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member of the Flavivirus genus with respect to infections of humans
producing diseases that range from flu-like symptoms to severe or fatal
illness, dengue haemorrhagic fever with shock syndrome. Dengue outbreaks

continue to be a major public health problem in densely populated areas of
the tropical and subtropical regions, where mosquito vectors are abundant.
Therefore, there is a substantial need for the development of prophylactic
vaccines. Previous efforts to prepare live candidate dengue vaccines were -
mainly based on classical attenuation of dengue virus by serial passage in
animals or in cultured cells of non-natural hosts. However, this approach has -
not been consistently successful in producing attenuated vaccine strains.
Available data indicate that recovery and protective immunity after dengue
virus infection are correlated to the development of high titres of virus
neutralising antibodies. However, this immunity is homotypic mediating

v resistance to the same virus serotype only. Moreover, individuals immune to
one dengue virus serotype may be even at higher risk of developing severe

. ~ dengue illness if reinfected with another serotype. To overcome these
problems an ideal vaccine should therefore induce solid immunity against all
four dengue virus serotypes.
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The E glycoprotein (53-54 kDa) is an outer structural protein of the dengue
virus. It exhibits a number of biological activities including receptor binding
and membrane fusion, and is the target for neutralising antibodies and T-
helper cells. The E protein is a typical membrane glycoprotein with a C-
terminal that spans the membrane.

The non-structural protein NS1 (39-41 kDa) is also modified by glycosylaiﬁon.
It is derived from the ORF by N-terminal signalase cleavage and C-terminal
cleavage involving a protease. NS1 may be involved in the assembly and
release of virions. It is found on the cell surface and in the culture medium of
infected cells. During the course of infection, NS1 protein evokes a strong
antibody response which protects the host against challenge with flaviviruses,
presumably through a complement mediated pathway, although recently is
has been suggested that other mechanisms such as antibody-dependent cell
cytotoxicity may also be responsible (Venugopal, K., & Gould, E.A., 19%,
Vaccine, Vol. 12, No. 11).
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The modified vaccinia virus Ankara (MVA) has been generated by long-term
serial passages of the Ankara strain of vaccinia virus (CVA) on chicken
embryo fibroblasts (for review see Mayr, A., Hochstein-Mintzel, V. and Stickl,
H. (1975) Infection 3, 6-14; Swiss Patent No. 568, 392). The MV A virus was
deposited in compliance with the requirements of the Budapest Treaty at
CNCM (Institut Pasteur, Collection Nationale de Cultures de Microorganisms,
25, rue du Docteur Roux, 75724 Paris Cedex 15) on Dec. 15, 1987 under
Depositary No. I-721. The MVA virus has been analyzed to determine
alterations in the genome relative to the wild type CVA strain. Six major
deletions of genomic DNA compared with the wild type CVA (deletion I, II,

. II1, IV, V, and VT) totalling 31,000 base pairs have been identified (Meyer, H
Sutter, G. and Mayr A. (1991) J. Gen. Virol. 72, 1031-1038). MVA is further
distinguished by its great attenuation, that is to say by diminished virulence
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According to the present invention, DNA sequences (genes) which code for
dengue antigens are introduced, with the aid of DNA recombination
techniques, into the genome of MVA. When the DNA sequence encoding the
dengue antigen is integrated at a site in the viral DNA which is non-essential
for the life cycle of the virus, e.g. one of the above mentioned deletions, the
newly produced recombinant MVA will be infectious, that is to say able to
infect foreign cells and it will express the integrated DNA sequence. The
recombinant MVA according to the invention will be useful as extremely safe
live vaccines for the treatment or prophylactics of infectious diseases.

OBJECTS OF THE INVENTION

It is thus an object of the present invention to provide a recombinant MVA
virus expressing dengue virus antigens, which can serve as an efficient and
exceptionally safe dengue virus vaccine.
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serotypes (type 1, 2, 3 an Mi“ Gﬂ%ﬂ@m’m{ s above wherein the
dengue virus antigens is sel g%@e AF?O(??pre I an Q)rréNSlantigens; a
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under transcﬁpmhwnicontrol of the vaccinia virus early/late pronoter
P7.5; ‘a vacci ne containing at |east one reconbi nant MVA as above, and a
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a dengue virus type 4 antigen, and a
a recombinant MVA as above containing and capable »f expressing DNA

sequences encoding antigens from all four dengue virus serotypes (type 1, 2, 3
and 4);

a recombinant MVA as above wherein the dengue virus antigens is selected
from preM, E and/or NS1 antigens;

a recombinant MVA as above wherein the DNA sequences are inserted at the
site of naturally occurring deletions within the MVA genome;

a recombinant MVA as above wherein the DNA sequences encoding antigen is
under transcriptional control of the vaccinia virus early/late promoter P7.5;

a vaccine containing at least one recombinant MVA as above, and a
pharmaceutically acceptable carrier or diluent;

a vaccine as above containing a recombinant MVA encoding a dengue virus
type 1 antigen; a recombinant MVA encoding a dengue virus type 2 antigen; a
recombinant MVA encoding a dengue virus type 3 antigen, and/or a

- recombinant MVA encoding a dengue virus type 4 antigen, and a
pharmaceutically acceptable carrier or diluent;

a method for the treatment or prevention of dengue virus infection
comprising administering to a living animal body, including a human, in
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-reconbi nant MVA viruses nmay be used as -exceptionally safe and efficient
expression vectors. Therefor é.&_ignbi nant MWA according to the invention

contain and are capabl e of ex PRESENT INVENHION DNA sequences encodi ng
dengue virus antigens.

The present invention relates to recombinant MVA which contain at least one
DNA sequence which codes for a dengue virus antigen and vaccines
containing such viruses in a physiologically acceptable form. The invention
also relates to methods for the preparation of such recombinant MVA and
vaccines, and to the use of these vaccines for the prophylactics or treatment of
infections caused by dengue virus.

Modified vaccinia virus Ankara (MVA), is a host range restricted and highly
attenuated vaccinia virus strain, which is unable to muitiply in human and
most other mammalian cell lines tested. But since viral gene expression is
unimpaired in non-permissive cells recombinant MVA viruses may be used as
exceptionally safe and efficient expression vectors. Therefor recombinant
MVA according to the invention contain and are capable of expressing one or
more DNA sequences encoding dengue virus antigens.

In one embodiment, according to the present invention, DNA sequences
(genes) which code for dengue antigens capable of eliciting immune responses
to dengue virus are provided. Such sequences are optionally introduced, with
the aid of DNA recombination techniques, into the genome of viral expression
 systems including for example the MVA vector. When the DNA sequence
encoding the dengue antigen or antigenic epitope is integrated at a site in the




I n one enbodi nent, according to the present invention, DNA sequences
(genes) which code for dengue antigens capable of eliciting inmmune
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i ntroduced, with the aid of DNA reconbination techniques, into the genone
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A DNA-construct, according to the invention, which contains a DNA-sequence
which codes for a dengue antigen flanked by MVA DN A sequences adjacent to
a naturally occurring deletion, e.g. deletion II or III, within the MVA genome,
is introduced into cells infected with MV A, to allow homologous
recombination. The DNA-construct to be inserted can be linear or circular. A
circular DNA is preferred, especially a plasmid. )

For the expression of a DNA sequence encoding antigenic epitopes, it is
necessary for regulatory sequences, which are required for the transcription of
the DNA sequence, to be present on the DNA. Such regulatory sequences
(called promoters) are known to those skilled in the art, and includes for
_ example those of the vaccinia 11 kDa gene as are described in EPA 198, 328,
. those of the 7.5 kDa gene (EPA 110, 385) or the synthetic promoter sP (Sutter et
al., Vaccine, 1994, 12:1032)

The DNA-construct can be introduced into the MVA infected cells by
transfection, e.g. by means of calcium phosphate precipitation (Graham et al.,



(called pronoters) are known to those skilled in the art, and includes for
exanpl e those of the vaccinia 11 kDa gene as are described in EPA 198, 328,

those of thgologhakggd gene (EPA 110, 385) or the synthetic prog
(Sutter et al ., Vaccine, 1994, 12:1032) The DNA- construct CQ%BH‘Z&M
I ntroduced into the MVA infected cells by transfection, e.g. by neans of

cal ci um phosphate precipitation (G ahamet al., WO 98/ 13500
PCT/ EP97/ 052 1¥irol. 52, 456-467 (1973); Wigler et al., Cell 777-785 (1978) by Vheans of52,

6-467 (1973) .\ - | 9 fo

of oot ropor at i SRCtREbfltd (feamatii,qeaf EMHO 1 16088 (IR 1Y micro-injection
m cro-inj ect | §araesgmaannet @hnMeth. Enzymplagy 165, A324934}983)), byismans of 1983) ) |
by means of 6@%&&&@&9%%@9 mtﬁi};ﬂa@ﬁm@a&%@ggﬁ%y _
e o AL Bk A e T At

in the art. T9eg))htbpotia: metiaisskidwaiabthose skilledhatthe pie FrahsREHOA byS
preferred. Once nst-rtéct has..been .i ntéfodu ed into the

he, DNA-
eukaryotic cemea%él"tftcﬁ&mmfgﬁ%?@? ORAEARUANER IS BIFHERFei t h the viral DNA, it

I's possible to isolate the desired reconbi nant vaccinia virus in a manner

known per se, ~pr ] L d.0f 3 ] 0 al .,
proc. hatl . AoRGe ik BRYesruct hiE pRed ufrolyRY IR0 he SERALDAA Gyftnd
Cel | . Biol. 10weigroDNAdwsspcombinedidth theeviral BNA, ivis possible tapisolate the
3403-3409 ( 19§éQire{?éd?imSitnaﬁE vacthizOVR8Y ir? 4 rhArnérlREGWh: per se] Prefe?stl nt
MVA according to the inveption can al so carr ~mar. ke gene., Sald rker
genes ‘faci | i t theaaidiofa F?éﬂﬁ‘t C_Qﬁ‘RﬁTej\Im %-a%tm@/ iNifi- ﬁ%ﬂ‘fig—c'ﬂ- ‘3%6!‘7@1- ques
w.e: ! rngwlp toqwm% (198D}, Ftanke bh&l.,taMol. @q;miamb@ah-lgeﬁmsa)ﬁcmnfa@aeﬁ@l y
sel ected fromthe gr 0 | o} rker .genges c
proteins suc halag‘/lpgrf?ﬁ'g@ﬂ°§§‘@§r#§§ é,‘gﬁoﬁ?{q‘ %t aLy Y8R 83632{1@3 c(@;%ééi'e
| uci ferase, puronycin, hypoxanthi ne phosphori bosyl transferase (HPRT),
hygronycin, segr i e.10J: 0 t
o ot oi e, e FhytnBlrlle NI AP ROSRUB P ¥ iR 0 AR o By CBRRRELD
M/A which  cgemeaiSaéd anarkesgengs fagilifrtessthecisolatinhi ofr rechmsbinant géntpuesingr us
anti gens an j (g% YT ' I }ad
e ogi cal ﬁe;hﬁi Cegz‘gtﬁgbwne i O&gn a¥96hé eﬁmegqg mbrar%u%&mavkéﬂgag bsi dte
preferably selected from the group consisting of marker genes which codes
for proteins such as 8-galactosidase, neomycin, alcohol dehydrogenase,
luciferase, puromycin, hypoxanthine phosphoribosy! transferase (HPRT),
hygromycin, secreted alkaline phosphatase or green and blue fluorescent

proteins.

The present invention therefore also relates to recombinant MVA which
contains at least one DNA sequence which codes for dengue virus antigen-s.
and relates further to vaccines containing such viruses in a physiologically
acceptable form.

In one embodiment, the recombinant MVA according to the invention contain
and is capable of expressing antigens from all dengue virus type 1, type 2,
type 3 and type 4.

In a preferred emboditment of the invention the dengue virus antigen is
selected from preM, E and/or NS1 antigens originating from dengue virus
typel,2,3or4 '



I n one enbodi ment, the reconbi nant MVA according to the invention contain
and is capable of expressing antigens fromall dengue virus type 1, type 2,
type 3 and wQs/13s500 In a preferred enbodi nent of the inventroavErSivesxgNgue
virus antigen is selected frompreM E and/or NS1 antigens originating
from dengue virus type 1, 2, 3 or 4. 9 WO 98/13500

PCT/ EP97/ 05214 9 . The .invention al so
rel ates to vheeimventigthplsosielates & ¥assingh rompaising serambinang MYA i nvent i on
cont ai ni ng agrdotdipgtoctief m@éﬁﬁﬁﬁiﬁomam&eg ahd apablelbfesnr@usingasneeoE Athired

dengue viru g Hg ﬁﬂbodl ment , he vacci ne according to the
i nventi on cmé qu %pcqseet% PRRAETERAVENE AtEE Sengue virus type 1
antigen; a recombi nant MVA encodi ng dengue virus type 2 antigen;

ol et e BRI gt B 8RB A Leponti nant

MA encodi n t of the
invention remgam t WAmgding; mgumupdypqdr@mngers aursedmbinant MVA

nmbi nat
conbi nat i on &&%@%g@ﬁgﬁansm IOnaﬁﬁgé&afét‘biﬂl?xﬂﬂnPvaie&%ﬁn%rasgﬂg' ng

dengue antigens u [ control a T/, RNA: pol

pronoter.  VERHIPHY andigen; an airseambinant dVidy seszﬂ}és&?nﬂueavxgus/grpe
dengue anti geBntieend- preM E, and/or NS1) are cIoned under control of a T7
RNA pol yner ase ronoter preferably in a plasm d vector and the resulting
DNA construct is anplified and purified using standard |aboratory
procedur es. Ipes fithyr eidbddineat of tmlhﬁmﬁdmmbmlﬁﬂaﬁt' WAae‘tﬁstzhg/TW with

alone a car K PPiEast RIS L5k ShisPmiRdi i AL BERRBIRIUAEHRR.C7) on
t akes pl ace.carrpngdo A Sequehtes |e9t:odmgod¢ng\maaubgemsauudehaanamlehoml
adm ni strat |ﬁﬁﬁﬂaqﬂ 4)?7qu”¥)§ Oelggﬁz;gg tsKilled in the art in a known

manner. At t site of inocu reconbi nant gene of interest is
expressed transiently in cells containing bot h the vector DNA and

MVA- T7pol anﬁcé&agu:%w SR USR] 4 20dirty REQURIEAT a piveh Cerliand e

m st i in n I f r n [
system sti nuj at a t/%i@ﬁﬁgsw ggae erg&go}qferﬁ}?}{_]\ﬁgl%ﬂase

usi ng the va
promoter preferably in a plasmid vector and the resulting DNA construct is

amplified and purified using standard laboratory procedures. Secondly, the
vector DNA is inoculated simultaneously or with appropriate timelags
together with MVA-T7pol. An appropriate timelag allows a cell to takeup the
inoculated DNA vector, before MVA infection takes place. The mode of
administration, the dose and the number of administrations can be optimised
by those skilled in the art in a known manner. At the site of inoculation the
recombinant gene of interest is expressed transiently in cells containing both
the vector DNA and MVA-T7pol and the corresponding antigen is presenteél
to the host immune system stimulating an antigen-specific immune response.
This protocol using the vaccinia vector MVA -T7pol represents a promising
novel approach to nucleic acid vaccination allowing efficient transient
expression of a given antigen, but avoiding the potential risk of constitutive
gene expression.

The detailed figures and examples which follow are intended to contribute to
a better understanding of the present invention. However, it is not intended to
give the impression that the invention is confined to the subject-matter of the
examples.



novel approach to nucleic acid vaccination allow ng efficient transient
expression of a given antigen, but avoiding the potential risk of

consti t uti weo og@sseoexpr essi on. The detailed figures and exBGHEREI/O&RI4CH
follow are intended to contribute to a hetter understanding of the present
i nvention. However, it is not intended t give the inpression that the
invention is confined to the subject-matter of the exanples. WO

98/ 13500 "PCT/ EP97/ 05214

10 : 1

G ow ng of the MVA virus The WA \EW@ hi ghly attenuated vaccinia
virus derived fromthe vaccinia GrewingoftheMVAnkeus (CVA) by |ong-term
serial passages on primary chicken - enbryo fibroblast (CEF) cultures. For
a general review of the history of the production, the properties and

the use of IWZKhetMMPn vinusfis rehighhyhatteneated daccinia viruh deziveddrgmpthiel vadeiada by

Mayr et al. i - in? %ﬁ . Hah

the MVA virus repl I cat1 arah A¥ E?Zléégltn F?lta(sial1t €§sls%g %‘?} %&%F%ESOO i
PCT/ EP97/ o521¢mbryo fibroblast (C cultures. For.a general review pj the history of the
manmmal i an cel é’t‘lﬁ’{%e PYPetifesSabaal Nse%mNA kEaid, I@f&&c@ﬂﬁgﬁdm'

pl aque formati the VI ru ete t bl Ther rus
grown on CEF (t,‘élt % 6%5}592[’ qysre CS‘PHG%%E&/%

ue to the

isolated fr omatteﬂubﬁbﬁdncﬂzﬁﬁ,hha M@'g“symlheepmtatesﬁdhxgh titres iretivis @¥airahdst he
enbryos are mnced and di ssociated in a solution conposed of 0725%trypsin
at 37 [err]C for 20 mnutes. The resulting cell suspension was filtered and
cells were sedinmented by centrifugation at 2000 rpmin a Sorvall RC-3B
centrifuge at roomtenperature for 5 mnutes, resuspended in 10 vol unes of
medi um A -



(MEM Eagl e, for exanple obtainable fromLife Technol ogi es GrbH,

Eggenstein, Germany), and sedi nented again by centrifugation at 2000 rpmin
a Sorvall MROMBASeEhtrifuge at roomtenperature for 5 m nut esPCTIRRIOSR14
pellet was reconstituted in nmediumA containing 10%fetal calf serum
(FCS), penicillin (100 uiits/ nl), strepfonycin (100 ng/nm) and 2 nM
glutamneto o al ni F

cel | s obtai neEI Pﬁ %{lzﬁr&ﬁﬁirl cg\ie%?@%g&é‘%gﬁ%‘&césw Bpgmq’gg? g%tgééeﬁn@g\%ere
left to gr oWypn: que ﬁorrmtl@ b%tgez[\emq isenotudgsectablenilherafove, MMV Al ivirusat
37[err] C fory, gr&mﬁ;n ¢mreadisngo gﬁph@c@ﬁene%ah%s BRNSHiBEy o8 Ykrter ©

used for |nf ect on either dir ter one er ce assa A
detail ed dedselapad GRmingyRat 0 8850 the PYtRRIn{tiesARe  rgmayedh ange und

Ivgr |t ge b&gk e:?(ﬁb Fs- aérmﬁ{&egy?rgd awsbairaeecgin a%g{i?dsorﬁéiﬂl osedod 0. 289, ki e ced
w u
for i gf ecti (ﬁﬁ%fncf(é? %%5’ iBFFES‘@g?\s% | SUSPERS Pﬂ Wﬁ%ﬁﬂﬁ‘i?’ﬂ‘f cgls -

Cul ture bot twes se&n&&té&&%m&u@m aﬁmommvmvanm% cé{tﬁfﬁ
cells were i cubat d for one

T eotl ous dhpont RpPRiarahErd Y fuiflbled, Albabenddd 10 YRRERES OF o A
medi um A W&(MENHEaIgl(eDfQ: eptdmp{eeob@)naabiel from Lifet Tedwmolegies Gmbbht ed at

37[err]Cfor S . i.C
offect) . Or (B R Celtiihy), ZROSAATING ool OF Lo BIgHiEH R R0DOSRRLLT |
the medi um @nSopvall RE-IB cenfsifuge at rﬁavbmerswr@efﬁr Bi muyaﬁew'ﬁhgpel@wﬁet pm
in a SO{ val Iwﬂ,%&t%nsﬁm&afmqaeaiumg& Eb?iaﬁ\ifr@rl(% etalEAE serTﬁﬁ (Fc?ge virus
BL?P? ,r 2a![ ?g,gméansxc 11'(1) El umts/zu&)ers{r_ptone\ygxrn (10 Ellgrrx mb&rhqgé g?utamm'e o U
Cl oning of Mtaiti 4 dell su?fe@ﬁﬁ rcahmhm@mmeelbt/mlkcﬂmalsmwmai irofrEs WA

fur i mg_t i e e et rro op SRR RS, TR Herblen'S gt medhugla

cul ture pl atina 6%KOyermespherergith 95% honedity3837°C for 1-2 days, depending
PCT/ EP97/ 05 nd
anplified i ﬁD]DCEI‘—e g%s%ebc{ gel}] d\%ﬂ?ﬂ :gsds t“{)eé‘ use?l f(\)/r %négct%%r%gxthc‘é%@\.}%gﬁg g?%??t I ng
material foronefrtharcedk passage. Acdasailed descriptiony pf ﬂseapremgban@éqmmam s
patent appli r9§‘c£’1§ vé%hnaﬁnfme g gmw FEés‘Pﬁhe f*ChRGATBE BAfthalMelL”,

I ((1

Ush "85, 1004 lepebiLissHertie, Naw o pe%re‘i’ 840, Ty soh et
al ., (1996) MVA/A lviz@ises Vere 3i64d-f37 B¥ection as follows CEF cells were cultured in
EXAVPLE 3 175 emz2cell culture bottles. At 90-100% confluence, the medium was removed
and the cells were incubated for one hour with an MVA virus suspension (0.01
infectious units (IU) per cell, 0.02 ml/cm?) in medium A. Then more medium
A was added (0.2 ml/cm?) and the bottles were incubated at 37°C for 2-3 days
(until about 90% of the cells show cytopathogenic effect). Crude virus stocks
were prepared by scraping cell monolayers into the medium and pelleting the
cell material by centrifugation at 3000 rpm in a Sorvall RC-3B centrifuge at
4°C for 5 minutes. The crude virus preparation was stored at -20°C before

further processing (e.g. virus purification).

EXAMPLE 2
Cloning of MVA virus

To generate homogeneous stock virus preparations MVA virus obtained from
Prof. Anton Mayr was cloned by limiting dilution during three consecutive -
passages in CEF cultured on 96-well tissue culture plates. The MVA clone Fé



Purification of the viruses The purification steps undertaken to obtain a
virus preparation which was as pure as possible and free from conponents
speci fic towans/Bsewt cell were simlar to those described bPCTErRINsRI4-
Virology 18, 9-18 (1962)). Crude virus stocks which had been stored at
-20[err]C. were thawed and suspended oncé2| n PBS (10-20 tines the vol une

of the sedi %E)selégéi%aﬁa mé&‘m mwa‘ ﬂfquﬁékgppwusmtnew
QGOBR?

sedi nent was suspen t| mafis (10 nmM
Tris-HC pH semvpd asrstaxting materdalshios mnemq;w recogahigant MY Ayviruseound

(Labsgn' Ct L68&crtﬁ{ea1ﬁ1@u@pafémla@tpﬁea?éhgaaben a%ﬁﬂfé?gét%e@@?ﬁﬁ@f 2% t10 t
seconds a watts an merrpra 0 rt he sint egrate
cel | debris mm@nﬁnb&‘f’a?\e VIFYRes Bﬁ‘ilpf?‘élpggfyf g&ﬁert&ﬁ'&s{d%ﬁ {189%)ri’mﬂ
material . ThNagklAcaduSticUS#n8o, moe47-aoas>1, Suttek, etelhy(1994)Vacciren®2,a@32i1040he
subsequent b ef cent,ri (™ nsion (Sorvall GSA rotor

obt ai nabl e f E;gﬂt (Eig% JD%?%?Z"“?\%Z%& m FRG 3 mnutes at 3000 rpm
and 10[err]C) The sedi nent was once again suspended in Tris buffer 1,
treated with ultrasound and centrifug@EkagRepriescri bed above. The collected
supernatants containing the free_virus partlcles wer e conbi nhed and | ayered
over a cushion of 10 m of 36% sBurifiration ofghgwinses- Ho | pH 9.0, and
centrifuged in a Becknan SW27/SW28 rotor for 80 minutes with 13,500 rpm

at 4[err]C. The supernatant was arded, . and t.he sedi ment coptaining the
Ui s’ pirt | TREPURACARECTIORS SRHeakaR (3 POBIM VS PREPATAPROVEI was ds
honogeni sed byre @} Bs1blea&zhdrﬁe‘e fm:tnl’co:h onaasrsﬂeéxﬁ)s tbGhe dwshdell atere0om

e T, R A OB G S I B, AR B o
gr adi ent Was stocks whith ded beenB&oieubam-ZB‘leex_:et trblavmd aryd 60gperiad onceSin
mnutes at easi oo ies thc-?%ﬁfrh% BB Ehd b ag%ﬁae&@%ug eﬁwaw ng virus

particles we ar ves T ng prratin unme above band.
The obt ai nedcsm&uged@glabpwsn e\agw@ﬁeldmmsatwaﬁwuﬁn%‘ée & lf&mesptheand t he

virus partichegsielof THeIbaR& BAI0 mM THE-B¢ p3300), and the suspensxon was
PCT/ EP97/ 052

centrifugati éﬁe%&mﬂﬁ" M?F%m‘%@-‘?ﬁsﬁ’ﬂf‘eg By Bffs“fsﬁwjf?ﬂh{nt&?%ﬂtﬁ"éﬁi
The pel | et, Melehn 21 10setorydsit Gluweatts iandsroom tempemture)sin

(esuspended WlagFp @&z%?ém*%%?ﬁ?eﬁ Bebrp e REABORRE M Pt B ERETRORE
stored at - the Bélﬂldlar Iniateridl. (Swedcell nuclei anddbe larger cell|debeis wereir@nsvedr
subsequent  expef} UEBieuent brief centrifugation of the suspension (SorvaltAYEAFrotor

obtainable from DuPont Co., D-6353 Bad Nauheim, FRG; 3 minutes at 3000

rpm and 10°C.). The sediment was once again suspended in Tris buffer 1,

treated with ultrasound and centrifuged, as described above. The collected

supernatants containing the free virus particles were combined and layered
over a cushion of 10 ml of 36% sucrose in 10 mM Tris-HC], pH 9.0, and
centrifuged in a Beckman SW 27/SW 28 rotor for 80 minutes with 13,500 rpm .
at 4°C. The supernatant was discarded, and the sediment containing the virus
particles was taken up in 10 mi of 1 mM Tris-HCl, pH 9.0, homogenised by
brief treatment with ultrasound (2x 10 seconds at room temperature,
apparatus as described above), and applied to a 20-40% sucrose gradient
(sucrose in 1 mM Tris-HCI, pH 9.0) for further purification. The gradient was'
centrifuged in Beckmann SW41 rotor at 13,000 rpm for 50 minutes at 4°C. After
centrifugation, discrete bands containing virus particles were harvested by
pipetting after aspirating volume above band. The obtained sucrose solution
was diluted with three volumes PBS and the virus particles were sedimented



Construction of vector plasmds To all ow the generation of reconbi nant

MVA viruses novel vector plasmds were constructed. Insertion of foreign
genes into tWeIMI0Benome was targeted precisely to the siperafrotibis
naturally occurring deletion Il in the MWA genone. Sequences of MA DNA

flanking the site of a 2500 bp del etlon i n3t he Hndlll N fragnent of the_

o virol - SR B Sfeiileasith Dhecirnarn SW0a 28 0 BR i 13 500 o 4 O

mul tiple cl onThg pglleta whighl RewiadnsisGBmobty qfrpurervirtopattides, waseft 600 bp

51 cac tho BRI Ikl %W%%ﬁ“&?ﬁﬁéﬁf?sp@% OFor

restriction eerags txgmx 0l iml. Bhepurifigddires stodk solfitiorpwiasstareticat -+ he

550 B b i g IR Al

(sites for restriction enzynes Pstl and Sphl are underlined). Between

t hese fl anks of MVA DNA i nserted inFDMIﬂeﬂ’LBQe E. coli lacZ gene under
control of the vaccinia virus 'é‘ ter Pli yepared by restriction
digest fromplll LZ, Sutter, Ve"B“”P sPNAS USA

89, 10847-10851) was |nserted usi ng the BanHI site, to generate the WA

i nsertion vecye EllB*réqﬁe kgneﬂa'?iohklff Je?{)lr@i\ﬁ Ow&%?weg npg&Lyﬁ%r\Hl@q{mds a

cont ai ni ng the vacci nia
Smal site forwetanmnsgn(qie gmq;yof é@mgmgemes initgy &lse MW AhgeéreoiRe weawd Xbal

fromthe pl asgi r

Cel | u- | ar B?eq\!& fisk 403- 3?89 p%sﬂﬁltﬁg&eur}ﬁb%cmg (?%Qléﬁna* sfl?aé;R/BY A

pUCI | LZ to Beneme WW%P&M@ ankingrthe site of a 2300 bp«eletinn in the

vector pl asniMiddI®N fra; jimwofsm MVa e'ﬁ‘onﬁ@ m@hme?er'\w Stite SCP. \éhgo o
p

DNA T r agrent AP EieEES)- (B9RP)of A bﬁi’uéf%eﬂ% éﬁfﬁ@ﬁﬁ&r@%s
anpl i fied by diifed mtonthesmmitiplexloningGie s G tRECT
&8 G00'S gy G B AT, K M B A e G i EAC

cloned into
PCT/ EP97/ 05214TT CTC-3’ and 5'-CAG CAG CCC GGG CCC GGG TATTCG ATGATT AT TITA RS |

sites of pUC AA&AIW ACAB’ C(Qittéb' f&rfras mwen%ﬁﬁgﬂ{es %I An&ggﬁll e P 5

Using the Sna IS VEctor t0 1 NSer BT
sequgnces enégﬂs%énﬁ }3;1"@ Wﬁ@mmghﬁ%ﬁ%@ DN Adfank wene EOCAﬁ? GTAS

vacc Irrtr;l a Vi r GTEOAN GAALTCA THOATTECOM CIERAT AGKL-8" arkd s -dot t;ﬂ? Sep
Gl act o6 das dSERORGTE AGARRAARTRITAGE ARARL (S tomromrton | eats
to enzymes Pstl and Sphl are underlined). Between these flanks of MVA DNA
inserted in pUC1S8, the E. coli lacZ gene under control of the vaccinia virus late
promoter P11 (prepared by restriction digest from plIlI LZ, Sutter, G. and Moss,
B. (1992) PNAS USA 89, 10847-10851) was inserted, using the BamHI site, to
generate the MV A insertion vector pUCII LZ. In the following, a 289 bp -
fragment containing the vaccinia virus early-late promoter P7.5 together with"
a Smal site for cloning (prepared by restriction digest with EcoRI and Xbal
from the plasmid vector pSC11 (Chakrabarti et al. 1985, Molecular and Cellu-
lar Biology 5, 3403-3409)) was inserted into the Smal site of pUCII LZ to' give
" the MVA vector pUCII LZP7.5 . toconstruct a vector plasmid that
 allows isolation of recombinant MVA viruses via transient synthesis of the
reporter enzyme B-galactosidase a 330 bp DNA fragment from the 3’ end of
. the E. coli LacZ open reading frame was amplified by PCR (primers were 5'-
CAG CAG GTC GAC CCC GAC CGC CIT ACT GCC GCC-3' and 5'-GGG
GGG CTG CAG ATG GTA GCG ACC GGC GCT CAG-3') and cloned into the



the self-deletion of the reengi neered Pl1-LacZ expression cassette by
honol ogous reconbi nati on. For an alternative vector plasmd, pUC Il sPi
i nstead of MW@98ABS0 | acZ expression cassette and the P7.5 ROVERIZOS24
vacci ni a specific-synthetic pronoter (prepared by a HndlIl/Pstl
restriction digest frompllligpt-sP (Suttegy et al., Vaccine, 1994,

del coron 11 HEARPOSI P JROERE PRLTBR8 i LT A AUPPRE A

promoter was B&Set ed from Usingthesoma Mltl'usl_v_eqwr Blasyud canaeongeRbiolingert

restriction dppear ﬁthaﬂcefseac%l é emﬂﬁare&la fiptiobial edntrof 8f HE

al so blunted tragne carryin syn rom)t er

EXAVPLE 5  Vassnia dirns Premofer M% t‘é@WPE‘ee i the desites: ur al

]EJF eM and Ef drecombmant virus has been isolpted bp rsafeanmmomlex;gteesmnlrc;@- A cDNA
ragment of dengue viru NGC strai si gna seguence

of 14 amino a&f §t ?‘%@&ﬁﬁ%p?r onaHaga ?ch‘%f‘g ViTHS lea ads'to

i ncl udi ng 40 &g saif-deletiorest theaeengi eIeeed:PllherLexpméssﬁbmvaasseunlby ed by PCR

from dengue vhrg@ é?us 2reLr ﬁ(%#inber g, et al., J. Gen. Virol.

69: 1391- 1398 nt was bl unted and cloned into the Smal
site of pUCII LZdel P7.5 to create pUCI| LZzdel P7.5-preME carrying the

preM E fragmeg, H%é}%}.n%ﬁ{}é"{}?ﬁbk@ fy gy of the Vaﬁ%t&%c?of’ﬂ{éj?lunder

early/late pronbte gggen carrying the preME 1ragnen
transcripti on&PC%@KPF%ﬁﬂ%? cassete apd the 47 B’r‘?f{l@teéér‘r%ﬁﬂf&? éPﬁ‘F‘éﬁﬁb’E hic 5
was inserted bpé@ots! @répﬁrekﬂb y aHindIIl/Pog rdfictioh digbst t-sP Sutter

TG Dorr] 'pir”ea% Vm@e«v%ﬁ»ﬁf@h&W%)a«asalr%‘#gs% e CI@%,XI ° i

P7.5-preM E aadjhe eﬁt tootie qelesiondk Thetéifokd ehe PEI-LatZ ,expre(ssﬂﬁﬁoasvme and the,

Lransi ontly oo/ Spitaien el S pHebhpf iy PUCHIZ by s byseauipre &N

o

98/ 13500 . Xhol / Bpu1102 restriction digest, the vector fragment was blumiedl Erbligatel 4
15 sel ected gﬁ% tbPsEEF cell's
stained with tP%t rom)?lMc Yoro- -1 nég}(aﬂg} %‘%FIS? gg{bde S300

[err]g/mM). In the follow ng, reconbi nant I\NA viruses containing the
preM E sequence and having del eted thEXAMPLEbBker gene were isol ated by

non- st ai i ng. v GeREREHON of regprinegt MR IV H e ghbladal BRl dhd £

5- br ono4- chl or o- 3-i ndol yI [ err] - Bhyroipaoctein of dengte viimus | g/ nl) .

A cDNA fragment of dengue virus type 2, NGC strain comprising a signal
sequence of 14 amino acids preceding preM and all amino acids of preM and E
including 40 amino acid residues at the C-terminus of E was isolated by PCR
from dengue virus type 2 cDNA (Gruenberg, et al., J. Gen. Virol. 69:1391-1398,
1988).

The fragment was blunted and cloned into the Smal site of pUCII LZdel P7.5 to
create pUCII LZdel P7.5-preM-E carrying the preM-E fragment under
transcriptional control of the vaccinia virus early/late promoter P7.5.

The fragment carrying the preM-E fragment under transcriptional control of
the vaccinia virus early/late promoter P7.5 was inserted into deletion IT
within the MVA using homologous recombination. CEF cells infected with
MVA at a multiplicity of 0.05 TCIDs, per cell were transfected with DNA of
plasmid pUC II LZdel P7.5-preM-E as described previously (Sutter, et al.,
(1994) Vaccine 12, 1032-1040). Recombinant MVA viruses containing the preM-
E sequence and transiently co-expressing the E. coli LacZ marker gene were



Subsequently, reconbinant viruses were anplified by infection of CEF
nonol ayers. EXAMPLE 6 Construction
of reconbi ndHP 9¥AMBNS1 encodi ng non-structural NS1 - PCT/EP97/05214
gl ycoprotein of Dengue virus A cDNA fraggent of dengue virus serotype 2,

New Cui C (,N trai | Si ' | se 4 ' id

br 6cedi ng NSTBHEUY CRaYR ToRnag R Flaghe pudtiistpoR (B Celh siRned Migh

]'Eype 2 thNA §€bmmméfqlﬂ@no-|&-|indolyl ﬁi@rgalﬁctm:ditile @Dm&gﬂxﬂBQ.&i &Q&?)If)vﬁpﬁi;g% t
ragnent was - e "5 to

cregt e pud I r{&fﬁ!} &g?@ - I\ Qfgg??gy%\rg#rﬂgg%g?pf%ﬁg%u e?n‘#%‘ﬂfé%g I pt I onal

control of tHelejed thelacdimarkesgang wereisolated byrthege sdditiend] rcopsenttive

carrying therdiidd bR IRfle paffication BeRienBid iAok oBiAAe Phal R YARENLAL

virus early/late pro 5 was, inserted | el et Pon, Wi {hi

usi ng honol o{t}b:ﬁ’%e Bé%ﬁ?ﬁ‘ﬁ? Péé’h’??’%@%d'é@g?}'_‘?‘éé,ndgﬁa&&Uﬁ?c@éﬁ&(3Q9nug,6ml).
reconbi nant  ibsiqueasly) ¢eéthBRAnt ivifuded Wéx;@mhgnéed bar infection of CEF
EXAMPLE 7 Cogstructlon of MVA vector viruses produci ng reconbi nant

nodi fi ed Pus glycoprotein Ewith its authentic anino acid | eader
sequence A cDNA fragment containing codons for start and stop of

transl ati on and encodi ng 326 am no acw goue virus type 2, New Qui nea
C (N&C) strain (nucleotides 768 - 1733, uenberg, et al., 1988, J. Gen.
Virol. 69:1391- Gestrudion oErecgmbinagt MVaehifraneoding hoarstnuctacaldNS1

precedi ng Dengue gl ycoprotein %lg@b#r&gﬁ'l ggm?‘gggi‘;i;usof domai n—1 and |1 of
m s-of ©do

gl ycoprotein E, but m ssing 20 0 acl main Il fromthe
C-terminal part of glycoprotein E, was isolated by PCR from cl oned cDNA of

255,53 T et ol 8w G CONGO) i
PCT/ EP97/ 05292MPprising a signal seq amino acids preceding NShapdailiSot i des
5' - CAG CAG f¥S{d#sGvAT %m&dmmﬁﬁﬂ%%-ﬁm%pefﬂ cBNA (GuenBed(eCAG
'g?gpSdeﬁaéiTﬂjh%y{{?Igé%%}?ﬁ&géﬁTeI Si ?e gfs t hgr :Vkr;ir \S/éct o-rrhe
The fragment was blunted and cloned into the Smal site of pUCII LZdel P7.5 to
create pUCII LZdel P7.5-NS1 carrying the NS1 fragment under transcriptional
control of the vaccinia virus early/late promoter P7.5.
The fragment carrying the NS1 fragment under transcriptional control of the
vaccinia virus early/late promoter P7.5 was inserted into deletion II within
the MVA using homologous recombination as describe, subsequent selection
for recombinant virus was performed like in example 5.

EXAMPLE7 .
Construction of MVA vector viruses producing recombinant modified
Dengue virus glycoprotein E with its authentic amino acid leader sequef\ce

A ¢DNA fragment containing codons for start and stop of translation and
encoding 326 amino acids of Dengue virus type 2, New Guinea C (NGC) strain
(nucleotides 768 - 1733, Gruenberg, et al., 1988, J. Gen. Virol. 69:1391-1398)
comprising a signal sequence of 31 amino acids preceding Dengue
glycoprotein E, all 295 amino acids of domain I and II of glycoprotein E, but
missing 202 amino acids of domain Il from the C-terminal part of
glycoprotein E, was isolated by PCR from cloned cDNA of Dengue virus type
2 NGC strain (Gruenberg, et al., J. Gen. Virol. §9:1391-1398, 1988) using the



plasmd pUCII sP to create the plasm d pUCI | sP-denET carrying the Dengue
virus E[err]-cDNA fragnent under transcriptional control of a strong
synthetic w@egiasem virus pronoter as described previously (ftikmfosak

al ., (1994) Vacci ne 12,1032-1040). The fragnent carrying the Dengue virus
E[err]-cDNA fragnent under transcriptiongl control of a strong synthetic
vacci nia virus prom)ter was inserted into deletion Il within the WA
genone usi ng oligenuadeetides r econbi nation. CEF cells infected with MA at a

mul tiplicity tc%@%x@@t@chcmc@#c@@ EERSREACEAY A Ré
puci | SP'de“Ezeg;,J@@&eé&ﬁeé&ﬁ#rev' TG &f@ﬁiﬁ"ﬁ@%ﬁ%@@

Vaccine 12, 1
virus E[err]- pEieryer e sel ected by consecutlve rounds of plaque

purification CEF cel,ls_usin cOo ei.n i C nmouse
nonocl onal nTE%Bﬁ?@e#ﬁamﬁgw§m'6§¥§?¥h sbfélqlis’%sw dSYPHYTt he
des: r;ad (rj egonﬁ;ggud p:UGHeaPEgﬁ;e&eUbe(plamﬁd/pUﬁlbsﬂdniemihtcanyﬁngehe Dengue
amp' 111 ed by 4 ;-c‘ﬁN m tional contro tr

EXAMPLE 8 tTUuCc vec or vPr OB CORTOL i PRE Spheic
modi fi ed Deatgirda wirussprimoteprastdssaribedipréviouslya(Gulttens eﬁ:ala(ilﬂ%)atadd:me
| eader seque _ gprlb}\f %ﬁgﬁ M@I r@f&oﬂ op of .
transl ation 2%1032%%0 di nEﬁ n%%o acl dﬂgbg% nguzu%/l fus tﬁ)éﬁgﬂ‘%&

Gui nea C ( NGOynder Hﬁﬂscnpta%ﬁhceatn%éé arsizong spnthefio dgseinia ¥irug| promioteten.

Vi _rgl 69: 13%&&%@@&% deletiG'Il Wethid tRe MUA: ex’f‘cﬁﬁé‘% abnﬁﬂo% |
aci ds precedin ngue c S n

and Il of gl f&%ﬁ@fﬂﬁ% Cnglt%ﬁwui@in‘gi%a@véﬁﬁ 8158 %@h? 50 f r om
the C-ternm nape wefe trangfeg A of pRECIT sBidendsy dsydé%eﬂbédqmevimgd
cDNA of - Dengu uenberg, et al., J.

Virol . 69: 139@%&8&%%&&\%&5{%@ ieé%#’@énum ool des 5 Y cheoaG OCC
GGG ATG GCA Re¢ Vixgsesgontgining the Deggue @ivusGAa- DA ®83eTCA CTG

;é% E;;')_?/Gggz %}Tec%_ by Eriskdutive rétnds on)la'ﬁ'aEﬁ:um'maﬁo\qqigéﬁ:%ﬁg usxr& od

fragment was PEpgee glygaprotain Srppecific anepse; ﬁ@nmﬂ@béﬁQPOdkﬁsafﬁmlﬁfep udl |
LZdel P7.5 t Ongfedostdikin bﬁsensdexﬁi@éémgzéﬂsldeg’}eérée&miﬁdnt prtéini Ng the

Dengue virus E‘Lbesrer Lenﬁy, recomal%nrr%:c[ v%ggs w}e;'g ancr;ﬂffgd gy mfe%(t)lgygtj CgI'-'

monolayers.

EXAMPLE 8
Construction of MV A vector viruses producing recombinant medified
Dengue virus glycoprotein E with its authentic amino acid leader sequence

A cDNA fragment containing codons for start and stop of translation and -
encoding 326 amino acids of Dengue virus type 2, New Guinea C (NGC) strain
- (nucleotides 768-1733, Gruenber, et al,, J. Gen. Virol. 69:1391-1398, 1988)
comprising a signal sequence of 31 amino acids preceding Dengue
glycoprotein E, all 295 amino acids of domain I and II of glycoprotein E, but
missing 202 amino acids of domain III from the C-terminal part of
glycoprotein E, was isolated by PCR from cloned cDNA of Dengue virus type
2 NGC strain (Gruenberg, et al., J. Gen. Virol. 69:1391-1398, 1988) using the
oligonucleotides
5'- CAG CAG CCC GGG ATG GCA GCA ATC CTG GCA TAC ACC -3 and
5'- CAG CAG CCC GGG TCA CTG TAG TTT GTC CAT CCT CAG CCT -3’ as
primers.



the vaccinia virus early/late promoter P7.5. The fragment carrying the
E[err] cDNA fra rrent under transcriptional control of the vaccinia virus
early/late wPs P7.5 was inserted into deletion Il withi RCTHEINRAR14
usi ng honol ogous recorrbi nation. CEF cellg,infected wwth MA at a

mul tiplicity of 0.05 TCID[err] per cell re transfected wi th DNA of

| d puC I, LZdel 5 Sut.t t
D) 75 10ba) VHRePiRPared hmentes ondhints BE RaT e oY A MV AL RRbET | 1
Dengue Vi rus ;dm«ip&l@ﬂd@@ld’ﬁtcaﬂma@wtheyplemwwiqulw& Fdeppt i Lacz
mar ker gene V@E@aﬁ%tﬁ@%ﬁ% i?ﬁf»‘ﬂ?%@l\i‘!@fxra &fdé?lt?&%rﬂfﬂfdnﬁl E@ﬂ&gp of N

CEF cel I s staj

hl I
(300 [err] g/ g Vacqinda, ¥irus) §ag /A@te IE’:’@éﬁﬁr’r‘l%Fi:zr#] w&ah&%ng%ﬁa&%ﬁng t he
ET sequence arsNpafthpthedthiides &mc?aén@em&ol ape V&fcﬁ'ubsﬁf@é e&&m&@r ee

addi ti onal consecuti ounds of ‘fF tﬁg\# . eni, ng for
nan- st ai ni ng RrOF3etey Wﬁséﬂ?ﬂ le usin

5- br ono- 4- ch Imﬁﬁoﬁ;gld&d(ﬁe&blrfbﬁﬁéﬂoﬂ@m: 2elle mfé&eﬂ%&h[WA @t 1l pnultiplici
Subsequent |y, of $E955) Ba el et Banifebfe ¥ DN o a8 $Ue T ggzﬁgglcs{ on

nonol ayers.
and char act erdesdiriasrdestribed previosusly (Buttes, eisld., (199¢) Vacging 12, R8320040) agnent

containing the, c%%ﬁlﬁﬁnQWAO\‘;er&fst&fﬂtﬁ 91eT eﬁgﬁiyﬁgswgs& ﬂgé and,

control of the vacci nia virus ear| was exc
EcoRl from pltzansientiyr Fo-expreasing the Bt adl Lac?amkenvgem ware selecigd

bl oot oads, SRt louts 6Pl ﬁﬁl&*ﬂgﬁﬁ?ﬁﬁ%ﬁkf@%@%&w b2
e (el hore drndalyly B g 3”?50%55@ FReths; tollowing  Fscombipant
g?loo![ t hat dIMWf tﬁlml\/&sé\ icontainingnthefEd d'?u:enceagd }gen@dehte:d thelLacZ tmzmker
el etion (0] e was (5] ene n VI Irus
MVA- T7po| ERRErWET POIStEq B, SH o AR SPTRSH Ve ‘iﬂr‘lﬂ s ?(;folgl?‘qﬁg%

TG D err] perpuii¢atiosr ecreemmgsﬁoemcnﬁsmmngmldbapha@ﬁcteﬁw@n ithe presgwe as
d bed .

escribed pr N A@g%&&mi §H16r813-uﬁ$olf‘ihﬁ D flg@omﬁg}aﬂ)l%s%ggg)r\gg& g

Reconbi nant I TUS expressing neraSe _and co-

[ err] - D gal acecoinbinant YixNgesTwers ?ﬂ\idtfleﬁeb)éébééﬁw ofi GBF sapmelayetsye rounds

of plaque purification in CEF cells stained with

5- brono-4-chl oro-3-indolyl [err]-Dgal ' 300 WO 98/ 13500
PCT/ EP97/ 05214 ﬁ%ﬂﬁi’ﬁ:é 18 [err]lg/m).
Subsequent |y, redOotsthaction andcharawerisation of reednibinant eirus MV T7pol

A 3.1 kb DNA fragment containing the entire gene of bacteriophage T7 RNA
polymerase under control of the vaccinia virus early/late promoter P7.5 was
excised with EcoRI from plasmid pTF7-3 (Fuerst, et al., 1986, P. N. A. S. USA 83,
8122-8126), modified by incubation with Klenow DNA polymerase to )
generate blunt ends, and cloned into a unique Smal restriction site of pUCII
LZ to make the plasmid transfer vector pUCII LZ T7pol. The plasmid pUCII
LZ T7pol that directs the insertion of the foreign genes into the site of deletion
II of the MV A genome was used to generate the recombinant virus MVA-
T7pol.
CEF cells infected with MVA at a multiplicity of 0.05 TCIDs; per cell were
transfected with DNA of plasmid pUCII LZ T7pol as described previously
(Sutter, et al., (1994) Vaccine 12, 1032-1040). Recombinant MV A virus

- ‘expressing the T7 RNA polymerase and co-expressing B-D-galactosidase
(MVA-T7pol) was selected by five consecutive rounds of plaque purification in
CEF cells stained with 5-bromo-4-chloro-3-indolyl B-D-galactoside (300



CEF nonol ayers, and the DNA was anal yzed by PCR to confirm genetic
honpgeneity of the vi rus stock. The useful ness of MVA-T7pol reconbi nant
viruses as NOPUESPOn systemin conparison to the WR-T7pol r erauiEpoImsile
virus vIF7-3 (Fuerst et a., 1986) was tested by the co-transfection of DNA
of a plasmid vector that is derived frompIM. (Mss, et al., (1990) Nature
348, 91-92) and contains (cloned into the Ncol and BanH sites of the pTML
ful tiple cl orfigtmb)i Bubsequertly, ge¢ambinant vimises vase amplified bynirfectiore of CAT)

gene under t rase promoter (PT[err]).
Tr ansf ect ed ﬁﬁﬁ%@&g&&%ﬁ wN %’%geresuspended in 0.2 mM of 0.25 M
Tris-HO (pH anabyzedaby ICR tip senfirmegenetisdoroggensity ehthe yisus stodelhec| ear ed

‘by centrifug '\ SlaRtSmbirdntt I %&eg‘eﬁer m ned,
and sanpl es gﬁéﬁ?‘g!f‘ﬁ%ﬂgfm ;}ép g uﬁn%‘gﬁ%%ty?iggg}ggj&l re assayed for
enzyne acti vitOMBAIIUILE} fl'!fe 5-;98 F@P&“ Hyirus ¥ % ersf et 196¢) was
857-864. Aft eesrdtisy mh cgraphfectibald DNA oo pha mdevetwmtha&as ddnvédffﬁ)rhhe

i ghly At QEL@Q&V ATt Na R P{*élﬂ%%ifd{ﬁ% SigRER{hfhe Neor

vacci ni a vi r umd Baiii ﬂws;ofdi\as;ﬁ'l‘dysne}hpds cl@fnﬁmgsmpttm Iés:obwl'ﬂmam@pbeﬂmdall y

replication- co vectors
encodi ng het &t é%ﬁ% egg%ag A?) gé ?gpﬁ?gﬁ&&ﬁ onaal cont r&?&81“gl}l§% T7 :
RNA- pol ymer aseropreies (BF fefé@de 24 cRBbowere suspendasbin/02inl | ed
in the art U%M2s¢mfscn{@illm7 %ﬁatﬂheeeTFreez@ﬂwW e?'tﬁé’l’fy&ﬁtes were
(I'nvitrogen) re used. in Conbthnatl W th T7pol

vacci nation ﬁféa centrifugation, the protein content o e supe E"’?Sb

Vacci ne pr epadetéMed alfalr santyplep icoptainingdh5 00.25,4LT pgdstaltpreteincoats nant MVA
according to the nvention_are converted jntqo.a S| o] ogbsA .

accept abl e f AHREY %Fgr YR 2R 85 %‘?"%&’E‘éﬁ%ﬁ%?#é c@bgﬁ i‘-ﬁ’e‘rul' 43,
prepar ati on B57M\864. After metoradiegrdpity, labeiled spaits areregmiansitatedalding thé Faji
descri bed by 1974) Dtsch. med. Wschr. 99, 2386-2392).
Typi cal |y, ablcg)l‘%gqﬁé arﬂl){ﬁ%g?&tﬂfr part I cl es of the reconmbi nant MVA are
freeze-dri ed The 1e5@ wdmomsﬁhﬂ*é yusing e highlhattenygird)vacginiayegiassence
of 2% pept onenAng il Houstsle 3 RiPIdit tHe PdbcHIR Ve T7 RNA%QIW&&O@stem as

P EP97 214
CT/ EP97/ 05 efficiently as by using a fully replication-competent vaccinia virus

recombinant.

Recombinant DNA vectors encoding heterologous antigens under
transcriptional control of the T7 RNA-polymerase promoter have been
constructed as known to everybody skilled in the art using commercially
available T7 expression plasmids (Invitrogen) and are used in combination
with the MV A-T7pol for vaccination purposes. )

EXAMPLE 10
Vaccine preparation

For the preparation of vaccines, the recombinant MV A according to the
invention are converted into a physiologically acceptable form. This can be
done based on the experience in the preparation of MVA vaccines used for
vaccination against smallpox (as described by Stickl, H. et al. (1974) Dtsch.
med. Wschr. 99, 2386-2392). Typicaily, about 10°-10° particles of the
recombinant MVA are freeze-dried in 100 ml of phosphate-buffered saline
(PBS) in the presence of 2% peptone and 1% human albumin in an ampoule,



preferably a gl ass anpoule. The |yophilisate can contain extenders (such as
manni tol, dextran, sugar, glycine, | act ose or pol yvinyl pyrrolidone) or

ot her aids ng?%”‘&% antioxi dants, stabilisers, etc.) suitabl ect@ror0s214
parenteral adm nistration. The gI ass anpoule is then seal ed and can be
stored, preferably at tenperatures bel owig20[err]C. ,- for several months.
For vaccination.or her the I ogj&el I S can be d| ssolved in 0.1 to 0.5
m of an aqUBSRFR ‘3 aer 8*1%’1‘ Jyﬁ%bg}séfeoﬁrb‘éqn@&} exfendgrai(such as

g(rjml gl: ;lt Ier ed manhitol, dnaatﬂm,esught,yglytme dacgmﬂ ﬁr pwlywi t e@yrl:ﬁdelﬂ&ger)lld;?gﬂ{ét i on
i nv |
pr ef er abl § | ;%qgckag:ﬁ %\?nggnﬁ?gﬂﬁg%aﬁl(l%&% thlsgg?ﬁg fh %Serﬁbl Bakt .

Hyg., |. Abt .admpindstrfion 7Tl glass mqyoulehe therdseakéd addi ainsbe stored, telfer40p
and the numba teng? Hilhes beRi ODPC ORI AGelllthBhid by those ski Pl T he
art in a known nma ‘I's expedi ent V\/nere appropriate to adm nister the

vacci ne several ti rres over a lengthy period in order.to obtain appropriate

i mune r eSDOTHﬁ&ra%@ﬁialﬁﬁm élhﬂlefr #j kR Iy rgslg@ce can H%sél@@&iflhctﬁ w 6% ﬁﬁdof

variations of this |nve vint out _ departing
1918

spirit and S@B‘p%qu%%ls\/\?q BQCB gicabsaling |aF‘Ide%IdW5€qifedeﬁ1therThe
speci fi ¢ enbqriremteraltie sfor idxarhpie g mtmmu@cfdl@f Btbcalativry of locadya WRicRir3! op

and e T ics oRShA S S B O Wl e AoPTCET
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A reconbi nadntramuscularha(Mayry Astal. (19p3)EbL Bakt. diyg.eb Albly QR Bmz;emses

encodi ng one 39 I t Iof e Vi rus

Serotypes (1300 L omese W‘f}m‘g@‘%ﬁ&" ook P e s of e ety

to claim1 cGH’c"aherf? kitled jim the artrin Dknowsjquenves IEIsccxpethenhe

or nore anti gefiére appropriate to administer the vaccine several times over a lengthy
period in order to obtain appropriate immune responses against the foreign

antigen.

Many modifications and variations of this invention will be made without
departing from its spirit and scope, as will become apparent to those skilled in
the art. The specific embodiment described herein are offered by way of
example only, and the invention is to be limited only by the terms of the
appended claims.
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fromeach of the four d ue virus serotypes (type 1, 2, 3 and 4). 3.

A reconbi nant MVA accorajﬁg '"Mmm" 2, wherein t he dengue virus
antigen is SEQ8¥IBAOfr o NSl anti gens. 4. PCT/EP97/05114
reconmbi nant MVA accor di ng to clai's L t'o 3, wherejin the DNA sequences are
inserted at the site of naturally occurrlﬁg del ets THrs SWdRT glﬁxt A

genaone. 5. A reconbi nant WA 3 COI’dI ng to Clﬂﬂﬁﬂ 4 wherein
the DNA sequences encoding antigen is u Mbander pid nnt rolj of the

vaccinia virus early/late pronoter P7.5. : A vacci ne contai ni ng

at | east one reconbi nant [ IWA rdin cI a and; a

phar maceut i caflly a@c@ﬁ?MW%F"B W&MA capa%ble of expressing one pr moze
vacci ne conprpiAgedsericesientbdE@@anans vius aaggehgant M/A carrying and
capabl e of expressifng T7 RNA pol'ynmerase and as a further conponent a

reconbi nant DNA vector carrying one or nore antigens fromat |east two of
the four deng@} wAu:ecemrbutgmeMV@typ@rdin@to &laimd dontaindng andbcepabledf onal

Co claim 7 HENINE DRPESAIEREr Bl ing arigens from all Rfir iype ™ ' "0

anti gens fromeeampesf(t)tpﬁallf?aﬁlﬁmle‘ﬁgue virus serotypes (type'l, 2, 3 and 4)

(3) A recombinant MVA according to claims 1 to 2, wherein the dengue
virus antigen is selected from preM, E and/or NS1 antigens. -

(4) A recombinant MVA according to claims 1 to 3, wherein the DNA
sequences are inserted at the site of naturally occurring deletions within the
MVA genome.

(5) A recombinant MVA according to claims 1 to 4, wherein the DNA
sequences encoding antigen is under transcriptional control of the vaccinia
virus early/late promoter P7.5.

(6) A vaccine containing at least one recombinant MVA according to claims
1 to 5 and a pharmaceutically acceptable carrier or diluent.

(7) A vaccine according to claim 6 containing a recombinant MVA
encoding a dengue virus type 1 antigen; a recombinant MVA encoding a
dengue virus type 2 antigen; a recombinant MVA encoding a dengue virus
type 3 antigen, and/or a recombinant MVA encoding a dengue virus type 4
antigen, and a pharmaceutically acceptable carrier or diluent.

(8) A method for the treatment or prevention of dengue virus infection
comprising administering to a living animal body, including a human, in
need thereof a therapeutically effective amount of a recombinant MVA
according to claims 1 to 5, or a vaccine according to claims 6 to 7.

{9) A vaccine comprising as a first component a recombinant MVA
carrying and capable of expressing T7 RNA polymerase and as further
components one or more recombinant DNA vectors each carrying at least one
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9. The reconbi nant MVA according to anyone of the preceding clains
1 to 5 and/or the vaccine according to any of the preceding claims 6 to 8
for the prevewsmiseo and/ or the treatment of mengte R-eRCT/ERY7/05214 .
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