Replication-deficient RNA viruses as vaccines Description 5 The present

i nvention relates to a replication- defective and transcri pti on-conpet ent
negative-strand RNA virus, which can be used for the expression of
transgenes and in particular for the area of vaccine devel opnent. 10
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EP-A-O 702 O8%yadeSeiHtien.t Multiplication of the vaccine viruses must
take place so slowly that an immunological response and
15therefore control of multiplication and/or elimination
of the virus is ensured. The 1live vaccine concept has
frequently proved itself in various age groups. There
are, however, important target groups for whom
immunization with 1live vaccines 1is problematic and
20extra safety measures are required: maternal antibodies
protect infants in the first few months of life. At the
same time they represent a barrier that must be
overcome in immunization with 1live vaccine, though
without 1leading to excessive multiplication of the
25vaccine virus and associated vaccination lesions.
Another target group are the elderly, whose immune
system is no longer so efficient, so that it can be
overloaded by vaccination, and increased multiplication
of the vaccine virus may lead to vaccination lesions.
30There is therefore the ©problem of making the
immunologically excellent 1live vaccination even safer
for application in certain target groups, as well as

increasing the safety profile for general use.

For some years it has been possible to alter negative-
35strand RNA viruses, such as the rabies virus or the
Sendai virus (SeV) for example, purposefully by reverse
genetic engineering. EP-A-0 702 085 describes the



production of reconbinant, infectious, replicating unsegnmented
negative-strand RNA viruses fromcloned cDNA EP-A-0 863 202 describes a
reconbi nant Sendai virus, in whose genone a heterol ogous gene is inserted
5 or a gene is deleted or inactivated, but whose genone replication is
still intact. Negative-strand RNA viruses are especially suitable as the
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(Schmidt et al., J. Virol. 75 (2001), 4594-4603 and WO
1501/42445). By recombinant insertion of F- and HN-
proteins of human parainfluenza virus type 3 (hPIV 3)
and of the G- or F-protein of Respiratory Syncytial
Virus (RSV) in a vector based on bovine parainfluenza
virus type 3 (bPIV 3), a mucosal immune response to
20hPIV 3 and RSV was detected after application in
hamsters. A bivalent antigenicity of this live vaccine,
which has been tested in animal experiments, has thus

already been achieved.

Owing to the involvement of the species barrier, this
25bovine parainfluenza virus with human PIV 3 and RSV
surface antigens should already Dbe sufficiently
attenuated for application in humans. Reversions to the
wild type should not be expected, as complete genes
were exchanged for wviral surface proteins. Clinical

30testing of the vaccine has already begun.

As the virus mutants described are, however,
replication-competent, virus multiplication will
undoubtedly occur in the wvaccinee, the intensity of
which is attenuated by modification of the wvirus, but
35is not excluded completely. The intensity of the

viremia that is to be expected and therefore the side-



- 3 effects suffered by the vacci nee then depend on individual factors.
Wthin the scope of the present invention, an attenpt 1is to be nade to
substantially reduce the risks of live 5 vacci nation, and especially the
risks for vaccinees in certain target groups. One approach is the
suppression of viral genome replication3after application of the vaccine.
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slight viral gene_expnession wi_ll, only be provided by PCR anal ysis. Use of
this 4 accinee's state of immunity.

A fundamental difficulty in this approach is that the
viral RNA polymerase performs two functions: synthesis
of viral mRNA and multiplication of the viral genomes.

15This coupling must be removed in the new vaccine, as
the wvaccine must now only be capable of synthesis of
viral mRNA.

Another problem is that the recombinant wvirus must
perform efficient synthesis of viral mRNA, if it is to
20be suitable at all as live vaccine. There are thus two
basically contradictory requirements, which mean that
considerable difficulties are to be expected in the
production of safe, but efficient 1live vaccines based

on negative-strand RNA viruses.

25Shoji et al. (Virology 318 (2004), 295-305) describe
the production and characterization of a P gene-
deficient rabies virus. The virus was produced by means
of P-protein-expressing helper cells. Without de novo
synthesis of P-protein, the viruses are only capable of
30primary transcription. The slight viral gene expression
is manifested in a very weak signal for N-protein in
immunofluorescence and only in very few cells, and
convincing proof of this slight wviral gene expression

will only be provided by PCR analysis. Use of this



mutant virus in a challenge test in the nouse nodel should show protection,
but there is no control experinent with transcription-inactive virus and
the time interval for the viral challenge is too short. The 5 duration of
supposed protection is not being investigated. The use of such mutant
viruses for the devel opnent of an attendated rabies vaccine therefore
seens not to be very promsing.. Wihin the scope of the investl s that
led to the tant /virds' *1nYa Cﬁaifenge scre sent™i nvent "8RS ?/éaoff ound
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S removing the constituents of polymerase that are

essential for the genome replication function. This may
15involve one of the viral proteins N, P and L, or a

special functional domain of such a protein.

Surprisingly it was found that by mutations in which
the function of the proteins encoded by the viral genes
N, L and/or P is not deleted completely, but partially,
20it is possible to produce replication-defective RNA
viruses which possess an adequate transcription
function to be suitable for the production of 1live

vaccines.

One object of +the present invention is thus a
25recombinant negative-strand RNA virus, which is
replication~-deficient and transcription-competent. The
virus according to the invention contains a viral
genome with a mutation in at least one of the genes N,
L and P, with the mutation leading to loss of genome
30replication without loss of secondary transcription

capacity.

The virus according to the invention is a prerequisite
for the production of live vaccines, especially for the
production of 1live vaccines with an enhanced safety

35profile, which is especially suitable for use in high-



risk patients with a weak or damaged i nmune system The invention also
relates to a nucl eocapsid of the reconbinant virus, conprising the viral
negative-strand RNA, conplexed with the proteins N, L and P plus the 5
negati ve-strand RNA of the reconbinant virus in isolated form The
invention algo relates to a cDNA, which godes for a negative-strand RNA
according to the invention, in. particular a viral RNA and/or an RNA
conpl ement ar yT8K BBtientRevifdeft WBAKS OFt ABMaPEaiBBUNE §YSEOM-| i ne for
mul tiplication of the reconbi nant negative-strand RNA virus according to
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e

1 . .
or 4b, Newcast isease virus, munps virus, neasles virus or hunman

respiratory 25 syncytial virus (hRSV) or rhabdoviruses, e.g. vesicular
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preferred negative-strand RNA viruses are representatives of the

Rhabdovi ri da81tFi | oviridae, Bornaviridae, Arenaviridae or Bunyavi ri dae,
e.g. VSV. - 6 Like other paranyxoviruses, the Sendai virus is an

The invention further relates to a cell 1line for
multiplication of the recombinant negative-strand RNA

virus according to the invention.

The recombinant negative-strand RNA virus according to
15the invention can be obtained by mutation of a starting
virus in at 1least one of the genes N, L and P. The
starting wvirus can be a natural negative-strand RNA
virus, especially from the families Paramyxoviridae or
Rhabdoviridae or recombinant variants thereof.
20Especially preferred representatives are
paramyxoviruses, e.g. Sendai virus, human or bovine
parainfluenza wvirus, e.g. human parainfluenza virus
(hPIV) type 1, 2, 3, 4a or 4b, Newcastle disease virus,
mumps virus, measles virus or human respiratory
25syncytial virus (hRSV) or rhabdoviruses, e.g. vesicular
stomatitis wvirus (VSV). Especially preferably, the
virus is a Sendai virus, e.g. of the Fushimi strain
(ATCC VR105) . Recombinant variants of the
aforementioned viruses, as described for example in EP-
30A-702 085, EP-A-0 863 202 or WO 01/42445, are also

covered by the invention.

Further preferred negative-strand RNA viruses are
representatives of +the Rhabdoviridae, Filoviridae,

Bornaviridae, Arenaviridae or Bunyaviridae, e.g. VSV.



envel oped virus with a helical nucleocapsid (Fig. 1). The envel ope consists
of a lipid nenbrane, which is derived fromthe plasna nenbrane of the host
cell from 5 which the virus was rel eased. Transnmenbrane gl ycoproteins,
nanely the fusion protein (F) and hemaggl uti ni n-neuram dase (HN), are
anchored in the viral, envelope. The matfrix protein (M lines the inside
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enbodi nent of the invention, the
The negative-strand RNA genome of the Sendai wvirus
15contains the genes of the 6 structural proteins in the
order: 3'-N-P/C-M-F-HN-L-5' (Fig. 2). The P/C gene
codes for a total of 8 proteins, the structural
phosphoprotein and all non-structural proteins known to
date.

20The proteins P, N and L are important for functional
transcription and replication (Lamb et al.,
Paramyxoviridae: The Viruses and their Replication.
Fields Virology, 4th edition (2001), Lippincott,
Williams & Wilkins, Philadelphia, 1305-1340).

25The recombinant negative-strand RNA virus according to
the invention contains a mutation in at least one of
the genes N, L and P. The mutation can be a deletion,
substitution and/or insertion in one of the genes N, L
or P, which gives rise to a replication deficiency of
30the wvirus, but does not disturb the capacity for
transcription. The mutation preferably affects a
partial sequence of the proteins encoded by the genes
N, L and/or P, which is necessary for replication,
whereas other partial sequences necessary for

35transcription remain functional.



reconbi nant virus has a nmutation in gene P, nanely in an N-term nal partial
sequence of gene P. The nutation preferably affects at |east the regi on of
am no acids 533-41 of the protein P, which are inportant for the capacity
for replication. It is further preferred that the Cterm nal region
(starting fromanm no acid 320) does not have any nutations i mpai ring the
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proteins of other negative-strand RNA viruses, e.g. of

other paramyxoviruses, e.g. hPIV3.

The recombinant virus according to the invention is
replication-deficient and transcription-competent. Loss
200f the capacity for replication means that in a target
cell (a cell which does not produce in trans any of the
functions deleted by mutation) no detectable wvirus
genome multiplication is found, and in contrast to a
reduced or conditional replication deficiency, also no
25permissive conditions exist, in which replication can
occur. The'loss of the capacity for replication can be
determined as described in Example 8. However, the
virus according to the invention is <capable of
transcribing the gene products encoded by it after
30infection in a target cell, so that expression of the
viral proteins including one or more heterologous gene
products can take place in the target cell. It is
important that the recombinant virus according to the
invention should possess the capacity for secondary
35transcription, i.e. the viral gene products that arise
through primary transcription with the protein
components originally contained in the nucleocapsid are

capable of bringing about and/or supporting a secondary



capabl e of bringing about and/or supporting a secondary -

8 transcription
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15Besides the mutation, the recombinant virus according

to the invention preferably contains at

least one

transgene, i.e. at least one sequence coding for a

heterologous gene  product. The heterologous gene

product can be a protein, for example

a reporter

20protein, e.g. a fluorescence protein such as GFP or a

derivative thereof, or an antigen, against which an

immune response is to be produced, or a therapeutic

protein, e.g. a protein for virotherapy or a

functional

RNA molecule, e.g. an antisense RNA, a ribozyme or an

25siRNA molecule capable of RNA interference.
the heterologous gene product is an
originating from a pathogen, such as a

bacterium, a fungus or a protozoon, a tumor

Preferably
antigen,
virus, a

antigen or

an autoantigen. Especially preferably, the antigen is a

30viral antigen, derived from a heterologous negative-

strand RNA virus, such as a human parainfluenza virus

or RSV, e.g. hPIV3 F and HN or hRSV F and G.

The wvirus

according to the invention can contain one or more,

e.g. two or three, sequences coding for a heterologous

35gene product.

Sequences coding for heterologous gene products can be

inserted in the genome of the recombinant virus. On the



35gene product. Sequences codi ng for heterol ogous gene products can be
inserted in the genone of the reconbinant virus. On the 9 other hand,
sequences coding for honol ogous gene products, e.g. genes F and/or HN, can
al so be substituted with sequences that code for heterol ogous gene
products, e.g. chineric gene products. - % Conbi nati ons of inserted and

substituted tra sgen e also OSSIb|e For anpl e, gquences of a
Sendai virus €% g ﬁFﬁgieceﬂe%Eﬁé#%ﬁelﬁoanHarfé thQW?ﬁ CPRYRr 0PE86us

sequences of pirbaucnegatie.gr.st rganefNAFVI rars®sor €. BN, 10 curi h sksivienbes of
par ai nfl uenza P V3 and/ or mnthg%gg qjSces Q

chineric sequgﬁgggs%ugegspéEqalF?qBFQFSFréguni ncgggg YPPSPﬁg

segnents of tpenbase prodiscigenoneeagd segoknmerdE a dJwsteer ol pgodsiciisrt us
genome. For gx mﬂBEﬁat%hEE“fC GENSS P dn '%Qégf‘bhﬁé@ P?ahQﬁSﬁIeSdakQ the

virus genone, ri se sequences o ase virus geno

Sendai virus aﬁéohﬁpéﬁébégeus sequences, from human paralnfluenza
viruses such as hPIV3, and/or RSV. The reconblnant vVirus can contain one or
nore different 20 transgenes. |If several transgenes are present, these can
be of the sanEO8r GKHPHFer eMETNENGSF i cIP caPeBRal deYihBa f 6ANexRApI e

froma singl ergpibcem se:\sﬂapqleteqw&rzent ot TWOBPS, wetH- Mb'té%@&o dhys,
transgenes from several or dlfferent at hogens, ?erably

viruses, and ESHHEr&FPy ﬂ%géﬁ#VﬂTSP?HﬁalﬁﬁASt€PP seRNAc r?Qﬁ§ es@ng The

incorporatndowmthir@@@@em@éS|mﬁpapaﬁuXﬁfuuuﬁes.|elrd§esr|baq;fohpewaqple in
Hasan et al

Virol. 70 36(%56%%3’& r(t%'le?&l ehil %’1 g)ﬁs‘?séi%%gzgeFPBuérr% Sé?%he‘allﬁﬁ 466) ,
Masaki et al . i6FASER¢iAlly5 @2&&1%9%&294 i 1296) seGhentani ebmplrisfitgne
Therapy 8 (Zogé§meﬁgé3'of the base virus genome and segments of a
heterologous virus genome. For example, chimeric genes
15F and/or HN can be inserted in the virus genome, which
comprise sequences of the base virus genome, e.g.
Sendai wvirus and heterologous sequences, e.g. from

human parainfluenza viruses such as hPIV3, and/or RSV.

The recombinant virus can contain one or more different
20transgenes. If several transgenes are present, these
can be of the same or of different origin, which can be
derived for example from a single or from several
different pathogens, e.g. viruses. Thus, +transgenes
from several, e.g. 2 or 3 different pathogens,
25preferably viruses, and especially negative-strand RNA

viruses, can be present.

The incorporation of transgenes in paramyxoviruses 1is
described for example in Hasan et al. (J. Gen. Virol.
78 (1997), 2813-2820), Bukreyev et al., (J. Virol. 70
30(1996), 6634-6641), Yu et al. (Genes Cells 2 (1997),
457-466), Masaki et al. (FASEBVB J. 15 (2001), 1294-
1296), Shiotani et al. (Gene Therapy 8 (2001), 1043-
1050) and Bitzer et al. (Mol. Therapy 7 (2003), 210-
217) . Preferably the transgenes are inserted in the 3'
3b5region of the viral genome. Insertion is effected for

example in the form of transcription cassettes, with



1050) and Bitzer et al. (M. Therapy 7 (2003), 210- 217). Preferably the
transgenes are inserted in the 3' 35 region of the viral genone. Insertion
is effected for exanple in the formof transcription cassettes, with 10 -
10 one or nore transcription cassettes with singular restriction sites for
integration16f the respective reading-fiéines inserted directly after the

| eader regiog at %ﬂe g%or.é &%Cél oﬁu éQ sé@yg%rané£€§mf§npﬁ§59r

of a plasm d vector, negative-s egratlon
of several transgenergloms piseer abdy e:frfmremtlcmu rfepéhgenrespantdvept i on

cassettes in ?@‘éﬁlﬁasefx%niersansﬁ{éé}tﬂéﬁ‘ PSS By PAEESFabiyeCORkakAs the

sequence coding for“the 10 heterol ogo “@?ene product in operatlonal I'i nkage
with a transéPBpeRorst Bhe yegiatcelarRl a (Er&nsct pEhen levérdn ot itk

sequence andspeetsrable. ¢ ra@ﬁl at ipkisBidNddStoA, f whtibar Jdectrof the
present invention |s a %ﬁ ggu % stranded or_doubl e-stranded DNA

mol ecul e, e. gReIALBNR~SAFRDGURYA )vehi TH ST RIS 9Hroh FR¥BHBI nhpRSgenes

negati ve-strand BNéfétab&ygeeﬁEEcaedordnnglhdepbﬁdenventraﬁsorlptlﬁhecursor
t hereof or the vir%i anti.genone recyrsoy_thereof.. The t

"precursor” mEARSSIYSthi &8 e%%nte%Ps hat Y he" TR bt RELR d88§sﬁ8t yet
contain a segmeﬁeeabmmrmpdmmannaetehelognugugane pcoddoy, bidr othg a

el oni ng. it 40hE oBIBELAN fUnes YR ASCHP e radlion el ODLRGa G B3 £AT DO 2

restriction S|ngu ar or- non-sing ular re riction site
in the DNA 25transcr1pt10n orstantl t iSsiaegiceni ngnéi tea ctneasaragtiever al

consecut ve 1 8thiiGhirddrsi { SbquliRle” ablya S ngHLacrapest fi erhAIskigy The

DNA nol ecul e codlgg V|rus genonme and/ or the conpl enentary sequence
is preferabl ¢y18f ﬁeratlonal | i nkage with suitable 30
expression control sequences. The DNA nolecule is preferably a vector, for

exanpl e a . . .
P A further object of the present invention is a single-

15stranded or double-stranded DNA molecule, e.g. a cDNA
molecule, which codes for a recombinant negative-strand
RNA virus genome according to the invention or a
precursor thereof or the virus-antigenome or a
precursor thereof. The term "precursor" means in this
20context that the DNA molecule does not yet contain a
sequence coding for a heterologous gene product, but
only a cloning site for insertion of such a sequence.
The cloning site can be a restriction site, for example
a singular or non-singular restriction site in the DNA
250r a multiple cloning site, containing several
consecutive restriction sites, preferably singular
restriction sites. The DNA molecule coding for the
virus genome and/or the complementary sequence is
preferably in operational linkage with suitable

30expression control sequences.

The DNA molecule is preferably a vector, for example a
plasmid vector, which is suitable for propagation in. a
suitable host cell, i.e. in a vector or plasmid
amplification cell, preferably in a prokaryotic cell,
35but also in a eukaryotic «cell, especially in a
mammalian cell, and has the necessary genetic elements

for this, such as replication origin, integration



plasm d vector, which is suitable for propagation in.a suitable host cell,
l.e. in a vector or plasmd anplification cell, preferably in a prokaryotic
cell, 35 but also in a eukaryotic cell, especially in a nanmalian cell,
and has the necessary genetic elenents for this, such as replication
origin, integration - 11 sequences andAdr -sel ect abl e marker sequences. The
DNA nol ecul e segieai-as bhe /S04 tGRAIN GhaHe !t R qUERYWI nant virus or the
conpl ement ary sequence, preferably under the conttol of a transcription
signal, 5 so that during transcription with a DNA-dependent RNA pol ynerase
in a host celthesuwNmbheléouléheontiding ti odeguiefBeofcddithy/i £88, thee. in a
virus production .cell, the,viral nega%'ve-stra d can be forned. The
transcripti ofe§PGRANAE seYBEYRd ©F peFhft SIIRISHEVRLY r afEGHPEon of the
DNA i n the hpsefeehblyseshder edch camissol 16£i 8 akanspospthbe tsdgnad ,a
het er ol ogoug_ trgnscri:pti.on si_gna t he I cul C

bacteriophaggopﬂg%% e??E%58H%§?Q4ﬁgéﬁ;%ﬂnEﬁﬁ&%r%ﬂn_é%,gé%%%g?%%n%?%% Vi rus
producti on cpolymesassl séncomt diasta t&ldor sespahdengfdet éthd ogodgial

DNVA- dependenty BictlQhY MBE A%the Cyrnd] Of . PO AV PAYMIH aGodlitidlen ef fect s
the transcription. In addition to the  transcription signal, the DNA

mol ecul e furclkdd, ddwr aviwal pregatavpyshrandeRYA «an dret herveduedbe 20
coding for the naeedbicnan ¥igHal adrariettRld Ofo RIMNAL @FraRd it | bozyme
sequence, %I ch permits cleavage of the transcript at. the end of the viral
sequence. TRETESEE iptd@ictfontiirl PNRs 1B, &her DoSF £eklikaF§dt 18 €&k and
especi al |y acamamal ilan ¢l | .aldo lpeslibtion 6 tiiseDNA caditegolegoule
replication- deficient.paranxxovir , tgﬁ Vi rus pr ductiog cell according
to the i nventF8RSE IS EER af nA qu':séﬂ'r GuaReste eC§ére pfvucts pernit
assenbly of blaeterdophisigeanronates RMNAIGET s dilng T dhe SPBV @iromoit eirn

and then the virus production cell must also contain a

15corresponding heterologous DNA-dependent RNA
polymerase, e.g. T7 or SP6 RNA polymerase, which
effects the transcription. In addition to the
transcription signal, the DNA molecule further

contains, preferably at the 3' end of the sequence
20coding for the recombinant virus, a transcription
terminator and a ribozyme sequence, which permits
cleavage of the transcript at the end of the viral
sequence. The virus production cell is preferably a

eukaryotic cell and especially a mammalian cell.

25In addition to the DNA coding for the replication-
deficient paramyxovirus, the wvirus production cell
according to the invention also contains helper
sequences, whose gene products permit assembly of the
recombinant wvirus RNA according to the invention in
30trans. For this, the cell can for example additionally
contain one or more vectors which produce the N
protein, the P protein and/or the L protein in trans.
This makes assembly of nucleocapsids of the recombinant
virus according +to the invention possible in the

35production cell.

Multiplication of the recombinant wvirus initially



30

trans. For this, the cell can for exanple additionally contain one or nore
vectors which produce the N protein, the P protein and/or the L protein in
trans. This makes assenbly of nucl eocapsids of the reconbi nant virus
according to the invention possible in-the -35 production cell.

Ml tiplication_of bereco | nant _virus nltJa % Iedlnthe
virus product P3¢ FY &I?ersﬁ‘ﬁl aceth Bre ‘i}’r %/‘?Jrjpl %]é?“r”oﬂ REFI 1MRich i s
infected withvtiras multsipcioodtdioy telﬂ.he whnivent i sn. inlfiecacdi twitht hidevi r us
mul i plicati og;egll Jcontalng el gl £ 3510 S ABRLEO0CIRBDOY Gy f OF
the t fhe not

producti on of protein, pro el n and/ or protern i rans.
Preferably a muﬂltdlslmlaltllptm catébh celdntiasingsedhehpehi crsaduances @isabl e

XPr ess! On ObnERE; BRERCELATAUCIRES piodheion GPAOME knpeatath oncpIhe virus

mul tiplication ce refera Iy a manmal i an cel An especi a
pref erred wPFPﬁPF@at@%/%EI |thes EelRropain gdp véﬂafl-f"ompaf al@éfl a of a

human enbryoni,g ri@nahuftbppbéasioseldell Nes Wied GO Iwﬂeehvadqélr@mﬂshat
Cell H29 was depo ited on 11.05. 2204\_73%DSM ACC 2702) in accordance with the

15 provi si onsS&fPlRe B§H£S§§P°‘Fr €@ ¢ h MPeut NSy En§ f uPY

M kr oor gani Sn’g@naﬁ(iczeirh&@ﬁalﬂiﬁdih Gnt!‘He \Biﬁmsmh\wlg,llwa&qbﬁr aﬂeexl Weg. Vero
cells, of a enal line fromithe AfFLFLC }r\reen non els
[ i

Gor ved 1 ol PBERRRISEMM 5 "oy FRRAOE LG PRESEE Rinkey,
whi ch have bemnl$u§ﬂllly:a1t|1amsfeellad ismM tbl&orHBpord@lmgreidel peomseaeguenaces,

e, 0. SOV N andeRy 9%es, ALGLA! ShpsyLhall Gonllie £1WERM AL [T 1 gugcLur ! her

relates to a ce pre y a eu yotic C especi a preFérabI y
25 a naowala a:eldeldlerm@hfcgmt ahng (|C)elé, Dl% nvma@cdeBOSMedhoaodes

Ig; Lgﬁp?gggﬁé?f)st BeoueCopEMIanici rifo2 RCCoh di fgcbPabhel NYeREI ORRKRN/ OF
15prov151ons of the Budapest Treaty with the Deutsche
Sammlung fir Mikroorganismen und Zellkulturen GmbH,
Braunschweig, Mascheroder Weg. Vero cells, of a renal
cell 1line from the African dgreen monkey, or cells
derived from LLCMK2 cells, of a renal cell line from
20the rhesus monkey, which have been stably transfected
with corresponding helper sequences, e.g. SeVv N and P

genes, are also suitable.

The invention therefore further relates to a cell,
preferably a eukaryotic cell and especially preferably
25a mammalian cell, which contains (i) a DNA molecule,
which codes for the genome of the recombinant wvirus
according to the invention and/or the complementary
sequence thereof or a precursor thereof, and/or (ii) an
RNA genome of the virus according to the invention. The
30cell can be a vector multiplication cell, a virus
production cell or a virus multiplication cell, as

explained previously.

If the cell is a vector multiplication cell, e.g. a
plasmid multiplication cell, any cell that is suitable
35for multiplication of the corresponding vector can be
used, e.g. also a prokaryotic cell such as a

transformed E. coli cell.



sequence thereof or a precursor thereof, and/or (ii) an RNA genone of the
virus according to the invention. The 30 cell can be a vector nultiplication

cell, a virus production cell or a virus nmultiplication cell, as explained
previously. If the cell is a vector nultiplication cell, e.g. a plasmd
mul tiplication cell, any ceII that I s-suidtable 35 for nmultiplication

of the corres&onghgg é/e;f’# ceI o Q@Hﬁss?d{)ﬁgdgcr?gﬁo &p;nqlliacr équl uéctebl | such

as a transforne IS a VIrus 1 on
mul tiplicatigelleel it iqontming nbehpbpersemipreres foor production off the

virus protei ng, N yPra8d/wfotdedidl t NaNSp  Hhey /YA i NSET kednisN aryd I $ia

production cell is preferably under 5 the control of a heterol ogous
transcripti oinSeftdd Hhp wHUEHtRERSUSTionheetd| Lsf preferabdit andem DNA

that codes Htde a:chetﬂipl&goaISh@E@réwgadgntrBhlé\c@be&Bha%qgna\thI Ghd
recogni zes the heterol ogaous transcr n nal and effects tra scrlptlon
of the DNA c@f Vr?d‘tf"’tﬂ”e%%y 16&1&0% rréb%t i ordeiRfd BNANA r (dat f the
cell is a virasienl fd;pl aca:tet@maealglqusl tDN&-depéredéed RNAD p@]g,ams(e viral
RNA nol ecul e, of a .nucl.eocapsi and_cont ai ns_.t he heI per

sequences in “gtlé%} yree?(%?%ﬁ?%l Fo#’rﬁt%lﬁ%o gjé?ttlsf:ﬁ% tLl Bn S
relates to aaret hecﬂfebtsprbmhrtﬁq:nrpt)iom lodc ohbe naNA negdtinge- Sor art(heRNA

Vi rus accof, i | S J teps: (a) preparation of
a virus proﬁe{&on caﬁec %ﬂe‘p%]\%n trarﬁstﬁel\](’:]ﬂ?e‘;dl%%h a DNA nol ecul e t hat
codes for the 20 genone of a negative-strand RNA virus, containing a
mutation in ale | st 881014 he ogaenN. mhlemglfcatfebﬁh céfads {0 lgss of

t he capaC|ty for genone replication wthout Toss_of the capaC|ty for
transcri ptiofinf@ftedptidha | gerenieasiraheR¥dgNeACEVLBdi fg I 0ila e

het er ol ogous maRe PePAUgt , nakd eolhpuldt,i vaiddn &ntdens the helper

sequences in stably expressible form.

16The present invention further relates to a method of
production of a recombinant negative-strand RNA virus
according to the invention comprising the steps: (a)
preparation of a virus production cell, which is
transfected with a DNA molecule that codes for the
20genome of a negative-strand RNA virus, containing a
mutation in at least one of the genes N, L and P, which
leads to loss of the capacity for genome replication
without loss of the capacity for +transcription, and
optionally at least one sequence coding for a
25heterologous gene product, and (b) cultivation of the
host cell in conditions such that transcription of the
DNA molecule according to (a) takes place and the
recombinant negative-strand RNA virus is formed
initially. The host <cell 1is preferably capable of
30producing the N protein, the P protein and/or the L
protein 1in trans, e.g. by transfection with the
corresponding helper plasmids which contain sequences

coding for the proteins N, P and/or L.

For the production of 1large quantities of the
35nucleocapsids or of the virus particles, preferably a

cell is used which stably expresses, constitutively or



host cell in conditions such that transcription of the DNA nolecule
according to (a) takes place and the reconbinant negative-strand RNA virus
is formed initially. The host cell is preferably capable of 30 producing
the N protein, the P protein and/or the L protein in trans, e.g. by
transfection with the correspondi ng hellder- pl asm ds whi ch contain sequences

coding for the eI NS P nd-. yForg, t eduycti gp.p e
quantities of fﬁ%g'Sgn ghﬁu eoé§6§+d§’or_o?ﬁgﬁé virhsBpgr%Féﬁgg,at
preferably ale@st psogsdn hi & stalisgabdiiessesan¢ oRdA tviirvety e - 14

induci bly, theRftiRims Mhds andH 1o P, fyeiwdabl yeqit 4 easdetigy ei P of a
negative-strand RNA virus. The_ invention thus also relates to a method of
mul ti plicati SH-GARLIGHGAR ngft fegfS PRI RSS2 S KA TSIt orftlithg t o

the inventi GuiiHdiSrYindetsSt €RS: ihaenpiopgr aomdt iefing Whelsteps:

[ tiplicati 1, which isdnfected with th f tive-st d
RNA  Virus, ot aPRERETACRARAD o | N IAES] dUALEIRLICICIR Clhes HELGh and P,
whi ch | eads tics I d)afeotedhevjm_etpaphEy g dney géncmenegptiivet—isbnamﬁt IRNE | oss
of the capacijy JOr LL8asgELRtIoN u%?(Ei(aRt'J?rg?laltgu?%a£€a%tneon £S{quence

codi ng for a heter’ol 0gous gené produc and I'vation of the host
cell in condigarms Nuch wmgt Pmuwvhiphi deadsn tof 1des vofushealgapatidee. 15

The presentygayenid iind WePEl i€l e9itRodt PBALMRGEYH cda i#d.0n,

whi ch contains a "~ reconbi nant repﬁcat | on-gegl cient and transcription-
conpet ent neddRIANACEHRERN RNANE r 09L1i88addyt edt pledfbusIBe dequence

nucl eocapsi d @uiafd | VEosUbat ames e oo u@Pt | gavad | Ypasapher mageudt i cgdy y usual
vehi cl es and/ or_ exci pi ent% %{m har maceuti ¢cal conposjition is_suitable for
et

appl i cati ons GH R hd© & nAPFtnEfi i nd? 19ONEHHE IS uSBEN FRREF ti cul ar
as vacci ne omiliplniddtien off heHapyirid tikés cplacef or application in

hi gh-ri sk
15The present invention further relates to a
pharmaceutical composition, which contains a
recombinant replication-deficient and +transcription-
competent negative-strand RNA virus, as stated
previously, or its nucleocapsid as active substance and
20optionally as pharmaceutically wusual vehicles and/or
excipients. The pharmaceutical composition is suitable
for applications in human and veterinary medicine. It
can be used in particular as vaccine or for antitumor
therapy, in particular for application in high-risk
25patients, such as children, the elderly and/or persons
with a damaged or weak immune system. The
pharmaceutical composition can contain the negative-

strand RNA virus in its native viral envelope.

Application as vaccine is especially preferred, e.g. as
30vaccine against pathogens such as viruses, bacteria or
protozoa. When the recombinant virus contains a
transgene or several transgenes of the same origin,
e.g. from a single pathogen, it is a monovalent
vaccine. When the recombinant virus contains transgenes
350f various origins, it can be used as a polyvalent
vaccine, e.g. as bivalent or trivalent vaccine. For

example, it is possible to produce a polyvalent vaccine



25 patients, such as children, the elderly and/or persons wth a danmaged or
weak i nmune system The pharnmaceutical conposition can contain the
negative- strand RNA virus in its native viral envel ope. Application as
vaccine is especially preferred, e.g. as 30 vacci ne agai nst pat hogens
such as virgyges, bacteria or protozoa. YWen the reconbi nant virus contains
a transgene or several transgenes of the sane origin, e.g. froma single
pat hogen, it 2gaénFbnoBaYaHal vabathegenhen tHEFESRDNDI Ralt- vi ER1RSHt ai ns

transgenes 35s8¥e¥ali BHEhBGEAH BS nelghh tG¥@ -3 rusRd RN 3/iRAl06R] esich vasci ne,
e.g. as bivalent or trlvalﬁnt vaccine. For, _exanple, it is possible to
produce a pol YYBRRnPaTaLREHECRBA. ViEUS,8RAnREYseveral pat hogeni ¢ vi ruses,

e.g. against several pathogenic negative-strand RNA viruses, such as human

par ai nfl uenza_virus and RSV. vaccine according to the invention is_.capable
of 5 triggerfng’&HtHor aﬁcqm r&?poﬁg%, PHe Vacfﬂyltshecapah ti%h of
neutral i zi ngbanigedirg, antiumoralT- tehlnei Mmasporsespopsefekcapagi athy
preferably, a:hunoral i ne opse _and.a.T-cel | i ne_resppnse. are
briggered, 10ETHAS pASPmSdout T B5T SEORBRS Fon bOae e | RRCHE™ 1 8 nf of o
solution, a simpensi omesponsephi |Espetciatly n angferhbly, suia abhemdéoan I n

addition to t Y, nc th )] iti I ge for
adj usti ng theﬁpﬁﬁﬁﬁ\&/al SSEBE?}%?erg?daggm ?%ﬂﬁadj%@% flg@nél%@@g vv%{:?l ng 15
agents and theriggerednd adjuvants. It can be adm nistered by the usual
routes, e.g. oral, topical, nasal, pulnonary etc., in the formof aerosols,
i quids, powders etc. The therapeutically effective dose of the virus is

admi ni st er ed0Thet phagmecenticadd ComRas S igss ccafepeddin ot hehdqga t9E ur ar
application (8oButi¥h! ObhenAPeryiotaCtd NeYyopRI1iNELEYBe Qh diBEasenet he
patient's weight and state of health, the nmanner of,.
sSuitable form. In addition to the active substance, the
composition can contain agents for adjusting the pH
value, buffers, agents for adjusting tonicity, wetting
15agents and the 1like, and adjuvants. It «can be
administered by the usual routes, e.g. oral, topical,
nasal, pulmonary etc., in the form of aerosols,
liquids, powders etc. The therapeutically effective
dose of the virus is administered to the patient, and
20this dose depends on the particular application (e.g.
virotherapy or vaccine), on the type of disease, the
patient's weight and state of health, the manner of
administration and the formulation etc. Usually 10°® to
107 virus particles, especially preferably about 10* to
2510° virus particles are administered per application.
Optionally, several different virus particles can be
administered together, e.g. in the case of combination
vaccinations. Administration can be single or multiple,

as required.

30Preferred fields of application are for example the

prevention or treatment of respiratory viral diseases.

The invention will be further explained with the

following drawings and examples.

Examples



administration and the fornmulation etc. Usually 10' to 10' virus particles,
especially preferably about 10' to 25106 virus particles are adm ni stered
per application. Optionally, several different virus particles can be

adm ni stered together, e.g. in the case of conbination vaccinations.

Adm ni stration can be single or nmultipleg -as required. 30 Preferred fields
of application are for exanple the prevention or treatnment of respiratory
viral diseasds. ©88ert@lention will be further explained with the follow ng
drawi ngs and exanples. Exanples 16 - 1. General Fig. | shows the norphol ogy

of a Sendai vyi,rus (Se accordin o Fields_ (VirQlogy. Lippincott, WIIians
ohd- W1 ki nsFi80013 - SHbRsoqthe offOLAIRIASTH) OF e JERUNE EEHDr (S6Y) a

si ngl e- st r anadedoRNAngwWtcc IF thedlsid heviratagins LippPnaott | whllhemsommdof a
nucl eocapsi d

.The _ _nu psi g.is Lrounded_by.a.nenbra envel ope, in
whi ch the prng?%gsHN%éﬁgﬁﬁ’(eggh c%n%ﬁg Png 8P&6%égﬁ?' a#%eF,ggﬂﬁuﬁit) are
i ncor por at edcoRpotisies M isingleassnratest] RHA h wihich nsadetbe phretedms ane,
and is also bou t he n e Si npopent s 2 ot The
si ngl e-strana]éd %gé”}q}df/eﬁ'y (L)!Lﬁ ent ed Rﬁ%ﬁgengﬁe %f %ﬁ%gacfggg?%e gr?dai
virus conpri seslesgepsidc| bot suesoundhd dunhes olembireng semveiopal @moteins
are | ocat ed 1fLheraan bl orier ofla- I PlasM FebhbsBingbg: e rBet veen

the genes there are transitions of 50-80 nuc . _eath containi’ng a
hi ghl'y consePidd rBgi otMbwaibp ne&EkeotitRATPeTRLQRr N RACtEANS| ghal i6f the

precedi Ny g@aR&soR dtRidERENH GHEGURIGR A the mémbtard, shagak sf ansbhe next
gene. A unit conprising start signal, open reading frame (ORF), optionally
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cassette. Before the N gene there is a
The single~stranded negatively oriented RNA genome of
the wild—type Sendai virus comprises 15384 nucleotides.
The genes of the 6 structural proteins are 1located
15thereon in the order 3'-N-P/C-M-F-HN-L-5' (Fig. 2).
Between the genes there are transitions of 50-80
nucleotides, each containing a highly conserved region
of 22 nucleotides: the termination signal of the
preceding gene, an intergenic sequence and the start
20signal for the next gene. A unit comprising start
signal, open reading frame (ORF) , optionally
untranSlated regions and termination signal is called a
transcription cassette. Before the N gene there is a
leader sequence (1ld) 55 nucleotides 1long, which is
25transcribed, but not translated. The L gene is followed
by a trailer sequence (tr) 54 nucleotides long. The 1ld
and tr regions function as genomic and antigenomic
promoters for the replication of genome or antigenome.
With the exception of P/C-RNA, the mRNA molecules

30formed by transcription are monocistronic.

The multiplication cycle of the Sendai virus comprises
entry into the host cell, transcription and translation
plus replication and virus maturation followed by
release of newly produced viruses. In particular the
35proteins N, P and L are involved in the transcription

process, with L representing the wviral RNA-dependent



| eader sequence (I1d) 55 nucleotides |long, which is 25

transcri-bed, but not translated. The L gene is followed by a trailer
sequence (tr) 54 nucleotides long. The Id and tr regions function as
genom ¢ and antigenomc pronoters for the replication of genone or
antigenone. Wth the exception of P/C-RNA -the nRNA nol ecules 30

formed by tra ript4 S ni nul LLpkieatign I f the
Sendai virus gg%p#ﬁ%%@“a§% ?SQ?% 0 %%g ﬁ%?fﬁggﬁgy %?g%g%??% Fo%%gnghg '
transl ati on geuemeepbifcattihen &ehdair usvimitsr ai$ onifol hegedivg-sktechadse of
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involved in the transcription process, wth L representing the vira
RNA- dependent PTOteingNAISECFheradd iftt FhaTe cht aPyiPRT¥cE FONEFESPTASNL he
genone of thgtSeRBNAsViBESRNA ipdl S¢e- S adl 18 ihiHtoMntdetMeral RNA

cannot be converted to . proteins directly._ First there is primry
transcriptioncegatﬁsﬁﬁﬂAgtS NNthGLﬁnﬁngchﬂﬁﬁéﬂ'is brought into the cel
associated with the nucl eocapsid. Fig. 3 is a schematic representation of
the transcription de of the Sendai vi.rus. The pol r.ase canpl

conpri si ng anPEgprot i n Hhd éihoﬁﬁgﬁ?W¥ﬁﬁﬁ’ oFe?6e§eB¥8téPWb, ﬁ?graggé al ong
t he RNA packedrahtsbriptpoat eode tefvatbet Bendaiend rukhe Tesmepolymataseati on
on the genonigc _negative-sir.and RNA is 1 ff d _transcribed int
positive-straﬁ%mﬁz ] é%&gﬁiﬂ#%rjgﬁ ﬁhggégﬁgﬁeéaénﬁi%@%of%%r%?%ﬁu8?ion of
15 new vi rudOgenpretennsh nmggratvespobdpngy. ther RNAs, patkedt wmnthgeNones
are formed, ' . hen trpxas Lt I | nones.
As transcri \é\?%gﬂe%ggi ﬁz_)%';at\f%t ﬂ%le?)_'ngiensﬁgf :Iﬁee enoéq%%dﬁl?gr@é\}%c [ %ﬁ from
transcri pti onthe r @emomdl omegrfel Ve Soranui REY. Tisi s =844 chek§ i an

determ ned by¢thgsar@dBl 2htof pBeiNiREQRIANANMRRA .cel | . Replication cannot
take place until sufficient N protein has been fornmed after
Replication of the genome comprises the production of
15new virus genomes with negative polarity. For this,
first antigenomes are formed, which then serve as
matrixes for +the formation of the genomes. As
transcripfion begins at the 3' end of the genome (1d),
switching from transcription to replication mode is
20required. This switching is determined by the amount of
free N protein in the cell. Replication cannot take
place until sufficient N protein has been formed after
translation of mRNA molecules. Once an antigenome,
which 1is complexed with N proteins over its entire
251ength, is present, this can serve as a matrix for the
production of further genomes. These are also packed
directly with N proteins. Once again the proteins N, P
~and L are responsible for the process of replication
(Fig. 4).

30During virus replication, owing to the increasing
number of mRNA molecules there 1is also increasing
synthesis of viral proteins. Then complexes of viral
RNA and viral proteins (nucleocapsids) are transported
in the form of secretory vesicles to the cytoplasmic
35membrane, where enveloping with viral surface proteins

and budding of virus particles occur.



transl ati on of nRNA nol ecul es. Once an antigenone, which is conplexed with
N proteins over its entire 25 length, is present, this can serve as a matrix
for the production of further genomes. These are also packed directly with
N proteins. Once again the proteins NN, P and L are responsible for the

process of replication (Fig. 4). 30 Dufiﬁng virus replication, owng to the

increasing fQyriRgh Ahd RGO 8EUkBE tﬂ]:%’sperits Bh$On+ 1\6H €asbBgmbsKAhResi s of
viral proteins. Then conplexes of viral RNA and viral prot e ns
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cytopl asn ¢ 3%aABRAPRE onWELE® @@p@h@atagnw dte vaéabugméﬁacel s ot ghas  and
buddi ng of virus particles occur. Wthin the %u%pe of _the resent

i nventi on, ré’&ﬁHﬁFﬁan‘T‘rev|tr]if‘snsrﬁﬁjeﬁ11i]s°rércé°r?ﬁeetp%ﬂted WhEBA1ERE f’ﬂ‘ﬁct i ons
of transcrbgeifariend .r edhec atmi®s iate dperoohd edreplfcath@n vifurnges oar e

transcriptio kent,, put replicalion- deficient, m ssi enone
replication F‘uﬁ%’[’l on® rrus rcp(%lﬁetlpor dbdict i on for VP?E 15algtsl cﬁggggcﬁld/ or
t heir nucl eod:hpsrrdsnubéeooapsmdat edbéy dmmipmrsatedd s bw\/nhelip@mpbe&ést t he

el per cel | SRIERy Snpt iy B mlbihal ' Bhihd edd lty  BeRIEERESL. (.
J. Virol. 681€§@9@)f0t84113—1®41tl)31‘15\/\7tPhID‘FQfﬂ?ISR,(bﬂ@elﬂelt h@elbr@’éeﬁhls

appl i cati 0qgt RS Cseldhé'@@nﬂ/aﬁlﬂepﬁébt €@ 14Nl r i1 %f‘d]Cﬁe@%/kéCC%?OZ on
11.05. 2004 in accordance wth ~the provisions of the Budapest Treaty. For

the 15 produ¥ired-of6d ebl?%ﬁiroﬁ‘lééﬁséllaﬁt Within aRBer issiapen-oEoivpét ent

viruses, thepgesentOGiphd if@it itdhe Riaroteim msen@asreapagﬂteemhate@ y, but
only a domai n %ssent ial__for (g%none replicati_an. nown from

eariier wor RETEESPFEN DY it Gog{P2297( iéQ@)s 284 fifb é%ﬁ??%@“%‘? vath |
Virol. 69 (198%), ;&@vf&ﬁané habfl n e | NByYdapest sy Tremtyan dedet i rpet he

am no acid%s%rgéugilgrot% repllcatlon -deficient, but transcription-
competent viruses, the gene coding for the P protein

was not removed completely, but only a domain essential

for genome replication. Thus, it was known from earlier

works (Curran, Virology 221 (1996), 130-140; Curran et

20al., J. virol. 69 (1995), 849-855) that in an in vitro

system, on deleting the amino acids 2-77 of protein P,

genome replication is inhibited, whereas viral

transcription remains active.

Fig. 5 is a schematic representation of the P protein
25with its N-terminal and C-terminal domains (PNT, PCT),
the tetramerization domain (amino acids 320-446), the
P:L. domain (amino acids 411-445) and the P:RNP binding
domain (amino acids 479-568). For switching off the
viral genome replication function while simultaneously
30retaining the capacity for wviral mRNA synthesis, a
deletion of the first 77 amino acids of the protein P
was selected. Firstly a corresponding Sendai wvirus
mutant (SevV-PA2~77) was produced, in which the
5'-terminal region of the P-ORF was deleted. Only N-
35terminal-shortened P proteins can be encoded by these
viruses. Infection studies showed that the virus mutant
is not capable of multiplying in cell culture. By means
of helper cell 1line H29 (DSM ACC2702), which among



genone replication is inhibited, whereas viral transcription remains
active. Fig. 5is a schematic representation of the P protein 25with its
N-term nal and C-term nal domains (PNT, PCT), the tetramerization domain
(am no acids 320-446), the P:L domain (am no acids 411-445) and the P: RNP
bi nding domain (am no acids 479-568).  Fb? switching off the viral genone
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mul tiplying in cell. culture. By nmeans of helper cell |line H29 (DSM
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protei ns conti nues over several days in Infected cells and is only
reduced by 10preteingf c&m&wemovea &f9VArab dR¥swi i1- tfige infestedo that

a sufficient cémn%nrdeswn%m@anré@ueé@l bybeae&mfo&d &n léﬁiﬁl@bxt hejgmut ant
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encodi ng transahupéi eespanset teamaselhablyethd netpected on using the

mutant as wvaccine.

152. Production of basic constructs for replication-

deficient Sendai virus vectors (SeVV)
2.1 Production of a cDNA construct pSev-X

An encoding transcription cassette was inserted in the
3' region of SeV, Fushimi strain (ATCC VR105). In all
20manipulations of the genome it is essential to ensure
that the total number of nucleotides of the recombinant

SeV genome is divisible by six ("rule of six").

Starting from the CcDNA pSeV used as matrix, two PCR
fragments PCR X I and PCR X II were prepared for the .
25production of pSev-X (Fig. 6).

PCR X I (370 bp) comprises the sequence of the T7
promoter (T7-prom.), the leader (1d) sequence, the N-
gene start with 5'-NTR up to before the start codon of
the N-ORF (open reading frame). Via the reverse primer
30X I (+) (Table 3), a singular NotI restriction site and
24 nucleotides of the N-gene stop sequence were
attached. The 24 nucleotides of the N-gene stop
sequence of PCR X I, inserted by the mutagenic primer X



3" region of SeV, Fushim strain (ATCC VR105). In all 20 mani pul ati ons of
the genone it is essential to ensure that the total nunber of nucl eotides of
t he reconbinant SeV genone is divisible by six ("rule of six"). Starting
fromthe cDNA pSeV used as matrix, two PCR fragnents PCR X 1 and PCR X I
were prepapgd for the 25 production of pgeVv-X (Fig. 6). PCR X | (370 bp)
conprises the sequence of the T7. pronoter (T7-prom), the |eader (ld)
sequence, thé I\l(ggeneseslt"e?rt i t hhe' - KPS MFURE Wi iO™ h&tePar 8ScoblBR of the

N-ORF (open gegdbAdoleamappinyi ackhg feverse priner 30x | (+) (Table 3), a
singular Notl restriction site and 24 nucleotides of the N-gene stop

sequence were attached. The 24 nucl eoti des of the N-gene stop sequence of
PCR X |, insecRed lm tmm;a)geabmppiée:ertXeZ&equ%&cel dft)thé&éenvgehs t he
subsequent fu

th I 970
bp) conpri segé?ﬁg ?8 ugﬁgef&% hggﬁfsl e &{r}%*_PCRHE f'?}?’%thﬁ‘i“?ﬂémg t he
N- ORF. Ya Bpmmerwxrgl ,5 thei rsietqu)érﬂcle otﬂ]g!:rsaeciijamm arhe 13&? Ng&h&N-and t he

ene- stop s n i r &g

gttached pThggggv%%s er&‘:e a‘§f\),\(§]ll fj %’P%ésrglsﬁ gﬁﬁeqﬂ rs rP]hlcg dg%ﬁﬁ?ﬁe N ORF
just behind (hB)swagal afttasﬂmld silihe ineverseSoOr imannelI The abqgﬂld%othCR X |
was 10 conpl eaENtaAnLt ithihe 3¢ rtﬁ%' q\fLOliPO&__eh§t5beh§QHOQ:}fg sf’ﬁBl

Through this overlapping region, the two fragnents X | and X couI d
be fused. AffBRIcEHpeetitonthef SPERgem@er usitsh wb%iyé@n(ﬁ@oxbplj UBEI d be

i nserted, 1b&oﬁlg§éﬁléﬁ§:b99 cligavese Wit hrddito®nNzygescdlut  and g3 , o#5
in the vector eV, al sg freat ed}évmth Ml!‘rj and Sphl . From t he cl ones

obt ai ned, pl & Qugt at RS b§vep Q(Eﬂf'ﬁgplréﬁéro&t’l ditre aiP vBFRfi ed by
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t Lﬁgsﬁ;hgt :'i\clm ggﬁet 1;t%e ugl%%r% rlllséttr u(C13 1%Sebv )X d81a Zbe inserted,

by restriction cleavage with the enzymes MIulI and SphI,
15in the vector pSev, also treated with MIuI and SphI.
From the clones obtained, plasmid-DNA was isolated by
plasmid preparation, and verified by restriction
analysis and sequencing for correct insertion of the
transcription cassette. The cDNA construct pSeV-X was

20thus made available.

So that the production of recombinant viruses can be
monitored easily, the gene for +the enhanced green
fluorescent protein (eGFP) was now inserted in the
empty cassette of pSeV-X. The eGFP-ORF was amplified by
25PCR from the @expression plasmid pEGFP-N1 (from
Clontech), maintaining the “rule of six"” and achieving
attachment of two flanking NotI sites by means of
mutagenic primers. The resultant 771-bp PCR fragment
was cleaved with the restriction enzyme NotI and a 738~
30bp fragment was isolated by gel elution, and was
inserted via the NotI site of pSeV-X in its "empty"
transcription cassette pSeV-X. After transformation of
E. coli, plasmid preparation and subsequent sequencing
of the eGFP reading frame inserted via PCR, the cDNA
35construct pSeV-eGFP was made available.

2.2 Production of the cDNA construct pSevV-X-X



So that the production of reconbinant viruses can be nonitored easily, the
gene for the enhanced green fluorescent protein (eG-P) was now inserted in
the enpty cassette of pSeV-X The eG-P-ORF was anplified by 25 PCR fromthe
expression plasmd pEGFP-N1 (from Cdontech) , maintaining the "rule of six"
and achieving attachnent of two flankingiNoti sites by means of mutagenic

priners. The wesHl t anthe/71- bpnBERuEagMERSevRSK ¢l cavesh Wi t Baheibasalri ction
enzyme Notl and a 73

8 30 bp fragnent., was i solated by gel
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preparation an upsequent sequenci of . the eGP _reading fra | pserted
via PCR the B 93% C%ﬁst?%% 6§% -éﬁFﬁkﬁhst depﬁygi %%P@: g%Z gﬁSduction

of the cDNA boapliuetipBeleXiXien?l veltdrs hehoodst rmake pSaV- YoXsible

additional tgan ol o e e avai | able, | ich two
t ransgenes ca%gbzgﬁﬁg%rg%?asggib hzm%§£ %thggégggix égw%hsgg%gé?gp%?or t he
production of prhpersiegpl i cation-deficient vectors should nake it possible
to equip the vector with nmultivalent, e.g. trivalent, properties. pSeV-X-X
was produced via a PCR reaction, in which pSeV-X served as tenplate (Fig.
7). The pri mePS®¥-X1¥ was pyqsugad NyBridi AR wileRGSOn X iR t WBifBgi on of
the Notl sitepga¢-khesSrvdR L thapiaeend Fignscyy ptige easmRbt exkbat is
to be integrated. A singular. SgrAl . restrictjion site was introduced by neans
of the XX- f1§ifﬂél"arﬂri rb‘iﬁ n"iE NBPEVst e”hn&gﬁher%gl‘?\ﬁR.oﬁtt!ES serves
as singul ar rmstri ditan antle iy BheNTRt &f tReerddayhdf tthasEOREpefioa
transgene. Cene st
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inserted by thesprimeioX §ije whaischintroduced by means of the XX-
forward primer between the NotI site and the 3'-NTR. It
15serves as singular restriction site for the later
insertion of +the ORF of a +transgene. Gene stop,
intergenic region (IR), gene start and 5'~NTR follow in
the PCR product XX. The singular restriction sites Fsel
and Nru I were inserted by the primer XX (+), which
20hybridizes with the 5'-NTR. The FseI site serves for
incorporation of the ORF of a second transgene. The
singular Nru I site was cloned-in prospectively, so as
to be able to integrate a third transcription cassette
if necessary. Primer XX (+) hybridizes in the 3' region
25with the sequence of the NotI site of pSev-X. The PCR
product XX (220 bp) was treated with the restriction
enzyme NotI and a fragment of 144 bp was isolated by
gel extraction. This fragment, designed maintaining the
"rule of six", could then be incorporated in the
30plasmid pSeV-X, which was also treated with NotI. After
checking for correct orientation of the NotI PCR
fragment XX and verification of the sequence, the
plasmid pSeV-X-X was ready. Any desired transgenes can

be integrated in the singular sites SgrAI and Fsel.

35For the investigations in this work, the two
transcription cassettes (X) of pSeV-X~-X were provided

with reading frames of +two different fluorescent



20 hybridizes with the 5 -NTR The Fsel site serves for incorporation of
the ORF of a second transgene. The singular Nru | site was cloned-in
prospectively, so as to be able to integrate a third transcription cassette
if necessary. Primer XX (+) hybridizes in the 3" region 25 with the sequence
of the Noti site of pSeV-X. The PCR préduct XX (220 bp) was treated with

the restri Ctt;?ﬂte@ﬂéymi)r{\bﬁhea%ea haR@CRheOl rdddifp WRameSOfSE ednly gel
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and verification.of th uenc asm s read ny
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of pSeV- X- [ row de readi ng.,franes _of t ifferent fluorescent
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Lranscri pt HODSREASSet#ém OfkrRSedr donki d PSRV X) £rCR diefidian hand,  in

t he same way the t he fluorescent rotein_10 DsRed fromthe pI asmd
"pDsRed", frBﬁPEFGﬁfieéW) R ‘b?%%?ﬂé‘élgbg hecRrudlss @fvisige thewt th| 8hgf six",

vw'hth ]Ehe re@éé%gﬁ.b@&oﬁl t@teﬁ& 5$F|E'sédi'19 Phia vmmh ctqagvgﬂt.eagfé& egdted and

this fragment s t n cl oned | e secqnd transcription
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CDNA const ruhta EeRMorelFPrAsferipBiokr edisckeitae oinrehéi cat i oegtied i effent

Sendal VqugpSeV—eGFP—x. The result was the genomic SeV cDNA
construct pSeV-eGFP-DsRed.

3. Production of replication-deficient Sendai virus

vectors (SeVV)

cDNA' constructs pSeVV-eGFP-AN, -AP and -AL  were
20produced, which code for replication-deficient Sendai
viruses, in each of which the gene for the protein N, P
and L has been deleted. For this, in each case a
reading frame of the genes N, P or L had to be deleted
while observing the rule of six, and a non-coding
25transcription cassette was to be retained at the

corresponding position (Fig. 8A).

By incorporating a restriction site instead of the
deleted ORF, an additional functional transcription
cassette, into which a further transgene can be

30inserted if required, was to be made available, for
later applications, in each cDNA construct pSevv-
eGFP-AN, -AP and -AL.

As a further variant of a replication-deficient SeVV,
the deletion mutant pSeVV-eGFP-PA2-77 was produced,

35which codes for an N-terminal-shortened P protein



vectors (Seal) cDNA constructs pSeW-eGFP-AN, -AP and -AL were 20 produced,
whi ch code for replication-deficient Sendai viruses, in each of which the
gene for the protein N, P and L has been deleted. For this, in each case a
. reading frame of the genes N, P or L had to be deleted while observing the
rule of six, and a non-coding 25 transcrid®ion cassette was to be retained
at the correspa@jgJ Felo IR g i n orating a restriction
site instead olf ther{wdel etéedé%%:é: %nt‘gg%ﬂ t&gln%l Céfa%)Ectl onal transcription
cassette, into which a further transgene can be 30 inserted if required, was
to be nade avaliﬂe'ibkelorfﬂ{gs' apSEVRPREFRaAN ONS-aPN gagh cBNA eeist r uctl pSeVv-
eGFP- AN, - AP and - AL a further varjant of a replication-deficient SeW
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the sanme prin 51 % %m Jékan‘f)ﬁs tr’ﬁaéc cl offh 8?'p8 ey 1—14}
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t he cl oni ngs g_(%: be presented in a table. 3.1
Cl oni ng of the c ns rulﬁlt\és S%Q\R/A‘L?BQ@ AP and pSeW-eGFP-PA2-77 10 The
ORF of the P proteln was renoved fromthe cDNA construct of the

replication-coppet Qf!Lto:Yi:{d“SoESQ:‘ﬁeeCEBNA (RN QIES { PSePLe6FPP and
pSeW- eG-P- AP, codin g for the replication-deficient” vector. An Xho

restriction site ERFERTRAHT Df the P-ORF. 15 For the cloni ng of
pSeW- eG-P- AP, two PCR fragnments nanmed PCR AP | and PCR AP Il were produced

and then fu . pSeV-eGEP served as tenplate for both PCR
fﬁ%%e pORF gi: é%e P protel qP was remove from the cDNA

construct of the replication-competent virus pSeV-eGFP,
to produce the new cDNA pSeVV-eGFP-AP, coding for the
replication-deficient vector. An XhoI restriction site
was used instead of the P-ORF.

18For the cloning of pSeVVv-eGFP-AP, two PCR fragments
named PCR AP I and PCR AP II were produced and then
fused. pSeV-eGFP served as template for both PCR
reactions. In the case of fragment PCR AP I (1272 bp),
by means of the forward primer AP I (= N-578; Table 3)
20hybridization with the template in the region of the N
ORF was achieved before a singular SphI site. The
reverse primer AP I (+) hybridizes with the template in
the 5'-NTR region of the P-gene up to before the ATG

codon of P and inserts the restriction site XhoI there.

25The fragment PCR AP II comprises 1938 bp, and pSeV also
serves as template here. The forward primer AP II
hybridizes with a portion of the 5'-NTR P sequence and
attaches an XhoI site. The reverse primer of PCR AP II
(+) binds in the ORF of the F gene after a singular
30Eco47II1 site and additionally has an artificial Mlul

site.

The two PCR fragments AP I and AP II were combined via
the XhoI site. The fusion product - comprising a



reactions. In the case of fragnment PCR AP I (1272 bp), by neans of the
forward prinmer AP | (= N578; Table 3) 20 hybridization with the tenplate in
the region of the N ORF was achieved before a singular Sphl site. The
reverse primer AP | (+) hybridizes with the tenplate in the 5 -NIR region
of the P-gene up to before the ATG cedam of P and inserts the restriction

ite Xhol th .25 The f t .PCR AP || [ 1938 bp,..and pSeV al
zler\?es gs teﬁ%?&ﬁ@ﬁheﬁggu%ﬁ g?(r;?\ﬁar 3hﬁri her(é%gplr: %%%ybppﬁi—fggl\%%t hBé'epo?tisgn

of the 5'-NTRrBnseguiptdenanchss¢tehes tin Xheersetle XAhe resérsetponmer of

PCR AP |1 ( £)ei,Nd%,d Ny {heaORE ofy hhesF genenal kel s ngular ,30,Eeoa7! | |

site and additionally has an art site. The two ragments AP
| and AP || Weikd ddebinestrictiamhengigresi$rhl Tardf Yaudn priggetloned

conprising 8,24 skafldn?le-3RFUSAER Ofad Ay F¥oaFIer NEP2GRENEIWELN a
transcription casseite with inserted Xhol restriction site he Mplus a

the
quarter of tFéZE OfF 300mPR|¥aTeAUtwoll Ofe 3 c3EPFEOR®NWERRy FOITSSRI and
Mul, interckeggdnce agfdsemenqggueeld i ed. Afe SplderkGehilly fheaweat with a
size of 3006 bp was cut out of a subclone with correct sequence_and was
ligated in t NESTAENtRREYTSFEY eat®edCOTEEFBPRAERY- RFPV R 14k p6HeRRy
pSeW- eG-P- ARgehengc (genali ccONARl walNA)nowas meady cadfteaf t eeguegaence 10
verificati ﬁ‘a for.t h%.\%‘odu tion,of the .replication- . defigient ?ew eGFP- AP
(Fig. 9). AUBBRMIMERHRE mut@Genit® pPrRENSTHRY eRbl Jyd FEPIEERC ict i ng
t he del et i ondetitienenpSEBVYSEBFPO2AP7 AFighe 9)f.orward prinmer "Xhol Pa2-77"
contains an Xhol site, 15 followed by an ATG start codon plus codons for the
amno acids 78 to 86 of the P protein. The reverse prinmer "PA2-77 (+) Xhol"
cont ai ns t heAl aBER1OwEbBonswef MutRgeM i otRy imenrl aipsxhempdioved THeIr eadi ng

frame of the RsRraleliRgS Y et Por! @R p8LUG-86rPhBAN-77. The
forward primer "XhoI PA2-77" contains an XhoI site,
15followed by an ATG start codon plus codons for the
amino acids 78 to 86 of the P protein. The reverse
primer "PA2-77 (+) XhoI" contains the last 10 codons of
the P protein and an XhoI site. The reading frame of
the P protein shortened by 76 amino acids at the N-
20terminal was produced by PCR, starting from the
template pSeV, observing the rule of six. The XholI-
cleaved, 1488-bp fragment was inserted via two cloning
steps into the non-coding transcription cassette of
pSeVV-eGFP-AP at the position of the original P-ORF.
25After sequence verification, a genomic cDNA clone was
now also ready for production of +the replication-
deficient SeVV-eGFP-PA2-77.

Deletion of the codons 2 to 77 in the P ORF has the
result that, in the «case of the non-structural

30proteins, the V and W proteins are also shortened at
the N-terminal end and, of the C family, only C' - also
truncated - is still encoded; because the start codons
are missing, the proteins C, Y1 and Y2 can no longer be
translated by the shortened mRNA.

353.2. Cloning of the cDNA constructs pSeVV-eGFP-AN and
-AL



20 term nal was produced by PCR, starting fromthe tenplate pSeV, observing
the rule of six. The Xhol- cleaved, 1488-bp fragnent was inserted via two
cloning steps into the non-coding transcription cassette of pSeWeG-P-AP
at the position of the original P-ORF. 25 After sequence verification, a
genomi c cDNBocl one was now al so ready-f®% production of the replication-
def i ci ent Sevﬁﬂ%ﬁ’ cE06r 77-033'38';?%(%\?\&&&1715% codags %é&rvlédﬂaiﬂte has
the result t I n t e case of the_non-structural 30 proteins, e V and
W pr ot ei ns ar €@BFE8dsIR3 eh¥d &t SENEIRIt IR TEnECankhe oft Lomd ng f<afn ly,

only C - al SQSeWUQGﬁPedP' | gnst idddemncogded; slﬂﬂﬁ@ltiezet he: 15 arél@@ﬂ@ are
m ssing, the proteins C, and Y2 can no Ion% be translated %\ g
shortened nR r°§%§u’z‘esa ing™Bf GEISEHNR BRAGEPREEES pody-RESPEARCANd - AL

25 - 25 ProfimtTranlef 1pSeVW-eG-P- AN and pSeVW-eG-P-AL was carried out by a
simlar strategy to the cloning of pSeW-eG-P-AP. In order to sumarize the
cloning procedures, all the decisive paraneters are presented 5 in Table
1. Through th'Ehpondhcﬂ:lhen prnoderdhi coasien oéatchochaei blfetla@Rfmell&:tBCPCR I
and PCR I 1, e g r e e r R,

obser vi ng the ruigl?g glbg I % ?S\A%:rlg Irié’plg\%gédoéfgﬁsf tpld %&%X:) ﬁg:
restriction sweeememgvndl ﬁrpseweéf@IeIGFRN MQHVJ&Q\/\FTE&H?PJM@_ offheix,

sequences of I g listed
t oget her wthgﬁﬁegékgegépﬁggﬁgc%ggﬁ gggqﬁée%%:ﬂ;ﬁxr ﬁchgM%l&lrp?%gﬁcts

obt ai ned, Pt#PtAnd PR Plse%re@FPuégd arddanpin f i 86VY5eGEPNGLt-he Fheward
priner of PCRséqaBflcbBeofretles @ r ifidr®rfdy dhid J@@Wlé@nﬁwon RER

products were &I eaved with rest |ct|$n enzxp/ E‘ i ch occur ngly in
pSeV- eGFP and®B3f| ow ke i & ti ot ¥t he EBPPEEFSNAI MGt DNA
oligonucleotides wused (Table 3). The PCR products
obtained, PCR I and PCR II, were fused and amplified

15using the forward primer of PCR I and the reverse
primer of PCR II. Then the fusion PCR products were
cleaved with restriction enzymes which occur singly in
pSeV-eGFP and allow the insertion of the corresponding
fusion product in pSeV-eGFP

20pSeVVv-eGFP-AN, see Table 1).

product was inserted by ligation in the vector pSev-

(e.g.: NarI when cloning

The purified cleavage

eGFP, which was also digested with the corresponding
enzymes.
Table 1. Review of the primers and restriction sites

25used in the cloning of pSeVV-eGFP-AX

SeVV-eGFP-AN | pSeVV-eGFP-AP | pSeVV-eGFP-AL
Primer pair PCR1 |ANLANI(+) AP AP (+) AL L AL | (#)
Primer pair PCR il | AN 1l, AN |l (+) AP I, AP I (#) AL, AL I (+)
RSS$ of the | Apal Xhol Apal
transcription
cassette
RSS of cloning Narl Sphl + Eco47lll Eco471ll + Ascl
.8 RS = restriction site

E. coli cells were transformed with a portion of the
ligation preparations and plasmid DNA of the clones
obtained was
30After

isolated by plasmid mini-preparation.

verification of the correct sequence by



fusion product in pSeV-eGFP (e.g.: Narl when cloning 20 pSeW-eGFP- AN, see
Table 1). The purified cleavage product was inserted by ligation in the
vect or pSeV- eGFP, which was al so digested with the correspondi ng enzynes.
Table 1. Review of the prinmers and restriction sites 25 used in the cloning
of pSeW- eGFP- AX SeW eGFP- AN SeW eGFP- A2 pSeW eGFP- AL Priner pair PCR | AN

I, AN | + AP lesfPictibh | afhlysts Praf@r peequél&ihg, AN 41 AbhbimiaAP |
AP 11 + AL Il AL 11 + RS of the Apal Xhagl Apal transcCription_ cassette RS6
of donin Nar | PECPRTAtERRAMAS Pregarefl rplcione pgositdsis | ELPHR sife E.

C|O| i pgl IDiIAwe?@cmraaséoum \t/)ytatﬁ PPOptKDN, lo{gihgeg) i lg@fdi arhgrepaietsons and
asm of .t C e optaln was | sol at asm .
i - prepar atPRRYUIOCAPTRE VY| EBPonTBROY ne Cor O -BERUEREAORy 96

restriction anatgsbsnantl defleehonngutanpsasm d preparati on was prepared
fromone positive clone in each case (DNA Maxi Prep-Kit, Q agen), and the
various pSeVW-eGFP-AX were thus ready for the production of 5 reconbi nant
del eti on nut ot s. Broductioni ofi véplightianrdeficfientenirvsr mutantsnt s
Replication-deficient SeV vectors (SeWeG-P-AX) were produced in cel
culture fromthe cDNA constructs pSeV-eG-P-AN, -AP and -AL. 104.1 Initial
producti on of R&eljeaPomxdebiciget prirNictviestoats r é8eVVveGERVAKD t hiwareonpl et e

genome: - eithesatbeaceih légger” §§1R3€J£e wWoieh strél ycm&rzgg§ﬁ§trﬁ8@sT7 RNA

pol ynmerase (Buchholz et al. (1999) J. 15 Virol. 73, 251-
pSeVV-eGFP~-AN, -AP and -AL.

104.1 1Initial production of SeVV-eGFP-AX

For the production of reactive SeV with a complete

genome: _

- either the cell line "BSR-T7", which stably expresses
the T7 RNA polymerase (Buchholz et al. (1999) J.

15 virol. 73, 251-259)

- or cell cultures are infected with the recombinant
vaccinia virus MVA-T7, which expresses T7 RNA
polymerase (Sutter et al. (1995) FEBS 371, 9-12), and

- transfected with the c¢cDNA of the viral genome (pSeV)

20 and the plasmid-encoded genes N, P and L (pTM-N, -P,
-L; Elroy-Stein et al. (1989) PNAS 86, 6126-6130).
The T7 polymerase now transcribes the wviral
antigenome and/or the complementary sequence and the
genes N, P and L. The N protein expressed via pTM-N
25 packages the synthesized viral antigenomic and/or
complementary RNA, and this nucleocapsid core (RNP)
forms, together with +the proteins P and L, the
replication complex, via which genomic RNA can in
turn be produced and packaged as nucleocapsids
30 (Leyrer et al., J. Virol. Meth. 75 (1998), 47-55).
This is followed by transcription of all virus-
encoded proteins and replication of further wviral

genomes (Fig. 10).

In contrast to the production of recombinant Sev wt



- or cell cultures are infected with the reconbinant vaccinia virus WA-T7,
whi ch expresses T7 RNA polynerase (Sutter et al. (1995 FEES 371, 9-12),
and - transfected with the cDNA of the viral genone (pSeV) 20 and the

pl asm d-encoded genes N, P and L (pTMN, -P, -L; Elroy-Stein et al. (1989)
PNAS 86, 6126-6130). The T7 pol ymerase Rdw transcribes the viral

anti genone angep tBGmﬁQ@EbenEl%h@fné sgayergpednd the pensmibl-eRcaaddl. The
N protein expressed via packages th synt hesi zed viral anti genonc

and/ or  conpl €RAt £y Rﬁlﬁ ﬁEFPﬁiﬁgl'nucﬂ 2o8Bfsi P leotackrRNBYe f GRRR™1Eoget her
with the protenﬁSrﬁaamdnLoftbme m&pMnﬁngénbstmﬂBxOrVLalmheébhgeaealc RNA
can in turn 8e réduc Qg kaﬁedca cl eoc (g:ﬂl gt al ., J.
Vitol | wetn 85cPrdaBgiv, TEel IEECREs 1) CHEAENRITY anebRthnS5p Al |
virus- encodédnpyotbiles t@ndaxpe:rdsiscaumomﬁ)ftﬁejrgétms Wy aP ogehoirese&fhg. 10).
In contrast t e u of e i ; Lete
genone descri gael%,g tﬁferpéjl %ﬁﬁgtenc%dgggbc%lo%epg\g% elé:ﬁg%ﬂ%g g - AL

| acks the genmniltlpilnfiertmﬂl on of on&edVeleFPgdes N, ~#Por lanidh eachLcase.
Accordingl y ! REcAUELEBCIAS URubhi LR SepEQUURLT pisGrs RNk BBLEVERYEXPT €SS

two of the genes N, in each case unt of the m ssing protein
required for Vsl tl'fphef caﬂ‘70@r@m°$é’\¥\7-cé>@|ip-°ﬂd\1}ed APe%iEHeSﬁEonnucQ%oc Bsi ds

must t heref qog1Q§m@ao\éh@%qegx%|eﬂgsvgi Yp ¥Wn@ the T7-pronoter-controlled
expression of the 10 plasm d- encoded genes N, P and L. Production of the

replication-deficient SeWw-eGP-AN, -AP and -AL was simlar to the
production OfPrbdﬁbk@ahiOﬁfCGﬂﬂﬁtQ@blS&Htwmﬂ4w@£idﬂ@nH€LEeVVLéGFPAKﬁC CCL2)

“hvesti gat od Bt N 1 AT ot ol SiMeREeVEberBiRN, BRI S 1RS been
rel eased replication~-competent SeV variants in HeLa cells (ATCC
CCL2) or BSR-T7 cells. After incubation of the HeLa
15cells for 48 hours, we investigated whether wviral
particles of SeVV-eGFP-AN, ~-AP or -AL had been released
into the culture supernatants, and how many initial

deletion mutants had been produced.

4.2. Detection of initially produced SeVV-eGFP-AN, -AP
20 or -AL

The supernatants of HelLa cells or BSR-T7 cells, in
which SeVV-~-eGFP-AN, ~-AP or -AL should have been
produced initially, were investigated for the presence
of these viral vectors. SeVV-eGFP-AN, -AP or -AL have,

25in contrast to the recombinant SeV wt, the reporter
gene for eGFP integrated in the 3' region. This
detection marker was now used for analyzing how many
SeVV-eGFP-AX had been formed.

In parallel assays, 5 x 10° Vero cells (ATCC CCL18) were
30in each case co-infected with 1 ml of cell culture
supernatant of the HeLa cells transfected during the
initial production of SeVV-eGFP-AN, -AP and -AL, and
simultaneously with SeV wt (MOI = 3) for
transcomplementation of the missing protein. As

35control, Vero cells were infected either only with 1 ml



into the culture supernatants, and how many initial deletion nutants had
been produced. 4.2. Detection of initially produced SeW-eG-P-AN, -AP 20 or
-AL The supernatants of HelLa cells or BSR-T7 cells, in which Sew-eG-P- AN,
-AP or -AL should have been produced initially, were investigated for the
presence of these viral vectors. SeVW-g&P-AN, -AP or -AL have, 25 in
contrast to the r conbl pant. SeV wt,_the re rter gene f eGFP i ntegrat ed
in the 3 re@irtlon ?m%ﬂlﬁé?%f RGeS Ris&d fagtﬁﬁal""frivﬁéﬂhow many
SeW- eGFP- AXwhiat béedttieligd. pkodpeeal | sévaesays ahdx $0mhuVenneeekly (ATCC
CCL18) were (% g ch CAIBG Co- |nfected with 1 m of cell culture

super nat ant St thh HeLa ce I"s Ansfect ed during the initial productl on of
SeW- eGFP- AN, - AP and -AL, and Si rmltaneously with Sev wt (MJ 3) for

transconpl e at i fe t m SSi nt V ll's were
infected ei trrﬁ‘gtre orlfl%y%u\?\'n hbﬁE rr1(§038l oefg'r%he i n| ti a%‘?%lfgro gggd ghgt%‘éﬁ'P or

al ternati veI5>‘3uP\ﬁ|rtnﬁlt|aﬁ|‘tts| afr9mp st igay- eErrSeYd-eS bt AMneous! yorwi t h SeV

we (MI = 3) _aThen@Esdv «&f Gdiatd OJ‘J.PftIQFéé svy\hw ﬁchaH{e savv-
supernatants from IAS{goductlon of Seal - eGFP- AN, _ - or. -AL and _ SeV wt shows

that all thr&SFVA¥s fdkaks Bapdusedp- A‘Xl*ééﬂlﬂalé pﬁlr&au@é&qrm fpatieland

after initi abroahecwehl Odr &l 818bS & apHrd eoﬁf 1hrftee<tt1m@g é€lls, whieh can be
detected by a detelygabl e _eG-P.transgene %g si on. proxi mately 13 X
102 SeV- eGFPCa8. 7 B 109°t8EWReBY. AN 3 95 leo NG P, RBABRGSHES5 x 102

Seal - eGFP- ADexipiries sifvhantApweox heatglpduedd xi i ede-eG'FP Mibt7plki ceds on of
SeW eGFP- AX ti.ons e conduct ne t her the 515
SeW eG-P- AX \L‘fgct oreggg)r é&n I ?E%I i ablrlg) s?e% aerélzel; bﬁ{ ol (?g?l ﬁl ;!/Ef (et Bnal
Capacity for Sedpl-eCaPi-of. wigus mutants can be produced initially.

5. Multiplication of SeVV-eGFP-AX

Investigations were conducted to determine whether the
16Sevv-eGFP-AX vectors are multipliable, i.e. are
biologically functional. Capacity for replication was
first to be investigated by preparing the proteins of
the missing genes N, P or L by viral

transcomplementation with SeV.

205.1 Demonstration of the ability of SeVV-eGFP-AX to
multiply

It was first necessary to demonstrate that the mutants,
on corresponding transcomplementation by the SeV wt
virus, are able to multiply and infect the surrounding

25cells. For investigating the ability of SeVV-eGFP-AX to
multiply, it is again possible to use co-infection of
cells with SeVV-eGFP-AX and SeV wt. In this test the
cells were infected with Sev wt at low MOI, co-infected
with SeVvV-eGFP-AX and incubated for several days, so as

30to be able to detect the spread of the SeVV-eGFP-AX
vectors from +the increasing number of fluorescing
cells.

5 x 10° Vero cells were infected simultaneously with on



first to be investigated by preparing the proteins of the m ssing genes N,

P or L by viral

~transconpl enentation with SeV. 205.1 Denonstration of the

ability of Sew-eGP-AXto multiply It was first necessary to denonstrate

that the nutants,

on correspondi ng transconpl enmentati on by the SeV wt

virus, are able to rrultiply and I nf ect- tdwe surroundi ng 25 ceIIs. For

I nvestigating the abi y.0 - eGEP-.AX t a ai n_possi bl
to use co-i nfettidFe #66 ?311?‘51 K 859\?8@?9 E)%rv;}n (%Jeal/ ’. t9 s 2®st the
cells were i rﬁrm‘:t@@lvthh(ﬁev wt Oata)l oWoMDnf ecxt-diomf excft e&ércy\ndehlEeWEmP-AX

and i ncubat ed
t he SeW eGFP-

Vecp ? A5y RQ tr%é)q.gi.uc%gcl%n % ?;‘ Gl he; spLead of

rom e | ncreaS| n UOI’eSCI ng cells.

X 105 Vero ce$¢\$—63r@‘fr‘lé |arm<éctf‘eeﬂsfvtmlwmedus¢@' wk$ h pPsPoiveyerayerdbO
initially pr AN, AL SeM £i8n2)
. 55§¥V@ o CeI Eﬁgu 1n{§%é€10 R um&léggtaflgn of

Co-i nfection

svmth ut 100 particl es of

repl i cati on- cohbetBrRgeydedetigaympmtsdiae\ohfersdusddd £pGlbsFasse

control. 5 Du¥ifPgrac48n8oHr whscwhaY mu@&mer{w td ol i gt ou £f v@fé three
del eti on rrutants was observ%g in each c at first there was onl

f1 uor escence TRL}Hidi Wrach b

r BeepePs 1 |C5I?dhéﬂ’-tﬁbe$?\6‘6'?q‘ﬁ BA%RF

SeW- eG-P- AX eyl wiSeV afteAf tafodbout4 24hh rm@ww sy tiess ze6d Vi wsuéo

particles e released fromth se ce
| Bparticies

near by cel

bl e of .penetrating

3 TS R TS O S P LR S

SeW- eGFP- AX caghbBeV oft | pteherteawaagal seadbyectable. f [Ifor ehesncecehld hose

ggl : f]f elrgdmv&(%%gmkfcouﬁgfgétget ecﬁg’g% r&%ug%ﬁl éfgfel\lgl\g_"éé%fﬁ%%g?%%m ng

cells 48 h p.seVawt, bbqoﬁdwa%aéspeshet@s:tt@lmesrﬁhlqmcetrme gemouiiese DNA

constructs,

cells. The multiplication of Sevv-eGFP-AN, -AP and -AL

15in cells co-infected with wt could be detected from

this

"tailing" of fluorescing cells 48 h p.i. and

beyond.

This test established that the genomic ¢DNA constructs,
from which SeVv-eGFP-AN, -AP and -AL were derived, are

20functional in all regions. It could also be shown that

multiplication of virus mutants is possible on adding

the

missing viral protein. The protein (e.g. P)

produced exclusively by wt virus is sufficient for

multiplying both the deletion mutant and the wt, i.e.

25even a possibly suboptimal amount of P protein leads to

the formation of functional nucleocapsids of SeV wt and

SeVVv-eGFP-AP. Supply of the missing protein by the

transcomplementation partner SeV wt 1led to visible

multiplication of all SeVV-eGFP-AX, measured from the

30increase in fluorescing cells in the cultures.

5.2

Determination of +the proteins required for
multiplication of SeVV-eGFP-AX

Next we 1investigated which proteins must be made

available by a helper cell in each individual case of
3bmultiplication of SeVvv-eGFP-AN, -~AP and -AL, if it is
to be possible for the SeV proteins N, P and L to be

e

5
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fromwhich Seal -eG-P- AN, -AP and -AL were derived, are 20

functional in all regions. It could also be shown that nmultiplication of
virus nutants is possible on adding the missing viral protein. The protein
(e.g. P) produced exclusively by wt virus is sufficient for nultiplying
both the deg@tion nutant and the wt, i-e025 even a possibly subopti nmal
amount of P protein |eads to. the formati of functigpnal cl eocapsi ds of
Sev wi and SXNERREHESD. GHRTITINNG AlssPRS pPOPERATby [FE three

t ransconpl enerd@dmipin sat t natcbeVawvilregetso (ns) bire-N puivvi-pl iacat ivon-of al |
SeW- eGFP- AX| ur . th . incr e in:-fluyerescd cells
in the cultuﬁggs .2%%852?%|u§%%§§%&n?%% ngpgg%gﬁggqufggd gg? 5¢V

mul tiplicati oyrofeBeiyV &GFPPAXONext , weeingy esviagdabdewhfeh pirciepersdenist be
made avail ; belpery gl kaih &?&@ei iy dyal jcase, of g H

mul tipl i cat S HegiE P-AN, - AP Bnd -_A’E%i ?_(If’ it IS to be Eégsf_i’bl e for the
SeV proteins N9Pthndunctdagal3ochagactepheabipRed®fi n§bpertReRMBimANHne

another. The ddu@gi (eeadbilnaRle VASCH prat¥inusaneyy, WsdyhatdFkants V- L,

whi ch provi de_reconbi nant _ exgres& on of the SeV proteins N, P or L, were
avai | abl e forUHheRpEhtentUPENESRE hesis of the SeV proteins N, P and L
(Graef, H (1994) Functional characterization of the reconbinant Sendai

virus large (L)_protein. Thesis, Eberhard-Karls . University Tubingen). 1 x
106 Ver o col 15 50tE CUEt o SETLE WPREI CRAABIERY o AU AnRp L Kd e s
i ndi vi dual |103evV+eGbPdbAXadbroseVERGFP= (MDI5)= @Af0Ey andadvor prvi-oh t+pre of
one hour, the dium__was | ac it +.10% fet.al_.cal f_ s (FCS) +
cytosine-araﬁFﬁgsH%éwfifaE%gglbaggrgk%?}Egﬁgktﬁg ggﬁﬂ% Were 'ﬁ%ﬂ%&ted for
72 h at 33C, @hangi Afteheamedidsorpddidny, time aol bneshoaraCthrhengitiopagat i on
io‘;] tsﬁgv' gg:fi'v\v;‘%% WASHRRBLUZ G o B P QURS G AN @& 1LT sL2ul) (Fehis tine,

P cytosine-arabinoside (AraC) (100 pg/ml) and the cells

15were incubated for 72 h at 33°C, changing the medium

daily, to add fresh AracC.

The propagation of SeVV-eGFP-AX was analyzed via eGFP
expression after 72 h. In this time, in the positive
assays there was multiplication of green-fluorescing

20cells from one initial «cell to 10-30 adjacent
fluorescing cells.

The results of the investigation of which SeV proteins
are necessary for the multiplication of SeVV-eGFP-AN,
-AP or -AL in Vero cells are presented in Table 2. Just
25expression of Sev N by VV-N does not lead to
multiplication of SeVV-eGFP-AN. SevVVv-eGFP-AN only
multiplies if the SeV proteins N and P are expressed
simultaneously in the infected <cell by means of
recombinant vaccinia viruses VV-N and VV-P. SeVVv-
30eGFP-AP can be multiplied just by the expression of Sev
P proteins by means of VV-P in Vero  cells.
Multiplication of SeVV-eGFP-AL required simultaneous
synthesis of proteins P and L by VV. No multiplication
of SeVV-eGFP-AL occurs in an SeVV-eGFP-AL and only VV-L
35infected Vero cell.



assays there was multiplication of green-fluorescing 20 cells from one
initial cell to 10-30 adjacent fluorescing cells. The results of the

i nvestigation of which SeV proteins are necessary for the multiplication of
SeW-eG-P-AN, -AP or -AL in Vero cells are presented in Table 2. Just 25
expressi on of SeV N by W-N does not |eadlte nultiplication of :
SeVv e AN 1 SEYY- ¥ Psgl Aildee Bl ! kG £07 SRM ATALIALS d) agd P are
expressed sinultaneously in the 1nfect cel y means Of reconbi nant
vacci ni a vi ruSe¥VveGKPaAd W-P. SeW 30 eGFP-OP can be nultiplied just by the
expression of SeV P proteins by neans of W-P in Vero cells.

Mul ti plicati prmof—SeVW-eGFR-ALC TequiTed s nut taneous S{nthesis of proteins
P and L by W._No multiplic¢d Vike muiplicationeloymeans ofc¥Yirs| i n an SeW eGFP- AL
and only W- |LgeW0-eGFP-AN N - (N+P)+ infected Vero cell. - 31
Tabl e 2. SevViproteins rqu|red‘To nultiplica Son of eWeG-P-AX in vitro
mul ti plicati pREYY- B SeWweGrP-AN(N TR Py e SeweGFP-AP P + (N +
P)+ SeW eGFPséltvileGHP-ALP) |+ For -t he nul tli(pl+ Rpéi on of HSeVV-eGFP- AN, a

hel per cell 5nust express the SeV proteins N and P sinultaneously,
expression of SeV P protein in the helper cell is sufficient for

mul tiplication of SewWw-eG-P-AP, and the anplification of SeVV-eG-P-AL

shoul d be posgjhl ess _ S protiel L.

105, 3 Suppor iy g mfEFIELAEaCiBEeRE MR SO TN D e BB

the investi ghmisis exfpuess nthei fEVcandeiors BwandGEP- kvl tAneRusayd of the

H29 cell lineexlr¥si@8nH28s cfly s g Npigikidi f {RT 6fe agRANR MR 19aCh

infected with 15approx. 100 SeVV—eGFB—AN, -OP and -AL virus particles
sufficient for multiplication of SeVV-eGFP-AP, and the
amplification of SeVV-eGFP-AL should be possible by

cellular expression of the SeV proteins P and L.

105.3 Supporting of amplification of SeVV-eGFP-AX by H29
helper cells

For the investigations of the multiplication of Sevv-
eGFP-AX with the aid of the H29 cell line, 1 x 10° H29
cells in four different assays were each infected with

15approx. 100 SeVV-eGFP-AN, -AP and -AL virus particles
initially produced in HeLa cells or, as control for the
successful multiplication of replicable SeV in H29
cells, with about 100 SeV-eGFP virus particles. In the
period from 1 to 10 d p.i., investigation of the

20multiplication of SeVV-eGFP-AX was based on detection
of a tail-like spread of the fluorescing cells (spot
formation), starting from an initially infected H29
cell.

Multiplication of SeV-eGFP was observed in the control

25assay, starting from singly fluorescing cells 1 d p.i.
to spots with up to 50 fluorescing cells 3 4 p.i. It
was thus established that the selected test setup leads
to multiplication of SeV.

Virus multiplication also occurred in H29 cells
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initially produced in HeLa cells or, as control for the successful
multiplication of replicable SeVin H29 <cells, with about 100 SeV-eG-P
virus particles. In the period froml to 10 d p.i., investigation of the
20mul tiplication of SeWeG-P- AX was based on detection  of a tail-like
spread of the quoresci ng cells (spot -feemation), starting from an

initially infec ed I I on_of SeV-eGE was o rved in the
cont rol 25as§3§ §? rtrﬁgkfr8ﬁ15|ﬁ§F§ ?Puor%50|ﬁ§gégﬂP 8 pB§§ ? spots
with up to 50détwae$veng3:‘behlusla3 23 renal waelibbs @IabIaislh@Istbét t he
sel ected testy catl f I r I tion

al so occurred |n Hg:Q‘J ce I % ari1i'I (#éelgitéedé\glfm é%egﬁyglég ﬁeﬁ I&QQI‘Fg’gn to
H29 (a deri vanﬁved@flmtm\ne@g@fr ehbfMKe| I%%lls ddérenatli veelds ofer sheel | s
(renal cellsgehokie /Iﬁc;ﬁl@@@ Or SRALTINKEYhns8BE LA WAl vagwof pLidMCycel | 5

(renal cells of the hesus monkey), stably transfected with SeVPand N
genes, are al 98188t aﬁﬁeaflﬁP suiGabasl £iopl I"éétulsoFPU1Itﬁ-Pc addeay with
Seal - eGFP- AP, about a hundred initially infected individual cells could be

detected 1 About 70% of e fl uorescing_i ndi vi dual ceI

devel oped to §Bot £heyi 35SRY t o3 fI 58&358%%5 %Eel I saVD L‘fﬁéF@Eore
propagati on ofinbeVsig(FEnfRcted Surdisiniliaig d&Els:ed:dnsld:oblédddeéCﬂeﬁetLy be
observed. Thys Si r .the rst tine to. nultiply a Lral SeV
vect or whose @?ﬁhasbggé @Te?gd thﬁi %:P‘i%?a%?g%lngatlrbnl%f&f%]é cells

mul ti plicatlfhadf GevlepE®- AP0 vépothe distdussygd ito t BO nEitiosaebséoygi on.

5.4 Miltipli i fa S GFR; 9 b
ool 111 ed' by CRETRey b oy St & nor o b S Py DG ot pcr CoF Yy CRRE AP
P- del eti on nutanisarz@ungisegs diRdr eedbse cp@lidnfdﬁ:ﬁlmerhunble ngbeegvedl-ls. It

was now necesggiy tqangl YgEskhE18" HRIVANONFPEsBeWime to multiply a
viral SeV vector whose P-0ORF has been deleted.
15Characterization of the multiplication of SeVV-eGFP-AP

will be discussed in the next subsection.
5.4 Multiplication of SeVV-eGFP-AP on H29 cells

SeVV-eGFP-AP can be amplified by the SeV P proteins
produced by H29 helper cells. The P-deletion mutants

20released are able to infect surrounding H29 cells. It
was now necessary to analyze the propagation of Sevv-
eGFP-AP in comparison with the propagation of the
replication-competent SeV-eGFP.

For this purpose, 1 x 10° H29 cells were infected with
250on average 100 SeVV-eGFP-AP or SeV-eGFP. 3, 5 and 10
days p.i., green-fluorescing cells were detected using

the fluorescence microscope.

SeVV-eGFP-AP could be multiplied successfully by
cellular supply of SeV P proteins. It was found, at all

30times of investigation, that SeVV-eGFP-AP and SeV-eGFP
multiply efficiently on H29 cells.

In contrast, propagation of SeVV-eGFP-AP to cells that
do not supply the missing P protein ("target cells",



eG-P- AP in conparison with the propagation of the replication-conpetent
SeV-eG-P. For this purpose, 1 x 106 H29 cells were infected with 25 on
average 100 SeWeG-P- AP or SeV-eG-P. 3, 5 and 10 days p.i.
green-fluorescing cells were detected using the fl uorescence m cr oscope.
SeW eGFP- AP coul d be multiplied successfid Iy by cellular supply of SeV P

proteins. It avap, f‘@élfiél cal1ah! wad0 ddtesb&érv &y esihiahi ednrlitals SANE€GFP- AP

and SeV-eGFP rTLI|tI effJ CI ‘%yt on H29 cells. In contrast, ﬁ)Irtl)ro agation of
SeW eGFP- AP t%a\(:‘é'fef Tt%?t 18407 AR IRt T SRE nFES pr ot et ar get
cells", - e.g. Vero cells) was not observed V\:hl ch confirns that

SeW-eGFP— AP | i cation-deficiept e eSSI on
of SeVV-eGFP- gA%I e e%’f%’éﬁ?%lr%%tog S%ﬁs sence otlnrtﬂsﬁct%e(éeq:c

SeW- eGFP- AP on cetellgpes which do not supply the P protein in trans was
verified. At the sane time, capacity for expression was way bel ow

expectations. As in the case of the rabies virus AP nutant (Shoji et 10
al . (2004) \AXenge 318, mebbipbigatieryofeReVNFe6FBdAPcon sedilspivpesl a weak

eGP fluoresgapcs, (1&5s Aban_2%p §eetﬁég pllhrot@ihhough statjstically at
an MO =1 in fact approx. 70% the cells are each Infected with one

virus particl¥eriied atAl H‘%hé?mﬁ/d'-lmeS cgrpgity forj expgyiespion was

green-fI uores,fdytggé/j_ef@ @,qté@t@gfb@served due to SeW-eG-P-AP (see Fig. 12,
top left). This confirms the assunption that after a cell is infected with

a P gene-deficient virus, only a primary transcription is possible via the
pol ynmer ase caupl :e:x Eﬁet haeei sfaltde stytpiéeedviros hhemvitbng p@Hojcl eet 1 n the

of the i nf ol hy HaPEre cettiooRLaTehe BEREE . Lt R e B o oni'y
observed if cells dlsplayed a weak eGFP fluorescence (less than 5%;
see Fig. 11), although statistically at an MOI = 1 in
fact approx. 70% of the cells are each infected with
one virus particle. Even at a higher MOI = 5, only
15isolated green-fluorescing Vero cells are observed due
to Sevv-eGFP-AP (see Fig. 12, top left).

This confirms the assumption that after a cell is
infected with a P gene-deficient virus, only a primary
transcription is possible via the polymerase complex
20that is also supplied from the virus particle. In the
case of the Sev AP mutant, furthermore, apparently only
a small percentage of the infecting particles are
capable of that, or gene expression is only observed if
several transcribable nucleocapsids are present

25simultaneously in a cell.

For a therapeutic application of this replication-
deficient SeVV, the capacity for expression seems too
weak, or disproportionately many particles of Sevv AP
would have to be applied per patient. Therefore it is
30desirable to use a replication-deficient SeV variant
that also performs a secondary transcription. This
leads to the development of additional modified
polymerase complexes, which cannot replicate the viral

genome, but are capable of increased expression of the
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several transcribabl e nucl eocapsids are present 25 sinultaneously in a
cell. For a therapeutic application of this replication- deficient SeVW, the
capacity for expression seens too weak, or disproportionately many
particles of Sew AP would have to be applied per patient. Therefore it is
30 desirable to use a replication-defici®nt-SeV variant that al so perforns

a secondary t anscrip%ion. Thigr Ig ds to the devel opnent of additi onal
nodi fied pol F AR bﬁpg%Q%s, wAT ch983nnot replicate the viral genone,
but are capabl e of increased expression of the 34 - therapeutic gene or

antigen. 6. Pg§oduckiga,ofidn U | el SeXNa3EiRa’® SO oERBSABUCT chRA
possi bl e i nprovenent o the transcription capacity of gene-defici ent
SeWin the target eenstragbt her reconbi nant construct was produced, which
codes for a formof the P protein shortened by 76 am no acids at the
N-term nal end, at the gosi_tion of the ori%i nal P reading frame

(" pSeW- eGFP-FaD. ppssibde JREBipment b the ﬁqr@nsaqgl_ptgé\w_%@@gpw_n
particl es webef genegaheddandcisntt isehvivedis tihe Sest§et 4ell13ndadodhesh. 1

G owm h behavi or of, SeW eGFP-PA2-77 in H29 hel per, cells 151

SeW- 6GRP- PAZE 99OTRTRERE q G986 THaiGFer " e | PEOCHREA R4 ChnEBlles HRE 72
protein, shorfenedolfy thite am paotadirdsshbrtéeedl bgr mMéabménd, dcsidynabesi zed

together wt (tehﬁ_%el | ul arn-enc deg,%P protein., Jdn orger to investi]lgalge t he
te

effect of expreSsion of fR& 'shiot t Sh8d B Srot %t n°Pabhs7 B Gitd

replication, H@dixegl fsamer ¢"pREFYt-eGFPMBAZ=7T)' ;nistde SOLaGFRB PA2aid,
SeV-eGFP—AP19§-%he8§pptroI virus SeV-eG-P as in the nethod described with
reference to t growt h kinetics of SeW-eG-P-AP. The supernatants of the
i ndi vi dual

SeVV-eGFP-PA2-77 particles were generated and

multiplied as in Section 4.1 and 5.4.

6.1 Growth behavior of SeVV-eGFP-PA2-77 in H29 helper
cells

15In SeVV-eGFP-PA2-77 infected H29 helper cells, the
viral-encoded PA2-77 protein, shortened by 76 amino
acids at the N-terminal end, is synthesized together

with the cellular-encoded P protein.

In order to investigate the effect of expression of the
20shortened P protein PA2-77 on viral replication, H29
cells were infected (MOI = 3) with SeVvV-eGFP-PA2-77,
SeV-eGFP-AP or the control virus SeV-eGFP as in the
method described with reference to the growth kinetics
of SeVV-eGFP-AP. The supernatants of the individual
25assays were determined over a period of 120 h by a cell
infection dose test of the titers of progeny viruses

from the number of eGFP-expressing cells.

From one SeV-eGFP infected H29 cell (positive control),
on average 80 virus particles are released in a period
30of 120 h, and in this case transcomplementation of the
P protein by H29 cells was not required. In the H29
transcomplementation system, SeVV-eGFP-PA2-77 could be



25 assays were determ ned over a period of 120 h by a cell infection dose
test of the titers of progeny viruses fromthe nunber of eG-P-expressing
cells. Fromone SeV-eG-P infected H29 cell (positive control), on average
80 virus particles are released in a period 30 of 120 h, and in this case
transconpl Sfentation of the P protei n-by>H29 cells was not required. In the
H29 transcopphengitiald QR 3y AKdlt %ﬁ&ggffﬂgi&é::go%dsgwl’*éGFﬁiP:

mul tiplied with about equal efficiency as SeVV-e -AP: Frominfected H29
celI's, after From ningeatedo Be%oeelifr u@tdsn i L#8s Tof 2RaVY- &8PxaP Or
Sel\/V-eGd:P- P%Zﬁsarp%rlﬁiﬁilﬁwﬁﬁf s&wxzp' %@m#mp@ﬂggewfﬁsnunpge—oh akeut 4]9 5
rel eased virus . particles, of. the mut an{ s per C : : ari son o
gene expr essit&Heo S8 BEER. Eﬂ%ﬁﬁf@éﬁ#s e&P—?’A?— e&ndogua%?rﬁ)' cét%l on of
protei n sybirledeiasedn viinfusc tpadt ttiarlget ofeldhe To mubarsts getre Hdtetdeerl £ he

vect or Seal -eGFP- PA2-77 10 di splays increased transgene expression -
conpared with SeWeG-P-AP - in infected target cells, the virus- encoded
expressi on of7 .t he Conpartisongcoie gehe grpresstilon aof\ PeWee@FRaAP and

characterized in GeRRIJeGFPPaARLY7Ve dhd el fifalf] £ildE £6h0Cdo¥ { Brotein
SeW-eG-P- PA2-77 15 (Ml = A) ,, and on day 2 p.i. approx. 70%fl uorescing
Vero cells were o isndm dmfmotedriiargatameliifat  al nost every RNP

conplex of this viral vector variant is capable of inducing a neasurable

transcription in_ the target cell. 207.1 Quantification of eGP expression
by FACS anal ¥&i s 1r’lvr?%"dt9?3'tﬁ1erf'{h%*}:¥b?¥ cath®nsVeRtPhe REYVCSFFERrEAZ-t/He
transcri pt i10d iep9$Gid eindrdas i Charidfenie pokp césgene —eEbliphfed with

SeW eGFP- PA2 7 was. dnserted, . is tq encode the  antigen of .a pathogen, e.g.
of a desired SSUVGESFFRAE 25wt dé‘%%&&%s%%ﬁe&us‘feggs5uftr*}%i EHERS elicit
a protectivenicomete exgsmresion mf hehpatepot tef ngeneleeGFB eatlablfi shet hat
each SeVVeGFEmP%%b%%in was characterized in detail.

5 x 10° Vero cells were infected with SeVV-eGFP-PA2-77

15(M0I = 1), and on day 2 p.i. approx. 70% fluorescing
Vero cells were observed (not shown). This means that
almost every RNP complex of this viral vector variant
is capable of inducing a measurable transcription in
the target cell.

207.1 Quantification of eGFP expression by FACS analysis

In subseguent applications in the medical area, the
transcription cassette, into which the reporter gene
eGFP in SeVV-eGFP-PA2-77 was inserted, is to encode the
antigen of a pathogen, e.g. of a desired virus. This
25antigen expression must be sufficient to elicit a

protective immune response in the patient.

In order to establish that each SeVV-eGFP-PA2-77
nucleocapsid that infects a target cell is able to
perform a detectable transgene expression, the same
30number of H29 and Vero cells were infected with the
same quantity of virus particles and the number of
eGFP-expressing H29 or Vero cells were compared by FACS

(fluorescence-activated cell sorting) analysis using a



nucl eocapsid that infects a target cell is able to performa detectable
transgene expression, the sanme 30 nunber of H29 and Vero cells were infected
with the same quantity of virus particles and the nunber of

eG-P- expressing H29 or Vero cells were conpared by FACS
(fluorescence-activated cell sorting) anadbysis using a - 36 FACS-Cali bur

{1 ow cyt onet egcEhe dapq ek pogval ahind oo OFL COUPY! Slerdenel gl e cq

hi st ogr am pIo I'ng fl'uorescence signal s of ecte I'sTagainst the
total cell codimpm 52 5 gompGteergereratedr Higtogramwerrlott ey edthet h

SeVV'EGFP'PAZfiZoQésEbhEeth%lﬁnﬁﬁee Q%f'EhQQEtEHrUEe1§§VVa6§EHs%P gheMd =
1. FACS analysis of the sanpleé was carried out 24 h after infection. The

infected cel t8t@er eetdkERUDE - |n PBS and the number of 10 fluorescing cells
was det erm ned by flow cytonetry. The result is shown in Fig. 11 as the
proportion [5% qu reSC|n%ﬁ§.ro and_H29 ce|]s. 24 h after ipnfection of
H29 hel per e i t hOSeVREO OBededGrEe biHr WEIPng HRFRH | ¥llbre

detected by &oviACBFarahpsi7y. &el |wd i amnihesigeab—ﬁbelelpmmtebﬂra@pports

the formation_o L _conpl s_and ef or r.odu of _ne
whi ch | eads t 8¢ (’¥ gﬁ&kg &@é@ﬁ pr 'eignggé naPﬁgYEﬁFe eda'éeel Famp\ill&ﬁever
when Vero cel ’waswecar'rﬂééctcﬂdc vm'2t4h Be\&f 28r e G}, iexpr @i ofinfibcted eGFP

protein was not %etected 24 h p. nor, at éﬁ%éﬂ rati in % tlonal
assays. The PEE ll rrplweexrees tra]ﬁs errBd by Se éﬁd r{ﬂ?’lnuclr‘;gocapy ds are not

abl e, on inflé¢iluomescingl cells mas Watarmibmad et Etowbtyterpteygsi Ghei n

i nfected Vero el ont.ra 2 t e i ction,
al nost 80@6ecfﬁégx%ré%§|ﬁhe 9“%£I &g 3“? E%mﬁ%§§ ggfsgggﬁgéipgéssgﬁg Ver o
cells were i d@ﬁtlpﬂeéglbg NA@S aaﬁaiﬂ?& selWgen H29 cells are infected,
transcription of

24 h after infection of H29 helper cells with Sevv-
eGFP~AP, 86% eGFP-expressing H29 cells were detected by
1S5FACS analysis. Cellular synthesis of the P protein
supports the formation of new P:L complexes and
therefore production of new mRNA, which leads to
synthesis of eGFP proteins in the infected cell.
However, when Vero cells were infected with Sevv-
20eGFP-AP, expression of +the eGFP protein was not
detected 24 h p.i. nor at a later time in additional
assays. The P:L complexes transferred by SeVV-eGFP-AP
nucleocapsids are not able, on infection at MOI = 1, to
bring about detectable expression in infected Vero
25cells.

In contrast, 24 h after SeVV-eGFP-PA2-77 infection,
almost 80% eGFP-expressing H29 cells and 1likewise 75%
eGFP-expressing Vero cells were identified by FACS
analysis. When H29 cells are infected, transcription of
30the eGFP mRNA can be supported by the cellular
synthesis of the P protein and therefore by new P:L
complexes. When Vero cells are infected with SeVV-eGFP-
PA2-77, +transcription is intensified by new synthesis
of the P protein PA2-77 shortened at the N-terminal
35end.



30 the eGFP nRNA can be supported by the cellular synthesis of the P
protein and therefore by new P.L conpl exes. Wen Vero cells are infected
W th SeW-eG-P- PA2-77, transcription is intensified by new synthesis of
the P protein P62-77 shortened at the Nnterminal 35 end. - 37 Based on
these results, an inportant statement cad7be nade concerning the nunber of

transcri babl epZeWy- eGFPenbee- T2sutiRY celd s pgri/sge Gldsabie Lgf egred with

an MJ of 1. eoretlca y occurring e Infections 5 of a ce are
statistical | ymafleeQeaaeyniag plwaprrpey q beanseribahle 28eKVpeSFP-a| nost

80% of eGFP- pxpressi meoHZR 106 | sSn@nde 280k 172%0RFP- B @ssd NGiMeran cell's
were identified. It_can therefore concl uded that. each RNP_conplex with

the shortened PIv@f aht PREOMFEACRINEhOFSUEEHAE é“‘b]ftjtl?%sbﬁﬁéc*éiﬁfﬁsm on

in a P helpgofcel lcell k@msgtbtnsgacammyt Off aNAQEIE, eXew €p8bBARbINLALYhE
infected target c I n contrast t}ia varj ant conpl ete

th
del etion of tHB PEEﬁﬁ dGESAYTot Kive rn%'brbpe?f%9555$§g2Fuﬂ SﬁgFést of
the HN protei éxpxpssiﬁgdm& deﬂﬂesctaaﬂi taboet TEL sGH’heegpfessﬁ:ngyveﬁ:obi ndi ng

of human erythr tes and re t efficien f_exposur f V|ral HN
protei ns on |ﬁﬁ|9\i/|¥dua flg((:a e& ceI 'S ﬁgre tlég géfgﬁﬁumen cggf’ﬁ

adsorption (HaDatt esch( IRIN@’ coMplek wiltds tleeoslaertsnaéré VareanEdPWZt-h

SeW- eGFP- P 7 I e

eGFP- AP, Veﬁgﬁél |‘§’E’h€% ?\(%/ l;'\ée%?a? ect egl tf‘%@éé%&' Jﬁ%{\cﬁgr aS W to
be able to obbelperegedlocdddientige Zaflfn%r@%@wgtéensesenﬁf @éprgsslon
adsorption, the medl Uf@li“@éte&eﬁla%%%Q; wid 1m DVEM ’eo}lQ%anQS dhenvhheanel I s

were incubated at 33C for several days. At_first, the transaene expressi on

of both vect ofeV¥rPSRPs2Ra¥ 1tho@ t‘%ﬂ“éljlef‘?%rﬁ%:!‘%t%@fl%?e%c REedoes day 5

and 9 not have this property.

157.2 Function test of the HN protein expressed in
infected target cells

The efficiency of binding of human erythrocytes and
therefore the efficiency of exposure of wviral HN
proteins on individual infected cells were detected

20using a heme adsorption (HAD) test (Fig. 12).

5 x 10° Vero cells were infected with SeVV-eGFP-PA2-77
at a low MOI = 0.5. In contrast, in the case of SeVVv-
eGFP-AP, Vero cells had to be infected with a 10-times
higher MOI = 5, to be able to observe even occasional

25fluorescing cells. After 1 h adsorption, the medium was
replaced with DMEM + 10% FCS. Then the cells were
incubated at 33°C for several days. At first, the
transgene expression of both vector variants was
monitored from the eGFP fluorescence. On day 5 and 9

30p.i., HAD test series were performed, for analyzing the
exposure of the wviral HN proteins on the basis of
binding of human erythrocytes.

Although in the case of SeVv-eGFP-AP, at MOI = 5,
statistically 99.3% of the Vero cells ought to be
35infected, only 0.01% eGFP-positive cells could be



30 p.i., HAD test series were perforned, for analyzing the exposure of the
viral HN proteins on the basis of binding of human erythrocytes. Although
in the case of SeW-eGFP-AP, at MO =5, statistically 99.3% of the Vero
cells ought to be 35 infected, only 0.01% eGFP-positive cells could be - 38
observed under the m croscope (Fig. 12 ggp-left). In contrast, with

SeW- eGFP- PA2- 77 a green quo escence i s seen 40% of the
cell's, as waSPERp¥Efedindss gt EZWﬁﬁEQﬁﬁQEﬁthlg'ﬂ&?dﬁ??aﬂ?{k ) i nfBcti on
with SeW eGFBoAIE,raamI ywh&]hf Sd)}fV-{meF&@_ﬂ%-—pDBIat | yee | F5ud28s0Enbs 185

I nf ect ed) vere a dLng Lyt hr n their_ surface l.,g. 12
top centre). ﬁFFe? :ﬂq ?hcubatﬁgﬁ 8%d cﬁf¥ﬁﬂrﬁféﬁ%fnexPﬁg&gdmas no

| onger adsor gFign 4R bbt&pmtﬂeddytes on infected cells. Wth the second
replication-deficient SeWvariant SeWeG-P- PA2-77, nuch better results were

achieved: 5 days after _infection, approx. 40%of the infected cells (MJ =
0.5) were chBubl days bpftieAg iafEdiriesy tebtlbn SENYeGFB-48nf sl Fhglfl2

bottom cent epf. tfevadrai R neld g, @ﬁﬁ'aftgxf&@“1ﬂ9fé8t3@)09€EEexed red
bl ood cells was observed for the i1ndividual cel . It had thus been shown

that cells i AREEPeE Wh PRy RGrerppbro7vhes °@a&£ﬂ%¥ SUREpCce . (FdH-exposing

HN proteins -gn t kepceldendGeyur f acer@ndedend incih@pat HEW t 868 Campbe
assessed as p05|t|ve At, the sane tineg, efflc ent expr555|on of th% HN

protein in t kEStAPEct &93dd s & oUfRe H&%ed PrIeE hedFPFRFEABe P
quantity oﬂObwmdretyttb&ocycbxes iflfecitatiectss el | swwehe filid hegetbadbat ed at

the eryt hr ocyPBL I68tAS™ B AP aerad CANG Y& BT ol S88HaCCTREPRE T2 wor o
washed to renmocé tlettreal easesubtyt hwecygt esichdreyeidnculiat edaysr aftert her 4 d
at 33C. A HAD.Lg3% ;WaS PELHPEREd 2821 Bronflay ;R fRdlted cells (MOI =
0.5) were capable of binding erythrocytes on their
15surface (Fig. 12 bottom center). A variation in binding
activity from 10 to 70 complexed red blood cells was
observed for the individual cells. It had thus been
shown that cells infected with SeVV-eGFP-PA2-77 are
capable, 5 d p.i., of exposing HN proteins on the cell
20surface, and the functional HAD test can be assessed as
positive. At the same time, efficient expression of the
HN protein in the infected cells was found, based on

the difference in quantity of bound erythrocytes.

The infected cells were further incubated at 33°C,

25during which the neuraminidase activity of +the BHN
protein causes the erythrocytes bound to infected cells
to be released. The cells were washed to remove the
released erythrocytes, and incubated for a further 4 d
at 33°C. A HAD test was performed again on day 9 p.i.

30About 30% HAD-positive Vero cells were now detected.
The number of bound red blood cells dropped to 5-20
erythrocytes per cell.

Thus, 9 days i.p., sufficient functional HN was still
synthesized by the replication-deficient wvariant SevVv-
35eGFP-PA2-77. In contrast, the variant SeVV-eGFP-AP with
complete deletion of the P ORF does not have these



30 About 30% HAD-positive Vero cells were now detected. The nunber of bound
red bl ood cells dropped to 5-20 erythrocytes per cell. Thus, 9 days i.p.,
sufficient functional HN was still synthesized by the replication-deficient
vari ant SewV- 35 eGFP- PA2-77. In contrast, the variant SeWeG-P-AP with
conpl ete deletion of the P ORF does not khave these 39 - properties. 7.3
Quantification of eGFP expression by Western blot analysis A

sem - quant i t aPTOR®HESE8snent of eGFP expression of 5 the
replication-deficient SeV vector in conparison with repl i cati on-conpet ent

SeV- eGFP was ri t e on of
total cellul 'g(rwé ‘?%]?ﬁ.ifggatﬁg %gpoéac%; |'S %/%}??1 eﬁegi%%lré b/igtzFP or
SeW 10 eG-P- P02- 7@@1&}513 3). Cell disruption was perforned 24 h p.i. The
cellular extracts were separated in SDS-PAGE in serial dilutions (1:2) from
20 }igto 2.5 jig total quantity. The proteins were transferred to a PVDF
menbr ane and Ahesamifuaiddetdi erpsgessaient( 261 k RGFPL5 exas cgstiont edff i r st

by Western b59ﬁeaBéFiibétﬁ.Ethei@h1en{h@;efv| HRIBTENGE &@@tﬂs@ﬁ&*&ﬁs
detected usin ern blot analysis both in SeV-eG-P and .in SeW

eGFP- PA2- 77 .ﬁ?@%%%at%?ocelap%en t S&Y 8EFEoncHIRedCATEAEMH cAtpari B8n of

the intensi tl\ﬂésﬁérhh&)l&ﬁzpaﬁbg?éhs widdakeeipnesdi it iomedifat edtly the

replication-defici SeW: eGFP- PA2-77 - is reduced by about a factor of 16
conpar ed wthc?%guf@’p')l?’é%??bﬂ conpet ent SeV-eGFP. A reduction by a factor of
16 is slight, and it can therefore be concluded that despite the nodified P

25 protein, V% ?6 \'? 5 [ $70 Qhﬁgugﬁf\é%rt%defu{}t by ée%%’”&a QYT
transcription: Estimat i on of expressi on by ern bl ot™ analysis
10eGFP-PA2-77 (MOI = 3). Cell disruption was performed 24
h p.i. The cellular extracts were separated in SDS-PAGE
in serial dilutions (1:2) from 20 pg to 2.5 ug total
guantity. The proteins were +transferred to a PVDF
membrane and the viral-encoded eGFP protein (26 kDa)

15was detected first by Western blot analysis (Fig. 13).

The fluorescence protein eGFP was detected wusing
Western blot analysis both in SevV-eGFP and in SeVV-
eGFP-PA2-77 infected Vero cells. It can be concluded,
from comparison of the intensities of the eGFP signals,
20that expression - mediated by the replication-deficient
SevVV-eGFP-PA2-77 - is reduced by about a factor of 16
compared with the replication-competent SeV-eGFP.

A reduction by a factor of 16 is slight, and it can
therefore be concluded that despite the modified P
25protein, SeVV-eGFP-PA2-77 can produce very efficient

secondary transcription.

7.4 Estimation of HN expression by Western blot

analysis

In contrast to the eGFP protein, the SeV HN protein is
30a membrane-bound surface protein and is an important
antigenic determinant. By relative quantification of

the level of expression of the HN protein in SeVV-eGFP-



In contrast to the eGFP protein, the 5eV HN protein is 30a nenbrane-bound
surface protein and is an inportant antigenic determnant. By relative
gquantification of the |evel of expression of the HN protein in Sew-eG-P 40
- 40 PA2-77 infected cells, a conclusion could be drawmn concerning the
intensity & expression of the SeV HN- apti-gen. A sem -quantitative

assessnent of, HN_expr.essi on.of t 5 replication-deficient SeV_vector in
conpari son fxﬁ_gﬁe ngﬁFi%@Qt i S‘ﬁiiﬁnpe? erﬁ°’§gl\)‘55ejf¥f3 \ﬁe?éllér Pfed 4681 My
West ern bl ot cenakyaisagusting detiealsidiyl ubf oespakesisdbal ofelhel asepraNein. I n

each case, 5.x lggnVero cells were infected with SeV-eGFP or

SeW- eGFP- PA?pjf} I'n"2 10 parallel assays (MJ = 1) and incubated for 24 h or

48 h. Then the cells were disrupted. The cellular extracts were separated
i n SDS- PACGE iyn i ¢ AR (dsddsshéR t [d o Lot ntity.
The protei nsAwes;'Seg_r[lt Tléi%!sdflggrdr%. to&SégP%Fé rrgn%?_a%% a%ﬁ%ée&vc%r?a%eg(}:{%ded HN
15 protei n OserRbgpties-defdcieathBarerctsit alppaerpandson HNLEht thedy (Fig.

14) . The HN peghgicRcwes-dehpeiedhef faoyatiry | fakhe Gasa s SeV-e6hP
infected Vero cells after both incubation tipmes in_all traces (16 fo 2 pg
total protei WeStezBeL BY- BRRAVELSNnd FiRfht Ferialt Hd lgddonss of total

SeW- eGFP- PAZel Tulatrthg doaied rof thecddh pegse| nsi g S0F [ Vevd st@Lesi Rekbe

traces with 16 _an jig,total oteln (trac 8 hqu at, | oner
intensity. RPAECTE ua"%ﬁ?i CEF%EEE':P N exgle@s_l }&EPT%A%@%- eCEP- PA2- 77

i nfected VdOpatelllel?Zagsdvad | (MOX 0= Se)/- e6lP inesibaaed etbrowt4 by oengari ng the
traces wth 16 d 8 VS.1+2. Rg. total protein race and vs., 5, left
and right) ar%ld g‘glrerrﬁ ttgl%anceels 5 n"g?lé% 3}%%&%{’?%?1 é eHﬁeE%B;ggsﬁgnrfﬁtg factor
of 8-16 of twereP-skepatabedvan apPS-PRGEr diressevfiallhalinculbyats orfiti2ie. 30 1t

can be concl yded that the transcriptign rate i S%}{g-epq:f ; 74eirRf ect ed
cells is relat ?\glelbéh}f%h, oandq§§ 4 ty. SEETHS (el
transferred to a PVDF membrane and the viral-encoded HN
15protein (60 kDa) was detected by means of a monoclonal

HN-antibody (Fig. 14).

The HN protein was detected efficiently in the case of
SeV-eGFP 1infected Vero cells after both incubation
times in all traces (16 to 2 pg total protein; traces
202-5 left and right). In the case of SeVV-eGFP-PA2-77,
the band of the HN protein is still wvisible in the
traces with 16 and 8 pg total protein (trace 7, 8),
though at lower intensity. Relative quantification of
HN expression in SeVV-eGFP-PA2-77 infected Vero cells
25relative to SeV-eGFP was carried out by comparing the
traces with 16 and 8 pg vs. 2 pg total protein (traces
7 and 8 vs. 5, left and right) and permits an estimated
reduction of HN expression by a factor of 8-16 of the
P-deletion variant, regardless of the incubation time.
301t can be concluded that the transcription rate in
SeVV-eGFP-PA2-77 infected cells is relatively high, and
therefore transgene expression of the viral

replication-deficient vector is generally high.

Taking both measurements (eGFP protein and HN protein)
35into account, it can be assumed that there 1is an

average reduction of expression by a factor of 10.



therefore t

expressi on

SeW eGFP-PA2-77 in the target cell If-V&to-cells are infected with the

ransgene expression of the viral replication-deficient vector is
general ly high. Taking both neasurenents (eG-P protein and HN protein)
into account, it can be assunmed that there is an average reduction of

by a factor of 10. - 41 8. Replication deficiency of

35

replication- gonpepgph ; SaVi8RFRefikildifoyest SWRvIRKFPAPARRY 7 5,6 OFREI Si ng

up to a thousand addrtional _fluorescing”™ cells fornms around the initially
trongl ytargasr€8diing cel . To prove the replication deficiency
of SeW-eGFP-PA2-77 in Vero cells, it was necessary to confirmthe absence

re reen 0 fluoresci ce round the in tla i nf ect ed
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t 0£1GeWieeEFP-pA2-70) dn aV%m efedsad flrtomaem ne¢essadyt hpget
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observati on
replication-

ghoWs tthalinghei Mid adcoeehor theViatorB1PALtY 65 aeoegﬁon

def. ci ent no.new nes. are nt hesi zed. |If se
o bcal va bt Geepergidsor VAT BT aVite YA TAge core Ty Ahchdecr case
in 30 fluoresaénceeint edillsy, avst i inféctédalwitlst GRYVV-EGFPSPA2-77, a

detectable eGFP expression can be seen after about 24
16h. It was observed that after a further 24 h incubation
phase, in some cases two (more weakly) fluorescing
daughter cells are produced from this initially
infected, fluorescing Vero cell on account of natural
division. This observation has nothing to do with virus
20multiplication, in which between 10* to 10* virus
particles are released from an infected target cell,
and can then infect nearby cells. This natural rate of
division of infected cells does not, however, affect
the 1level of eGFP expression, which is reduced with
25increasing number of cell divisions. This observation
shows that the viral vector SeVV-eGFP-PA2-77 is genome-
replication-deficient, so no new genomes are
synthesized. If several successive cell divisions of an
infected «cell 1lead to a continuous decrease in
30fluorescence intensity, until it finally stops, virus

multiplication can be ruled out.

For final confirmation of the replication deficiency of
SeVV-eGFP-PA2-77 1in target cells, one last study was
conducted:

35~ 20 x 10° Vero cells were placed in a T75 flask. The
cells had been seeded at high density at the beginning

of the incubation phase and accordingly were no longer



mul tiplication can be ruled out. For final confirmation of the replication
deficiency of SeVW-eGFP-PA2-77 in target cells, one |ast study was
conducted: 35- 20 x 106 Vero cells were placed in a T75 flask. The «cells
had been seeded at high density at the beginning of the incubation phase
and accordingly were no |onger - 42 drvitdi ng actively. These Vero cells

wer e infect edd%&élnée\é‘éﬁ%ﬁffw rHsdt vaPo M 19k Q. i JhE- 841 i was

changed to DMVEM with % reduced activity of division) after
i ncubati on foPeYVA8GFP-BAG-THe &kr @0 5MRE| 1R whr B0ilncuba® edresti WBCWEP1) . Two

days p.i., a@ﬁgﬁgéagﬁcp bhems eliact esk MBcs l(\fdxt ah:leuu&eueraﬂtwirwsaﬂd
separate infe ted gor C|ng Ver ells Rperved t he high
cell density, 6véF PH %ﬁ%ﬁ% hctB 5tfbn Hére R Iyeﬁﬁy cel

10 divi si on, S5teglst heeﬂelnbﬁlicﬁ)ﬁ)at@dt izt | 33 9d eatred .celtiwe, ddgsecpeﬁi by
fluorescence remai.ne nst LI p cles in this
period, they mSuPadlﬁgve eeﬁgg%les?oecgggct§%é%rby;%%€#aff§ gﬁngg%ould
have been refthouadndnpr@meagednﬁamﬂaduxﬁﬁupIQBQNHQEV@IQe¢eBldaysFe

pr opagat i on_of, LKkl ab.N&ef Al s d Sﬂn LG 1 PU Bt OcADSRERE of new

i nfections of  surrounding res I um
t he supernat afit Waysr erﬁﬁ/edllafh@b@hbm‘l/er‘é ese| swa\ﬁer él%rcﬁﬂéf eda®n¥ t hcfhésh

medi um 12 49M§v§EESB the St e 2RuRibe L NEY¥DAIH A alRE MeFO-€84! 8chBEAME
detached from.the cul'ture nmedium For the whole_ test period, no

replication offetRetefs RY vELLBFeREENEBserRARRR IR hEONESPRLSf B VAERS8ase in
fluorescing cghksicPespagad i BRenoffambd eGhP- ﬁﬁzs 7§ei:&am thenef i gboall y

genones. and pAPPRCIRBSTEGHNLE  fis BEerl RETURY CeneFer R SRR cteblfoz. 77
can be descrlhedeasbeenrexéflﬁmtemlcMﬁl(ﬂnmneasedalfﬂaot95cence. Even
16after 8 days, propagation of the viral vector could be
ruled out, owing to absence of new infections of
surrounding cells. To supply the cells with fresh
medium, the supernatant was removed and the Vero cells
were covered with fresh medium. 12 days after the start
200f incubation, the Vero cells became detached from the
culture medium. For the whole test period, no
replication of the wviral vector was observed in the
form of an increase in fluorescing cells. Propagation
of SeVV-eGFP-PA2-77 from the originally infected cells
25to surrounding Vero cells by production of new virus
genomes and particles could thus be ruled out.
Therefore SeVV-eGFP-PA2-77 can be described as a

replication-deficient viral vector.

Summary:

30The above results show that specific manipulations of
genes for components of the polymerase complex can lead
to the production of replication-deficient negative-
strand RNA viruses, which are still able to transcribe
the virus-encoded genes, but are no longer able to

35replicate the viral genome.

In the case of the Sendai wvirus, two particular

variants were investigated more closely, in which the



Summary : 30 The above results show that specific manipul ati ons of
genes for conponents of the polynerase conplex can lead to the production
of replication-deficient negative- strand RNA viruses, which are still able
to transcribe the virus-encoded genes, but are no |longer able to 35
replicate the viral genome. In the case B the Sendai virus, two particul ar

variants werefqieﬂ\ées%gat@qe Y &1 FhSde . ddFadigah b'fh%sg:h‘&)%ro&%’l% f Qast he

pol ymer ase cofactor phosphoprot €i n was deleted"cogple ely ("SeW-eG-P-AP")
or the codonsdfdrtedy ¢RMRtetRIY t(0S¢YVREFEPr Afnd e " SBOV-REPIPASOFT") .

Bﬁt h SeV vect emSnar eadiez(:d i;g:atialongde\feiﬁ eflémé\lﬂ?@ek I'SeW—ﬁGFPSPg?—not')SUppI y
the P protein_in._tran so-calle target, .cell.s), . t.he i.ffer

consi derably PR%he F§ CEPatPES f?ﬁegyﬁéP%%ﬁﬁ sﬂYdﬁgﬁﬁ%ﬂﬁ%uﬁ+q nSEfdScase of
SeVV;eGFP—APSahiahIWB rob, suppayi sthiecal | pronkyn0.i#o fande (Yoraatékls
remain 10 uninf %%ttEdc'Il.gg 3"/%%*{8“{& O%iﬁfr%g?tgéﬁéi&e%ﬁ F’i:?"{i!%% - only

0.01@6eGFP—po§Fflve ceé re observed e mcroscope. It can be
concl uded fr omaplaics tyndiohre geniec #Xpyreisisdtonyi si bl e transgene expressi on only
occurs if 15 or nore RNPs of SeVWV-eGFP-AP are present 15 sinultaneously in
an infected target cell. This P gene-deficient SeVV displays simlar weak
expr essi on as?dp&oagdl ojpuibealrase APfya19\AeGEAF et @t . MOdupt ap., Both
vectors are oBhhtGaRaRaa19f RWIRAIYo. 17 anser iPid Onvéfot heeli nEect-gaatiar get
cell, via't 2Q pol ynerase conpl ex thg@ﬁls supplied fromthe virus
particle. @QF&Pfe§FF@hgér %%g?ésﬁhﬂP FREt8AROJRE 1§3Fis g oRNEnt i gen

i s desired focomparapeutbgly appbigalcrr-postite veeddllls Thé Se Cobgielrhved can be

fulfilled with the ajd of th |ication-deficient 2 i ant .
SOW: eGP PAoRRCTunF R OHIS) QRS o Chpdeit y Do o BA PARE) GHF oM ERdStar get

cells that ismagthemadically that visible transgene expression only
occurs if 15 or more RNPs of SeVV-eGFP-AP are present

16simultaneously in an infected target cell.

This P gene-deficient SevVv displays similar weak
expression as the analogous rabies AP variant (Shoji et
al., supra). Both vectors are only capable of primary
transcription in the infected target cell, via the
20polymerase complex that is supplied from the wvirus
particle. However, stronger expression of the encoded
transgene or antigen is desired for therapeutic
application of the wvector. This condition <can be
fulfilled with the aid of the replication-deficient
25variant SeVV-eGFP-PA2-77, which only gives a capacity
for expression in the target cells that is reduced on
average by a factor of 10 in comparison with
replication-competent SeV. Owing to the presence of the
gene for a P protein shortened at the N-terminal end in
30the vector genome, not only primary, but also secondary
transcription is possible. This is realized with newly
formed, modified polymerase complexes, which contain
the vector-encoded PA2-77 protein; this does not,

however, support the replication mode of polymerase.

35Quantification of protein synthesis in infected target

cells has demonstrated that the replication-deficient



average by a factor of 10 in conparison with replication-conpetent SeV.

OmM ng to the presence of the gene for a P protein shortened at the
N-termnal end in 30 the vector genonme, not only primary, but al so secondary
transcription is possible. This is realized with newy forned, nodified

pol ymer ase conpl exes, which contain thet4ector-encoded PA2-77 protein; this

does not, howevel , veuRBer tsdie-dag-irpaiion fpdeaphbiel Berr?éﬁfo%ﬁing
Quantification_of protein synthesis in infected target_ cells has

denonst r at ed ?ﬁé&c%?EFrEE?FéSFFBﬁ}GEf?@ﬁeﬁF913551QHr%ﬁ kg brencoded

SeW- eGFP- P&fzgeYrYesis mpagbgqu per felen 39 -lpefof:diaiaﬁnt ttaﬁégéhéplt (eerand
expression o L ral - encode enes. .Not_.on Is the. 3' -praxi t ransgene
(oCEP)  of t ectTEeFt I EoRY R e BB RRg it il | Behedsaisinatie R 3BE t on o
is transcribepbsbtian leeats Smayscrifiest fonf exti deaand 2 hédaysotafters
exposed f “”Ctiﬁﬁé‘é%i’oﬁn and" @ﬁéeg;Srg:a{f%g% | Sg'y' éaxp<?s?cPeFf%€‘tri§ga‘iriy°f ?}IEEA

i nmune responseé Tnduced Th a  no replication- i"¢i'en

vacci ne 10 linfesctehowmrygdhtcetéserably by a deletion in the P gene
("P42-77") an altered viral polynerase conplex is produced, which no |onger
all ows synthesis of new genones. At the sane tine, after infection with
these replicltiorReeprpination, gfeshe hunyune rgspenss dpdused oin nddi at ed

in the target cellmé$s@hdd@PPbPXa répXitavebni-8e€2BRARESRRAWMARCRERECT i ONS
with replication-conpetent virus. In order to denonstrate a sufficiently

i mrunogeni ¢ property of the replication-deficient negative-strand 20 RNA
virus as vat@itawiagn sestnr thart i geeSefdb Byt ibjena C dédledrinnaih s tife t o

respi ratory. S5REyE BurTad, BRoAT RS RiEPtcdoniRRRAS ARIEIEoME: for
this, a replipatdoredefiwheéoh Sey Pb@rgdr 25alhswsonsymnticéeils | afwhnhew t he
genes of the 8@&&&&3! At the same time, after infection with these
replication~deficient viruses, the viral gene
15expression mediated in the target cell is only approx.
10x lower in comparison with infections with

replication-competent virus.

In order to demonstrate a sufficiently immunogenic
property of the replication-deficient negative-strand
20RNA virus as vaccination vector, antigens or antigenic
determinants of two heterologous viruses (human
parainfluenza virus type 3, hPIV3, and respiratory
syncytial wvirus, RSV) were inserted in the wvirus
genome: for this, a replication-deficient SeV PA2-77
25was constructed, in which the genes of the original
surface proteins F and HN were replaced with genes
coding for chimeric F and HN proteins SeV/hPIV3. The
chimeric F protein contains 558 amino acids and
comprises the extracellular domain of hPIV3 (493 amino
30acids), the +transmembrane domain of SeV (23 amino
acids) and the cytoplasmic domain of SeV (42 amino
acids). The chimeric HN protein has 579 amino acids and
comprises the cytoplasmic domain of SeV (35 amino
acids), the transmembrane domain of SeV (25 amino
35acids) and the extracellular domain of hPIV3 (519 amino

acids). The amino acid sequences of the chimeric F



surface proteins F and HN were replaced with genes <coding for chineric F
and HN proteins SeV/hPIV3. The chineric F protein contains 558 am no aci ds
and conprises the extracellular domain of hPIV3 (493 amino 30 acids), the
transmenbrane domai n of SeV (23 amino acids) and the cytoplasm c domain of
SeV (42 anmi#8 acids). The chineric HN-p#&tein has 579 amino acids and

conpri ses t he eyl @phasliaC Hommid afimeM & 3o a9t HP 1 RCLHS) snbR [hapggenbrane
dormai n of SeV (25 am ng 35 acids) and the extracel]ular donmain of hPIV3 (519

anmino aci ds) SeAHENSRI AdSELrd S8qPERCED Pt IFd @hed-c F 45 - 45 protein
and of the chimeric HN protein are shown in the sequence listing as SEQ ID
No. 27 and 28 Ins%rti ng.chi meric_genes. in_the virus genone r%aduces a

novel antigenit@FEy tARE SRLIRFFAS UFBstLE £ YET et 9SBOBE sBRBAYCEF facci ne
particl es dur nogellheant pgenilciten.andhénsuadéteipn oteaisuresof eREYcweatencoded

in an additiznal r i cassette .interposed b en _t vi.ral genes,
so that the gSﬁEF%“?}éS’ \%%i"%%f:ér?ge%atrgclgqeﬁ \%gllrgrl{ltg &gl\éﬁirn@.r% 1% new
vaccine was tested in an aninmal nodel. G oups of Balb/C mce were inmmunized

intranasal |y three Jj/Fs.o W daig, dig f ecg][entR I us,Pr eBﬁé@&E&”Siﬁgr quyp A or
C, 104 infectious units ea at Intervals of three weeks, and a control
group (B) receddddipBsli nexpeeis9ionheamsatieci antepppeedt hetvygen two

| muni zation, yAggal y@Rds fl 4bd tHdW t1es Rhlaingd foas aBahesigedoftdhe
mucosal i mmune response, and broncho-al veol ar (BAL) flushing was carried
out, and the SéVarkeRds VieS6i&€ed for analysis of the humoral immune
response. Using ELISA, we determ ned 20 the quantity of induced

i mmunog| pr|1i08‘§.,i-l gA and |ch speci ficall % a ai nst_ hPI V3 an E{SV The
replication- Scitstt VAT BPot 665 HE Y prod et i BPEeL - i RGGEPFon of
| gA anti bodi esfsmpedifiCahliye agarastimmRinNiZed Hrtraibefy§al but thheeetwaesl ess
I nduction of %Q%h-%§¥ different virus preparations (group A or C, 10*
infectious units each) at intervals of three weeks, and
a control group (B) received PBS instead of the
15vaccine. After the third immunization, nasal wash fluid
(NW) was obtained for analysis of the mucosal immune
response, and broncho-alveolar (BAL) flushing was
carried out, and the serum was isolated for analysis of
the humoral immune response. Using ELISA, we determined
20the quantity of induced immunoglobulins IgA and IgG
specifically against hPIV3 and RSV. The replication-
deficient vaccine prototype produced a definite
induction of IgA antibodies specifically against hPIV3
(Fig. 15A), but there was 1less induction of anti-RSV
25IgA antibodies (not shown). The induction of a humoral
immune response to the surface antigens of both viruses
produced comparable titers, and the amount of specific
IgG differs by a factor of 2 (Fig. 15B). Further
analysis of the anti-hPIV3-IgG showed that the induced
30antibodies have neutralizing properties (titer 1/64).
In contrast, as expected, no specific IgA or IgG

induction was found in the control group.

The wvaccine according to the invention was able to
induce a specific mucosal and humoral immune response

35to heterologous viral antigens. Additional experiments



25 1gA anti bodies (not shown). The induction of a hunoral inmmune response
to the surface antigens of both viruses produced conparable titers, and the
anount of specific IgGdiffers by a factor of 2 (Fig. 15B). Further

anal ysis of the anti-hPIV3-19gG showed that the induced 30 anti bodi es have

neutralizing properties (titer 1/64). -lmscontrast, as expected, no specific
| gA or 1gG ingduction found in the control group. The vaccine accordi ng
to the invent PBAYRAs 5%%@ thmPHBEX €3 sP ci??%gﬂﬁﬁggalméﬁﬁ hEﬁBgﬁFeﬁnnune

response 35 tintbeferohegousiheireals ami+3ecsuldddbti deal dexpetedentraigb

showed that | yg tes of. | i 1 C ro jhter n- Y, .\Wwher eas
IL-5 could no%gﬁggﬁéte@f§%$hi%ls Z??%g}ngh?ndﬁggﬁggni at %ﬁégﬁFégﬁgﬁt,
replication- defiicient RRMAvacateiné s ighl eltle t rioggériggercehl T5ceddune

response, WhiehnhRed PLEHGAULS! W {Q |07 | BSEiBGus IRl ¥or SUTBRGY.
Fol l owing infection of experimental animals with a” nodified vector, in
whi ch codi ng $2gtiéngedmPypisHti gens 10 of two heterol ogous viruses were
inserted, the induction of neutralizing antibodi es was detected. This
shows the potential of replication-deficient negative- strand RNA viruses
for the devel opment of novel vacci neSWM®KY |ist of DNA ol i gonucl eoti des
used The DNA oligonucleotides used in the above exanples are shown below in
Table 3 - A7po1180h8e% 1 RF8Tion 5k INakb R  hERELY | Dalifibh sSegyeRce.S o
modified vector, in which coding sequences for antigens
10of two heterologous viruses were inserted, the
induction of neutralizing antibodies was detected. This
shows the potential of replication-deficient negative-
strand RNA viruses for the development of novel

vaccines.
1510. List of DNA oligonucleotides used

The DNA oligonucleotides used in the above examples are

shown below in Table 3.



1 X1 = M3 19 GGAAACAGCTATGACCATG 54 GGATCATTAGIACCT TGAAGCCTCGTAGATCGCGEC
2 X1 (+) 59 56 CGCGTGAACTTTGGCAGCAAAG GCCTTCAAGGTACTAATGATCCGTAGTAAGAAAAAC
3 X 11 57 64 TTAGCGTGAAAGTATTCCACC X Il (+) _ 4 18 GGTAGGTGICTATGAGCC 56
N-1029 (+) GGAAGGAAAAGCGGCCGCCGCCGCGATCATACGAGG 5 XX 44 61 CITCAAGG CC TG
TGTTTCTGCGGECCG CCGTTCGCGAGGCCGGECC 6 XX~ (4Y 57 61  CGTGAACTTTGGCAGCAAAGC
CGCGBECCCCCEEESPEGEGT CGCCACCATGGTGA 7 Not | eGFP 44 60 GCAAGGBEC eGFP Not |
8 26 GATGCATGCTCGAGCGGCCGCTTTAC 58 (+) 9 SgrAl eGFP 36

GGATTACTATCGC A CCCCACCATCGOIGAGC 61  eGEP Sgr Al
CGCTAACTGTCGC%ZGTTTACTTGTRCAGCTOST 10 37 63 (+) CC 11 Fsel DsRed [36
CGGATCAAGTGCA ZCG'I'CGCCACO%]'&%X@SC 59 DsRed Fsel Tn
CGCGAAT AT CGCCBCPEANEPET A GEkqudacald' 68 3'(+) GGIGEC 13 AN I [ M13 19
GGAAACAGCTATG \TG 54 14 AN | (+) 35 CGGTGCGGGCCCGCACGTGAACTTTGHEAGCAAAGC
50 15 AN || "GITCACGT SGCCCGATCATACGAGG 44 AN (+) 16 19

I~ 3 4
CCCGTCTCCEATIATICG, 62, $P- 2892 (+)geanacaceTaTeaccare 54

GGATCATTAGTACCTTGAAGCCTCGTAGATCGCGGC
2 XI (+) 59 56
CGCGTGAACTTTGGCAGCAAAG

GGCTTCAAGGTACTAATGATCCGTAGTAAGAAAAAC
3 X II 57 64
TTAGGGTGAAAGTATTCCACC

X ITI (+) =

4 18 GGTAGGTGTCTATGAGGC 56
N-1029 (+)
GGAAGGAAAAGCGGCCGCCGGCGGGATCATACGAGG
5 |xx 44 61
CTTCAAGG
CCTGTGTTTCTGCGGCCGCCGTTCGCGAGGCCGGCC
6 |xx (+) 57 61
CGTGAACTTTGGCAGCAAAGC
CGCGGGCCCGEGGCEECCGCGTCGCCACCATGGTGA
7 |NotI eGFP |44 60
GCAAGGGC
eGFP  NotI
8 26 GATGCATGCTCGAGCGGCCGCTTTAC 58
(+)
9 |SgrAI eGFP |36 GGATTACTATCGCCGGCGGTCGCCACCATGGTGAGC (61
eGFP  SgrAI CGCTAACTGTCGCCGGCGTTTACTTGTACAGCTCGT
10 37 63
(+) cc
11 |FseI DsRed |36 CGGATCAAGTGGCCGGCCGTCGCCACCATGGTGCGE |59
DsRed Fsel CGCGAATATCGGCCGGCCAAGTCTACAGGAACAGGT
12 42 63
(+) GGTGGC
13 |AN I = M13 |19 GGAAACAGCTATGACCATG 54
14 |AN I (+) 35 CGGTGCGGGCCCGCACGTGAACTTTGGCAGCAAAGC | 50
15 |AN II 28 GTTCACGTGCGGGCCCGATCATACGAGG 44
AN 1T (+)
16 19 CGCGTCTCGGGATGATTCG 62
=P-2892 (+)
AP I = N-
17 17 CCCTGACACACTCCTTC 54

578




AP |
Desi gnati on

| ntl

N 17 17 CCCTGACACACTCCTTC 54 578 - 48 SEQT Length m
Sequence 5'
GCGCCGCTCGAGCCGGTAAGTGTAGCCGAAG 64 19 AP I

3

[0 C No. 18 aP |
34

(+) 31

CCTGCCCTCGAGCTCATCCCGGGTGAGGCATCCC 64 20 AP 11 (+) 34

D

GGCGACGOGTCAGICTCACAGCCTAATTCG 64 COCCCHRTTTCTCGAGATGTCGACC CAAGATAATCG 21
Xhol PA2-77 #7 84 ATCAGGTGAGG PA2-77 (+)
TTTTTCCCCCCT:%QGSTTA.CTAGTTG_?LT CT 22 46 80 Xhol CTATGICCTC ALTh £ F 23
20 AGCATATATOAGRESTDACL 98 rﬁ 1 ghknde 6+)-~ 38 GGGACTAATTAGT CGGRECOGACC 58
25 AL 11 31 ﬁCTTCI;GCCCGAC[T TTAGTCCCTC 60 26 AL Il (+) 21 Cl
CGAAT ATCCAE 64 49 - Patent clains 1 A re_c_o_m;u_n_a_n_t__n_en tivie-strand
RNA virus, tontlai,n ng,a vig I gem A Ao dB At dR2RAd b | eas %4one of
the genes N, E&M on
wi thout | oss| pf |gapacity f@i_secm-%,\eacmtclz;ﬂ@@&wr@éde%am%ecm%cv'r'da as
claimed in clatfpt—echaraeterized-A—that—+t—+s—aparamxevirus—3- The
virus as cl als@edabncldi m 1apr 2, G&@A@&@&aﬁéﬁ&tx@@ctﬂmﬁa& it i9ea [Sendai
virus. 4. The—w{rus—as—claimred—inrone—of——ctar-nms—1—to o,
CCCCCTTTTTCTCGAGATGTCGACCCAAGATAATCG
21 |XhoI PA2-77 |47 84
ATCAGGTGAGG
PA2-77  (+) TTTTTCCCCCCTCGAGTTACTAGTTGGTCAGTGACT
22 46 80
XhoI CTATGTCCTC
AL I = F-
23 20 AGCATATATCCAGAGGTCAC 58
4871
24 |AL I (+) 38 GGGACTAATTAGTCGGGCCCGACC 58
25 |AL II 31 GCACTTGGGCCCGACTAATTAGTCCCTC 60
26 |AL II (+) |21 CGAATGGCGCGCCTGATGCGG 64




characterized in that it has a nmutation in gene P. 5. The virus as cl ai ned
in claim4, characterized in that the nutation, relates to the N-term nal

15 partial sequence of the protein encoded by gene P. 6. The virus as
claimed in claim5, characterized in that the nutation conprises: a
deletion of (a) am no acids 2-77 of the wot ein encoded by gene P or 20 (b)
a partial sequence of (a) suffici eqt 1:for ss_of the capacity for
replication. 7. The virus as clai med R3Sl aims 1 to 6, characterized
in that the viral genorre contains at |east one sequence coding for a

het er ol ogous gene , %ﬁﬁhn% Then\élgraLllﬁv%ss g@n@d i Byl Al rQ/:Zrus
characterized I n that ﬁ'u ter ogous “gene produ is a protein, a
ribozyme, an antisepRe2idiRguliee ViTah deRQNe vl tlulce. MBDBTiqNe iR rak as

claimed in claim710558 orE of>%he MRS &1 ZEdahA ﬁ?hatwﬂlhﬂu hed L89! pgous
gene  product is a reporter protein, an antigen or a t erageutlc pr ot ei n.

10. The virud as clef#elfi FIRRCBEY clfaFnsreP]tJ(F@:lO‘B vhiPatteriossd P t hat
the heterol ogous gesgacPePdpst s6cendanyi geanséraphebar ol ogous pat hogen,
selected fromviruses, bacteria and protozoa. 11. The virus as clained in
one of clainms 7 to 10, characterized in that the heterol ogous gene 10
product is a iralThatvdenas b3 dleimndd ubnaslaliai med dhard@ienilded in
characterized in é%?é t{ue vi ral enorre codes for several heterol ogous

antigens fromthe d?f?e? FUYIPYU5ES: 1513. The virus as claimed in
one of clainms 7 to 12, characterized in that the sequence coding for at
3. The virus as claimed in claim 1 or 2,
10 characterized in that it is a Sendai virus.
4. The wvirus as claimed in one of claims 1 to 3,

characterized in that it has a mutation in gene P.

5. The virus as claimed in claim 4, characterized in
that the mutation ., relates to the N-terminal
15 partial sequence of the protein encoded by gene P.

6. The virus as claimed in claim 5, characterized in
that the mutation comprises: a deletion of '
(a) amino acids 2-77 of the protein encoded by
gene P or
20 (b) a partial sequence of (a) sufficient for loss

of the capacity for replication.

7. The virus as claimed in one of claims 1 to 6,
characterized in that the viral genome contains at
least one sequence coding for a heterologous gene

25 product.

8. The virus as claimed in claim 7, characterized in
that the heterologous gene product is a protein, a
ribozyme, an antisense molecule or an siRNA

molecule.

300. The virus as claimed in claim 7 or 8,



| east one heterol ogous gene product is inserted in the viral genone and/or
repl aces sequences coding for a honol ogous gene product. 2014. The virus as
claimed in one of clainms 1 to 13, characterized in that the virus has a
capacity for transcription that is reduced by at nost a factor of 20

rel ative to9Phe wild-type virus. 15. A-nb8él eocapsid of a negative-strand RNA

virus as 25 clali rreﬁa!cac%%l%dcl a5 the? 14¢hd6. HAEWIBYALs @ gene
negative-strand RNA virus as clained in one of clains 1 to 14. 1 A DNA

mol ecul e that codeBTPEHCEhelgeonECRABEEF RERGYhomBlof 2Rt i geBniAhadt

negati ve-strand RNAheggpéu&u& d¥otkanned in one of clains 1 to 14. - 51 18.

The DNA nol ecule as clainmed in claim17, characterized in that it is |inked

operationally wth a transcription S|gnal. 19. The DNA nol ecul e as cl ai ned

in claim18, 16.chghacteitzedasn &haiméae i apaer igf i elasmgnal it 9,

bacteriophag$ pronot er a T7 or 2¢Pr o terae%:(%E é.cell t hat._cont ai ns
a a

a virus as cPai ned€ 8ﬁ§ %%z Ialhs 1 g 14 SWPHES cPEPRed in
claim 10 15, a gep@nrdua's Glsai aedanhigéni w16 dreteeBNrogoms epakbogencl| ai ned

[n one of claim 120818, HhonThe aekl apatlalaed by ghalmgd

characterized in is a vector miltiplyrng ce
claimed in claim?20, characterized in 15 that it is a virus producing cell.

23. The cell ag clahaed,i &l M ikd®r 86! dLedsi e1d il bt ddirhier
contains a DNA nol ecul e codi.ng for a heterol ogous DNA- dependent RNA

pol ynerase, which cBpfecterigedt r aiRcrithdton BRet h s HNIRUE e I8E0di ng
for the recqgbi nanproauati Ve st kard 1R¥AL igenls.

12. The virus as claimed in claim 11, characterized in
that the viral genome codes for several
heterologous antigens from the same or different

viruses.

1513. The virus as claimed in one of claims 7 to 12,
characterized in that the sequence coding for at
least one heterologous gene product is inserted in
the viral genome and/or replaces sequences coding

for a homologous gene product.

2014. The virus as claimed in one of claims 1 to 13,
characterized in that the virus has a capacity for
transcription that is reduced by at most a factor

of 20 relative to the wild-type virus.

15. A nucleocapsid of a negative-strand RNA virus as

25 claimed in one of claims 1 to 14.

16. A genome of a negative-strand RNA virus as claimed

in one of claims 1 to 14.

17. A DNA molecule that codes for the genome and/or
antigenome of a recombinant negative-strand RNA

30 virus as claimed in one of claims 1 to 14.



24. The cell as clainmed in claim20, characterized in that it is a virus
multiplying cell. 25. The cell as clainmed in one of clains 20 to 24, 25
characterized in that it further contains DNA nol ecules coding for the
viral L, Nand/or P protein. 26. A nmethod of production of a
negative-strand RNA virus as clainmed in>bne of clainms 1 to 14, 30

conprising thegstepae (nArepgiaktu@B Ofaf CehbhikBal 1sntransdigcteds;52 wth
a DNA nol ecul e that_ codes for the genone of a negative-strand RNA_virus,
containing a nutafPBREFReELZPEast™ oRhRabf itthelFeddshgd (OPGRAt PONGALEN | eads
to loss of the capaéthyaSttans¥rtfiptigansignaeplication wthout |oss of the
capacity for secondary transcription, and optionally at |east one seqguence
coding for a heterol ogous gene product, and (b) cultivation of the cel

under conditi @as sUhe MNA hamodetndpscraspti eladietihe DNA adedmdi ng8t,o (a)

t akes place and the,r i E negat, ve- r VT is: fo 27.
The net hod ag c|ai§%8%§§g§ g?ﬁ?za%;?#?%eFﬁécg%%ngéﬁatﬁﬁé(é%éﬁ%?ﬁgsof t he
nucl eocapsi d or ofa l1bacheniophlaggengmoniaten { hee ng@gat eve-T5k r aomd RSBR6 vi rus.
28. A net hod of ”UbEEHB¥E99 a negative-strand RNA virus as clained in one
of claims 1 to 14, conprising the steps: 20 (a) preparation of a cell that
is infected wwth a negative-strand RNA virus, containing a nutation in at

| east one of phe gganesll thatatbrdtaiMi ch eads te lassina tHie eRpaskty for
viral genone replication wthout |oss of. 25 the ca aC|{X,for secondary
transcription angclaims 1 to 14, a nucleocapsid as claimed in claim

10 15, a genome as claimed in claim 16 or a DNA

molecule as claimed in one of claims 17 to 19.

21. The cell as claimed in claim 20, characterized in

that it is a vector multiplying cell.

22. The cell as claimed in claim 20, characterized in

15 that it is a virus producing cell.

23. The cell as claimed in claim 22, characterized in
that it further contains a DNA molecule coding for

a heterologous DNA-dependent RNA polymerase, which
effects the +transcription of the DNA molecule

20 coding for the recombinant negative-strand RNA

virus.

24. The cell as claimed in claim 20, characterized in

that it is a virus multiplying cell.

25. The cell as claimed in one of claims 20 to 24,
25 characterized in that it further contains DNA
molecules coding for the wviral L, N and/or P

protein.

26. A method of production of a negative-strand RNA
virus as claimeg in one of claims 1 to 14,

30 comprising the steps:
(a) preparation of a cell that is transfected



5

optionally at |east one sequence coding for a heterol ogous gene product,
and (b) cultivation of the cell under conditions such that nultiplication
of the virus takes place. 3029. A pharmaceutical conposition, characterized
in that it contains a reconbi nant negative-strand RNA virus as clained in
one of claims 1 to 14, a nucleocapsid gg clained in claim15 or a viral
genone as clained in claim16 as active substance 35 and optionally

phar maceutical | y acceprabhea PO @adecandy dihak cspient Eor - thg gspomghe

pharmaceutical conposi biron, agefa®d veostPakdaRNA 28 A, UsEnesiNdegi ge. 31
The pharmaceutical conposition as clained in claim_30 as nonoval ent or

pol yval ent vacci ne. 538UtgkdoBhammetutie@at cORpositt i e age2rsi Md Fn claim
30 or 31 as vacci ne agah8stp yi wakichnfredd®dHnso fXuss esniee agapaeticpe

agai nst infections mﬁt? pat.hogeni ¢ ne ativ§=st¥and RN%_virusFS. 33.. The
phar maceuti Bal conposi £P8n VaF X1 S TRYF nTEPALR I8 28 F RO Ws e $BF &fti t unor
t herapy. 34. The phar mabeutiapalc icgnpasi tsexpmdaxy at n@niscniphionof acdai ns 29

to 33 for use in high-rj hents. The. p t] o] sition as
clainmed in one of clai ﬁé%ggﬁggi&%%c&%%tsigr}get%@é&‘%@t}g&ejo&ég%ﬁ@ ??19 5 the
native viral envel ope. he6ervhegove geng paiodugti,clansk abl y expresses,

constitutively Or,ilkpd”‘éwu?’gt}g?ﬁ%@% Nt uﬁééfoéol??i’fciéns such

negati ve-strand RNA'virus, e production or nmultiplication o
reconbi nanfl020 negat i vEhatr @nd RS &K iREERN aofclthiendA rRePRr@ingcltgims 1 to

14, of_nucleocapsids aia@'%%&%@!pladéEﬁﬂaJéhérrQéoMEiﬁénﬂeﬁQGB%i%§—0|ai”Ed
inclaim 16. 37. The use as cl ai ned |n,cl%1n136, characterized in
strand RNA virus is formed.

27. The method as claimed in claim 26, further
comprising the obtaining of the nucleocapsid or of
15 the viral genome from the negative-strand RNA

virus.

28. A method of multiplying a negative-strand RNA
virus as claimed in one of claims 1 to 14,
comprising the steps:

20 (a) preparation of a cell that is infected with a

negative-strand RNA wvirus, containing a

mutation in at least one of the genes N, L

and P, which leads to loss of the capacity

for wviral genome replication without loss of

25 the capacity for secondary transcription, and

optionally at least one sequence coding for a
heterologous gene product, and

(b) cultivation of the cell under conditions such

that multiplication of the virus takes place.

3029. A pharmaceutical composition, characterized in
that it contains a recombinant negative-strand RNA
virus as claimed in one of claims 1 to 14, a
nucleocapsid as claimed in claim 15 or a wviral
genome as claimed in claim 16 as active substance
35 and optionally pharmaceutically acceptable

vehicles and/or excipients.



38. The use as clained in claim36 or
Is selected from the H29 cell (DSM
therefrom 30

25 that the cell is a mammuli an cell
37, characterized in that the cel
ACC2702) or a cell derived

30.

31.

532.

33.

10

34.

35.

15

36.

20

37.

25

38.

30

-53_
The pharmaceutical composition as claimed in claim

29 for use as vaccine.

The pharmaceutical composition as claimed in claim

30 as monovalent or polyvalent vaccine.

The pharmaceutical composition as claimed in claim
for
with

30 or 31 as vaccine against viral infections,

example as vaccine against infections

pathogenic negative-strand RNA viruses.

The pharmaceutical composition as claimed in claim

29 for use for antitumor therapy.

The pharmaceutical composition as claimed in one

of claims 29 to 33 for use in high-risk patients.

The pharmaceutical composition as claimed in one
of claims 29 to 34,

the native viral envelope.

comprising the nucleocapsid in

The

constitutively or

cell which
inducibly,

use of a stably
the proteins N, L
for the

recombinant

expresses,

and/or P of a negative-strand RNA virus,
production or multiplication of
negative-strand RNA viruses as claimed in one of
claims 1 to 14, of nucleocapsids as claimed in
claim 15 or of viral genomes as claimed in claim
16.

The use as claimed in claim 36, characterized 1in

that the cell is a mammalian cell.

The
characterized in that the cell is selected from
the H29 cell (DSM ACC2702) or

use as claimed in claim 36 or 37,
a cell derived

therefrom.





