VECTOR COMPRISING MULTIPLE HOMOLOGOUS NUCLEOTIDE SEQUENCES BACKGROUND OF
THE INVENTION The phenomenon of homologous recombination of nucleic acids involves physical
breaking and crosswise rejoining of nucleic acid strands within homologous sequences. Recombination
and gene conversion in mammalian cells have been studied by many groups who have monitored the
reconstruction of selectable genes after infection with appropriately constructed viral or plasmid
substrates. (CNECTORICOMPRISING U BTtPLE210MA LG A 0SHNUBLERTIDE SEQUENCES:riments
indicate that cells efficiently support both intra- and intermolecular recombination and gene conversion.
(1d.) Inte BAGKGRO UND OB THD INVENTIO@Necombination between homologous sequences present on
two different nucleic acid molecules, while intramolecular recombination refers to recombination between
homolog®us ﬁﬁqn@ﬂéasrpbemmcobga@ng@mmacdd ﬁna@cdeidmnwmdemﬂ@slcacbmbmiand:an
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from an SREARAREHEIOR IFNenBIaiRTeabn ayenbieed W%b@a%ﬁ@jgémwgfhﬁwm@&é and the
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retroviral yRCtgr - Wi gfsiin. Hym %é]%ié%mé@ %@%@93@@@%@ IntsapaelERbiRsSFOsRRIRRMoN can

occur with vectors in which duplicated regions of a gene or a gene fragment are present as direct repeats
separateW;Pfﬂ?é’r%ﬁi‘?@‘E@&%H&%%enﬂﬁQ R ?Jff?é%BWﬁ'Stfoﬁ%%ﬁ%?éﬂﬁP%%uWE e, ipEealariPbe the
intervenirgssetirenionas refel e capynbirthitore pettedrs égueniogsus Bedrequesn qyrefantramal exiodge
recombi 9&6%&8@%‘3@%% great deal higher than for intermolecular recombination. The level of
intramolecular recombination within a plasmid vector has been quantitated in mammalian cells. (Rubnitz

and Subjigii, Eu%?”r?e Ao G Bedt BelREREIGIAY HPQ '%sm@qu@segw RERR(RIONS,

the freque‘n‘cy 0 ntramo cu ar recombination W|th|n a ransfecte varied between 0.306%

and 0. OOQ@/@]U?F&P?idW?ébcﬁnBﬁ”atl@ﬁ'l@fﬁ@br%eé%ér&@&e@\%h@a@%@%zlﬂ B8&as Uinoirsiody. (1d.)
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animal viruses including picqrnaviruse uenza virus, adenqvirus, an vir Gritz et a J Virol.
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between two identical sequences in the same RNA molecule was found to be about 6 (Zhang et al., J.

virol. 75¥3%8 8584 €8T 10 885 5o (R IR Bb HIRARIEAY ' REATRINAL R BRIV S S P B SebBRlences
on one RivArmaledinlz) frameppplseddodntéwnoledeten(izetwplaiehios RNA nheletutesieddgad/idene
adenoassggiafed;virus, iBUamaleRyIRTEIRINbIRagon MAs alsodound i befrr mrse efisipnt Shan
intermolecular recomblnatlon (Choi et al., J. Virol. 79:6801-6807, 2005). Herpes simplex virus type 1 has
also beeR%Holn to exhibit high levels of recomblnatlon (Dutch et al., J. Virol. 66:277-285.) In poxviruses,
a high frequency of homologous recombination has been seen. An experimental system was used to
measureﬁ&éﬁ?ﬁé%ﬁbf?ﬁ?ﬁ‘@ﬁé@ﬁﬂé@ﬁﬁw MYERIMBCECER YU IdHBIGARE) '§8IR D ENAGRNENY direct
repeats efehd fidiyaidaiNdve (Bakedt Wiy elir6dt: lofstttsl £9park@8Y byDndng:einghsetithadisst Tightyrssages
under non- seleoctl(f condltlo ﬁ’ 40% o fth;r vagd] nlavr ses lost their tk+phenot 8' ﬂd-&?”d I
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non-selective condin or%e TRe tit- Virus increased 1o an :[a S ance of 99739 %% & total V|PL¥SO%})h§ulation.
(1d.) Everegﬁa@ﬂs@eéﬁvéaﬁoﬁmﬁdr@gw@w|n@fm@%@%eﬁmﬂtﬁ@m@mn@mm@m gigetemajority

of infectigihuirianfstmes i aaiddLeissiigoiom single plaques contained DNA that had already
undergone recombination with subsequent loss of the tit gene. (Id.) Using a recombinant vaccinia virus

designed Ké%ﬂé@%fthﬂ‘?&rﬁtﬁ&%’[ﬂ&?@l%rﬁ@lﬂﬁ%oﬁ'|\/ﬂmﬁe§sﬁﬂa§rrﬁl@ Vecf -y %B@Fﬁ%ﬁjdﬂﬂt’éﬂ% &k al.,
Gene 172:233-237, 1996 onstra egl gecomlygtlg b%t.ween the re eat(]e]gqo oter se uences. A
vaccinia VIR TR R i 88 9oL R Th Blarid g‘bﬁ?c&?é)?ﬁﬂo d eﬁ%{%' ofPon
Streptocmreslmzpyogmm@cmlagm aegnonp)ethenixeqre oty afi antsicortainan g éoom drtatiororgttham20
copies of the CRR. (Hruby et al., P.N.A.S. 88:3190-3194, 1991.) Although it has been shown that multiple
genes with homology of about 60-75% inserted into different insertion sites of MVA resulted in a stable
multiple recombinant virus (WO 03/097846), there is, however, a need in the art for compositions and
methods that reduce the level of intramolecular recombination in vectors, such as, e.g., viral vectors to

allow the generation of stable vectors including multiple homologous nucleotide sequences containing
longer stretches of identity.



THE INVENTION The present invention relates to recombinant vectors and methods for making and
using them. In particular, the present invention encompasses a vector comprising two nucleotide
sequences of 300 nucleotides in size each coding for 100 amino acids, wherein the 100 amino acids
encodedtiynsfectedf piestmio Mk otigdécte eencas tad@scat least 160023minddgcidode ntityrabihatibarein one

of the _tw{gﬁwﬂ?éé@%&% éﬁﬁmdgsslﬁ;ﬁé st Zga{}, %'%?Hqﬁ‘%géfﬁg from the other nucleotide sequence,

wherein rent nucle ot| es do not alter thel entical amino acids encoded by said two nucleotide
sequenc r e t Iz lecular
recombin L B S e o e B g
synonynmd{BRES i reimalt VEHSe SRS bisimRPicraaMtieaehuBlbsda ¥éa§be%ﬁ,%f§3thﬁn%\ﬁ’eoﬁWFéi%e§C|d

moleculeGriteleal. for examedesaasstiny thgsdeadingd@rﬂaa/geg&r atioadbetabia Hee thi @@rﬁd@iﬁi?g at
least two or ore similar or identical nu leo ide se% @,’)Un‘e@rectedly trg ?jtra e &Io ed in the
se

present |nv@nq?o%qssgl%egﬁﬁ?cgﬁeqgn\(fe Cf%r% Ot e or More si u8|eot|d% a ces. The
results okraimekinative rebeaniseemtion mwh@mh&stbessmﬂesteﬁﬁuwﬁml@l@raldlmpmmber of nucleotides
in nucleotide sequences to reduce intramolecular recombination within a vector, while, surprisingly, at the
same tinfeoerpeeygdivrinod ey @vicsd Stk freteignisy still eccaningtiorheet weeodwoiide aticj Iseniabegsohn
nucleotidg Y RHAUISHARE IABRSIELGRRSION AINUCIROURB SegsNGeIAmYas HONG ARRIIOMBGEEEBReSeNt

invention, the skilled practitioner would have expected that expression of said sequence or gene would

not work ¥3Perly &/ tERE, TESOMRINAIRE: WRHR MEATMRRINE" SRR M S60HENEGRhEB WY remain
suitable fopleffidentaaxpEEsied. ibhatstratégyueEmpbayeddreteio IRNAt oolgaiedicaldte) t(V\EsﬁhoHdwmleotlde
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which, o course Include a stretch o otides as claimed. The results are appli cab e to many

different @é@f@@'%@ﬁfr&&ﬁ@l‘bﬁﬁé%& dkbeiret Agnty ¥HOhMAGE8ISRY vaXRk HetRESHRRIE SViEksas for

exampletifpe deve@m@e%@émwmemt vREBINGHghUEVeRY ¢t sedeenarhaisiag@nustastadheyteghoiologies
as, for & KRTASSION plaroteing A1 /on fOR enaratan shiecaubinank el ines. In e an
embodlmen S, tﬁ on a SO énco passes m t% dc')snfor l%e generghon OT viruses anasvectors and
methodsermerematﬁg ﬁyﬁt@iﬁomlaseécmmm rqq@énubméh@@nre@cdﬂq@asgewramh@l@cfmggeneranng
a vector ﬁhﬁﬁﬁé‘%@@% géﬂ@ﬁ@meeﬁi cRIrERING teatsiens oke)oponiding A fisinycisetigesequence
of 300 nﬁg amino acids and owdln a second nucleo e se ence of
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the different nucleotides do not alter the identical amino acids encoded by said two nucleotide sequences;
and c) inSerfiipRe RABTBRRANN CRETESHINE s BuRl: RS TREYS GY ARG th?&]@é?ﬂ%f&ﬂ?/f%%?éﬁé{&“s
embodinpeticibe inhvecsidd badsorpadsss singhdhsiddoss eduting thDamaletiad releendbinatieryuritnin a
vector ¢ s of ti [ e 8 f acids,
wherelnotrﬁé%ﬁb% éﬂ%%@ﬁéﬂgﬁ%@%@ t‘%%%é’ghtﬁ% tﬁp %\lf)@ng? of%i3 e seq%%%ar:%egsgﬁa%g é%]ﬁ%%ast A) amino
acid iderfiRyigsiad 1o SrIascotisasheieEiBaatsiag s cRbEYRS saeshBas DOt ARCRIBIPES JiRNIRY(s) to

generateding dyergentseqeenzes| gdéclaa@h@msﬂéﬁecﬂemeﬁwmr@tnkaweﬂﬁeléuciﬁ@ti@géawquimaf@r different
nucleotides do not a}sher the ldentlca ami o ac encogﬁ bg aid two nuc eéotlde sed V%hen using

viral vectorg e FiethG et B HE SRV G Th IR aF 78 (')nm IHaton al? g "eath g)enera ion of viral
propagaﬂ\\cb@r@eefmhsryenmmm@@egemmmedse@gmme&n‘e@urﬁmheanaetescﬂfmmog/&rqm% 10%,

5%, 3%, R%noldnQro36. e - Heoe RROPINHy of the Piogesysdrysss. prsganerafion. In another

preferred embodiment, the invention encompasses a method for generating a virus, preferably a poxvirus,

comprisingW ML WU HHE\RRUAS SAAK C?@@énéé"%'fﬂ%ﬂ%l%@?‘BF'%'I&SLV@)%‘SVS |HEé9téHQH{9'”9 a

virus comprlsm a nucleotide segﬂlence of 300 nucleotides in size coding for 100 amino acids and b

inserting A GERBHASRILRLGRILRS O 68%‘I”§60%5F§8{ﬁ1g§‘kypﬁf@%ﬂm%rvirﬁé MB350 the
virus; whigeain ik)ehb@@amirzo reeadsienbedat! foy eacipofitiedvemduckibtide seduedoes hm/daeaele:ast. 75%
amino agighidepity, ancbuiasein.ane PLinsModiglagtide segupneck Ragal sastEsuraletides; different

from the other nuc eotl%‘e sequence, wherein the g&ferent Ucleotides do not a?tert e |dentlcgﬂam|no
acids enE5HRR) ‘fﬁ%ﬁﬁj"EWH%%IEMF&R%%B@{“@"R%&‘SA@’B@@H%BW%‘@%&@P@#ﬁW HRNgRY HtRiMtRapable
of dellveangj@mdyexpressmg nucleic acid molecules in a host cell or subject. Thus, a vector may be a
PCR product or any piece of nucleic acid introduced &nto a cell and/or integrated in the cellular genome;
or a replicon, such as a plasmid, phage, or cosmid, into which another DNA segment may be inserted so
as to bring about the replication of the inserted segment. Generally, a vector may replicate when
associated with the proper control elements. Suitable vector backbones for use in the present invention
include, for example, those routinely used in the art such as plasmids, viruses, artificial chromosomes,



In vaccine development, a recombinant virus can be used as the vehicle or vaccine vector for delivering
genetic material to a cell. Once in the cell, genetic information is transcribed and translated into proteins,
including the inserted antigen targeted against a specific disease. Treatment is successful if the antigen
delivered by the vector into the cell induces the body's immune response against the antigen that protects
against the disease. In a preferred embodiment of the present invention, the vector is a plasmid or a viral
vector. ATHRINVENTION be based on an attenuated virus, which cannot replicate in the host, but is able
to introduce and express a foreign gene in the infected cell. The virus or the recombinant virus is thereby
able to nMakepagseaieinanibdisgiaystéasbeniinimes)iste anaf iehoasticB amkikpyridaisingsttadniiral vectors
are that they can elicit a humoral (B-cell) and/or cell-mediated (T-cell) immune response. Viral vectors
may be obtpmmﬁjfaorthe pes iyt of\@ﬁmeretnwhsumsbsmembeﬂnpaﬁhghwwhus@embanj@neh\zees The
vector may he,opajnsghespacially 1om cog’Hﬁ ?8'6%%0' A a%.g? 8Per|‘ﬁ'%ﬂ891§6r%¥n?"ér“§cl s
picornavirus, Inf lUenza virus, adenovirus, aderfo-associa fed Virds , POXvirus, herpes virus

HSV-1), ANcagRS Mr@@@h@ffﬁéﬁﬁyfvlﬂwewép\&qé%@% Bévﬁn%ﬂﬁﬁﬂsé’ﬁ/by"m@@awﬁeﬁ@wwéf&op

\({aclcir&eMﬁém Breverrm@nva@ﬂdémdf @rﬁeah'tmg@éibn@l@ Qisegaeﬁst th&ﬂ@l@@f@@étﬁ%ﬁﬁﬂﬁtﬂoﬁpﬁé%ﬁ@?t
includin 0x, vaccinia, and fowl p e o the most common vector
vaccine CHH TR BT Lo PP o At i S R IE ‘RATRE] AU HoRPBots cue
to the relativededargsaid pacityufteatide srsencesguences into the viral genome and because of their
ability to replicate their genomes and perform transcription in the infected cell's cytoplasm instead of the
nucleus, Suepabinghiniizasgsthewis k aoirtsegtitn tenpragm asie bijoimtdwptatheg igkneficninaneriedutdo the
genome plcliediosicreltas AEERNHLOLERIREIAE Al AL VEFIOE TBAITBPS plimarituRPs are

large as c Rﬁgw‘ared to most other animal viruses (for more details see Fields et al., eds., Virology, 3rd
Edition, V4 @t@szc?waawmsp%?&e@%e#tfnaﬁ% WB@@P%&EH%M%MW@%&'&WW@ ffal vector
is derivedrionuagoxditin{sieelie; example Goxeetaiplen MMirrses mmmﬂ;ulem@enetﬁéwgmwam be Hos,

Carollna%gegg&g;ge%ﬁ)mglw dF R 68 fgq%g?rp %ﬁmgegpf&%%%v ?F%ﬁggjuse nthe present

particular an avipoxvirus or an orthopoxvirus. Ex I avipoxviruses suita

inventiorAeKAgEtaR.alp oS8 s REARARY Ed\IMp 36/i RIS SR NAMPPERNinSs 2lSA capfiediples IR yREIRFDXvirus,
Pigeonpexyitaifing SHEERCHNE P ifHlarQuaiimiedigudrasackpoxvirus, Peng u i npoxvi rus ,
Sparrowpoxvirus, Starlingpoxvirus and Turkeypoxvirus. Preferred avipoxviruses are Canarypoxvirus and

FowlpoxvifdsreAVRODLEKRRSIAIRSBesaHY iRRSIHES EHBRAIRNG Ry QAU by plitale DGR Aviasespecies
and cellsgn c&g tal., BloloI n:%l and |mrrnuno en| Lf E@rtles of g canar o>r<] -rabies. rﬁﬁomblnant
ALVAC-R t}/ SinmnBHCav nes%eeocugsce/sa Cine @ﬁ@c é?.c u'm%lr? TAEE m?g&?ed with
an aviposwiles shedsololyoas tjenwmrélmmmﬁnomftmmwmemweﬂérremamedlwmmus does
not fully §eplgatsip éh@h%%%ﬁrﬁ!&%ﬁ%@d&éﬂ%&sm@|8§5 éﬂ%&éﬁ@swfﬁ%&%ﬁaé%@aﬂ@}% ¥
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productive virus replication. Various recombinant awﬁoxwruses have been constructed that ex&aetss e.
975) or

lentiviral YBREPIBATER IS 19 788 OB GRS 4RE/ 8 VahBraslBRa g YA A S9eced
rabies G alprysiotenn {did\deqetrale &igkogicadaldchaiwark pgered\paopenves, 0Ea itarzarpbaxruies

recombinggf, Ak V& (MEJ? Sy EQ&QH&”\EBE’H‘E nYaﬁﬁCH“ abte 38P-2ffidieh? BbredfGoMAIRant
o A i

canarypox Virus express our HIV ﬁwnes F% env an nef has already been used in clinical
trials (PetERie® Smﬂ’f%eﬁ §9f8r'§1f\¢t|r?| ABRHE !?eIﬂléWFHEéIH@§°V¥R:éFP%JQGC%8§9?@B?92%§§’OS|nce

avipoxviringesdairsdy diivebige picatgcaniyrigen viaaicals, ébe@gceﬂﬁllhengtmogme@edqf@m the apupbcation of
the virus, aqd JOF thS gene 9%%@ cr)]qu el rgblnant é%see n example for a can RGX Vérrys f%tr
Rentschier, A pla ue pun anary oxs rain termed A VA%SLC %%886%% Wwas de p)é) Junder the
terms of 48 FBuNapess t@edtylw&ﬁStnedAﬁﬁeﬁmm@maqa@eﬁ@ne@mm@me?pat%éwm Asnf®rer

VR-2547a @E@M&%&Hﬁi&i%@%@ﬁm&ﬁ{é@r@wm%V%@%s&ﬁiﬁrﬁwﬂw ldtiteCEP 524
24 1075 ?5 bIe fromE!nstltute Merieux, Inc. E Ies of a§’5 ox virus.are strains FP-1, FP-5 and

TROVACSRIEOGKE, 30df Fai% ewgﬁa'%fer&n 6%JﬁPe8 S8 SLL L LiFRE AT BINaELy Bl
chickenslingise strain is a commercial fowlpox virus vaccine strain designated 0 DCEP 2510EP6712309
October 1980 and is available from Institute Merieux, Inc. FP-5 is a commercial fowlpox virus vaccine
strain of thigtken emitwginerigintbeailakididroaisdraecnapaSsasntifetHoalsdict tinee g € Devadiom of Belsesng

Corp. ) MadiseBoVdISERSIBnYaLes RialER Y FEARBINCHISP RSO NBmbfon Serial No. 30321.

3



Of the poxviruses, the vaccinia and variola species are the two best known. Variola virus is the cause of
smallpox. In contrast to variola virus, vaccinia virus does not normally cause systemic disease in
immune-competent individuals and it has therefore been used as a live vaccine to immunize against
smallpoxXTisuteession eistawidseseacrinatianl athyeaecitiiay \drusctard rsnddective thaberadisaition ethsahallpox
as a nat Ise [ S : | eradicati llnox. FHpal r global:
commis;%%\hgﬁsqtﬁi%gtl @é%i%ﬁg)o*) %Brgfgfﬁ)bg)% %él?gcﬁgg‘ﬁ%rll%%gg&%%utﬂgﬁgﬁl‘?@ﬁ% Fﬁ% enevér:]QNorld
Health OiRjaHiPaiBHI0L8g05. VAR PrevMdiRgaisasenchaddRbii RGN RRGTuseplaes, iBx&ept for
people atbighy ek abpoxviiis Hefastione(én exampde ataberaians wateeksd. hjouebithiesetis awo
increasing feat hat, [or.example, variolp, causing smallgoxmay b ised £5 abio-errar wegpon,
Furthermore, fhere 1S A HEKhal Othet POXVIruses SRS COWPOX, cafie pox, ahd monhkeypox may
potentialljupientits, semiagioeschasiahleastRanivaieotises diteiensiframrtpeotry pesiestidarkigusweeral

90Vemmﬁﬁé’?éﬁetHé%ﬁf@F@rPWﬁﬂFéﬂﬂb%&&G%k%l@frWﬁ@qiﬂ%tp:%ﬁ%%wgaﬁ %Qéd'éﬁe. ' 8Mtwo
pre-exposure (hefore encounter with varigla wrus&éfrj&ggt-exp%;rﬁre _%fter encounter with variola virus) of

f
a presun?é‘&'%?tégﬁﬁgﬂgﬁ%?ﬁéf%‘%t‘é PSRIUNG e R REA IR MR Cthe vector is
a vaccinia virus vector. Vaccinia virus is highly immune-stimulating and provokes strong B- &hu_moral) and
T-cell meBidteRPLHENR) WUﬁﬁy?@B%q%ﬁ oWI? gEHE B POL GRROTIRATE S hy BV Ig n Yo FeHrdMlict
expresse’dtrfamplgnanels 'r.asembdwa’uimhewmujoima @tmmeor\fai_ottigiawtrustjelem'feiefeequeeeesasfaﬂ()deall
vector tonyaeGiuss Agains! eiani Aol NG Qs IRRARAR A ERNGRID LRI A1dagyPInan

vaccines. Many of the recombinant vaccinia viruses described In the literatur are based on the

replicatic?ReBrRpdbentWslerEde SRAVSHEES HRVRRINRRArUs7HBMEPeAGIdJI8HiIn B3 tMtiadin has a
high neucewhisHeinge sundtis;tify s yehssiissiiaddies usedsthumalestaied sutjoenise(dotitagehatatO84o Vaccine

e S T T R
Wyeth straileelidesds petcligte idsitiza smninarasifancared $ysaidrwe gy adsatioa secpsngesd the highly

attenuated modified Ankara (MVA) strain (Mayr et al., 1975, Infection 3, 6- 16). A preferred example of a
suitable Véaemksiagudral treiaighipeteetiacetbdaeesibeyieys! sfdmramva/ecolai rernkisaiereédinem a

E’_:_aqtue-l_cl%[ltﬁdl b’%ﬂgﬁ\%@g“’@h%? rﬁg@ﬁﬁ@a‘ﬁ@dﬁ?i rﬁe‘f@?ﬁﬂlﬁyi‘ﬁ_@e%ﬁl &\f}é&f@ RFu%IUé’t'iZB{i?h §%d [ﬁ:‘ng%%ome
artaglia et al,, NY. . A highly attenuated strain of vaccinig virus, Virology 188, -232, :
NYVAC SSEHHIRREHSBR) A A oty el A o Wt S o ARG S AR BLARR cuture
cells, butpretzing tivesabilisr weimeatienstrong immune responses to extrinsic antigens. All of the
above-described viruses are equally suitable for use in the present invention. In a most preferred
em bod.imerarmithhelmwfen@dremdimmt.s.MMOWQN@CWHMMMCWMAQW@W mmm,tp bg
exceptiopally spfe i) vageinarons, Maslified MRrdiadiUS ANKRIALMYE) e iR dglateddoaggia virus,
a member of the genus Orthopoxvirus in the family Poxviridae. MVA has been generated by 516 serial
passageSUPPERIEReNENBRPS it dbIaRISVH e Bekit RTBRIEIrAn Mo S6ABENSALES vaLcinia
virus Ankarae6idéy (asize\veningeferMagrainetaidsRassegadditie y sdesiannuciogtidegensehadten und
Verwen lerten Vaccinia- A Infecti - 5 C e of
inese lor T L SaLaet T B O A N b e T e e
and, ther@epsleq &y gasbrifdbadaighigiediistieceaceanteteBacaalidrebirs vrpslo [acistigeniapiiflg of
deletionsifclemasromenctie hiskbiadestiatedasalia e Vs poddbeinfisamerouniice. J.
en. Viral. - : (Meisinger-Henschel et al., Genomic sequence orioallantqis
vaccinia OHBORRR A 2ERE ARER o b AT UL AT Denkatat o i, AT S S0P o,
2007). It eveeddmbiynsaiddwariaojeofiddisagliemodels that the resulting MVA was significantly avirulent
(Mayr, A. & Danner, K. Vaccination against pox diseases under immunosuppressive conditions, Dev. Biol.
_Stand. _41\32@@@91@@831. de‘mi(‘jnaay,hgianwa@estraapatds btdslitesteg ancimeEssiags rasiedcartié to
immunize,gaainst the:hydai R RgacHSRRseA Vb hal ek BaktnRudcl o\ Bhy g Bot BlicRIS-390

[1987], Stickl et al., MVA vaccination against smallpox: clinical tests with an attenuated live vaccinia virus

strain (MY [BUARHPEr QIR BRLANHREIMREELRA dB, IDRASBAY2I90 AT AR &N ABS SHEBIFE FPover
120,000 plasmaids pinadediog dugiidsknpateids, ansthenoddhtisatyraent paag doto iNsatic s b aseth watgnes,
MVA h N ' . ) . oo . ity . G
encompa e B e et b A SRE AR Ao vl By enin
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An example for an MVA strain is deposit VR-1508, deposited at the American Type Culture 8 collection
(ATCC), Manassas, VA 20108, USA. In another embodiment the MVA-Vero strain or a derivative thereof
can be used according to the present invention. The strain MVA-Vero has been deposited at the
Europeawiotlectioopef Animal EethéntbuiSsitabidevdhiedbpddibora tonbee BCAE Hé9810Bitiand
ECACC piafikd 1y Fohr e Xamales JarMYA IS SUaRsased acoardpain e preset inygapn are
strains MVA'572 and 5 %eb?gﬁed at E[]hle I:yuropearll Ct?j eca'#on oﬂirﬁmgp %ﬁ' Ultures ?Eé}ﬂxbé%

Salisbun?R)RMeRe BRESEsITIOR hLrh i ESCX e 9462 P ABh st e (D3t ard e vkapetavely.

Pa(;ticuIaéugﬁ.rqmére@lw%aﬁtgsga|a<ﬂesl\/b\6¢;i1mgrm f&gﬂ@@MNAeBM@,a@ gl sleppaitescasrE GALCC
under number V00083008, and derivatives having the sam operties as MVA-BNO. MVA- is a
Vs use RO A P AP & R ST Bt LA T RLINEs e alond TR SN M
developerkpigsaieheregtass dgeuseomtve\pieseainnsznidnangtadganitimotdmiatiors Glasijisasdndtating
subjects yitoriQRis Ao AR)APR Y nircies, haehesRsec BRRIRNINAN G s WhIc
MVA-BNQ based vaccines. Derivatives havin tr]e sam%ﬁ)ro ertleni@s éhe d%ﬁﬁélted Etraln %f#)gVA-BNO
have the"éréﬁab?ﬁEQ/"HfJF&Br@&@cﬁ%"%’ﬁﬁéa%&ﬁ%ﬁ QiR B KREIR SISO GiBIBETASESHER B BUFRS:
capabiIitp@E%(mmwmpb&t(Bmmdgmmws (SaehicWBWA{ﬁEﬁed%@ﬂW@_?bW m}utoguﬁﬁvgly
replicate Mast prefershly JamWhAAR (9 crartlbR0f reprgdystiveseplicatien ke IRLGRatinocyte

cell line HaCaT, the human embryo kidney cell line 293, the human bone ostedsarcoma cell line 143B,
and the RIhaPXEEISHOAdETIEAIR AL CBMRTEalEL avarRR!6e i hatUsAp SBIRVBRIEPFo AN ABlication”
is used inNfaeigsasevisgpaicatspn 45 definesl iICAMO GRf4430anichlLUSIP aealt)d 16l Bodogspeitdvely.
Thus, said ter li irus that has a virus amplification ratio at 4 days after infection of less than 1
using the%é%é%@@gsieé@%%%.§.r@é1tent 6,761,893, which assays are hereby incorporated by reference.
The "amplification ratio", of a virus is the ratio of virus produced from, an infected cell

amount HCRATSEePISE eSS Thb dide SALETIU5E) R 10 STV Pl ONot Shd Inpu
defines ditkiapngcagiriictaateifderem ged. dAnsentiothdras!breengiisd iffermaiemiedtadscehsds ane same
3;15 the amﬁh!ﬁhi@iii_a“bbU?\ﬂ@\!ﬁﬁﬂéﬂﬁ%’ék@lﬂgxmé- lﬁ‘s@rf@@sénﬁﬁgéwé@ﬁg@f@lao_ggbﬂi?% é@d@éf(ﬁ& \S/@‘@géN%edhin
the present invention is - or a derivative as described above, The features o - , the
descriptiof*8BRIb i CHI%EES ’\i(ﬁ&%iﬁaﬁ%& (] eﬂdq@h%}ea%eﬁ}ﬁmnéﬂén%g \PEH%RR)%‘? WWRrative
thereof aintmiethredscitevaga)net ditaintiyRAFBNDotrcih ddaiRshiiatisdasgproperties of MVA-BNO are
disclosed in WO 02/42480. The content of this application is included in the present application by
referencdn Apecicgiely etbndiatedt id\ibe BRSevir s/ ealivbetloe voeidy & g pasthid furharapessiage of a
modified vaccinia virus Ankara (MVA), such as MVA-572 or MVA-575 and, optionally, by plaque or clone
purificatiédnviMidBiY CalabkdapgimiraataipiiBed26 .S kiviromrtannntagpliemnd mitEpheshibot ideletton sites)
of the eRARAARENAETS WHLEAGRRLIGH GYA ke ThE-ARIRUANS IR SR BREEAhKIHARAR.AN host

range genes, as well as a large fragment of the gene coding for A-type inclusion protein (ATI) and a gene
coding foPESRARIRAIDBRIA iRl RAALFSRIRYS DA HER IMMENE SRR RIsIBR BBdieSCMiRIcular,
referenceeistimesl eftoithievdefonstiare af Hheheroparntiekpidhaidd/d Beiiagdoiheinvedtasdad detirribed in
WO 02/4 VS 8ﬁst£‘e properties of MVA-BNO and the properties and definitions of the derivates of

MVA-BNO. Said reterence also discloses how MVA and other vaccinia viruses can be propagated.

briefly, eylaryalibrelispis ssisd M 0% b Jfekannic cellsale cRls Nl arsausasp(ble o
infection with the respeé’tlve poxvirus and allow replication and production of infectious’virus. For MVA an
exampledBrahida) yE sk cCEIR ¥eetehibreembigheibhaskll/drom andreHselasied hrRigteoiuUMighly

attenuatedivreiier YaseimasApikaradarlicaifsdn Rahyubamieies kdsexdeabsass patead st iRy irus
propagation, but not in varioui hu rﬂ;]sforrrl)ed and pri%fct%/ cells, J. Gen. Virol. 79, 347-352, 1998).

CEF cellB¥&H B %ﬁrlﬂ%t\éﬁjﬁ adr itibASSRGw N 8 O &Kkifed in the art. Preferably the CEF
cells are gultivated in serum-free medium in stationary flasks or roller bottles, The incubation preferably
takes plaLLFhAT6 Y8 150 EOT IO RSE MR 9 AT aPaby IBER L8 HLREBYENYSY ction
(MO01) oftgsabrtenl DCIDBOtand thiedasebatith paeferabDf téieseplporvit8sis 7 drivhudis@t @naryThexviruses
as used geeqringaoytheinvsnioncapdRHBRPagatRs groupriorelhdUEsRRaRticulasy paiab cell

cultures. The virus is allowed to infect susceptible cell cultures and reproductively replicate. Progeny
viruses dra"CiRER S Bi‘/VFB{?ﬁﬁ@E@éhH‘ia[?é%eFﬁcﬂP%C&r{PI:E?@ZSH%Ig‘?'i}ﬁ Margh e Sem it WRccinia
viruses, ahitkerenivaly ddigeotipatstyGorFsgdnisaronsapuaceininty serviraimea onesliam cavduedrdected
with the viruses. After the virus has been allowed to reproductively replicate, progeny viruses are
collected. The present invention also relates to a recombinant poxvirus, preferably vaccinia virus, in
particular MVA, capable of expressing two or more homologous nucleotide sequences, in particular
coding sequences. The virus can contain two, three, four or more homologous nucleotide coding
sequences. The vector of the present invention comprises two nucleotide sequences of 300 nucleotides

&Out{:/)uq to,the



size. In a preferred embodiment, the vector comprises three, four, five, six or more nucleotide sequences,
which, of course, encompass also two nucleotide sequences as claimed. 300 nucleotides may, of course,
also be part of a longer nucleotide sequence. Additionally, in various embodiments, the two or more
nucleotiddeegbiitycts rapdiEHe HI50 g400més Grai0fs it #ansEQioaan,hedtfedza0;2B306ytapR8Nor 3000

ucleptidfsn Jze whiEh n"f}d!;'? YR 9t %4 ‘F@ of
q d& ;Pb‘é ﬁc?lﬂ,. WRIGH MRy 4 G B Y éﬁHSl% ﬁb%%%’fﬁ%? ; g@dx%fél

or even qﬂg{g i
course, a mcalu e 300 nucleotides as’claimed. As used herein, the terms otide

sequenc@ensiigcerieialinto jeroigensi el dbglidosh b cerse WilB reiea e tiosy iAterdrEAYERlble and
define a padysrerofeeithendelysicarigbearsianiisias (ompared R dboseleatiees (RINAS MeHessies or any
combinafign, fnercot. e definilon epcampasses single v douecsianded, inear geaiygylar, naturally

. ) ] ¢ 7 1),

occurring or synthetic’ polynucieotides. hucleotide sequences e pre$gﬁ9|enven ion’may be coding

sequences and can.conialn FomBIeis dence  espscliualy Thedeimy coding sodience assedperein
refers to 4@ RUTIEGTIGE sequerice that (I,o edfora Spe%if‘l'c M ac?odgequence. &-co&iﬁg seq&ences of

genes inekafenigtronxs ahalcomti¥lrusgiis, Humhmspremoierspy perhtbrd).aHdseranckiner SCRdemigeleotide
SequencescEalN AL BEABLEFRSITRSIM AR nTdiRURH UL AR SRANGIIC R G and5ORkAIh SyArRelis sepuences,
such as nucleotide se%uences encoding amino acid linker sequences or epitopes. The nucleotide
sequencBYRIAYHLS VAP SELGRY Hikture of genes, gene fragments, and synthetic sequences. The
nucleotide sequence may also contain analogs such as nucleotide analogs, phosphate ester analog

and/or pénfIBRIERJar HRRYITHRES iRiiaky RitkFPuH: BEARTASADA RIS B Y ALRRIMEG des in
which theyathosphateocedpexandor Sagaryphegpismtedstepdinkages Bynabpacdd syithP oimiypes of
linkages,st (2 in WOR ine ' er [ e.0., Ni l.. 1991,
S s S R e g T RO o
(see, e.goIGIPRLVIRYS. BY8, BRECYPIXiryE. NE e TREISAVRPYITBEAS NI S, 18% APL4isanites (see,
e.g., Stir¢hakp®xunemerton, 1987, J. Org. Chem. 52: 4202); methylene(methylimino) (see, e.g., Vasseur
et al., 1992, J. Am. Chem. Soc. 114: 4006); 3'thioformacetals (see, e.g., Jones et al., 1993, J. Org. Chem.
58: 2983pvasdlaimaes 46 atuthll\rdsPiabtited 41 RodlicRvamirgatatobeing aornspdyicefaned to as
PNA (seekﬁsggr B&jcrh r%ﬁ, Véf%l QZIIZPZI%;.NieIsr?n 1%91)08%?519 g4:149r7-15_0r%ieangeggpn rlsh%%?e, e.g.,
U.S. Pat°KG. @fﬁ 1; Frier &K man, [B@Jf R ARRRES. T e R the Y ererences cited

therein). PHOABHAG 64EE6RhAM0GSIrRiate Sbetiase Mattimite® tch3D B4R.CHOaRyI¥hbepteonasds ers.

methylphashanatan(ilPhaspeiamsidatesGid felsCky - BhoshbRidsste &) Bhosphergtgals; and (v)
phosphorodithioate. Further modifications jnclude chemical modificatiops (e.g. see WO 92/03568; US
5,118,672 WPYRGel o AR RHORFIOL Y fﬁRJ'B?%g’rﬂ]’é@m&eélﬁ B8 Bel0Fy BRNE0E, or

reduce thﬁad:ldaeanmgrrme.fm’ngthe H[m'ﬂﬁtbj@ly‘t E@dhehimoreirtip mwl'ceuttmd_irfs{arinuheraumleluitidet .
SeqUe“Cﬁxﬁﬁ‘&%’u@éﬁqﬁé@%gﬁQSﬁsf?&Eﬂ.fdathQFB?&ré&de‘?a'.ﬂ%mfﬂ&ﬁﬁeﬁélﬁm&‘é’{956@ Asnaleg) herein,

is a hybrid gene formed from two previously separate enes,gq7ene fragments or artificial DNA or epitopes.
It can ocEUPKEETARRAYNArAST IR IELAN TRRIS (S orl/ 8t RVERSS> AHESRIRIGENE BYATH
constructed Bjolimkicy ahteasiniweoldhic figgpeetids, vihareimtigdoNrAlbieg meisisinant cAUSATCRIGT
different amj id nces Fusion jns,;ma iljitat expression. 0] ificati f
proteins. L S e S Ao R hoemor o B senbr et SR I oce
(GST) fusipreseieinhs iRy GOTIaBRMIRGIERs ATNyane sdd s Slkaady paeiicarshibrnen pepide of

the inventienersugh @5 thepadishe wee phalHathioassdasivalarssnwiders (eedoresappls, Current
Protocols in Molecular Biology, eds. Ausubel et al., (N.Y.: John Wiley & Sons, 1991)). In another

embodinsAteaaliisianigess sedndilerna piitbeatbary inadeirseanenesssuelsamdenelpdlisygrietakinase
uence at the N-ter 'rﬁs of the desirfﬁ?gort'on of the recombinant protein, may allow

cleavage sit o8 |

purificatiSWBEif {H218% etggev r?ﬁsﬁgﬂ B;ryo ?@Bgeéf’ﬁlr?ffyo M W%@ﬁng a Ni2+ metal resin. The
purificatign leader sequence ma% then be subsequently re ove}gb treatmeiﬂt \git enterokinase to
brovide th (SRRl Btein (3G VRRK MAEhi SEAT. (KT N A AR UM 19709 PR Uik necht
et al., PNAB&SALZACAUD Sr1ith 9B pieas] dgpositsdqueiec électecodi o) thg Blyghagstid drpatymittin ththe
detectiony isgiRtianTolubliraio e ansirs-sighitzation.el s P AYRRRIdPHS sCIA M Eisedningliase poly

His tag, myc, HA, protein A, protein G, calmodulin-binding peptide, thioredoxin, maltose-binding protein,
poly argiflifl Fol) SRS ¢l Aana YROi¥ASIE SR HipeBtath b &k, 2ed g‘fréﬂgartﬁg?é'??aﬁtide.

from Institute Merieux, Inc.
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Techniques for making fusion genes are well known. Essentially, the joining of various DNA fragments
coding for different polypeptide sequences is performed in accordance with conventional techniques,
employing blunt-ended or stagger-ended termini for ligation, restriction enzyme digestion to provide for
appropri@eatapiemnoffidifgyvitpok caliesive enainsa s RypopriatedaliROVA Chhtphatase desatifeat to avoid
Lndesiraie, igjaing. And saRaRatic lgation, nanahes pmhedimen s fusanaensypayamsunihesized
by convenltﬁléna techni ue%ﬁln a‘%mg automatsé D gsynt esﬁz%ersE,Aternatt%ﬁ , (@E gﬂflcagen of

gene fraGRTBME SRl JWYERXrMESHACGEIA §EriBrinsisaes Qhieh YRR ¢isBRY L3RG 0k aIYEN @PFangs
betweenisvg sPISECWEVE 18SIEtE AgsRenls WRICHPEYsSHseamMens x| bevabaﬁata@btwmaaeamcmmenc
gene se ce (se for example Current Prqtocals in Molecular Biolo Ausube l., John Wiley
2 Sons. LR A B PETA G s TR B T St B MRt St Ry,
which in @GR Medision bascessint Wnfiestatpisiyvetesoadedeenaenes ] 69 aasildY préfdded embodiment,
the nucleotide sequence of the present invention encodes a polyepitope. A polyepitope is a chimeric

protein coOhtamipexidolisesdibpiugoeiftamoardsakt specisasthihatiyerhgsictonatsly fasialandrestisathene
protein/apligenoSaith GRICNR T SAPBEIIIRIAsRAVIRALS, %W@waa%esm@ Wdfmalﬁ%%tt‘éé spfesmio

material that is substantially free from components that normall 6y accom |t as foynd in its naturally

occumng?@ﬁ@ﬁ%ﬁ?n@m‘%ﬁ“ﬁ%&&?é%“éiﬁ?ﬂ&ﬂé‘?@f&%dt& A PRIFLIRRR E‘, 8t HcftEtHBIGEI§HBouring
amino adrdsofitecaghiolst setaﬁpntce&:fcﬂ:&setutlgmridmpeotam:rhrammﬂwtth\tae:emtapBS/mMBalmkjlnwnh

regard (9 PerGHAIGATINQ AGHLLLEnPS ANPRIRRLIS 36 QLA AE Y SIF AR o volved

in recognition by a particular immunoglobulin, or in the context of T cells, those residues necessary for
recogmtléﬂ‘@ip‘?*c indlcEgnert ﬁbﬂ@ﬁ&&@&)&%‘bﬁ%t&oﬁ%aﬁ%n tﬂ}aé?ﬁnﬁiei('(ﬂﬁp@‘) fraicatier: The

term "pepfisterydesignais &leanesm ammemda Goneckashmeaytiezatior, n;qsoan)stmwapade bonds
between the am{mg ﬂgg Barbo %%Bg Oo acent amino aC|d The egpoga)e% ahe ertaln Iength and

bind to a mo ecu'Pe functloerﬁrq e |mmune sy sterxearrséfg?(aep Eﬁo ass | and a I’I)rece ?or The

epﬂopes'ﬂi%ﬁﬁﬂ?e@@lﬁﬁé&fﬂh‘@trd@b@rﬁpﬂe mﬁ%ﬁsd*pé@Yépe&afﬂj iépﬁ@rtaweﬁﬁ_mdﬁgé Fhéblti@pes HLA
class | epifaRfteaiRifiei8EaGsiA@SSalibarriiap & @@GMWHM@W%FﬁQMéQ%@E%

t to truct h bset of HLA class | epit th bset of
FILA ol DLGEE RO G 2 ARy e e pas AP b ESHRIRS AR (ENAR: 12 or
less amitiragidssitldetiythmectiahismessrahoibiaiacidsiiar lemgthtypesfasablyifianSe terdBoandrorsitss in
length, mestRERERSADIIARY &P stdcRINIACATLSIR LEBKBLIvercEinds 100 ddda AitAZH sailoppgaasists of

50 or less amino acid residues in length, and usually from 6 to 30 residues, more usually from 12 to 25,
and preféPIPBHILEYST WENYFiPR &irvs) 96 PPFL-§30a%! 16 (35" aFRFRBIEE iR AR Y'HéSbBFyépltope
construcpaddineqat esestuaventitwopretackbly includes 2 or more, 5 or more, 10 or more, 13 or more, 15 or
more, 20 or more, or 25 or more CTL epitopes. More specific, the polyepitope construct comprises at
least 2, An4 ParficllaBpfdded dnibddirdent of the invention, the vector is a vaccinia virus vector.

Vaccinia virus is highly immune-stimulating and provokes strong B- (humoral) and T-cell
mediated (cellular) immunity to both, its own gene products and to many foreign gene product
expressed from genes inserted in the vaccinia genome. Vaccinia virus is, therefore, seen as an
ideal vector for vaccines against smallpox and other infectious diseases and cancer in the form
of recombinant vaccines. Many of the recombinant vaccinia viruses described in the literatur are
based on the fully replication competent Western Reserve strain of Vaccinia virus. However, it is
known that this strain has a high neurovirulence and is, thus, poorly suited for use in humans
and animals (Morita et al. 1987, Vaccine 5, 65-70).

A suitable vaccinia virus can be selected from the group consisting of the Copenhagen strain
(Goebel et al., 1990, Virol. 179, 247-266 and 517-563; Johnson et al., 1993, Virol. 196, 381-
401), the Wyeth strain, NYVAC (see W0O92/15672 and Tartaglia et al., 1992, Virology 188, 217-

7



14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41,
42,43, 44, 45, 46, 47, 48, 49, 50, 55, 60 or more CTL epitopes.

232) and the highly attenuated modified Ankara (MVA) strain (Mayr et al., 1975, Infection 3, 6-
16).

A preferred example of a suitable vaccinia virus is the highly attenuated vaccinia virus strain
NYVAC, which was derived from a plaque-cloned isolate of the Copenhagen vaccine strain by
deletion of 18 ORFs from the viral genome (Tartaglia et al., NYVAC: A highly attenuated strain of
vaccinia virus, Virology 188, 217-232, 1992). NYVAC is characterized by a dramatically reduced
ability to replicate on a variety of human tissue culture cells, but retains the ability to induce

strong immune responses to extrinsic antigens.
All of the above-described viruses are equally suitable for use in the present invention.

In a most preferred embodiment of the invention, the virus is a modified vaccinia virus Ankara

(MVA) which is known to be exceptionally safe in vaccinations.

Modified Vaccinia virus Ankara (MVA) virus is related to Vaccinia virus, a member of the genus
Orthopoxvirus in the family Poxviridae. MVA has been generated by 516 serial passages on
chicken embryo fibroblasts of the dermal vaccinia strain Ankara (Chorioallantois vaccinia virus
Ankara, CVA) (for review see Mayr, A., et al., Passage History: Abstammung, Eigenschaften
und Verwendung des attenuierten Vaccinia-Stammes MVA, Infection 3, 6-14, 1975). As a
consequence of these long-term passages the resulting MVA virus deleted about 31 kilobases of
its genomic sequence and, therefore, was described as highly host cell restricted to avian cells
(Meyer, H. et al., Mapping of deletions in the genome of the highly attenuated vaccinia virus
MVA and their influence on virulence, J. Gen. Virol. 72, 1031-1038, 1991; (Meisinger-Henschel
et al.,, Genomic sequence of chorioallantois vaccinia virus Ankara, the ancestor of modified
vaccinia virus Ankara, J. Gen. Virol. 88, 3249-3259, 2007). It was shown, in a variety of animal
models that the resulting MVA was significantly avirulent (Mayr, A. & Danner, K. Vaccination
against pox diseases under immunosuppressive conditions, Dev. Biol. Stand. 41: 225-34, 1978).
Additionally, this MVA strain has been tested in clinical trials as vaccine to immunize against the
human smallpox disease (Mayr et al., Zbl. Bakt. Hyg. |, Abt. Org. B 167, 375-390 [1987], Stickl et
al., MVA vaccination against smallpox: clinical tests with an attenuated live vaccinia virus strain
(MVA) (author's transl), Dtsch. med. Wschr. 99, 2386-2392, 1974). These studies involved over
120,000 humans, including high risk patients, and proved that, compared to Vaccinia based
vaccines, MVA had diminished virulence or infectiousness while it maintained good

immunogenicity.

The invention encompasses recombinant MVA viruses generated with any and all MVA viruses.
An example for an MVA strain is deposit VR-1508, deposited at the American Type Culture
8



The homologous nucleotide sequences according to the present invention can be derived from any
organism, microorganism, such as any virus, any bacterium, any fungus or parasite. The homologous
nucleotide sequences can be either heterologous to the sequence of the vector, but also homologous
thereto: \ddileatidor AXQA D& amaskss |/ ASET 68, mschoraatsbwimmmmlﬂmiWAemrem%mmbe

m”'“p“e‘&é} fngdpothe; BﬁeBS'EJQMeé‘&%'?cﬂ-ﬁg ?g@ﬁ;apﬁe%%ﬂﬁqem -~ THE L (842,91 fag virus

for getting e anced Immune reactivity or sa omo ogous nuc eo e sequences are

derived fRSfNAeRoRitabakibe ;Eéﬂﬂ%@éﬁu@?ﬂﬁﬁ*&ﬂ@éﬁgm%lr%ﬂh%w@wm thefemerifientutrgs or
clades, vegaas, wbwﬂsoraﬁiosmoof@ﬁwmncrowlgﬂmsrexéﬁhglé@rm FvaInviekis" grgas aisdgchnical

terms, well know ractitioner referrln the t organism e taxonomic system
classifies aﬁ sg”fgr charagﬁer?ggg 'm\fgroorgan‘?qssrhﬂs m?ﬁ@%a |cgo7rr%érg 8??—3aer%s; eé}f gﬁ’érge@pemes

Strains (Ciellestighsibgpired. Gsliieity . (RCAPPInGetisRaydl Putiibribesdephsidiion 2061 EOMGHE the
Crr']terr']a qugﬂﬂm PYRITRGIS 9@5@'@”%0@1tf@729hyé998&ﬁ%r%m§¥ @%ﬁmfﬁ %Ue”ltﬂt'{?{bers
which share common c ics, and a etic cla at constitutes a
repllcatln\@"ﬁgtaﬁér E i m&& a ﬁ%trt%@tar ala\Il c%r:@q% ?? '(395%8 %s@rrﬁ?es a
microorgaenisatjvie having, thmmwmwth&emM\maMactenstlcs, I|ke ba3|c morphology or genome

structure and organisation, but varies in biological properties, like host range, tissue tropism, geographic
distributidfl AtBN®Iatoa eiryathsekmcitye ThentdactUtagiaoits’ statskabdypetiifirgeaedistingensipsbetween

members, ot e AN SURI R R AFLSHPIRRS: Mﬂ"&&bﬁ@‘?%rﬁ‘%’/‘ﬂ‘éﬂj(?uﬂfgﬁ'%’r?p?&%@rrﬂBF@e”'C

propertles due to minor genomic variations. According to a further embodiment of the present invention

the homdEgol ROALRYBIR R '§éh@§}%é§bé%ti>r‘?é‘i@rél%%'%&@@f@&'tf?o%[?/lrﬂ%@é"'NéBF%@é’rﬂélﬁY@ &R8ples of

viruses ingltieaveidiowikidatian Wiv (HX-BNEHINeE], \etessviruses (e.g. HSVI or HSV2),
cytomegalovirus (CMV), Epstein Barr virus (EBV), hepatitis viruses (e.g. hepatitis A virus (HAV), HBV,

HCV andDegpaiviss thaiibg ihidasaviie pRsotis el o Em%ns&hwaﬁwﬁa—m&@na@wmév@\&bunty

paramyxoviruses, res |rator cytial viruse SV) ralnf 365 sles viru anu nza
ruses, Shd S R S B B A B R L s
are seled@uqﬁoﬁilteer@m@anmrs Igeh@@amcsa*lprerfew@dfaﬂ@%nﬁéﬁbgwuM\g,ﬁén&?déﬁve@mr@dv@ﬁwehent

serotypegepfickte o prefeR@IPINRAIN\BL MRS MEV:RHSaHREVEH fspradeavdYephibaasomiae mikedihe 4
Dengue Klerpastlr?gé)cl)ttgpcell line HaCaT, the human embryo kidney cell line 293, the human bone

osteosarcoma cell line 143B, and the human cervix adenocarcinoma cell line Hela.

The term "not capable of reproductive replication" is used in the present application as defined in
WO 02/42480 and U.S. Patent 6,761,893, respectively. Thus, said term applies to a virus that
has a virus amplification ratio at 4 days after infection of less than 1 using the assays described
in U.S. Patent 6,761,893, which assays are hereby incorporated by reference. The “amplification
ratio” of a virus is the ratio of virus produced from an infected cell (Output) to the amount
originally used to infect the cells in the first place (Input). 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.

In a most preferred embodiment, the MVA strain used in the present invention is MVA-BN® or a
derivative as described above. The features of MVA-BN®, the description of biological assays
allowing evaluating whether an MVA strain is MVA-BN® or a derivative thereof and methods
allowing to obtain MVA-BN® or an MVA having the properties of MVA-BN® are disclosed in WO
02/42480. The content of this application is included in the present application by reference. The
highly attenuated MVA-BN® virus can be derived, e.g., by the further passage of a modified

9



In a preferred embodiment, the two homologous nucleotide sequences encode respiratory syncitial virus
(RSV) genes. In a preferred embodiment, the homologous nucleotide sequences encode RSV-F and/or
RSV-G proteins. Preferably, one of the RSV genes is full-length and the other is truncated. In another

preferred/acoibiadivines t thartwd) \pheferablyasHvBAAFEY B alo ybUs SILE ol dsp seplsn og peateds Elbok virus

(EBOV) éﬁ[ﬂﬁé@ﬁoﬁhﬁﬁ\?ﬁh@ '?%Se{bl&?!a‘?éﬂﬂ%ge%‘%”gfé§%oﬁ$ '519"@%?“?@%?@@%%8 do, of
course, also cover two homologous nucleotide séquences. In a preferred embodiment, the homologous
nucleoticéegdigneriess ¥ribe ¢S P\ EYRRIBEOMIRA(CES|rahGYpeY il dhsréfieHon e alssHm LMD
?ucledogotﬁ seqlé@a@esnarmaeegiggoi@ﬁé@i,na@ra@uraelrd)r@f%&ﬁémrthafEﬁ@gfﬁaaim@@r\/ﬁaype )
Bundibu .EBOV- an ebolavirus strain Gulu) a BOV-Z (Zaire ebola virus strain Mayinga). In
another SRRSO LRI e . e A e e e A A S P e
example#ist Adita® e dhegitsripoieRide without limitation Neisseria (e.g. N. gonorrhea and N. meningitidis);
Bordetella (e.g. B. pertussis, B. parapertussis and B. bronchiseptica), Mycobacteria (e.g. M. tuberculosis,
M. bovis|Vpagsieler, Vefakgnne, §1 nrdeatichthe deldidjan. ey niapsities glothel bl Yé qaacopshieq ieoibiila)

Escherichigo(fich 851860LoMEdEn Wt BP185256MABIRAKCRe BRIpSRL QPRIVAUSKIS Endail: prbiRRlies(e.g. S.
sonnei, S. dysenteriae, S. flexnerii); Salmonella e.%q_s. t %?I, S. paratyphi, S. choleraesuis, S. enteritidis);
0. '.dpﬂ% i§ %ﬁﬁ]%sse

Listeria (B4 YeGRBR OGSV At ChDAA:P Rl R G K
Staphylocamtinia (eérgs&s aarehs, (Soppydézchidisef I ntetarpoticicédsgate. fiafectds vithfaeeivimls. Beallus (e.g.

2. antagiy ORRERASIETIA (4 o ARUREREL JLTLIATHAIRAS ot iRShARIE,fo By moniae

C. psittaci). Répresentative examples of parasites include without limitation Plasmodium eq.ﬁa. P.
falciparufP SRS RRM B ASYL PN RintfigClidish YiBfia TR MY Anfi] 0P )aBTRR AR it dVRE P TPC R Sri#iD): and
Schisosteniekén. Bnfbrivansebihdie POERNERdy S B Kaoynie smelingetngludaiyvilh eitlchndiatioméfdida (e.g.
C. albicans) and Aspergillus. The at least two nucleqgtide sequence, e of the.same size or of
diterent ST TR AET AR B 1B PR QU RBIET SO R T RS SRR E S e 1o
the othePUtHtinNERNS bamBe EatsoaNed andRIiMayerRigs Lrisodiiroht€2tRg 8G8huA8Blidesof the
3’213(3/”%gg@ﬁ@'%l&@%i/ée&ﬂﬁﬁawgﬁgé%ﬁ?ﬂiﬂﬁsam% ﬁ’é’i&iQHgﬁé%éﬁ |§@ﬁéd3 Wﬁh@%_:dﬁ%rgg%t@:]&

0, r 0 amino, ac| entity. In referred embodiment, sald amino acid igentity 1s_ within a
St oF 550,268, AB0CHLVARS J005 86368, 86 Moo 80 B0 56500 b0 R R00 Br more
contiguoinsiaaiivn aeiferdhin phescplacq i@ drs @Ot eoathimdnéatierhbiuAais | peafera%y, 80%,
85%, 909 5% 9B IR O LIRS A5 ISERStY WHHD, 3R SN AL REIRASHIAS 9129 eantiguous

amino acids. In other preferred embodiments, the proteins encoded by the two nucleotide sequences

have at IRRSE78E0 S80I0UEGH, B0%, 95%, 98%, 99%, or 100% amino acid identity within a stretch of 300

or 500 contiguous amino acids. In other preferred embodiments, the proteins encoded bf the at least two
r

nucleotid@‘§e¥fﬂé??ée§%H%%S‘%QI@@%}WB%ME’&I@F%G% é’rﬁiﬁ@ﬁ%ﬁﬂ@%rﬂﬁy"%‘i% SLrEHNER100,
200, 400p&@iouiar3Cthivealtigeidusiaraso Bladdsitosp&inaiiseyeo npantean sAscepeild exeine ayderamdeferring

o peroet SAUSOGS HEIIAL, MEDAY ANRO BT HERIVLIIipio s en, gy etveen any

given query sequence ahd a subjett sequence. Specifica e

Sequence jelINSNIRA RNASY IBoLMAIRAEls ReliacRaluslentdes of AMIBRad e

e ces:
“reference sequence"”, "comparison window", “sequence identity”, "percer equence id nﬁty", and
"substan§iglUBeeRNAINKgrSfeferHa-FeguBRERINMSs Rl &ftn BriestrfLimibet iR atreae s HHEes 1be ¥iseshiéhce

comparis¥srealRifsanee radentR INAp R Shiosehpialasgelseansies:

The present invention also relates to a recombinant poxvirus, preferably vaccinia virus, in
particular MVA, capable of expressing two or more homologous nucleotide sequences, in
particular coding sequences. The virus can contain two, three, four or more homologous
nucleotide coding sequences.

The vector of the present invention comprises two nucleotide sequences of 300 nucleotides in

size. In a preferred embodiment, the vector comprises three, four, five, six or more nucleotide
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The terms "identical" or percent "identity," in the context of two or more nucleic acids or polypeptide
sequences, refer to two or more sequences or subsequences that are the same or have a specified
percentage of amino acid residues or nucleotides that are the same (e.g., 75% identity, 80% identity, 85%
identity, 968beteatitywbigto, off ¢00%ejdendtynpapainidseteompatignial wbenetopyparediaimaealigyed for

: i i ' i d usi
ceauenc e e B ™ e percentage o

sequence comparison algorithm or by manual alignment an a
calculate : ining.th f positio ] ' iC | id ino acid
residue T B S 3 o
matched458si68ps69) tH8Ga880n BR%h d PBP pbaoREGA 1RO R SRS doripRarRYie AHEIPALIRASINY2he
results byAigR taageltl the patceniaggepirmemmideeJdqusiired e Ware "o kfgradalbi idenial3oon the
context of tho @gleic aFi|dS or polypeptides, refers to two or more sequences or subsequences that have
at least abSiTB59s GAHRISt least about 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, 99%, or 100% nucleotide or amino acid residue identity, when compared and aligned pairwise
for A R FELB T PO TIR, R BE R P EBAIER S R DA A P
inspectiomolecate exensisienaethisedireecs, thke suisstanteitivmgrgbisxisns alefing regiolymethel stitheences
that is at leaslBRABARERIAMES {DI{QX)QEJ?-_&IWHG&I@&%@Q'%WWE@@@E hleanbatangabidsntity

exists over a region of the sequences that is at least about 100 residues in length. In still another
exemplal)&RbodifeAE THECL, FICATHRRSSER RNElG SR ARuPeraigoNest 1B Rk rEey B arRt YAt
about 156cresitges aymiortc polemgtleotidene exemplary embodiment, the sequences are substantially
identical over the entire length of nucleic acid or protein sequence. For sequence comparison, typically
one sequUiECaatistak aeqieereedahoeness o inddntiole shae Guancisyaseqr@mzsr edd\Wine sarség a
Seq“e”C8o?9§b98‘f'§8ﬂe§',9?é§§€&ti% .aﬁ‘ﬂJ?f&(r%m@oa?r%“‘%%Egﬁér?c@,e%’serﬁge%%fﬂéré%ﬂfnloéf&% to a

subsequence coordinates are designated, if necessary, and sequence algorithm program parameters are
designatBHCIBRifdgIEprEgRER IPat &Rfae fcarPBecliscMBIoaRethateepaPaefereEas BROMBBFSREd. The
sequencg«H s NePEtaNd teircalsgilgie sdih RErpRth Seas peedrentiiesttpminattest sequences
relative to the reference sequence, based on the program parameters. A "comparison window", as used

herein, inHddesciedatRNEedfeARRIBARNARDaEBNENE gétlefRigmbasOfTRNtigYRYSROSEHheeteeted from
the group cqgsistinﬁiof from 20 to 600 about 50 to about 100, abaut 100 to about 200,
t

, lly 20to 5 \
more ve ST S5 60 S o8ty SUoh aBo it Sl SRTER o T 5eAMeh a5, 356, IRP 500,
600, 70058DESE8, A0V IES0, 20N Cs0iTie 800t oeLven R eoMPabich ¢l SequdHe Phaehes,
comparegeiRaalens e RIANABYRTBESARR MHRDRI R ARRIEMAU BOSHIgNaRTtes gt wR-Assences

are optimall)é/laligned. Percent identity can be determined using the alignment method of Needleman and

Wunsch 39°M3T. BIBFAse15288 ARPAR| ARt a08E9 SN, R HRERHIaIHIA0 B AR TBYART . of
Applied Mis_ltﬁnZﬁe?c_&?rHﬂ@@(bgmyzlmhidqaermgédﬁatihwﬂwﬁm dilelwhinmme_ forospaatplestiey andiparing
sequence jpiprayiandising e (A% coranuEL prediamy iion BALe5CTRRAAX Daere Rl (Nul.

Acids Res.™ , 1984) and available from the University of Wisconsin Genetics Computer Group
(UWGCENRpRtRYlyeRenaMflgRABAL FthSMiqeR (SRSeRf st QYRISRNpEFhetEtR forthRNemPYrogram
include: {Woa-uBaty YOO PEETOMAYS. (Fentalvng, A1ghe2 00UISfoPidentdies 6a8l6B 50 mosviaentisies) for

nucleoti and th ighted comparison,matrix of3ribskoy, gesse NHcl Agids R745,
1986, as %%’crr%b%d by cﬁé?arﬁzgangd%[r%ay%%'}, g' s'.,lﬁfasﬁg)f P%’rt‘g?r’? %L’quﬁéssnbe%kidgﬁ'ru?’tﬁ%ﬁélﬁional
BiomedicarrasBaigtch (Seandaton, PHrcBsB-388, 391919 pdAdity of-3.0f8r e&beBap Hid 4A0Rdditional
Ohlocpenﬁiéyﬁ;ﬂé@aﬁ]{%mﬁmsp @%@Nﬂ 19]‘% m&amp@ﬂognalltwyﬁ gndmp@p@mtmbswiﬁhgaﬁ@b;is tz% l(;;e
the Contl xpress from the Vector vanc gra | .g. yersion 0.1 1Trom .
Nooording R TAELAR ey G REACE ey e G ot E RS Mot cftions or
identical diitleBatieNe 6t 16958 s hamioleribylg licioed ecam mave nisietrach die casaiPiéBo (rbation. Said
differencag mayaligedybsoneiidgdidathg suisleRiidie sesenses RoBRurR aRALE ¥ednelyded grtificially

by substitutions. in various embodiments, the number of different nucleotides originating from nature plus
from artifi@hl NabstfifioiPis AfiRN&tAEN30, 899 60Nud); f6isis1BES 1504428 b5 PIewIces a0, 450,
or 500. Rirefetaply Hbsphate etof aiffegniiohsts isuatdeasb? 5im2ed oy, 450C Tt rukyiptioepldiiiatences
does, of course, vary and increase, respectively, with the number of nucleotides of the nucleotide
sequences. In a preferred embodiment, at least 75, 80, 85, 90, 95, 100, 125, 150, 175, 200, 250, 300,
350, 400, 450, or 500 nucleotides are substituted. Sﬂd substitutions are artificially introduced
independently of already present numbers of different nucleotides included, for example, by silent
mutations. In various embodiments, two nucleotide sequences with stretches of identity of no more than
13, 12, 11, 10, 9, 8, 7, 6, 5, or 4 contiguous nucleotides after substitution are preferred. In case of more
than two nucleotide sequences, stretches of identity of no more than 20, 19, 18, 17, 16, 15, 14, 13, 12,



250, 300, 350, 400, or 450 nucleotides substituted out of 300, 400, 500, 600, 700, 800, 900, 100, 1100,
1200, 1300, 1400, 1500, or 1600 or more nucleotides. In the context of this invention, substitution of
nucleotides with different nucleotides means the technical or artificial replacement of nucleotides by other
nucleotides. Preéehgiplyosbesizistituiod mhostimtesmidateot diigr t0¢-&6codbdganaspratidsegueice.

Substitu&qﬁ%quhpﬂfg_r%%cig\%ygwge%q{gﬁggitﬁp qns in the two homologous nucleotide sequences
t ( s an i 1S |

encoding the same amino acl tering codons in one of the two homologous nucleotide sequences

h th 5 S h ' ' | .made | h Il
o the ho 8 e R Lo e R oAl Bl Lodon

CCA, Ceader teansrrresie(brvive siabilite ot tRaurieivasisceahmnee therdslivane therebmidesiggence,
CCCCCghdnyléaliiince rate from the host subject.

Furthermore, in one embodiment, the nucleotide sequence can contain fusion genes, artificial

genes and polyepitopes.

A fusion gene, as denoted herein, is a hybrid gene formed from two previously separate genes,
gene fragments or artificial DNA or epitopes. It can occur as the result of a translocation,

interstitial deletion, or inversion.

A fusion gene can be constructed by linking at least two DNA fragments, wherein the DNA
fragments encode identical or different amino acid sequences

Fusion proteins may facilitate the expression and/or purification of proteins. For example, a
polypeptide of the invention may be generated as a glutathione-S-transferase (GST) fusion
protein. Such GST fusion proteins may be used to simplify purification of a polypeptide of the
invention, such as through the use of glutathione-derivatized matrices (see, for example, Current
Protocols in Molecular Biology, eds. Ausubel et al., (N.Y.: John Wiley & Sons, 1991)). In another
embodiment, a fusion gene coding for a purification leader sequence, such as a poly-
(His)/enterokinase cleavage site sequence at the N-terminus of the desired portion of the
recombinant protein, may allow purification of the expressed fusion protein by affinity
chromatography using a Ni2+ metal resin. The purification leader sequence may then be
subsequently removed by treatment with enterokinase to provide the purified protein (e.g., see
Hochuli et al., (1987) J. Chromatography 411 : 177; and Janknecht et al., PNAS USA 88:8972).
Further heterologous sequences encoding a polypeptide permitting the detection, isolation,
solubilization and/or stabilization of the polypeptide to which it is fused, include poly His tag,
myc, HA, protein A, protein G, calmodulin-binding peptide, thioredoxin, maltose-binding protein,
poly arginine, poly His-Asp, FLAG, a portion of an immunoglobulin protein, and a transcytosis

peptide.

Techniques for making fusion genes are well known. Essentially, the joining of various DNA
fragments coding for different polypeptide sequences is performed in accordance with
conventional techniques, employing blunt-ended or stagger-ended termini for ligation, restriction
enzyme digestion to provide for appropriate termini, filling-in of cohesive ends as appropriate,
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encoding two prolines in two homologous nucleotide sequences could be changed to CCACCG, also
encoding two prolines, in one of the two homologous nucleotide sequences. Alternatively, one of the
sequences encoding proline-proline could be changed to CCCCCG, and the other to CCACCC. A more
complicaséichine piplepisatihecatriamnacidts ol witekiisods goniad, mnt) EdzyE, YeenUB WnsiGe and

AGU. Simj - UCA, dnitially oding t if rines | ulti :
homolog%ﬂ?é\gﬁ%ﬁc éﬁ,étoﬂur}@ét&%%g (gﬁ%?i n%lgn g&cfﬁ br%rgn%%\%n Egl e(gﬁﬁ)eg Ovﬁfﬂ%%ﬁ? %gn tﬁg l@%% U
(sharing 8WeehB Ay HiesizerafdiaeRtvey pBSHAMpltcaloe AEafagmests My eisasiethigher
flexibility dotinbing usibaorifiarRne AntaQiice ey iR MR MR BFYRNERHANGS BltecsadUR SR B EEARAINg a
serine-serine. Preferaply codon optimization as escF]ibeeaeig Jge BF‘ee%tgtgngﬁintio% a\gonigs ghe Use of rare
codons fOF & deofred host Since” raﬁés'%ost%wg r}nl{iy BIBCRGY Fedice expression Ir5‘fet'rhegencoae%“profaein. Also,
substitutiGes theit exaypigoduoeniutietocaisdinidteiestitar tRioldayiredholusireghreif@lablpivilied. Such
tsrignfallf i'S‘dHQ?ﬂ M)aéﬁd“ﬁwm%ﬁ ?ﬁﬂ»ﬁgrééﬁ ﬁ%,éﬁfﬁ@@ﬁt@ﬁrﬁg%@kﬂ%&n%@@?&g@ Sdgélﬁﬁzfé?f‘?@bw,
e following sequence matifs may he avoided depending on of vector used, e.g., the vaccinia
s ear§RU et DO B A FLA 0 ST B8 ROV DR MHERTe V0TS vectore, boimg no
poxvirus vectors: internal TATA-boxes, chi-sites, and ribosomal entry sites; AT-rich and GC-rich

sequencd'Anaticeareitsied, rradegiEenk e friiRelide srauqace oh 15 RERRRSh LSRRI hdary
structurepol{@pitdim . sp| e yepiiopasl @ coepéoic pressiarmbhianicly [Eulatsdaeyltopesciroa esrlgdsanseription

terminatiB @glzg{ﬁtgg'ﬁTgfgIé}la'ﬁly g@ggﬁogqﬁ,mg b%ﬁ)ér;{?&DRAWINGS The invention is more fully
ith reference to t ' '

understood w rence to the drawings, in which: Figure 1 depicts an alignment of the nucleotide

; S ey o o :
et TR B T o) O IR et skie oo T e
and the IS3RBIRAIANCIEBAJEA T ROARAMMIBHHM P TRV REASIHRAEY plinerioundrin B9 ArUricated.

occurring environment. An "isolated" epitope refers to an epitope that does not include the
neighbouring amino acids of the whole sequence of the antigen or protein from which the
epitope was derived.

With regard to a particular amino acid sequence, an "epitope" is a set of amino acid residues
which is involved in recognition by a particular immunoglobulin, or in the context of T cells, those
residues necessary for recognition by T cell receptor proteins and/or Major Histocompatibility
Complex (MHC) molecules. The term "peptide" designates a series of amino acids, connected
one to the other, typically by peptide bonds between the amino and carboxyl groups of adjacent

amino acids.

The epitopes are of a certain length and bind to a molecule functioning in the immune system,
preferably a HLA class | and a T-cell receptor. The epitopes in a polyepitope construct can be
HLA class | epitopes and optionally HLA class Il epitopes. HLA class | epitopes are referred to
as CTL epitopes and HLA class |l epitopes are referred to as HTL epitopes. Some polyepitope
constructs can have a subset of HLA class | epitopes and another subset of HLA class Il
epitopes. A CTL epitope usually consists of 13 or less amino acid residues in length, 12 or less
amino acids in length, or 11 or less amino acids in length, preferably from 8 to 13 amino acids in
length, most preferably from 8 to 11 amino acids in length (i.e. 8, 9, 10, or 11). A HTL epitope
consists of 50 or less amino acid residues in length, and usually from 6 to 30 residues, more
usually from 12 to 25, and preferably consists of 15 to 20 (i.e. 15, 16, 17, 18, 19, or 20) amino
acids in length. The polyepitope construct of the present invention preferably includes 2 or more,
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Figure 2 depicts an alignment of the full-length RSV-F (F) protein with the truncated RSVF_trunc
(F_trunc) protein. The full length sequence of RSV-F is truncated by 50 aa to result in the truncated
RSV-F_trunc protein. The RSV-F_trunc protein covers approximately 91% of the full length protein.
Figure 3 Slepictsrexpoessioaref RSM-meved 53 -Roteyr20 foomaessanBhantid/GCBNEpitopseshiora human
cell line. ith. i . Is,u ifectjop with diffese :BNO
Pased i S A PV ALEND bty Ve Saaol lane 1,
MVA-mBN17ZB1@ed8riindht RAVAIBMOARIRGUR 1eRBtir R SV-B] Iatre 35, Ry AEN 873B8¢réBofbinant
MVA-BNG with asineates] B\ 48w, 4anes53)6ar v €TVEAitepBMN175B (recombinant MVA-BNO with
RSV-F and RSV-F_trunc). The calculated molecular weight of the proteins is: RSV-F (61.6 kDa) and
RSV-F_tmcH&8clogoas. ftigiettisd Aebudapid et @ngisih @ bM YA iRdididPe AR Pé-tdfveantom
RSV-F_trunc (F_trunc) are shown. A. PCR results with various c[g)rimer pairsf M=markers ltkb- dder,
New Engtahd Bidians). T&he PRMUATRBNTAY. Varre 316 335051tV QoMo' Baslid FBNG345) Lane 3
is MVA-rhBRaedauscddisetidetaooenaes. dearke Biker pettioloapisiiol thasedside(sBNBUB) vBCtStcixsinatic of
MVA-mBILY B8R YiHe Iﬂf@@gfmﬁ@ﬁ!msrse%%f&r heiRERs sBewndn FigktriAuso Frhematic of

wild type MVA-mBNO showing locations of primers. Figures 5A-C deﬁ]i;/:%é?e hri((ﬁ)othetical recombination

F/Ft.c belRIBAIRR RAUBATRRRELE JulPiRY arePiHG il et ;i {3he*GBMR%e FeRBIRbinant
MVA andahevieeaposss of thpedRIR qfrithersvinush éore geitibgn aanthandeao irmecor bieasiivity use ssafedycontrol

plasmid A VAT SR BopMISG I C BMISCL T2 Fiche S ARSI PGB AR IS ALEDIA isolatec

from cells i_nfected’wlt%ll MVA-MBN175B. Lanese% and 7 are marker lanes. Lane 2 is MVA-m
Lane 3 iSTHOHPREPRRISTOnaR fB1o8eRteiRizlp BRB4g)faranke siraing pPisAAdonYsianisthaubiMmested F gene

(PBN345getaynseb it SA\dAniBRIG ghaRe GTIRatEvaier stanirabr ThedexpestedMich iak)atdliamavhypothetical
recombiqﬁ\tionagtﬁtween the RSV-F Igéane and trunTcated Frgene FgS\l—F trunc in. MVA-mBN175 gs 613
i ;

base pairec FIoie Y Gemi et B e S R RS B s DR IR prsteie
sequencél . sPHaraehriacieiis e qiieinesganime 0o Mherbieiasif thelebeld amikestraerFB GREBEEBOV-S
and EBOéfrérﬁfq?éwggderN@ggE@aW@%esﬁélaw@ i_ﬂ.Ff}?p?ii@éﬁﬁ%\_/grﬁ‘@Qwﬁgﬁ@r@eé}ﬁt)ﬁ%&iéli tbm)grotein
sequenc [} .070..ray packgrouna: | entl N three protein sequences. Black background:
romtiont IEo i i A R ETTR S GETATN Aol Er R AR e G 0y SR Ences
used in thennedeasbaﬂgmemvasBM@:ba&tmeconmmm' MMHQMMnae%HWieBGQ@gmgs@inating
from thres, RO SRl HEELNsFurch b ooliine FSRADRIRRR (DRR- BRatRe B USRRLPARIAer (0Pt

see Figure 8B) optimization. No gaps were allowed i alignment, Gray background; identical
nucleotidEEd&HBNS A Ithrek ‘C6HR g GRRGTURAR & MBFRY BARGhoSd ViEhtkAICALIBRRIE B SSHIYAS TN two
coding sehaentastithe lidentidgior mogheolisty pasitjonsned thireetgenasgroyantmicatiGot(nanespipis
45.3%, whil r optimization (Opt) i | 6%. Fi pi inwise . align t V GP
coing S B o o LB e G
genes oRANRGSHIHM thede B TAyiaftaIndy MEQ‘L&H@EZ'WW@T@S&PWRH%@H%@% ¢héifopt; see
Figure 9A)medaiiar 4t caredrdobim a8 Wt RalaRdMa(aRiRfeviRsie sHlsbiradinitigatiopropatsesSray

backgroudbde: ti(()j(ranrllticgl QHglelgtLd?i%%sgtions in the coding sequence. The identity in nucleotide positions of
three genes prior?%o%-op?)] Sna'ser fc')pt) optimization is tabulated in Table C. Figure 10 depicts a

runcatedRETE Sr) BILE SRR T A VT2 To BB RSO A S L eRLRR: L ane
2: contro$@lientdspMES Q2 altyngelenigdRIBVR Fritngas. dndpreserdadivi ekarnpiesveighituses keelutee size of
the markgfrRandsndasae-raing(on) & shoveh. HertBMBkEes (e.g. HSVI or HSV2), cytomegalovirus
(CMV), Epstein Barr virus (EBV), hepatitis viruses (e.g. hepatitis A virus (HAV), HBV, HCV and
hepatitis E virus), flaviviruses (e.g. Yellow Fever Virus), varicella-zoster virus (VZV),
paramyxoviruses, respiratory syncytial viruses (RSV), parainfluenza viruses, measles virus,

influenza viruses, and papillomaviruses.

According to another embodiment, the homologous nucleotide sequences are selected from
Dengue virus genes. Most preferred are homologous genes derived from different serotypes of
14



Example 1 Preparation of Substituted, Truncated F Gene Creation of a recombinant MVA expressing both
a full-length RSV-F protein and a truncated Version RSV-F_trunc was desired. However, based on results
with MVA and other vaccinia viruses containing repeat sequences, it was expected that intramolecular
recombinaéionrvsoubdesha $aidegambinatjobebedvivsnithe tove copesheddhe Frayerm, sethdtin@emgiadetion of
one of thﬁﬁﬁg@&%ﬁ gge F gene. To minimize the presence of long stretches of identical nucleotides
between the two F genes, the codons in the nucleotide sequence encoding the RSV-F_trunc gene were

bstituted, ' intaining: i id f F
e s L R e B R IR ere
avoided. S0ekiadiyiiess(MeNiceenprelhal AN ashRe oS RbShameMBlaaMarealeptideseauenRes and

GC-rich segugeressiretahes: AN, tNSorivh ORtSiseaenee eleMeMsS)ropaas $eaHeBAGH I NA
seconda%strucgﬁprﬁs cryptic) splice donor and acceptor sites, and branch points; and vaccinia
S

terminati h%rig'ﬁ'u TNT). The substituted nucleotide sequence is shown in Fig. 1, compared to a

coding s?quen@e for affull-l n%ttgl SV-F rotfin.AIt ou rﬂsﬁiﬁnificﬁnt i(flentit%/ ren]ain%throu?hout the two
coding seyEREEE RREFE &P PaITSRInG Farge S et R of Tr&ntR Grader (AR ES BTiGlS e
nucleoticercodthinbtie wvescdBRl serpieinsed. ér ovgo s codies tinetheaveneesdangetinudises are

aligned igifig - EpEV8 WYOIBMRIRIDS a0 Q48eas i ovRy Hignbishess AeiBstiaeidediimasdsiiued F
protein is truncated at the carboxy terminus). Thus, although these two coding nucleotide sequences

encode LGIRTET FTRRAAITS L BRMBLIOgRESMYRICONR e FRUEASRSHEBAPSTL SR dH PRI Fhe other.
Example(@PreparatmticiiRe qoaibirsahievibesimaamipesimgR&d- segnescEbecbibdee mhyadipgtikie

ful-length BSYCE S5MaR Bosried A NYAQ B elanhiTteRpoR S0 8EpeilBaiyiue

MVA-mBN170B and MVA-mBN172B (in the IGR88189 site). The substituted, RSV-F_trunc gene was
inserted fBIMIAUARIHERBRY 4j4aitehotd \jesetitd NMaXGaBIN173B. A double recombinant MVA was
then created containing the full-length RSV-F gene inserted into MVA at the IGR88/89 site and the
substitut&d, aReNer § BeRLi 58 riReMABaRIS SBERIERITR SROHRNGER 2IB/3elocind. e d8aiaea.

recombirRepresuntavRe catietdy AomBitaBRBbAcEsReMRtifief itasitusissiswNisEigiad Be G xample 3
Expressign, of R Erolaine fom Recompinant virisps To detrming ihethey protein was exprgssed from
the subsHfIR4 Nucléotide Sequenge, Western blot anz&?ygis vv'a.gper oimed off proK%eln &Xtracls from a
human cefpncbisefdisiel Wititepesteiabiatt MvAuBRIOUosISedMirlpowacAdinderiadulMengithiRS\MF gene

(MVA‘W_‘ %E’r&ﬁ_ﬁ%}cﬁl&l‘éi,r_% §H@§%@9§jﬂ%§g@ﬁgﬁﬁt€é RSYhelfHBsHagNENeNcmB LS 3haebgiclouble
recombinant vijrus encoding both, the uII_Ienath and the RSV-F t”fl?'c %%3%}1 MZA-mrgNNSB . All three
te

viruses shof8t tRBIBIRIEREAYF the £38ropPiSIeRALEa S G-F SsrebISPAREY s (Fig.
3), while digehtotriad NOfleantni) { Salptyneiatoe)gis. Mpplsh Swpngtyands, asdpestds!. Thrrgethidit)l length

and the fupggied - pratein exprorsech igm Masybsilyted goding pyelaetise seanRsee Wer efpressed

individually from single recombinant MVA-BNO but both were also co-expressed from one double
recombirB&Rt WNPAZE NERRANISCAARHR-(RIINT 78E PHF aSh RIdRBUHlish &nterococcus (e.g. E. faecalis, E.

faecium); Bacillus (e.g. B. anthracis); Corynebacterium (e.g. C. diphtheriae), and Chlamydia
(e.g. C. trachomatis, C. pneumoniae, C. psittaci). Representative examples of parasites include
without limitation Plasmodium (e.g. P. falciparum); Toxoplasma (e.g. T. gondii); Leshmania (e.g.
L. major); Pneumocystis (e.g. P. carinii); and Schisostoma (e.g. S. mansoni). Representative
examples of fungi include without limitation Candida (e.g. C. albicans) and Aspergillus.

The at least two nucleotide sequences can be of the same size or of different sizes. In a
preferred embodiment, one of the two nucleotide sequences is truncated relative to the other.
The truncation can be at the 5’ or 3’ end.

In various embodiments, the 300 nucleotides of the two nucleotide sequences encode 100
amino acids, which have at least 75%, 80%, 85%, 90%, 95%, 98%, 99%, or 100% amino acid
identity. In a preferred embodiment, said amino acid identity is within a stretch of 100, 125, 150,
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Example 4 Growth of Recombinant Viruses Chicken embryo fibroblast cells were infected with
MVA-mBN175B, a construct containing both the full-length F gene and the substituted, RSV-F_trunc
gene, or a construct containing only the full-length F gene to receive a first virus crude stock. Similar titers
of the douite 2600aHIN300,VEEE d00iad601H00LIBA0I TOOgHB0E, B0 tumoateor ngemesr(ig8dus HoninbCID50)
were Seee[#_ii comparison with titers of the virus containing only the full length F gene (1.46 x 107
TCID50). These results indicated that a stable double recombinant MVA was being produced, and that

recombinatjo ' f th n_limi S guti gotide bases in
the seq uqeﬁ;]%g'glﬂ%‘(lﬂl%fé%%er %ﬁ%ﬁ@%@f@%@f@%%gﬁg \ﬁ‘%ﬁ%ggg %%%n%@ésqy \’N%gsl{ger o/rcpr’n%?‘)o’n DNA
from cell98r5e 86 \01itH ATBramiBNAaTY Blg PN MBI @ iesie) teanisant I8 Bh §TrigkeaMBP®rimer
pairs depigigsl in Fig. 4B and C. PCR A with primers A1/A2, which are specific for the full-length F gene,

detected a band with the size of 663 base pairs (bp) in cells infected with MVA-mBN175B and in a
specific (pshéd PRI CMBSliRRRXPaMasottg BABsHES BY PRSI IBLRNSAIMH R SQlsnEds Haebviith

MVA-BNOQ o i t )| (Fig,, 4A). ith. pri B1/B2, which are. ifi
bt R TP B ot S8 A D e Bt ALt R g o1 300
MVA-mBN BPSB eintip irpusspatifiapiks nidfissitveleoedre o dixpritte dha histe sk reodegp byt & absent
in cells infaciad s HIMMRBNG eh 2 NeveEsrsaniel (RigattlBCR G MR ImGISdeity2wiriiich detect

insertions into the IGR88/89 site, detected a band with the size of 2047 bp in cells infected with
MVA-mB?Uf%BOBﬁ%TFQ%pA@(gfiéoﬂa%rn%()p%gﬁlgléoé’érﬂFB'@?@%éEt@%lf WRIsIORMP 88 Expected, is absent
in cells infected with the empty vector control MVA-BNO, instead a band of 161 bp indicates the wildtype
situation 3% HSRBBAIETH ANV ACBNIS BEIGI4R ) PSEERTBSRAYEARMIERNBY /D AR R AR MEBHY into the
IGR148/1dfersite ke i ek fidantivyithetive sizenplgR@GDbprinseglle mcteatetaveibjdty dequBiNE/ 5B and in a
specific plasmid positive control as expected. This band as expected is absent in cells infected with the
empty vespecitioalrolhé\fAliBNGD, iesieadcausad dood &Gty thwseaiesndreraldttypaisibativeeat taRB8/89 in
MVA-BNRo(E 10,2 ReEOTIBAANERRS" the ERaes ULyl abyoriderdeae faypg garts of
A) To e

the wild-type F gene and parts of the truncated F gene. (Fig. etect the presenc any such
recombin&ARPIEH IMARRNS waSHERN N DIPArfRIieR IR isRaLRSSvite NItYA-ATRIN STBHapial
MVA-BNideusitpy the"psignendaniss dubie (Fitg adBefinebicesiendd geperate a 64sidase padepeedst,
specific for the rriecr?'mbri ptnFé;ene. '%he results of ti}i)S PC hrowred no q]etectable recombinants. (Fig. 6.)
These reSURBIhaRCAR RS & stable doublE fetom Lfn%%tt?\/le \%85588%% cﬁ(?(')duced, and that
recombination betwgen the two copies of the E.gene had been limited. Example 6 Preparation of
recombir At SRS SR AP PG TLCCER HBE e B AT T ls QO s EiradR s
recombirraitigntidepacesicrptieder dbdievrus (FS ey ghresprotibsebP)ceasdsiredhaise EBQYV
strains UpgQLRIBRIEIERRYB (B WA RiFBONIS GUHRNAREERR ¥ré (ralishalbhelarging to

virus strains with_high lethalit ig infected huomans. Said tohree GPosh,are an overall identity of 48.5%,
indicatind fLHH LT 'Q%F%é&{ﬁW%MFM&’QJM‘WHU(?B profel 0% 'RRMERT RPLIVEH SRR Mvhile the
percent identitiesnopyarethefial-déagtd Footenaseque reeeespoodepasisoveofac@orhpaisons whtisey stvains are

percent idenne L) 360084 ot e See _ S wihtl
e e A R R T T
substitut@BSwisKanRSRESHARG The eREwINEcENIrRssHIaled RuerRissBinife iperiheg@h@ostRBEE of rare

codons fammameiieraod edigsRnEiabawelbassitstbidiensdhaboyghtinbsd e nieictagidisigials were
avo'ded'number of matched positions, dividing the number of matched positions by the total number of
positions in the window of comparison and multiplying the results by 100 to yield the percentage

of sequence identity.

The phrase "substantially identical ", in the context of two nucleic acids or polypeptides, refers to
two or more sequences or subsequences that have at least about 85%, identity, at least about
86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100%
nucleotide or amino acid residue identity, when compared and aligned pairwise for maximum
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Such signals included internal TATA-boxes, chi-sites, and ribosomal entry sites; AT-rich and GC-rich
sequence stretches; ARE, INS, and CRS sequence elements; repeat sequences and RNA secondary
structures; (cryptic) splice donor and acceptor sites, and branch points; and vaccinia termination signals
(TTTTTNebyréeoGdafties,the Aeas stedt wxoipa ahauweniar bigiparpoassigoritmal s ppeﬁeualirinﬂmm'r@inal
coding sgayanoe BIER S ARG A 1R RANIAL S0l ABOYBR Ak 0t
nucleotides ﬁ\ eaéﬁt)%f# o tlmlzecﬁ E%?&% &@ cod %ngn%equences wereélexcﬁ?)kngeede A) the

overall |dér@ﬁﬂi%%sﬁﬁpﬁ@tﬁﬁéﬁ$ﬁi@éﬂlv‘ enaibe'hanote: exemniay GPW%éH@éHEé@W&'HR@B‘)tYIn two

cases, tf@(@e@rdmwewasmeqaerﬁé@w @af%aailudbghemodegwﬁ,@@ aftlengptimizatiandhéhe
coding seguen es, as s Pe[ ow ”]osta IBder{f,tgy ucleotlde excha}r}ﬁes in three o tlrplzeq EBOV
he

eXI S over a e sequences
GP genes. e?a}b?e OWS num ero C angea nuc eotlei'es a{?ﬁe corresponding positons in the

optimize b & dealih e prudusss o reoindangthtdane exaspriaty ethbedimept) tyseminosidferent
EBOV stegihshaefy inBiiaiei@ nHebareidhipiesiidgsdie Bab dhs sl setnbreof ntis 1147. exchanged

nt positions in optimized GP coding sequences compared to non-optimized sequences [%] EBOV-B

non-opt HaBEXY iR el m&%mm- Bhe E&Q%@e%t%sgéﬂ%@é%e% cBBO WiicARk4s-9

Table B: Identical nucleotide positions of three EBOV GP codin uences. The table shows the number
of identic i THFEIEFES S?WFF@%&BSH&E'&%S&W’W%&& ré% n@'%‘?i&ﬁ@n&%%‘ FGirElRIREBOV
strains baseueondharmtaltanathliveo af carclrotidesisdéblence coordinates are designated, if necessary,

and sequence algorithm program parameters are designated. Default program parameters can
be used, or alternative parameters can be designated. The sequence comparison algorithm then
calculates the percent sequence identities for the test sequences relative to the reference
sequence, based on the program parameters.

A "comparison window", as used herein, includes reference to a segment of any one of the
number of contiguous positions selected from the group consisting of from 20 to 600, usually 20
to 50, about 50 to about 100, about 100 to about 200, more usually about 100 to about 150, or of
about 20, 50, 100, 150, 200, 250, 300, 350, 400, 450, 500, 600, 700, 800, 900, 1000, 1500,
2000, 2500, or 3000 or even more in which a sequence may be compared to a reference
sequence of the same number of contiguous positions after the two sequences are optimally
aligned.

Percent identity can be determined using the alignment method of Needleman and Wunsch (J.
Mol. Biol. 48; 443-453 (1970)) that has been shown to be equivalent to Sellers (SIAM J. of
Applied Math 26; 787-793 (1974). The percent identity may be determined, for example, by
comparing sequence information using the GAP computer program, version 6.0 described by
Devereux et al. (Nucl. Acids Res. 12:387, 1984) and available from the University of Wisconsin
Genetics Computer Group (UWGCG), which utilizes this alignment method. The preferred
default parameters for the GAP program include: (1) a unary comparison matrix (containing a
value of 1 for identities and 0 for non-identities) for nucleotides, and the weighted comparison
matrix of Gribskov and Burgess, Nucl Acids Res. 14:6745, 1986, as described by Schwartz and
Dayhoff, eds., Atlas of Protein Sequence and Structure, National Biomedical Research
Foundation, pp. 353-358, 1979; (2) a penalty of 3.0 for each gap and an additional 0.10 penalty
for each symbol in each gap; and (3) no penalty for end gaps. An other suitable tool is to use the
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pairwise comparison of GP genes identity of nucleotides in non-optimized genes [/0] identity of
nucleotides in optimized genes [/0] EBOV-B : EBOV-S 57.0 57.3 EBOV-B : EBOV-Z 64.2 61.1 Pairwise
alignments of the GP coding sequences of three EBOV strains EBOV-B, -S and -Z showed the identities
in nucleafidetip&sitress &oah ttie distibiNiDnfafviatessti pesy (Rig i AT RKoB ES L entlwelsomethdd dfotihe
present i%s _tion led to shorter stretches of nucleotide identitity in the EBOV GP-sequences. When
considering long stretches of identical consecutive nucleotides, it is evident that the interruption or

ring Iong stretches ofidentical consec f  interruption
Potwoon SR e e S R TN T 8 S A e DT RS (Set o T amber

of stretcHEENSIREMNSe coftivIEeRE AR AN VIR RISEd SRR (RRSe COMPITSHIS of the'EP chYlimie¥eHliences
are showRy RFiektIaPtiREAINRaIBATeSHE Sirpiebess| HBOA3 R lengthanden svrBanherriare 41

h f10 ' ical leotides. In the. optimized ' f the GP. . 13 b
Sretch (RH LY P GCAP L5 R AP LR LU e PR FaB oMY sretches

of consethgiveriekattiohdifectsd tideteorinesabigirtings e natmiseplos Snetchadiontenesidutioe islattical
nucleotiq@ﬁs@fﬁ,ca?@t,?é@,!%gﬁs!m pairise S@Wi%,oéﬁﬁ@éb%@&ﬁ@gmt&% pelasegpn-opt)

and after (opt) optimization. The numbers of the pairwise comparisons are summarized in the column

'‘combinedhIHBRFS O AL RSAYe BB IR HINGAR Hoh-BtifiZe cd Mp QHESE QS ItesIRRR: entical
nucleotidesred)ileary thedphicnezed, garspectivslyedvittedi® aumépamoimnotEdtites! eaftities. O okyotitetches of

10 or moggdwdéﬁlgég_ides are listed.

In a preferred embodiment, at least 75, 80, 85, 90, 95, 100, 125, 150, 175, 200, 250, 300, 350,
400, 450, or 500 nucleotides are substituted. Said substitutions are artificially introduced
independently of already present numbers of different nucleotides included, for example, by

silent mutations.

In various embodiments, two nucleotide sequences with stretches of identity of no more than 13,
12, 11,10, 9, 8, 7, 6, 5, or 4 contiguous nucleotides after substitution are preferred. In case of
more than two nucleotide sequences, stretches of identity of no more than 20, 19, 18, 17, 16,
15, 14,13,12, 11,10, 9, 8, 7, 6, 5 or 4 contiguous nucleotides after subsititution are preferred.

In another embodiment, the nucleotide sequences can have at least 75, 100, 150, 200, 250,
300, 350, 400, or 450 nucleotides substituted out of 300, 400, 500, 600, 700, 800, 900, 100,
1100, 1200, 1300, 1400, 1500, or 1600 or more nucleotides.

In the context of this invention, substitution of nucleotides with different nucleotides means the
technical or artificial replacement of nucleotides by other nucleotides. Preferably, the substituted
nucleotides do not alter the encoded amino acid sequence. Substitution can be performed by
identifying codons in the two homologous nucleotide sequences encoding the same amino acids
and altering codons in one of the two homologous nucleotide sequences such that the codons
still encodes the same amino acids. The alterations can be made in one, both or all of the
homologous nucleotide sequences.

For example the amino acid proline is encoded by the codons CCA, CCC, CCG and CCU (on
the DNA level the U is replaced by a T). A simple nucleotide sequence, CCCCCC, initially
encoding two prolines in two homologous nucleotide sequences could be changed to CCACCG,
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length EBOV-B : EBOV- S EBOV-B : EBOV- Z EBOV-S : EBOV- Z combined numbers non-opt opt
non-opt opt

also encoding two prolines, in one of the two homologous nucleotide sequences. Alternatively,
one of the sequences encoding proline-proline could be changed to CCCCCG, and the other to
CCACCC.

A more complicated example is the amino acid serine, which is encoded by UCA, UCC, UCG,
UCU, AGC and AGU. Similarly, UCAUCA, initially encoding two different serines could be
changed in multiple homologous sequences, to AGCAGC (sharing no common nucleotide with
UCAUCA) and UCGAGU (sharing only one position with UCAUCA or two position with
AGCAGC) and so on. This allows a higher flexibility in introducing different nucleotide variants

into two or more nucleotide sequences encoding a serine-serine.

Preferably codon optimization as described in the present invention avoids the use of rare
codons for a desired host since rare codons may block or reduce expression of the encoded
protein. Also, substitutions that may introduce nucleic acid signals for the desired host are
preferably avoided. Such signals include, but are not limited to, splice signals, termination
signals, and initiation signals. Preferably, the following sequence motifs may be avoided
depending on the type of vector used, e.g., the vaccinia virus early transcription termination
signal needs not to be avoided in many other vectors, being no poxvirus vectors:
- internal TATA-boxes, chi-sites, and ribosomal entry sites;

- AT-rich and GC-rich sequence stretches;

- ARE, INS, and CRS sequence elements;

- repeat sequences and RNA secondary structures;

- (cryptic) splice donor and acceptor sites, and branch points; and

- vaccinia early transcription termination signals: (TTTTTNT).

19



non-opt Opt non-optopt23nt 1 1

BRIEF DESCRIPTION OF THE DRAWINGS
The invention is more fully understood with reference to the drawings, in which:

Figure 1 depicts an alignment of the nucleotide sequence encoding the full-length RSV-F (F)
protein with the nucleotide sequence encoding the substituted, truncated RSV-F_trunc (F_trunc)
protein. The identical sequences are highlighted in black, and the substituted nucleotides remain
unhighlighted. The locations of primers A1 and B2 are indicated.

Figure 2 depicts an alignment of the full-length RSV-F (F) protein with the truncated RSV-
F_trunc (F_trunc) protein. The full length sequence of RSV-F is truncated by 50 aa to result in
the truncated RSV-F_trunc protein. The RSV-F_trunc protein covers approximately 91% of the
full length protein.

Figure 3 depicts expression of RSV-F and RSV-F_trunc from recombinant MVA-BN® viruses in
a human cell line. Western blot with extracts from infected human cells upon infection with
different MVA-BN® based viruses with an MOI of 10 and lysis at 24h post infection.
MVA-BN® (empty vector control; lane 1), MVA-mBN172B (recombinant MVA-BN® with full
length RSV-F; lane 2), MVA-mBN173B (recombinant MVA-BN® with truncated RSV-F_trunc;
lane 3) and lane 4: MVA-mBN175B (recombinant MVA-BN® with RSV-F and RSV-F_trunc). The
calculated molecular weight of the proteins is: RSV-F (61.6 kDa) and RSV-F_trunc (56.1 kDa).

Figures 4A-C depict PCR analysis of MVA-mBN175B. RSV-F (F) and RSV-F_trunc (F_trunc)
are shown. A. PCR results with various primer pairs. M=markers (1 kb-ladder, New England
Biolabs). Lane 1 is MVA-mBN175B. Lane 2 is a positive control plasmid (pBN345). Lane 3 is
MVA-mBN®. Lane 4 is a water control. Lane 5 is a positive control plasmid (pBN343). B.
Schematic of MVA-mBN175B showing locations of primers used for the PCRs shown in Figure
4A. C. Schematic of wild type MVA-mBN® showing locations of primers.

Figures 5A-C depict the hypothetical recombination F/Fiunc between the full lengthRSV-F gene
(F) and the truncated F gene (Fuunc) in the double recombinant MVA and the locations of the
PCR primers in the recombinant and non-recombinant viruses and control plasmids. A. MVA-
mBN175B. B. pMISC173. C. pMISC172.

Figure 6 depicts PCR analysis of DNA isolated from cells infected with MVA-mBN175B. Lanes 1
and 7 are marker lanes. Lane 2 is MVA-mBN175B. Lane 3 is a plasmid control for the F gene
(pBN343). Lane 4 is a plasmid control for the truncated F gene (pBN345). Lane 5 is MVA- BN®.
Lane 6 is a water control. The expected PCR product from a hypothetical recombination
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between the RSV-F gene and truncated F gene RSV-F_trunc in MVA-mBN175B is 613 base
pairs.

Figure 7 depicts an alignment of three EBOV (ebolavirus) GP (glycoprotein) protein sequences.
The amino acid sequences of three GP proteins of the ebola virus strains EBOV-B, EBOV-S and
EBOV-Z are aligned. No gaps were allowed in the alignment. The overall identity in all three
protein sequences is 48.5%. Gray background: identical in all three protein sequences. Black
background: identical in two proteins.

Figures 8A and 8B depict an alignment of three EBOV GP coding sequences used in the
recombinant MVA-BN® based construct. The coding sequences for the GP genes originating
from three EBOV strains EBOV-B, -S and —Z were aligned before (non-opt; see Figure 8A) and
after (opt; see Figure 8B) optimization. No gaps were allowed in the alignment. Gray
background: identical nucleotide positions in three coding sequences. Black background:
identical nucleotide positions in two coding sequences. The identity in nucleotide positions of
three genes prior optimization (non-opt) is 45.3%, while after optimization (opt) it is 44.6%.

Figure 9 depicts pairwise alignments of three EBOV GP coding sequences used in the
recombinant MVA-BN® based construct. The coding sequences for the GP genes originating
from three EBOV strains EBOV-B, -S and —Z were aligned pairwise before (non-opt; see Figure
9A) and after (opt; see Figure 9B) optimization. No Gaps were allowed in the alignments. Gray
background: identical nucleotide positions in the coding sequence. The identity in nucleotide
positions of three genes prior (non-opt) and after (opt) optimization is tabulated in Table C.

Figure 10 depicts a restriction enzyme digest and plasmid map of plasmid pMISC210
comprising the full-length (RSV-F) and truncated (RSV-F_trunc) protein. Lane 1: plasmid
pMISC210 comprising RSV-F and RSV-F_trunc; Lane 2: control plasmid pMISC209 comprising
RSV-F_trunc only; Lane 3: Molecular weight marker. The size of the marker-bands in base pairs
(bp) is shown.
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EXAMPLES
Example 1
Preparation of Substituted, Truncated F Gene

Creation of a recombinant MVA expressing both a full-length RSV-F protein and a truncated
Version RSV-F_trunc was desired. However, based on results with MVA and other vaccinia
viruses containing repeat sequences, it was expected that intramolecular recombination would
lead to recombination between the two copies of the F gene, resulting in deletion of one of the
copies of the F gene.

To minimize the presence of long stretches of identical nucleotides between the two F genes,
the codons in the nucleotide sequence encoding the RSV-F_trunc gene were substituted, while
maintaining the amino acid sequence of the F genes. The use of rare codons for mammals and
chickens was avoided. Also, substitutions that might introduce nucleic acid signals were
avoided. Such signals included internal TATA-boxes, chi-sites, and ribosomal entry sites; AT-
rich and GC-rich sequence stretches; ARE, INS, and CRS sequence elements; repeat
sequences and RNA secondary structures; (cryptic) splice donor and acceptor sites, and branch
points; and vaccinia termination signals (TTTTTNT). The substituted nucleotide sequence is
shown in Fig. 1, compared to a coding sequence for a full-length RSV-F protein. Although
significant identity remains throughout the two coding sequences, there are no remaining large
stretches of identity greater than nine contiguous nucleotides within the two coding sequences.
The proteins encoded by the two coding sequences are aligned in Fig. 2. The two proteins have
100% identity over the first 524 amino acids (the substituted F protein is truncated at the carboxy
terminus). Thus, although these two coding nucleotide sequences encode a stretch of identical
amino acids, one of the sequences has been substituted relative to the other.

Example 2
Preparation of Recombinant Viruses comprising RSV-F Genes

The DNA encoding the full-length RSV-F gene was inserted into MVA at two different integration
sites to generate MVA-mBN170B and MVA-mBN172B (in the IGR88/89 site). The substituted,
RSV-F_trunc gene was inserted into MVA at the IGR148/149 site to generate MVA-mBN173B.

A double recombinant MVA was then created containing the full-length RSV-F gene inserted into
MVA at the IGR88/89 site and the substituted, RSV-F_trunc gene inserted into the same MVA at

22



2 14nt 2 2 4 13 nt

the IGR148/149 site. The double recombinant virus was called MVA-mBN175B. A schematic of
this virus is shown in Fig. 4B.

Example 3

Expression of F Proteins from Recombinant Viruses To determine whether protein was
expressed from the substituted nucleotide sequence, western blot analysis was performed on
protein extracts from a human cell line infected with a recombinant MVA-BN®-based virus
encoding the full-length RSV-F gene (MVA-mBN172B), the virus encoding the substituted, RSV-
F_trunc gene (MVA-mBN173B) and a double recombinant virus encoding both, the full length
and the RSV-F_trunc gene (MVA-mBN175B). All three viruses showed the production of the
appropriately sized RSV-F proteins by Western blot analysis (Fig. 3), while the MVA-BN®
control (empty vector) did not show any bands, as expected. Thus, the full length and the
truncated F protein expressed from the substituted coding nucleotide sequence were expressed
individually from single recombinant MVA-BN® but both were also co-expressed from one
double recombinant MVA-BN® virus (MVA-mBN175B) in a human cell line.

Example 4
Growth of Recombinant Viruses

Chicken embryo fibroblast cells were infected with MVA-mBN175B, a construct containing both
the full-length F gene and the substituted, RSV-F_trunc gene, or a construct containing only the
full-length F gene to receive a first virus crude stock. Similar titers of the double recombinant
virus containing both full length F and truncated F genes (1.34 x 107 TCID50) were seen in
comparison with titers of the virus containing only the full length F gene (1.46 x 10" TCID50).
These results indicated that a stable double recombinant MVA was being produced, and that
recombination between the two copies of the F gene had been limited by substituting nucleotide
bases in the sequences.

Example 5
PCR Analysis of Recombinant Viruses

PCR analysis was performed on DNA from cells infected with MVA-mBN175B or MVA-BN®
using the insert-specific and flank-specific primer pairs depicted in Fig. 4B and C. PCR A with
primers A1/A2, which are specific for the full-length F gene, detected a band with the size of 663
base pairs (bp) in cells infected with MVA-mBN175B and in a specific plasmid positive control as
expected. This band as expected is absent in cells infected with MVA-BN® or in the water

23



111 2112nt1 2

control (Fig. 4A). PCR B with primers B1/B2, which are specific for the substituted, truncated F
gene, detected a band with the size of 625 bp in cells infected with MVA-mBN175B and in a
specific plasmid positive control as expected. This band, as expected, is absent in cells infected
with MVA-BN® or in the water control (Fig. 4A).PCR C with primers C1/C2, which detect
insertions into the IGR88/89 site, detected a band with the size of 2047 bp in cells infected with
MVA-mBN175B and in a specific plasmid positive control as expected. This band, as expected,
is absent in cells infected with the empty vector control MVA-BN®, instead a band of 161 bp
indicates the wildtype situation at IGR88/89 in MVA-BN® (Fig. 4A). PCR D with primers D1/D2,
which detect insertions into the IGR148/149 site, detected a band with the size of 2062 bp in
cells infected with MVA-mBN175B and in a specific plasmid positive control as expected. This
band as expected is absent in cells infected with the empty vector control MVA-BN®, instead a
band of 360 bp indicates the wildtype situation at IGR88/89 in MVA-BN®. (Fig. 4A).

Recombination between the F genes would yield a hybrid F gene having parts of the wild-type F
gene and parts of the truncated F gene. (Fig. 5A.) To detect the presence of any such
recombinants, PCR analysis was performed on DNA from cells infected with MVA-mBN175B or
MVA-BN® using the primer pairs A1/B2 (Fig. 5B.), which should generate a 613 base pair
product, specific for the recombinant F gene. The results of this PCR showed no detectable
recombinants. (Fig. 6.) These results indicated that a stable double recombinant MVA was being
produced, and that recombination between the two copies of the F gene had been limited.

Example 6

Preparation of recombinant glycoprotein (GP) genes of three different ebolavirus (EBOV)

strains

Generation of a recombinant MVA expressing three ebolavirus (EBOV) glycoproteins (GP) was
desired. The EBOV strains used herein are EBOV-B (Bundibugyo), EBOV-S (Sudan) and
EBOV-Z (Zaire), all belonging to virus strains with high lethality in infected humans. Said three
GP share an overall identity of 48.5%, indicating that nearly every second amino acid in the GP
proteins is identical in all three strains, while the percent identities over the full-length protein
sequences in comparison of combinations of two strains are between 57.0 % and 64.2% (Figure
7).

To minimize the presence of long stretches of identical nucleotides within the three EBOV GP
genes, the codons in the three nucleotide sequences were substituted, while maintaining the
encoded amino acid sequences of the three GP genes. The use of rare codons for mammals
and chickens, as well as substitutions that might introduce nucleic acid signals were avoided.
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Such signals included internal TATA-boxes, chi-sites, and ribosomal entry sites; AT-rich and
GC-rich sequence stretches; ARE, INS, and CRS sequence elements; repeat sequences and
RNA secondary structures; (cryptic) splice donor and acceptor sites, and branch points; and
vaccinia termination signals (TTTTTNT).The G after the ATG start codon allows for high
expression and is present in the original coding sequence of all three EBOV GP genes and was
maintained.

Although 23.3 to 24.9% of the nucleotides in each of the 3 optimized EBOV GP coding
sequences were exchanged (see Table A), the overall identities did not dramatically change
between the three GP coding sequences (Table B). In two cases, the pair wise comparisons
even showed marginally higher identities after optimization of the coding sequences, as shown
below in Table B.

Table A: Nucleotide exchanges in three optimized EBOV GP genes. The table shows the
number of changed nucleotides at the corresponding positions in the optimized GP coding
sequences (opt) compared to the non-optimized (non-opt) sequence of different EBOV strains
based on the total number of nucleotides in [%]. The total number of ntis 1147.

exchanged nt positions in optimized
GP coding sequences compared to
non-optimized sequences [%)]

EBOV-B non-opt : EBOV-B opt 23.3
EBOV-S non-opt : EBOV-S opt 24.9
EBOV-Z non-opt : EBOV-Z opt 23.9

Table B: Identical nucleotide positions of three EBOV GP coding sequences. The table
shows the number of identical nucleotides at the corresponding positions in two GP coding
sequences of different EBOV strains based on the total number of nucleotides in [%].

pairwise comparison of GP
genes

identity of nucleotides in
non-optimized genes [%]

identity of nucleotides in
optimized genes [%]

EBOV-B : EBOV-S

57.0

57.3

EBOV-B : EBOV-Z

64.2

61.1
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1 211243 Example 7 Preparation of recombinant MVA-BN(r) viruses with GP genes of EBOV strains.
The three EBOV GP genes were synthesized by GeneArt (Regensburg, Germany) and cloned into
recombination vectors to allow for integration into MVA-BNO. A recombinant virus comprising the three
optimlze r\p\@og%ﬁ%gene seguences frorgytgree different EBOV stra|§§ yvas generated. The

i

transcri flnn of the three inserted GP Pnrhnn sequences is_controlled h\/ different-individual ar|y-|ate
promoters.

Pairwise alignments of the GP coding sequences of three EBOV strains EBOV-B, -S and —Z
showed the identities in nucleotide positions and the distribution of identities (Figure 9).
Consequently, the method of the present invention led to shorter stretches of nucleotide identitity
in the EBOV GP-sequences. When considering long stretches of identical consecutive
nucleotides, it is evident that the interruption or shortening of such stretches of identities is an
important part of the strategy to avoid recombination between sequences sharing a certain
degree of nucleotide identities. In Table C (see below) the number of stretches of consecutive
identical nucleotides from pair wise comparison of the GP coding sequences are shown. Prior to
optimization, there are stretches of up to 23 bp length and in summary there are 41 stretches of
10 or more identical nucleotides. In the optimized version of the GP genes, only one 13 bp
stretch is found and 7 stretches of 10 or more identical nucleotides can be found.

Table C: Long stretches of consecutive identical nucleotides. The table shows the number
of stretches of consecutive identical nucleotides of a certain length in pair wise comparison of
EBOV GP coding sequences before (non-opt) and after (opt) optimization. The numbers of the
pairwise comparisons are summarized in the column ‘combined numbers’. The longest stretch in
the non-optimized comparisons are 23 consecutive identical nucleotides, while in the optimized
genes, it is reduced to a maximum of 13 nucleotides. Only stretches of 10 or more nucleotides

are listed.
length EBOV-B : EBOV- | EBOV-B : EBOV- | EBOV-S : EBOV- | combined
S Z Z | numbers
non-opt opt non-opt opt non-opt Opt non- opt
opt
23 nt 1 1
20 nt 2 2
17 nt 1 1
16 nt 2 2
14 nt 2 2 4
13 nt 1 1 1 2 1
12 nt 1 2 3
11 nt 10 2 4 1 8 22 3
10 nt 1 2 1 1 2 4 3
Example 7
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Specific PCR reactions for the three optimized EBOV-GP sequences showed the presence of the three
individual genes in the recombinant MVA-BNO. Example 8 Preparation of Plasmid comprising RSV-F
Genes The two versions of the RSV-F gene used in examples 1-5 and shown in Figure 1 were cloned into
one plasmiepandtivaiofasmambihact MNZLBNET vinses evilimG Pl génastahEBOYsteainsusing standard
cloning techniques. The plasmid (see plasmid map in Figure 10) was isolated and digested with the
restrictiomen#yewe & BV G g thandSpayahdstapbbytSbosiat Reddisiaggy Gegeh(Semdigured0). The

band patter S . i t llzlen \/- te V5 in el)as
well as tﬁ@oé%éﬁyééﬁﬁgﬂ%@ggo e%@%w@tk?ﬁ%@%f tﬁlﬂ%c kpﬁr\éw%e%n'lj?ﬁ]I A(:Iang%lg\j\@rﬁ c\énqgare
with the SaREfNExHEctBEER PRIREZASSIRBICGALSR SIS IeRe SRAURHERS sEaTietePiftePrdnRey. The

eXpecterﬁbﬁﬁthQ@QGﬁé‘@twm&hﬂs@aﬁtr@%f5364tws,ud&?f‘e@mb%%egewu@@c&y iBbatoted a
pattern qt%gfﬁds W|th %S aé)f 573 ﬂ?‘%l 809 and 4874 bp was expected. All expected bands and no

addition ere e§<p}'e e%f)arny 97 case recombination between the RSV-F variants in

pMISC210 oc ur one $r more %”}ﬁ small er fra% Id be lost, d endé ng on the sites fof
recombinAtion. Thig Was ¢ é)aﬁy%r fou rgefno&emézu ent exa Iée%%nc%ée‘ rRYGRS"SRAVEE %?a%lllty of
the plasriid ﬁfmﬁsmly@imtlgehea\vtrdMSmm@@n@st M\B‘\/EFN@wd RSV-F_trunc) in E.coli. CLAIMS: 1.A
vector comprising two nucleotide sequences of 300 nucleotides in size, each coding for 100 amino acids,
wherein fxang@deadnino acids encoded by each of the two nucleotide sequences have at least 75% amino
acid identity; and wherein one of the two nucleotide sequences has at least 75 nucleotides different
from the Bteparalicloaiiddasmicnomprising 88\ EHaemiéerent nucleotides do not alter the identical amino
acids encoded by said two nucleotide sequences. 2.A method for generating a vector according to claim
1, said mBthddcearpiasmgfttie IGYsfofjene used in examples 1-5 and shown in Figure 1 were cloned

into one plasmid and maintained in E.coli TZ101 (Trenzyme GmbH, Konstanz, Germany) using
standard cloning techniques. The plasmid (see plasmid map in Figure 10) was isolated and
digested with the restriction enzymes Ale |, Dra lll and Spe | and separated on a 1% TAE
agarose gel (see Figure 10). The band patterns for pMISC210 encoding the full-length RSV-F
protein and RSV-F_trunc protein (lane 1) as well as the control plasmid pMISC209 encoding the
RSV-F_trunc protein only (lane 2) were compared with the patterns expected from the results of
analysis of the electronic sequence of the plasmids. The expected size of bands for pMISC210
was 404, 573, 809, 1923 and 4874 bp, while for pMISC209 a pattern of bands with sizes of 573,
661, 809 and 4874 bp was expected. All expected bands and no additional bands were found
experimentally. In case recombination between the RSV-F variants in pMISC210 occurred, one
or more of the smaller fragments would be lost, depending on the sites of recombination. This
was clearly not found in the current example. Thus, the results show the stability of the plasmid
pMISC210 with the two RSV-F genes (RSV-F and RSV-F_trunc) in E.coli.
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a) providing a first nucleotide sequence of 300 nucleotides in size coding for 100 amino acids; b)
providing a second nucleotide sequence of 300 nucleotides in size coding for 100 amino acids, wherein
the 100 amino acids encoded by each of the two nucleotide sequences have at least 75% amino acid
identity abdAMS:ein one of the two nucleotide sequences has at least 75 nucleotides different from the
other nucleotide sequence, wherein the different nucleotides do not alter the identical amino acids
encoded by said two nucleotide sequences; and c) inserting the two divergent nucleotide sequences
into a vedtor. 3.A YREIPOEPTBPTIEATINMG TEIeRie SoRt RN PRAIBHARBHIEE Vet tsr eap-EAMBONID
nucleotidmpeemkipbegsaef 300 nucleotides in size, each coding for 100 amino acids, wherein the 100 amino

acids encoded %each ?lf th8 two nucleotide segggnces hﬁjl\(/)(? ﬁtel?aStnL%%o%mno acid iderhtit‘y

said
method comprislntf:;a rgbrbts ﬁl}tlr(l)gar%'(r:‘ 25606 0ne ol? ot haclestide sequencg(g?%eé]é:ﬁ%ra?eétv?/%

divergentesstitcamindieticsidentitlifferdnces in at least 75 nucleotides, wherein the different nucleotides

do not alter the Jﬂ%ﬂgﬁ%ﬁénﬁ?(ﬂ{éc'l% @P&%@@Xeﬁﬁigﬁ&é@ 'HH§|§P§%§¢9 YRRRRtidds beaeatar@Rcording
to claim ééor the method_ﬁlccordlng to claim 2 or 3, wherein the vector is a viral vector, preferably a

poxviral eRIPersRgRat 8&?8‘?’6 ﬁ%rating a virus, preferably a poxvirus, comprising two homologous
nucleotide sequeneesd) saeddiffetbodcofaptiteagthedtelis dfie identi)gbrovidingcdsiersccdedpvisisajoa
nucleotiqglgc?]%%raﬁgé)ge"&%Hb{geotides in size coding for 100 amino acids; and b) inserting a
second nucleotide sequence of 300 nucleotides in size coding for 100 amino acids into the virus;

2. A method for generating a vector according to claim 1, said method comprising the steps
of:

a) providing a first nucleotide sequence of 300 nucleotides in size coding for 100 amino
acids;

b) providing a second nucleotide sequence of 300 nucleotides in size coding for 100
amino acids,
wherein the 100 amino acids encoded by each of the two nucleotide sequences have at least
75% amino acid identity and wherein one of the two nucleotide sequences has at least 75
nucleotides different from the other nucleotide sequence, wherein the different nucleotides do
not alter the identical amino acids encoded by said two nucleotide sequences; and

c) inserting the two divergent nucleotide sequences into a vector.

3. A method for reducing intramolecular recombination within a vector containing two
nucleotide sequences of 300 nucleotides in size, each coding for 100 amino acids, wherein the
100 amino acids encoded by each of the two nucleotide sequences have at least 75% amino
acid identity, said method comprising substituting nucleotides in one or both nucleotide
sequence(s) to generate two divergent sequences which show differences in at least 75
nucleotides, wherein the different nucleotides do not alter the identical amino acids encoded by
said two nucleotide sequences.

4. The vector according to claim 1 or the method according to claim 2 or 3, wherein the

vector is a viral vector, preferably a poxviral vector.
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wherein the 100 amino acids encoded by each of the two nucleotide sequences have at least 75% amino
acid identity; and wherein one of the two nucleotide sequences has at least 75 nucleotides different from
the other nucleotide sequence, wherein the different nucleotides do not alter the identical amino acids
encodedsy said twethodldotide rsergtieg cevilis, hersfechbiyon peividsaceardiniginig tveimhdnasibgaviserein

the pOXVHHél é%t‘?r"dgas%%ﬂé% (Yéréj%' w%%mgg/ [ghqegr:a |§q eaggpéaof\nkara (MVA) virus. 7.The vector or the

method according to any one o claims 1 e at least 75 different nucleotides are substituted.
8.The vector or%@fﬁ&tﬂ"ﬁ@cﬁ)w He) Q@@W&We%%ﬁl@@#@%%@@rﬁ& 30§ nwplepditemie Hize madiBstide
sequences ape mrf@%@e@t{gyosyncytlal virus (RSV) genes, in particular RSV-F and/or RSV-G genes, or

two, preferably [ree iy i SEESH Y BAHSUAL IR S SERIAERART L 20ding for 100

amino acids into the virus;

wherein the 100 amino acids encoded by each of the two nucleotide sequences have at least
75% amino acid identity; and

wherein one of the two nucleotide sequences has at least 75 nucleotides different from the other
nucleotide sequence,

wherein the different nucleotides do not alter the identical amino acids encoded by said two
nucleotide sequences.

6. The vector or method according to claim 4 or 5, wherein the poxvirus is a vaccinia virus,
preferably a modified vaccinia Ankara (MVA) virus.

7. The vector or the method according to any one of claims 1-6, wherein the at least 75
different nucleotides are substituted.

8. The vector or method according to any one of the preceding claims 1-7, wherein the two
nucleotide sequences are two respiratory syncytial virus (RSV) genes, in particular RSV-F
and/or RSV-G genes, or two, preferably three, Filovirus genes, in particular Filovirus
glycoprotein (GP) genes.
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