther@ﬁ ikl vV
i nfections and 20 AIDS. A "vaccine" is a conmpound, i.e. a nucleic acid, a

fusion pr otzeuknovm masgies. NMestapefered ft pemuc%yeétogﬁééusubputaﬂﬁ%s or
response. ordin e. alternative of this enbodi nent the "vacci ne"
accordi ng @*?HHS%V@Eéﬁf VH§%ﬁbPBn is based on the fusion protein
according to the 25 present invention. In a preferred enbodi ment the
nucleic acid according to the present invention, in particular DNA is
used as a Viidbenaccine is akMMARBDBY vetior q:redemva‘mve thexgoif momhprlamg aHaAt he

adm ni stration of naked DNA harboring a 30 eukar C ex SSI 0 ette
as in the p@%ﬁ‘fng n%%ﬂeorﬁ)reﬁwtpdm"g%w&r W%ﬁ%@'&f Irﬁpﬁgl %faggg 20

the '””am@%‘é'eﬁf N GHRiOPN ?@'& ?ﬁé’ A i€ r&%BH & ¢ eOf véi@ nBr qhei n

encoded b he “expr essi on casse roteln 'S exp os to't i mmune

system and thesppsuticslly muffeetivespansants i sedfirgtn mbcmlllaieonat(l“plammg
enbodi ment the vaccination is nmade by adm nistering a 5 vector according

to t haopresiéeculatiampias in a seepnddapear!iadiof G“&powagdnoculatlon )-

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 vector
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 present 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



nore preferably a poxvirus vector, nost preferably a vaccinia virus vector,
e.g. a MVA vector. For the preparation of a vaccinia virus based vacci ne,

t he viruswemsosdirhg 10 to the invention is converted int ®Ca/EP03/05039

physi ol ogically acceptable form This .can be done based on the experience
in the preparation of poxvirus vaccinegyused for vaccination agai nst
smal | pox (as described by Stickl, H et al. [1974] Dtsch. ned. Wchr. 99,
2386-2392). For exanple, the purified virus is stored at -80C with a titer

For the praparacr bt S/ RkIRCaRH e Oetol Mttt e PHRGHR P10

For the pre vaccrne s par es of the virus
are | yophijhi@gtioh @rkﬂ@iﬂﬂﬁeeﬂhg@ﬁ@ﬁh@élﬁ@tﬁ haned wetomeccHidg ito thee

presence of 2% peptone and 1% human al bumin in an anpoul e, preferably a
gl ass anpduesenpinventian, (Biyexprassingdberfoskribpeotelmn ibEhe tatistect ey

stepwi se 2Q freeze-drying of the virus in f J: TR ion
can’ contal MO orsP QuAl {10 JueelithnbSt fell 3 Shed VS e ghyPirE

gl yci ng, | agkag8idH pr&e@ly.vi nyl pyrrolidone or other additives such as
antioxidants or 1nert gas, stabilizers or reconbinant proteins (e.g. human

serum al bumn) suitable for in vivo adm nistration. The glass anpoule is
then seal ed_and can, be 25 stored between nd room,tenperature far
several non h%!nm}@%w,r?h%rsrqlﬁﬁ?@ TéPshﬂ% ngdﬁ’@??éetcge@ H@%tﬁ)‘&%&@'q Clgt or ed
preferably e - ; i | QpAt I ilisate
can be di s@lo \\//égfq}nécg:.[#aﬁ? 8&Eﬁgn\qprgg&gr{ﬁgéﬂﬁgﬁ?rggféﬁl@gnv?ﬁ?)rag gérﬂabl y
physi ol ogi cglctosattmeling tdrthe prekeat inandioadm ni stered either systemically

or locally, i.e. 30 by parenterally, intramuscularly or any other path of
adm nil&trati on know WD 03/097675 PCT/ EPO3/05039 21 to the skilled

practiti One/&c‘coTrg?ngn? %noeleté?‘r%rgt&iesetrh%iclﬂﬂen{ t@ﬁe ﬂ?&gnaﬂ%téirﬁemay 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 embodiments as specified above also apply for
this alternative embodiment.

20



nunber of adm nistrations can be optim zed by those skilled in the art in
a known manner. Most preferred for poxvirus vectors is subcutaneous or

i nt ranuscwbas/ogmwms ni stration. 5 If the vaccine is a MWA- BRCTEPODOS06Y
derivative thereof conprising a DNA according to the present invention, a
particul ar enbodi nent of the present ingention concerns the adm nistration
of the vaccine in therapeutically effective anmounts in a first inoculation
("priming 10 inoculation”) and in a second inocul ation ("boosting

i noculation"). If the vacci Rdrf DR sWMptiM vPthié@Figurederi vative thereof
conprising a DNA according to the present invention a particular

enbodi nent of the present invention concerns a kit for vaccination
conprising a MVA-BN virys vectoy .15 agcordi ng:t e n i hvention for
fhe fi1st Fagoinsahematic preapnipton af anneane & A EeBERRHe Nt or s
second vacg}nat.i LG ) A Pyl i e
mvent i on doRcalgtlre snBRR Tecded MeoGRER e L oRTES! TRy are S

nucl ei £ acigramda@ahercar ba drifiaded pyaenplementatiyrandso Tiieega@Dare esent
i nvention and the use of said nucleic acid, vector or Rrot e{'i n e

. 0 for h
prepar at i orfilteid & wildca melymetaseliwigichexdi b EherodRHNgeRt 'VﬂWe&Bn}\D/ tion
concerns aﬁt hod for protecting an animal, including a human, against an
H Vi nfect iRRIYBIET8E€hdmi ni stering to an animal, including a human, in need
thereof a fusion protein according to the present invention, a nucleic
acid according to the present invention or a vector according to the
present i nvRigt RorSchevhatioyesentatiomoéannealivgrafdons senest oiodecklol oduci ng

(1} Cant cihs HG BROCOS 08y 7V A TEPE SeoERge ith RENEr TrABmERE, fHeShsu o

coding fragment shows an overlapping sequence with the rev gene (grey).
The PCR fragments are denatured and the overlapping 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 Acc65l

25 linearized pBNX65+vif-rev. The resulting 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 to

30 the flanking sequences 4of the insertion site of the MVA genome (F1 4L



22 a host cell with a nucleic acid or a vector according to the present
invention or (ii) infecting a host cell with a viral vector according to

t he preswotosiogmeenti on, (iii) expressing the fusion protelPQTIEPO3/b®39
transfected host cell of step (i) or the infected host cell of step (ii),
and (iv) recovering 5 the fusion proteipgqy The invention further relates to
host cells transfected wwth a nucleic acid or a vector according to the
present invention or infected with a viral vector according to the present

i nvention. gt Eﬁ.{{‘qg J rotein may
conpri se- %Hfjeastil?jhr ee % %fqe(?%e fpﬁ%{/mpr otein %%néefé%gﬁoﬁbggg%? Vpr,

Vpu, Rev, Vpacorabthaltésn of liiee MAA genprg end pBiY XBOether wdutyr edoftiosslyd, S or
all of said HHV, proteins. A typical fusion protein_ accordi ng to this

enmbodi ment %H%?r'ﬂ%ébeiﬁs qegRhEeie é@.@s@wufé%étr@ﬂsf%swg@nﬁ ohBehs Vpr,

Vif, Vpu, t one or
m)re of saﬁg}ﬁﬁﬁggggﬂ ofofrggoﬂ‘g%héﬁtg}/r@%g %%gelgfa‘hgﬂocf%égt% t Z&%I(f}g%rot ei ns
in thesfusi aarrm@g@w rbéommﬁat%m tHet@ben MAnipneded I’a%p%@ib@@qu&ﬁ&@ oRs
speci fied above also ap for this alternative enbodi nent. 20 WO
03/ 097675 beamElﬂOG'_/h‘MZBg 23 Short Description of the Figures Fig. 1:
Schematic presentation of Annealing of A igonucleotides The picture shows
t he anneal i ng of four A i gonucl eot i des. They are single 5 stranded and can
be anneal edp ‘?fcabyes%?ﬁé tg@pm\,%rgen g ed in wth a
pol ymer ase, |ch ex |ts aproo realng activity feg Pfx

MVA contams a linear genome, which shows characteristic fragments

10 after restriction with Hind [l (A-O). The non functional region between the
4L and the I5L genes is located in the | fragment. Insertion of foreign
genes using pBNX39 occurs at position 56767-56768.



pol ymerase). Fig. 2: Schematic presentation of annealing of four genes of
the blob 10 The vif gene shows a overl appi ng sequence with the vpr

f ragnment ,wohe/09pas codi ng fragnent shows an overl appi ng sequaPo®oise h t he
rev gene (grey). The PCR fragnents are denatured and the overl appi ng

conpl enmentary ends are hybridized. The 2sesulting gaps are filled using Pfx
pol ynerase. The vif-vpr fragnment is fused to a overl appi ng sequence of the
vpu-rev 15 fragnent, which again is used for fusion. Fig. 3: Coning
strategy of the sequence encoding a fpyg h%llegr otein according to the
present invention in a reconbination vector for insertion of foreign genes
into the MA genome 20 The fused vif, vpr, vpu and rev polyprotein coding
region was anplified wth prinmers co r|S|r\1,g a Cal and Apal restrjction
site. This Gereratinuef a DA %mqmbag.awﬁvtw& Y Pyxhiav- Eat fusion roseinBnxes,
whi ch contains the Poxvirus ATl pronoter. The tat coding region was
anplified by PCRwith prinmers containing an Acc651 restriction site and

ligateg to ﬁrkl@s{e?fqré%én& dfItﬁéﬂtkﬂ%d}ﬁ%&@%&héﬁweﬂé]@dr@58 POR 8@t of

expressi on cass ATl pronoter + sequence encodin flusi on protein
accordi ng tgertmmlquéJs“eby usmg/etandm)i Meg proddaeisdrbsy hetlcaléﬁbmatl on and
inserted i econbhnatl on vec%or for nsertlon of fQ(Hie%qn genes in the

MVA genoner{fﬁquQﬁfé’Y@'@ i Basgdorn B@ﬁ%@@? inggpeeondict ¥duences

genome(F1 A AR B8 G5TE DL B pa PR RT BB 08 e RS pE e P Bl E o et T on
of reconbi nant viruses after honol ogous reconbination of the MWA genone

and pBNX39 the vector additionally contains the E coli gene
( phosphor i b:da:ry’ql'{er@ﬁg@@#%{g@tlg@mﬁedﬁqr@ratlon of coding regions of genes,

which are to be inserted into the nucleic acid encoding the fusion protein
according to the present invention, 40mer 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 [11B. The oligonucleotides 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



purification of reconbinant viruses, the selection cassette is deleted by 5
honol ogous reconbi nati on between Flank 1 and a repeat sequence of flank 1
(Flrpt). Wog3/og678chemati ¢ presentati on of the MVA genone PEWAPODOR03® NS a

| i near genone, which shows characteristic fragnments 10 after restriction
with Hnd Ill (A-0). The non functional eegion between the 14L and the 15L
genes is located in the | fragnent. Insertion of foreign genes using
pBNX39 occurs at position 56767-56768. WD 03/097675 PCT/ EP03/ 05039 25

Exanpl es _GeitgraDN AW parfovheen qol PERAwEL YeMdrméd in/BiatRRdy TeHat! el ap
protein 5 The single genes of the H V genonme were either prepared by PCR

out of genBRHEERIGN Was fitpest tnthe tr RGO pp of dbelfsllowing mphgenedot Yhéoy a
t echni que, j i s .based ,on the anneali of, ol i gonucl eotides via

over | agpi ngg\géé%]%‘ﬁé%tsa%'ﬁ%ﬁlmg PPY'ﬁ atS‘I(FYWe TS UPE CREMS FRETaNs MNAGIISAV eSS .
10 For the | BRI t i o] i ' : S,
whi ch are tgbbe I n?ﬁgﬂmﬁﬁt@ﬂéﬂﬁgg%@&g& g/agﬂ?:vggﬁ%ﬁégmgiﬁésglg%egfot ein
accor dbng t d0tdigomuesdeniidesvEn resultidgreapowigofilietentd diter subkedbbnt

overl aps were designed, The sequence of the oligonucleotides is based on
t he genoni cﬁ’ﬁéiofe fagrr'ﬁgﬁpﬁwnitb@I:erpgunm@malﬁad t?@ T eadiperregiarsfusach 15

sol ation of° FRETEGIRIEE (iEnts R SPALERuREIEHE ettt STbt T e
resul ting coolimg reggvon the stop codons for translation term nation were

del eted. 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

encodi;pg t hep f sl 08 B R dloRGeY S tg)t]%dﬁ S3E0t tha¥Sntd 2BNA dsed
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

15 oligonucleotides, 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.

The tat coding region was created by using 10 oligonucleotides, which
20 cover bp 5831-6045 and 8379- 8466 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 Pfx 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



therefore should contain a stop triplet for a correct term nation of

transl ation of the polyprotein. For the oligoannealing rection 10 cycles of
a two st ewomBnIpes yneri se 25 (G bco-BRL) reaction (denat ecatiponomse 95C and
anneal i ng/ extension at 68C) were performed. During that reaction the
over | appi ng sequences of the oligos bec@fe anneal ed and the gaps are
filled in by Pfx proofreading polynerase (Fig. 1). For synthesis of the
vif coding region, the first encoded gene in the 30 nucl eoti de sequence
encodi ng t hexpuassion pustetts,was BEH i@jlﬂ’@cgﬁg@"édﬁ réQr3dIPZRd Inserted in
PCT/EP03/05%§§$ 58 H V ¢cDNA was performed. The PCR was perforned in that
way, that t X$9 (EtHi g FRNYK3R aanfainsssrnuanassedmosgaEbo tie VA

following v ot ! uent  anneal i of vif r. The Vpr
codi ng regt Ber O e Afaws KSR A RO et eitin k) ol Hasrge

prepar ed by (Rignd3lbyngoefoldgdls pbécrapieAteei.i des. The resulting gaps were
filled and after subsequent PCR for anplification the product contained
the vpd coding region fused to flanking regions for vif and vpu, which was
to be inserted after vpr coding region. 10 The Vpu coding regi on was
anplified by PCR out of the sane cDNA used for synthesis of vif and the
resul ting product contained the flanking regions for fusion with vpr and
rev. The rev coding region was synthesi zed by annealing of 14 15

ol i gonucl eoti des, which cover the region bp 5970-6045 and 8379-8650 of the
H vV HXB2R genone and 15 bp overlaps for annealing with vpu and tat. The
tat coding region was created by using 10 oli gonucl eoti des, which



20 cover bp 5831-6045 and 8379- 8466 of of the H V HXB2R genonme. The vif
and the vpr coding region as well as the vpu and the rev coding region
wer e fusewolg/ogmeneal i ng of the two fragnents via their ovecTapss/imsth a two
step Pfx polynerise reaction (Fig.2). After additional PCR 25 anplification
of the fusion products, the fragnents wezg purified and ligated to each
other via the overlap of vpr and vpu (Fig. 2). After PCR anplification of
the resulting product (coding sequences for vif-vpr-vpu- rev) the tat
codi ng region was fused by cloning of ghgmd f-vpr-vpu-rev fragnment and tat
in adjacent cloning sites in a pBluescriptKS+ vector 30 containing the
poxvi rus ATl pronoter (Fig.3, pBNX65). The conplete WO 03/097675

PCT/ EPO3/ 05039 = 27 expression cassette was then isol ated by, Pacl

restricti onlandUsHyePFRI@In RONHINGIBE theiaming ?‘C'm@@wﬂ%)gﬁhgas%&ﬁ%nces

ragi on (1L} TGP orG sl ea Tt V) VEL Y SR ohE Tt AR 5 Vo
03/ 097675 PEEfERORIEDB% aAfinGl &idseqhenbe loiBinenomAdrel 6T LAEWroing, t he

am no acid sequence of at least four HV proteins selected fromVif, Vpr,
Vpu, Vpx, Rehwerdiatthenitisien poetesn denol arosessed ta inslivaivab HYirroteiigence of

one or nore_of. said pr.otejns rei.n.the fusion protein is not processed
to indivi dug?wlqg hﬁr@?%ﬁrﬁLN %Q/ﬁggermg"nat ural Nand Ctermni. 2. Fusion
protein according to claiml1l, wherein the HV proteins are 10 selected

fromVif, Vpr, Vpx, Vpu, Rev and Tat
2. Fusion protein according to claim 1, wherein the HIV proteins are

10 selected from Vif, Vpr, Vpx, Vpu, Rev and Tat

3. Fusion protein according to anyone of claims 1 to 2, comprising the
amino acid sequence of the HIV proteins Vif, Vpr, Vpu, Rev and Tat or
derivatives of the amino acid sequence of one or more of said proteins.

15
4. Fusion protein according to anyone of claims 1 to 3, wherein the amino
acid sequences of at least two of the HIV proteins are fused to each other

without additional amino acids.

20 5. Fusion protein according to anyone of claims 1 to 4, wherein the amino
acid sequences of at least two of the HIV proteins are separated by at

least one additional amino acid.

6. Fusion protein according to anyone of claims 1 to 5, wherein the amino

25 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.

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

30 to 6.



3. Fusion protein according to anyone of clains 1 to 2, conprising the

am no acid sequence of the HV proteins Vif, Vpr, Vpu, Rev and Tat or

deri vati vw® 00f0916le am no aci d sequence of one or nore of ®airdrps/aiosd ns. 15
4. Fusion protein according to anyone of clains 1 to 3, wherein the am no
aci d sequences of at least two of the H Ygproteins are fused to each other
W t hout additional am no acids. 20 5. Fusion protein according to anyone of
claims 1 to 4, wherein the am no acid sequences of at |least two of the H'V
proteins are separated by at |east one additional am no acid. 6. Fusion
protein according to anyone of clainms 1 to 5 wherein the amno 25 acid

sequence of &atNUldeairt acideacdortive td ¥lgino¥ eiwereis fhesedcletc acidlisi DNA. part ner
which is not a HV protein selected fromVif, Vpr, Vpx, Vpu, Rev, Tat and
Net. 7. Nucleic acid encoding a fusion protein according to anyone of

clainms 1 3 /

accordi ng t% N%?qﬁ{c\;g%@hé&ceqrﬁﬁ%gcﬂ?&ﬁbé 9’3%?%”@%3%?%%,%§ ﬂfé ﬂf’isé?'?i
accor difng t @reteédhMdn W@DNA“!S%’&V(%IH%&%?'r@guﬁaftotf)h@lérﬁéh@selﬁcw&fr%hm from
the DNA is controlled by regulatory elenents selected from eukaryotic,
procar yot i c eakdryatiglpnecanmtée andniral Mrohedtersci d according to claim9,
wherein the viral pronoter is a poxviral pronoter. 10 11. Nucleic acid
according to anyone of clains 7 to 10, wherein the nucleic acid further

conprises tRe g iBR S&USAS IR t&LIdiRRS WhPein the viral promoter is a
poxviral promoter.
10
11. Nucleic acid according to anyone of claims 7 to 10, wherein the
nucleic acid further comprises the coding sequence for at least one

additional HIV protein selected from Gag, Pol and Env.

15 12. Nucleic acid according to claim 11, wherein the nucleic acid

comprises the coding sequence for the HIV Gag, Pol and Env proteins.

13. Vector comprising a nucleic acid according to anyone of claims 7 to
12.

20
14 Vector according to claim anyone of claims 13, wherein the vector is a

viral vector.

15. Vector according to claim 14, wherein the viral vector is a poxvirus

25 vector, in particular a Vaccinia Virus vector.

16. Vector according to claim 15, wherein the Vaccinia virus vector is
Modified Vaccinia Virus Ankara (MVA).



additional H'V protein selected from Gag, Pol and Env. 15 12. Nucleic acid
according to claim1ll, wherein the nucleic acid conprises the coding
sequence worswdmw7Hl V Gag, Pol and Env proteins. 13. Vect @CT@Empoiosd ng a
nucl ei ¢ acid according to anyone of clains 7 to 12. 20 14. Vector
according to claimanyone of clains 13, wperein the vector is a viral
vector. 15. Vector according to claim 14, wherein the viral vector is a
poxvirus 25 vector, in particular a Vaccinia Virus vector. 16. Vector

according tozxhaddtoracchPei@i 1 &R VESClAbAIMI YA j¥ael QftebSroMPIVA-5¢5
Vaccinia Virus Ankara (MWA).” WO 03/ 097675 PCT/ EPO3/ 05039 30 17. Vector

accor di ng t aeglasitedlst thihEueopeanwBol lscheh exd tietnfal el MOAIETSs (BEBAGS)t ed at

t he Eur opean | I .ection af. Aninma I es ( unde he

deposi tion ﬁhrﬁa%értﬁ@déﬂ%sf ?”Mbﬂg@m%ﬁ fed hﬁ%ﬁ&g dm&&uﬁaé‘?et he
deposi tion mges ) %Ogepési’ﬁlign r{YﬁhBQEV@deg%i ng a protein according
to anyone of clains 1 to 6, ' conprising the steps of - transfecting a host
cell wigh a nucleic acid according to anyone of claims 7 to 12 or a with a

vector according claim13 or 10 - infecting a host cell with a viral vector
accordi ng t d&ryeHwdef eragusings preteiry accoedipgdesamyprienel elgémenl §¢ & ein in

the transf e%tO%jpngﬁ\tg ﬁ]%l gte%rs 5fhe infected host cell, and

- transfecting a host cell with a nucleic acid according to anyone of claims
7 to 12 or a with a vector according claim 13 or

10 - infecting a host cell with a viral vector according to anyone of claims 14
to 17,
- expressing the fusion protein in the transfected host cell or the infected
host cell, and
- recovering the fusion protein.

15
19. Host cell transfected with a nucleic acid according to anyone of
claims 7 to 12 or a vector according to claim 13 or infected with a viral

vector according to anyone of claims 14 to 17.

20 20. Fusion protein according to anyone of claims 1 to 6, nucleic acid
according to anyone of claims 7 to 12 or vector according to anyone of

claims 13 to 17 as a medicament.

21. Fusion protein according to anyone of claims 1 to 6, nucleic acid
25 according to anyone of claims 7 to 12 or vector according to anyone of

claims 13 to 17 as a vaccine.

22. Vaccine comprising a fusion protein according to anyone of claims 1
to 6, a nucleic acid according to anyone of claims 7 to 12 or a vector

30 according to anyone of claims 13 to 17.



- recovering the fusion protein. 15 19. Host cell transfected with a

nucl ei ¢ acid according to anyone of clains 7 to 12 or a vector according
to cl ai mwB od9iond ected with a viral vector accordi ng toPemEPg0B89 cl ai ns
14 to 17. 20 20. Fusion protein according to anyone of clains 1 to 6,

nucl eic acid according to anyone of clams 7 to 12 or vector according to
anyone of clains 13 to 17 as a nedicanent. 21. Fusion protein according to
anyone of clains i to 6, nucleic acid 25 according to anyone of clains 7
to 12 or vector according to anyone of clainms 13 to 17 as a vaccine. 22.
Vacci ne conprising a fusion protein according to anyone of clains 1 to 6,
a nucl ei c agBdUseasfraifurdoi prateiarsecolditigatoranyon® ol gladmsal e @, af B0
according to anyone of clainms 13 to 17. W) 03/097675 PCT/ EP0O3/ 05039 31 23.
Use of a fuBi@Ripasiceagcareling 4o aayooeaiybaiens ) 42y of a ¥eslorof a nucleic

acid according to anyone of clai.ns t.0 or ,of a vector ccording to

Anyone of - ciaiing W 3hGoRe of rifts Aol 17,18 1B pledEiinof E53EE Mt hod

for pregtecting an aninmal, including a human, against an HV infection by

adninistering to an aninmal, including a human, in need thereof a fusion

prot ei n accafdMeghod fanpoatechingdmiamsmal tiocBjdiagraublipian, agzidstagc dtidli ng t o

anyone of cl ?i rEs 7 tod1_2.0r a. vector according to 10 ar}xone. of claims 13 to
nfectio minist

17 [ nbya ering to an animal, mc(‘?uding a human, in need
thereof a fusion protein according to anyone of claims 1 to 6, a nucleic
acid according to anyone of claims 7 to 12 or a vector according to

10 anyone of claims 13 to 17.



