- 1 - Replication-deficient RNA viruses as vacci nes Description 5The
present invention relates to a replication- defective and
transcri ption-conpetent negative-strand RNA virus, which can be used for
the expression of transgenes and in particular for the area of vaccine
devel opnment. 101nmuni zations with |ive Vaccines inmitate natural infection
and produce a conprehensive i nmune response. Attenuated, but still viable,
viruses are used for Repddcatfionrdefiiditdntl IRNAL ivdrusést As vaceimes vi r uses
nmust take place so slowy that an i munol ogi cal response and 15t herefore
control of multiplication and/or elimnation of the virus is ensured. The
| i ve vaccine concept has frequently plesgadptios/ f in vari ous age groups.
There are, however, inportant target groups for whom inmunization with
| ive vaccines i robl emati c and 20extra safety neasures are eguired;

arh FEPLF

maternal anti bodit88 PEESELE i AFYSPSIPR t FELATES ®w ndnt RFF@ At the
sane tinme they réapfeseivea draf r iteanshaf p st~ demp earic omegiah i verEDrZed | on

with |ive vacci ngyat , W4 tckﬁthquEQde¥ﬁ5§skK8'Qgt{{?§§§¥'8ﬁ of
t he 25vacci ne virus and associ ated vaccination |'esions. Hother tar get
group are the el deanggenedsandmiinepasiistiw@an sfom tbagareso ef f vateme so
that it can be qxethgadesk by vaccination, and increased nultiplication of
the vaccine virus may Tead to vaccination |lesions. 30There is therefore the
probl em of making the imunologically excellent |ive vaccination even safer
for applicationQrnmafikatiohér getitlr oudve asvasdineds imLtLesSi ngatheasafety
profile for genena%ﬁﬁis. Far soneaﬁears it has,been possihle to alt

negati ve- 35st r and SPrGQQSPrg K€ag ﬁﬁ&PFSBF8§1V rﬁ@mBPetﬁgspgﬁgéai
virus (SeV) for &t&sphatedur posef stiylbyviahler,seviruses are used for

vaccination. 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 live vaccine concept has
frequently proved itself in various age groups. There
are, however, important target groups for whom
immunization with 1live vaccines is 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 wvaccine, though
without 1leading to excessive multiplication of the
25vaccine wvirus 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 live 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



genetic engi neering. EP-A-O 702 085 describes the - 2 production of
reconbi nant, infectious, replicating unsegnented negative-strand RNA
viruses fromcloned cDNA. EP-A-0 863 202 describes a reconbi nant Sendai
virus, in whose genome a heterol ogous geng is inserted 5or a gene is
deleted or inactivated, but whose genone replication is still intact.
Negat i ve- straDQORNAtwpnusexfareeegpbénanky suinfgasteleus, t heebiékbdArgof

vacci nes, as hhségmaukaapl heaytqoeLgtr%a Cyiap! a%ghgagesfebacec%naae RNA
| evel and genes 10w thin the viral genone can sinply be_exchanged. Thus,

there has al r EBN$- bé%ﬁ‘%n@cé¥§3|ﬁoﬁro@ﬁ%?ﬁbb?ﬁcdhbFﬁ&ﬁ@blwﬁmﬂse§eﬁﬁﬁh
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ani mal experinments (Schm dt al Virol. 75_.(2001 4594- 4603 and WO
1501/ 42448, 585 eocHR naf ASISEAd (Y oLRRCCIHALRR G SrHRSS! SRURER

par ai nfl uenzareplticatype 3s(kRi¥13)Yintaed.of the G or F-protein of
Respiratory Syncytial Virus (RSV) in a vector based on bovi ne parainfluenza
virus type 3 (bPIV 3), a mucosal inmmune response to 20hPIV 3 and RSV was

det ect ed afteNegppﬁweastmanﬁnRNknmiemsesAabévwsyucﬂaﬁﬂxﬁﬂmtiaylefashis

| i ve vacci ne, C e te a er i g

al ready been acﬁhévgdgﬁéﬁ? %% %%gﬁ?%gblggggk?gfg HL Eﬁbfgggbarrler this
25bovi ne par athel miz@plﬂsmstakea irege PAY 3hendRFSV1levedf el agengens
shoul d al reagy,; bg;§uf fh!(fc'\f‘ﬂaw dxﬁ@“é% d ofi8HH1 ?PFﬂdé C@&éﬂé‘nn%?dhu‘i‘ﬁﬂé

Reversions to the wi ype shdul d not be expe as conpl ef e genés were
exchanged fortbpralh@érﬁéé@%ﬂ%ﬁhﬁ%ﬁ;S¥§¢¢ﬁ%a}n BDPEYEing 6?CPﬁblvé@@|ne has

al ready begunyifgsbBe wifns shiHrAldeS PLS€ELREd A evahO¥B¥Cuirus types
replication-conpetent V|r¥1 nultlpllcatlon wi |l undoubtedly ogcur in the

vacci nee, theagﬁteH§FP9 oft vaccines 1n anima experiments

(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-



which is attenuated by nodification of the virus, but 35is not excluded
conpletely. The intensity of the virema that is to be expected and
therefore the side - 3 effects suffered by the vacci nee then depend on

i ndi vidual factors. Wthin the scope of- the present invention, an attenpt

Is to be nade substantially reduce_the risks of liye 5vaccination, and
especial ly th8%%F§£§ f 5 §3€¥%e§§yintﬁﬁerV&FﬁlpﬁFgeﬁxﬁ?buﬁgép%ﬂg aBPr oach
i s the suppresnsdaridiali fakbtgesonme replication after application of the
vaccine. As a result, multiplication of the virus and correspondi ng

10vaccination lesions will-not occur, regardless of the vaccinee's state of
imunity. A fWadhdsnttdle dsd¢dpeubtfy tihe t hresappr davknitdonhatan hettempsal RNA

pol ynmer ase petf.o fuNGt : gaﬂg- i [ r WBNQ: n :
nultiplicatio%go?gfﬁgﬁ%aﬂglq&tgﬁﬁgz._1:#ﬁﬁgﬁégﬁgﬁ%%d§#%st eérgﬁn%éaein t he
new vacci ne, 943ccipatiqneci #& e bly ythe &dpksl £oot Weeieees 4n  viral
MRNA.  Anot her cpreRligMtbegbRagrbigsr.econbi nant virus nmust performefficient
synthesis of viral nRNA "if it is to 20be suitable at all as |ive vaccine.
There are thus two basically contradictory requirenents, which nean that
consi der abl e dhfi eippriceshar eig 0 e expapbedskiohhe ofpr ogliledl ongehomaf e, but
efficient live vaccines basgg on negative-stnﬁgd RNA vi ruses. 2i$ho£i et

al. (Virol ogy™SP81E3609F, 255°305FPRESCIHHRE (He PrdudBCot™nd BS
characteri zat resutt ,a milgeieti cefion eof rdlse esivususandlheovrespondingr oduced

by neans of,4P-protein-expressing h er_ cells. Wthout g novo_.sypthesis
of P-proteiﬁpv?ﬁglgﬁFﬁggsﬁﬁnggh ngggaaégcﬁéﬁm%Tiﬁggﬁr ﬁgﬁgcﬁT%t¥§ﬁ. The
slight viral yemeierpressitene p$ nmmuihdsyed in a very weak signal for
N-protein in
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 virus must
perform efficient synthesis of wviral 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



I mmunof | uorescence and only in very few cells, and convincing proof of this
slight viral gene expression wll only be provided by PCR anal ysis. Use of
this - 4 nmutant virus in a challenge test in the nouse nodel should show
protection, but there is no control expgriment with transcription-inactive
virus and the tine interval for the viral challenge is too short. The
5dur ati on of Mufpsedippst eki on FBahbengei fgst niBdstihfat BauUSTEhanqdl of such

mutant virusesmdiofg t hehogevelermeitl o, am il t eprated rabi &% Vacsiffo1
therefore seens not to be very promsing. Wthin the scope of the

i nvest i gat i orf¥REHMERE 6 tthe tregsCEd@itlonni@Rctdye | Vikds f80fAd et in
par anyxovi r usesme dpcEaiaNoret the wvephilcahadleale ily atsCrdHydton frecti ons
can be achi e%fd bel,ci)artia |y rem)vigg t he constituents of polymerase that
are essent i MuFRidhe RhomSTRRTSEAL | FETHRITITh. TH s M* 1584 %e one
of the viral inmwistiigated P ahe Luser of speci abthunctvinaseslofeirn e such a
protein. Surprisingly it s_found tha y ations in whigh the function
b “the prot el SEvEriit ot et VL UARed b 4 RsH RS TRt b e
conpl etely, meenmmrnotalte, b@0veryspposssbhe.to produce replication-defective
RNA viruses which possess an adequate transcription function to be

suitable for the production of live vaccines. One object of the present
i nvention is WHusim thsr scopbi mdnhtthrginvest sgabien|Nehatr ded W che s

replicati omglefd&dont andJdansst] pti ar- conpgient. £Ihgq Vi regaaccorging to
the invention contains a viral _genone with a nmutation in at |east one of
the genes N, PAraMKI/iz#Ps t hedREOUPLHRT| e8di nFheo IT0R igFatgetibneand
30replicationMtdoript 05s FurtREPHEAN Yah! BSClidblilclird CBRAGdM¥eially
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 1loss 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-



The virus according to the invention is a prerequisite for the production
of live vaccines, especially for the production of lIive vaccines with an
enhanced safety 35profile, which is especially suitable for use in high 5 -
5 risk patignts with a weak or damaged Egnune system The invention al so

rel ates to a“nucl eocapsid of the reconbi'nant virus, conprising the viral
negati ve- str anilskRhAtieotpl exttl w whkakherpdetmeged hmmunendyBtemus t he
5negative-strand RNA of the reconbinant virus in isolated form The
invention also relates to a cDNA, which codes for a negative-strand RNA
according to The ivgntioon iadsoparelatésr t® var aludeocapsvd @f Rhde

conplenentaryrgg?m%ghgnthq h@!e@dmaiﬂgfﬂﬁ“¥hé€%f¥£§ h8gAt $6LLstARgf OF

mul tiplication o e reconbi nant negative-strand RNA vIrus accorglng to

t he i nventi onRNARe qompdieaiasthntlBegahiey Rxatedne RNA H rakd afcpisigthe 15t he

invention capnbBga@hia-Bedald MuNK i 08£0f theSt arbbBAbiMbhYS IVidls | eagt one
of the genes N, Eﬂ%g EPEThe starting virus can be a natural
Y

negati ve- st r ahd® ¥- especially fromthe famnilies Paranyxoviridae or
Rhabdovi ri dae or reconbi nant variants thereof. 20Especially preferred

representativgs -are .amyxqQviruses, e.q. Sendai, virus,, human or bovi ne
paraianuenzaﬁsﬁrﬁgyegédpnhﬁﬁﬁﬁ|5§iﬁ9ﬁ§l3§hfh 5 w%%ﬁﬂ\ﬁg$§%e£3? 3, 3, 4a
or 4b, NewcashkgatliseasérendusRNAnuapsoviding, teastbe vinuentiohynathn
respiratory 2 hal vir R I doyi es vesicul ar
stomatitis vi g%%é&%‘%r @sp‘g?:’fét I g}‘%\r gafnedr aa}'lby%{t E&eﬁ Vig sl%i%ergééstg‘gdglo Vi rus,
e.g. of thelBdshinm strain (ATCC VR105). Recombi nant variants of the

af orenenti oned viruses, as described for exanple in EP 30A-702 085, EP-A-0

863 202 or WD 01/ 42445, are al so
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 wvirus, 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 Thuman 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.



covered by the invention. Further preferred negative-strand RNA viruses are
representatives of the Rhabdoviridae, Filoviridae, Bornaviridae,
Arenaviri dae or Bunyaviridae, e.g. VSV. - 6 Like other paranyxoviruses, the
Sendai virus is an envel oped virus wt-hg -helical nucleocapsid (Fig. 1).
The envel ope coﬂsi sts, of a I%%‘d menbr ane, ich js _derived frgmthe plasm
menbr ane of tHEXRosPtReF| RRIHAYERVITH ¢ he Vithus S50da%| ¥328F  #5an@Renbr ane
gl ycopr ot ei nsentralrebgdt e rfussi wirtpr at eiglidd1 andclberagglidt i (Fig neanani dase

(HN), are anchpred in the viral., .envelope. The . matrix protein . l.ines the
st de- of “t neARe B EoPer SoRRiFAScatt | & chnPaindbti Bhe: ToBHA ops
consi sts of sidagleedt fawdedheNp asmd erenbnand ofiudheofraxtei e[ N) framt h i n

h 6 .eptid f NA db t e - dent
RNA pol yrer SRELCE) and'The YaTPRet or AhospheRratei () I EeqRReibatErenden

negat i ve- st r agdYRNArgtAsRE , of name lSendehie vi fusieBcomroitednt he(Penesndf the 6

structural prHéﬁéB?lh@ih!ﬂﬁ—n@ﬁg%idglsél\l' Phfey M Fabl- LapchbFbe: 2h- {he PIC
gene codes for a_total _of 8 proteins, the structural_ _ phosphoprotein and

al | non-strucYFal. pRYEEPRE -kiBfn a3 T iFa e OB ey ot B1es PheNiBRdde are
i mportant forofunghé Ondmb#4@d)SCriHY | iR Jagiid aliodf alilk@® eh akhe
ParanyXOV|r|§ae: Ihe Vi ruses andfthelr Repllgﬁéieg. Fi el ds Virglog¥ 4t h
edi tion (200957VeLBBENEOPFIStH Of SHDad anatGanRaehRNA (EPPRT 84 3651 2340) .
25The reconbi AaBleBpgatiya- SINMaNwIRIA Yhr WaACCOa€e NG triucIdwtidewenbifon
contains a mutati In_at Least one qof the genes N, d P.. The ation
can be a del e%ﬁSn%ASU]Bg?P u%yonoré%d orPi% i oft™i r?dg}fgd]e&er{%eélhtgegﬂ N, L
or P, which gpvégmeraset ¢La mepl tbat confdetbei phogpbbp3otlednvi(P)s, but does
not disturb the capacity for
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.



transcription. The nutation 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. - 7 1In a preferred enpodi nent of the invention, the
reconbi nant virus has a putation i ene P, n in ,an N-term na g parti al
sequence of géfe B TEEHREEET one™ PgFE‘FEEI y %ﬂae S alnY®RELORne £8§i on of
am no aci ds Ea&oﬂablﬁbnh:ha/ipfuﬁ ehasPa whitdtiore inpgenantp f oniamélky (mpaci ty
for replicatian. |s further pre erred that .the Ctrgzrrr,hrln o

(starting frofia ré"cmc?%z%ﬁr oessﬁgPeHSSeoanferIrlue[ ations |rrp§|gF ﬁg t he
transcripti onprbcﬁacr:’abdly dferisl by presfsdr abhy, regéonutcl iaming acidsut ation

[0 the regi oB3aL,amap 6ldspZoddih el ngnity e ohoapagkl Ve Lo tho

replication, for éxanp e a I on of e am no aci
protein encodfecl;?c‘:llt)‘yd'-gerfaDIID mpxb?a‘élgartﬂﬁl isedianidenfprefersedf 1'-blra\éint for

l'oss of the capaci¢yidAhingp! 'z‘é%tl'oqﬁ (é@@%iﬁ?p%nﬂgmhét'éb”‘fd Cé@o@' 30
take place in P proteins of other negative-sirand Vi ruses

ot her par anyx8¢RFuFE, havg EHRfWt%éo?%cb%?héh{lngastaéééfla‘nlﬁélp& the

invention is figehieall ORsgelicilaRt e AdrabIers,i pithen- ﬁzﬂ%ﬁ%ﬁ%&ht isosgs 200f
t he capamt;« for replication neans that_in a tar et cell cel | V\/m ch does

not produce Pﬁ‘uﬁtta&l’r?narﬁl of NE h&CILQRc 1 HndmifRP e BEG EyZmJ7tat R§LRS t
det ect abl e vi n1uss geiﬂ)ﬁecmﬁd:i'pi/l c@biron n@ﬁlmnﬁomnd for coekmplet Oaa

duced di-t I | i def 5
Condi t1 ons exPet St ARATER (Ppl FRG I BH EhnechlE R Hheof oot bf BERESHipaci t y

fpr replicat ! encodledbebyd@eere_m Re_cb:as (@escai tpecttmalExaagtgnBe Hofvevan, the
virus accordi gﬂagtf‘lc%@t' §PUhYLd Sofanal €cQhach £9NS4 bragi1tRE+98Re
products encoded by it after
15Corresponding mutations can also take place in P
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



30infection in a target cell, so that expression of the viral proteins
I ncl udi ng one or nore heterol ogous gene products can take place in the
target cell. It is inportant that the reconbinant virus according to the
i nvention shoul d possess the capacity forg secondary 35transcription, i.e.

the viral geng groduct that ari s throgﬁh prlnar tra crlgtlondmnth th
protein comp&heRtSToPF§PRal FRFREH S Sed | 86caps d°5F8" éﬁﬁable of
bri ngi ng aboutrandb@ﬁpsdppoﬂmhqpeiEem@mdaty ﬁioﬂsmnuxsymmhemu$heafelves

The ext ent ofgggﬁe?gggpd%&g %%gggsaglp %EPeaskﬁg@ba£o %I% ei sygkhe3|s

of preferabl eas east’2O east @6or
| east 5% r el alleastt ot’% oar rak pdedisig S%eredatty-p'@ vieus toereapondmsgvm t hout

the mutati onsig1qatybeassane of Lhes0anss,d wkeAbls PenthSns@pardt Y ihor

secondary transcrlp on can be reduced relative to the correspondi ng
wil d-type vira$, lereiglens frle yoares st Loyrd PactBhe ofapaclegpéeral |y

preferably at s@@%hd%Q ﬁa{rﬁfdﬁrp@orﬂ-%aﬂ_hﬁec%lé@ﬁbbﬁ fr@laﬂ?ﬁﬂ—ﬁd@é Ythe
transcription can eterm ned .as in Exa d/or 7.

quantitative 68F§PﬁPﬁ3@FBH oMitAstyBRpr ¥dE Em thQuﬁgteP6?8$669¥§enét
product, e.g.mdstr eporaefaproereicr JdPessfesibheympiraifiedmablyneat emonki nant
Vi rus accorqbgg to tge énventlonéH{efegﬁbly contakns | east

transgene, i'98Y at® | eh@F Qhe S&quettte F ng “PEACE “Yhet 95Io§888n§§ﬁ¥
product. The Inetaasclrdagmusngerman prheducietcamibeed ot ein, Erampianpl.e a

reporter 20prg%g| |gen agalk fﬁﬁﬁﬁﬁ?ﬂ%&ée'He%ggﬁlﬁatng(Nofi ggrlvatlve

thereof, or an an nmune response i's to be produced
or a therapeuekprepsgpelnofe g. bepeopbépgofisr genet heragycsdr aef gnct monal
RNA nol ecul e, -@ogr+ap ?Qbk§gg§e RNA, a ribozyme or an 25si RNA nol ecul e
capable of RNA interference. Preferably

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. Preferably
the heterologous gene product is an antigen,
originating from a pathogen, such as a virus, a
bacterium, a fungus or a protozoon, a tumor 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 virus
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



t he heterol ogous gene product is an antigen, originating froma pathogen,
such as a virus, a bacterium a fungus or a protozoon, a tunor antigen or
an aut oantigen. Especially preferably, the antigen is a 30viral antigen,
derived froma heterol ogous negative- str@and RNA virus, such as a human

par ai nfl uenza virus or RSV, e.g. hPIV3 and HN or hRSV F and G The virus
accordi ng to bhbernvérndn ceeqeemtesn opding noias;, komologwusr gknee,

sequences codpagalisd Nelfol ogohse SR0engprauchy, Sequgnces codi gg | or

het er ol ogous gene products can Inserted I n the genone of the reconbi nant
virus. On theSubssikutedarnitkegagneasesodiiat f 6pdRorftRbgbesegeregopsoduct s,

e.g. genes F gBeor Hiod@dts| so Reg subsghimépdcw t yspauengegalibak . code
for heterol ogous. .gene produycts, e.g.. chiperic gene oducts. 5Conbi nati ons
of inserted ﬁaméageﬁﬂpaﬁe& t rRREFes %ﬂ%eS%P§glbﬁgéébFE?n§8?n8§aﬁ5Fe,
sequences of alfengakssibles can be replaced conpletely or partially with
het er ol ogous sequences of other negative-strand RNA viruses, e.g. 10with
sequences of parainfluenza viruses, e.g. hPIV3, and/or with sequences of
RSV. Use of cHhbmer exampdegnceequencespecifal lay pseh@ai edyirue. seguebees

conprising se nts -of th se.viru e S nt f
het er ol ogous 5?g§§cggnoﬁﬁwﬁﬂgﬁethnﬁ?i,q%%?ﬁ%?fgygeﬁggﬁ15Ee§ﬁagéPgﬂﬁscan be
inserted in t Bequengssgedbn®thehi chegathiper-stérapqueRBhs wiruses basegvi r us

genome, & 910w SRA0aLe fheHSe 8N e aral AGIISARRAUGIERSes - . d I ORprYIEN

par ai nfl uenza vi_ruses’ such as an e _reconbl nant "virus can
contai n one oRNAYPE #Hilfthe sSeguermasarndydh®s. Use seferhimerafsgequsnges

present, theses cappeei@fiyhe e Afedf difderestqRehgbs. WBhpRisangbe
derived for exanple froqka %Fn%ge or from several
segments of the ase 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 wvirus 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 is
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'
3bregion of the viral genome. Insertion is effected for

example in the form of transcription cassettes, with



di fferent pathogens, e.g. viruses. Thus, transgenes fromseveral, e.g. 2 or
3 different pathogens, 25preferably viruses, and especially negatlve strand
RNA viruses, can be present. The incorporation of transgenes in
paranyxoviryges is described for exanpl gpin Hasan et al. (J. Gen. Virol.

78 (1997), 2813-2820), Bukreyev et al., (J. Virol. 70 30(1996), 6634-6641),
Yu et al. (GeRBE COH s MPYe 9d7MansGRiisl) FASKItes aVltlrastrgBlar 15
(2001), 1294- ré296) ctSbinot aftest Bbr (feetwyddreiepy of (20@1) re4pd3til@50) and

Bitzer et al. Th 7 (.2003 10:, 21 Preferably, the_transgenes
are inserted F%NEHQQS %%ggéﬁ;o#qﬁ %ﬁﬁﬁiuqﬁﬁ iﬁ%ﬁ) £F%§er 8n g2 gFFected
for exanple regtibe fau nthé tveartzor i péveh aseet tas, thet lei@l- 4D thee or

or e Lranscr EpLLeg.Casoet { ege vt S Aec £8SITLAYLAN HASS LOI eno

i ntegration e resp e ranes 1 hser r ectl'y after the
| eader regi onegetiNe-sécend [RAWel. (Integratidie ¢fveeveralhtragsgenes, e.g.

of a plasmd ct th n angd - BRN&. ration
of several trgﬁsggﬁgggqungegg?g%ﬁgdef gctggééhé %gEenggnt tfé g%??ptlon

cassettes in €asFetises. Anramdehi pcrsa- caébettéaniﬂﬁﬁEﬁh%my EBREALRS t he

sequence codi pgcfarablg L0AGA€50h9I0URIeNQIOHUEt (CBAGRET atipnal thinkage
with a tra(ri%crl tlon start sequence and_atranscrl tion "term nation

sequence an BP@FéP&BH?“§r&ﬁﬂ%ﬂﬂ§ﬂ¢u95gﬂﬁﬂ%?e???%ﬁ¥%%rlb%¥%€? yithhe

present i nVemth:Qﬁsb&1®tSJo&hg| estdbst r@é‘dﬁ.@r@fe doghbe- s raﬂﬁ@ﬁs@Mpﬁf@bﬁcm e,
e.g. a cDNA nole % whi ch codes for econbigant gegat ve-s& g RNA
A 8r1PHe

vi rus genone §€EEFE QQHJttﬁ?qWﬁRﬁﬁlcnP?) a PHPERLPRLY t hEFEBF

virus-anti gensdgnailsa precursor thereof. The term "precursor” nmeans in this
20cont ext that the DNA nol ecul e does not yet contain a
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. 1in 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



sequence codi ng for a heterol ogous gene product, but only a cloning site
for insertion of such a sequence. The cloning site can be a restriction
site, for exanple a singular or non-singular restriction site in the DNA
250r a nultiple cloning site, containi-ngiseveral consecutive restriction
sites, preferably singular, restrictiqn sites. The DNA nol ecul e coding for
the virus géﬁgﬁéngﬁﬁl (?P%(t?é & cgﬁ? earnﬂ?rg(&fuest‘?@élﬁnscesp'r eferably in
operational |inkage with suitable 30expression control sequences. The DNA
nol ecule is f I or, _f.qQr. e m o] kch is
sui tabl e for&%§o§§§Qt¥8§e¥ﬁié cgﬂfggﬁﬁﬁaﬁ%%tschP?g?.égx¥§ﬁ% %%E?g%%br
plasmi d anpkecogbtinemntcel virps ef @mabl $hen £onmlemsmitaty celslequdsiegt, al so in
a eukaryoti ¢ pe@lder 8IREGURIdY tHE God®ER! b ANaCeLLnsaRApRASH! hE JAGGEssary

genetic el enents or “this, such as replication origin, _integration - 11
sequences am@Porthat ediabPe FHAECSRfiAEe¥itihe TetReRARNEORNA ns t he
sequence codipgdvyieiralske ihecOHMYUIANt cRilNUSsQLthBEe CORGY ERBIY any igq@uence,
preferably under, the control .of a. transcriptiqn signal, 5so that during
transcri pti oRTROME 3 oBNAC He ddifueME TRRA Jpo‘IE')yrrérlnas% o o 2F OUCE19F t abl e
for the initicelll,pridthickieal ohegheiverssrandeRNAN carvibelsfpEmddct me cel |,
the viral negative-strand RNA cai be forned. The transcripthgn s%gQal S
selected to pePRECTePIOlent19BRFarktr PELESTSSE FRe BNAYh £AE1FIS el |
used in eadftreaseriptiion alfSoclppsBNb| ént dheshosthetel bl wgedsint eawdhcri ption
signal for t artiqul ar_ cel{,. €. . cterio ge_pr r, as the
T7 or SP6 pr%r%g‘%ér, 1q;angl\'st healnlﬁ%e Ig?sr%%b%?odﬁétigggceﬁ ?rlurérge%gllé) l(gglg;nt ain a
15cor r esponditrgniserdpdliogousiOnal déisandthe RNXtisnilamr gedl.e.€:.9T720r SP6

RNA pol yrer agg e+ WHichhatle §hichdtas [ TARSETAPHRE. TYNoRddbll 97 o tkhe

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



transcription signal, the DNA nol ecule further contains, preferably at the
3' end of the sequence 20coding for the reconbinant virus, a transcription
term nator and a ri bozyne sequence, which permts cleavage of the
transcript at the end of the viral sequepce. The virus production cell is
preferably a eukaryotic cell and especially a mamalian cel|l. 251n addition
to the DNA codsagmbdedt Ha rdysl iwatisorprabtdiciamtcopht a‘ﬁ@lxgsnphgcet he @irus

production celk ryaceaii figh 1t s i Byent | Qfh 1S 01 SOt il PEER  RRQUENCeS,
whose gene products pernit assembly of the reconbinant virus RNA according

to the i nvent VéRUENaSGOFEHST & "tl‘rﬁ sln‘f?fétjc@ﬂ tanadéitiQanphe ¥ddusi onal Iy

contain one ofulRAplveataon Whtehl prmltd@e ’\heﬂ!béi‘el seddthd2Pr ol n
and/ or the L rotein in trans. _ This es as%ﬁgbgg%of nuc eocapgbds of the

reconbi nant 2#FPEECREEs 9%5%(§99u95 5 Bh | & PROtRED Po8uct i on
cell. Miltiplpeatedn odndherr ed@bLnepitotkins finni trahky -be?Eeﬂs]qnbbed in

the virus productlon Cf{l akeélglace HP a Vﬁ qHJt% tloqxgehl whi ch
is infected weh the" viTRis G8ebrai o the THvVention’ (ﬁP%IOﬂ fhe
virus rmulti pbstabtleonexprbssmnnal of hdh@erhesmp@rencswmcemenm anedbgbove,

for producti onebuibe MELGHE fon M98 PIALE! BIRIEYH LGl RLOLET Bl 1

trans. Prefer a  virus tiplication cell is U reis

st abl e expréQPiréﬁeéﬁbtlh'e delmpamasiaprenced l -e. An  9speEnie pRedgraedon. The

virus mul tipl 6atien jeaklions dOpiefsabbyia g@dTRlianvell | rrof &speshal |y
preferred multi EI | catlon cell is_cell H29, derived froma 293 cell, of a

human enbryonFélien®f thﬁ%BF%s?mEEVPnPFnéenQ% @%Qﬁﬁ?l%ﬁﬁl9ﬁﬁlfﬂéﬁﬁbhat
Cel | H29 was @epesider oderive®5£28R4 thBSM AT 120D s ageppdanea wnth t he

15provi si ons gf B Zg%qape | Tr%ﬁﬂy Vﬂ%&bthelgbuggcgrdance with the
15provisions 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. SeV 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.



Samm ung fur M kroorgani snen and Zel | kul turen GrbH, Braunschwei g,

Mascher oder Weg. Vero cells, of a renal <cell line fromthe African green
nonkey, or cells derived fromLLCW2 cells, of a renal cell line from 20t he
rhesus rmnkey, whi ch have been stably .tnansfected wth correspondi ng hel per
sequences, ]igﬁn SeV N and P genes, are also suitable. The invention
therefore furthethpelGRes 6 a@calytus ppPePdrghiona ¥k AW FHiPd icatioghd

especial l'y prc@‘lelr abhy @&&am{mahéape@eléeqm&h@és C@irai psodiidt BoRNS £

nol ecul e, whi es for the, ft r ecombj nant virus, ding to
The’ i nvent | o B 9F Sph S TR EoNearh, A Sinch Ciby B6715r T35 cciPsor
t her eof , and/iarsegdtied aim &KRNAL gemopeodficthenveeld aSC@Ir(éIfI@g'aIb(iyt hlfndertvent i on.

h | D I ' | | |
The 30cel | G De @ est ofe MWl ALPLESRLONSCELbnoR YLEYS, BGIUGLI A el | o

a virus nul ti |ca|on ce revi al 12
vector nulti ;ﬂd\caattlagemally thg. eelpl aigm‘ailerml pppltlaaa!ts oa CNA, tdmat cel |

that i's suitablds 38607 aMHdlICHOLAN HialdE LR paﬂﬂge%lwe san be

used, e.g. also prokaryotic ce such as a ~ transforne coif cell. - 13
I'f the cell |V§“-1§h/|¥%|%°$ﬁ4b%h‘:l%t tbe d}etﬁmlqm%ttéansgénptlpn &érgndi Ins

hel per sequengff LeFeBtUUCtAMLPiptidie VWi UBhET Qi “%oH,ln? ap@f ortte i N
trans. The {IWA inserted in a V|rus production cell is preferably under

5t he contro0FﬂcQFQ&R%Q@MQﬂﬁﬁﬁ%%q?ﬁﬁﬁQQQH3uﬁ1%&Eﬂﬁﬂ and advantageously the
cell further contains a DNA that codes for a het erol ogous DNA- dependent RNA

pol ymer ase, reco |zes t he_het erol ogous_transcripti Si naI and

ef fects transIg] %‘F’] on 8 thJele@A Yaddi'ig ?‘B?gfﬂélc%?@i‘onﬁ?ﬁgn £

negati ve- st r amfddNed/ivith a fgédemiel vitsl arRNArmslevluilepl ecat.i dn d;eHd , 1t is
lnfected\Mtfk Igenqglc vig %L Néa%%'%?“' and chﬁPaigg 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



formof a nucl eocapsid, and contains the hel per sequences in stably
expressible form 15The present invention further relates to a nethod of
production of a reconbi nant negative-strand RNA virus according to the

i nvention corrpri Si ng the steps (a) preparation of a virus production cell,

which is a.ns{ec a DNA npl ecul e that _.codes_ for tg Ogenorre of a

negati ve-str Lﬁ@ o1 u§ ecRefisity N0 dut 28RAGRTI Fat PFERET2BAY ST t he

genes N, L anedit V\/plrelﬁelheazeisdfo hogte it ive-capacd t RNROrvyeaee The

replication withqut |oss,of thec aci t for transcriptiaqn,, .an ional |y
i }hus 1a5a£5herteyl TRl il éaproaéuc}l (Pandjoé

at | east one secfuence codi'hg for erologous gene
cul tivation aefulttheliwstiael lofi n &onidominisiauc h reget itvearsordmpt | GNAf t he

DNA nol ecul ) t t
negati ve- st ?jangq%\l%%%(gﬂl(i‘ ‘f{’)?ﬁ@ #ﬁ%tﬁ;cgpﬁ Ia%ﬂngrhost ceéhlr<13 I's rPr ef er abl y
capabl e of 30@odREEPrehéoN wrotai Niruke @wmuﬁm ofetlhe IWhigtbtein in

trans, e.g. by tiapebeshi AhitM t BhEhgefdid 9890']9' he B@h@éﬁsﬁkéﬁﬁ‘ dgvavhi ch
contai n sequences coding for the proteins N ? For the productlon

, .
of |arge quattiZises spnﬁﬁém%nw Bytapdras B é‘ft t?ﬁ%aﬂr @8paffi &
preferably agefdd ns HS%(illdV\/fP chwﬁielbl YeB¥Br &%SEBos £ 088! ithet ldeqiaeﬂy- 14
I nduci bly, rot el ns N, and/ or grefe ably at .| east protelr%P of a
negat i ve- st FRIGRIQRG UsSP h‘éatjr%e‘ﬁﬁ Ruth QS§I 8F FeaCAPIY W ffthod of
mul tiplicati marfscer:rmmojbe namd negatioveldiyr aad RMasEvucsmes araptatidgey to the
I nvention, ising.the ste ) JUL aratlon of multip |cat|on
cell, whi ch Ci S rﬁegf%ﬁ wit h%[ téa(ré%Ln Sof The gaPl Jél’an&nﬁl\lA 1Vl rus,
cont ai ni ng a auittatvadniom eaf [tBest hoat Gfeltlhelngestizl\tld_nsanduéh whiath | eads
to loss of theGanacidx {9 W 9GNONR LGP GALL g diks hout | oss of the
capacity for
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 usual 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



transcription, and optionally at |east one sequence coding for a

het er ol ogous gene product, and (b) «cultivation of the host cell in
conditions such that nmultiplication of the virus takes place. 15The present
i nvention fw$ther relates to a pharnage;%igal conposition, which contains a
reconbi nant Yeplication-deficient and transcription- conpetent

negati ve- st raadaiRNAtvi raesyemsl St phetogphévwi ousiyysear, it &.gucl eagapsst as

active substapce and 20 ional | ar nmaceut. | y .usual  vehicl es and/ or
exci pi ents. T%%V%ﬁ%rngégﬁ%ngﬁccéﬁgggﬁpFo%%angu%ﬁgbﬁglqﬁﬁs%uﬁﬁ%%a??ons in
human and vetkuhanrpanednfilnenzht vicaa bsduB8Y.in particul ar as vaccine or
for antitunor therapy, in particular for application in high-risk
25patients, such as children, the elderly and/or persons wth a damaged or
weak i mMmune skstwarcime aoeandHddsut teal t%@npigqufdmmaliscoﬂaaahlﬁh@f
negative- stsapdgRNA;NiTUS infimolr® 1NatmEndi s RING] OPBreABRLLAY! | ORe as
vaccine is especifally preferred, e.g. as 3Qvacci ne agai nst pathogens such
as viruses, bBerBatioBr ofprpevisaliphes EWd iboddeisinapRd{PFus cbnEelhs a

transgene or sgyghal trre%pw&rées of spd\ei SEIE OEEGEQrabﬁyg- fd oM @mstQYl e
pat hogen, it is a nonovalent vaccine. When the reconbinant virus contains

transgenes 358MYBE| oGESBPR§PNs 2%t @an hiEaided HUURG) 0| SRABPYMEE VAER| ne,
e.g. as bival epiggertgival ent vaccine. For exanple, it is possible to
produce a pol yval ent vaccine 15 - 15 against several pathogenic viruses,
e.g. against several pathogenic negative-strand RNA viruses, such as hunman
par ai nf | uen2@Thér phazmacBSYicAlv acipos iacicor didary e ihethevaunmorof sacapabl e

of 5triggering,a hunoral inmune .respons referaply the_ formtjon_of
neutralizing Eﬁ} fy?ﬁ%ﬁ%

Fhbales® StRsT S OFcet | E*PE3pBhsd™ EBecP Ty
preferably, astitebaé 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 mannér 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



| mmune response and a T-cell imune response are triggered. 10The

phar maceuti cal conposition can be in the formof a solution, a suspension,
a lyophilizate or in any other suitable form In addition to the active
substance, the conposition can conta[n &gents for adjusting the pH value,
buffers, agents for adjusting tonicity, tting 15agents and the Iike, and
adj uvants. |tt.canGeaeradm ni stered by the usual routes, e.g. oral, topical,
nasal, pul monary etc., in the form of aerosols, quuids, powders etc. The
therapeutically effective dose of the virus is adm nistered to the patient,
and 20this d&dg- dei]aers@@wgn the pwrphediogly appl ia:aSEodaé-e Yirus/i (6eNer apy or

vacci ne), onfatca%rhm% oo GHIEARE, (\Hﬁfolcﬂﬁ}' &Nt p 51 MEL B! @eﬁ ?Taﬂl%ogﬂfdohealth’

t he manner adm ni'strati on and f or'mul at | on etc. 10
virus particWadkiaspedrQOly .pr éftdr aBAy tapsut medltféeéaloesmﬁr uge@@m cles

are admini SB%'bﬁu%rﬁ%lésa%msl1Gﬂiléiibtra%2iéd3rt8h{)’,wﬁ%rﬁésdtﬁfeeb%%tte‘i'n@s
particles can adm ni stered together, e.g. in the case of _conbi nation

vacci nati ons! vAdl% nidd atli oritarthe sfoigre ©F ndl t REFLeOCaRsidqui T8¢,

30Preferred h'u@'l@%c%fpsilami§aEUQBoahde30fb1ﬁX@meﬂ1btﬂ&Qle PERYEDGHEN A
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surrounded by a nenbrane envel ope, in
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



whi ch the proteins HN and ‘F (each consisting of one F, and F, subunit) are

I ncorporated. Protein Mis l1l0associated with the inside of the nenbrane,
bound to the nucl eocapsid conmponents at the same tine. The
singl e-stranded negatively oriented RNA genonme of

is al so
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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 wvirus particles occur.



cell associated with the nucleocapsid. Fig. 3 is a schematic representation
of the transcription node of the Sendai virus. The pol ynerase conplex,

conprising an L protein and a honotetranmer of 10P proteins, mgrates al ong
the RNA packed with N proteins toward tBe-5 end. The genetic information

on the geno egati ve-strand s read off and .transcribed
posi 11 ve- st r HHGTTARANSRRR IRy Phn SHE BE GHont Coh P eo L ERERBLBATCL | on of
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production of further genones. These are al so é‘l‘ di rect

proteins. On¥BigHaiGPm “tﬁ‘B%eﬂh% Risping, e Ybfl§¥118|19f1ﬁe
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cytopl asm ¢ nbrane ere env n t V|ral S e, protei,ns and
ytop rzg caﬂ%on %ﬂﬁﬁgé%gﬂ f& Fas SHE 8%%t€ﬁe %ggSent

buddi ng of v part es occur’. T he sScop
i nvention, re&edelrenaet DSM rACC2TQ2no8 drde Opr- @}@@l‘ledl,n |at|cmhtd;$1n¢:hewtlmhct i ons

of transcri Rhieon A0 {&RALAbPN AR degeRbedy | T8edtd®  For the
15production of replication-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 vitrb

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 (SeV-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



viruses are transcription-conpetent, but replication- 5deficient. The
m ssing genone replication function nust, for the production of virus
particles and/or their nucl eocapsids, be conpensated by hel per cells which
conpl ement the missing or functionally-de§iceient viraI protein in trans. A

preferred hel per ce this kind.is the .ce H29 (Wlle brrnk and
Reubert o QFPST thifes oBipvignes o FEORA 1S SR T SRR pr eoent
applicatron mm1slpbi¢at1@n v/ds ttepodirued murtdert d&ﬁ(b&ﬂﬁEhIE%é@(IIHéZ on
11.05. 2004 |n e th p i he d Jreajy, For

t he 15producti g?rfcg rge%I i éggtr grlrtrggfr (E:nr%\elﬁlpqg%aoctlroglnsclr%jptagﬁ Ocorrple%!/ént
viruses, the gemparediwijthioviifdetPrerbendai wasumes.renoved conpletely, but
only a domai n essenti al for genone replication. Thus, it was known from
earlier works (Curran, Virology 221 (1996), 130-140; Curran et 20al., J.
Virol. 69 (1086% er84:g1@3591<trhat the ayiinns/i mugandy sRERPTEANGel £0i nhehe

am no acids 2t{v/eRti®hoti@ Nable &@%’%}f@@é' alr@n endaldl bt 8dsguheseas
vi ral transcrlpthgn remmins _active % is a schematic representation of

the P protei M 25RFBRTPHEs CRMUlS-niThE Sper €@ nPRAFCASE RTQPIEd PeY),  the
411 245) and s b BB Bimaag e domai n (Ar s, by T A70- Ca8) e Eor Y Chi
and the P: i ndin onmi n aci ds or tching
off the viralt ﬁﬁionﬂﬁ?gbliﬁ&gFBﬁs%ﬁnctliipéhﬁ§¥§sr | t aheb §T§n§®a fai ni ng
t he capaci ty0posteinal cotAmias heses, seevedmm rlarysoflm hehlel r shfddtadi no
acids of the pr in R S | ec FLr 0 sp9 drn enda Vi rus
nmut ant ( SeV- F’gﬁﬂg) and i,\Qo u? }g&uc <!-1 % cI’ttoe%rmﬁal egr *on (i) t he
P- ORF was delleeladtlml ymNti&tewnidatthorvtlern@d Pscprrbhertnga camfbeckenbded by
these virusegyy uﬁﬁ‘ée%' ?@n%teUdéaﬁ'? §Q?%ﬂl§/h%te %‘?{%"ir Bt "’Hll:lrfds +Hat

capabl e of mul ying fn cell culture per ce | rTne H29
( DSM ACCZ?OZ)muW‘é hagnpagcine.

162. Production of basic constructs for replication-

deficient Sendai virus vectors (SeVV)
2.1 Production of a cDNA construct pSevV-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 cDNA 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 (l1d) 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



- 19 other things provides the required wild-type P protein,

mul tiplication of the virus nmutant can be achieved. The efficiency of virus
mul tiplication is approx. 45% conpared with wild-type Sendai viruses.
5After inféBtion, the virus mutant acco?@ding to the invention is able to

express virusg- epppgedsérr@sg_gne_ghei ns&ggg&&&gt ceﬂdssionThgt%tbortagneghgrot ein P

produced by the virus nutant gives sufficCient support for secondary viral
MRNA synt hesF89iepnpHeslarpingi PGB- Enddded 10protei ns continues over sever al
days in the infected cells and is only reduced by a factor of approx. 10
relative to the wild-t&;oe virus, so that a sufficient i ne resgonse can

reliably be BxBeft dd of? iRy t Ae™PREFSHt THE FroueREe £fo the JMugeRren of
basi c constrygeastf andr epki Edtrise@n-thdeld @ifertheSaVvRF vivies test DoswaBeVV) 2.1

Production pf _a c nstruct. pSeV- X A codj n script, on_cassette was
neer ted | noPRETED. &, 3370 khg; seiyehel ik T LM A s oS

20mani pul at i shepofseiquergenoot N, iass ewséht icad tbeerisureegendic t hegional

nunber of nu t] rec i e i | ViS] Si X
(faie of o 30 WS Brralhele "3 Haer s pOSMTRA £ GV SIS B
fragment s PCEh Eizsd PERpd | pfwdhe N-QRET eflusbr behdngdsphsdueingnlaf pSeV- X
(Fig. 6). P I G320 shap) S seguen e r r
(T7-prom), C’Fﬁérl esalgér l?ﬁdgﬁggg%\e,ngg?to?%é N- ge%gpis)%%‘%l? S\A'Etﬁh XJ; f-)rllﬁ"rﬂRgup to
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primer 30x Ip€r) x(Tabl eridlough Stdyl 8Le NObbpi RS Fegliod) HHL @nsl P24
nucl eoti des gof the N-gene staqp_sequence re attacheg. The 24_nucl eoti des

of the N gendTagBpntsedudnl@dof oeyld G 4R pyA L FRE nTPERLRFEOBr i mer X
20 - 20 of PCR, the fusion product (1310 bp) could be 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 pSevV-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 c¢DNA
35construct pSeV-eGFP was made available.

2.2 Production of the cDNA construct pSeV-X-X



(+), serve in the subsequent fusion step as the region overlapping PCR X
. PCR X Il (970 bp) conprises the sequence of the N-gene start and the
irst third of the NORF. Via the forward 5priner X 1I, the sequence of the
"-NTR N and the gene- stop sequence of Bl as well as the I nt ergeni ¢ regi on
IR) were att d. The rever L er + inds gn th i rd of
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transcriptionpgapeetties.The cDNA construct pSeV-X was 20t hus made

avai l able. 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 tphseveNpky wassqiﬁc&ilmquSe\ZaX aTheCrRGHedd  oms dmpl whieHd by
25PCR fromth pre | as N1 om_,Cl o . I n{,.ai ni ng
the "rul e of §58§ X dé ?@vadngn q &E?:Er?end_i V\ll7)) fl ar&tn% éri{]g'tg% s%(?es by
means of nﬂﬂégewacdprhymsdlz'rm Iwaﬁnl tpPeV7X1-iop PER freghemt ofivathel eaved
with the rest [ z nd 7 3 fw by gel
el ution, and f\/\\’g‘s@& %\Esi'fe‘{t égav:\g{ét hg %R g)%teggg ge - t?@ﬁs&f?hggﬁﬂ
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via PCR, the cDNA 35construct pSeV-eG-P was nade avai l
forward primer between the NotI site and the 3'~NTR. It
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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 FseI
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



2.2 Production of the cDNA construct pSeV-X-X - 21 Wth the construct

pSeV- X- X, two additional transcription cassettes were to be nade avail abl e,
in which two transgenes can be incorporated. The use of pSeV-X-X as base
vector for the production of the b5repleation-deficient vectors should nake

It possible _to,equip the ctor with ltivalent,..e.g. trivalent
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cassette thapElagpt gibg%%ntaygrlgt%%% ﬁl%%:\%.-@%%ré« g‘_a?gis':ltq iEit;lléon§§FLtbe was

i ntroduced b9fnsand ,ofattieehing ftavondrlhndtinme St hesiitehebwoneasst efand t he

S -NTR It EnSebyeRias piiodhd. rostddClibeliofor throLohge  Lagartion of
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and Nru | wepguiBsedeed DycdhsoPatd®T XX (‘the WELhs20hybahdbzeptwohh the
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[ f
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be able to iahegtid e sanichi eyt S CIORE | 0ff ciéss etfll@orielsceerespabyeillri ner XX

hybri di ' 3 ' 25wi t h , f t.he Noti, si f
psev- %, dOBRREd, iR RY DLARR G e iR e SrOR (ORI clPEn
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;/reginfsi gﬁ;;oggﬁfe R GIRAVEPSRsc PFt 1 Bhaslsd R PRV~ 241 X has 3eatyyi iy o¢esi red
g 15pSeV-eGFP-X. The result was the genomic SeV cDNA

construct pSeV-eGFP-DsRed.

3. Production of replication-deficient Sendai virus

vectors (SeVV)

cDNA' constructs pPSeVV-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 pSevVV-eGFP-PA2-77 was produced,

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



be integrated in the singular sites SgrAl and Fsel. 35For the investigations
inthis work, the two transcription cassettes (X) of pSeV-X-X were provided
. with reading frames of two different fluorescent - 22 proteins. On the one
hand, the reading frame for the fluoreseant- protein eG-P fromthe

expr e55| on pl EGEP- N1 wa I | f d PCR whi | e observing the "rule
of six" attagfﬁ%qqaﬂ]t%%lﬁ?fg&s?p f ‘sé)%lﬂl hs of 5mutagenic primers.
After restriction cl eavage with SgrAl and gel elution, the approx. 738 bp
fragnent coul Y at st trans pti_ ette

pSeV- X- X (pSe\}Cil F¢j;§r9 rgﬁé h@go er&ﬁ%n%& 5 hegégrre \%g' t%%ZrSeCRF—:l

fl uorescent pm@mleD@Redathannbe 1p¢a¢rhed 'SpngenrlntleﬂreCI oks ecn) vvas
proyided by nkerPRe! WUilD Lionihy! 6 Chsslyectblip! U211 B3 raefbste)ﬁrbédtes of

Fsel, the DNA aved uted and thrs fragnent was t hen
cloned into i sé@‘éﬁélltralﬁ'scr thei omexisseseetiant he Theny egjuftof the

15pSeV-eGFP-Xd1E'Fef@r§dé§ V&S thike GEHR{hEs SeY COHBIMEL and -AL
pSeV- eGFP- DsRed._ 3., Production. of replication-deficient Sendai virus
vectors (Seal )chlleA’%d?Tsﬁﬁ% %dp‘SéW-ﬁﬁﬂlﬁ AN, -AP and -AL were 20produced,
whi ch code for replication- def| cient Sendai viruses, in each of whi ch the

gene for the otein N.P a has en deleted. Fo IS ach case a
readi ng frane%(r)‘f ﬁgl Dﬁgdct&%“&% etB%eWV\ﬁ?? oﬁ eft%g t he
rule of six, and apﬂmr\&@ﬂmg-m&-rmscrl ption 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, irtQrhehi ORFa ¢fir tther Pr arsgerier cuasber Sivedr tfedm ftheqwWdNd, was

to be made aVQ&Lﬁ?@fﬁc{c%f 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.

15For 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
30Eco471I1 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



| ater applications, in each cDNA construct pSeVW- eGFP-AN, -AP and -AL. As a
further variant of a replication-deficient SeW the deletion nutant

pSeW eG-P- PA2- 77 was produced, 35which codes for an N-term nal -shortened P
protein - 23 - lacking amno acids 2 to,47_(Fig. 8B). The clonings
pSeW-eG-P- AN, -AP and -AL were all carried out according to the sane
princi pl e. A@aaﬁlaéxaﬁﬁnéenf:ﬁe eifonithg oN pORYV- ethr- ARoR-Icloddagde®cr i bed

5in detail I@rbhgce%h%ﬁctwgseat@nvdlht?nt ahserééﬁf exff‘cmee%ebsartle%l%om ngs
of pSeW-eGFP- AN, and -AL _will present % Fi'ln atable. 3.1 C10n|n of t he

cDNA constru§t"§e|msé:‘3/‘6e SErpL AP Qndlua&é@\’fv BAY. PR OThE2BRELGRVE
protein was WQIEBVQ(Hlef B thie ttldWA ertotd s USHh Df ah@eMiepl, i catie@dlonrdet ent

Vi rus pSeV— oduce the new c A/ - AP, coding.for the
replication? B‘B'Fll c?l EcVST AR h\(%n %f’%‘fq%ﬁgﬂ ﬁréﬁﬁgntsg&tgnﬁ ead of
the P-ORF. 1sEae tdfe3110:m|b;g wés pSatVoabGFRfAR su\h)cP&‘Rafwagl'ren:bSremrred PCR
AP | and PCR_AP 1| wer r e t-hen  fused.

tenpl ate for SS&PﬁnE&R g?(gacda:ggngl%%qedheggas%h of de%§1 ea\q: %ﬁé%%e 1272
bp), by neansctbrt eSéGra@rREl. pA ne@rPPSPO(lélnlgSmeVI‘&m(éFBjAEOh?)lbnledl zation

With the temahenin {0e:0e0i ohygl s NadlF pamyachiaed Debaig pest noul ar

Sphl site everse primner ‘Wwith the te Iateln t he
5' - NTR regﬂgﬁeéﬂftlﬁétpogenef%’{) ttd‘%epépéuFﬁéOAT@fcdﬁtﬂw seppigagioRserts the

restriction gelrecXbak sheieecEpIhe f(Fagnerty PCR AP Il conprises 1938 bp, and
pSeV al so serves as tenplate here. The f or war d primer AP Il hybridizes

with a portion of the 5 -NTR P sequence and attaches an Xhol site. The
reverse prinmar pERPGRIAR ltwo (mutidulsid N ghienRF efad hemplegnra affber a

st ngul ar constructing the deletion mutant pSeVV-eGFP-PA2-77. 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



30Eco047111 site and additionally has an artificial Mul site. The two PCR
fragments AP | and AP Il were conbined via the Xhol site. The fusion
product - conprising a 24 partial sequence of the N ORF, the non-coding P-
transcripti2p cassette with inserted Xhoisrestriction site, the Mplus a
quarter of the F.ORF | eave ,.th the restriction enz mes Sphl and
M ul, intercl%ﬁ%ﬁucgéﬂa s@fﬁerﬁ%‘?\g\é_r%é%ba.NAn aBf| A8y F?lAJ'gme BSwith a
si ze of 3006 barm‘iedmﬁumubyofa asimb&bmnesm'ratteg:prmecttheeq:tlemelgandfwas
Iigatedint n I treate of _pS R__A es !

pSeW- eG-P- A (s: gﬁegéfgeé%m C%?)i rd?r )£?Nasgrm¥n&\;vgr§§az thfetr erggée%ﬁlggce
10verificati opyotedurhs, pradducthen deicitsioer epatsmetens @e-"fel cheasesedd e GFP- AP
(Fig. 9). AFPER yihotyo nutagenic priners was enployed for constructing

t he del etion nutant pSeWeGFP-P02-77. The forward prinmer "Xhol Pa2-77"
contains an Xhol site, 15followed by an ATG start codon plus codons for the

am no acids 7§htreu§ﬁ Qi’let tgfrdatﬂtqtoet rtm T@sctte&sgéeofprwaerfufﬁﬁe??péﬁ) Xhol "
contains the last 10 codons of rotein_and an Xhol site. The reading

frame of thePPePREEE RC&ndr taé’ﬁ’ec}’ctﬁ/ I7 akrRoCREi 8§ éthet e 2N 2 Fihal was
produgﬁd % lP&BreSt:emgve? tsfg@m b:csev ey, at@a&aMng)geﬁi vmmgetdsrzle guke of
Si X. e o] eave p f.ragment i nsert via two, cl oni st eps
Tt the non. 200 HELEr SRECACRE S Siadedr b T HRAR cePPE A S OR 1Bt hisi 1 on
of the ori g'ﬂﬁhbt]?— O 2pAkeleresesfualNce aedi fiioat | SeyvvaegeEmeniic cDRAecl| one
was now al so_rea far rduc t rep
SeW eGFP- PM-??&U%%Fe% 8% o?‘ gqglg%ns &Af{?“?#] fé)% V\g %ﬁ’has the resul t
that, in the snde ofALhe reore strlcstuedl 80pebheirns, wikd V arfte W pPBAei ns
are also Shor&f?&QnéEleotides used (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
20pSeVV-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

pSeVV-eGFP-AN | pSeVV-eGFP-AP | pSeVV-eGFP-AL
Primer pair PCR1 |ANL AN (+) AP, AP | (+) AL L AL I (#)
Primer pair PCR il | AN 1l, AN I (+) AP I, AP I (#) AL I, AL I (#)
RSS$ of the | Apal Xhol Apal
transcription
cassetie
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

verification

isolated by plasmid mini-preparation.

of

the

correct

sequence by




the Nntermnal end and, of the Cfamly, only C - also truncated - is

still encoded; because the start codons are mssing, the proteins C, Y1 and
Y2 can no |l onger be translated by the shortened nRNA. 353.2. C oning of the
cDNA constructs pSeW-eG-P- AN and -AL-2%--25 Production of pSeVW-eG-P-AN

and pSeW—eGFP—Ah wa,g carried.out by a 3i mlar strategy to the, cloning of
pSeW- eGFP- AP-SFhE b HEPRt o SUAMEF1Se t AR ¢l GFEREE pFo8adur s, RIFSPALE
deci si ve par ape¢pasatienpnesenpeeparied TAbbs londhmpasghitee plodectinn in

each case of f usi.hl 0 . I LlL.st he
genes N or L ég\v\%rlegrgg%o\e}e r%%lpgeg-éég’ oggg S?%gl ta}l?g r(meequgrg)%% and
wer e repl acedPBeYY¥eGEPnYll| areparthusst Feadyorf ey t &hpObprrdugtpsaVVeEGFP- AN

and in SeW-g{EEofbindRe a8CaHEBRCRULAnERE priners for cloning
pSeVW-eG-P- AN, -AP and -AL are listed together with the DNA

ol i gonucl eoti des used (Table 3). The PCR products obtained, PCR I and PCR

I, were fused andppo@hétiesl dBupbplitieibardericRehttyviehisPRBthntad the
reverse prinmer of PCR1I. Then the fusion PCR products were cleaved with

restriction enzynes which occur singly in pSeV-eG-P and allow the insertion
of the correspepllitgtidhsdepipientctsen pBeVoe6FP (fevy-eciarhxwheskegéoni ng
20pSeW- eGFP- AN, .see.Table 1 The rified cleavage r oduct S ipserted
by ligation i?lr?ﬂléc%%ctb? p%%:V e gj,éuﬁ?li C r%saiél'l“go %Mst%%n%f‘fﬂc?ﬁe
correspondi ngpSeVWye®eEP-ABb| eAR. aR@vi8lw. of the priners and restriction sites
25used in the cloning of pSeW-eGFP- AX SeW eG-P- AN SeW eGFP- AP pSeW eGFP- AL

Primer pair PCR1 AN I, ANI + AP |, APl + AL I, AL | + Primer pair PCRII
AN || AN |1104ap |Inppial productian 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 wvirus MVA-T7, which expresses T7 RNA
polymerase (Sutter et al. (1995) FEBS 371, 9-12), and

- transfected with the ¢DNA 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 wvirus-
encoded proteins and replication of further viral

genomes (Fig. 10).

In contrast to the production of recombinant Sev wt



+ RS of the Apal Xhol Apal transcription cassette RS6 of donin Narl S hl.
+ Eco47111 Er-047111 + Ascl RS = restriction site E. coli cells were
transforned with a portion of the ligation preparations and plasm d DNA of
the clones obtained was isolated by plagmd mni-preparation. 30After

verification of he cor t se uence gg strigtion,analysis and
Lequencing. aSpEanFaTD RS GENERCyaatsrsRREa 1 B oRRERBLETIESRd e i
each case (DNADNAxiofPr pfekVteGEPagn) ,~hdante vy i daskspShe/- gSRPmAX wer e
thus ready foinkQFmBlﬁggHC%gO?)In%f ére@@mw dep e%foxplﬂft antf

Production of replication- cient vir mit ant s catron- deél cient SeV
vectors (SeW éG'—'Prﬂl)qlng ether geeleo¢aPe s cliﬂltﬁﬂr%llfy oPrOgalcegNAar e

constructs - 6B AN expzeiid tvi)--of Ohel \éé}aééaﬂ: PBOgHCLI @A 8hch

SeW eGFP- AX For he roductlon of reactive SeV with a conplete enone: -
either the cefPSEinethBsRmewnt \@ff chhet At iGr BEoEsint rreequrl 58Fymer ase

(Buchhol z et ﬁhltﬁ@@%ht&on 15 ¢k rol selR-e&FP-2209) - onpcel laril t urgs are
infected with thiﬁoeco i.nant vaccinia_viru I\NA T7 i ch e ressel\s T7 RNA

pol ynerase (SBRF E?Pﬁllds( 1998} FErrafqreg. )Pré’l’(&d rﬁﬁg 5?88 Yith the
cDNA of the vivial gﬁt@mT@pﬁe‘d)not&-mmdlﬂxhﬂlwdasneﬁpeeseded gesfes NheP and L

TMN, - El. t al. (1989) PNAS 86, 6126-6130). The T7
B  ABREerECEregeR, BeRin ek birpl ome

pol ymer ase ndne and/ or the conpl ementary
sequence and the genes N, P and L. The N protein expressed via pTMN

Production of the replication-deficient SevVv-eGFP-AN,
-AP and -AL was similar +to the ©production of
replication~-competent SeV variants in HelLa 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



25 packages the synthesized viral antigenom c and/or conplenentary RNA, and
this nucl eocapsid core (RNP) fornms, together wwth the proteins P and L, the
replication conplex, via which genomc RNA can in turn be produced and
packaged as nucl eocapsids 30 (Leyrer etzglz, J. Virol. Meth. 75 (1998),
47-55). This is followed by transcription of all virus- encoded proteins
and replicatiodn thefuinheiaVllyalpraofresads SEM-@GFR)) orl natdrrnastivedyt he
producti on of .ceconhi t Vv z {0 I gee i , the
Dl asim d- encoddd’ oA of Lodeveredpshy, YekpeBREP. b, J8RANT caRSELERS

i nformati on ¥itdnSedt withdMydn&s3N- P or 'L in each case. Accordingly the
nucl eocapsids initially produced are 5only able to express two of the genes
N, Por L in each case. The anpunt_of the m ssin rotein required for

mul ti plicati dReof T&SWte G- Ao fid ot © uc?%%gﬁpsWHEhnu pltHEeef ore be
provi ded ex&supletdlatantisa £hemT Hriyduatiin colfit r9eVedeGRP+AS si onrof otcthe
10pl asm d- enc

ed _ge N, P.,and L.. Pro ti.on of the replicatiqn-deficient
Sev- oGP A oL gpt Y ke I el PSR vt b ofEhpRes SEVUE
replication- ecFpetnadnt c&eV har paoiducied Hehatielly (MLCCafEEr?) iadtBaR- T7
cells. After i i on t He | | s-f rs in tigated
whet her vi raPr%(égfb:?itlg esg%? 25/9/. I%Eéﬁa;% Sg\Pg(%lF%- ,&E?%adc%eesn’ re?‘éggled into
the cul ture saper izt antdsteahddhowyvrany i deettiegitabdel eté@P nutaansgeag been

pr oduced. 0N P4 P¥ 9dYcedy2Sa\A; ¢ s Al Al or -AL
The super ngt(%r}fps?@g%&h?[a ]f:ge‘? Cgs%lo“?@ﬂBész-T%g)ce ?fsb B %:%1 g%v?/- EG:%%AN, AP
or -AL shoul §eNXveCEEeAN .pr3dacetl i1 t iV eGlReAF nwast i §aPEd ¥orlQhe

presence of sER&s@crplal Ve fiutdaYY¥ eGP rANproditcd -l thavay .
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 Sevv-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



25in contrast to the reconbinant SeV w, the reporter gene for eGFP
integrated-in the 3' region. This detection narker was now used for

anal yzi ng how many SeW-eGFP-AX had been forned. In parallel assays, 5 X
105 Vero cells (ATCC CCL18) were 30in_ eﬁth_ case co-infected with 1 m of
cell culture supernatant of the HelLa cells transfected during the initial
product i on ofaGAage G0 ANnit ARl ividpraducgdd SedVingGFddus ARV @th Sy wt

(MJ = 3) forand reesceepigaentapl,9 OEot—fiﬁf@c%%'d?ﬂo@Qﬁ&'d‘ cdB1 SO rol
Ver o ceIIs were infected either on of thelnltlally

produced Sev-aRE ofl08| PaTiAGLEE o V\Hlﬁ |r|%1’t]11éfla!t;?-°;5‘r’§d’i§%e@é\/ CEFYE and

Si {nﬁl talnfously%v%ctﬂfp Steé'ﬁc%\'t ;‘Fé@wt- 3as IThesé@fsuééé lt);ﬁ@@gﬁe%dﬁg@r@i Ci:_l s |
W Cul t ur super nat an rom UCI | on ea - or - an
SVt ShowSTEERG] (& 1 APSBOVF | (i Et & SoRA RO PRAKE CRA LBE T pPBORE

initially anob]a:ttehreel diedle tiphodiicians at®s abbee@apabl drofeddHf ecaseag cells,
whi ch can be_ defiect a detectabl e.eGP transge X SS

Ao oxi ot el P SEEFA B REeE HERCRTY 15T dd IR P RIgRE] Mo

SeW- eGFP- AP canldl 9, 58hicli OBad Sbakne GBP-LAIf eritrags wiitharBeV\CaaGRR- 4% oalnd ed
initially. 5. pli AX ti e ctedto
det er m ne V\he%%%r&%he ﬁ%%f)wée%&geA;ve?% orsﬂ%\rlgf %ﬂ?@ﬁ\g& &PPSE

bi ol ogi cal | 0pamci¢ bl .wapagialedsnd r &glomcathesenaselipn statl@ beere

i nvestigated by 5&5f@ardfngpbhet%%ﬁbnsngarbghecé\iféI ngrgeRREsd EePisl by
viral transcorrpl enentati on w th Denonstration of the abi I ity of

SeWV- eGFP- AX Were nal 8P pi)feetads Sflmpéttan@@@sséé{r Wit RSOTRGER X rRdt he
mutants, on SOV respopdeng {aanacesplderritalbiien fuditsciéaMin those

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 wvirus mutants is possible on adding
the missing wviral 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
SeVV-eGFP-AP. Supply of the missing protein by the
transcomplementation partner SeV wt 1led to wvisible
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 investigated which proteins must be made
available by a helper cell in each individual case of
3bmultiplication of SeVv-eGFP-AN, -AP and -AL, if it is
to be possible for the SeV proteins N, P and L to be



virus, are able to nultiply and infect the surroundi ng 25cells. For
investigating the ability of SeWwW-eG-P-AX to nultiply, it is again possible
to use co-i:ﬁ]ection of cells with SeWeG-P-AX and SeV w. In this test the
cells were fected with Sev wt at low MY, co-infected wth SeWweG-P- AX

aﬂd isnwbgt: gds/&fxﬁtfhéﬁ@é@ fﬁﬁd/@ehzﬁdlf_rﬂﬁlﬁom benabl anbe?delt ecthé h_eus:pé@a?l of .
the SeWe - vectors from.the increasin u r..o or esci cells.
05 Ver o 0SSOI RNt KBERD LAY e eaR o 9 i T8 38 -Borib gt o0
initially procuosd SeYdvedeP- AMtcomiPimant AL expiresSddnwt ¢MO thel. eV
Co-infection of Vero cells_wih bo 00 LLi S th

replication- c%rr%te?le%? 3\# r ug eV-]g’GF ezi:n]ed gg’%l\t/lf B\%k/%s ﬁé]éd lgnsdeppoesl?‘qelr\l/%
control. 5Cwsymtches 48- bdurthec Sedt i protpdise, NpulR i phidcdi | dfrekf,alH. t hree

del etion nuta S I el : figs h VRS
fl uorescence Ic}#é?)%\\gi \1;%3&3:;'1\65‘7%10 grégﬁﬁg,tg\f;\lk??%)ﬁlﬁﬁad (ﬁ;etﬁh%o-e{% ected wth
SeW- eGFP- AX Sgitdabevigis ARrge affout Pratainpedibgsdynt Hdxgchardikagls

10particles waig,delpegetibiggainese cells, and were capable of penetrating
nearby cells. If these cells were also infected sinultaneously with

SeVW- eGFP- AX anpl _SeV yvt, there was al so detectable fluor escence in those
cells. The md tiphotafdod 6&15ealkeerBoAlnfedlednd imidl thridb Al Svith

co-infected, wth w_could be detec f this "tailing' of fluorescing
col 1 g n WSEVaTRe B A7 TRISSREE, ORI et {rnt BN gnlrotn ¢ B oNA
constructs, dndmwhweheSeabdeGhBRikliduadPyant -iAL cvetbe négriionsd, (MOE =
20functional §nAl 'ﬁ%g' Ol J&(f&crr%‘%idotrﬁ'ts{’mebeofh8% BE%E- Myl Rid£Akh on of
virus nutants’ 1S’ possi'ble "On “adding ™~ the mssing Viral protern. e protein
(e.g. P) prodasedepleredi wdlth B3MEN vi 10% ifetalf f¢azlEnsefom (WA ptyi ng

both the del el 08 Myt a0t a8HoE P M ardacS: (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 1lead to
multiplication of SeVV-eGFP-AN. SevVV-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.



25even a possi bly suboptimal anpbunt of P protein leads to the formation of
functional nucl eocapsids of SeV w and SeW-eGFP-AP. Supply of the m ssing
protein by the transconplenentation partner SeV w led to visible
mul tiplication of all SeVV-eGFP-AX, rreasgmed fromthe 30i ncrease in
fl uorescing cellilnthe cul tures, 2 Det.ermination ti roteins
required for TABLE] 1c§ﬁ(MPfﬁt%%W§eéFﬁyA% xt%he H Rﬁ%&&PWmPéh
pr ot ei ns nustsbvvnadep axai | abl e by a hel per cell in each individual case of
35mul tiplication of SeW-eGFP-AN, -AP and -AL, if it is to be possible for
t he SeV pr ot pi-ns—N—P-anrd—tL-te-be-30—30—synthesized— ndependently of one
anot her. The| t hree reconbi irantro vadtiplicatiorvby meass 6 VV-N, W-P and W-L,
whi ch provi de.regomy t expression of t SeV proteins N, Por L, were
avai lable fo S.%pvrf.ggﬂt égym..co.% -of REJJ %&*\/ protetrNs N, P and L (G aef,
H (1994) FupBeVre&@FR:hBr acteri zati on of [t(Net Peeconbi namH Sendai virus |arge
(L) protein. rhand-Karls Univy i Tubingen). 1 x 106 Vero
cells were c g?\?l?g?[FeFEREI IIUILL dIIUUUbITWTQ[—&I%)é'-EWT P-OX or SeV-eG-P (MO
= 0.01) and W. W-N, -P and -L were used individually or in conbinations
(MO = 0.5). After an adsorption time of one hour, the medium was replaced
with DVEM + 10% fetal calf s %FCS) + t osi ne- arabln si de Ara E (100
}ig/m) and theTc e‘s ) ?‘E ?'ﬁ% e 0?‘9 ¢CER-A%c, medi um
daily, to adamﬁéeSféx‘ig“r&%s Thl@epS@WaQﬁtdtﬁdler ﬁere(FPsMumanaaabyg;ed via
eG-P expression_after E % E; in, the%}g osi.tive assal)is there was
nultlpllcatloﬁ BFeaﬁégﬁ f Phoresci ?685FF§ FBmYre NGESE & 6510- 30
adj acent fl usuéfédchgntelfics ﬁm&tipﬁuﬂaslmm phie SeWwestdRFatARQN afid waheh SeV

proteins 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 SevV 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 d p.i. It
was thus established that the selected test setup leads
to multiplication of SeV.

Virus multiplication also occurred in H29 cells



are necessary for the nmultiplication of SeWw-eG-P-AN, -AP or -AL in Vero
cells are presented in Table 2. Just 25expression of SeV N by VWW-N does not
lead to nultiplication of SeVV-eG-P- AN ?eW—eGFP— AN only rmultiplies if
the SeV proteins N and P are expressed $¢mil t aneousl y in the infected cell
by nmeans of hf€eabedanivivAccEavE-¢GFRsAN.VVIN aaddV¥iBn SeW 36Ge6FP{8P can

be nmultiplied.just t he expressio f Sev, P t ei ns,; by. neans_ of -Pin
Vero cells. %Ff’?’ﬁ?ggﬁt i%ﬁ gxymggv\é]%%zﬁ_eﬁlr eﬁ%li?% ’sidrﬁﬁ/ ng-'e]ovl?ss §nt hesi s
of proteins Pvand lcdlyls/V(rbipakuldelpls cafi drhe oAfSeRhaGE-eAtn omouksydn an

SeWeG-P- AL a o] VAV I I nfeec r C e T 2. 5e rot ei ns
required for %ﬁfit P(%) rllca?t::%\ﬁé%f %fge%glgg- %gﬂné vi(tngl%r%ul ?%)Flsca()tﬁso)r{hgy nmeans
of W SeW eGBPhasul (monkey)}, SdabdorPptapnpfectrd+ wth SeW ebrRnsl N (L +

P) + For the puhpipl heat beRo0kuPe¥Y18CERT AN s flulgipAGldat ifUSt express
the SeV proteins N and P simultaneously, expression of SeV P protein in the
hel per cell is sufficient for nmultiplication of SeW-eG-P-AP, and the

aLml iSf ivcat i ont@f %el\éva%a?aL 11/3; ﬁbgﬂ' dslawp@@??abla@,lbyfamﬁid_ U|@rfﬁiéﬁs€é(83:: gn A;)(f
the SeV proteins FE : : upportjng o ification.o eW e -
by H26 el pelabhPL ol HERE YR dSR g A T b iid | Y| SaFPERCar Tsow
eGFP-OX with 8he aid abothe 129 6€l ItHd n€ludrest@fgH2hdiveldwal nckdls
different a re each.infected with _l5approx. ,100_SeVV¥-eG-P- AN, - OP and
AL vitus pAPRRY, CRESeRPRe) ESE SRty R L gD AL REFORS or che
successful rrubelmsi,pai i @n pofi .r ephe xabdee SpYopagd2doncedf sSevthGabenP 100
SeVv- eGP V'ruﬁop%BQfgdﬁﬁiﬂJ]ﬁ£§ cells could definitely be observed.

Thus, it is possible for the first time to multiply a

viral SevV vector whose P-ORF 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”,



period from1l to 10 d p.i., investigation of the 20nultiplication of

SeW eG-P- AX was based on detection of a tail-like spread of the fluorescing
cells (spot formation), starting froman initially infected H29 «cell.

Mul tiplication of SeV-eGFP was observed 31 the control 25assay, starting

fromsingly fluorescing cells 1 d p.i. pots wth up te.50 fl uorescing
cells 3 d p. ie.'q‘teé(\a/vﬁ% FEELSLSZS'E"%?I ins%tedm%%%fv é}é "S\G%F(é%t ggn(t%ééf sseLhJ"‘pt | eads
to multiplicl8eBhre3FESeAP 34 rusp higat phnocdefbnienso(seeSecdion 829 cells -
32 infected with Seal -eGFP-AN. In addition to H29 (a derivative of human

293 renal cells% , derivatives of Vero cells (renal cells of the African
green nonkey)5-andens i sxpreesion of RRYVceGFE-fPedn infiectedt targetr hesus
nmonkey), stably tranpfgcted with SeV P and N genes, are also suitable for
virus nultiplication. In the assay wth Seal -eG-P- AP, about a hundred
initially infected individual cells could be detected 1 d p.i. About 70% of
the fl uorescArsdntel Voluahl€epl scdOhafl d€vekopedcko-apobs, AMItlh dipds 30

fl uorescing el ls, d p.i. Therefor ropagation.of SeW-eG-P-AP to
sur r oundi ng RSy |€°co’5‘?ﬁ JBFPRLY ol §h§e BoeBrosgin THs, RS JRSi bl e
for the firstvdiif®idd. nutttipeysameviimb, Se¥paedttgr fiolroesxpReEH dmaswdeen

del eted. 15 [ ' ' { mul tiplication of SeWw-eG-P-AP w || be
di scussed i mcﬁn%(éf&%%%%ﬁ%ln. T4 Ml ti plication of SeW-eG-P-AP on H29

cells SeW-eG-P-AP can be anplified by the SeV P proteins produced by H29
hel per cells.aJhe, Peggl ;é%\b@n JHLAY S AN Ll ea5pds AR ARkENkO (SHSA et

surroundi ng H29 cel I's. ~was now necessary to analyze the propagation of
SeWw eGFP- Aak. cdrpad) soniv@iegyY h81Sropadatr3on) of ey few infected

rep'iCatiOn'Qﬂﬁpﬁie@isﬁiﬁ@éﬂ}ﬁiweak 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 SeVvVv-eGFP-AP (see Fig. 12, top left).

This confirms the assumption that after a cell is
infected with a P gene-deficient wvirus, 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 SeVVv, 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



For this purpose,

at all
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1 x 106 H29 cells were infected with 25on average 100
SeWeG-P- AP or SeV-eGFP. 3, 5 and 10 days p.i., green-fluorescing cells
were detected using the fluorescence mcroscope. SeWeG-P- AP coul d be
mul tiplied successfully by cellular su %{

y of SeV P proteins. It was found,
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efficiently on H29 cells. In contrast, propagation of SeWeGP-AP to cells
that do not supply the mssing P proteln ("target cells", - 33 e.g. Vero

verified. At the sane
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after a cell |s infected wi,t, icient vir onI
transcription |%dp%%s% gevﬁapgﬁge %ﬁ? ?%%eggoﬁpﬁgfégﬁﬁmﬁo af ngupplled

fromthe vi10Bigar8Ble. In the case of the SeV AP nutant, furthernDre
apparently only a small percentage of the infecting particles are capable

of that, or gene expression is only observed if several transcribable

nucl eocapsi dsSeYé-ppEBehRf2-77 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 SeVV-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



25simul taneously in a cell. For a therapeutic application of this
replication- deficient SeVV, the capacity for expression seens too weak, or
di sproportionately many particles of Sew AP would have to be applied per
patient. TR&refore it is 30desirable to3gse a replication-deficient SeV
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acids at the N-term nal at the position of the ofiginal” P reading
frame ("pSeVW-eGFP-P42- 77"' see Section 3.1 and 1CFig. 8B).

SeW- eGFP- PAR-77 ponipaitones £ gener akpdead’donnf | pévedeespi AP Saaid on 4.1
and 5.4. 6.1 Growth behg |oré\%1; SeW eGFP- PA2- 77_in_ H29 hel cell.s 151n

SeW- eGFP- PA2- 77 PG i ’pe I I%ua’fﬁ’eflﬁ?'?h?nenegdeg Teks iR,
protein, shortenedydthésianiiw infecdtedttddyetNdedls nal end, is synthesized
together wth the cellular-encoded P protein. In order to i nvestigate the
ef fect of expression of the 20shortened P protein PA2-77 on viral
replication, Td29 ircedtsigedre ivlietied (M3 =v8ftort hSE¥VVeEEBPPPRE2T7T7,

sV eGP A 0Rli sp1S A0 eaddd!Se S EEE E2ptdolie, TebBRg geaCliRed Wb

reference to thg) 3 wtqh |ne§"té| CS % %Qi%’ he sup Fratants of the

i ndi vi dual SeVV—eGFP AP - in infected target cells, the virus-
encoded expression of the reporter gene eGFP and of the

HN protein 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



25assays 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 periggd- 300f 120 h, and in this case
transconpl enentation_of the P protein by H29 cells was not required. In the
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protein synthesis in infected target cells To investigate whether the
vect or Seal - 8@FB- PA2107 Véodi s;elld.yﬁs dmcﬁé@s%lellsanwgeﬁe oxfretssd owith
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Vero cells were observed (not shown). This neans that al nost every
conpl ex of thF&ldpralwaret otakeri alP iid cdpBdl e2Bf i Adigci mymBbeas@fabl e

transcripti qofiliortBeih f&%ﬁl%eMasZHEEéEﬂiKEHlE?Cﬁlb@“c?ioﬁ&EPyeX@h%SS'0“
by FACS analysis _In su hLguent ap l.ications in_the nmedical area he

transcripti onT€88dé&ttE © Un\Mﬁrbh tfe rEhoPBerthfenBroReEPLPR [ [%]
SeW eGFP- PA2- Fluvaesciagr vedo badt @2eneedast.he antigen of a pathogen, e.g.
of a desired virus. This 25antigen expression nust be sufficient to elicit
protective i mmune response in the patient.

24 h after infection of H29 helper cells with Sevv-

eGFP~AP, 86% eGFP-expressing H29 cells were detected by
15FACS analysis. Cellular synthesis of the P protein
supports the formation of new P:L complexes and
therefore production of new mRNA, which 1leads to
synthesis of eGFP proteins in the infected cell.
However, when Vero cells were infected with SeVvv-
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 SeVVv-eGFP-PA2-77 infection,
almost 80% eGFP-expressing H29 cells and likewise 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.



In order to establish that each SeW eG-P- PA2- 77 nucl eocapsid that infects a
target cell is able to performa detectable transgene expression, the sane
30nunber of H29 and Vero cells were infected with the sanme quantity of
virus particles and the nunber of eGFP-gxpressing H29 or Vero cells were
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1567.2 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 SeVv-
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



eGFP-expressing Vero cells were identified by FACS analysis. Wen H29 cells
are infected, transcription of 30the eGP nRNA can be supported by the
cellular synthesis of the P protein and therefore by new P:.L conpl exes.
When Vero cells are infected with SeW-é&FP- PA2-77, transcription is

intensified Bysaewedynidwst sthef hiterdddypd eilrif62-17 sbprted at thhe
N-termi nal 35end. - 37 . Based on these results, an inportant statenent can
be nade conE&PRFAFH h&' V%ﬂeqﬁaﬂﬁﬁ%ﬁ%%ﬂﬁ69%%RRLEE¥?Ee?$QP??:1ﬁ29 cells
and Vero cel kgevera® iMUECt egl. 3V ih a0% bE tife kellleorad i was! gxpeeted ng

mul tiple infegtion of ,a cell..are statistically of equally |ow probability
i n both assajg}gz4iﬁ %9F?°m ﬁﬁé&?'SO@bof eGFP- expressing H29 cells and
‘about 75% eG-P-expressing Vero cells were identified. It can therefore be

concl uded I B t.h h n - Var i 4 77,
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have this property. 157.2 Function test of the HN protein expressed in

infected tardeét &OM s CRRETE i cifdfisr of fWiHRTg HreweadoRr yeRAoci®s and
therefore theegkfihg engaiof, expesw e s Vidal 1hhgF ot 8888rgRibAdI Yirdual

i nf ected cglls were detected 2Qu |ng alhene adsoEﬁtlon (HAD) test (Fig.
12). 5 x 108eV8LBTOENtESern i nfBERERSH t IFSEMAL e GHPIPA- R " aFegoPEw MO =

0.5. In contraplichribhededsieiehtSeWewG-R/APanver oseel/l-eachadprha-be,i nfect ed
with a 10-tines hgﬁgﬁé MJ_ = 5 _to be able tq observe even occaiional

25f | uor esci n§UERI | FEA/Ter 1T LR or BEFBn, AR C¥EG umasi@¥2pl 8E&&Twi t h
DVEM + 10% FE€8feThepnt,hcapptds. wetits of the infected 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 HN
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 SeVv-
35eGFP-PA2-77. In contrast, the variant SeVV-eGFP-AP with
complete deletion of the P ORF does not have these



i ncubated at 33C for several days. At first, the transgene expression of
both vector variants was nonitored fromthe eG-P fl uorescence. On day 5 and
9 30p.i., HAD test series were performed, for analyzing the exposure of the
viral HN proteins on the basis of bindi%% of human erythrocytes. Although
in the case oprSpdvre&EP-AP, at MJ = 5, statistically 99.3%of the Vero
cells ought to be 35infected, only 0.01% eG-P-positive cells could be - 38
observed under the m croscope (Fig. 12 top left). In contrast, with

SeW- eGFP- PA27 73 aQuamtifitaviencefic ®GEP expressidf by WesternlOBdot t he
cells, as was expegﬁﬁgy g;ig. 12 bottomleft). 5Two days after infection
wth SeVVeGFP—AP onfy Rarf of the eGFP-positive cells (25 of 5x 105

i nfected) were capable of binding erythrocytes on their surface (Fig. 12

top centre). After —Ll{ldzl‘rﬁél fCHRAt LAk -aRgHAD ofegﬁiqﬁg %%?r%’sstl%?lr €opas no

| onger adsorgtlon o Oerythrocytes on infected c h the second
replication- ‘elrlecr@nﬂlséWOarﬁaﬁthsewe@PW NRELPE, imeompR¥igenreithts were

achi eved: 5 d%ﬁl%&@ion‘-@&ﬁﬁét@ﬁt apRReGFE %0 s t healrkfiaat ed)&@l I gy(MI =
0.5) were capable bindi ng erythrocytes on thei.r 15surface ( g % bottom

center). A vaVeatebR iHak naPﬁt}JYSéEtll’xﬁlﬁngSF’rﬂﬁé t%lb‘@t%%ploéfxe ot@d bl ood
cells was obseryetafoprbbeinndi vidual cells. It had thus been shown that
cells infected with SeWeG-P- 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.5Ak tb2 ¥ane tebks ebteciefieceed estiborsef-¢dRP &N pevvein in

Lne 1 ect efosgkperiesy) oundy Dasgd et e LIS d auaALY gh boun

eryt hrocytes ein cells iFctbat's aring
whi ch the neuhapi hi.ddbe gefllvley ektrectd\were separated in SDS-PAGE

in serial dilutions (1:2) from 20 pg to 2.5 ug total

quantity. 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 Sev-eGFP and in SeVVv-
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
SeVV-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-



protein causes the erythrocytes bound to infected cells to be released. The
cells were washed to renove the released erythrocytes, and incubated for a
further 4 d at 33C. A HAD test was performed again on day 9 p.i. 30About
30% HAD- pogint i ve Vero cells were nOM/deh%cLed. The nunber of bound red

bl ood cells dropped to 5-20 erythrocytes per cell. Thus, 9 days i.p.,
sufficient f@Aeti7dnaingRichad seells, syat eeiglkusinn t teulshl beat doawdef i ci ent

vari ant SeWro3aeGhRnBA%Hd - 1hRch@nkhASts bR bakianl SEWMACFRAP Wit h
conpl ete deletion of The P ORF does not have'these - 39 - properties. 7.3

Quantificati GRt@PEBGEFP expression by Western blot analysis A
sem -quantitative assessnent of eGFP expression of 5the

replication-deficient SeV vector in coqgarisog wi.ith replication-conpetent
SeV- eGFP was Ac &A@t Pt WS t 2FFEHFBE NG yﬁus?ﬁﬁ?é}%&HQa?dehﬁtion of
total cell graplpeaidon~dericiéntVeey caldtomeir conpstesom whtheYheG-P or

SeW 1CeGFP-P02-77 (M = 3). Cel |l disruption was perfor. 24 h p.i. The
cel lul ar extF&@}§cﬁgﬁgn§§65&§F§8tinq%%éf%%é% Vﬁsseﬁ%ﬂréﬁfut?%hs §¥:2) from
20 }ig to 2. ¥esagrnotlalot qaaalybys TUseiny oserinslwerid utriamsf evf edottala PVDF
menbr ane and iral - ed eCE otelLh (26 kDbajl S C first by
West ern bIotc%E§P§§%SHﬁ§€§¥ﬁﬂnfh %%éyf%ﬁ%gés%eﬁcg%pf% %?ncggig &ggedetected
usi ng West ednficgedanabith s BeVheGHPSe\0rGFPelNd eGRPSENE -E&FP-PN2- 27
infected Vappacahhss lds<Cak barepnel udedna hinQmreuparicionofnt Be ag
intensities g? t he eGFS Sl naﬁg, 20thgt expression - medi at ed by the
replicati on- 8ef iT&ieanttheseapllsoprernod fsruptedy cBhecaebfubpsuexiTRrgESor of 16

conpar ed wi t etlae s&phisak OnyCOSDSL BAGE SaV eGER: af @Rl i) by1azhact or of
16 1s Sllghtfr%mjié Egnto 2 pg total quantity. The proteins were
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 infected 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 visible 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-PAZ2-77 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.



t herefore be concl uded that despite the nodified P 25protein,

SeW eG-P- PA2- 77 can produce very efficient secondary transcription. 7.4
Estimati on of HN expression by Western blot analysis In contrast to the
eGP protein, the 5eV HN protein is 30a4merbrane-bound surface protein and

is an inportant aptigenic¢.det nant. By relative guantificatjon of the
| evel of expr8ssi oft®8 1Fﬁ§lﬂﬁ %ﬁﬁ?ﬁﬁ?’g&bv§8&kpeﬁggfgéﬁ 7%%2977tgﬁfected
cells, a concl usi onhaegelktdcb2ldrawn concerning the intensity of expression
of the SeV HN antigen. A sem -quantitative assessnent of HN expression of

the OSreplication-deficient SeV vector in conparison with the
replication-céfipeVemp Se¢ldSFPawss darfeaiedbutwith \Vikeer neblécatmahysi s

using seri al E!'b}nﬂleitgﬂfé Ogewgﬁbp,celilnul AFhdr Ui b €3¢l £asg, 2p¥+105
Vero cells were "infected with SeV-eGFP or SeVWV- eGFP- PA2- in 2 18par al | el
assays (MO 2ceppzhgipgcuBht efiof of 2Bheusandg agdithenal hefivprresainre

di srupted. Theetekl UkgfmEXtdAsisd WS SeRanAned | inePStRAGE PrsaEi gl
dilutions (1: 2& from16 pg to 2 jig total quanfity. The proteins were
transferred t&51HOPYBEIRENIT e afhl BFOXA r BeefeRidFaN OIS pet &FHeR6E kDa)

was detected bY mRans-coiFrapPE2R0F andl vetdl aglibhody +( Wk dAddesdaey Hhoprot ei n
was detected effi.cientl in the case of. SeV-eG-P infected Vero cells after

both i ncubat i GA™EEFMes §HE al PF§8Ces CT6 t TS pglPSEEPSHr ot n: 9FPGRes 202-5
| eft and ri dBfluokesthagcaed laf HdlhdCERe PAZITEal Wyheimiewitead thegehl

protein is stillh,visible j e 11h [ t gl I n
(trace 7, 8), ce?%du}ﬁ&éﬁlg}l (r)h\/\r/%agrb i%‘%é‘?\‘gﬁﬁy%%?epé?iu\%%qqﬁraén elgf(%%a?%lgggg%g HN
expr essi on i noSeVereGeR1RA2- YVerionfosdiled dderiglec ednt savasragent ¢ very o24el- eGFP

was carried oyl by.£9M&AIING LPE infected with SeVV-eGFP-PA2-77, a

detectable eGFP expression can be seen after about 24
16h. It was observed that after a further 24 h incubation
phase, 1in 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 lead 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 in 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



traces wwth 16 and 8 pg vs. 2 pg total protein (traces 7 and 8 vs. 5, left
and right) and permts an estimated reduction of HN expression by a factor
of 8-16 of the P-deletion variant, regardless of the incubation tine. 301t
can be concluded that the transcription gate in SeW-eG-P-PA2-77 infected
cellsisrela i.velé hi \gilh, .anq1 t reforﬁ transgﬁne expr ess; o0, 0 t he viral
replication- d8fYEHERE ST IYs gEIRTRI VST Ri G 1Fal SIS bBHE s uVé nts
(eGFP proteinSavﬁ eSFPrBARHAY 861 rino MOTow , 0i.00dan Hiee aswadhinoh t ak t here

s an averag tion X Si a o]

Replication dg ggﬁcfooofB%E@\l wé%% P% ?X;S f# E{agﬁcég cecﬁ41 ]f&(/ero cells
are infected dnvhsuhe)repftexu|um¢ub@6np§¢eﬁ@rSév-bgpP, |ﬁndhéﬂN2xVerm0 days
a spot 500”9&1:3&&?9 HQr%O fndhousagd @@dlﬁjd@al ﬁ1>u0r@%1 Ngay&el psiforms
around the initra I nf ect ed, strong fluoreSC|ng cell. X pr vé the
replication déFF@FéhEQ &0 Sethe eGRPlpRYed7 MPIver ciRitiallyt GfA¥eRadessary
to Conflr”‘thﬁoagﬁﬁacgeghﬂ&%éSﬂﬂﬂé&ﬁﬁ&ﬂlﬂldﬁﬁéﬁbﬁﬂﬁ|W@E@S@énﬂscﬁéké around
t he |n|t|aIIy9%nfect d tar cel | ﬂhég nto account the ngtural rate of
di vi si on PET¥EA! s OWY Foteemh$ J} SHEY eVRYST 2506, NeKE vero
cells are infect adywtrbee\&h@@Etfm 7¥hette defzgct atﬂxeiqu:Paﬁgtpreémon can
be seen aftq about 24 15h. 1t was o servgd.th t. %fter a_furt ii h
‘ncubation PARYESIPR-sdmE Attt RWBDEhoP 1 (HTERETeY Catigit er
cells are prodatedtédomnthfiuomebcehby,inﬁmaimmﬂ tbustasti.ngiVevarasl | on
account of na LViision [ % S ng ;0 Vi rus
20nu|tip|icat%g£%£ lg&hﬁ§%9bg?ég Sﬂ%% 4 §%04 Jﬂfugggagpf 1%heesfayghf&gleased
from an i nf echavet dregat %hﬂ¢,t0an@ﬁﬁmttnﬁﬂrbmfeeﬂlﬁeaﬂaﬁ(%hi%.W¢hi§

natural rate ghyedi¥ishon of1iofest eth callcy AR NetuoReWRLAke .f £GEh

15after 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



the | evel of eGFP expression, which is reduced with 25i ncreasi ng nunber of
cell divisions. This observation shows that the viral vector

SeW- eGFP- PA2-77 is genone- replication-deficient, so no new genones are
synthesi zed. If several successive cell dBvi-sions of an infected cell |ead
to a continuous_decrease,jn 30f yor escence nten5|t it finally
stops, virus ﬁﬂﬁtlg Fca}?%n TH F T e GRS " For %igﬁqaﬁﬂﬁeﬁﬁatVSE of the
replication dékileitedcycaiplSeay eCGI'—'SemeEFPr-APt arget ¢tékel ssodoms | dstr st udy
was conducte 6, \er e ask..,The
cells had bee%mgégde dg #?g gagﬁsﬁﬁ%kgtﬂ%ﬁgvﬁeg?ngﬁgg QG%Et eblzgu ation
phase and acc@pdbngS9Vmev%Ch©r$oﬁ@é? repd icgitiiatindpfHaiand y inTheed 1ver o

col I's wer e | ghsid ab Ulor SSHYpaGFRR0% T7:8keah M Blafl 03%o-Tagamedl um

was changed to DVEM wi for reduced activity of I vision) after
i ncubati on fotargBGurcehh? ¢ h@%r%hezcéwfsfe\ﬁerféonﬁéésaﬁbaYatlrgséhepf) Two
days p.i. acephdiing E@rt@@ngebgggggsugh, initially several thousand

separate |nfected fl'uorescing Vero cells were observed. OnM ng to the high
cell density, over the next 4 days of incubation there was hardly any cel
10di vi si on, i A@tholghnuiierthef d:ansbéi alfl ysévﬁeéﬂml—mel ks, anleMedt ed by

fl uorescence, renalned ganstant t|cI €8 had bign formed_ in this

us ¢
period, they FSGIa S HER Héeﬁnégie({o Tnfect %fbyeE%ll Rd tRMENoul d
have been r d0uednddcted ner e3% et f IslmﬂsﬂcenoataEmenaiSa]femt 8 coheey s RNP

propagation of, % gy ral, fgeﬁ|099u%%Fge Iq?¢émﬁﬁ%?%a§€ %oogggggégiﬁalnew

i nfections of _ rroundlng °To sup e ce res
t he supernat anndggs theovEdrasEanse Véto Q:@H be yeorciudedednon hthissh

ggf';g m d1f2r gamt%fetm%&fc%w atha®0Qfi difaubat FRsgbhe \Bif-&&lion Penage
occurs if 15 or more RNPs of SeVV-eGFP-AP are present

15simultaneously in an infected target cell.

This P gene-deficient SevV 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 vector. 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



cul ture nedium For the whole test period, no replication of the viral
vector was observed in the formof an increase in fluorescing cells.
Propagati on of SeVWW-eG-P-PA2-77 fromthe originally infected cells 25to
surroundi ng Vero cells by production of a&w virus genonmes and particles

could thus be ruled out, f - P- P02-77.can be described as a
replication- detie eX?%PFaB]%e?ﬁ—%W}S36??8%&80\? r%%ﬁf?gm%’ﬁgw t hat
speci fic manipif i¢iems bfangenéption eodpeExpressdfont hef pol yakreseodedpl ex
can 1ead 10 J&gdr Oual 18RI 18PLURAL Honpdeblislant osdabbue- sheaps RNA
viruses, which are still a F-L to_transcribg the virus-encoded Senes, but
are no | ongereEfpetivelBsp¥ptheataedhe the diN ggabae locatede atasgendmehe

Sendai Vi rusgpb e PAE tigCUL 81 £ MR A A ES I NYEShbgaked Mg sCl @8eLY, i N
whi ch the - 4% gene for the ﬁolyrrer ase cofactor phosphoprotéin_was deleted
conpl etely ("Bekgretpp. Apd bBhet RrdRidhs iforeXRered s4ngsiongd 1¥7 QRre

renmoved (" SeVAheddFtadARarded. ceBDEN SeV vectors are replication-deficient in
cells 5which do not supply the P protein in trans (so-called target

cells), but they differ considerably in their capacity for gene expression.
Al t hough in t9e caBeteimimdMienBfARMKE hmmikd reSponséatinduiced [imoaly 0. 7%
of the Vero cells remain %g#%nf ecte . n_at  l.east one

3 % shaul d '
RNP conpl ex - onl ym%‘.l%ﬁ(%'% %s?tre 11c$?1§r{—§e9'f 1eﬁgng‘ﬁhuﬁ’8&uf‘ﬁe

p Ve CEl 'S Were observe
m croscope. It can be concluded fromthis mathematically that visible

transgene e ssl.qQn rs.J .SeW: eGER- AP, ar e
pr esent 15aS((|9frr§I ?g%eo%g %ni %%%Lr% F%#%%%g%g%%pgéf %Zﬁ%l i 21 Pllger%ég\g?i cient
SeW di spl aysgenen (4PAdedR") exapr exskieredisvihelapologerasealsiamp X vagi ant

(Shoji et produced, which no longer allows synthesis of new
genomes. 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 wvirus 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



al ., supra). Both vectors are only capable of primary transcription in the
I nfected target cell, via the 20pol ynerase conplex that is supplied fromthe
virus particle. However, stronger expression of the encoded transgene or
antigen is dgsired for therapeutic appli4sation of the vector. This
condition can_be fqu|IIe th the aid of the replication-defici

25vari ant SeVRXQERPIPAZY; < IE TGRS 4 R §%|?§e g?w%beeggFon in

t he target cekkguthat ﬂismadgcad GEQ avemage 2y amd &8t.or of 10 in conparison
with replication-conpetent SeV. OMng to the presence of the gene for a P
protein shortened at the N-term nal end in 30the vector genone, not only
primary, but dnserisdognddriyrerticargandptinonthe posws byenomai prpdures! azed

w th newly f%%q QH@i&éﬁi‘cP@ y@{@sqncog@é%fén WG £LONL 2R - 1 Ll
vect or - encoded -77 protein; does not, however, support the

replication ﬁeaée@blwoPinﬁ@gﬁnes@eﬁmqlﬁ%ﬂurdﬁlgofth@m éar@dswqﬁmu s in
I nfected target cells has denonstrated that the replication-deficient - 44

viral vector SeW-eG-P-P&2-77 is capablﬁﬁg é@grforn1ng ef ficient
transcripti onT8fd SXFEESS oPTRT&AT alE defPVY getiRs. RBECDRAy 18 tRE

3' -proxi mal taddigepaale FxPpressiont icaigetignt mﬁsezpdseaha:é-meg@netmcated
at genone 5p05|t|on 6 is tran rlbengor

| f f
and the proterd P PRy 1S8nc Bnatt§ &QHqtﬁ?a% \ﬁa§a§§§t%n%1§h lnfection

Det er m nat i onbdtvafleati wamedneesponse i nduced in a nouse nodel by a
replication-deficient RNA vaccine 10t was shown that preferably by a
deletion in the P gene ("P42-77") an altered viral polynerase conplex is
produced, wi0Fhiso neshgeaceinewsasyteltsids iof areveniyembnegdeht Gheupane

time, after igfreql ) dMMcéh@ége ﬁmun%tédomrp@éarféseﬁ 9"£H§8é thifgsvi ral
gene 15expression nediated in the target cell 1s onl
with two different v1rus preparations 8;roup 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 wvaccine 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



|l ox I ower in conparison with infections with replication-conpetent virus.
In order to denonstrate a sufficiently inmunogenic property of the
replication-deficient negative-strand 20RNA virus as vaccination vector,
antigens or antigenic determ nants of twpcheterol ogous viruses (human

par ai nfl uenza virus type 3, hPIV3, and respiratory syncytial virus, RSV)
wer e insertedshawele thats lyenbeeytésr ofii simaunépeficamion- defpdiient SeV
Po2-77 25was EH‘EéEEHEBEdg,' DHMYCR e Peass1gf nbﬁeb@'%{@éw&w&mg N

proteins F and HN were replaced wth genes coding for Imeric F an
protei ns SeV/ BPPY3ngThendiifakas ¢ kot PR coHtv@ RN 558 BAPASCAEL@B~and

conpri ses thedextraegkl URRA dea@é o 1P| EhAAITAMLRE gdeaci ds) r-thel
transnmenbrane . domai n of SeV (23 amno acids) and the cytoplasm ¢ domain of
SeV (42 am ngiMBUPGs) TETRERERs meRFECIN 15 offel RERASISFS Em nEokci 48ndhd
conpri ses thelagtopgasninandegai n of SeV (35 amino acids), the transmenbrane
domain of SeV (25 am no 35acids) and the extracellular domain of hPIV3 (519
am no acids). The am no acid sequences of the chinmeric F 45 - 45 protein
and of the chimeric HN protein are sh@ummaryg he sequence listing as SEQ ID
No. 27 and 28. Inserting chimeric genes in the virus genone produces a

novel antigenicity and in addition ensures efficient b5assenbly of vaccine
particles durFedloweng piofection. ofheexpefrapenppdt epnimadts RBVYthasaencoded
[nan additigBakseXRr G3eken Casseidied UAIARP UL ANNSED £YP okitigkngenes,
so that the construct was extended to a_  bival ent”vaccine. 10This new

vacci ne was 108§t edtwe ahed@rrdiogdifel . VEFBERS dfeBal bAesst@dver e thenuni zed

intranasal |y thagetibAeSf Weut rfang Ainld erfiitbod 1dks Wa£Pa&eete88. (¥hagp A or
C, 104 infectjous units each igi Bgtervgﬂs of,th(fe weeks, and

shows the poten 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.



a control group (B) received PBS instead of the 15vaccine. After the third
i muni zation, nasal wash fluid (NW was obtained for analysis of the
mucosal i nmmune response, and broncho-al veol ar (BAL) flushing was carried
out, and the serumwas isolated for analygis of the hunoral imune
response. ﬂngL@ we determ ned 20the quantity of induced

i mmunogl obul i and 1gG specifically against hPIV3 and RSV. The
replication- def|C|ent vacci ne prototype produced a definite induction of
| gA anti bodi ep sgecifically]against hPIV3 (Fig. 15A), but there Jas | ess

i nduction of Pp¥RA|- RSV 251gA ntlgﬁjl es (not shown). The induction |af fa
hunoral i mupg, resmeidmf% d3een@nki gens of both viruses mPolduced
conparable titerq, and the J of specific 1gGdiffers by a factor of 2
(Fig. 15B). FN¥a-Her analysis of t he anti-hPlV3-19gG showed that the ijnduced
30anti bodi es pave neutrali zi ng properties (titer 1/64). 1In contrast,| as
expected, no pheq®ffc M4A or'9gG C??d‘ﬁé?‘} ATRECPBlnd i n the contrléf group.
The vacci ne afcording to the invent was able to jnduce a Gzﬁfe;m fic
mucosal and hiyrorlgl ;i gyune tesponse GG%%?%TAﬁE‘P%CrTgFWQC%ﬁGQFC deps|
Addi ti onal experilments - 46| showegcddsacadcrmpéesagtesacof | mmuni zed |m ce
produced intgrfgron-y, whereas L5 could not be detected.” This [finding
i ndicates thaf tHe bivalent] repli (GACITOPAAGGBAG TAABER TORNPAGTABGAAPAATY abf e t O

trigger a T-cgtl |*5ttmune ré¥honse Tﬂﬁ(@b?’fhmﬁsﬁxﬁ &qui site for Icﬁé-

|asting i mMmmuni+t fy QunnnLu nL!GVL"“’Pﬂ-VULFOH n qvnnrlwnnfqlggn mallks with

LARRLER %Y

a nodified vpctqk, 1hn \M'n ch codi nP sequences for antl gens 10of t\/\r)
het er ol ogous rgses wer e i nsert ed|cdraecTdmedamdAcen of neutral i zi ngse
anti bodi es wap dgq®et?@d.(*This shows the potential of replication-ldefjcient
negati ve-

GGAAGGAAAAGCGGCCGCCGGCGGGATCATACGAGG
5 XX 44 61
CTTCAAGG

CCTGTGTTTCTGCGGCCGCCGTTCGCGAGGCCGGCC
6 XX (+) 57 61
CGTGAACTTTGGCAGCAAAGC

CGCGGGCCCGGGGCGGCCGCGTCGCCACCATGGTGA
7 NotI eGFP 44 60
GCAAGGGC

eGFP NotI

8 26 GATGCATGCTCGAGCGGCCGCTTTAC 58
(+)

9 SgrAI eGFP 36 GGATTACTATCGCCGGCGGTCGCCACCATGGTGAGC |61
eGFP SgrAT CGCTAACTGTCGCCGGCGTTTACTTGTACAGCTCGT

10 37 63
(+) cc

11 |FseI DsRed 36 CGGATCAAGTGGCCGGCCGTCGCCACCATGGTGCGC |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 II (+)

16 19 CGCGTCTCGGGATGATTCG 62
=p-2892 (+)
AP I = N-

17 17 CCCTGACACACTCCTTC 54

578




strand RNA viruses for the devel opnent of novel vaccines. 1510. List of DNA
ol i gonucl eoti des used The DNA ol i gonucl eoti des used in the above exanpl es
are shown belowin Table 3. - 47 - Table 3: SEQ T. Designation Length ID

[nt] Sequence 5° 3 ( C No. 1 X I = EB3-19 GGAAACACCTATGACCATG 54
GGATCATTAGTACCT TGAAGCCTCGTAGATCECEEC ™ 2 X T (+) 59 56 CGCGIGAACTTTGECAGCAAAG
GGCTTCAAGGTAM\TGATCCGTAG@ MC 3 X I 57 64 TTAGGGTGAAAGTATI CACC X
Il (+) _ 4 18 SChAGHGECEA] 56, D029 (). [o
GGAAGGAAAAGOJ%&GCCGGCGGGA#@&T‘AC(# G& 5 XX 44 61 CTTCAAGG CC TGc]
TGTTTCTGCGGOﬂP-C:CGTTCGCGAdBCCGGCC XX (+) 57 61 CGTGAACTTTGGCAGCAAAGC
CGCGEGECCCCEEECERCCGEOGT CCCACCATGGIGA 7 Not I eGRP 44 60 GCAAGGGC | eGFP Not |
8 26 GATGCATEETCARECEEICGCTITAC 5 CCLGSCTE CARFAC TRAGIETAGT CCAAG 64
GGATTACTATCG:CGG(&(;GTCGCCACCATGGTGAGC 61
19 IT 34 CCTGCGCTCGAGCTCATCCCGGGTGAGGCATCCC 64
20 |AP II(+) 34 GGCGACGCGTCAGTCTCACAGCCTAATTCG 64
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 IT 31 GCACTTGGGCCCGACTAATTAGTCCCTC 60
26 |AL IT (+) 21 CGAATGGCGCGCCTGATGCGG 64




eGFP Sgr Al CGCTAACTGICGCCGGCGTTTACTTGTACAGCTCGT 10 37 63 (+) CC 11 Fsel
DsRed 36 CGGATCAAGIGGECCGGCCGTICGCCACCATGGTGCEC 59 DsRed Fsel
CCCGAATATCGGCCGECCAAGTCTACAGGAACAGGT 12 42 63 (+) GGTGEC 13 AN I = ML3 19
GGAAACAGCTATGACCATG 54 14 AN | (+) 35 CGGTGCGGGECCCGCACGTGAACTTTGGCAGCAAAGC
50 15 AN || 28 GITCACGTGCGGGCCCGATCATACLAGG 44 AN 11 (+) 16 19
CGCGTCTCGGGATGATTCG 62 =P-2892 (+) AP | = N 17 17 CCCTGACACACTCCTTC 54 578
- 48 SEQT Length m ID Designation Intl Sequence 5° -. 3 [0 C No. 18
aP | (+) 31 GCGCCGCTCGAGGCGGTAAGTGTAGCCGAAG 64 19 AP I 34
CCTGCGCTCGAGCTCATCCCGGGTGAGGCATCCC 64 20 AP 11 (+) 34
GGCGACGCGTCAGTCTCACAGCCTAATTCG 64 CCCCCTTTTTCTCGAGATGTCGACC CAAGATAATCG 21
Xhol PA2-77 47 84 ATCAGGTGAGG PA2-77 (+)
TTTTTCCCCCCTCGAGTTACTAGTTGGTCAGTGACT 22 46 80 Xhol CTATGICCTC AL | = F 23
20 AGCATATATCCAGAGGTCAC 58 4871 24 AL | (+) 38 GGGACTAATTAGICGGEGECCCGACC 58

Claims

1. Recombinant negative-strand RNA-virus, comprising a viral genome with a
mutation in the P-gene, which results in a loss of replicability without the loss of
secondary transcription—capability.

10 2.  Virus according to claim 1, characterized in that it is a Paramyxovirus.
3. Virus according to cfaim 1 or 2, characterized in that it is a Sendai virus.

4.  Virus according to claim 1, characterized in that the mutation effects the N-terminal
15 partial sequence of the protein encoded by the P-gene.

5.  Virus according to claim 4, characterized in that the mutation comprises: a deletion
of
(a) the aminoacids 2-77 of the protein encoded by the P-gene or
20 (b) a partial sequence of (a) which is sufficient to result in a loss of replicability.

6. Virus according to any one of the claims 1 to 5, characterized in that the viral
genome contains at least one sequence encoding for a heterologous gene product.

25 7. Virus according to claim 8, characterized in that the heterologous gene product is a
protein, a ribozyme, an antisense-molecule or a siRNA-molecule.

8.  Virus according to ctaim 6 or 7, characterized in that the heterologous gene product
is a reporter protein, an antigen or a therapeutic protein.
30



25 AL |1 31 GCACTTGGGCCCGACTAATTAGICCCTC 60 26 AL 1T (+) 21
CGAATGGECGCGCCTGATGCGG 64 - 49 - Cainms 5 1. Reconbi nant negative-strand
RNA-virus, conprising a viral genome with a nmutation in the P-gene, which
results in a loss of replicability without the |oss of secondary
transcription-capability. 10 2. Virus _acscoor_di ng to claim1, characterized in
that it is a Paranyxovirus. 3. Virus according to claim1 or 2,
characterized in that it is a Sendai virus. 4. Virus according to claim1,
characterized in that the nutation effects the Ntermnal 15 parti al
sequence of the protein encoded by the P-gene. 5. Virus according to claim
4, characterized in that the nutation conprises: a deletion of (a) the

am noaci d9. 2- Yirusfacchrding de eany eneocefethebglaimg: BPigchecharacterizas) im thetr theal
sequence of ( i i uf f 4G ihent £ 0 j Il it Y.

6. Virus accoﬁ Eeﬁgbﬁsai%/n%o&@dg?e@hae& g?tiﬂ%?‘rs%flar{ gegr &giarsaé?té? zdéﬁg!@r?{eltdhat
the viral gefromevitises,diagteriatandedistozame sequence encodi ng for a het erol ogous
gene product. 25 7. Virus according to claim®6, characterized in that the
het er ol ogous gene product is a protein, a ribozyne, an antisense-nol ecul e
or a sisRNAOnoMausil ascoBlingvito uanyaooer ofi thg tclaires & o 69,0chatacterizachdn dhatzée i n

that the hete t il .reporter protein, an antigen or a
t herapeutic p?’g{eg‘ﬁﬁé.jo%gfe?gfgsa&?%\ﬁ \r"tjaiagt'cgceg‘rdi ng to any one of the clains 6
to 8, characterized in that the heterol ogous gene product is an antigen of
an heterol.ggo at h n, ,select fromyviruse cterja pratozoa. 5
10, Vi rus oo e ePRR S SRR, T sterriasl B Pyt FE el BeflPe Kol 167 e
t he het er ol ogewsaldwteromygodsiantigehsaevivedfrorattia gpeme oddiffeddnt visusascordi ng to
claim10, characterized in that the viral genone codes for several

het er ol ogous antigens derived fromthe sane or different viruses. 10 12.

Vi rus accai2di Mirus aceordingrte anl onbef theaclamnscs too1 1, chacdwerizet én that dt least dret  at
| east one of e sequences encodi ng for,a heterol ogous gen roduct . i
oot ou i nt ool B SRMERESERCERES Il hlBels bt E Rt s AEREe SR e et ¢ or

a honol ogous genempraadioe substitutes sequences which code for a homologous gene product.
15 13. Virus according to any one of the claims 1 to 12, characterized in that the virus
shows a transcription—capability reduced at most by an factor of 20 in comparison

to the wild-type.

14. Nucleocapsid of a negative-strand RNA-virus according to any one of the claims 1
20 to 13.

15. Genome of a negative-strand RNA-virus according to any one of the claims 1 to 13.

16. DNA-molecule which codes for the genome and/or the anti-genome of a
25 recombinant negative-strand RNA-virus according to any one of the claims 1 to 13.

17. DNA-molecule according to claim 16, characterized in that it is operatively linked to
a transcription signal.

30 18. DNA-molecule according to claim 17, characterized in that the transcription signal
is a promotor of a bacteriophage e.g. a T7 or SP6-promotor.



15 13. Virus according to any one of the clains 1 to 12, characterized in
that the virus shows a transcription-capability reduced at nost by an
factor of 20 in conparison to the wild-type. 14. Nucl eocapsid of a

negati ve-strand RNA-virus according to any one of the clainms 1 20 to 13.

15. Genone of a negative-strand RNA- V|r%ﬁ_accord|ng to any one of the clains
1 to 13. 16. DNA-nol ecul e which codes for the genone and/or the anti-genone
of a 25 reconbi nant negative-strand RNA-virus according to any one of the
claims 1 to 13. 17. DNA-nol ecul e according to claim 16, characterized in
that it is operatively linked to a transcription signal. 30 18.

DNA- nol ecul e to claim1l haracter ed int e transcrjption
ol gnal i 4% BebRoHtantg: 8 xuSacirdibpiage ang of HersEls S br & AUpBRSaPsh )
nCl cocapsi 0 ACOaTdI g b CLA) T Ll 3 QENOTE. BCoor ai NG L0 Clal M 15 or
DNA- ol ecul e 25REQRGIHH X?J’%‘Pﬁ}l’%ﬁémﬁ M8 aims 16 to0 18, 5 20 Col |

according to claim19, characterized in that it is a

vect or - anpllflcatln -cel | 21. Cell according to claim19, characterized in
that if i £0a Wagcqsﬁhaam'ﬁ@: ¢ @y gharanserizegjin thagtt;mvmorr%“e'rfaﬁmgz&e
characterized in that it furthernore contains a DNA- 10 nol ecul e encodi ng
for a heterol ogous DNA-dependant RNA-pol ynerase, which provokes the
transcri ptdlon Céll acepedipgite figined 8 @aéaré@meﬁ@ thet it isr ViFruscRinak Fiagreell
negative-strand RNA-virus. 23. Cell according to claim19, characterized in
that it is a virus-anplificati cel | 15 24. Cell|l according to an one of
the cl ai m#219 Ceb aggordingatoaeiaiah |23e9harﬁctfeﬂé&d it that it fluehersiase coptaing A

DNA- mojyecul es &gl QHCJQ%% tr&}ea VHét@r’oloBo@é ®NeA-Bep &@anwgolgmerééée which e

pr oductl on of a negative- RNA- vi'rus according to an ne of
claims 1 to 14Pf0V©b¢ﬂpﬂ|'|\35|tWQSerPél°Bt@fptbeoDNA(-faPlepl#|@v¢ftﬁ0ﬁ@9af%‘ethﬁ W@P@h'nﬁﬂt

transfected wy, %@m@lﬁl@ngﬁ@w& encoding for the genone of a

negative-stran virus, containing a mutation in the P- gene which |eads
to the loss of the viral genone-replicability without the |oss of secondary

transcriptjy 0” B@@rb‘ng% cRi 19! Ehd?gdéé’r?z%ﬁﬁﬁ( th ? §9§+3-%§uﬂc%ﬁn¢§avence

encodi ng for etero gous gene product tirvating e cell under
condi t150ons that a transcription of the DNA accordlng to (a) takes place and

the r econt%nar&te” %@%ﬁfn{’;% %H/' 3hd oFe claims 19 to 23, characterized in that it furthermore

contains DNA-molecules encoding for the viral P-protein.

25. Method for the production of a negative-strand RNA-virus according to any one of
20 the claims 1 to 14, comprising the steps of:
(a) providing a cell which is transfected with a DNA-molecule encoding for the
genome of a negative-strand RNA-virus, containing a mutation in the P-
gene which leads to the loss of the viral genome-replicability without the
loss of secondary transcription—capability, and, if necessary, at least one
25 sequence encoding for a heterologous gene product, and
(b) cultivating the cell under conditions that a transcription of the DNA
according to (a) takes place and the recombinant negative-strand RNA-
virus is produced.

30 26. Method according to claim 25, furthermore comprising the extraction of the
nucleocapsid or of the viral genome from the negative-strand RNA-virus.



virus is produced. 30 26. Method according to claim?25, furthernore
conprising the extraction of the nucleocapsid or of the viral genone from
the negative-strand RNA-virus. - 52 27. Method for the anplification of a
negati ve-strand RNA-virus according to any one of the clains 1 to 13,
conprising the steps of: (a) providing %2ce_ll which is infected with a
negative-strand RNA-virus, containing @ nmutation in the P-gene which | eads
to the loss of the viral 5 genone replicability without the | oss of
secondary transcription-capability, and, if necessary, at |east one sequence
encodi ng for a heterol ogous gene product, and (b) cultivating the cell
under conditions that an anplification of the virus takes place. 10 28.
Phar naceut7c aMethnddos thei apnplification of enegative-strand RNA-virug aenoading taameenendfi nant
negative-stra ﬁé\l@-vi el t .one of the clains 1 to 13, a

nucl eocapsi d g%cor |sn1gtr°tu'c?' m?’ﬁr%}g’&%ﬁ% al genome according to claim15
as an acti ve(agentprowdinges | cells whidh rigedefestedy witk oaveegativeratraph aRNAoéus.i cal
carriers and/or 1 j t 9 ti Shti Qg to
claim 23 for the udstEd 8 Buaidn 3R BRGA bR, PRSI RS MR L0 i D
to clabm 29 as a mgenome neplioabiityewithow? Ghes lss iofisec@tanPtramscsiptiort-icapability,
conposi tion accordi [ I J I

i nfections, for exaén?‘%r fé%g@és%b&aégieﬁét %%aléerﬁllsu? n%’eﬁ?ngdco{a ﬁgﬁgﬁ\%\ﬁ? ﬁ]er%lgéﬂlosg%erwa c
negati ve- strand Ryeduat,ssds. 25 32. Pharmaceutical composition according to

claim 28 for e use.ln.anti - [ el C K : igal. . ition
according to ztﬁ}y Oncgjltlgftlr?gn@eéeﬁ%e&é@qdét@% tP%rant E@Bﬁfsﬂgﬁg@é# ﬁ‘% vift3 TBke

ri sk-patients. 34. gl maceuti cal composition according to any one of the
clainms 28 to 33 conprising the nucleocapsid in the native viral envel ope. -

53 35° Use of a cell which constitutivel y or inducibly expresses stably the

protein P23 #®hamsasiutival- sdmpositioRN charaateriZedr int hieatpit ocartainona orecombinant
anpl i fi cation nggatlrvggs?rg?id nﬁmﬁ\-virus according to any one of the claims 1 to 13, a
nucleocapsid according to claim 14 or a viral genome according to claim 15 as an
active agent, as well as, if necessary, conventional pharmaceutical carriers and/or

15 adjuvants.
29. Pharmaceutical composition according to claim 28 for the use as a vaccine.

30. Pharmaceutical composition according to claim 29 as a mono or polyvalent
20 vaccine.

31. Pharmaceutical composition according to claim 29 or 30 as a vaccine against viral
infections, for example as a vaccine against infections with pathogenic negative-

strand RNA-viruses.

25
32. Pharmaceutical composition according to claim 28 for the use in anti-tumor-
therapy.
33. Pharmaceutical composition according to any one of the claims 28 to 32 for the use
30 in risk-patients.

34. Pharmaceutical composition according to any one of the claims 28 to 33 comprising
the nucleocapsid in the native viral envelope.



negati ve-strand RNA-viruses according to any one of the clainms 1 to 13, of 5
nucl eocapsi des according to claim 14 or of viral genones according to claim
15. 36. Use according to claim 35, characterized in that the cell is
amanmal i an cell. 37. Use according to claim35 or 36, characterized in that
the cell is selected fromthe 10 cell H29 (DSM ACC2702) or a cell derived
therefrom Sequence listing <110> Max- Plianck- Gesel | schaft zur For deruag der
W ssenschaften e.V. <120> Replication-deficient RNA viruses as vaccines
<130> 33778P WD <150> DE102005006388.8 <151> 2005-02-11 <160> 28 <170>
Patentln version 3.3 <210> 1 <211> 19 <212> DNA <213> artificial sequence
<220> <223> ol igonucl eotide <400> 1 ggaaacagct atgaccatg 19 <210> 2 <211>
58 <212> DNA <213> artificial sequence <220> <223> oligonucleotide <400>
2 ggat catd4=ag t t : <210>
3 1S Y SRR Py R el B RIGER HBRASE, o) FRATERAPS: &
‘negative-strand RNA-virus for the production or amplification of recombinant

negative-strand RNA-viruses according to any one of the claims 1 to 13, of
5 nucleocapsides according to claim 14 or of viral genomes according to claim 15.

36. Use according to claim 35, characterized in that the cell is a. mammalian cell.

37. Use according to claim 35 or 36, characterized in that the cell is selected from the
10 cell H29 (DSM ACC2702) or a cell derived therefrom.



<223> ol i gonucl eoti de <400> 3 ggcttcaagg tactaatgat ccgtagtaag aaaaacttag
ggt gaaagta ttccacc 57 <210> 4 <211> 18 <212> DNA <213> artificial sequence
<220> t_<223> oligonucleotide <400> 4 ggtaggtgtc tatgaggc 18 <210> 5

<211> 44 <212> DNA <213> artlflc sequence <220> <223> oligonucl eoti de

<400> 5 ggaaggaaaa gcggcca g % 5 tcat acgaggcttc aagg 44 <210> 6 <211>
57 <212z1DNAax2l3xkagebéllibdbal zsegueanney as? BEsem2R3»e0l | gonucl eoti de <400>

6 cctgtgtttc ®gcggccgeec gttcgcgagg ccggecccgtg aactttggca gcaaagc 57 <210> 7

211> 441505218k dRuAf L Bl Al Seduence  <400> 7 cgegggecey g9geggecge

gtcgccacca tggtgagcaa gggc 44 <210
33778P WO

<150> DE102005006388.8
<151> 2005~-02-11

<1l60> 28
<170> PatentIn version 3.3

<210> 1

<211> 19

<212> DNA

<213> artificial sequence

<220>
<223> oligonucleotide

<400> 1
ggaaacagct atgaccatg 19

<210> 2

<211> 58

<212> DNA

<213> artificial sequence

<220>
<223> oligonucleotide

<400> 2
ggatcattag taccttgaag cctegtagat cgcggccgeg tgaactitgg cagcaaaqg 58

<210> 3

<211> 57

<212> DNA

<213> artificial sequence

<220>
<223>» oligonuclectide

<400> 3
ggcttcaagg tactaatgat ccgtagtaag aaaaacttag ggtgaaagta ttccacc 57

<210> 4

<211> 18

<212> DNA

<213> artificial sequence

<220>



<211> 26 <212> DNA <213> artificial sequence <220> <223> oligonucl eotide
<400> 8 gatgcatgct cgagcggccg ctttac 26 <210> 9 <211> 36 <212> DNA <213>
artificial sequence <220> <223> oligonucleotide -2 <400> 9 ggattactat
cgccggc C catg gtgagc 36 <210> 10 <211> 38 <212> DNA <213>
artifi c%g%bsg)gg%gﬁ%ogge <220> <223> oligonucl eoti de <400> 10 cgctaact gt
cgccggegtto>t dcttgtaca gectcgtcc 38 <210> 11 <211> 36 <212> DNA <213>
artifi ci%ar*9€EquéAt@9°<220> <223> ol i gonucl eotide <400> 11%cggat caagt
ggccggecgt cgccaccatg gtgcge 36 <210> 12 <211> 42 <212> DNA

<210> 5

<211> 44
<212> DNA
<213> artificial sequence

<220>
<223> oligonucieotide

<400> 5
ggaaggaaaa gcggccgccg gcgdgatcat acgaggcttc aagg 44

<210> 6

<211> 57

<212> DNA

<213> artificial sequence

<220>
<223> oligonucleotide

<400> 6
cctgtgttte tgecggecgec gttecgegagg ccggecccgtg aactttggea gcaaagce 57

<210> 7

<211> 44

<212> DNA

<213> ariificial sequence

<400> 7
cgecgggeceg gggcggecge gtcgccacca tggtgagcaa ggge 44

<210> 8

<211> 26

<212> DNA

<213> artificial sequence

<220>
<223> oligonucleotide

<400> 8
gatgcatgct cgagcggccg ctttac 26

<210> 9

<211> 36

<212> DNA

<213> artificial sequence

<220>
<223> oligonucleotide



<213> artificial sequence <220> <223> oligonucleotide <400> 12 cgcgaatatc
ggccggccaa gtctacagga acaggtggtg gc 42 <210> 13 <211> 19 <212> DNA <213>
artificial sequence <220> <223> oligonucleotide <400> 13 ggaaacaoct

at gaccat gsab9 9<210> 14 <211> 36 <212> DNA <213> artificial sequence -3
<220> <22Bsacopl gonersbEordcdecatalfP@29c14 cggt gcggge ccgcacgt ga actttggcecag
caaagc 36 <210> 15 <211> 28 <212> DNA <213> artificial sequence <220>
<223> ol kgonuch eoti de <400> 15 gttcacgtgc gggcccgatc atacgagg 28 <210> 16

<211> 1924212% DNA <213> artificial sequence <220>

<213> artificial sequence

<220>
<223> oligonucleotide

<400> 10
cgctaactgt cgccggegtt tacttgtaca gectegtec 38

<210> 11

<211> 36

<212> DNA

<213> artificial sequence

<220>
<223> oligonucleotide

<400> 11
cggatcaagt ggccggcegt cgceccaccatg gtgcge 36

<210> 12
<211> 42
' <212> DNA
<213> artificial sequence

<220>
<223> oligonucleotide

<400> 12
cgcgaatatc ggccggccaa gtctacagga acaggtggtg ge 42

<210> 13

<211> 19

<212> DNA

<213> artificial sequence

<220>
<223> oligonucleotide

<400> 13
ggaaacagct atgaccatg 19

<210> 14

<211> 36

<212> DNAa

<213> artificial sequence



<223> ol i gonucl eoti de <400> 16 cgcgtctcgg gatgattcg 19 <210> 17 <211> 17
<212> DNA <213> artificial sequence <220> <223> oligonucleotide <400> 17
ccctgacaca ctcecttc 17 <210> 18 <211> 31 <212> DNA <213> artifici al
sequence «2x6220> <223> ol i gonucl eoti de <400> 18 gcgccgctcg aggcggt aag

t gt agccgadesy dencedidn> 19 <211> 34 <212> DNA -4 <213> artificial sequence
<220> <223»-0hkgonucl eoti de <400> 19 cctgcgctcg agctcatccc gggt gaggca tccc
34 <210=920cog] fosc8Qro<EPosoPNiiraaag?]13> <220> <223> <4003% 20

<210> 15

<211> 28

<212> DNA

<213> arificial sequence

<220>
<223> oligonucleotide

<400> 15
gttcacgtge gggccegate atacgagg 28

<210> 16

<211> 18

<212> DNA

<213> arificial sequence

220>
<223> oligonucleotide

<400> 16
cgegtctcgg gatgattcg 19

<210> 17

<211> 17

<212> DNA

<213> arificial sequence

<220>
<223> oligonucieotide

<400> 17
cectgacaca ctecette 17

<210> 18

<211> 31

<212> DNA

<213> artificial sequence

<220>
<223> oligonucleotide

<400> 18
gcgccgetecg aggcggtaag tgtageccgaa g 31

<210> 18
<211> 34
<212> DNA



ggcgacgcgt cagtctcaca gcctaattcg
artificial sequence <220> <223>
ct cgagat gt cgacccaaga taatcgatca
<213> Rt iadfcd sewerjeience <220>
ctcgagthag tagttggtca gtgactctat
<213> aptisf omoabed@quence <220>

-5 <210> 24

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

20
30
DNA

<220>
<223>

<400> 20
ggcgacgcgt cagtctcaca gcctaatteg

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

21

47

DNA

artificial sequence

<220>
<223> oligonucleotide

<400> 21

cccecttttt ctcgagatgt cgacccaaga taatcgatca ggtgagy

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

22

46

DNA

artificial sequence

<220>

<223> oligonucleotide

<400> 22

tttttcceee ctcgagttac tagttggtca gtgactctat gtectce

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

23
20
DNA
artificial sequence

<220>

<223> oligonuclectide

<400> 23
agcatatatc cagaggtcac

Cagagggﬁ <211> 24
<220> %@c&elaqwcg&cp 195@Ldca $4Q0> 24 gggactaatt agtcgggegc gacc 24

30 <210> 21 <211> 47 <212> DNA <213>

ol i gonucl eotide <400> 21 cccccttttt
ggtgagg 47 <210> 22 <211> 46 <212> DNA
<223> ol i gonucl eotide <400> 22 tttttccccc
gtcctc 46 <21D> 23 <211> 20 <212> DNA
<223> ol i gonucl eoti de <400> 23 agcatatatc
<212> DNA <213> artificial sequence
<210>

30

47

46

20



<211> 28 <212> DNA <213> artificial sequence <220> <223> chineric protein
<400> 25 gcacttgggc ccgactaatt agtccctc 28 <210> 26 <211> 21 <212> DNA
<213> artificial sequence <220> <223> chineric protein <400> 26 cgaatggcgc
gcctgatgeg g 21 <210> 27 <211> 558 <212> PRT <213> artificial sequence
<220> <22%>c§ﬁ meric protein <400> 27 Met Pro Thr Ser lie Leu Leu Ile lle
Thr Thr NMebs>|lbes Mt Ala Ser 1 5 10 15 Phe Cys Gn Ille Asp Ile Thr Lys Leu
G n Hi s YaI?> Gficjiapaugnesy Val 20 25 30 -6 Asn Ser Pro Lys Ay Met Lys Ile Ser
Adn Asn Phe-G u Thr Arg Tyr 35 40 45 Leu Ile Lau Ser Leu Ile Pro Lys lle
G u Asp Sexs> Adire@arote@ys Gy 50 55 60 Asp An dAnlle Lys @n Tyr Lys Arg
Leu Leu Asp Arg Leu Ile Ile 65 70 75 80 Pro Leu Tyr Asp Ay Leu Arg Leu
Adn Lys Asp-Vak Ile Val Ser Asn 85 90 95

gggactaatt agtcgggccc gacc , 24

<210> 25

<211> 28

<212> DNA

<213> artificial sequence

<220>
<223> chimeric protein

<400> 25
gcacttggge ccgactaatt agtecctc 28

<210> 26

<211> 21

<212> DNA

<213> artificial sequence

<220>
<223> chimeric protein

<400> 26
cgaatggcecge gectgatgeg g 21

<210> 27

<211> 558

<212> PRT

<213> artificial sequence

<220>
<223> chimeric protein

<400> 27
Met Pro Thr Ser Ile Leu Leu Ile Ile Thr Thr Met Ile Met Ala Ser
1 5 10 15

Phe Cys Gln Ile Asp Ile Thr Lys Leu Gln His Val Gly Val Leu Val
20 25 30



Adn
Ay
Thr
du
160
175
185
200
215
225
Leu
Asn
Thr
Asn
Met

Cys
Val

Cys

Gu Ser Asn A u Asn Thr Asp Pro Arg Thr Lys Arg Phe Phe Ay 100 105 110
Val Ile Ay Thr Ile Ala Leu Gy Val Ala Thr Ser Ala @n Ile 115 120 125
Ala Ala Val Ala Leu Val Qu Ala Lys Gn Ala Arg Ser Asp Ile 130 135 140
Lys Leu Lys Qu Ala Ile Arg Asp Thr Asn Lys Ala Val Gn Ser 145 15D 155
VatsoGFer IgerCly | ¥et@yp AsnStedln Per Vag GAhdhk|arglYs Ser Val @ n 165 170
Asp Tyr VAl Asn Lys Gu ffe val Pro Ser fle Ala Arg Leu Gy Cys 180
190 Gu Ala Ala Ay Leu dn Leu Ay Ile Ala Leu Thr @ n H's Tyr Ser 195
205Leu e Lew sEhrieAstie| b PheI@ ¢lASpp Asn Ashesed gysSery Leu G n G u Lys 210
220 GPY lle Lys Leu Gh Ay Ile Ala $&r Leu Tyr Arg Thr Asn |le Thr

230 235 240 Qu lle Phe Thr Thr Ser Thr Val Asp Lys Tyr Asp Ile Tyr Asp
24525012500 thewyPhanThr BNaSehed lou l¥s aAVali-ArgeVale |1 € Asp Val Asp Leu
2666 265 270 - 7 A8p Tyr Ser Ile Thr Leu Gn Val #&g Leu Pro Leu Leu
Arg Leu 275 280 285 Leu Asn Thr Gn Ile Tyr Arg Val Asp Set Ile Set Tyr
| o 0., 290 :295:300, ASPLAY 6. Chys Jop oYkl 8. R0 Lgu Pro Ser Hs lle
Thr Lys Gly 30%s5310 315 320 Ala Phe Len Ay Gy Ala Asp Val Lys G n
Ile Au Ala Phe Ser 325 330 335 Ser Tyr Ile Cys Pro Ser Asp Pro Gy Phe
Leu Asn Hs Gu t 340 345 350 4 u Set s Ley Ser Ay Asn Ile Ser Gn
Pr OG]lﬁ’ alu”.?Fr \2%8 ngl Asn3'glg %ﬁb Eg,’%g.rg THr Lys A% ikllg Phe Gly

Gly Val Ile Gly Thr Ile Ala Leu Gly Val Ala Thr Ser Ala Gln Ile
115 120 125

Thr Ala Ala Val Ala Leu Val Glu Ala Lys Gln Ala Arg Ser Asp Ile
130 135 140

Glu Lys Leu Lys Glu Ala Ile Arg Asp Thr Asn Lys Ala Val Gln Ser
145 150 155 160

Val Gln Ser Ser Ile Gly Asn Leu Ile Val Ala Ile Lys Ser Val Gln
165 170 175

Asp Tyr Val Asn Lys Glu Ile Val Pro Ser Ile Ala Arg Leu Gly Cys
180 185 190

Glu Ala Ala Gly Leu Gln Leu Gly Ile Ala Leu Thr Gln His Tyr Ser
185 200 205

Glu Leu Thr 2sn Ile Phe Gly Asp Asn Ile Gly Ser Leu Gln Glu Lys
210 215 220

Gly Ile Lys Leu Gln Gly Ile Ala Ser Leu Tyr Arg Thr Asn Ile Thr
225 230 235 240

Glu Ile Phe Thr Thr Ser Thr Val Asp Lys Tyr Asp Ile Tyr Asp Leu
245 250 255

Leu Phe Thr Glu Ser Ile Lys Val Arg Val Ile Asp Val Asp Leu Asn
260 265 270



Lys
Al a
400
415
425
440
455
465
Thr
I'le
Pro
Ile
Arg

Ser Asp Ile Val Pro Arg Tyr Ala Phe Val Asn Gy @y Val Vval 370 375 390
Asn Cys Ile Thr Thr Thr Cys Thr Cys Asn Ay Ile Ay Asn Arg 385 390 395
Ile ASn Gn Pro Pro Asp Gn Ay Val Lys Ile Ile Thr Hs Lys Qu 405 410
Cys Asn Thr Ile Ay Ile Asn Ay Met Leu Phe Asn Thr Asn Lys Au 420
430 Gy rJhiseketicArd Rhecityailhfy Re® ASNeASRu lthe AHarndeu Asn Aso Ser 435
445 Val AlzasLeu Asp Pro Ik& Asp Ile Ser 288 A u Leu Asn Lys Ala Lys 450
460 Ser Asp Leu GQu Gn Ser Lys Gn Trp Ile Arg Arg Ser Asn G n Lys
470 420:480n: Loy fsPrger ) e By o0, Jic Hhs GhnSeg Ser Thr Thr Val | le
485 4 Val  Met ValzoWal lie Leu Val Val lie Ile Val
Val 500 505 510 IIe VaI Leu Tyr Arg Lea Lys Arg Ser Met Leu Met Ay Asn
Asp | e Pr r. 1y Leu Gu Pro Lys
Arg B ﬁﬁ%éqgsépﬁfﬁ lLeu ‘f’ﬁog ?3! Q%ﬁf Qy a Met Ala Gn Lys
545 550 555 <210> 28 <211> 579 <212> PRT <213> art| f| ci al sequence

<220> <223> chineric rot ein <400> 28 Met Asp Gy Asp Arg Gy Lys Arg Asp

Ser
Ay

Tyr o PSeletnitvsg)y BroPon 'st iy £5° Cﬁérﬂﬁl‘i}u  HirShr Lys Lea Ala Ser
Trp Gu Arg Ser Ser Lys

Ser Tyr Ile Cys Pro Ser Asp Pro Gly Phe Val Leu Asn His Glu Met
340 345 350

Glu Ser Cys Leu Ser Gly Asn Ile Ser Gln Cys Pro Arg Thr Val Val
355 360 365

Lys Ser Asp Ile Val Pro Arg Tyr BAla Phe Val Asn Gly Gly Val Val
370 . 373 380

Ala Asn Cys Ile Thr Thr Thr Cys Thr Cys 2sn Gly Ile Gly Asn Arg
385 390 385 400

Ile Asn Gln Pro Pro Asp Gin Gly Val Lys Ile Ile Thr His Lys Glu
405 410 415

Cys Asn Thr Ile Gly Ile Asn Gly Met Leu Phe Asn Thr Asn Lys Glu
420 423 430

Gly Thr Leu Ala Phe Tyr Thr Pro Asn Asp Ile Thr Leu Asn Asn Ser
435 440 445

Val Ala Leu Asp Pro Ile Asp Ile Ser Ile Glu Leu Asn Lys Ala Lys
450’ 455 460

Ser Asp Leu Glu Glu Ser Lys Glu Trp Ile Arg Arg Ser Asn Gln Lys
465 470 475 480

Leu Asp Ser Ile Gly Asn Trp His Gln Ser Ser Thr Thr Val Ile Thr
485 490 495



20 25 30 Val Asp Thr Trp Leu Leu Ile Lea Ser Phe Thr G n Trp Ala Leu Ser

35 40 45 1le Ala Thr Val Ilelie Cys Ilelle Ile Ser Ala Asn Ser |Ile Lys 50
55 60 Ser Qu Lys Ala Hs Qu Ser Leu Leu Gn Asp Val Asn Asn A u Phe 65
70 75 80 Mt Qu Val Thr Gu Lys Ile Gn Met Ala Ser Asp Asn Ile Asn Asp 85
90 95 L&tF Fite V& Wagef="dy! Vat "AsisTnr AP téa™ el Th® Ivg% Gn Ser Hs 100
105 110 Val Gn Asn Tyr Ile Pro lie Ser Leu Thr Gn Gn Mt Ser Asp Leu 115
120 125 9 Arg Lys Phe Ile Her Qu Ile Thr Ile Arg Asn Asp Asn Arg A u Val
130 135 1#OVPE dePrivyrQrue Apy Lyt érTRer Pes RSP eAl & YARs? FFre *EYs Pro Leu Asn Pro
145 150 155 16G*°Asp Asp Phe Trp®Arg Cys Thr SB¥° Ay Leu Pro Her Leu Met Lys
Thr 165 170 175 Pro Lys Ile Arg Leu Met Pro Ay Pro Ay Leu Leu Ala Met Pro
Thr  180238%-3%0eTivo M) rAspnShyr Gyps I¥al GIAr groThys Pro zHemikeu Val |le Asn Asp
Leu i95 2063205 |Ile Tyr. A& Tyr Thr Her A% Leu Ile Thr Arg Ay Cys G@n
Asp Ile 210 215 220 Gy Lys Her Tyr Gn Val Leu An lle Gly Ile Ile Thr Val
Asn Her 225,230,235 8%9& Re bSY 2YRluePr 9 2ASR, LelinAsn Pro Arg Ile Her His
Thr Phe Ast Te 245 25 35 Asn Asp AsnssArg Lys Her Cys Her Leu Ala Leu Leu
Asn Thr Asp Val 260 265 270 Tyr A n Leu Cys Her Thr Pro Lys Val Asp Gu Arg
Her Asp TXfoAlfe 275 280 285 Her Her Ay Ile AQu Asp Ile Val Leu Asp Ile

>

Val Asn Elb§l>Asg79Gy

<212> PRT
<213> artificial sequence

<220>
<223> chimeric protein

<400> 28

Met Asp Gly Asp Arg Gly Lys Arg Asp Ser Tyr Trp Ser Thr Ser Pro
1 5 10 15

Ser Gly Ser Thr Thr Lys Leu Ala Ser Gly Trp Glu Arg Ser Ser Lys
20 25 30

Val Asp Thr Trp Leu Leu Ile Leu Ser Phe Thr Gln Trp Ala Leu Ser
35 40 45

Ile Ala Thr Val Ile Ile Cys Ile Ile Ile Ser Ala Asn Ser Ile Lys
50 55 60

Ser Glu Lys Ala His Glu Ser Leu Leu Gln Asp Val Asn Asn Glu Phe
65 70 75 80

Met Glu Val Thr Glu Lys Ile Gln Met Ala Ser Asp Asn Ile Asn Asp
85 80 95

Leu Ile Gln Ser Gly Val Asn Thr Arg Leu Leu Thr Ile Gln Ser His
100 105 110

Val Gln Asn Tyr Ile Pro Ile Ser Leu Thr Gln Gln Met Ser Asp Leu
115 120 125



290
305
Lys
Asn
Thr
Arg
Ser
Asn
Tyr
I'le
Trp
Hi s
Al a
Asp
Thr
Al a
Cys
Phe

295 300 Her

Ile Her Thr Thr Arg Phe Lys Asn Asn Asn |le Her
310 315 320 Pro Tyr Ala Ala Leu Tyr

Phe Asp G n

Pro Her Val Ay Pro Ay Ile Tyr Tyr

325 330 335 Ay Lys Ilelle Phe Leu Gly Tyr Ay Ay Leu Qu His Prolie

340 345 350 - 10 Gu Asn Ala lle Cys Asn Thr Thr Ay Cys Pro Gy Lys
Gn Arg 355 360 365 Asp Cys Asn G n Ala Ser His Ser Pro Trp Phe Ser Asp
Axg MBt9 1370Pr875Le38€r GValllASThrSEre Rre 2t éswalsn\RHe AspVeys @y Leu Asn
Ille Pro & 385 390 395 460 Leu Lys Val**%rp Thr Ile Ser Met Arg Gn
Tyr Trp Ay Ser Gu 405 410 415 dy Arg Len Leu Leu Leu Ay Asn Lys Ile
Il e Tyro Hib Angrseric 420 wi25asp30aThry Se¢ rhepedd seuSesn bys Leu G n Leu Ay
Ile AgpSlle Thr Asp 438 440 445 Tyr 18er Asp Ile Aralbbe Lys Trp Thr
H's Asn Val Leu Ser Arg 450 455 460 Pro Gy Asn Asn Qu Cys Pro Trp Ay
Ser %gp FZ)krsg }?%t%p’l’zg Xr S 'ﬁl@SSeA}:?Ql 4Zé1 4’@9 Se!rll%uT t s'yTMP" Tyl‘ Thr Asp
Tyr Pro Leu Asn Prasdhi dvy Ser 4?1857(3490 495 1le Vais Ser Ser Val Ile Leu
Ser Gn Lys Ser Arg Val Asn Pro 500 505 510 Val Ile Thr Tyr Ser Thr Ser
GQu Arg Val Asn Gu Leu Ala Lle 515 520 525 Arg Asn_Lys Thr Leu Ser
Ay TYr°THF T ?@PQ’S&“(‘S}? Ti%elghr 638" 535 540" HE )T Asn Lys @y Tyr
Phe H's Il e Val ulle Asn Hs Lys 545 550 555 560 Ser Leu Asp Thr
Gn Pro Met Leu Phe Lys Thr Gu Ile Pro Lys

Thr Val Asp Gly Cys Val Arg Thr Pro Ser Leu Val Ile Asn Asp Leu
195 200 205
Ile Tyr Ala Tyr Thr Ser Asn Leu Ile Thr Arg Gly Cys Gln Asp Ile
210 215 220
Gly Lys Ser Tyr Gln Val Leu Gln Ile Gly Ile Ile Thr Val Asn Ser
225 230 235 240
Asp Leu Val Pro Asp Leu Asn Pro Arg Ile Ser His Thr Phe Asn Ile
245 250 255
Asn Asp Asn Arg Lys Ser Cys Ser Leu Ala Leu Leu Asn Thr Asp Val
260 265 270
Tyr Gln Leu Cys Ser Thr Pro Lys Val Asp Glu Arg Ser Asp Tyr Ala
275 280 285
Ser Ser Gly Ile Glu Asp Ile Val Leu Asp Ile Val Asn His Asp Gly
290 295 300
Ser Ile Ser Thr Thr Arg Phe Lys Asn Asn Asn Ile Ser Phe Asp Gln
305 310 315 320
Pro Tyr Ala Ala Leu Tyr Pro Ser Val Gly Pro Gly Ile Tyr Tyr Lys
325 330 335
Gly Lys Ile Ile Phe Leu Gly Tyr Gly Gly Leu Glu His Pro Ile Asn
340 345 350



565 570 575 Ser

Glu

Asp

val

385

Leu

Gly

Thr

Tyr

Pro

465

Ile

Ile

val

Arg

His

545

Ser

Ser

Asn

Cys

370

Asn

Lys

Arg

Ser

Ser

450

Gly

Thr

val

Ile

Asn

530

Tyr

Leu

Cys

Ala

355

Asn

Ser

Val

Leu

Trp

435

Asp

Asn

Gly

Ser

Thr

515

Lys

Asn

Asp

Ser

Cys Ser -

Ile

Gln

Ile

Trp

Leu

420

His

Ile

Asn

val

Ser

500

Tyr

Thr

Lys

Thr

Cys

Ala

Ile

Thr

405

Leu

Ser

Arg

Glu

Tyr

485

Val

Ser

Leu

Gly

Phe
565

Asn

Ser

Val

390

Ile

Leu

Lys

Ile

Cys

470

Thr

Ile

Thr

Ser

Tyr

550

Gln

11

Thr

His

375

Val

Ser

Gly

Leu

Lys

455

Pro

Asp

Leu

Ser

Ala

535

Cys

Pro

Thr

360

Ser

Asp

Met

Asn

Gln

440

Trp

Trp

Ala

Asp

Thr

520

Gly

Phe

Met

Gly Cys

Pro. Trp

Lys Gly

Arg Gln

410

Lys Ile

425

Leu Gly

Thr Trp

Gly His

Tyr Pro

490

Ser Gln

505

Glu Arg

Tyr Thr

His Ile

Leu Phe
570

_ll_

Pro
Phe
Leu
395
Asn
Tyr
Ile
His
Ser
475
Leu
Lys
val
Thr
Val

555

Lys

Gly

Ser

380

Asn

Tyr

Ile

Ile

Asn

460

Cys

Asn

Ser

Asn

Thr

540

Glu

Thr

Lys

365

Asp

Ser

Trp

Tyr

Asp

445

Val

Pro

Pro

Arg

Glu

525

Ser

Ile

Glu

Thr

Arg

Ile

Gly

Thr

430

Ile

Leu

Asp

Thr

Val

510

Leu

Cys

Asn

Ile

Gln

Arg

Pro

Ser

415

Thr

Ser

Gly

Gly

495

Asn

Ala

Ile

His

Pro
575

Arg

Met

Lys

400

Glu

Ser

Asp

Arg

Cys

480

Ser

Pro

Ile

Thr

Lys

560

Lys





