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Present invention relates to NS1 proteins or parts thereof of

Fl avi vi ry¢se3049184 particul ar of Dengue viruses useful forPCaAERSZAZHO1LoN
against 5 said Flavivirus and agai nst one or nore other Flaviviruses. The
i:.nvention further concerns the NS1 protein or parts thereof of one Dengue
virus serotype, in particular serotype 2, useful for vacci iiJUh 2686 nst
Dengue viruses fromall serotypes. The invention further concerns DNA

conprising an expression cprs@fil®s Pl Babuait ¥addiaei virus NS1 or parts
thereof, to vectors conprising said DNA and vacci nes contai ni ng or

expressing a Flavivirus NS1. Background of the invention 15 The
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positive-sense RNA yiruses forned by three structural proteins: the capsid
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Background of the invention

15 The etiological agent of the dengue fever is the Dengue virus,
belonging to the Flavivirus genus of the family Flaviviridae (Burke and
Monath, 2001). A particularly important subgroup of Flaviviruses is the
group of so called mosquito-borne Flaviviruses, i.e. Flaviviruses that are
transmitted by mosquitos. This group comprises in addition to the above

20  mentioned Denguevirus other important viruses such as‘the West nile
virus, the Japanese encephalitis virus and the Yellow fever virus (Fields
Virology, ed. by Fields B.N., Lippincott-Raven Publishers, 3™ edition
1996, ISBN: 0-7817-0253-4, pages 931-1034). Typical diseases
transmitted by these viruses are West nile fever and West nile encephalitis

25 induced by the West nile virus, encephalitis induced by the Japanese |
encephalitis virus, Yellow fever induced by the Yellow fever virus and
Dengue fever, dengue hemorrhagic fever (DHF; see below) and Dengue

shock syndrome (DSS) induced by the Dengue virus.

36 Flaviviruses are enveloped, single-stranded, positive-sense RNA

viruses formed by three structural proteins: the capsid pwrotein_ (C) that




02 JUN 2006 forms a nucl eocapsid in association with the viral genone,
which is surrounded by a lipid bilayer in which are anchored the M
(menbrane) and E (envel ope) proteins. The genome is approximately 11lkb  *
long and weankaiigs a single open reading frame encoding ap(Pﬂ]g (ﬁr %9 in
precursor of 5 about 3400 am no acid residues. Individual vira pr ote i ns
are generated fromthis precursor by the action of cellul ag g ?
proteases. The three structural proteing (C, Mand E) are derive romthe
N-term nal part of the polyprotein and are foll owed by seven
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NS1 is secreted from manmmalian infected cells in a soluble hexaneric form

(Fl amand et aa@l E (er:r_\@ﬁm)e) mratsinsorldevegnnkeys @@@Wiﬁ@i&%iﬂkbmaeﬂ is

formed by 3 neri.c subunits d ul ar mass,_of
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the NSliprotein evokes a strong anti body response, vvhr ch hel ps to clear { )

the infecting vir s r host , res t hrou
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mammalian infected cells in a soluble hexameric form (Flamand et al.,

~

1999). This noncovalently bound hexameric complex is formed by 3
15 dimeric subunits and has a molecular mass of 310 kDa. Dimerization is a
prerequisite for NS1 protein export to the plasma membrane, where it

remains as the unique viral resident protein of the infected cell surface.

In mammalian ceils, but not in insect cell lines that support dengue
20  infection, part of the transported NS1 is released into the extracellular (
milieu. Extracellular NS1 is secreted either as a soluble protein, which
exist in a higher hexameric oligomeric form, or in association with
microparticles but not with virions. In addition, NS1 has been found
circulating in sera from dengue virus infected patients, suggesting that
25 secretion of NS1 may be an importaht event in Flavivirus infection in the
human host. During the course of a Flavivirus infection, the NS1 protein
evokes a strong antibody response, which helps to clear the infecting virus
from the host, presumably through a complement-mediated pathway |
(Schlesinger, J.J. et 'a.E 1987) and antibody-dependant cell cytotoxrmty
30 (ADCC) (Schlesmger J.J.etal, 1993).




The Dengue virus, with its four serotypes Dengue virus serotype 1 (Den-1)
to Dengue virus serotype 4 (Den-4), is the nost inportant nmenber of the

‘Fl avivirus genus with respect to infections of humans and produces

di seaseswdwatossdmge fromflu-1ike synptons to severe or parapoi/ibmess,
dengue haenorrhagic fever with shock syndrone. Dengue out breaks continue
t.0 be a major public health problemin densely popul ated ar g3y Nhodée
tropi cal and subtropical regions, where®npsquito vectors are abundant. 10
The concern over the spread of dengue infection and other diseases induced

by mosqui t%ﬁeﬁﬁ@ﬁgﬁé @l’iju‘éi WYEERs AL BaMIPBES Depbutheruaosdrdtips 1 (Desuled in
t's rade

nore effor ern fowards the devel opment of dengue vaccines, which
coul d preventDéatde vienguerdigperd (DE)-4)ardiitemgst impor HEtOTERHE 0T @ifer
(DHF) and in vaccines useful to protect the vaccinat edf}fiS iagi y] dual

agai nst i nfldavivons ganwscetihbpsperelomMiatiorneGUHTE BT PTRY 3WFYi r uses.
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n ti

the first i ng serotype of dengue virus. These observations %i ve rise
to the hypotdretdise thbt semjenpublicihekédt preblen andensaly Poduaates 31828nt i body
agai nst one dengue serotype by a different yirus serot
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Ant i body-degend&g@t enhancenent (ADE) has been denonstrated in vitro for
dengue viru lagn ‘'wel | as- other envel oped viruses, and is considered to
be an inportant nechanismin the pathogenesis of DHF. 30 It has al so been

Observed that DHF usual l'y energes in geographic,  areas where nul.tiple
((three @r four) Vheusnsermoypethespaacal deesue infpgioneusallE! Hiseases

POT/ EPO21 12691 02, JUN, 2008, 1 £01 0154, SR G B S 6P 1A 4 st st an
resulted in more efforts being made towards the development of dengue
vaécines, which could prevent both dengue fever (DF), and dengue --=-
hemorrhagic fever (DHF) and in vaccines useful to orotect the vaccinated

15  individual against infections induced by some or all mosguito-borne

Flaviviruses.

While most cases of DF are manifested after the first infection by

any of the four serotypes, a large percentage of DHF cases occur in

( 20 | subjects who are infected for the sef:ond tim_e by a serotype which is

| different from the first infecting serotype of dengue virus. These
observations give rise to the hypothesis that sequential infection of an
individual with antibody against one dengue serotype by a different virus
serotype at an appropriate interval may result in DHF in a certain number
25 of cases. Antibody-dependant enhancement (ADE) has been

demonstrated in vitro for dengue viruses, as well as other envetopeq
viruses, and is considered to be an important mechanism in the

pathogenesis of DHF.

30 It has also been observed that DHF usually emerges in geographic

areas where multiple (three or four) virus serotypes co-circulate. In |




specific attack rate is higher in children, and the nunber of DHF cases
decreases in higher age groups. This roughly corresponds wth the

i ncreasi ng seropreval ence to dengue, indicating that natural infection nay*
5 evoke pwet@eldiye | munity. This phenonmenon is not unli ﬁlgec,[télgqabé ohserved
with other viral infections such as hepatitis A virus. Anetc {1281 ni cal
observations have shown that patients may experience DHF tV\bng 2006 -
(Nimmannitya etal., 1990) but this is rate, and it is difficult 'Yo Identify
accurately the serotypes causing the second and subsequent infections. Zo

So far, therg,; : 1 r i ion. . the s
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vacci ne agali nst. dengye apd, DHE shoul d be the kind that can prevent 30 '
i), desotiet

i nfection c e {arddhad aflHatr SeqeEaMiTaIS SHPEMESHredatpin
happen. WO @3/ Q48184 PRI{FRIHALI U040 HAL RO rection by two or three
dengue virus serotypes in the same individual may result in cross-reactive
antibodies or even a cross-reactive cytotoxic lymphocyte response. This
15 may modulate or protect against infection by the remaining dengue virus
serotypes in nature.

At present there are no approved dengue vaccines. Today,
preventio_n of dengue virus infection is dependent upon control of the
20  principal mosquito vector, Aedes aegypti. Insecticide resistance, lack of (\
technical and financial support that would enable local health
departments to maintain effective mosquito control programs, and
continuing geographic spread of both the vector mosquitoes and dengue
- viruses make it practically impossible to prevent dengue infections by
25  current mosquito control programs. Therefore, development of safe and
effective vaccines against all four serotypes of dengue virus has been
designated by the WHO as a priority for the most cost-effective means to
prevent dengue virus infection. The WHO has recommended that the ideal
vaccine against dengue and DHF should be the kind that can prevent

30 infection caused by all serotypes so that sequential infection cannot
happen. '




To this end WD 98/ 13500 proposes to use a reconbi nant Mddified Vaccinia
Virus Ankara (MA) expressing antigens fromall Dengue virus serotypes or
10 use four reconbi nant MVA wherein each of the 5 reconbi nant MVA expresses
at | east wane@pisigen of one Dengue virus serotype. Bothpstm®tegives provi de
very prom sing strategies to vaccinate against all Dengue virus serotypes.
-However, it is desirable to provide a single subunit vacci?%Jln@§0M§on
administration results in an i mune re8ponse agai nst nore an one

Fl avi virus or against nore than one 1o serotype of Dengue virus, preferably
agai nst all Dengue virus serotypes. Moreover, WD 98/ 13500 discl oses a
reconbi nant MVA encodi ng Dengue virus NS1. WO 98/ 13500 does not di scl ose

that an anti gen TetHivedd WOTDSHhBS0eNmUeOsEs is User ot sgumbinaiit Modhi¢dmune
response not only against the Dengue virus s,erotyggﬁqfrﬁgﬁv\hi ch.the antigen
i s derived \ancimiasbdrasAakarsmeviVanexgeessiog enbiggneriendlhee BYfiglt i r us
serotypes. WO 99/ 15692 discl oses a . Mol Fm0g and capabl e
of expressiHHOBRESHT Hoie® '@&8&%%'?‘%@%%@%%%@%%%irwr‘ﬁs anti gens not
able to effr%%n‘:tﬁﬁ‘gﬁ?wo)is'g%%%@% DNeadttdhodiiigeneidrrt Dedzenhansenent . WO

99/ 15692 does “ho I'SC hat an antigen derrved from one Dengue virus
serotype el égrotgp@matimaingteptsposédeoerpprymisingi 6ategRs Deve@Nare us
serotype fromwhich the antigen is derived but . al o .agai nst ] S
derived froagainaeall Dangie WM%@G@VB?%%QWBW!&}%@?5'5&%% P'ﬂ%ﬁeﬁqn Thus,
it is an object of the inyvent,i I | riyaerhnge a

Fl avi vi rus ‘lngi\e ?‘IJt&‘&'i—"\%ivﬁﬁgir@eﬂhﬁ&@gﬁ%@ﬁﬂlﬁgﬁgh g‘%é@tgﬁ%e%féi |y be produced

and that |eads, JQcafbdifLnRrs esRRse Kihalimsaesgainshmoractianaoed 30
i ndi vi dual not™ onl’y -agai nst’ the Flavivirus or the Flavivirus serotype from

{which the vesaiinge iof Dbepireedris,prafesabhyagaisst ailHeengyavirys SEE.YRSS- wo
par 1 cular  bigeeren P e ssr Porcre foao HE SiEadirs R ey oo
froma mosqult 9001 g bayh ¥kbesddehoPlRcRHeSthat an antigen derived from

one Dengue virus serotype elicits an immune response not only against
the Dengue virus serotype from which the antigen is derived but also

15  against antigens derived from other Dengue virus serotypes.

WO 99/15692 discloses a recombinant MVA containing and
- capable of expressing one or more DNA sequences encoding Dengue virus
antigens not able to effect immune enhancement or antibody dependant
( | 50 enhancement. WO 99/15692 does not disclose that an antigen derived
from one Dengue virus serotype elicits an immune response not only
against the Dengue virus serotype from which the antigen is derived but

also against antigens derived from other Dengue virus serotypes.
25 Object of the invention

Thus, it is an object of the invention fo provide a vaccine derived from a
Flavivirus or a Flavivirus serotype that is stable, can easily be produced
and that leads to an immune response that protects the vaccinated
30 individual not only against the Flavivirus or the Flavivirus serotype from

which the vaccine is derived but also against other Flaviviruses or




t he vaccinated individual not only agai nst the nosquito-borne Flavivirus

or Flavivirus serotype fromwhich the vaccine is derived but al so against 5
ot her nosquito-borne Flaviviruses or Flavivirus serotypes. It is a further. -
obj ect tovpneuisies a vaccine that is derived from one Dengyer vihHseser ot ype
and that protects an individual against an infection with at |east two,
preferably all Dengue virus serotypes. 10 Detailed descriptpony 2066 T
i nvention Thése objects have been sol vedsusing the NS]. protein or parts

t hereof of a Flavivirus and DNA sequences conprising an expression

cassette COF’]a@ﬁ/iszO%Fﬁ%tgbg)?‘! Yﬁg&ﬁ@@%%f edtﬂge@[r o@tﬂ?@rﬁé‘eg.@ﬁ{ fRlention to

respectively.” 'I'n partl pr ovi de vaccine that '1s

derived froprevige msgdotine- Herined fRArava V]hdssvt?ui@(ﬁlﬁaofdi@ﬂ’_lailfiﬂmgttﬁa‘aﬂ_rcbmwi dual
against an 1nfection with the nosquito-borne Flavivirus fromwhich the

vacci ne is thg iveedinatied dnetvidaghinet tordy agafieeit then meschiita-bpews Flayméeres her
nosqui t o- bor ne. Fl.avi vi ruses as been, sol ved by using.the NSI,protein, or a
part thereoff g“#a"év'ﬁﬁé*qiﬁ”?ﬁ’%?%}ﬂ ﬁ%hilghaf\%ev}’?%fv‘e ih d%gwtegcg'l"g@i#)n%g@@ﬁbue
Vi rus, ef I LM : L LQr %’n ; nces,
respect Pj\r/el ?f%%ﬁ%@%ﬁg@%ﬁfﬁl@ﬁgﬁgg% ?gﬁla?%iggoéﬁ a Va%é%f?ﬁggﬁi S
derived froob@mee toPengite divacsirsetioityipelarndd that pnetierissicavirunsendtdoal at
| east against an infection with at |east two, preferably at |east three,
more pref er aBAythat prstestn e individuale peaifstsamaaiostione Wil ywtaeast 4y nst

the infecti L. Lawi vir in particular nosquito-borne

Fl avi vi rusegp%ﬁ%ggsﬁ{ ﬁ%hgggﬁéh&é&’@ﬁi%%m itis virus, the Yell ow fever

virus and West Nile virus has been solved by using the NSI protein or a
part thereof of a Dengue virus, .in particular of Dengue virus serotype 2 , .
and cort®spondi ng DNA so sbBepizailedglesiceipbiont of/ theyinvwaotiady 048184 {
PCT/ EPO2/ 12991 7 02 JUN 2006 As it is shown in nore detail in the

experiment section the NS1 protein derived froma Dengue virus of one

SEoLibe SXRESIRbIERSI Bl Soue Rl NS TR kS Rt or
1, 2, 3 andAFlpliveruNSdnd DNA @eieences comprising an expression cassetie coding
for a Flavivirus NS1 protein or a part thereof, respectively. In particular,

15 the object to provide a vaccine that is derived from one mosquito-borne
Flavivirus and that protects an individual against an infection with the
mosquito-borne Flavivirus from which the vaccine is derived but also
against an infection with at least one other mosquito-borne Flaviviruses
has been solved by using the NS1 protein or a part thereof of a mosquito-

20  borne Flavivirus, in particular the Dengue virus, preferably Dengue virus (\
serotype 2 and corresponding DNA sequences, respectively. More
speciﬁcélly the object to provide a vaccine that is derived from one
Dengue virus serotype and that protects an individual at least against an
infection with at least two, preferably at least three, more preferably all

25  Dengue virus serotypes and preferably also against the infection with
other Flaviviruses, in particular mosquito-borne Flaviviruses such as the
Japanese encephalitis virus, the Yellow fever virus and West Nile virus has
been solved by using the NS1 protein or a part thereof of a Dengue virus,
in particular of Dengue virus serotype 2 and corresponding DNA

30  sequences, respectively. -
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5 nmenbers of the Flavivirus genus such as Japanese enc iti i
Yellow fever virus and West Nile virus. Thusl,o NS1 pr ot gmal‘lrt)%soxiarus[l)éngue
virus serotype origin is a universal DHF subunit vaccine for sinultaneous
protectign@@adigst at | east two, nore preferably three, BUBRPHMHI2891
preferably all four serotypes of dengue virus and further against one to

"or nore other viruses of the genus Flavivirus. Since in thigogyuys

vaccine strategy no E protein is invol Ved, there should be no ri sﬁé%
‘Anti body Dependant Enhancenent (ADE) upon subsequent exposure to anyfof
the serotypes af @enguewand mbes ebtaieimthy axpemeeng|secbienohe Nhdul d be
i nduced during natural outbreaks of dengue inf ec%i on. 15 Th r ot ei n
may be exprestsd dardredairaochdiengts bl UpPELEE 5T YIRS weéawidéﬁ?l an

expression cassette coding f t | I \J !
thereof. TRESIGRREIIT g p e piC o Sl e L M B S e e, Rt
e expr esg\l‘@&%@%ggw ﬂ@?sufe%h@%ercﬁgggq‘?.@@hhﬂmpﬂuéﬂlﬂ from other

proteins/p i ther separate ot ei ns/ pept i
_ _ ptides or fused to the
NS1 progei qﬂghw@r‘stoft«th@rm@&ivaﬁscg@nussesmdl‘nasrdapad%%BﬂCﬁéW@WS VAYEhe cont ext

of the present invention the te " DNA"

tSIhng:‘ e st r?YEiHHY MrdVdimﬂac’tﬂéd W@%&?ﬁ@@ V[ﬁ\lﬁr %ﬁ%ggﬁoﬁp“{ﬁeﬁ%ﬁ%ﬁ%@%rs% ai n

he formof_a plasmd or viral. genomg;.,.Si | B0, MH:

\C/)L(r:u?e_s t hePBREUE MRS D ypteh%"glna‘gﬁ/gﬁwg%\%ﬁrﬁosﬁguwlg g§§osiplgﬁ-§rn§![\lﬁ\r §1I5I y
urring %ﬂ%ﬁ%?@&%%% ABnyatt lagtt avENAord heefarabily Bxpeesyeon

cassette codi us NS1 protein or part thereof" js .to b
i nt er pr et edirigretdiaterably sihdomgssedypes of df—:-ngua@irru|Saand/mr&BEN§$am%t%1eneor a

part thereof is preceded by elepents cgntrolli h . i -
‘particultar ohenonsiethet ivbmises af tAA &ENUst b 6\’1‘.\”%@)‘ %%%4@&%3%%%%%%5R5891

Sfoﬂgﬁyii’ ?Ssﬁg?ég’;{ﬁé SLaiSHE [k LLANAEL RLILBRbLINAR ! 36N oPhptipay are

yoti ¢ pronoter ancers. Preferred

g;‘;f‘;ym i © DRLERBLAE FARBARERTEH ARBE) epdismscQuistTEg@los v ¢ i anyrAidingt e
serotypes of dengue and therefore no vaccine related DHF should be.
induced during natural outbreaks of dengue infection.

15
The NS1 protein may be expressed from a nucleic acid, preferably a

DNA comprising an expression cassette coding for at least a Flavivirus

~ NS1 protein or a part thereof. The term “at least” in this context is fo be
interpreted in that the expression cassette may furthe.r_encodle additional
proteins/peptides, either as separate proteins/peptides or fused fo the
NS1 protein or part thereof as defined in more detail below. In the context
of the present inventioh the term ,DNA® refers to any type of DNA, such a
single stranded DNA, double stranded DNA, linear or circular DNA or DNA
in the form of a plasmid or a viral genome. Since Fiaviviruses are RNA

o5 viruses the DNA coding for the Flavivirus NS1 protein is a non-naturaily

occurring DNA, such as a cDNA or a synthetic DNA.

The term ,expression cassette coding for a Flavivirus NS1 protein
or part thereof” isto be interpreted in that the coding sequence of a
a0 Flavivirus NS1 protein or a part thereof is preceded by elements

controlling the transcription, in particular the initiation of transcription.




pronot er/ enhancer and poxvirus pronoters such as the 7.5 pronoter and 5 the
poxvirus mnimal pronoter as disclosed in the exanple section. The
sequence of the poxvirus mininmal pronoter is shown in Figure 2 as well as, -

i n SEQ | Bybas/nkisgdhe expressi on cassette may further contpti:ﬂEpdzgg@)qts
controlling the termnation of transcription such as prokaryotic

term nation el enents or eukaryotic poly A signal sequences, Obem@Qgggary. -
10 The expression cassette may express ofly the NSI protein or part

thereof of a Flavivirus or may express the NS1 protein or part thereof

foget ner i E4. e Do an en kMR B LRy S RRL BEPLLGRyher o the

NS1 protein oOf r her éof an proteins/pepti re 15

produced aspgepritatLand Guangsideprbtesenaantas. Preforpddenkinepici des. | f
not defined otherwise in this description the term"peptide"” in the context

of the pres@femoigemritanacss ers the hamantytpivegamying igvnadidegenye

stretch of at |least, 10 am no acids, nore preferably of, a eas 0, am, no
2o ds. st PEPEREHSTN R e beRinl B RbTE e a0 g 4 BTt AT

Fl avi vi rds ; } - LR gl i i eens to
be- 1 vol ed 1 KOS ANl BB O, a5 i eloRLl i e & e SR T e e
peptide is dequgede fof dhve tdovEugrotrdinmal igrostudel s sbowniiséiglies? ashvesl| 40

~amino acids, preferably less than 35 amno acids. |f am no 25 acid sequence
stretches d@ﬁilvﬁéﬂMQhQ-Ehsrwsﬁslan@aéﬁwes@émfurttgeépﬁ@tza'w #MERES NS1

protein or re. th i L i erihi pis amno acid
stretch doeg:%ﬁ%rtdI&@é{%ﬁiggSF@iﬁﬁéfSEgaﬁ'ﬁgﬁEﬂgﬁlSM%‘I %%8!‘6%&?&@ generati on of
ADE and DHFtep@irdtidmelanerasst @ﬁk@@@ﬁ@mcﬁy@X@i@ﬂasg_éqméh@dgliﬁmmségry.he NS1
protein or part thereof a further Flavivirtus protein/peptide as separate . .
WO 03/ 048184 PCT/ EP02/ 12991 9 02 JUN 2006 proteins/peptides the expressi on(_

tt i | nt | ib t it | RES). bet th
Cequance ento ng EREESIGN GRS MALPIrERs oobt Ty her euanbgrt

encodi ng t herERIdNRTa Fl AWML YP may express the NS1 protein or part thereof
together with one or more further Flavivirus proteins/peptides, wherein
the NS1 protein or part thereof and the further proteins/peptides are
15  produced as separate proteins/peptides or as fusion proteins/peptides. If
not defined otherwise in this description the term ,peptide” in the context
of the present invention refers to a contiguous amino acid sequence
stretch of at least 10 amino acids, more preferably of at least 20 amino
acids, most preferably of at least 25 amino acids.
20 O
The further Flavivirus protein is not the entire E-protein since this B
protein seems to be involved in the development of DHF. Thus, if the
further Flavivirus peptide is derived from the E-protein it should comprise
less than 40 amino acids, preferably less than 35 amino acids. if amino
25 acid sequence stretches derived from the E-protein are expressed
together with the NS1 protein or part thereof it should have been verified
that this amino acid stretch does not comprise an epitope that is involved
in the generation of ADE and DHF.

30 If the expression cassette expresses in addition to the NS1 protein

or part thereof a further Flavivirus protein/peptide as separate




protein. IRES elenents are known to the person skilled in the art. 5
Exanpl es for I RES elenents are the picornaviral |IRES el enents or the
-5' non-codi ng region of the hepatitis Cvirus. Alternatively the nucleotide

sequenceygnsesdifg the NS1 protein or part thereof may becf/Emedta a DNA
sequence encoding further Flavivirus 10 proteins/peptides in such a way

-t.hat a fusion protein between the NS1 protein or part thergsfjapdopée
further Flavivirus protein/peptide is produced. If the NS1 protein or part
thereof and the further Flavivirus protein/peptide are to be produced as

fusion proteifs ' asReet bxesates gy seqyeiteesn anerhaked in
frame. 15 I'ﬁjogé@rggﬁél?ﬁggsg%gélbmnt t he DNA gg%/uenlg?encodi n%m%he NS] .

protein or masdorhbesrdof sits ([RESedetvann teesequpinecenettiog thg thé

gl ycosyl ati on signal sequence of the E-protein. Accordin 0 bS.

enbodi nent Rroteisy @npPpFlof s ao %n‘%)i“&%l&@%g'f“ﬁ%?n% @'@qurﬁ%érg%p ‘o\;ﬁlelilsn 20
gyl cosyl ation, sign S e f iakf iaQr _thereof. As
poi nt ed out p%%@e I%hé %gﬁ}egﬁgiaﬁgg(ﬁgwgté}g}% %ﬁ%@%?é?gﬂgﬁgm d be as

short as; poE?érHF?esaﬂﬁ IRE Sheri shtberexak ydedridvatal tRES aeimentacirdhst ret ch
contains an epitope involved in the generation of ADE and DHF. The

gyl cosyl at i Bmosi-godingsegienobtiod hepat!Espr ¥tr8én ful fils these requirenents.
25 In an alternative preferred enbodi ment the expression cassette used
according to the present invention contains as only Flavivirus sequence

the sequence encqglng.ing, NS PERIEId: Q%o Raide LIEIAAE (HESL prbtelimos

preferred enbodi Xpression cassette according to the so present
i nvention dogs: 1Hat-eE8KRIESSe AMedideDNR e destproicedirg fuldhembldyi048184 10

(par i cubar  mooteh g NESERIEH TR VBNt 15K OF 4 RGToCAPEB G a
embodi ment tprr]gte%rapcaﬁ‘ Errqier%%fta%dtt%% further Flavivirus protein/peptide is
produced. If the NS1 protein or part thereof and the further Flavivirus
protein/peptide are to be produced as fusion proteins/peptides thes.
respective coding sequences are fused in frame.
15
In a preferred embodiment the DNA sequence encoding the NS1
~ protein or part thereof is preceded by the sequence encoding the
. glycosylation signal sequence of the E-protein. According to this
embodiment a fusion protein is produced that comprises the E-protein
20 gy]cosyl-ation signal sequence fused to the NS1 protein or part thereof. As
| pointed out above the E-protein derived amino acid siretch sh_ould be as
short as possible and it should be excluded that this amino acid stretch
contains an epitope involved in the generation of ADE and DHF. The

gylcosylation signal sequence of the E-protein fulfils these requirements.

In an alternative preferred embodiment the expression cassette
used according to the present invention contains as only Flavivirus
sequence the sequence encoding the NS1 protein or part thereof. Thus, in
this preferred embodiment the expression cassette according to the

30 present invention does not express any other peptides/proteins from




present invention expresses the NSl protein or part thereof as a fusion
protein with proteins/peptides that are not derived froma flavivirus. Such
prot ei ns/ peptides conprise non-flaviviral signal sequences or sequences

~ that are weefmsifor the detection or purification of the gxpg ?gg f usi on
protein, such as tags. 10 To understand the general structure 0 h

Fl avivirus sequence in the expression cassette used accordPQganzgoe :
preferred enbodi nent of the present indéntion it is helpful to sunmmarize
briefly the genone structure of Flaviviruses: During a natural Flavivirus

| nfection t&t@re‘ééﬁr%s BF%’é“F‘?ﬁr:@rr&?gﬁhBﬁte‘a iRYUAREQER rg)t"t‘Pr'eq{T'SEE drigp el eaved

first by host proteases and en viruds encod proteases into the
foll owi ng ppagteims: C, PrMand M E, NS1; NS2A, NS2B, NS3, NS4A, NS4B and
NS5 (protein order along the polyprotein precursor). Therefore, a DNA
sequence, in particular a cDNA sequence coding for the NS1 protein or part

t hereof nust req add tiaon ,of rt. ¢ a preferred
enbodi ment ¢ he sberu e ATSTORkKe RO TosiBer e QUAReER A Bl

gl ycosylsat i gfessngnavefifod eabrésttes tﬂ@VMIS’I %retérﬁ%ﬂ;%tt NG st Qs rustpatorres

gl ycosylated in the endoplasmc reticulum Such signal sequences are known
to the persprotski Wr’dfdprmtetmm’pwtuiesﬁlhraalalra ot [terpedt fedom- & dldivivir usassieht e

needs a stop codon m ght 25 be a TAG added to the 3' term nal end
of the prot gf‘?{[e%%m?@ E%ﬁp@%@@u@ﬁdpn Avivhal sedpBedUgBeES A BPRLERGPent i on

the  y ophom 2 S AR il e ARpt oY D ERtoh of Fhe SRR R oci ae,
which for tpheotleamnosiecty b 4agdlew Quinea strain (,, NGC strain”, GeneBank 3o

accessi on nunber AF038403) starts with the amno acid M (ATG) A WO .
03/0481®4 11 PCT/ E P02/12991 02 JUN 2006 typical expression cassette L

according to theTprasdatstamyent igeneis stheotoré of tié Flavéviduasdgasn@ER | D No 9
and SEQ I D No. 10. Thus, in sumrary this_ enbodi nent concerns the use of a
DNA the expression cassette used according to a preferred embodiment of the
present invention it is helpful to summarize briefly the genome structure
of Flaviviruses: During a natural Flavivirus infection the virus produces a
15  single polyprotein which is then cleaved first by host cell proteases and
then virus encoded proteases into the following proteins: C, PrM and M, E,
NSI, NS2A, NS2B, NS3, NS4A, NS4B and NS5 (protein order along the
polyprotein precursor). Therefore, a DNA sequence, in particular a cDNA
sequence coding for the NS1 protein or part thereof must require the
20 addition of a "ATG" start codon. In a preferred embodiment the start ATG )
is then followed by a sequence encoding a glycosylation signal so that the (:
newly synthesized NS1 protein becomes glycosylated in the endoplasmic
reticulum. Such signal sequences are known to the person skilled in the
art. Finally, the protein-coding cassette needs a stop codon, which might
25  be a TAG added to the 3' terminal end of the protein coding cDNA
sequence. In the example used in this invehtion the "ATG+signal
sequence” element was derived from the sequence encoding the
hydrophobic C-terminal end of the E protein (the iast 28 amino acids,
which for the Dengue virus New Guinea strain (,NGC strain®, GeneBank
30 accession number AF038403) starts with the amino acid M (ATG). A




5 conprising an expression cassette conprising the sequences coding for a
Flavivirus NS1 protein or part thereof, wherein the coding sequence is
‘preceded by a start codon ("ATG') and a sequence encoding a signal
sequencewmnzigkeosyl ation, preferably derived fromthe PCOEORIIPI4S
defined above and wherein the coding sequence is termnated by a stop 10
-codon of translation (Figures IA 1C and 2, SEQ I D 5-10). Thhe JO¥ 29pguUence
that may be used according to the preseAt invention encodes a Fl avivirus
NS1 protein or part thereof. The termW "Flavivirus" refers to any
Fl avi virus. i8R! cRrdinkaw terpigseh b imedrgion tsoshown in
nosqui t o- boty%géﬁleg@?%ﬁl%@%%%%tags tcrlllggv\ést n[ji\*l%e virus, the Japanese
encephal i tiBiguie @sand be D1 1BvING &vand GRQUED &lid ke Dengue virus. The NS1
" protein or part thereof derived from one nosquito-borne virus encoded by a
DNA according to the present invention should protect the vaccinated

-~ i ndividual not I i [ i | i i 0
"~ serotype from mor%%s’ﬁﬁgéﬁm%&eﬁiﬁ%gﬁtﬂrﬁgﬁrﬁ&t&gﬁgﬁ gﬁﬁil']%{satdfta{lgﬂipznf ection
with ot her mosENisif BAra@reksinaamseetietdenpaeing Yreeseqiendes sodiog for em

whi ch the vaccine is derived. The NS1 protein can preferably be of any
Dengue Vi r uElaveriaty 61 MuteirpoepariatiieyeoheviNseipti éﬂﬁl%ﬁ‘?%‘é‘s%@q@ence is
derived froma Dengue virus seroty such as th ir w 25
Gii nea st r aPFERE0PNCRY ST 8l NoSTRRRUBLR St Bserblr RErRRP R SeaBa  The
terns "subt ! de " -1¢ ' Fngea thyopsighesit  this
descripti ongggﬂ%ﬁeﬁoﬁgggﬁlﬁ?ﬁgﬁ’e ﬁféﬁbl#%‘?@%ﬂt ext JE(ﬂ‘eyt{zhﬂgrter m , NS1
protei n or gaanpardhdvbesmdivhersihetts ¢adian sequrocads destiretted f atsiepNS1
protein, which is sufficiently Ion%d)tgo i nduce a@éq Cj fiﬁﬁ i Mmune response
agai nst 1t he chSen\whtesina8es4 FroTLERGR/ M908 24,2502 13906 protein from
which the "part thereof" is derived. If the Flavivirus is a Dengue virus
the amino acid stretch should be an am no acid stretch that provokes an
| mune 1 esponse M NACKAIRRE ok Fby bRl Adcrdingen thagasssit (he NS1
proteins of all ngue virus serotypes. In the exanples 5 section.it is
shown how t hevarerapenskdds adlavivirhe N81 prateidetrgrart dbereot. The termi

“Flavivirus” refers to any Flavivirus. More preferably the term “Flavivirus”

o~

15  refers to mosquito-borne Flaviviruses such as the West nile virus, the
Japanese encephalitis virus, the Yellow fever virus and the Dengue virus.
The NS1 protein or part thereof derived from one mosquito-borne virus
““encoded by a DNA according to the present invention should protect the
vaccinated individual not only against an infection with the virus or virus
-y 20  serotype from which the vaccine is derived but also against the infection
= with other mosquito-borne viruses or other serotypes of the virus from
which the vaccine is derived. The NS1 protein can preferably be of any
Dengue virus serotype. More preferably the NS1 protein coding sequence
is derived from a Dengue virus serotype 2 such as the Dengue virus New
25  Guinea strain (,NGC strain®, GeneBank accession number AF0O38403).
The terms “subtype” and “serotype” are used interchangeably throughout

this description.

The term ,part thereof” in the context of the term ,NS1 protein or
30 part thereof” refers to an amino acid stretch of the NS1 protein, which is

sufficiently long to induce a specific immune response against the NS1




whet her an NS1 protein or part thereof induces an imune response specific
for all Dengue virus serotypes. According to a preferred enbodi nent the

Fl avi virus DNA sequence encodes the entire NS1 protein. Thus, the term
"NS1 protvednyasigaart thereof".relates to the entire so seguaPes12061
naturally occurring NS1 proteins and shorter eptitope stretches that still
elicit an imune response. Mireover the term"NS1 protein” gﬁg@mgb%es to ~
derivatives of naturally occurring NS1lproteins. Such a derivative may be
a protein that 15 has one or nore am no acid substitiutions, deletions

and/ or imﬁ%fd‘c@fh Wohgwfg@{'%!?ﬁ@t,,labpt {HaPe SR TRl \MedOPCH FIRgivYeL iBrot €i n. By

way of exa e such erivative Is a protein that has a honology in the
am no aci d Bengeaceust thead mireasaticboivetghr giculdbby anfamaind acidtst7deh thet e
preferably of at |east 90% Consequently, the term "part déher of " al so
rel ates to PERMOKESAM IBRMUNENSBPOPGE BR 6t WG eVl Mal . INE I cdR 8he of

conpr 1 o1 g Sreeh g TSE pRaRYT: BLal I BRAR s stRERE: 0. 4B S8riPEsT i s
NS1 or partsé¢higsrepfis sirehowt iR Féavhvdikilsd s 1S apr edetiabdrminbe Dengue

virus, in particular Dengue virus serotype 2, and wherein the expression
of the NS phetlemanNphprotaiecegfart sherenf udllicas Ay iMEURARIONSE onal

| at I t. f bly th di tQ th t
| nvent i on’ ehEBEs Tohe NIV Gl SSFOWRFE. PHar EOrE K8 4o TG prot ai n with
a gl yc0sy! aLpn el 39TuR s AL IRNBEUBAGECTAERAIAROM plkel? ILN

2006 The invention her refers to vectors conprising a escri bed

above and t ghubgtinsesioh ‘8 ldpreeiwos phet iheldol @hatesrtontie ergfiponse
according to the present invention. The term"vector" refers to any -

vect or siknoRAEeNEHET petu@hysIaoUraaginiet REotins ardaharéer eaitops a 5 plasnid
vector 15 asDrrity B CHiT e HeR AR BT BPSIRE rosent i nvention the term
"viral vector" or "virus vector" refers to an i nfectious
Moreover the term “NS1 protein” also relates to dertvatives of
naturally occurring NS1 proteins. Such a derivative may be a protein that
15  has one or more amino acid substitiutions, deletions and/or insertion with

respect to the naturally occurring NS1 protein. By way of example such a

derivative is a protein that has a homology in the amino acid sequence of

at least 50%, preferably of at least 759, more preferably of at least 90%.

Consequently, the term “part thereof” also relates to parts of such a NS1

20 protein derivative. (\

In summary one of the most preferred embodiments of the present

invention is to use a DNA comprising an expression cassette coding for a
mosguito-borne Flavivirus NS1 or part thereof, wherein the Flavivirus is

25  preferably the Dengue virus, in particular Dengue virus serotype 2, and
wherein the expression of the NS1 protein or part thereof is controlled by
a transcriptional regulatory element. More preferably the DNA according
to the present invention encodes the NS1 protein or part thereofas a
fusion protein with a glycosylation signal sequence.

30




virus conprising a viral genone. In this case the DNA of the present
invention is to be cloned into the viral genone of the respective viral 1o
-vector. The reconbinant viral genone is then packaged and the thus
obt ai ned wegakighant vectors can be used for the infecti soTaPoweidds and
cell lines, in particular for the infection of Iiving animals including
-humans. Typ| cal virus vectors that nmay be used accordi ng togbhygn pogEeNt
i nvention are adenoviral vectors, retrowral vectors or vectors on the
basis 15 of the adeno associated virus 2 (AAV2). Mst preferred are
poxviral = vectors. The DOV, Wh@ﬁ Bt apahictoss eanasysior xiDNS, aa
fow poxvirus or a vaccinia virus. Mre preferred is nodified vaccinia
_ virus AnkargesdrMAY absvkt end B thtajse [oI99MY, vaddocs ne IEjUCﬁOCé@ komupe
- typical MVA strain is MWA 575 that has_ been de ed at the,

Eur opean. : - @sipoesti arcosdlingh ferdhe Juresent 'rﬁﬁﬂt@(‘e%gﬁﬁnt H@C%posqf?f%ﬁo

nunmber ECACC V0012070 Mbs referr ti oreof
whi ch has b@@h §&seS %@BWH to ttﬁ g‘pakéﬂgy\/l on%@%mgf Cy& cEh bRek

(PCT/EPQL/ 1 {BEfO t BR@Q? @!pl%'l iveatdronf i thel @ummlesn Maore
pr esent %ppﬁ%ﬁ%@on O? g#‘g@e%éé N has been deposited at th

Eur opean Cogk@r@tatg ﬂ‘fe Anicimt | €e4 mmﬁ twcécsr 2B whe hcemexgepbdne| aﬁemer
ECACC V0008

008. B WA- BN d t h |
Cochni cal _piroishbiort e bon SOI3SCte of Qe ecalrt 1 al ato ot BTGRHAER
Vit s veol ol THE ST et i eraPa T Ecstn ohE D N PEE, PR

virus. n parti cul ar, has been
demonst rat e, fhto e t@Nblasci@SlParea Rroattenual atbridre cbﬂwehw,@ssaec‘awaswkabm

before in the prior art is derived from Mdified VaCCIn .pnkara

(virus ang i sectar amernezemhuyanheftm wmslmtm/@d@g%@ﬂdl

i nes. WA B o GBI aYEF BT R oW T ki Tea rﬁfilﬁﬂeﬁé’é‘f’:‘g.e‘ﬁﬁ'é 5 1o
concerns. as EvilFEE vBe B SRR Rl e SR e Lo G hove, MIABN € and|
ger: vati st Hu‘m%(é ﬁ?blc’éh@:rp%a&em.@& F*iatv\l\ﬂgsé?/ﬁﬁe usef\lN a;tem:sdlrpg t@ﬁhmaAt e;ent
i ol ogi cal assays allowi ng to eval uate whether a strain. is WABN or
invention are adenoviral vectors, retroviral vectors or vec
15 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
s (MVA) (Sutter, G. et al. [1994], Vaccine 12: 1032-40). A typical MVA strain
is MVA 575 that has been deposited at the European.Collection of Animal
( 20  Cell Cultures under the deposition number ECACC V00120707: Mo‘st
preferred is MVA-BN or a derivative thereof which has been described in
the PCT application WO 02/42480 (PCT/EP01/13628). The content of
this application is included in the present application by reference. MVA-
BN has been deposited at the European Collection of Animal Cell Cultures
25 with the deposition number ECACC V0O0083008. By using MVA-BN or a
derivative thereof the additional technical problem has been solved 1o
provide a particular safe virus vaccine against Flaviviruses since it has
been shown that the MVA-BN virus vector is an exiremely attenuated
virus. In parﬁcuiar, it has been demonstrated that MVA-BN is more
a0 attenuated than the MVA strains known before in the prior art. MVA-BN is -

derived from Modified Vaccinia Ankara virus and is characterized b_y the




a derivative thereof and nethods allowing to obtain MVA-BN or a derivative
thereof are disclosed in WO 02/42480. 10 The term "derivatives" of the
virus as deposited under ECACC V00083008, i.e. derivatives of MA-BN, is. -

used in tWwe moesent application as defined in WO 02/424
following the features of a derivative of MA-BN are shgggﬁléﬁg{lj#ﬁéri zed.

For nore detailed information regarding the definition of ngﬂhi]iﬁﬁéve of- -
MVA-BN and in particular for detailed 154 nfornati on regarding the
bi ol ogi cal assays used to determ ne whether a MA virus is a derivative of

- f i 4. i ;
Vaceini oovi ooogt L Smesolily O 08 AR ely bR BN hBEMSH Fids MVine

deposi ted stBNiia daér Bhbbuinys bthernighalisf fveicentgs/irdsnsieamhoHuRTbE, NAEH ©F of
its genone. Prﬁﬁf erably a derivative has at least two, 20 nore preferably at

| east threef® calipnefier aumang.| liof theepreferea rembedimenieather dsvertiowA- BN:
(P and | ¥ TRerEREY { el Seeffuraftaeie e DN RS (ERRSY bad BB pue
no capabi | i tahdotetwBtiody cifi ME/A- BN, 1 T1Rd ir@fkuirBs tdrenir c ' Cat
(Boukanp et al. 1988,1 J Cell Bi OFL'. T.’:L%%(f@ :urg%l{??%w@&ﬁgiel ﬁééécrt%nﬁ]egﬁli cate
MRV o ool i o it e bl o
strain inale chal | enge nodel and/or -

i nduction of® d erﬁ\@gﬁ\{e st}ﬁl%?énﬁ"&g I'?‘eﬂ?@%a@ﬂ@)w@@eltooﬂ%iwﬁum]%ram 0g0a

vacci ni a Vi r4si Rk 1 i a V| : t } when conpared to

DNA- pr i me/ %&@E\’%Qfﬁgﬁ %@‘P%&?&ES@W%%%%M PCT/ PP02/ 12991 15 02
JUN 2006 In particular a derivative of MVA-BN has essentially the sane

replication characteristics than WA-BN. Viruses having the sane »
"replicdion chardctlermst'degvativesh ohdhaeposist ed depasited eundeuFEAGhat  {

e et BB R o Rl e Pt SR, o
?rio (rjne: ar 1 eplascadfi it WO 02y 4290 Rk Aohg Bife fARIAS bf 3R9RkiG TRUSe

MVA-BN are shortly summarized. For more detailed information regarding

the definition of a derivative of MVA-BN and in particular for detailed

15 information regarding the biological assays used to determine whether a

MVA virus is a derivative of MVA-BN reference is made to WO 02/42480.

Thus, said term refers to vaccinia viruses showing at least one of the

following features of the deposited strain MVA-BN but showing differences

in one or more parts of its genome. Preferably a derivative has at least two,

20 more preferably at least three, most preferably all of the following four (
features of MVA-BN: )

capability of reproductive replication in chicken embryo fibroblasts
(CEF) and in the baby hamster kidney cell line BHK (ECACC
85011433), but no capability of reproductive replication in the human
25 cell line HaCat (Boukamp et al. 1988, J Cell Biol. 106(3): 761-71),

- failure to replicate in vivo,

- induction of a higher immunogenicity compared to the known strain

MVA 575 (ECACC V00120707) in a lethal challenge model and/or

- induction of at least substantially the same level of immunity in
30 vaccinia virus prime/ vaccinia virus boost regimes when compared to
DNA-prirme/ vaccinia virus boost regimes.




The term "not capable of reproductive replication” is used in the present
application as defined in WO 02/42480. Thus, a virus that is "not 1o
-capabl e of reproductive replication” is a virus that shows an anplification
rati o of wegnidlRan 1 in the human cell |ine HaCat (Boukarprerozl29911988, J
Cell Biol. 106(3): 761-71. Preferably, the anplification rate of the virus
"used as a vector according to the invention is 0.8 or |ess pa june2eté/MEN
cell line HaCat. The "anplification rati®" of a virus is the ratio of virus
15 produced froman infected cell (Qutput) to the anount originally used to

infect the geldastitmat he delkativel @ECRVALBRULas Esaamlialfy ¢asisame atpitatioA
ratio of "1" between Qutput and | nput defines an anplification status

wher ei n t hecharestsitisiofs vinaus WhddBied Vitusest having ediedsadld s“ﬁe@ht:ﬁ’@oaane

- th t t || 1 th . In th 1. f th
def i ni ti R R dt#%gq[ﬁ@??'l@%@?’ Wi St oty hatoBrl Ak et o 1

viver s usefhylish LARIPCEREA AR 5 o0 BBosHEd et Tip VEFQUR2AR0 pThus,

© said termré OVII’USGSt icate 1h humans and in the

m ce nodel asligiekaBiHEd He@_a\/\ﬂ?{é@éﬂaﬂtﬁqﬂr%aﬁhethlailtmmsa(hmﬂla\f@e@ﬂbéﬂéao are
i ncapabl e of producing mature B- and T-cells (AGR 129 mce). In particular

MVA- BN and i yivaers deterveredd thefGR129 WerigenigirseUs® fedela tinme period of
at | east 45 days, nore preferably within at |east 60 days, nost preferably
within 90 days after the infection of the mce wth 101 pfu virus

adm ni stered | md adpRf hepcdiyanid0orebrsdaiye (RBlikbtidReSSt hdkd ShPWhe

"failure to replicate in VIV are araterlzedlnt at no virus
can be recov:ﬂ*ee@htfamhaa‘tgﬁnas@jrefmesjsmeWOot)zvm@SDOI&nMaR@WEﬁMH 299t 16
02 JUN 2006 the AGR129 m ce 45 preferably 60 days and nost fer ably
(90 days0af @pablfeof Fﬂ@@ﬁU@ﬁ*Véfrepméa’PrPBe‘Wt\ﬂl"-ifoi?hﬁf QWP @8 el *ﬁ'icég

e Per LR en? s P IR e R SR BB 1988, i
g;f422886t f;@%l{]g%ll noe3heteal.7 ﬂ%hthb@?QB[ymﬂéeaﬂﬁlﬁfﬁﬁbaﬁ%nemb%mﬂﬁb iviir A0
used as a vector according to the invention is 0.8 or less in theshuman
cell line HaCat. The “amplification ratio” of a virus is the ratio of virus
15 produced from an infected cell (Output) to the amount originally used to
infect the cells in the first place (Input) (“amplification ratio”). A ratio of
“1” between Output and Input defines an amplification status wherein the
--amount of virus produced from the infected cells is the same as the
amount initially used to infect the cells.
_ 20
— In the context of the definition of MVA-BN and its derivatives the
' term “failure to replicate in vive” is used in the present application as
defined in WO 02/42480. Thus, said term refers to viruses that do not
replicate in humans and in the mice model as explained in WO 02/42480.
25 The mice used in WO 02/42480 are incapable of producing mature B-
and T-cells (AGR 129 mice). In particular MVA-BN and its derivatives do
-~ not kill AGR129 mice within a time period of at least 45 days, more
preferably within at least 60 days, most preferably within 90 days after
the infection of the mice with 107 pfu virus administered intra peritonealy.
30 - Preferably, the viruses that show “failure to replicate in vive” are further

characterized in that no virus can be recovered from organs or tissues of




nodel unvaccinated mce die after the infection wth replication conpetent
vaccinia strains such as the Western Reserve strain L929 TK+ to or | HD J.
The infection with replication conpetent vaccinia viruses is referred to. -
as "chal lwogglbssigy t he context of description of the |ethg Tﬂﬁlag,giggpge
nodel . Four days after the challenge the mce are usuaIIkal I e and the
viral titer in.the ovaries is determned by standard plaquegasafN2008Si N9 - -
VERO cells. The viral titer is determ netb for unvaccinated mce and 15 for
m ce vaccinated with MVA-BN and its derivatives. Mre specifically MWA-BN

and its deripyata I @i i i I ' f

vacci nati on&%étﬁgﬁgggT%%ggﬁﬁcﬁﬁsf S Iéhlgbm?royld\%y% [}jsn%% }@Zgrts&a%fglrar%gﬁ%%d by
at | east 70%ayprafter did ynieytian dfedst rBOSwinvri® prfal v @b by niiyistérede fgtra 90%
conpared to unyacci nated mce. 20 MVA-BN or its derivatives are preferably
characteri z€@ KQNEAluci ng at | east substantially the sane |evel of

immunity in vaccinia virus prime/ vaccinia virus boost regi nes when
conpared to DNA-prine/ vaccinia virus boost regines. A vaccinia virus is

regardeds as i ndugiivig-BN| drefft REIVHRSE ML FHetorabREcaR Al b

Bk ity
in vaccinia virus prinme/ vaccinia virus boost reégines when coﬂ‘gargﬁé?o
DNA- pri ne/ viadeunPgenicityscarspared tedfenksoinin stnaindViVA BEpasseetesmimaguned in

f the " 1" d ,, 2" di scl d jin WO 02/42480,
oreferably Fncbothchaléige AT NeAFS Smginas Mall) U8 2480 In suskcai ni a
. Y n-assay o ea _ . el
Vaccina v riadge Bhiactibdied Ofibe JiE CRLEED CT0RERA dlishnaebtiFREbT
vacci ni a vi cosnpstiemt/waactiini arN6s G3ch- 48 18¢ WESTERPG2ca 393t rdiR 08290k 2006

virus boost administration is higher in at |east one of the assays, when
conpar e® t o OONAlgrl. mehe atifeelian wWiths relisatiore giomesetenbstagoié eviabsgs ishe {

ViTuses ar o BBl W ROBUREES pib it BOtR GUATEIOT BT €8 HEr |G tves
as | dg; ijned 2havienghihBaEs taur AsRY AtbhehWAafengethaedicalS, a9 mAxyi ral
and the viral titer in the ovaries is determined by standard plaque assays
using VERO cells. The viral titer is determined for unvaccinated mice and
15 for mice vaccinated with MVA-BN and its derivatives. More specifically
MVA-BN and its derivatives are characterized in that in this test after the
vaccination with 102 TCIDso/ml virus the ovary virus titers are reduced by
at least 70%, preferably by at least 80%, more preferably by at least 90%
compared to unvaccinated mice.

20
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MVA-BN or its derivatives are preferably characterized by inducing
at least substantially the same level of immunity in vaccinia virus prime/
vaccinia virus bods‘c regimes when compared to DNA-prime/ vaccinia
virus boost regimes. A vaccinia virus is regarded as inducing at least

25  substantially the same level of immunity in vaccinia virus prime/ vaccinia
virus boost regimes when compared to DNA-prime/ vaccinia virus boost
regimes if the CTL response as measured in one of the ,assay 1 and
nassay 2" as disclosed in WO 02/42480, preferably in both assays, is at
least substantially the same in vaccinia virus prime/ vaccinia virus boost

30  regimes when compared to DNA-prime/ vaccinia virus boost regimes.

More preferably the CTL response after vaccinia virus prime/vaccinia




to be regarded as a ion.
_protei nigan dxilleanin shkadred INSL rpcotdinanr VBCEaI VirHeri&er e¥REasseN

met hods to obtain reconbi nant poxviruses are known to the person 1o skilled
inthe art. In a reconbinant vaccinia virus the expression of the DNA

-according to the present invention is preferably, but not exclusively,

under thg,ot(b%%g‘[i ptional control of a poxvirus pronoterpcmere/pedferably
of a vaccinira virus pronoter. The insertion of the DNA according to the

‘present invention is preferably into a non-essential regi onongl{]ﬁquggrus 15

genone. I n another preferred enbodi nent 16f the invention, the et erol ogous
nucl eic acid sequence is inserted at a naturally occurring deletion site

o SR L AR TR et e

t he nost pr of t 0O present invention to provide a
vector conprisinaged e DNM-asindefiztetniaboives bmsteregittes. vidosbrpriedenably BN or

. a derivative thereof and erein the DNA conprises an expression cassette

codi ng for thedCakirespassBlhighestiainpibrassays: t her eof , wherein the
Flavivirus is preferably a Dengue virus, nore preferably Dengue virus
serotype 2. 25 In a preferred enbodi nent the invention relates to the

usef ul ne%fe@e%dfﬁi pcﬁi%@s%%oﬂ""%céiﬂ% eRfusescoeedhbyinedDNAvagr dhdi ng

to the i'nvention or a vector according to the present invention
for vacci nathedrtRgadimMaVAsBMerral ithldarivativeses defifdchabovVeéus serotypes. For
the so definition of the NS1 protein or part thereof according to the
present invention reference is made to the above parts of the description

where WO 03/048184 18 PCT/ EPQ2/ 129 JUN: : ' has

been defined by M%B% c‘ﬂ-'sgétp wéﬁo lrgegl?gb%}w{?ggg\gf?{)\%mﬁgggmry

regarding theokChy) SEEARIAbrhBINdIR pBLAPENs irgehhbom fts tinerpéion not
imtation of the invention. In summary the 1851%

bengue vi 1 ud)Nmecopt BEciabI B PoRokHgaE oS e aPbryadt 1ot FrE e
may only comprise, the am n8:a5hdcS5FUEBES poxvirus promoter, more preferably
of a vaccinia virus promoter. The insertion of the DNA accordingsto the
present invention is preferably into a non-essential region of the virus
15 genome. In another preferred embodiment of the invention, the
heterologous nucleic acid sequence is inserted at a naturally occurring
© deletion site of the MVA genome (disclosed in PCT/EP96/02926).

In summary it is one of the most preferred embodiments of the

( 20  present invention to provide a vector comprising the DNA as defined

above, wherein the vector is MVA-BN or a derivative thereof and wherein
the DNA comprises an expression casseite coding for a Flavivirus NS1
protein or part thereof, wherein the Flavivirus is preferably a Dengue
virus, more preferably Dengue virus serotype 2.

25

In a preferred embodiment the invention relates to the usefulness of

the NS1 protein or part thereof encoded by a DNA according to the
present invention or by a vector according to the present invention for
vaccination against several flaviviruses or flavivirus serotypes. For the

50 definition of the NS1 protein or part thereof according fo the present

invention reference is made to the above parts of the description where




of a viral NSI protein or part thereof. In a preferred enbodi nent the NS1
protein may contain additional amno acids that are required for an lo -
effective expression of the protein. Exanples for such am no aci ds/am no
acid seq shown above and incl ude the nethionine he. N-

term nusuﬁfm?ﬁé@gfot ei n encoded by an added ATG codon andp(g'fﬁE%}ﬁﬁ??gl acid
sequence derived fromthe Ctermnal end of the E-protein agbijyN Qg?aa

si gnal sequence for glycosylation of thewsNS1 protein or part thereof. 15
O her signal sequences are also within the scope of the present invention.

In an alter [ [ t Ie: i g s e .Qr t her eof
can be fuse% PY\F(;'%‘%@?B@ﬁg}s&sﬁﬁ%g?%wl@g%ﬂ%%S?@f&&@&éﬁ&e&gﬂ%’%rs are
sequences akhRIDNA,tTee FlRWIhE Cahirtity bchRAnR1AE Bt Gt cardinkagsher ot her
flaviviral proteins or parts thereof. 2071 n a preferred enbodi nent the

present invenesen iceaotonds therdbdig not trebeeegardant as hdirBatipnatfeha or part
thereof according tq the present  invention as, a vaccine, |n particular as
a vacci ne aﬁé\fq{g%r‘sgﬁeﬁw a}"i&/%?\}}l$ﬁ§é’§%ﬁjﬂ qaral$ @Pr‘ﬁ%‘ag%ql S@p@@teﬁl or
"vacci nes | ﬁ%ﬂé a8, [i)ly\lﬁ\,, i I ' t hat
inducesesa S gﬁ iC 9%%85?@3’3% e. a@%&dm@ ﬁgnloﬁgoeaélﬂf@? gﬁ%@er\éﬁﬁi S
enbodi ment phefetbhcderied aagaradDbgglie viree, piesentidrabpnfroAnDeRgbased on a

Dengue virus NS1 protein _or a part thereof which induces an inmmune
response agdiihStSarREYPES21 The potisi maysmiyiconmwigidioamiino seichsgqesicd n

Cer ot ype. i B part P Ao e gpaRliaheirdas Baiseer epesMIsdor Fa 62 SN 2006
2, induces %’Fo’iémlfﬂﬁyrc%%@@i%fdd?@i@n@férﬁiﬁﬁydﬁiﬁ%? B! S TRoRiirdd o et 1t wo,

preferably at |east three, nost prefera ngue
preferay affectingaixpsessionloddabe mwoteint Aranmiss tirtsudhoaméndhaidsvarmiso. 5 As

irus serotypes and ,- .

expl ai ned abov&aét he i nventors of the present invention have found that the

NS1 prot ei n36t9 pastienAet 8ot Saewarahavg ! indugedBempetiionisaatdnedt- one
e o2 PR B CELR ESERER 998 B0k o LR it e
acid sequence derived from the C-terminal end of the E-protein acting as
a signal sequence for glycosylation of the NS1 protein or part thereof,
15 Other signal sequences are also within the scope of the present invention.
In an alternative embodiment the NS1 amino acid sequence or a part
thereof can be fused to other proteins/peptides. Examples for fusion
partners are sequences allowing the identification of the protein such as
tags or other flaviviral proteins or parts thereof.
20
In a preferred embodiment the present invention concerns the DNA,
the vector or the NS1 protein or part thereof according to the present
invention as a vaccine, in particular as a vaccine against several
flaviviruses or flavivirus serotypes. A ,vaccine” is a compound, i.e. a DNA,

25  a 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 a Dengue virus NSl‘ protein
or a part thereof which induces an immune response against the NS 1
30 proteins of all Dengue virus serotypes. In particular it has been shown

that the NS1 protein of one Dengue virus serotype, in particular serotype

p—




preferably a nosquito-borne Flavivirus. In other words the inventors of the
lo present invention have found that in an alternative enbodi nent the NS1
‘protein or part thereof according to the present invention of one

mosqui t owRPEsRAsIkh avi virus i nduces an inmune response agapCFEPI2@Y9INSL
protein of the nosquito-borne Flavivirus fromwhich the vaccine is derived
and al so agai nst other nobsquito-borne Flaviviruses. Thus, t§8 yafso66 15
derived froma nosquito-borne Flaviviru$?is useful as vaccine agal nst one
or nore nDsquito borne flaviviruses. The term"vector derived froma

Fl avi virus" O(PSE«{%F a@f iR (?eggﬁge %gmrﬁgftthgfmé herBtessgRk adesast é,on

nmeans t hat ?i ove poxvirus vector or a plasmd)

~contains a %I@%ﬁ'lé@ﬁtﬁb@lano%p%fetamly dlepenged eirsstserotypeseaier 20
- insert and t he” vect or backbone. An exanple for a "ve ﬁﬁ)\/ derived from

a Flavivir upl’efesatﬂy pesovagaisst et tens! crectthes AR UIEHREF NS TRy MhlUexpr essi on
cassette conprising a poxvirus pronoter, a sequence encoding a Flavivirus
- NS1 protein or part thereof, wherein the sequence coding for the

Fl avi viryus NSl pﬂQ%?Hélﬁéd%%ro o tAETRAiLEs BY Bve dped inveriTih bdan 25 and a

sequence” ecodi ng a grycosylation signal sequence and wherein the coding

sequence i Sfdlg{cmmt’m@ Mg 1arstan aroskm thérdof amsbedingrio ﬂ‘tm@retsﬁétvacm natl on
with the DNA, the vector or the NS1 protein or part thereof Ji" [r?]% as a
single subum\ten\tmﬂc@frmieaﬁ&vhéw@m@é FageLee @@Pﬁﬂé@le\ﬁaﬂ €Nt | east

Fl avi virus serpotyp DNA or vector ija or part

t her eof fr o' QJF%XIQ?QU"% Elﬁg'VHPSEFa ?\Holjmgerejcig&o %vet% %‘8%%5@ E

PCTI EPO2/ 1293420002 MALRARNL0Fd AavIifis R @kRENwerdpant iferteod of then sai d
Flavivirus or sefotype ca be used as a vaccine for vaccinatign

(agai nst ;pt hQTreEérﬁvmvemwsze?naaadouﬁd:lablat/lrr as &’f@maw@@mb&lﬁéﬁmw WS1For

exanpl e a vaccine derived froma VI rus serot be used as a
vacci ne agaifisteinmg, pqr{z\@h@rreoéppcgrfgf%gt §&'8§%Tegwf%9§”a?ﬁ0 as well as

Rl B e e g
Japanese enﬁﬁ%”ﬂé&h'df thethby§uRathorhe Fraliviows ffoedarhichrie.vaccine is derived
and also against other mosquito-borne Flaviviruses. Thus, the vaccine
15 derived from a mosquito-borne Flavivirus is useful as vaccine against one
or more mosquito-borne fiaviviruses. The ferm “vector derived froma
Flavivirus” or similar terms in the context of the present description
smeans that a vector as defined above (e.g. a poxvirus vector or a plasmid)
contains a DNA as defined above. Thus, this term refers to the vector
(: 20 insert and not the vector backbone. An example for a “vector derived from
a Flavivirus” is a poxvirus vector, such as MVA, comprising an expression
cassette comprising a poxvirus promoter, a sequence encoding a
Flavivirus NS1 protein or part thereof, wherein the sequence coding for
the Flavivirus NS1 protein or part thereof is preceded by an ATG codon
o5 and a sequence ecoding a glycosylation signal sequence and wherein the

coding sequence is terminated by a stop codon of translation.

Thus the vaccination with the DNA, the vector or the NS1 protein or
part thereof is useful as a single subunit vaccine against a broad range of
30 Flaviviruses or at least Flavivirus serotypes. The DNA or vector encoding

the NS1 protein or part thereof from_ one Flavivirus or Flavivirus serotype




10 In a preferred enbodi nent the DNA according to the present invention is
used as a vaccine. It is known by the person skilled in the art that the
adm ni strati on of naked DNA harboring a eukaryotic expression cassette as -
in the presestssisivention, in particular the intranuscul arperigtyeelbpn of DNA
| eads to the expression of the protein encoded by the 15 expression
cassette. The protein is exposed to the imune system and agzJpAfRH06
i mmune response is raised. In an alternati ve enbodi nent the vaccination is
made by adm nistering a vector according to the present invention, in
particul ar idq al 0, r . XV st
preferably gfgﬁ%ﬁF%?gm¥§§ﬁhéVe§§{§$$5§5@5ﬁgg%mﬁﬂggﬁﬁgﬁgﬁf%ﬁgbﬁ%f% paration
of vacci ni ativiig bs Uasleds vaeeichts fdrhactindtton asgiontionged PalerusBYemfd on, in
particular MVA-BN and its derivatives, is 25 converted into a
physi ol ogi chlawviges sptailypes s mspechinely. Can esenideae Vresiee derivetd&rarperi ence
ines used for. vaccination %gain

Sl | pox ( ALSRRLBN OB b Bt Re B 4 vagfine SEabehonheatS Gk ehr . oo,

2386-2392) . t g [ i i T 1 titer
of 5108 Tor o8 o AP e 4t o aboae s Vst SranS sBfouPREM Biv 4.

For the prefarthei ba udefubitcpreeshansndividgal, agddastlOSepdidvicireseofudtthe virus
are |yophili z%g @Q 100, mM of C WD 03/048184 21 PCT/EP02/12991 02 JUN 2006
phosphat e- bafftee ddeshiNilge/i(yBI)ei fananespeesenbalits viuspapl Hie Yalewl o hunan
al bumn in an, e, preferably a glass anpoule. It is particularly
preferred that the Vvaccinia virus based vaccine, in 5 particular a MA-BN
based vacci ne, used for vaccination is stored in a freeze-dried state. It

is shown in the exanple section that the immune reaction as well as the .
percent #ye of crdse predetredrerobodreennthmBNA espomBeg tndoe gdesnntt he NS1 (
protein of one fl avivi r%iato the NSI protein of( different flaviviruses and

flavivirus SAESERNES Used ged Yaraive: litss nown by the person skilled in the art
that the administration of naked DNA harboring a eukaryotic expression

cassette as in the present invention, in particular the intramuscular
injection of DNA leads to the expression of the protein encoded by the
15 expression cassette. The protein is exposed to the immune system and a

specific immune response is raised.

In an alternative embodiment the vaccination is made by
administering a vector according to the present invention, in particular a

20 viral vector, more preferably a poxvirus vector, most preferably a vaccinia

virus vector, e.g. a MVA vector.

For the preparation of vaccinia virus based vaccine, the virus

according to the invention, in particular MVA-BN and its derivatives, is

25 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 5x108 TCIDso/ml formutlated in about

30 10mM Tris, 140 mM NaCl pH 7.4, For the preparation of vaccine shots,

e.g., 10%10% particles of the virus are lyophilized in 100 ml of




1o particularly high if the virus used for vaccination was stored as freeze
dried virus. Thus, the vaccine shots preferably can be produced by

stepwi se freeze-drying of the virus in a forrmulation. This formulation can
contai n gd§hidengl additives such as mannitol, dextran, BOD&EP)2/IDPYCI ne,

| act ose or pol yvinyl pyrrolidone or other additives such as antioxidants or
15 inert gas, stabilizers or reconbinant proteins (e.g. hungs g 86be

al bumin) suitable for in vivo adm nistehtion. An typical virus containing
formul ation suitable for freeze-drying conprises 10 mM Tris-buffer, 140 mM

NaCl, 18.9 g/l t : 0 , 0 c1@8cgl ¢7, L-
glutam c acPlgO%%)éi%ﬁgsé%%@% %%ﬁg'ﬁgﬁéa?@gﬁﬂé%ﬁ%f ?g?tc{‘?}r eezegz%
drying the glass %%HWHQHiaﬁﬁ hhtbgeapederaidy caglabe astpridd. bet ween 4C  and

roomtenperature tor several nonths. However, as |long as no need exists
the anmpoule is stored preferably at tenperatures bel ow -20C. For

i nati the | hi i sat be di din.o.: . :
ausous sof ut i onlt 18 GRS RKDEP EIBHRE: BrognE areaait YEUsPFeR A ee™ ang 25
dmi ni st d_ei. i : I BN adiliy,
?ntmr QLTIS'IS{LFBP?@éLgsp gﬁ%ﬁ%‘%?@épgae%ﬁ h\p%cfcll@%ﬁnﬁne?asﬁra\t%icgﬁﬁgﬁg{w@%@? he IZ[kai 'l ed

practiti onefeFbeMmeet08. RABIshbst iat thenexdrhpladesdiemithathéenaniemeof
adm ni strations can be optim zed by those skilled.in %ﬂ@oart in a known
manner. Mosteartéfrens edlf a3 thopereedage &f 6rass scatiue UBM5H"%0

i ntramuscul ar adm nj st r at,i on refer . I i i by
admi ni st rat F8FPIIH w@wgé@m@%&%& eghgfjh%{%ﬁ‘@giv\(o qﬁé ggtloﬁté&\%engks. WO
03/ 048184 PCF/f 1. I vaegimertively iWWA- BN vect or
or. derivati dtl?ﬁée)fe/gégl%gélﬂr%ﬁeg?anﬁa%%ﬁgsa%g%%eng to‘j?he pr’esent i nvention
(a_parti gyl ameavodirEmghof thaeiruprneseniorivaceitatiom wenspres! as kigeZeor

vacci nation conprising a MVA-BN 5 virus vector_according to t present
i nvention f airiacheirfisr Susad Yaaaiohshets B‘rqfﬁ{%y)caprp%p??‘ﬁgfed;ﬁal / cont ai ner

fhe vacc: ne TEPHISAACERE vB0ne 3P EqRH Fs bl THE SR MO Lo RS
as defined ahQusifadafid-aybatiweosidreas rebnhitel, plessen sugeenglyoine,
lactose or polyvinylpyrrolidone or other additives such as antioxidants or
15 inert gas, stabilizers or recombinant proteins (e.g. human serum albumin)
suitable for in vivo administration. An typical virus containing formulation
suitable for freeze-drying comprises 10 mM Tris-buffer, 140 mM NaCl,
= 18.9 g/1 Dextran (MW 36000 - 40000), 45 g/l Sucrose, 0.108 g/! L-
glutamic acid mono potassium salt monohydrate pH Z.4. After freeze-
(} 20 drying the glass ampoule is then sealed and can be stored between 4°C
k and room temperature for several months. However, as long as no need
exists the ampoule is stored preferably at temperatures below -20°C. For
Vacéination the lyophilisate can be dissolved in 0.1 to 0.5 ml of an
aqueous solution, such a water, physiological saline or Tris buffer, and
25  administered either systemically or locally, i.e. by parenterally,
intramuscularly or any other path of administration know to the skilled
practitioner. The mode of administration, the dose and the number of
administrations can be optimized by those skilled in the art in a known
manner. Most preferred for poxvirus vectors is subcutaneous or
30 intramuscular administration. Most preferably the vaccination is done by

administration of two vaccine shots in an interval of e.g. 3 to 5 weeks.




concerns the admnistration of the vaccine in therapeutically effective
anmpunts in a first inoculation ("primng inoculation") and in a second

i nocul ation ("boosting inoculation"). The interval between the primng

i nocul at i wo saneighe boosting inoculation- is e.g. 2 to 12,meeks. .4 ef erabl
15 e.g. 3-6 weeks, nore preferably e.g. about 3 weeks. The virus anount

y

used for vaccination shout be at least 1 x 102 TClI D50, pref géqﬁjﬂr?g?ﬁé 1 x-

107 TCID50 to 1 x 109 TCID50. Moreover, &particul ar enbodi ment o

present invention concerns a kit for vaccination conprising a WA-BN virus

vector as defined above for the first vaccination (,,primng") in a first
20 vial/container and for a second vaccination (,,boosting”) in a second
vi al / cont ai ner. Thilbe vaheirenigsenii\oh Bidneetorsor derivigineateirast enpedismnts a

vacci ne cor@gi sin . DNA, vector or a NS1 protein or part thereof as

defined. 25 6v%c<gq{§'@$éou§@ sfespdlidinprationes thertiowlasrenbodiment tidhe

preparation § 4 I : ef erred enbodi nent t

i nvention C%g?ﬂgwﬁﬁgﬁﬂﬁ%e&gﬁ%ﬁggtﬁ{lﬁ,fgbgf@pgma(glronp%mrpp%ra t[ﬂg{A'BN

pr epar at bon Wfusa veetsr aecotBngite i e rdSdnipr el 'E)noforpfﬁé fi_trgﬁlﬂlﬁecf:i’natcilaﬂ NS
one

&
protein or part thereof encoded _béthe DNA or the vector is from on
Dengue vi r u»BEMINEPE Hnda whestkei viaB@onkeinBAanthdoveat secondt hac&iRation

a WD 03/048184 PCT/ EP02/ 12991 23 02 JUN

protein or pa hergof is used a

2006 vacci ng”éég%trl@g WA SEHP V@j/‘é@’?ta%gue virus serotypes. Most
preferably the Dengue virus serotype is serotype 2. The invention further
relates to a nethod for the treatnent or 5 prevention of a Flavivirus

i nfection conpri df hige ivaocinkeasi a1 y\a BNivaBlor omgrighiig hdrdBBomiptieed
t hereof w tm DNAC%S_ above, a vector as above or a NSI1 protein orﬁ%art
t her eof 18s {eas (defingc: phayaa pREiCHAY @mbodimentacbihe prasemt hnentsn

her cof encatbeobi ths BRABIRloRCo 8Bk ofGene Bt tstePbRHEaD iasdve”
Chercof 1o ueed as a'vacuine Seariar Cerindhe ieclab) Bl I i ffohe
serot ypes ~ Inoculation (“boosting inoculation”). The interval between the priming
inoculation and the boosting inoculation is e.g. 2 to 12 weeks, preferably
15, e.g. 3-0 weeks, more preferably e.g. about 3 weeks. The virus amount
used for vaccination shout be at least 17x 102 TCIDsg, preferably e.g. 1 x
107 TCIDsg to 1 x 10° TCIDso, Moreover, a particular embodiment of the
present invention concerns a kit for vaccination comprising a MVA-BN
virus vector as defined above for the first vaccination (»priming®) in a first

20  vial/container and for a second vaccination (»boosting™) in a second
vial/container.

Thus, the invention concerns in the vaccine embodiments a vaccine
comprising a DNA, a vector or a NS1 protein or part thereof as defined.

25 above and the use of said DNA, vector or protein for the preparation of a
vaccine. According to a preferred embodiment the invention concerns the
use of said DNA, vector or protein for the preparation of a vaccine wherein
the NS1 protein or part thereof, the NS1 protein or part thereof encoded
by the DNA or the vector is from one Dengue virus serotype and wherein -

30  the DNA, the vector or the NS 1 protein or part thereof is used as a

H

A




15 WO 03/048184 24 Summary of the Invention 5 PCT/EP02/12991 02 JUN 2006
The invention relates in particular to the following, alone or in

-conbi nation: Use of - a nucleic acid conprising an expression cassette
conpri si Ry %ydsgﬁnscri ptional regulatory elenent and a segugrogiwbich codes
at | east ?or the NS1 protein or a part thereof of a nobsquito-born
flavivirus, 10 - a vector conprising said nucleic acid and/ g5 juN 20061
protein or part thereof of said flavivirdds for the preparation ob# a vaccine
agai nst the nosquito-borne Flavivirus fromwhich the nucleic acid or the
NS 1 proteinR.af; ' fipl Bl irggat at. Messtrenrgabihher
nosqui t o- bor\/ﬁg&lgiggé\}%a\l/%]ér}ﬁ{s@fglr%ggﬁgll%%‘gdmg?g?ﬁ@?he m)sqtlljgi t o- bor}hn

Fl avi vi rus fipemeamzuetvitiesemigpeicsacitgp®2.t he NS1 protein or part thereof
is derived is a Dengue virus. 20 Useofa 25 nucleic acid conprising an
expression cassette conprising a transcriptional regulatory elenment and a

Dengue. vi rus. ser dipErCUHan P BBhEPPLrHE, SNEOHGL o e drP A el 8l *Re, "
protein or Raklehiish eoh MhyigALd iPRRSIR i pishey plocpeatiy ahheipradpar at i on
of a vacci né against all Dengue virus serotypes and optionally against at
| east one otjheludims quitraahpimeedd avérdof wgth BdeNAasalmMe, aWRGT @St he Dengue

virus fromwhich the nucleic acid or, 30 %he NS1 p{otei n. QL %%t t hereof is
derived is Diiyeeona Nixl §Eplsinype part thereot as above. In particufar

invention relates to a method as above, wherein the NS1 protein or part
thereof or the NS1 protein or part thereof encoded by the DNA or the

i 10 .vector is from one Dengue virus serotype and wherein the DNA, the vector
or the NS 1 protein or part thereof is used as a vaccine against two, three

or all Dengue virus serotypes

15




WO 03/ 0481841 PCT/ EP02/ 12991 25 02 JUN 2006 Use as above, wherein the
sequence coding for the NS1 protein or part thereof of the nosquito-borne
flavivirus or of the Dengue virus serotype is preceded by an ATG codon and
a sequenoroeseRding a gl ycosylation signal sequence and P%Mb)tg e coding
sequence is termnated by a stop 5 codon of translation. e as above,
wherein the other nosquito-borne Flavivirus is selected frgmjypeatgst N 1€
virus, the Yellow fever virus and the Japanese Enzephalitis virus. 10 Use
as above, wherein the vector is a poxvirus vector. Use as above, wherein

the poxvirus vector is a Mdifgghnvaecbhitie MveigionAnkara (MWA) strain; in
particul ar MVA-BN deposited at the EUropean 15 Collection of Cell Cultures

under nunber V00083008 or a derivative thereof. Use as above, wherein the
poxvirus vector is freeze-dried and is reconstituted in a pharmaceutically
accept abl e i UMSNTioN Grates Inearatm s ta tha idlewingealggedoie, wherein t he
transcri pti@d}ﬂbmaq%“.atory el ement is a poxvirus pronoter. 25 Use as
above, whereéin P& Vbccine is administered in therapeutically effective
anmountssin a first inoculation ("priming inoculation") and in a second

i nocul ation ("boosting inoculation") Method for the treatnment or prevention
of a flavivils@i®finfections 30 conprising inoculating an animal, including a
hurman, in need th?reof W th WO 03/048184 26 PCT/ EPQ2/ 12991 02 JUN 2006 - a
nucl ei ¢ acid EdMHrP& HYOLPTBRPPEES RO FXPESERPN S8R COMHeY 18NE @

transcripti onglarsBeistRindl YeBlBRER) o Rtk SRAUNCR AL SHhitRdSHaAtat 1885t
for the NS1 protein or a part thereof of a mosquito-born flavivirus,

10 - avector comprising said nucieic acid and/or | (
- a NS1 protein or part thereof of said flavivirus
for the preparation of a vaccine against the mosquito-borne Flavivirus
from which the nucleic acid or the NS 1 protein or part thereof is derived
and against at least one other mosquito-borne Flavivirus.

15
Use as above, wherein the mosquito-born Flavivirus from which the

nucleic acid or the NS1 protein or part thereof is derived is a Dengue

virus.

20 Useofa
- nucleic acid comprising an expression cassette comprising a
transcriptional regulatory element and a sequence which cddes at least
fbr the NS1 protein or a part thereof of a Dengue virus serotype,
- vector comprising said nucleic acid and/or '
25 - NGSI1 protein or part thereof of said Dengue virus serotype
for the preparation of a vaccine against all Dengue virus serotypes and

optionally against at least one other mosquito-borne Flavivirus.

Use as above, wherein the Dengue virus from which the nucleic acid or

30 the NS1 protein or part thereof is derived is Dengue virus serotype 2.




for the NS1 protein or a part thereof of a nosquito-born flavivirus, - a
vector conprising said nucleic acid and/or 5 - a NS1 protein or part of
said flavivirus, wherein the Flavivirus infection is an infection by the
nosqui t ovbenn@sisl avi virus from which the nucleic acid, oCTiEPe2/NS91 protein
or part thereof 1is derived and/or an infection by another nosquito-borne
‘Havivirus. lo Method as above, wherein the nosquito-borne ghaynbeoog from
which the nucleic acid or NS1 protein 0¥ part thereof is derived is a
Dengue virus. Method for the treatnent or prevention of a Flavivirus

Dengue or_prevent o irus
ther ool wi t b 230R PAFHIA 1 ESeANeAt FRling REMEING] BroddRty, part e

conpri si ng ahetdods ¢hé phosnako-begud dbolwrel enentheaDdngus etusneeopels codes
at least for the NS1 protein or a part thereof of a Dengue virus serotype,

- a vector qoepedad by aahdGmada endei sequriicsrenceding PV6PeY!atien part

t hereof of said,Dengue viru erotype, 20 wherein the, Flaviyvi I ction
< an i nf ectiBin BFRBCbans aTers DERecsed SEaRFanE iR d B A R o
or the l\%el RHeHE M ks IBBRE, t hereof is derived and/or an infection by

anot her ngue virus serotypes and/or an infection by other nobsquito-borne
Fl avi viruses. 25 Method as above, wherein the Dengue virus from which the

DNA or the protein or part thereof is derived is Dengue virus seqr;i)type 2.
Met hod as aBdsgeas ahevei wherrindbgudhes mewiuitp-Perne REveiUpioseleat par t

t hereof of the squi tosborne fl.aviwvirus.or of the I 30 serotype
i s preceded fwnﬁue%"&sﬂ}@gn\n% Tﬁ%@@é\h?ﬁéﬂ&&&ﬂﬁ%@%‘?éﬁlm 27

PCT/ EP02/ 1299, JUN 2906 gl ycosyl ation signal sequence and wherein the
.codi ng sequencee(aji%srf1 IHt erﬁn%ﬁat ed by a stop codon of translation. Method as

{above, wherein the vector is a poxvirus vector. 5 Method as above, wherein

the poxvirus vector is a Mddified Vaccinia Virus
Use as above, wherein the vector is a poxvirus vector.

Use as above, wherein the poxvirus vector is a Modified Vaccinia Virus
Ankara (MVA) strain; in particular MVA-BN deposited at the European
15 Collection of Cell Cultures under number VOO083008 or a derivative |

thereof.

Use as above, wherein the poxvirus vector is freeze-dried and is
reconstituted in a pharmaceutically acceptable diluent prior to

C\ 20 administration.

Use as above, wherein the transcriptional regulatory element is a poxvirus

promoter.

25  Use as above, wherein the vaccine is administered in therapeutically
effective amounts in a first inoculation (“priming inoculation”) and in a

second inoculation (“boosting inoculation™)

Method for the treatment or prevention of a flavivirus infections

30 compﬁsing inoculating an animal, including a human, in need thereof with




Ankara (MVA) strain Method as above, wherein the MVA strain is MWA-BN
deposited at the to European Collection of Cell Cultures under nunber

V00083008 or a derivative thereof. Method as above, -wherein the poxvirus -~

vector iswbrneemisdried and is reconstituted in a phar maceptjgmhliYoor
acceptabl e diluent prior to 15 adm nistration. Method as above, wherein the
transcriptional regulatory element is a poxvirus pronoter. o3Qubhes as
above, wherein the poxvirus vector or th& pharmaceutical conposition is
adm nistered in therapeutically effective anobunts in a first inoculation
("primng inocylation).; I 0 [ I (L 1.

i nocul ation") %gﬁb&e}?@laacbcgeggﬁ (Iﬁn%:arqﬁggﬁ)rlr?gg@% Sggtr?pcré)@ Egé'hgaexpressi on
cassette conptrhgs@ptohapnsglaRliyenemeheantal ssyusiMehiciaoddes seence
which codes at |east for a Flavivirus NSI protein or a part thereof,
wherein the piexthedsSi prvbeinfareal past tharbal v 2 usosmkte-Hofvilayivitusai n BN
deposited at the tEuroCPean. Collectio ? | tures under nunber

f |
V00083008 of, a@ VEB'UrIVRISYE ¢#! %‘F?Wc'gsﬁ 184 28 PCT/ EP02/ 12991 02
JUN 20065 Poxvi g CHY; Degp@ e, i he Flavivirus is a
nosqui t o- bor ne %ﬁ}é@i vﬁiﬂgﬁ' In \;?arsﬁ},&;ﬁlégﬂrvngtsbengue virus. Poxvirus vector
as above, whetaem theFRamgues wifeolonss Rengiection g thé nseswlipeolhe Poxvi rus
vect or as above, wherein the sequence coding for the Flavivirus NSl

protein or paRYivirHeeyh WRigh Becedielsyagid, Ardhe btfod Rivdeln eepadrssreof

o vor nnat dn by SO G Nee SEHARLF R R Pk B B Gove:

wherein the transcriptional regulatory elenent 1is a poxvirus pronoter. 15
Poxvi rus vector as above, wherein the poxvirus vector is freeze-dried.

10 Method as above, wherein the mosquito-borne Flavivirus from which the ( ;

nucleic acid or NS1 protein or part thereof is derived is a Dengue virus.

Method for the treatment or prevention of a Flavivirus infection
comprising inoculating an animal, including a human, in need thereof with
15 - anucleic acid comprising an expression cassette comprising a
transcriptional regulatory element and a sequence which codes at least
for the NS1 protein or a part thereof of a Dengue virus serotype,
- avector comprising said nucleic acid and/or ‘
- a NSI protein or part thereof of said Dengue virus serotype,
20  wherein the Flavivirus infection is an infection by the Dengue virus
serotype from which the nucleic acid, or the NS 1 protein or part thereof
is derived and/or an infection by another Dengue virus serotypes and/or

an infection by other mosqguito-borne Flaviviruses.

25  Method as above, wherein the Dengue virus from which the DNA or the

protein or part thereof is derived is Dengue virus serotype 2.

Method as above, wherein the sequence coding for the NS1 protein or
part thereof of the mosquito-borne flavivirus or of the Dengue virus

30 serotype is preceded by an ATG codon and a sequence encoding a




Poxvirus vector as above as a vaccine. Pharnaceutical conposition
conprising a poxvirus vector as above and a 20 pharnaceutically acceptable
‘carrier, diluent and/or additive. Poxvirus vector as above or

phar nacew(gggdw&qrrposi tion as above for the treatnent apgr@popi@yention of
a-flavivirus 1nfection, wherein the poxvirus vector or the pharmaceutical
‘conposition is admnistered in 25 therapeutically effectivepa boos N @

first inoculation ("primng inoculatidf") and in a second | nocui ati1on
("boosting inoculation") Method for the treatnment or prevention of a

(‘boosting inoculation) Method for the ti _ | | huran
| need {nehBoRI SepBLERrtaicd AR T BRI o et cal
 composi {1 oneas oM, Y93 OABAS (RO EROA/ 12001 29 02 JUN 2006 Cel |,

- preferably ‘@ human c conprising a poxvirus vector as above. Use of the
poxvirus vector as above for the preparation of a vaccine to treat or to

prevent a Flavivirus infection. g Kit for gri ne/ ﬁggg{a d'rmmni zation

- conpri si ng Metwd as @bovecoerals thsyeEoS 2 PRKYY Sreal conposition as
above for a first inoculation ("primng inoculation”) in a first

vi al / coAtai ner and for a second inocul ation ("boosting inoculation") in a

second vi aleaidfhaeihovA 0w 83/104a%84i36 ot iDeddodifierdoraastiniEnéirFBgur es
PCT/ EP02/ 12991 02 JUN 2006 Figure 1A: The dengue NGC strain "signal :

sequence+NFUikaBNMpApsEain codi ng sequence of the construct used as an
exanple in this invention. 5 The start of the NS1 gene in the natural
context is indicated by an arrow. Inportant features are the addition of

an ATG starf,60G | | b & ENAIBNedTAHad atltiod eot i de
sequence nu%i?%g:%é?ﬁb@o%@emcﬂ%omw BirbM & W P
10 European Collection of Cell Cultures under number V00083008 or a

derivative thereof.

Method as above, wherein the poxvirus vector is freeze-dried and is ...
reconstituted in a pharmaceutically acceptable diluent prior to

15 administration.

Method as above, wherein the franscriptional regulatory element is a

“poxvirus promoter.

(“‘a 20 Method as above, wherein the poxvirus vector or the pharmaceutical
) composition is administered in therapeutically effective amounts in a first
inoculation (“priming inoculation”) and in a second inoculation (“boosting

inoculation™)

25 Poxvirus vector harboring a DNA comprising an expression cassette
comprising a transcriptional regulatory element and a sequence which
codes at least for a Flavivirus NS1 protein or a part thereof, wherein the
poxvirus is Modified Vaccinia Virus Ankara (MVA) strain BN deposited at
the European Collaction of Cell Cultures under number VO0O083008 or a

30 derivative thereof.




position in the NGC strain genone (Genbank accessi on nunber AF038403). The
nucl eoti de and am no acid sequence in Figure 1A to corresponds to SEQ I D
No. 5. The amino acid is separately shown as SEQ ID No. 6. Figure 1B:

Di agr am &fo pi/agieed PAF7NS1 contai ning the dengue NGC S”P%irrkpéﬂzgﬂﬁl
sequence+NS1" protein codi ng sequence. 15 Figure 1C. Nucl eo{l e Sequence of
the NS1 cassette within plasmd pAF7 showi ng the prinmer biggijuy §b?§s for-~
PCR anplification of this cassette w thsoBN345 and 0oBN338. The nucl eoti de

and am no acid sequence in Figure 1C corresponds to SEQID No. 7. The

i id | h . SEQ) . 8. Fi 1D top:
Kyt e pool 1 1 PSSR s 5P ot el Subgn b AR e MRS RO ac o

sequence (aORiae! th HEGHLAIet EPBepbudangee NOG pol yprotein Genbank
Accessi on AF038403). Val ués above Zero = hydrophobic. 25 bottom

Kyte-Doolittle hydrophicity plot of dengue NGC strain NS1 amno acid
sequence cont ai,ni ng %?i gnal .sequence derived fromthe |ast 28 am no acids
of G terni NMaPXBFUSEVRFEr disnaleaid, W efslttherBengug ¥ius BHEERGH/YIrYani no aci d
sequencg repr e § amino acid 748 to 1127 of the dengue NCG polyprotein
(CGenbank Accessi'on AF038403) which for this strain 30 starts with an "ATG'
start codon but |acks a stop codon. Sig = Signal sequence. Val ues above
zero = hydrophobi c WD 03/048184 31 PCT/ EP02/ 12991 02 JUN 2006 Figure 2:

Nucl eot i de Bexiair ecoiortaseabgoy wiharsimptierseenanignatlingskogtbadéanNsitus
expression sette. The nugcleotjde and ami no agi sequence in Figure 2
cort espondsiey EAETPRGrGTSTRG! B ias CERY 4 &3 6aAAN ANy & SBAHEHSE SEQ 1 D
No. 10. Bri : AL 1 POX M l.ement controls
t he expr ess;glt(')én(ydolp éﬁgmﬁ%g%{; %}ﬁe%ﬁﬁhéﬁeﬁréduegér{ﬁ&ﬁs&éem es%%&ﬂ% wherein the,
N-termiwus séqudreeNSlieprmnetat bg a $tepecbdan bhaad8lalidrer mi nal am noaci ds 0f<

the E-protein. The translation is
Poxvirus vector as above, wherein the transcriptional regulatory element

is a poxvirus promoter.
15 Poxvirus vector as above, wherein the poxvirus vector is freeze-dried.
Poxvirus vector as above as a vaccine.

Pharmaceutical composition comprising a poxvirus vector as above and a
20 pharmaceutically acceptable carrier, diluent and/or additive. (

- Poxvirus vector as above or pharmaceutical compesition as above for the
treatment and/or prevention of a flavivirus infection, wherein the poxvirus
vector or the pharmaceutical composition is administered in

25 therapeuticaily' effective amounts in a first inoculation (“priming

inoculation”) and in a second inoculation (“boosting inoculation™)

Method for the treatment or prevention of a flavivirus infection comprising
inoculating an animal, including a human, in need thereof with a vector as

30  above or with the pharmaceutical composition as above.




term nated at an TAG stop codon that has been inserted into the nucleic to
aci d sequence. Figure 3A: Coning of NS1 expression cassette into the bl unt
ended Xho I site (blunt end cloning) of pBNXO7 to produce the clone pBN41.
PPr = peyvisidsispromoter, D2F1 = flank 1 of deletion sitec®epdfibodl =
neomyci n lg resi stance gene, IRES = Internal Ri bosone Binding Site, EGFP =
“Enhanced Green Fluorescence Protein, NS1 (in pBN4Al) = signajs JepPense+NSL,
D2F2 = Flank 2 of deletion site 2, Sig 29signal sequence. AmR =
Anpicillin resistance gene. 0 zo Figure 3B: Hind IIl map of MVA (Genbank
U94848) showi.ng ' X t QR Hk t f J- =
junction of q‘eﬂép%@g@gﬁé éﬁﬁ] e%r%elﬂﬁgteo rﬁ‘gérs EI%P% Filﬁ-?i%%ﬁ%@ﬁ%%??&%l
cassette was inserted into deletion 2 site of MVA. PPr = poxvirus
- pronoter, NPT Il = neomycin resistance gene (protein coding sequence),
| RES = | nt etsal of RineosonerLBi yaiitagasiabevariar 25e mpa%i%n%ﬁayéa%}%c’@ pl us NS1

protein codi Qe%ése uence o{ dﬁnﬁue 2. ][\I strain. Figure 4: Plot of the
ELI SA absor B T OefiG§RT 8 e HE I THE LTSN i zed sera titrations for all
three rabbits. 30 WO 03/048184 32 PCT/ EP02/ 12991 02 JUN 2006 Figure 5.

Elisa cross reactivity studies. The cross reactivity of a rabbit serum of

day 38 (uppetit farpirertodsyiimulieagon gamprisingte bysdties vettaredd gboyaf ect ed
with DENV-1, DENV-3, DENV-4, JEV and VWAV was testg,d_ in an, FELISA-assay. 5
WO 03/ 048184 POPhEP0RCantod GENBEREHIINEaS HROYRKPLD (6S TG LA TN iy ”’é@&%épl es

Wil furt herin&':t';l%%i%% h g%s%%ﬂecrgntél % McPr a second inoculation
(“boosting inoculation”) in a second vial/container.

( 5 10




It wll be well understood by a person skilled in the art that the exanples
5 may not be interpreted in a way that limts the applicability of the

t echnol ogy provided by the present invention to these exanples. Exanple 1:.
Const ructw@ns/@fs19yBNO7 to 1. Details of NS1 antigen (Fi gur%ﬁ%mmﬁ)fxarrpl e
refers to NS1 of serotype 2 derived fromthe New Cuinea - NGC
strain (exanple: Genbank sequence AF038403). Since the NSlgpreiroogf the -
Flaviviruses is produced as part of a 1% polyprotein precursor the NS1 gene
in the corresponding DNA is not preceded by a "ATG' start codon.

Therefore, a cDNA sequence I . 1 . must require the
addition of a "ATG' start c%ﬁgwg‘?&&épfigﬁtﬁhe%gpg%/\%d by the 20 addition
of a signal sequence so that the newy synthesized NSI protein becones

gl ycosylated in the endoplasmc reticulum Finally, the protein- codi ng
cassette nddégarelAt dhectelguahi®l atram SignainsopieTacHNasL ol prefein he 3

t I d of th t d In th ) d
i 5§ nventiooing RBGUANER G A OB HUERLEe ] Eeif A TRLe 5 akr YR T Efnet e
hyd hobi h

whi ch for NG SEEPREhe FIFY Bogp IR (R BEERE Gob TN Bt TR e

the exact Shgnataslefti8ness 9#6@1&@@1(1&%@!’@@ ATerchant Cbﬂen@r@mbeolj or this
invention (see also SEQID 5 and 6). The "signal sequence+NS1" nucl eoti de

codi ng sequadian (iaghibexamete be@é‘]r HoR epdicengpduanca: nwmber s fefgefgue NGC
enom ¢ RNA us f oW n riner /048184 34 P /EP02/ 12991 02

gUN 2006 Dﬂ@%'ﬁﬂbnhfﬁg '{‘)é\éaé& %cé)%&l& Eﬁé{fg@ RXACCTEAS® (SEQ ID  No.

o | 2L 0983 THERUE I SRS aa echasRaBA g 1

5' - AATAGAT GICTAEPIAERCTCREATIANGGAGTTRBamino acid is separately shown as

SEQ:ID No. 6.

o

Figure 1B: Diagram of plasmid pAF7NS1 containing the dengue NGC
strain “signal sequence+NS1” protein coding sequence.
15
Figure 1C: Nucleotide sequence of the NS1 cassette within plasmid pAF7
showing the primer binding sites for PCR amplification of this casseite
with 0BN345 and 0BN338. The nucleotide and amino acid sequence in
Figure 1C corresponds to SEQ:ID No. 7. The amino acid is separately
20  shown as SEQ:ID No. 8. C

Figure 1D: fop: Kyte-Doolittle hydrophicity plot of dengue NGC strain NS1
amino acid sequence (amino acid 776 to 1127 of dehgue NCG polyprotein
Genbank Accession AF038403). Values above zero = hydrophobic.

25  bottom: Kyte-Doolittle hydrophicity plot of dengue NGC strain NS1 amino
acid sequence containing a signal sequence derived from the last 28
amino acids of C-terminal of £ protein (amino acid 748 to 775). The total
amino acid sequence represents amino acid 748 to 1127 of the dengue
NCG polyprotein (Genbank Accession AF038403) which for this strain

30 starts with an "ATG" start codon but lacks a stop codon. Sig = Signal

sequence. Values above zero = hydrophobic




(SEQID No. 3) Initalics: Bgl Il restriction endonucl ease recognition
site. Underlined is the stop codon. 10 The RT-PCR anplification was
‘carried out using the Titan One Tube RT-PCR kit from Roche Mol ecul ar

Bi ochem ¢gf p3lo%afs@l og nunber 1-939- 823) follow ng the inptruel/ s
recomended by the manufacturer. However, essentially any commercial or

‘non-comercial RT-PCR kit can 15 be used instead. The RT-PgR wyNggas can
then be cloned into the BanH site of ably nultiple cloning site present in
many of the comrercial bacterial cloning plasnmds available but in this
exanple it was cloned into pAF7 to give rise 20 to clone to pAF7D2NS1 - see
fig 1B and 1C for sequence details for pAF7D2NS1. Fig 1D shows the

hydr ophobi gy @O HotN saqlascast the Seauensepamdoi: s ai ni ng t he

- added si gnal “sequence fromthe G termnal am no acid godin se%gence of E
protei n. Theghkoce+NIBradmetsiohgasepiobi 6e dowati¢&ap cﬁ@ﬁ?ﬁi 9e'“%f a signal

sequence. 25 2. Details of _NS1 expressjo : te Gk To:express

this "si gna3eEiGErPiBILI® 21GHHT Og%f?vtor g@@?ﬁ@%r %Suc egé@gn%)gﬁﬁilsgox,

f owl pox, vaccini r } ih9albsox30riadded to the
cre s SEB A SER I NG L, et do

5' tion signal” sequences are not required as

al | poxvi ru@alﬁyné{@%tdrﬂdtw@nﬁrﬁ qottyEdeny leapees Hyn of Woe 089 Das osan3y
PCT/ EPO2/ 12991" 02 JUN 2006 virally encoded enzyne tgfﬁt H% uires.no pol yA
addi ti on si Deagusejusmssotyas 2cwhereindedy-tEANEYAEETON: Aﬂvﬁﬁ&\‘ﬁrus

t b d he . ' [ t ' iand
SEQ 1D No. SIS O10 R THET AL ET S0P Ao e T fnd ® Ay B R 18
pr omot er +si gl SeqySReRNRE stop coBpAli Al Washam ileriedimbdhemudicis

Fnventi on. exanpl e used in this invention the "signal sequence+NS1"
: 10  acid sequence. :

Figure 3A: Cloning of NS1 expression cassetie into the blunt ended Xho |
site (blunt end cloning) of pBNX07 to produce the cione pBN41l. PRr=
poxvirus promoter, D2F1 = flank 1 of deletion site 2, NPT {l = neomycin
15 resistance gene, IRES = Internal Ribosome Binding Site, EGFP =
EFnhanced Green Fluorescence Protein, NSl (in pBN41) = signal
sequence+NS1, D2F2 = Flank 2 of deletion site 2, Sig = signal seguence.

© AmpR = Ampicillin resistance gene.

(} o0 Figure 3B: Hind !l map of MVA (Genbank U94848) showing the location
) of the six deletion sites of MVA (-J- = junction of the deletion site). The
"PPr+NPT [1+IRES+EGFP+PPr+NS1" cassette was inserted into deletion 2
site of MVA. PPr = poxvirus promoter, NPT Il = neomycin resistance gene
(protein coding sequence), IRES = Internal Ribosome Binding Site and
25 NS1 = signal sequence plus NS1 protein coding sequence of dengue 2

NGC strain.

Figure 4: Plot of the ELISA absorbance readings of the post-immunized
sera titrations for all three rabbits.

30




was further PCR anplified fromthe NS1 plasm d clone using the priners
0BN338 and oBN345. 0oBN345 priner contains a nucl eotide sequence of to a
poxvirus mnimal pronoter elenent 5 to the target sequence within the
cl oni ng pWwasdgsiodsigl! asm d target sequence for oBN345 pri WECP}EP@M?,H was
approxi mately 40 nucl eoti des upstream of the signal sequence sta codon.

This was to ensure the RNA transcript contain a stretch of ngqﬁa gi n -
codi ng sequence before the signal sequenge ATG start codon. % i mers

with Ps pronoter: oBN338:  5' - TTGTTAGCAGCCGGATCGTAGACTTAATTA (30mer) (SEQID

ACACCAT AT AP B B L0 T Nt 4y T8 1rea THACY Lol Ph8d2EPBsent ¢ he
poxvirus m akfph &r%egggup@%g%@eaad @?g% Ueqle?%ﬁg r\ggﬁggfsteg éﬁ ey ECR

anplification reacti 1'r st e cycles ated fromthe
nucl eoti de seqoEnceitr-hBEN-ddDENY-30 DEMNY-Bo rBNagali ¥/ i$e quentestedirt Be cl oni ng
vector of oBNfl45. WO 03/048184 36 3. Integration of NS1 expression cassette
into WA (FE§'3)-8§8a¥UN 2006 The PCR anplification product was blunt end

cl oned i5nto the cut and blunt ended Xho |I site of plasm d pBNXO7 (see Fig
3a) to form5 plasmd pBN41 (see Fig 3a). pBN41 is the vector for
integrating the "pox pronoter+signal sequence+NS1" cassette into deletion
site 2 of MVA by honol ogous reconbi nati on. The essential features of pBN41l
(see Fig3a) are as follows: 10 - Plasm d backbone is pBluescript SK-plus
from Stratagene (Genbank




VB0O078) - D2F1l: Deletion 2 flank 1 honol ogous reconbination arm This
represents the nucl eoti de sequence from 20117 to 20717 of the MVA 15

- Genbank sequence W94848. - PPr: Poxvirus pronoter. - NPT Il: Neomnycin
phoshot r gnséangse protein codi ng sequence (protein codi pgTaPgrensge of
Genbank V00618). - IRES: Internal Ri bosone Entry Sequence from

" encephal onyocarditis 20 virus (Jang et al., 1989, GCenbank &W%OG EGP:
Enhanced Green Fl uorescence Protein codi3Ag sequence (protei coding
sequence - nucl eotide 675 to nucl eotide 1394 of CGenbank sequence U57609) -
NS1: "signal sequence+NS1" protein cedhpshiggquence from dengue 25 NGC
strain. - D2F2: Deletion 2 Flank 2 honol ogous reconbi nation arm This

~ represents the nucl eotide sequence from 20719 to 21343 of the MWA GCenbank
sequence U94848. - AnpR Anpicillin resistance gene of pBl uescri\)ot .

PCT/ EP02/ 12991 3ﬂihwﬁggswm@8ame$>wl EPOisIel 269311 G% JORIPI6BE 3 M ATHAE-¢ i on

~of d ! , ' I SL LAt [ i ADb
omol ogous. FoRbBEAes st atoec i dapar bt e T eheraft el
pecombi nat ?@E e DM hALEET A IOMuNp R RBRL the upetichiilityt elrthke t he

dengue ression cassette plus al'so the reporter cassette (Pox

pronot er +NPfedHnd]B%gs Bledi iny the pezddiA i gesrdine by thesmExgowses.r econbi nat i on
between flank 1 an | ank 2 arns of pBN41l and the honol ogous target
sequences within the MVA genone. This is achieved to by transfecting the

i neari zed gt S CBoNERlRkioh BidmBNEAen emryo
( 10 1. Details of NS1 antigen (Figure 1)

The example refers to NS1 of serotype 2 derived from the New
Guinea C strain - NGC strain (example: Genbank sequence AF038403).
Since the NS1 protein of the Flaviviruses is produced as part of a
15 polyprotein precursor the NS1 gene in the corresponding DNA is not

preceded by a ,ATG" start codon.

Therefore, a cDNA sequence coding for the NS1 protein must
require the addition of a "ATG" start codon. This is then followed by the

20  addition of a signal sequence so that the newly synthesized NS1 protein

o~
O
AN

becomes glycosylated in the endoplasmic reticulum. Finally, the protein-
coding cassette needs a stop codon and in this example TAG was added
to fhe 3' terminal end of the protein coding cDNA sequence. in the
example used in this invention the "ATG+signal sequence’ element was

25 derived from the hydrophobic C-terminal end of the E protein (the last 28
amino acids, which for NGC strains starts with the amino acid M (ATG)).

Fig 1A shows the exact signal sequence pius NS1 sequence used as

the example for this invention (see also SEQ:ID 5 and 6). The “signal
sequence+NS1” nucleotide codihg sequence was obtained by RT-PCR

35 amplification from dengue NGC genomic RNA using the following primers:




fibroblast (CEF) cells previously infected with WA at low nultiplicity of
infection (MJ, for exanple, 0.01 infectious units per cell). At 48 hours
post infection or when the infection had reached confluency a viral extract -

i s prepargdogiskisi ored at -20C ready for selection and cI%@ bl cation
15 of desired reconbi nant WA (rMWA). 3.1.2 Selection of r Wi%t)%:l one

Purification The elimnation of non-reconbi nant MWA (enpty ggﬁm #é us)
and the anplification of rWA is achievad by infection of %
chi cken 20 enbryo fibroblast (CEF) cells at low MJ in the presence of (418

(anpount  of t e o |+ t | I d Lhat dose
ot ki 1t 2Nk | 8 ACRBAT TEoh TR Al T G kTR e
NPT Il gengigMdyl not replicate in the presence of (418 added to the cell
mai ntenance nmedi'um G418 inhibits DNA. replication but since the CEF 25
cells will beiiaiicshBgbtlatastnatiyn ronionapldasatrienggsitimtnesitdhey wi Il not be
affected by the action of (418. CEF cells infected with rWAs can be

vi sual i zed ingdfis §Bp s$REfE8l9R: cr oscope due to the expression of the
enhanced5 fluorescent green protein. so Viral extracts fromthe honol ogous
reconbi nation step nust be serially diluted and used to infect fresh CEF

cell's in thaMgsardewaf 5CAAS AGAT MO TRY 0MEE8F 3B ACTARBEAGHZ981 02 JUN

2006 overlaid with lownelting point agarose. After 2 days of infection,

the agar os€SERRELNed )| ates are observed under a fluorescent mcroscope

for single fogi.of green infected cells. These cells are narked and
agarose pl d@é%é'(’?ﬁt ﬁ%r‘\ﬁhbesttﬁéﬁpﬂfeé@o@&m GSe @FOSB&I@ %’?‘Je taken and pl aced
into 1.5 m Pl if t t ubes containing sterile cell naintenance
medium Vi r@@@hggﬁggégﬁgpg%aﬁﬁé agarose plug by freeze-thawi ng the tube.
three tpnes at -20C. The best clone or clones arefurther clone purified
under agarose io_until bé PCR anal ysis there is no signs of enpty vector
cont am nation (3 Tthe BO-FFobmmspbificalignwaswarriecatitonging thesktas Gnes e t hen

anplified chET-PCR kit from Roche Molecular Biochemical (Catalog number 1-939-
823) following the instructions recommended by the manufacturer.
However, essentially any commercial or non-commercial RT-PCR kit can
15 be used instead.

The RT-PCR product can then be cloned into the BamHlI site of any
multiple cloning site present in many of the commercial bacterial cloning
plasmids available but in this example it was cloned into pAF7 to give rise
20 to clone to pAF7D2NS1 - see fig 1B and 1C for sequence details for Cs
pAF7D2NS1. Fig 1D shows the hydrophobicity plots of NS1 amino acid
sequence and NS1 containing the added signal sequence from the C-
terminal amino acid coding sequence of E protein. The short N-terminal
hydrophobic domain is indicative of a signal sequence.
25
2. Details of NS1 expression cassette (Figure 2)

To express this "signal sequence--NS1" from a poxvirus vector such
as canarypox, fowlpox, vaccinia or MVA, a poxvirus promoter needs to be
30 added to the 5' end of this ¢cDNA. Poly adenylation signal sequences are

not required as all poxvirus synthesized RNAs are polyadenylated by a




further stringent testing for correct insertion configuration, sequence
verification of pronoter-foreign gene cassette and expression anal ysis by
"RT-PCR After these analysis only one clone was further anplified under 15

A18 sel gad ifnsgise prepare a master stock for further charaaiEwezaeion and
i mmunogeni city studies. The reconbinant MVA with the inserted dengue NS1
"expression cassette described in this invention was named pBNAJN 200830
shows the 20 configuration of inserted $orei gn sequence in nmBNO7. 4.
Expression of authentic NS1 by MVA 25 The expression of the NS1 protein

fromthe reconbi nant A ' 1 fd darréhi fLenaebl ot
anal ysi s uH&@H'ym-Od&M%Q%YFﬁ%R%%W}éésﬁéa? F}\(@%%glzgifc"é(iﬂli:]uI?garI ;g:%@jNﬁ ©

expr essi on fﬁﬁﬁéaﬂ'gﬂ{%éﬁg%thi%ffhﬁbti@ﬁfAﬁ' ebxyBYE hroasotes edntive Lneddor Hadmal i an
- tissue culture cells, or exanple BHK-21 cells, at an

f 1.0
i nfectious axpiresgien ofehis c@aau*e.3Bigp1rret?earnde3&Q:é@tw-v%@éwgpigﬁé%ﬂﬂ?? om
th i nfected |1's 24-30 h ft i nf i on; j f th
extract  wertaiPsede weAHEBDBOPACE el TS BISTOA R BTG SETT PGS 12901 02 JUN
2006 | oadi buf.f L Qi - s | (2-VE t tai ni
oadi n%ség le%%eccggéghgleg?n?pig%qﬁg l@@%ﬁggﬁ_ ( ) or not containing

2- ME. Phes rotein extract fromcells (nosquito cell line)
infected with dengue NGC strain as a positive control were :

el ectrophoretically separated in a SDS-PAGE gel and then bl otted[H Et.o 5
nitrocel | ul ose nEmbitenexarmipte weedbiniaisiayepiiondde wiigRahRCaHETCYR § e NS1

by he " ant WATSRGUTST SR RO S TAATS il PR Loy HE S A Ba e T e o
form 10 sim @;ﬁ#&#%gﬂsdsg%&% \ 1eshipalsa (eenest ¢ sahathed afBNO7

Wit hout 2-ME oir'l e out 2-ME | ane). Moreover it was
(shown that ghedirErienitelproesstey escrment Bbte bee tagsisetieenee ms thithHe

denaturing conditions (see boiled nBNO7 with 2- . .15 T \

expressed i olarehg plasmett EasintchtargrRD 2edHENes @NEBN%Q@ primer Bifichig
was approximately 40 nucleotides upstream of the signal sequence start
codon. This was to ensure the RNA transcript contain a streich of non-

protein coding sequence before the signal sequence ATG start codon.

15
PCR primers with Ps promoter:

. oBN338: 5-TTGTTAGCAGCCGGATCGTAGACTTAATTA (30mer) (SEQ:ID
No. 1)

—

20
0BN345:
5. CAAAAAATTGAAATTTTATTTTTITITITIGGAATATAAATAAAA
ACACGATAATACCATGG -3’
(SEQ:D No. 2) ,
25 (Underlined nucleotides present the poxvirus minimal promoter

sequence.)

Annealing temperature for the PCR amplification reaction for the
first five cycles was calculated from the nucleotide sequence that binds o

35 the homologous sequence in the cloning vector of 0BN345b.




recogni zed by pool ed conval escent patients' sera and with nonocl onal

anti bodies that cross-react to NS1 of all four serotypes of dengue in
western bl ot analysis. This denonstrates that NS1 expressed by nBNO7 is -

i mmunogenwo.¢38@ighr oughout the exanpl e section nBNO7 (songdd s, &,50 terned
BNO7) is either stored in a liquid state (optionally frozen% or 1n a

freeze- dried state. To obtain a freeze-dried virus a vi rusom@é@g -
solution is prepared that conprises 103aM Tris-buffer, 140 , 18.9
g/l 25 Dextran (MW 36000 - 40000), 45 g/l sucrose, 0.108 g/l L-glutamc

acid nopno O L AkE " i d tion is then
freeze-dri e%'. I@ggk@@%ﬁﬂﬁ@@%&é{;@ﬁ%ég@@?@é ﬁ@@f—%r)geze- dried
preparation. 30 WD 03/048184 40 PCT/ EP02/ 12991 02 JUN 2006 Exanple 2: Cross

i munogencity of NS1 expressed by nBNO7 to NS1 of Dengue viruses other
than serotype 2 hhé RGR eneplNgRtan pegriiniseas shodpgral ctonedvintuthg ¢8Y) and

West nile viry 5,1 1, expressed, f NO7: _reactivity to patient
conval escen@ﬂéi}]éﬁ’%@%@kﬁgﬁ%lﬁ%o ST Pbymd?;@fﬁs:ﬂgﬁrf@sfggﬁl by nBNO7 is
recogni zed % ient I, adiyi e evi dence
of pr ev?ouseﬁﬁgeﬁﬁagﬁkﬁ@%tﬁhp E&@u‘rﬁﬁ%ﬁ%@ﬂ@ﬁ%?%ﬁ%ﬁﬁ% \Rﬁg have
anti bodi es pominosrdémmleseduanseedll apgsertetisindéRyion sitaIaa) IV G

agai nst authentic antigens prepared from Dengue serotypes 1 to 4) were

sel ect ed f oRORKNPEPIYS BRRATABINGtARUNODI ot strips prepared from nBNO7

infected cell extracts and MWA-G-P infected cell extracts as control. The
antigen-containing cell lysates were treated with 15 sanple buffer w thout

2 mer capt oet hanoty i8] haat, ) BEL Y era tested,
62 (91.2% react egévr%étsﬁﬁflsl’l\loﬁNgl ex@?%sN?eldG%g Fq%%%gp% ﬁé ?Mrﬁ?rdu\%s(s)bl ots. These .

sera wette further analyzed for reactivity to (/
- Plasmid backbone is pBluescript SK-plus from Stratagene (Genbank
VBOO78)
- D2F1: Deletion 2 flank 1 homologous recombination arm. This
represents the nuclectide sequence from 20117 to 20717 of the MVA
15 Genbank sequence U94848.
- PPr: Poxvirus promoter.
- NPT lI: Neomycin phoshotransferase protein coding sequence (protein
coding sequence of Genbank VO0618).
- IRES: Internal Ribosome Entry Sequence from encephalomyocarditis
20 virus (Jang et al., 1989, Genbank M16802). _ (\

g

- EGFP: Enhanced Green Fluorescence Protein coding sequence (protein
coding sequence - nucleotide 675 to nucleotide 1394 of Genbank
sequence U57609) | _

- NSI: “signal sequence+NS1” protein coding sequence from dengue

25 NGC strain.

- D2F2: Deletion 2 Flank 2 homologous recombination arm. This
represents the nucleotide sequence from 20719 to 21343 of the MVA
Genbank sequence U94848.

- AmpR: Ampicillin resistance gene of pBluescript

30




NS1 of all 4 dengue virus serotypes as well as Japanes It [
(JEV). The results are shown in Table 1. Fifty-fogr of et ﬁgcggtl:l Irfaiait\éljrus
-with 20 NS1 of all dengue virus serotypes and Japanese Encephalitis Virus
]gJEV) AopRsfy these 54 sera (98.2% also reacted wtpchigPoexpoessed
rom nBNO/. Seven (7) sera were specific for NS1 of at |east one dengue

"virus serotype and did not react with NS1 of JEV. ‘All thesg,7
reacted w th-NS1 expressed by nBNO7. A#other 7.sera react eﬁzdlmlso

31;5\/25 égi\/f and not NS1 of any dengue virus serotype, yet 2 (28.6% of these

JEV-speci 118 15088 $.21 LERELE Y HRabiRl. xphaasad anceBNEn " eyl e 1: BIO7

NS1 BNO7 N . T v 5244 P P02/ 12991 02 JUN

o) o4 68 18 | ; Oh 7 14880 EF1T F e RSBLTHAIIAUTHENTI C DEN & JEVI1. 85%

(1 54) 98. 5 (D3l ; E AUTHENTI C JEV NS171.43% (5/7)28.57% (2/7)
| VE Conparison of antiserumreactions against authentic NS1 and NS1

- expressed by mBNO7. In brackets. Nunber of s : it
munber of Shrbl dsesianimorACasRgDy Her BB RIETA R VTS Vi fus.

The samg, 68 ser %@%@Pi@éﬁﬂt@g@l?{ipﬁ%p@r SBRAMI i S6RERIMSEr atertbraiingueE

pr ot ei ng In the ce e inventors, antibodi es_agai nst

pr emenbr anepgyies e sRHecsRetisl pitistalan taat e podice saagpit e P OKS1
: . 10 :
Thus patients V\%(ﬁhave been infected with dengue w || ;%r oduce antig(r)d:zes
S

whi ch r ecogpiamotiemdieT i IRES-fEHEnbiake ¥ gsnom|py Nomologo

recombination between flank 1 and flank 2 arms of pBN41 and the

homologous target sequences within the MVA genome. This is achieved
( 10 by transfecting the linearized integration vector into chicken embryo
fibroblast (CEF) cells previously infected with MVA at low multiplicity of
infection (MOI, for example, 0.01 infectious units per cell). At 48 hours
post infection or when the infection had reached confluency a viral extract
is prepared and stored at ~20°C ready for selection and clone purification
15 of desired recombinant MVA (rMVA).

3.1.2 Selection of rMVA and Clone Furification
The elimination of non-recombinant MVA (empty vector virus) and
the amplification of rMVA is achieved by infection of confluent chicken
(: 20 embryo fibroblast (CEF) cells at low MOI in the presence of G418 (amount
of G418 has to be optimize to determine the highest dose that dose not
kill the CEF cells). Any virus that does not contain and integrated NPT il
gene will not replicate in the presence of G418 added to the cell
maintenance medium. G418 inhibits DNA replication but since the CEF
25 cells will be in the stationary non-replicating state they will not be affected
by the action of G418. CEF cells infected with rMVAs can be visualized
under a fluorescence microscope due to the expression of the enhanced

fluorescent green protein.

sy Viral extracts from the homologous recombination step must be serially
diluted and used to infect fresh CEF cells in the presence of G418 and




prenmenbrane and vice versa. An analysis along these lines will provide a
better prediction of the history of infection of individuals. Table 2 shows
-that sera from22 patients reacted with authentic dengue prenenbrane 15

protei n aywonBnidigs suggesting that these 22 patients hav posed to-
dengue virus only and not to JEV. All these 22 sera reacteré(gl!?%?ﬁgﬁﬁ(%gl

expressed by nBNO7. Another 22 patients had evi dence of preéb% bﬂéecti on -
wi th both dengue and JEV, and again all 3282 sera al so reacte ﬁ 1
expressed by nBNO7. In this series there were also 21 patients 20 who had

evi dence of | infection with JEV only (even though these 6 sera had
o oss. 1 eact PN BB dPLETE e Epl f Aalalh e £ ekt e st 065 1 ™t he 1
(82% JEV r gspardan | i e only
e a I { R B e D e o

ei t her dengsingte fAEWf grdennhfecied el heFeegeaet edrmarked aNSlagarpsessed by

nBNO7. The NFSt Iiktgl_y_ reasqon for this is that the antibody titer_is too
low to be dBtHES Gy INBrAIRdPTastedl Aec! Ao adlsy aestedgngndralacednto 1.5 mi

PCT/ EPO2/ 12 ) : : I NTI C DEN
pr MD% ( /22?‘?éf)%&“ﬁ%g)%%ﬂw&ﬁ%’ﬁ%@ﬁsﬁiﬁﬁﬁ? 5 (22/ 22)
pr M POSI Tl VRirATEEREAGed BYo i 192 830cd/ A ly &y et d thAdingRBRItTbYEHPEM
NEGATI VEG6. 7% 2/ SQ 33.3 0 (1/3 Conparison of "anti serum re€acti ons agai nst

aut henti c pkiemesdtade°@nd BNO7 NS1. In brackets: Nunber of sanples tested

positive/ Total nunber 5 of sanples tested. DEN = dengue, JEV = Japanese
encephalitis virus. The data in table 2 also clearly shows that of the 6

sera which did  The pest clone or clones are further clone purified under agarose '

10 until by PCR analysis there is no signs of empty vector contamination (3 (
to 30 rounds of clone purification). These clones are then amplified for
further stringent testing for correct insertion configuration, sequence
verification of promoter-foreign gene cassette and expression analysis by
RT-PCR. After these analysis only one clone was further amplified under

15 G418 selection to prepare a master stock for further characterization and
immunogenicity studies.

The recombinant MVA with the inserted dengue NS1 expression
cassette described in this invention was named mBNQ7. Fig3b shows the

20 configuration of'inserted foreign sequence in mBNO7, : (x

4. Expression of authentic NS1 by MVA

25 The expression of the NS1 protein from the recombinant MVA,
mBNO7, was verified by standard western blot analysis under non-
denaturing conditions. More particularly, NS1 expression was analyzed
after purified mBNO7 was used {o infect mammalian tissue culture cells,
for example BHK-21 cells, at an MO! of 1.0 infectious unit per cell. Crude

30  protein extracts were prepared from these infected cells 24-30 hours after
infection where portions of these extract were mixed with SDS-PAGE gel




not react with NS1 expressed by nBNO7, 4 were fromindividuals who had
-been previously infected with JEV and not dengue. The renmaining 2 io had no
det ect abl e anti bodies to prenmenbrane protein of either dengue or JEV and

were |ikelyodRsfagve been of a lowtiter. 2. nBNO7 vacci nati ¢ [

. and testing of post-inmmunization sera against dengue vi ?Egmggﬁfzjgﬁgﬁétsz
encephalitis virus i munoblots and 15 ELI SA assays Three SB iu"

pat hogen-free rabbits were imunized by3? subcutaneous route gg‘co’# P(r)l% to
t he vaccination schedul e as shown. bel ow. Each rabbit was vaccinated with

one vial of frs -dried Ci '
vacci ne) ?ej%agfgzlglﬁérhg?@‘é‘i‘ﬁﬁgﬁ-{ﬁ&’%ﬂ)ﬁ%&ﬁ%ﬂ&g{%ﬁ&%@{ (E);ggﬁagnﬂ]ge%dagai n
~ on day 28. 1@&9%&%"}{%51%%% SreBimh Otk aet frond £al8d (maesquitatéeshliiey ebl eed)

and again days after "second ' vaccination. 25 Da =
{ _ _ . - y 0 = prebleed followed
by 1st vaccinfsdteamwiddedL04918¢ #8aIRACT ERaaltizoganivel W@Ng 2006 Day 28 = 2nd

vacci nation Day 38 = bl ood | = i i

-bl o0d samptenliophousiily Seerele! doa SSHTGEEF P BT oFRsbT T 1

_ ing of pre ed an 0St-l j i i

mminobiot shEPEIRE DD a1 GeHe LR A e ot i o ot o ) 36
cells were N%ﬁp%%ﬁb%%@gﬁ%daﬁgf under non-denaturing conditions. For

i mrunobl ot assays serum day 38 (diluted 1:200) was used. Th
: : e results
clearly denonstrated that upon vaccination with nBNO7 all three rabbit

SLihent 1 N1 prbosahpo et ur s o LN S BRI Cur e
v T)Squ' to Ceg%ﬁlde%egruuem%%lﬂ%%n%%foq{a? AL PRorehh 8 1Rt oF@ag difrteric form
| 10 similar to NS1 from dengue infected cells (compare unboiled mMBNQO7

without 2-ME lane with unboiled DEN2 without 2-ME lane). Moreover it

was shown that the dimeric form resolves out to the monomeric forms

under denaturing conditions (see boiled mBNO7 with 2-ME lane).

15 The NS1 expressed in cells infected with mBNO7 was also
recognized by pooled convalescent patients’ sera and with monocional
antibodies that cross-react to NS1 of all four serotypes of dengue in

* western blot analysis. This demonstrates that NS1 expressed by mBNO7

is immunogenic.

Throughout the example section. mBNO7 (sometimes also termed
BNQ7) is either stored in a liquid state (optionally frozen) or in a freeze-
dried state. To obtain a freeze-dried virus a virus containing soiution is
prepared that comprises 10 mM Tris-buffer, 140 mM NaCl, 18.9 g/I
25 Dextran (MW 36000 - 40000), 45 g/l sucrose, 0.108 g/ L-glutamic acid
mono potassium salt monohydrate pH 7.4. Said formulation is then
freeze-dried. For reconstitution water is added to the freeze-dried

preparation.
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any of the dengue protein on the inmunoblots. Post-immunized serum of day

38 was titrated at 1:1000, 1:2000, 20 1:4000, 1:104, 1:105, 1:106 and
tested on i mmunobl ot strips of Dengue 2 virus antigens and control strips - °
of uni nf egb@an36436 cells separated by SDS PAGE under n%%-ﬁﬁﬂ% i ng
conditions. Endpoint titers for the three rabbit sera of gay was :
calculated to be 1:10 000. The endpoint titers for the serg Qﬁ”g?p g? were -
calculated to be 1 x 105 in both the 2546 nmunobl ot assay an ?he g ,
respectively (data not shown). Both, pre- and post-immuni zed serum were

titrated atg,l; 10z -3 1104 1 S : in
i ndirect | g%gaéﬁﬁgzﬁx.z'ﬁég%ﬁ%%%%'%gfgﬁwe%%&ggﬁg?ﬁ%%%@ﬁg?ﬂthﬁ%@ed
C6/ 36 | ysatPengie ¢irdes otherlithan serotye D3ha4d1ikeRTS 1 HfQkphac8d 4402 JUN
2006 Table 3: 1:10-21:10-31:1041:1051:10 6 1:10-' Rabbit

#1Pr e- 0. 012enagdrl doviras {IBVpendWest nibesituss@¥NVI270. 020. 0040. 001 - 0. 003
Rabbit #2Pre-0.0120-0.001-0.0030 -0. 001 Post0. 4020. 06-0. 0070. 008- 0. 003
0. 002 Rabbit #3Pre-0.0080.03-0.0020.005-0.002 -0.002

Post 0. 9970. 2 ?gée P ; r ' re- and
post - i mgruni:g'e#ssg?%gﬁf rorﬁ.ofl@giF\ngg@%?trgg{:%t?@%a?@hgﬁot‘}t%?ggrlsgg?égérg

pre-i mmune sera, Post 5 post immuni zation sera). The titration results for
post-i muni zed sera of each rabbit were | otted as shown Fi_? 4. The

estimat ed endpoi Mestedtwas the possibiitydbet NS hexprassad iyza@Nef isn are 1: 1000.
10 2.2 T i f bl eed d t i izati inst d

ser ot ype 1.'550elize00) £oTkaBECaRCaniar tre TPl bafe R Aty s

| munobl ot se\lgeF8€ bf PreliBls RPRUE BRIV SRS rh &8 ftiAHUSIL000

dilution on
10 who have antibodies against dengue virus envelope protein (by (,

immunoblotting against authentic antigens prepared from Dengue
serotypes 1 to 4) were selected for testing against immunoblot strips
prepared from mBNO7 infected cell extracts and MVA-GFP infected cell
extracts as control. The antigen-containing cell lysates were treated with
15 sample buffer without 2 mercaptoethanol and were not heated. Of the 68
individual sera tested, 62 (91.2%) reacted with BNO7 NS1 expressed by
mBNO7 in immunoblots. These sera were further analyzed for reactivity o
NS1 of all 4 dengue virus serotypes as well as Japanese encephalitis virus
(JEV). The results are shown in Table 1. Fifty-four of the sera reacted with
20  NS1 of all dengue virus serotypes and Japanese Encephalitis Virus (JEV), Q
and 53 of these 54 sera (98.2%) also reacted with NS1 expressed from
mBNO7. Seven (7) sera were specific for NS1 of at least one dengue virus
serotype and did not react with NS1 of JEV. All these 7 sera also reacted
with NS1 expressed by mBNO7. Another 7. sera reacted only with NS1 of
25  JEV and not NS1 of any dengue virus serotype, vet 2 (28.6%) of these
JEV-specific sera also reacted with NS1 expressed by mBNQ7.

Table 1:

BNO7 NS1 BNO7 NS1
NEGATIVE POSITIVE




i mmunobl ot strips of Dengue 1, 2, 3, 4 and JE virus anti

strips of uninfected C6/36 cells separated by SDS PAC;Et ugggf El)gs control
“denaturing conditions. It was shown that each rabbit post-inmunization
sera reagoinieiz4NSL from dengue serotypes 1, 3 and 4 aspw@lgposrszomath 20
~NS1 on Japanese encephalitis i munobl ots. Each of the rabbit serum of day
66 . was tested at 1:1000 dilution on inmmunoblot strips of 5 § 4,
WNV and JE virus antigens plus control 4strips of uninf ectgg %Eﬂ%éo‘c’m S
separated by SDS PAGE under 25 non-denat uring condl t| ons. It was shown t hat

each rabbit pes 87 dPCT/EPOZ] ti

zﬁr?a[):acts W ggdle seroty 838; §3 ard 4 as%\@/ﬁmm \fmat Iho&81
) nese el is.virus and nil oAz A

confirmthe i rnﬁth"B‘tblEHTiﬁé\M& EEVsa clr 35%1@@1%‘{0 vijt 8 13%@3’/@4) 1

performed. The N1 IPOMIViEcrotiterpl ates were coat ed with DENY-1 DENV- 3,
. DENV-4, JEV, ﬂquqmngQpNgq ce|l Ty4®%g547) 1: 25(28d5]7% (DB, |The sera

were sera fromFg@fng?T@E( |g 5A) angd day 66 (Fig. to Fromthe

i mmunobl ot ass h

concl uded t hat aﬁ?mlsé’g' @b"f‘@{ %Jée@ ?e@ngue ﬁéggﬁg@g}det\lsgfgggq\r]%%ctl ve
with all other D%&%%gé LYHPRS07 L g biEc&k@t@dembM&\M s@mplematedsi ons 15
Rabbi ts i mmuni ze 7 vaccine elicited anti bodi es that ecognl ze

aut henti ¢ Denguepusitive/Fetadtrypeber disdamydes tast Dﬁrhmﬂéiwﬁad

observed where end points were 1;10- 4 and 1: 1%%3 in both |rmunobl ot assays
and ELI SA respec{@apaingse ocePhEitinEii®es elicited in the rabbits
cross-reacted with all the other dengue serotypes (1, 3 & 4). - The
antibodi®s also cross-reacted with NS1 from a heterol ogous virus such as
(JEV and WNV. 25 3. Inmmunogenicity studies in mce

The same 68 sera were also analyzed by reactivity against
premembrane proteins. [n the experience of the inventors, antibodies
against premembrane are far more specific than aniibodies against NS1

10 or E. Thus patients who have been infected with dengue will produce
antibodies which recognize dengue virus premembrane and not JEV
premembrane and vice versa. An analysis along these lines will provide'a
better prediction of the history of infection of individuals. Table 2 shows
that sera from 22 patients reacted with authentic dengue premembrane

15 protein alone thus suggesting that these 22 patients have been exposed

(/ to dengue virus only and not to JEV. All these 22 sera reacted with NS1
expressed by mBNO7. Another 22 patients had evidence of previous
infection with both dengue and JEV, and again all 22 sera also reacted
with NS1 expressed by mBNO7. In this series there were also 21 patients

20 who had evidence of previous infection with JEV only (even though these
sera had cross-reactive antibodies against dengue E). Interestingly, 17 of
the 21 (829%) JEV responders reacted with NS1 expressed by mBNO7.
There were only 3 sera in the whole set that did not react with

premembrane protein of either dengue or JEV and only 1 of these reacted
25 with NS1 éxpressed' by mBNO7. The most likely reason for this is that the
“antibody titer is too low to be detected by immunoblotting. |




Femal e out-bred mce were immuni zed by the intraperitoneal route with

nMBNO7 expressing Dengue virus NSI in different anbunts and schedul es as
shown bel ow. mBNO8B, a MVA corresponding to nBNO7 but not expressing NS

/

and PBS sgowsdssasy control. The serumof the mce was so %]109 g)gﬁck
whet her the anti bodies generated in the mce were able to react

PCT/ EP02/ 12991 02 JUN 2006 serotypes and2from the Japanese en

West ern
blots with NS1 proteins fromthe different flavivirus V\DO36Q?§{lgﬁgP|ﬂ§is

virus, respectively. The sera fromthe control mce were negative in all

experinments. The foll ow ng groups were anal yzed: 5 G oupNo. of 1sT
dosel nterval 2ND dosel nterval m cebefore bl eeding 191x107 TCl D504
weeks1x107TCHPEO3: weeks BNO7 eachBNO7 each (O0.1m of (0.1 m of vaccine
vaccine diluteddiluted 1:5 in 1:5 in $PBS/ nouse) PBS/ muse) 291x107 T(C

weeks1x107 TCl D503 weeks BNO7 freeze-BNO7 fBM@ZéNSHri ed vaddNGédided
vacci ne each-edch (reconstituted in(re¢onstiNEGAEWEN 1.2m RESETIVEEr 1. 3

t | D503 K Y/ D504
rater Per oy JRUTREN TR GHTE DU feck e 10704 v, 29722

AUTHENTIC DEN & JEV 0% (0/22) 1009 (22/22)
prM POSITIVE

AUTHENTIC JEV prM 19.0% (4/21) 81.0% (17/21)
POSITIVE

PrM NEGATIVE 66.7% (2/3) 33.3%(1/3)

Comparison of antiserum reactions against authentic premembrane and
BNO7 NS1. In brackets: Number of samples tested positive/Total number

5 of samples tested. DEN = dengue, JEV = Japanese encephalitis virus.

The data in table 2 also clearly shows that of the 6 sera which did
not react with NS1 expressed by mBNO7, 4 were from individuals who
had been previously infected with JEV and not dengue. The remaining 2
10 had no detectable antibodies to premémbrane protein of either dengue or
JEV and were likely to have been of a low titer.

2. mBNO7 vaccination of Rabbits and testing of post-immunization sera
against dengue virus and Japanese encephalitis virus immunoblots and

15  ELISA assays

Three specific pathogen-free rabbits were immunized by
subcutaneous route according to the vaccination schedule as shown
below. Each rabbit was vaccinated with one vial of freeze-dried vaccine

20 (1x10e& TCID50 BNO7 freeze-dried vaccine) reconstituted to 1Im! with
sterile water on day O and then again on day 28. Blood samples were
taken prior to first vaccination (prebleed) and again 10 days after second
vaccination, '

25 Day O = prebleed followed by 15t vaccination

D504
m

(.

O




eacheach (reconstituted in(reconstituted in 1.2nl water perl.2
‘nDuse)nDuse) 4101x10" TCI D504 weeks1x107 TCl D504 weeks BRD? eag%Bpgge;agﬁr
(0.1m of (0.1m of vaccine. vaccine diluteddiluted 1:5 in 1:5 i nPBS/ nouse)
PBS/nDusQ»OQ;@ﬁ%@p7TCID504 weeks1x107TCl D504 weeks BNO7 fpiaazes/BNOY freeze-
_drled vacci nedri ed vacci ne eacheach (reconstituted in(reconstituted in

1. 2ml water perl.2nl water per nouse)nouse) In the i mmunob

. ’ . hREeNt s
the following results were obtained: WD493/ 048184 47 PCT/ EP@?/‘%??" 2 JUN
2006 GROUPDENDENV- 2DENV- 3DENV-4JEV POSI TI VEPGSI TI VEPCSI Tl VEPCSI TI VE 0 POS) 0

POS) 0 POSO POS) 49375, 100 0)38.3 NF2:7,055.5 0 2N9895 1
3109108 (1000900%%30%60 210004 ‘%fggg%t'(o 0% ( 909 ( 40% 00088. 80100055. 50 )

Day 38 = blood sampling
Day 56 =3 vaccination
Day 66 =blood sampling
5 Day 112 =50mi blood withdrawal from each rabbit

21 Testing of prebleed and post-immunization sera against dengue

serotype 2 immunoblots

10 Dengue 2 virus antigens and antigens of uninfected C6/36 cells were
separated by SDS PAGE under non-denaturing conditions.  For
immunoblot assays serum of day 38 (diluted 1:200) was used.

The results clearly demonstrated that upon vaccination with mBNO7 all
three rabbit produced anti-NS1 antibodies of high titres that cross react

15 with authentic NS1 produced from a dengue serotype 2 infection of tissue
culture mosquito cells. Serum taken before vaccination did not react to

any of the dengue protein on the immunoblots.

Post-immunized serum of day 38 was titrated at 1:1000, 1:2000,
(3 20 1:4000, 1:10%, 1:10%, 1:10%and tested on immunoblot strips of Dengue
2 virus antigens and control strips of uninfected C6/36 cells separaied by
SDS PAGE under non-denaturing conditions. Endpoint titers for the three
rabbit sera of day 38 was calculated to be 1:10 000. The endpoint titers
for the sera of day 66 were calculated to be 1 x 10° in both the

o5 immunoblot assay an the ELISA, respectively (data not shown).

Both, pre- and post-immunized serum were titrated at 1:102, 1:10
3 1:10%, 1:10%, 1:10%, 1:107 and tested in indirect 1gG ELISA. The wells
were coated with dengue 2 and uninfected C6/36 lysates at 1:250

30  dilution.




51010109108 (100% (1009 (100% 100 0080 O Very simlar experinents have been
obtained with Balb/c mce: Mce were vaccinated with two shots of

1x108TClI D50 BNO7 (freeze-dried and 5 reconstituted with water) at days O
and 21. Teosemsere obtained at day 42. 100% of the s@gg/gpgached W th
Dengue virus 2 NS1, 100 % of the sera reacted with NS1 proteins fromall
four Dengue virus serotypes and 75 of the sera reacted wtfatjumy Dod
protein of JEV. The results obtained witff 1x108TCI D50 non-freeze dried
BNO7 were as follows: 100% of the sera 10 reacted with NS1 fromall four
Denguevirus serotypes. The sera recognized NS1 from JEV not as good as the
sera obtained frommce vaccinated with freeze-dried BNO7. Conclusion: 15
100% of t he Triikde J:muni zed with BN07 had antibodies to DENV-2 NSI with
very strong-+esperse—Fh o ;
TCI D50 BNO7 20 was as strong ésmt he |1n1r9Jne r]-e%‘}ponseI gt mcélprmuml' d with
| xI 0e8 TCl DxapbBNeY (dapg not shewn) WRJ@37 0454 48 68317 I:PQZ)’03229%GM JUN

2006 - The best cross-|eactivity per age e observed th
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Journal of Tropical disci neoag[bg uby 4 @ 215 §P9 Buigks DS angydbonat h
S ou

TP., 2001, ELaviviruse Ln_Fi Vi rol ogv. (th
ELISA absorbance reading for pre- and post-immunized serum from

each rabbit at different dilutions (Pre = pre-immune sera, Post = (

5 post immunization sera).

The titration results for post-immunized sera of each rabbit were
plotted as shown Fig 4. The estimated endpoint titers for each rabbit
post-immunized serum are 1:1000.

10

2.2 Testing of prebleed and post-immunization sera against dengue |

serotype 1, 3, and 4,Japanese encephalitis virus and West nile virus
immunoblots

15 Each of the rabbit serum of day 38 was tested at 1:1000 dilution on
immunoblot strips of Dengue 1, 2, 3, 4 and JE virus antigens plus control
strip_s of uninfected C6/36 cells separated by SDS PAGE under non-
denaturing conditions. 1t was shown that each rabbit post-immunization
sera reacts with NS1 from dengue serotypes 1, 3 and 4 as well as with

20 NS1 on Japanese encephalitis immunoblots.

Each of the rabbit serum of day 66 was tested at 1:1000 dilution on
immunoblot strips of Dengue 1, 3, 4, WNV and JE virus antigens plus
control strips of uninfected C6/36 cells separated by SDS PAGE under

25 non-denaturing conditions. [t was shown that each rabbit post-
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2.3. Conclusions

15
. Rabbits immunized with mBNQ7 vaccine elicited antibodies that
recognize authentic Dengue virus serotype 2 NS1.
" Very high immune response was observed where end points were 1:10
4 and 1:10% in both immunoblot assays and ELISA respectively.
(:; 20 - Antibodies elicited in the rabbits cross-reacted with all the other

dengue serotypes (1, 3 & 4). '
. The antibodies also cross-reacted with NS1 from a heterologous virus
such as JEV and WNV.

25 3. Immunogenicity studies in mice
Female out-bred mice were immunized by the intraperitoneal route with
mBNO7 expressing Dengue virus NS1 in different amounts and schedules
as shown below. mBNOS8, a MVA corresponding to mBNO7 but not
expressing NS1 and PBS served as control. The serum of the mice was
30 used to check whether the antibodies generated in the mice were able 1o

react on Western blots with NS1 proteins from the different flavivirus
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in the immunoblot experiments the following results were obtained:
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Very similar experiments have been obtained with Balb/c mice: Mice were
vaccinated with two shots of 1x108 TCiDsp BNO7 (freeze-dried and

.5 reconstituted with water) at days 0 and 21. The sera were obtained at day
42. 1009, of the sera reacted with Dengue virus 2 NS1, 100 % of the sera
reacted with NS1 proteins from all four Dengue virus serotypes and 75 of
the sera reacted with the NS 1 protein of JEV. The resulis obtained with
1x108TClDgg non-freeze dried BNO7 were as follows: 100% of the sera

10 reacted with NS1 from all four Denguevirus serotypes. The sera

— recognized NS1 from JEV not és good as the sera obtained from mice

vaccinated with freeze-dried BNO7.

Conclusion:
15
- 100% of the mice immunized with BNO7 had. antibodies to DENV-2
NS1 with very strong response.
_ The immune response of mice immunized with 1x10e7 TCID50 BNG7
20 was as strong as the immune response of mice immunized with

1x10e8 TCID50 BNO7 (data not shown)
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wher ei i THe EpL T Oer proterr—+s—he—an—en-re_E-protein for the
pr epar ati SEFI o#&%&rﬁ%ﬁ){?{}é’c’sﬁgai nst the fl avi Viurthsiesitsdelidantiivton dd SaciS@Kn Oby Egl
from V\A‘ING}:h'eoid&QsitNﬁgsﬁﬂﬁ(ﬁt AR OT b4| 02 JUN—2006 Sfut t:".crf—:cf s—aeri-ved
agai ns{ one or nore a aviyvirus. and/or Flavivirus serotype. 1.
Use of {a poxvirus vect oru dgg{éhg‘#"(%lg"ﬁg”?“é!egﬁgﬂwfﬁé of claims 1 to 7 harboring{a

DNA cohREdS] RGN -EXPression——cassette—eonprisi-hg—a—transcri ptional

regul a reX:r ci?eeﬁ'%lrtlatry and a (’é’%‘ HENEEapT e odes for an entire Flavivirus NSI

proteip rsbe;;b%(gplted%?té%qu e3¢ || elicits an inmune response and

option aaﬁ%h? Pad foUlhNE R tide/protein, wherein the further
(At ’D%?F%Kﬂ%gﬁr?i re E-protein and wherein the Flavivirus (

peptide/protein 1s not an
infectjon is an infection by the Flavivirus or Flavivirus serotype from
which | the nucleic acid, or the NS 1 protein or part thereof is derived
and/ or | Batroidegytiect i on by anot her FlI aviVi | igeaRidl G, Favivirus—seroetype—-h
the npnufacture ofaugusiedizgagent for the treatnent oro&%g%%ntion of a
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Flavivirus infection. 13. Use of poxvirus vector according to anyone of
“elaine 1 to 7 harboring a DNA conprising an expressi on cassette conpri sing
a transeppinsal regul atory el ement and a sequence whiRGI/EREEEM or an
~entire Flavivirus NS1 protein or a @art thereof that still elicits an

I rmune response and optionally for a further peptide/protein, wherein the
further peptide/proteinis not an entire E-protein in the 55 Ffﬁb&ge of a
medi canment for the vaccination agai nst several flaviviruses oOr avi vi rus
serotypes. 14. PoXViNDISATIESkREIATRRS T ADErOsEimdnickbOESeaggcor ding to
claim1l according toanyone of clains 12 to 13, wherein the NS1. protein
or -part thereof is derived from guarbenguevi rus serotype and wherein the
vaccine protects an. individual at |east against the infection with at

| east, two Denguevirus serotypes. 55 02 JUN 2006 15. Poxvirus vector, use
or net A?drtéﬁ&&ﬁo%n!a@ab&&m%@&t@uﬁe%mrg%@ﬁkﬁhé&mﬁn@@dege\é&ﬁﬁ' ne protects an

i ndi vi dual, |1 Degguevirus serotypes 16.
PoXxVi I bs=veeters—tse—or e Rot—ceordRg-t 0o/ oRe—0—tak-As—lt4—to—

wher ei nB-UINENDIEYTONOFDEPGSER ot ype and/ or Fl amrtherdemstszﬁmdrmfmﬁun@hddtnh@lsheblsg
pr ot ei [Namsof etgs{tv?riélnt&% g&A}%IUVH us—serotype 217 —Poxvirus vector;—useor

nmet hod| accor Qp?eaﬁ’f:olfel:t% @'F?e%% @‘Res 16, wherein the
I'S se

ot her/ hddi ti onal FIaV|V| ron1Vést Nile virus, Yellow fever

Vi rus Japa ! od
accord ﬁEWﬁGf@ﬁ%@W@E@¢MEF@%%%m%ﬂ@@w?ﬂMHﬁd 9 to 17 or pharnaceutlcal
conpos 'Bﬁﬂﬁé%@@@Mﬁﬁmpﬁgb&BPﬁﬁgh wherein the poxvirus vector or the
;gﬂgrn&: 1 "ggP on is adm nistered in therapeutically effective
" unt 51 R W%Fan ("primng inoculation") and in a second
inoculatlon ("boostlng i noculation"). 19. Cell, preferably a human cel

conprlklng a poxvirus vector according to anyone of claims 1 to 7. 20. Kit
for pr ﬂﬁoplg[g&t T TTUTT Zat T o COnMpr STy A NOXVELEES vector
December 7, 2000 00120707
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according to anyone of, clainms 1 to 7 and 9 to 17 or a pharnaceuti cal
conposition according to claim8 for a first inoculation ("primng

i noculation") in a first vial/containgr and for a second inocul ation
("boosting inoculation") in a: second vial/container. WD 03/048184
PCTUEPO2/ 12991 SEQUENCE LI STI NG 02 JUN 2006 <110> Bavari af2NaMNIRBOBY S
Venture Technol ogi es Sdn Bhd <120> Fl avi virus NS1 Subunit Vaccine <130>
NS1- Dengue <140>0000 <141>2001-12-04 <160>10 <170> Patentln Ver. 2.1 <210>
1 <211> 30 CLAIMS DNA <213> Artificial Sequence <220> <223> Description
of Artificial Sequence: prinmer <400> 1 ttgttagcag ccggatcgta gacttaatta 30
<210> 2 <211> 62 <212> DNA <213> Artificial Sequence <220> <223>
Description of Artificial Sequence:prinmer <400> 2 caaaaaattg aaattttatt
tttttttttt ggaat aPerdrisaassteradarbbaag aac MNAO cogprisihg<2did>exbression

cassette comprising a transcriptional regulatory element and a sequence
which codes for an entire Flavivirus NS1 protein or a part thereof that still
elicits an immune response and optionally for a further peptide/protein,
wherein the poxvirus is Modified Vaccinia Virus Ankara (MVA) strain BN
deposited at the European Collection of Cell Cultures under number
V00083008 or a derivative thereof and wherein the further peptide/protein
is' not an entire E-protein wherein the derivative of strain MVA-BN is
characterized by having at least one of the following properties:
{i) capability of reproductive replication in chicken embryo
fibroblasts (CEF) and in the baby hamster kidney cell line
BHK, but no capability of reproductive replication in the
human keratinocyte cell line HaCat,
(i) failure to replicate in vivo,
(i) induction of a higher immunogenicity compared to the
known strain MVA 575 in a lethal challenge model and/or
(iv) induction of at least substantially the same level of
immunity in vaccinia virus prime/ vaccinia virus boost
regimes when compared to DNA-prime/ vaccinia virus

boost regimes.

2. Poxvirus vector according to anyone of claims 1, wherein the .

- Flavivirus is a mosquito-borne Flavivirus. = -

- 3. Poxvirus vector according to claim 2, wherein the mosquito-born

Flavivirus is a Dengue virus.

4. . Poxvirus vector according to claim 3, wherein the Dengue virus is
" Dengue virus serotype 2. T |




<211> 33 <212> DNA <213> Artificial Sequence <220> <223> Description of
Artificial Sequence: prinmer 1 WO 03/048184 PCT/ EP02/ 12991 <400> 3 0 2 JUN
2006 aatagatctc tactaggctg tgaccaagga gt 33 <210> 4 <211> 33 <212> DNA
<213> Artificial Sequence <220> <223> Description of Artificial Sequence:
primer <400> 4 acaagatctg gaatgaattc acgtagcacc tca 33 <20RJUN 2641> 1143
<212> DNA <213> Dengue virus type 2 <220> <221> CDS <222> (1)..(1140)
<223> Signal sequence of Eprotein + NS1 codi ng sequence <400> 5 atg aat tca
cgc agc acc tca ctg tct gtg tca cta gta ttg gtg gga 48 Met Asn Ser Arg Ser

Thr Ser Leu Ser | Val Leu Val 10 1 t tg tat
ttg gga gtt 5gtg ﬁ&vfﬁ% végtbrgadc[c% ng aqy&ﬁ 9%'5 cl alg %hg’h%%g% Leu Ay
Val Met Val sggnerté cédgipgder tHe Flaiirus3S2pratein or part thereof is preceded

by an ATG codon and a sequence encoding a glycosylation signal

sequence and wherein the coding sequence is terminated by a stop codon

of translation.

6. Poxvirus vector according to anyone of claims 1 to 5, wherein the

transcriptional regulatory element is a poxvirus promoter.

7. Poxvirus vector according to anyone of claims 1 to 6, wherein the

poxvirus vector is freeze-dried.

8. Pharmaceutical composition comprising a poxvirus vector according
to anyone of claims 1 to 7 and a pharmaceutically acceptable carrier,
diluent and/or additive.

9. Poxvirus vector according to anyone of claims 1 to 8 as a vaccine.

10.  Poxvirus vector according to claim 9, wherein the vaccine is used to
vaccinate against the Flavivirus or Flavivirus serotype from which the
nucleic acid or the NS 1 protein or part thereof is derived and/or against

one or more additional Flavivirus and/or Flavivirus serotype.

11. Use of a poxwrus vector according to anyone of clalms Tto7
harboring a DNA comprising an expression’ cassette comprising a
transcriptional regulatory element and a sequence -which: codes for an
entire Flavivirus NS1 protein or a part thereof that still elicits an immuhe
response and optionally for a further peptide/protein, wherein the further
peptide/protein is not an entire E-protein for the preparation of a vaccine
against the ﬂaviviru's'or FIaVivirus serotype from which the NS1 prot’ein or




gtt gtg agc tgg aaa aac aaa gaa ctg aag tgt ggc agt ggg att ttc 144 Val

Val Ser Trp Lys Asn Lys Gu Leu Lys Cys Gy Ser Gy Ile Phe 35 40 45 atc
aca gac aac gtg cac aca tgg aca gaa caastac aag ttc caa cca 192 |Ile Thr
Asp Asn Val His Thr Trp Thr AQu G n Tyr Lys Phe A n Pro 50 55 60 gaa tcc
cct tca aag cta get tca get atc cag aaa get cat gaa gag 202 JUBLAOG@r Pro
Ser Lys Leu Ala Ser Ala lle An Lys Ala Hs AQu Gu 65 70 75 80 2 WO

03/ 048184 02 JUN 2006 PCT/ GP02/12991 ggc att tgt gga atc cgc tca gta aca
aga ctg gaa paat thargohisgdetgyedamd/@ pgainst Ope & ynareecaddiiorsdr Flasiviridr Ar g
Leu A u Asn g t . Trp 85 90 95 aaa caa ata aca cca gaa ttg aat cacatt cta
tca gaa sat aé Zorg—ﬁawwl[%s%ﬁo H9e Thr Pro Gu Leu Asn His Ile Leu Ser G u
Asn Gu Val 100 105 110 336 aag ttg act att atg aca gga gac atc aaa gga
atc atg cag gca gga 384 Lys Leu Thr Ile Met Thr Gy Asp Ile Lys Gy Ile
Met A n Alal@dy Uss o po3vids vegion accordinge iy asveneaef eddmact tgad ctg aag

tat tca tgg L r . deu r Lys Tyr
Ser Trp Lys '%3@0@% 14§N£ag?r§§ha'|8§ fgan%i%g%siéﬁagég&&c tc(?tn?%ﬁésgﬁ’%aé tct cat
aac cag acc ticrigtionalriegtiatoryy elethentLysd Metselgeen&erwHibh éadesSésr Bhs Asn

G n Thr 145 150 155 160 ttt ctc att gat C CCC gaa aca gca gaa tgc ccc aac
aca aac aga &PEe wu&ﬁmepy@gn@@/ametﬂg%qqyeqfhﬂwamsaﬁ@luqﬂm W'B”ﬂ%n Thr

ftsg 222 égg rédfbrise>afi§ loptidBafitort Q% urther RS Hrétdm, YterbM tHOfuridr 992 gta
peptide/protein is not an entire E-protein and wherein the Flavivirus
infection is an infection by the Flavivirus or Flavivirus serotype from which
the nucleic acid, or the NS 1 protein or part thereof is derived and/or an
infection by another Flavivirus and/or Flavivirus serotype in the
manufacture of a medicament for the treatment or prevention of a

Flavivirus infection.

13. Use of poxvirus vector according to anyone of claims 1 to 7
harboring a DNA comprising an expression cassette comprising a
transcriptional regulatory element and a sequence which codes for an
entire Flavivirus NS1 protein or a part thereof that still elicits an immune
response and optionally for a further peptide/protein, wherein the further
peptide/protein is not an entire E-protein in the manufacture of a
medicament for the vaccination against several flaviviruses or flavivirus

serotypes.

14.  Poxvirus vector according to claim 10, use ‘according to claim 11
' acccrdingf‘-to,:anyone of claims 12 to 13, wherein f‘thé'NSiT- protein. or -part = :
- thereof is derived from one Denguevirus serotype and wherein the vaccine =
protects an. individual at least against the infection with at least. two:
Denguevirus serotypes.




Al a
acc
Asn
aaa
Leu
ggt
Tyr
gcc
Ser

tgg
Ser

Trp
eat
Ile
ctc
Met
t at
Trp
tct
Phe
agt
Asn

Asn Ser Leu Gu Val Qu Asp Tyr Gy Phe dy Val Phe Thr 180 185 190
ata tgg cta aag ttg aga gaa aag cag gat gta ttc tgc gac 624 Thr
Trp Leu Lys Leu Arg Gu Lys A nggAsp Val Phe Cys Asp 195 200 205 tca
atg tca gcg gcc ata aaa gac aac aga gcc gtc cat gcc 672 Ser Lys

‘SerAla Ala Ile Lys Asp Asn Arg Ala Val H s Al a 21@2M3N2D06gat atg

tgg ata gaa agt gca ctc aat gac aca tgg aag ate. 720 Asp Met Qy
Ile Gu Ser Ala Leu Asn Asp Thr Trp Lys Ile 225 230 235 240 gag aaa
ttc Hi.c dRhexvnms motagtsetgcm#md gocardingatagclapa 1A68vherein thgs Al a

le G u. Vi Cys. 5Q 255
car o prabiogEh il abelpele gifectih iy o Pefauits, °r ) ©
Gy adbtvbey. Gu Ser u Met Ile Ile Pro 260 265 270 3 WO 03/048184

02 JUN 2006 P EP02/ 12991 aag eat ttc get gga cca gtg tca caa cac aac tac

aga
Pro
gag
Met
t gt
Ay
ctc
I'le

cca
Gy
atg
ASp
gga
305
ata
325

ggc tac 864 Lys Asn Phe Ala Gy Pro Val Ser An H's Asn Tyr Arg

gac B15 WO, eitor (e BBy 4iRoMAg W5 Ao il EPHE 9 0,

290 @5waeﬂemtthegaengm@nmcSmw@nam Plagiviiug fesrg whighattie gag gac
960 . Phe Asp Phe Cys Qu Ay Thr Thr Val Val Val Thr Qu Asp Cys

310 N33 pﬁ?@’%@tdeﬁb’ﬁddﬁg)%@é'eyws petifa2aca act act gecc tct gga aaa
1008 Asn Arg Ay Pro Ser Leu Arg Thr Thr Thr Ala Ser Ay Lys Leu
330 335

17.  Poxvirus vector, use or method according to anyone of claims 10 to

16, wherein the other/additional Flavivirus is selected from West Nile virus;.

Yellow fever virus and Japanese encephalitis virus.

18.  Poxvirus vector, use or method according to anyone of claims 1o 7
and 9 to 17 or pharmaceutical composition according to claim 8, wherein
the poxvirus vector or the pharmaceutical composition is administered in
therapeutically effective amounts in a first inoculation (“priming inoculation™)

and in a second inoculation (“boosting inoculation”).

19. Cell, preferably a human cell, comprising a poxvirus vector
according to anyone of claims 1 to 7.

20. Kit for prime/boost immunization comprising a poxvirus vector

according to anyone of, claims 1 to 7 and 9 to 17 or a pharmaceutical

composition according to claim 8 for a first inoculation (“priming inoculation”)

“in a first vial/container and for a second inoculation (“boasting inoculation”) -
e ~in.a second vial/container. '




aca gaa tgg
*.Qu Trp Cys

tgc tgc cga tct tgc aca tta cca ccg cta aga tac aga 1056 Thr
Cys Arg Ser Cys Thr Leu Pro Pro Leu Arg Tyr Arg 340 345 350 ggt

gag gac gue 0s/g41849g tac ggg atg gaa atc aga cca ttg aaa FEG/EPIORIE Y G n

. Asp Gy Cys Trp Tyr Gy Net Qu lle Arg Pro Leu Lys G u 355 360 365 aaa gaa
-gag eat ttg gtc aac tcc teEpughcE acaTgec tag Lys Qu GQu Asn Leu Val Asn
Ser Leu Val Thr Ala 370 375 380 <210> 6 <211> 380 <212> Pg3 JiN2pofengue
virus ty 2:5400> 6 Net Ser Arg Ser Thr Ser Leu Ser Val Ser Leu Val
Leu Val %6037 V?LVS 101 \7aﬁ$€/als Thrh Leu Tyr Lou Ay Val Met Val G@n Ala Asp
Ser Ay Cys 'IF'5% %£%°Qﬁ &FPrp Lys Asn Lys Gu Leu Lys Cys Gy Ser

~. Ay Ile The 35 40 45 Ile Thr Asp Asn Val His Thr Trp Thr Au A@n Tyr Lys

- Phe G n<Pr@ FEYiSErBONE BuBeritPVapcSes Lys Leu Ala Ser Ala Ile A n Lys Ala
Hs Qu GQu 1143 4 WD 03/048184 02 JUN 2006 PCT/EP02/12991 65 70 75 80 Ay

e Cys Gy kke Ser Val Thr Arg Leu Qu Asn Leu Met Trp 85 90 95 Lys
"dn Ile<%1r> grovég%leLeu Asn Hs Ile Leu Ser u Asn Qu Val 100 105 110

<140> 0000
<141> 2001-12-04
<160> 10
<170> PatentIn Ver. 2.1
) <210> 1
<211> 30
<212> DNA
<213> Artificial Segquence
<220>
<223> Description of Artificial Sequence: primer
<400> 1 )
ttogttagecag ccggatcecgta gacttaatta 30
<210> 2
<2L1l> 62
e «<212> DNA
- )_ <213> Artificial Sequence
<220> )
<223> Description of Artificial Sequence:primer
<400> 2
caaazaatty aaattttatt ttittttitt ggaatataaa taaaaacacg ataataccabt 60
gg 62
<210> 3
<2i1> 33
<212> DNA
<213> Artificial Secuence
<220>
<223> Description of Artificial Sequence: primer

1




Lys
125
135
145
Arg
Phe
Phe Cy
Al a
Asp
Ser
Leu
Ser
Pro
Ay
Pro

Leu Thr
Lys Arg

140 Jyoshifigsd Yy Lys Ala Lys Met Leu Ser Thr G u Ser
150 155 160 Phe Leu Ile Asp Gy Pro Au Thr Ala Gu
Gn

Ile Met Thr Gy Asp Ile Lys Ay Ile Met A n Ala Ay
Leu dn Pro dn Pro Thr

Ser

165 170 175 Ala Trp Asn Ser
Thr<4g1@&03185 190 Thr Asn IIe Trp Leu

Var AR 510951 350o

Thr Trp Lys Ile

Cys His Trp Pro Lys Ser

A u<Bex- @ u Met
G n<ﬂls é@ﬂ Tyr Arg Pro Ay Tyr
eu Gy Lys Leu Au Met Asp

Thr
Ser

b

gat Yal

S

Leu

Le

Au

RERTA ay y

225 230 235 240 A u
245 250 255

lle Ile Pro

Val

Thr

Gu Asp Cys Ay
HLTRPTRF®Al a Ser Ay Lys Leu Ile 5 WO 03/ 048184

260

265
275

G u Leu Lys Tyr

Val
Lys
Ser
Tyr
Lys
Hi s
270
280
290

Leu
Al a
Trp
Al a
Thr
Lys
285
295
305

Asp
Arg
Al a
Ile
Ser
Leu
Asn
Hi s
300
310

Tyr
Au
Ile
Au
t he
Trp
Phe
Thr-
Phe
315

115

Ser Trp Lys
n Thr
n Thr Asn

%ﬁ/ﬂ:@iﬂz
. @2 L

Ay
Lys d
Lys As
Ser
Ile
Ser
Al a
Adn
Asp
320

RPa
du
Asn
Ay
Thr
t he
Asn

Leu
Val
Ay
Pro
Al a
Cys
Arg

120
130

Arg
Asn
Lys
Val

Val

Ay
Gu
Ay

PCT/ EPO2/ 12991 325 330 335 02 JUN 2006 Thr Gu Trp Cys Cys Arg' Ser Cys Thr

Leu Pro<Hle Leu Arg Tyr Arg

<223> Description of Artificial Sequence:

<400

4

acaagatcty gaatgaattec acgtagecace tca

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

<220>
<221>
<222
<223>

<400>
atg
Met

1

gte
Val

gtt
Val

atc
Ile

gaa
Glu
65

aat
Asn

gtg
Val

gtg
Val

aca
Thr
50

teo
Ser

5
1143
DNA

Dengue virus type 2

Cbs§
(1}..

5
tca
Ser

acg
Thr

agce
Ser
35

gac

Asp

cct
Pro

(1140)

Signal sequence of Eprotein +

cgc
Arg

ctg
Leu
20

toy
Trp

aac

Asn

tca
Ser

age
Ser

tat

aaa
Lys

gty
Val

aag
Lys

acc
Thx

ttg
Leu

aac
Asn

cac
His

cta
Leu
70

tca ctg
Ser Leu

gga gtt
Gly Val

aaa gaa
Glu

40

Ly

aca
Thr
55

tgg
R

gct tca

Ala Ser

tet
Ser

atg
Met
25

ctyg
Lieu

aca
Thr

got
Ala

NSl

gt
Vval
i0

gty
Val

zag
Lys

gaa
Glu

ate
Ile

primer

ceding segquence

tca cta
Ser Leu

cag gec
Gln Ala

tgt gge
Cys Gly

caa tac
Gln Tyr
60

cag aaa
Gln Lys
75

gta
Val

ttg
Leu

gat agt
Ser

30

AsSp

agt ggg

Ser Gly

45

aag
Lys

ttec
Phe

got
aAla

cat:
His

gtg
Val
i5

agt

Gly

att
Ile

caa
Gln

gaa,
Glu

33
gga 48
Gly
tge 96
Cys
tte 144
Phe
cca 192
Pro
gag 240
Glu :

80




340 345 350 Ay GQu Asp Ay Cys Trp Tyr Gy Met Qu lle Arg Pro I_Z

+ 355 360 365 Lys Gu Gu Asn Leu Val Asn Ser Leu Val Thr Ala 3787314
"<210> 7 w@idesid96 <212> DNA <213> Dengue virus type 2pg2a®wmisg2l> CDS
<222> (50)..(1189) <220> <221> Priner-bind <222> (12)..(32) <220> <221>
.primer_bidag =<2238 dgh243) cgé 1223)ca<4Q02oT delgt £L6bE %taa@@aee&gazé@at accat g

ggaattcceg ,Cogal 6,9 eacctea ctg tct
gtg tca ctgC %’t gﬁéjr?h% i Steravaé T%%/g‘r QLZE Ag%(ri’ I? S&r° Leu Ser Val

- Ser Leu Val Leu Val d aI VaI Thr 5 18%15 ctg tat ttg 9959a gtt atg gtg cag
gcc gat agt ggt tgc gtt gtg ago 154 Leu Tyr Leu Ay Val Met Val Gn Ala
~ Asp Ser @ap @GsaValacdatcsbesa Mg 25:t36:3att gkaaaen aag B@asagagtst g3amg tgt ggc
agt g9g akls &1:C 1@k crnaCh-Jactu 302 ashr fid ¥Se ASN b¥S 8 hsheshd ¥s: COys Ay Ser

Ay Ile Phe Ile Thryppsp 40 45 50 aag,gtg cac aca tgg,gca gaa caa tac aag
- ttc caa cca gaa tcc cct 250 6

L%s Gu

aag ttg act att atg aca gga gac atc aaa gga ate atg cag gca gga 384
Lys Leu Thr Ile Met Thr Gly Asp Ile Lys Gly Tle Met Gln Ala Gly
115 120 125

aza cga tct ctg cag cce cag cece ackt gag ctg aag tat tca tgy aaza 432
Iys Arg Ser Leu Gln Pro Gln Pro Thr Glu Leu Lys Tvr Ser Trp Lys
130 135 140

{_) aca tgg gge aaa gog aza atg cte tet aca gag tct cat aac cag ace 480
Thr Trp Gly Lys Ala Lys Met Leu Ser Thr Glu Ser His Asn Gln Thr
145 iso 155 160

ttt cte att gat gge ccc gaa aca goa gaa tgoc CoC aac aca aac aga 528
Phe Leu Ile Asp Gly Pro Glu Thr 2la Glu Cys Pro Asn Thr Asn Arg
165 o . 175

gct tgg aat teg. ctyg gaa gttt -gaa gac tat gge ttt gga gta ttc acc 576
Ala Trp Asn Ser Leu Glu Val Glu Asp Tyr Gly Phe Gly Val Phe fhr
180 185 190

acc aat ata tgg cta aag ttg aga gaa aag cag gat gta ttc tge gac 624
Thr Asn Ile Trp Leu Lys Leu Arg Glu Lys Gln Asp Val Phe Cys Asp
195 200 205

R

tca aaa ctc atg teca gceg gceo até aaa gac aac aga gec gbe cat gec 672
Ser Lys Leu Met Ser Ala Ala Ile Lys Asp Asn Arg Ala Val His 2la
210 215 220

gat atg ggt tat tgg ata gaa agt gca ctce ast gac aca tgyg aag ata 720
Asp Met Gly Tyr Trp Ile Giu Ser Ala Leu Asn Asp Thr Trp Lys Ile
225 230 235 240

gag aaa gcc ket tte ate gaa gtt aaa age tge cac tgyg cca aag tea 768
Glu Lys Ala Ser Phe Ile Glu Val Lys Ser Cys His Trp Pro Lys Ser
245 250 255

cac acc cte tgg aght aat gga gty tta gaa agt gag atg ata att cca 816
His Thr Leu Trp Ser Asn Gly Val Leu Glu Ser Glu Met Ile Ile Pro
260 265 270




WO 03/ 048184 PCT/ EP02/ 12991 Asn Val His Thr Trp Thr AQu A n Tyr Lys Phe Gn

Pro
get
Hi s
etg
Met
gag
Val
cag
Al a
tgg
Lys
acc
Phe
get
Trp
eat
I'le
aaa
Lou
215

G u Ser Pro 55 60 -65 02 JUN 2006 tca aag cta get tca get atc Q:l?gun??@ﬁ

cat gAGoPRgisgyc att tgt 298 Ser Lys Leu Ala Ser Al aphhfoeldPBody

Gu u dy Ile Cys 70 75 80 gga atc cgc tca gta aca aga ct

at g ,1L,gg9..3a d e Arg Ser_Val Thr Arg Leu G u Leu
i @tﬁc%%t 2 gébgt c%:ac%a ‘gataf: “¥afIt §6° HF @ca t806<"§(1 gaa eat

Trp L S, d

gtg & ég Tt ?‘%@? ﬁ&' PHhVebryTE Hag %&E‘n’rﬂ{:‘ﬁ 3vq Peo |y Ber Cu Asn G u
Lys Leu Th#7300. 105 110 11%0att atg aca ggasgyac atc aaa gga atc atg
gca gga aaa cga tct 442 Ile Met Thr Ay Asp Ile Lys Gly IIe Met G n

Gy chy SadAr aS@ka 128 db 4306t SaiCads cE&gagCe{ 9 ,aag tat tca

aaaaeanig Leu s y Ser Trp
Thr H% G glﬁ%rﬁg‘ ﬁ%@ggga{] c%lsagsualﬁ %%S L?‘th acg” tct cat aac cag

ttt ctcatt 538 Lys Al &°Pys Met Leu Ser3%hr Gu Ser His Asn G n Thr
Leu Il e 150 155 160 gat ggc ccc gaa aca gca gaa tgc ccc aac aca aac aga
t gg t&htoB8etc Agp WaygRy acHarcaThty Aka JBoladdysadwacAsn Jhr Axe Arg Ala

Asn ph65ash7Bhd Tost@@ €13 raarn@t Y2 0981 GRG il c89Gshtdys08R gta ttc acc acc
atesg34 Ser Leu Ausypl Au Asp Tyr G.y Phe Gy Val fﬂ)e Thr. Thr Asn

180 185 190 195 tgg cta aag ttg aga gaa aag cag gat gia ttc tgc gac tca

ctc 682 Trp Leu Lys Leu Arg Gu Lys A n Asp Val Phe Cys Asp Ser Lys

200 23b5°F1 892 CG°tEE Gy age @cat actaaat e tiNbtoBera Aites Maa [108Lys Asp
Asn Arg Gly Pro Ser Leu Arg Thr Thr Thr Ala Ser Gly Lys Leu Ile

325 330 335

aca gaa tgg tge tge cga tot tge aca tta cca ccg cta aga tac aga 1056
ThrAGlu Trp Cys Cys Arg Ser Cys Thr Leu Pro Pro Leu Arg Tyr Arg
340 345 350

ggt gag gac gga tge tgy tac ggg atg gaa atc aga cca ttg aaa gag 1104
Gly Glu Asp Gly Cys Trp Tvr Gly Met Glu Ile Arg Pro Leu Lys Glu

355 360 365
aaa gaa gag aat ttg gtc aac tce ttg gte aca geo tag 1143
Lys Glu Glu Asn Leu Val Asn Ser Leu Val Thr Ala
370 375 380
<210> &
<211> 380
<212> PRT

<213> Dengue virus type 2

<400> &
-Met Asn Ser Arg Ser Thr Ser Leu Ser Val Ser Leu Val Leu Val Gly
1 5 i0 15

Val Val Thr Leu Tyr Leu Gly Val Met val Cln Ala Asp Ser Gly Cys
20 25 390

Val Val Ser Trp Lys Asn Lys Glu Leu Lys Cys Gly Ser Gly Ile Phe
35 40 45

Ile Thr Asp 2sn Val His Thr Trp Thr ¢lu Gln Tyr Lys FPhe Gln Pro -
50 55 60

Glu Ser Pro Ser Lys Leu Ala Ser Ala Ile Gln Lys Ala His Glu Glu

Nt

e’




t at
.gcc
gac
235

- -826

Cys
gaa
Ser
cac
_Asn
© ggt
Lys

. act

du
gga
Lys
aga

tgg ata gaa agt gca Tyr Trp Ile Qu Ser Ala 230 aac aga gcc 3tc cat
gat atg ggt 730 Asn Arg Ala Val His Ala Asp Met Ay 220 225 dt/clUNa0s
aca tygQoaagiat a gag aaa gcc Leu Asn Asp Thr Trp Lys PCEESm2Ms Al a
240 778 tct ttc atc gaa gtt aaa agc tgc cac tgg cca aag tca cac acc ctc
7 WD 03/048184 0 2 JUND0D2006 PCT/ EP02/ 12991 Ser Phe |l eod@ u Val Lys Ser
Hs Trp Pro Lys Ser H's Thr Leu 245 250 255 tgg agt aat gga gtg tta
agt t t p, Se Val Leu Qu
Gu b R & %E@f@f Aen"Bh Th%%%éé’ 576 £a€?@g%%cca otg tca caa
aac tac aga cca ggc'tac cat aca ca 2922 Ala Gy Pré>Val Ser A n Hs
Tyr Arg Pro Ay Tyr H's Thr G n 280 285 290 aca gca gga cca tgg cat cta
aag trt @Gagilat ghgdecotdltn gat Akt HiQ70le Thu sAkazid ysPraauTvdl His Leu Ay
Leu A u Met Aspodhe Asp Phe 2954300 305 tgc gaa;gga acc aca gtg gtg gtg
gag gac tgt gga aat aga gga 1018 Cys Qu dy Thr Thr Val Val Val Thr

As 0.315 320 ccc tct tta aga_aca act act gcc tct
aag (%{ Igr éT%cgl%ggt%é‘ 16566°P Pr§ S6F Gi%JlﬁrB@EtTﬁ}rg'ﬁJrF THr Al a SegrJ ady
Leu Ile Thri8 u Trp 325 3301885 tgc tgc cga 4% tgc aca tta cca ccg cta
tac aga ggt gag gac 1114
Lys Arg Ser Leu Gln Pro Gln Pro Thr Giu Leu Lys Tyr Ser Trp Lys
130 135 140

@L27))

Thr Trp Gily Lys Ala Lys Met Leu Ser Thr Glu Ser His Asn Gln Thr
145 _ 150 155 160

Phe Leu Tle Asp Gly Pro Glu Thr Ala Glu Cys Pro Asn Thr Asn Arg
165 170 175

Ala Trp Asn Ser Leu Glu Val Glu Asp Tyr Gly Phe Gly Val Phe Thr
180 185 190

Thr Asn Ile Trp Leu Lys Leu Arg Glu Lys Gln Asp Val Phe Cys Asp
195 200 ] 205

Ser Lys Leu Met Ser Ala ala Ile ILys Asp Asn Arg Ala Val His Ala
210 215 220

Asp Met Gly Tyr Trp Ile Glu Ser Ala Leu Asn Asp Thr Trp Lys Ile
225 230 235 240

Glu Lys Ala Ser Phe Ile Glu Val Lys Ser Cys His Trp Pro Lys Ser
245 250 255

His Thr T.eu Trp Ser Asn Gly Val Leu Glu Ser Glu Met Ile Ile Pro
260 265 270

Lys Asn Phe Ala Gly Pro Val Ser Gln His Asn Tyr Arg Pro Gly Tyr
275 280 285

His Thr Gln thr ala Gly Pro Trp His Leu Gly Lys Leu Glu Met Asp
290 295 300 '

Phe Asp Phe Cys Glu Giy Thr Thr Val Val val Thr Glu Asp Cys Gly
305 310 315 320

Asn Arg Gly Pro Ser Leu Arg Thr Thr Thr Ala Ser Gly Lys Leu Tle




Cys Cys Arg Ser Cys Thr Leu. Pro Pro Leu Arg Tyr Arg Ay G u Asp 340 345
350 355 gga tgc tgg tac ggg atg gaa atc aga cca ttg aaa gag aaa gaa gag .o
1162 Gy sioudfsk TYr Gy Met Gu lle Arg Pro Leu Lys G pebisnfds G u 360 °
365 370 aat ttg gtc aac tcc ttg gtc aca gcc tagtagggat cgggggagct 1209 Asn
Leu Val Asn Ser Leu Val.Thr Ala 375 38%00act agt gga tccg%sccagc t cgagaggnc
taattaatta agtctacgat ccggctgcta 1269 dcaaagcccg aaaggaagct gaguNe@od296
<210> 8 <211> 380 <212> PRT <213> Dengue virus type 2 <400> 8 Met Asn Ser
Arg Ser THr G5RrIrPetyssEYs V&P Sur CyeFhvaleu 8o Vab 1@uyArg T8 20s 15 8 WD

03/ 048184 PCT/ EP02742991 02 JUN 20G8s5Val Val Thr Leisolyr Leu Ay Val Mt

Val Gdn Ala Asp Ser Ay Cys 20 25 30 val Vval Ser Trp Lys Asn Lys G u Leu
Lys Cys coer P 5 | e .Thr n Val H's Thr Trp Thr
Au @n (%%/ Lysf_:; hgll}ths F??g T%OG%E Még %unl (l‘ejf)‘rérs%oé%?u ¥ $%%u Ala Ser Ala
lle Gn Lys AlaFis Au Gu 65 76°75 8D Ay Ile s Ay Ile Arg Ser Val Thr -
Arg Leu Qu Asn Leu Met Trp 85 90 95 Lys A n Ile Thr Pro Qu Leu Asn H s

Il e Leu B&r GOLEIAshsTGlen Vall A40Bed Qsuldl Itys 2lleu Thr Ile Net Thr Ay Asp

Ile Lys Ay3be Met G.n Ala &Gy 380

<210> 7

<231> 1296

<2312> DNA

<213> Dengue virus type 2

\.../;

<220>
<221> CDS
<222> (50)..(1189)

<220> h
<221> primer bind
<222> (12).,.(32)

<220> .
<221> primer_bkind
<222> (1243)..(1273}

<4&00> 7
ttttectttg asaaacacga taataccatg ggaattccce cgatctgga atg aat tca 58

Met Asn Ser
1

Svopet

cge agce acc tca ckyg tet gtg teca cta gta ttyg gteg gga gte gtg acg 106
Arg Ser Thr Ser Leu Ser Val Ser Leu Val Leu Val Gly Val val Thr
5 10 i5

ctg tat ttg gga gtt atg gtg cag gee gat agt ggt tge gtt gtg age 154
Leu Tyr Leu Gly val Met val Gln Ala Asp Ser Gly Cys Val val Ser
20 25 30 35

tgg aaa aac saa gaa ctg aag tgt gge agt ggg att tte atc aca gac 202
Trp Livs Asn Lys Glu Leu Lys Cys Gly Ser Gly Ile Phe Ile Thr Asp

40 45 50

- aac gtg cac aca tgg aca gaa caa tac aag ttc caa cca gaa tec cct 250




115 120 125 Lys Arg Ser Leu A n Pro @n Pro Thr Gn Lau Lys Tyr
130 135 140 Thr Trp Gy Lys Ala Lys Met Lau Ser. Thr GQu Ser His

Ser Trp Lys
Asn A n

"Thr 145 wb@®3/4893460 The Leu Ile Asp Ay Pro Qu Thr Al a ETUERyS2P10 Asn

Thr Asn Arg 165 170 175 Ala Trp Asn 5er Leu Gu Val du Asp Tyr

+ . Gly Val Phen Tr ni38th-185, 180 Jihr cAsAvE i€ ThR bl ¥ So1h€HaAgo G U

Gy Phe
Lys G n

Asp Val Phe Cys Asp 55195 200 205 Ser (Lys Leu Met Ser 6% a Al ag3 igNl2geeAsp
r

Asn Arg Al a Val HlsAIa 210215220Asp|\/EtGyTyr plle Gn
Leu Asn Asp Thr Trp Lys Ile 225 230 235 240 Ju Lys Ala Ser Phe

Ser Al a
Ile du Val

Lys Ser Cy$® BPFS CFRpI%r 6C1 St SEic CoOUBEBFLOGH PBpa JRkrIdCeat gt Ser?Asn Ay

. Val Leu GPer Sgr 1GuuaeEert [28z]1le P Lys 208 265627 18 D 0B84 ©48184

PCT/ EPO2/ 12991 073 JUN 2006 Lys Agsn Phe Ala Ay Pgg Val Ser Gn H's Asn Tyr

Arg Pro Gly Tyr 275 280 285 H's Thr Gn Thr Al a Gly Pro Trp H s

Lys Leu Asp. 290 295 300 Phe Asp_ Phe
Val Thr Gg%a N%c b Es'q %

Thr Th
208 S00° A Sea I AE RS G Bra el et ey Thr

Leu Gy
Val

Thr Thr AF¥ §é? fepySery dal i de LgoSlgFenzben ¥Rt WSPULYEr fLeyideCys Arg Ser

Cys Thr Leu PEd Pro Leu-Arg Ty40 Arg 340 345 359

aca cca gaa ttg aabt cac att cta tca gaz aat gag gtg aag ttg act 394

Thr Pro Glu Leu Asn His Tle Leu Ser Glu Asn Glu Val ILys Leu Thr
100. 105 110 115

att atg aca gga gac atc aaa gga ate atg cag gea gga aaa cga tct 442

v_j) Tle Met Thr Gly 2Asp Ile Lvs Gly Ile ¥et Gln Ala Gly Lys Arg Ser
120 125 130

ctg cag cce cag ccc act gag cbtg aag tat tea tgg aaa aca Lgg ggc 490

Leu Gln Pro Gln Pro Thr Glu Leun Lys Tyr Ser Trp Lys Thr Trp Gly
135 140 145

aaa gcg aaa atg cte tet aca gag tet cat aac cag ace ttt ctec att 538

Lys Ala Iiys Met Leu Ser Thr Glu Ser His Asn Gln Thr Phe Leu Ile
150 155 160

gat ggc ccc gaa aca gca gaa bge coc aac aca aac aga got tgg aat 586

Asp Gly Pro Glu Thr Ala Glu Cys Pro Asn Thr 2Asn Arg Ala Trp Asn
165 170 175

v

Ser Leu Glu val Glu Asp Tyr Gly Phe Gly Val Phe Thr Thr 2sn Ile
180 185 1890 195

tcg ctg gaa gtt gaa gac tat ggo tti gga gta ttc acc acc aat ata 634

tgg cta aag ttg aga gaa aag cag gat gta ttc tge gac tea aaa cic 682

Trp Leu Lys Leu Arg Glu Lys Gln Asp Val Phe Cys Asp Ser Lys Leu'”
200 205 210

atg tca geg goe ata aaa gac aac aga gec gbc cat gec gat atyg ggt 730

Met Ser Ala Ala ITle Lvys Asp Asn Arg Ala Val His Ala Asp Met Gly
215 220 225

tat tgg ata gaa agt gca ctc aat gac aca tgg sag ata gag aaa gcc 778

Tyr Trp Ile Glu Ser Ala Leu Asn Asp Thr Trp Lys Ile Glu Lys Ala
230 235 240

tet tte atc gaa gtt aaa age tge cac tgg cea aag tca cac acc cte 826




Gy Qu Asp Ay Cys Trp Tyr Gy Met u Ile Arg Pro Leu Lys Au 355 360
365 Lys Au A u Asn Leu Val Asn Ser Leu Val Thr Ala 370 375 38Q) <&M0AiP
<211> 12%/p o587y DNA <213> Dengue virus type 2 <220> <32%mppiQ5Rt er
<222> (5)..(48) <223> mnimal poxvirus pronoter elenment <220> <221> CDS .

<2225 (834 thl22) 152281 NS0 ~400%:3 £hFUa6aRAAALLJaABNL, LAl LLTLLL
tttttggaat ataaataaaa acacgaggfgt accat ggga% ttccccgatc tgga atg aat tca
cgc agc acc tca ctg tct ill t Asn Ser Arg &r Thr Ser Leu Ser 1 5 gtg

tca cta gta ttg gtg gga gtc gtg acg ctg tat ttg gga gtt atg 159 Val Ser
Leu Val Lew agal ey govaltovalla T agewalyatd etaGoy Y aMptaat O:twWO 334048184
PCT/ EPO2/ri2 3Rt Ak &5y 2612610214 dr 2006Met glearige gad ragirhggt tgc gtt gtg
agc tgg ge@ aac aaa gaa cig 207 Val A n Ahg Asp Ser Gy Gyg Val Val Ser
Trp Lys Asn Lys Gu Leu 30 35 40 aag tgt ggc agt ggg att ttc atc aca gac

aac gtg cac aca tg% aca 255
gct gga cca ubtg tca caa cac aac tac aga c¢ca gge tac cat aca caa 922

Ala Gly Pro Val Ser Gln His Asn Tyr Arg Pro Gly Tyr His Thr Gla
280 285 290

aca gca gga cca tgg cat cta ggt aag ctt gag atg gac ttt gat the 970
‘Thr aAla Gly Pro Trp His Leu Gly Lys Leu Glu Met Asp Phe Asp Phe
295 300 305

tgec gaa gga acc aca gtg gtg gtg act gag gac tgt gga aat aga gga 1018
Cys Glu Gly Thr Thr val val val Thr Glu Asp Cvs Gly Asn Arg Gly
310 315 320

cec tet tta agd aca act act gcc tet gga aaa ctoe ata aca gaa tog 1066
Pro Sex Leu Arg Thr Thr Thr Ala Ser Gly Lys Leu Ile Thr Glu Trp
325 330 . 335

tge tge cga tct tge aca tta cca cog cta aga tac aga ggt gag gac 1114
Cys Cys Arg Ser Cys Thr Leu.Pro Pro DLeu Arg Tyr Arg Gly Glu Asp
340 345 350 35%

gga tgc tgyg tac gdgg abtyg gaa atc aga cca Lty aaa gag aaa gaa gag 1162
Gly Cys Trp Tyr Gly Met Glu Ile Arg Pro Leu Lys Glu Lys Glu Glu

360 365 370
aat ttg gtc aac teoc ttg gte aca goce tagtagggat cgggggaget 1209
Asn Leu Val Asn Ser Leu Val Thr Ala
375 380

cactagtgga tceoctecage bcegagaggne taattaatta agtcectacgat coggetgeta 1269

acaaagcecey asaggaaget gagttog 1296

<210> 8
o <211> 380

<212> PRT

<213> Dengue virusg type 2

<400> 8
Met Asn Sexr Arg Ser Thr Ser Leu Ser Val Ser Leu Val Leu Val Gly
i 5 16 15




Lys
gaa

cag
» Lys
gaa
Asn
tca

d u.

atg
Adn
tca
" Trp
cag
Thr
aga
Al a
acc
Thr
tca
Lys

Cys
caa
Tyr
aaa
Al a
aat
Leu
gaa

Asn.

cag
Al a
tgg
Lys
acc
Phe
get
Trp
acc
Asn
aaa
Leu

Gy Ser Ay Ile Phe Ile Thr Asp Asn Val His Thr Trp Thr 45 50 55
tac aag ttc caa cca gaa tcc cct tca aag cta get tca get 303 Qu
YO i 18 n Pro A u Ser  Pro Ser Lys Leu Ala Ser AlcT/B0265970 atc

get cat gaa gag ggc att tgt gga atc cgc tca gta aca 35@ J%zﬂﬁfn
Hs Gu Qu dy Ile Cs Gy Ile Arg Ser Val Thr 75 80 g tg

oatageézgwhgg,a Ché, alf aga t 99, Arg Leu Qu
Trp Lyse@a%rl | e Th? Pr oM 3a%§3n£1% %ﬁsé@%&g (%50 105 att cta

aat gag gtg aag ttg act att g aca gga gac ?c 447 1le Lou Ser
Gu Val Lys Leu Thr Ile Met Thr Ay Asp Ile 110 115 120 aaa gga atc
ded Yifa Saadredast dsn &vy Taglertyedyscely Set Ga95llelyte Gy |le Met
Ay Lys 29 Ser Leu G n RBoo An Pro Thr 125 130 135 gag ctg aag tat
aaa aca tgg ggc aaa gcg aaa atg ctc tct 543 du Leu Lys Tyr Ser

Thr, .}}I;Ip a t_.Leu.S 145 50 aca gag tct cat aac
ttt Aa% %Séﬁtﬁ‘lgﬂ&s lg%:% lgl\g/rbaﬂ%fc?ahu c;ec”falné’@’f yﬁ'nP Y e H s Asn G n

Leu I & Asp Ay Pro Glt Thr Ala 155 160 165 gaa tgc ccc aac aca aac
tgg aat tcg ctg gaa gtt gaa gac 639 du Cys Pro Asn Thr Asn Arg
ABm Ser PreeGlysVodu Gla SAspall/@1d BinlB 165 utatcigoerd tt gga gta ttc
sas ata tgg cta aaghttg aga gaa 68%5 Tyr Gy Phe Ay, Val Phe Thr
Ile Trp Leu Lys Leu Arg G u 190 195 200 aag cag gat gta ttc tgc gac

C tca.gcqg gcc ata aaa 735 Lys G n Asp Val Phe Cys Asp Ser
h?‘tb?'t" %Legc 1%33‘%@ 65 VEL s 63$ GAB1BA Aen Deu Het Trp

95

Lys Gln Ile Thr Pro Glu Leu Asn His Tle Leu Ser Glu Asn Glu Val
100 105 110

Lys Leu Thr Ile Met Thr Gly Asp Ile Lys Gly Ile Met Gln Ala Gly
1iis 120 125

Lys Arg Ser Leu Gln Pro Gln Pro Thr Glu Leu Lys Tyvr Ser Trp Lys
130 135 140

Thr Trp Gly Lys Ala Lys Met Leu Ser Thr &lu Ser His Asn Gln Thr
145 150 155 160

Phe Leu Ile Asp Gly Pro Glu Thr Ala Glu Cys Pro Asn Thr Asn Arg
165 170 175

Ala Trp Asn Ser Leu Glu Val Glu Asp Tyr Gly Phe Gly val Phe Thr
180 185 i9¢

Thr Asn Ile Trp Leu Lys Leu Arg Glu Lys Gln Asp Val Phe Cys Asp
185 200 205

Ser Lys Leu Met Ser Ala Ala Ile Lys Asp Asn Arg Ala Val His Ala
210 215 220 °

AsSp Met Gly Tyr Trp Ile Glu Ser Ala Leu Asn Asp Thr Trp Lys Ile
225 230 235 ) 240

Glu Lys Ala Ser Phe Ile Glu val Lys Ser Cys His Trp Pro Lys Ser
245 250 255

His Thr Leu Trp Ser Asn Gly Val Leu Glu Ser Glu Met Ile Ile Pro
.260 265 270




205 210 215 PCT/ EPO2/ 12991 02 JUN 2006 gac aac aga gcc gtc cat gcc gat atg

ggt tat tgg ata gaa agt gca 783 Asp Asn Arg Ala Val Hs Ala Asp Met Ay 1
TyrTrp e ¢Sogg1®er Al a 220 225 230 ctc sat gac aca tgg agegy@iei1gag aaa gcc '’
tct ttc atc gaa gtt aaa 831 Leu Asn Asp Thr Trp Lys Ile Qu Lﬁ @#ﬁ@fer
Phe Ile GQu Val Lys 235 240 245 agc tgc cac tgg cca aag tca ca al c tgg. -
agt aat gga AghOpd MBEy 196 vy Setlicin TR RLO I%y¥%&r§e§rpojs.yw Leu Trp Ser

Asn Gy Val Leu,250 255 260 265,g0a agt gag atg 2agée att cca aag sat ttc get
gga cca gtg tca caa 927 Gn Ser u Mt Ile IlePro Lys Asn Phe Ala Ay

Pro Val Ser A n 270 275 280 cac aac tac aga cca ggc tac cat aca caa aca gca
gga cca tf) T0atCle7Ehr 4.8 GAynPrpy Frivdigs Frey Gly Ly rLedi GluTMet Gsm Thr Ala Qy

Pro Trp H s2285 290 295 cta zgt aag ctt gag abg gac ttt gat ttc tgc gaa gga
acc aca gtg 1023 Leu Gy Lys Leu Qu Met Asp Phe Asp Phe Cys Gu Ay Thr

Thr Val 300 3050 t _ at, a ccc tct tta aga
aca act %g 1 BVar%1 algtg%ﬁr%l_% ﬂgﬁgé%g%lyg%s%%%r%u&v’g&%%&r Leu Arg Thr '
Thr 315 325 act gcc t gga aaa ctc atd® aca gaa tgg t(jaotgc cga tct tgc
aca 1119 Thr Ala Ser Gy Lys Leu Ile Thr Gn Trp Cys Cys Arg Ser Cys Thr
330 335 8aD 234554t areder deg stw Thygdhtathragds gt gagLgateggaet gc tgg tac ggg
atg 1167 Leu Pro Proskeu Arg Tyr Arg 33y G n Asp Ay &ys Trp Tyr Ay Mt .
350 355 360 gaa atc aga cca ttg aaa gag aaa gaa gag sat ttg gtc aac tcc ttg
1215 d 'I'h:!’le.uAfl% E’{rgg Le rléygechgsL%s Ju _du Asn Leu Val Asn Ser Leu

Cys r Leu Pro Pro Leu Axg Tyr Arg
340 345 350
Gly Glu Asp Gly Cys Trp Tyr Gly Met Glu Ile Arg Pro Leu Lyvs Glu im)
355 360 365

Lys Glu Glu Asn Leu Val Asn Ser Leu Val Thr Ala
370 375 380

<210> 9

<211> 1227

<212> DNA

<213> Dengue virus type 2

<2205

<221> promoter :
<222> (5)..(48) }

<223> minimal poxvirus promoter element

<220>

<221> CDs

<222> (85)..(1224)
<223> N8l

<400> 9
‘ctegacaaaa aattgaaatt ttatttttit tttttggaat ataaatzaaa acacgataat 60

accatygggaa ttccccgate tgga atg aat tea cge age ace tca ctg tet 111
Met Asn Ser Arg Ser Thr Ser Leu Sexr
1 5

gty tca cta gta ttg gtg gga gtc gty acg ctg tat ttg gga gtt atg 158
Val Ser Leu Val Leu val @ly Val Val Thr Leu Tyr Leu Gly Val Met

10




365 370 375 gtc aca gcc tag Val

v PCT/ EPO2/ 12991 <211> 380

<400> 10 WEX03Md¥I8Ber Arg Ser Thr Ser Len Ser Val €| 1

5 10 15 Val_ Val Thr Leu Tyr Leu Gy Val Met Val G n Ala Asp Ser dHZyJU&sZ&Efé 20
35

' 225 30 val VAl Ser Trp Lys Ash Lys Qu Len Ly8 Cys Ay Ser Q26 |l e Phe

40 45 Il e Thr Asp Asn Val

Thr Ala 380 <210> 10 1227 12 WO 03/048184
<212> PRT <213> Dengue virus type 2 02 JUN 2006

H's Thr Trp Thr

70 75 80 Glay ddealySeM eyl é‘f_y

85 90 95 Lys @An Ile Th
-100 105 110 Lys Leu Thr
115 120 125 Lys Arg Ser

30

Pro

98y

u Leu
e Met Thr
Leu Adn Pro

" 130 135 14G9THI® 9P adt wobystiAktsac lays
. 1'45 150 Ib% &BO0Gly Ser Gly Ile Phe Ile

v

gaa
Glu

atc
Ile

aga
Arg
99

att
Ile

aaa
Lys

Jgag
Glu

aca
Thx

gaa
Glu
170

tat

Tyr

aag
Lys

caa
Gin

cag
Gln
75

ctg
Leu

cta
Leu

gga
Gly

ctg
Leu

gag
Glu
155

tge

Cys

ggc
Gly

cag
Gln

45
tac aag
Tvr Lys

60
aaa gect

Lys nla

gaa aat
Glu asn

tca gaa

Ser Glu

atc atg
Ile Met
125

aag tat

Lys Tyr
140

tct eat
Ser His

cCcC aac
Pro Asn

ttt gga
Phe Gly

gat gta
Asp Val

tte
Phe

cat
His

ctg
Leu

aat

Asn.

110

cag
Gln

tca
Ser

asan

Agn

aca
Thr

gta
Val
190

Lte
Phe

caa
Gln

gaa
Glu

atyg
Met
95

gag
Glu

gca
Ala

tgg
Trp

cay
Gin

aac
Asn
175

tte

Fhe

£gc
Cvs

cca

Pro

gag
Glu
80

tgy
Trp

gty
Val

gga
Gly

aaa
Lys

acc
Thr
160

aga

Arg

acc
Thr

gac
Asp

gaa
Glu
65

ggc
Gly

aaa
Lys

aag
Lys

aaa
Lys

aca
Thar
145
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