WO 02/ 12288 PCT/ EP01/08893 Title: Vaccination against host cell-associ ated
her pesviruses The invention relates to the field of vaccination agai nst
so-cal | edavdroz1228%! | - associ at ed herpesviruses such as MarP&I/EP@i/BeBSE Vi rus
(MDV) of poultry, and Varicella Zoster Virus (VZV, causing chi ckenpox and
zoster after' re activation 5 fromlatency) of man and to vaccination

agai nst di sease caused by these viruses, and in particular relates to
poultry disease in particular to the field of vaccination against Marek's
di sease. In particular, Marek's di sease has been a problem of the poultry

i ndustry fram:t he Ve@inaiiog aghist hoes col apsaiaieid herpetvirpaséd ry neat. It is
a 10 herpesviral disease that is causing a |large variety of clinical signs
starting from i mmunosupression, neurological disorders, anaenm a and

unspeci fied apathies and ending with severe |ynphatic cancers at |ater
stages of infection. 1In the beginning of the history of Marek's disease

there wer epfg ih{&REOR BB te ARILIOH MRS Rt TRASEE0SE sd-B&Nledogpadilhogeni ¢
rel ated (Serotype, 3) virus 15 was i sol at ed. fromturkeé?/_)( HVT) and was

initially asedidfted heapesvintsessuchidsddarek’s diveseivieusabV)icipeosliurt avth of
vacci nation with rek' i sease rged agaipn and i.t _became ,ohvi ous,
that the cVﬁé@PE@%’ﬁqn’\%}WS\@&}’g sausRgFkehnox Fad doster AfteR Fog Ay ation
protectiongj Y i th 3B db BRWCANAL HREeNIi C virus
was di s%ovglpgg}b(ct%gg@éﬁgg%ral %)% Rz\%éllgﬁﬁpﬁ §I(}fgettn%lr a? has tehgﬁéarre serotype
as the virypesesausd nopsitiadae rellbéstopadinedisshsaimpasscilar tothe dldef y
rapidly into the market and produced very good vaccination results.
However, aya¢oinafioemgabesit Masek'ydiesserew out br eaks of di sease occurred,

o921 L0 20188, el SR UM SR GR I Bt ot o 2
vacci nes (Huapd £idns REE Hhghifing 98 thiled sied@diuctide dpotiiry, membiy & o
satisfactory results were only seen tenporarily. Currently, new outbreaks
of di 3@asherpaviradeipiase thiat 13 bresung adergavrvety of plénicahSiGRSFHIIUME s i s
not yet V\Dfr%%r/l }rﬁﬁggnopsggrggsqgé,o ggl?r%logzlcal disorders, anaemia and unspecified .‘
apathies and énding ‘Wiﬁl severe lymphatic cancers at later stages of infection.
In the beginning of the history of Marek’s disease there were no treatments
and no preventive measures. Then an apathogenic related (Serotype 3) virus
15 was isolated »ffpm turkéys‘ (HVT) and was initially used for vaccination.
However, some time after in'tro‘duction“of vaccination With HVT, Mérek’s
disease emerged again and it became obvious, that the circulating ﬁéld viruses
h}ad changed to circurﬁvent thé protection induced by the HVT-strain. At this
time a new apathoge"nic‘ Vifus was discovered (Rispens strain), which in
20 | geﬁeral has the same serotype as the viruses causing disease. This végcine
strain was introduced very rapidly into the market and produced very good
~ vaccination results. ] |
However, again after about ten years new outbreaks of disease occurred,
again circulating field viruses had changed to circumvent the protection
25 . induced by the vaccine-strain in current use. Then a combination of both
o vaccines (HVT and Rispens) was used to protect the animals, however,

| satisfactory results were only seen temporarily. Currently, new outbreaks of

disease occur despite all these vaccinations. The reason for this is not yet



understood but there is a clear need for the introduction of new potent
vacci nes. Probl ens associated with vaccinations agai nst Marek's di sease are
that despdoom12Be fact, that Marek vacci nes have been prorOTEHf08893a | ong
period, the 5 method of preparation of the vaccines could not be inproved.
The reason for this is, that in general the essentially host

cell -associated virus can be grown essefitially only in primary host cells
such as in the case of MOV or HVT in primary cells such as fibroblasts
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of course {si&en&d, contam nati ng pat hogens) and cannot or only wth great
difficulties be_achieved out of context of the specific cel] of the ‘
respective hostProbipmsmsseeiated yaveyageinations paaingt Mareks disarssarathad)
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is at present considered the only sufficiently potent one, is as all
ser ot ype- 1thisrigkthatringenesak thet dsgehigally dwist celd ssepciatadl virns eanibeigrowef t he

cell- associated. virus (such as.fo anpl.e ser pe 1 ) | onpl etely
| ost duri AgPeRGraty onlydaniimagy }1(’?{)&%}{(&? g@%h POH! YRR ERES Qf]gfbﬁ rmﬁéﬁlati on
of the 20 ' e e j V. : e
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causi ng tremendous_ costs and probl er’r% during t_ransp&g. Then, at the site
of uselOt hbupmas pelds agednpel cosee ee i caniemymaping pathogens) apd caRpreleld

cells are ve SgNSiti Vv 0.180nVi. I E I

el evatod t RBLPREL i G GUARLbE BUFRIRR oxi 3T H AR R WheRReGHE Re the
gl assvar e efdRRtiATREE ThE Makesirs békeral atvateirkudirecicanidainyti vibhle vacci ne
bat ch can be prepared, |eading to conplete vaccine failures. Such failures

can be rednfgniiers ondiscashenusérbbylithesestypab of airuses gifficullp ibnelaneanly and

}32:% ?égo i; Bglggggsig?euéé ;ypr%régi\évaf%ggf, %g{f)rgéugal O %ﬁus \é\gpgrgs/i%ez .2 8‘8‘

15 For exrimple, the Rispens vaccine directed against Marek’s dise‘élse,
which is at present considered the only sufficiently potent one, is as all
serotype-1 Marek viruses strictly host cell associated. Infectivity of the cell-
associated virus ‘(such‘as for eXampie serotype 1 and 2) is completely lost -
during normal freezing or lyophilisation. Therefore the preparation of the

20 vaccine includes a very complicated and expensive step, where whole cells
must be frozen in liquid nitrogen. The vaccine must be stored and transpofted :

and kept under liquid nitrogen until use and therefore is causing tremendous
costé and problems during transport. |
Then, at the site of use, the vaccine must be used very carefully, since

25 “ ~ the infected cells are very sensitive to environmental factors. Factors such as
elevated temperatures, exposure to light and residual detergents in used
glassware often damage the virus such that no sufficiently viable vaccine

“batch can be prepared, leading to complete vaccine failures. Such failures can
be recognised only when the dise‘aée already starts to break out and the

30 affected poultry show symptoms of disease.



3 In short, up to now all attenpts to provide inactivated -, subunit- or
reconbi nant vaccines to protect against Marek's disease failed and
thereforavootiex2esis currently no alternative to live, cel PERERDAISSY3C

vacci nes conprising Marek's Disease Virus. Marek's di sease remains to be
controll ed by application 5 of infected-gell preparations as vaccine. These
preparations not only contain |iving ceFls suspended in DVSO contai ni ng
medi a and the whole variety of cellular antigens, they also have to be

tored in liquig n . : i,nyh :
ma ntai ned T ronf% Sttt 880 s ARCHEAbY to HTIEE LG R thhiDor
adm ni st r até@MmbinAnddtiines to PR6Rct Aayedt MARkdiskas Rakd fudehei@fore

adm ni stered within a very short period of tine and every bird has to be
i nj ected. Searerialcunfentthiene adtarbhtive tadives pell-edsavjatedosaecestionpigingr epar e

acci nes again t her senti al | el | associ at ed, Her pesyi ruses such as
Var i col 1 a Mtk Biseace aneMarels dheasSTanenfifhe ratioed b Spticanel
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Mur phy et virul ence for e chicken and "ability to
i nduce T céiving yelphousgendvB\naDBS @enetahing gredipadditheovhdleemridy of ypes
(MDV-1, MDV-2, and I,\/DV-3£. MDV-3 represents_ the he(ipesvi rus_ of turkﬁgs
(HVT) whi ckelialargrdigens, shey alio hapedoiheattossr HyAanad numoes Conssayretise

However, affer Cl:Nat | L]y . -
Viral ent ottt erbr O Rs oAt Gln FE A2 sBEEL RO L REDERL
and | ater aibeadatadilMMninistiadions I edditich, @i tBwed)§Be Rasganhasweive used
in vaccine forrmulations (Wtter, 1985). In recent years_ _and first reported

i n t helQni tadhiSisieras within avwewy shartiperiod wbvime and eswgry dard has §o ber ul ent

| us +) .. MDV- ari gnt.s,appear,ed _and caused, hi.gh | ncidence 2 f. Marek's
8i geaggva%dnl‘?ﬁ?et rsj\éf’ 9}3?@(98&%??@%%”853‘%%‘8mflrjfgogér"n&' 1&€%W srng]Feessi on
early after bRheehbQThd Wihbfbsschlly cdBsdb¥inted HdrpespBtbes s@Sadassaged

nore than f(%g times on chicken enbryo fibroblasts (CEF) and was shown to
| oose pat hdbaidetiat Zodter Vahisckens (Wtter, 1997). However, the nolecul ar

a5 of “vi ul en DU HsBRp VIREAIIN LT »Eiemmee HotBoalal R yYaesss  hov- 1
15 subfamily of the Herpesviridae, Lee et al, 2000, Murphy et al., 1995). Based on
virulence for the chicken aﬁd ability 1;0 induce T cell lymphomas, MDYV are
generally grouped into three serotypes (MDV-1, MDV-2, and MDV-3). MDV-3
" represents the herpesvirus of turkeys (HVT)' which was widely used for
vaccination against MDV-related disease. However, after vaccinétiqn failures
20  and development of so-called virulent or very virulent MDVji (Witter, 1985),
attenuated MDV-2 strains and later attenuated MDV-1 strains (e.g. strain CVI
988 Rispens) were used in vaccine fbrmulations (Witter, 1985). In recent years
and first reported in the United Stateé, even more virulent MDV-l; so-palled
very Virﬁlent plus (vv+), MDV-1 variants appéared and caused high incidence
25  of Marek’s disease and mortality caused by tumour development and
immunosuppression early after infection (Witter, 1997). One vv+ stréin, 584A,
* was passaged more than 100 times on chicken embryo fibroblasts (CEF) and
was shown to loose pathogenigity for chickens (Witter, 1997). However, the
molecular basis for the increased pathogenicity of vv+ MDV-1 and similarly for

30 loss of virulence are poorly understood because molecular analyses of MDV-1



WO 02/ 12288 PCT/ EP01/08893 4 are difficult to perform On the one hand, no
or only small anounts of infectious virus progeny is released in cultured
cells, owohyinsher hand production of MDV-1 reconbi nant BCT/EPé14I8893 ous and
due to the highly cell- associated nature of the agent in cell culture,

mul tiple rounds of purification of 5 virgs reconbi nants are needed
(Cantello et al., 1991; Sakaguchi et al.7 1993; Parcells et al., 1994;
Schat et al., 1998; Anderson et al., 1998). On top of that, as nentioned

al ready abgyey WARELOBLLRNLCHY B onOHALANEES: LALPLOLECLubIG AN Mel s from

4T .
al | Marek' &° CVITTUSes. viTus - rpesviruses - is

capabl e ofinffldddiRGrivaY prégerBsizaeiadsbe ih Milteed Cellesaotiseoiitguned by the
vacci nes. Therefore rapid adaptation of vaccines to the field situation

woul d be reedadtiomef M- reetinbiriantd inkaboyioussind doa tethe highly celol at es
such as HVT or  Rispens d/or further attenuation in vitro. The .
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of ~getgi “ﬁrﬁ)?eéb%l!»ﬁx%%ﬁ@%‘rétxﬁégdéd‘f@é’ﬁﬂe%%t\élf, UpAUBaRhotEhiGENS 1908,
infecting cells in 15 cell-culture. The attenuation steps that would foll ow
are very |Bimellows adnd 9% Sehabeisalni 1998 dprleirsdn ¢t al.nt@9P. aque purification

is extrenely difficult, which is again dye to the cell .associated nature
of the virus.: Qﬁéopéﬁ&hﬁt’f%%%eﬁ’i’f)ﬁﬂ‘gé‘ﬂieéﬁyiaéooﬁér Fasayation caeMoled. As a

result of Féli]flsa%teé %b?oi p(at YRE gtiliii’iglstii’&fn aﬁg Wi she Fsodisggﬁe{]ﬁieiﬁiﬁe [ grpur rent

HVT- and spens- ype vaccl nés fail Ve entere e mar for a |long
tinme. In aggdion g FrpRBvidvess atid exptdile of finding svaisrtongcapetheBnmune
production since the virus - has been assaged for too many times. This

f ur t hel0 agepsponseinduned hintkd vaccings. dtherefore prmid adrptrtioperivacyimes fathe nes
inthe fielLd., l.n short, 't f ol l.ow r ohl .constitute a la art of
the curr eni:‘gidrﬁg‘é%téoﬁl N %@%@&ﬁerdﬁi 8%5%”3&’ gggs 180‘?\?%‘03? %Sﬁi%t&% Pi).ﬁ?idi)y_ of
classical M3EREIERHOSMEHVPRy FASSRS 8B AR FuridreAahhMloRfin vIRE6CTRE Virus,
undefined attenuation of vaccine virus, high production costs, high

st or age antsolatiorsiteelf is cstisinghirginendoss tireblemobecdesevddbebffiaulties of

envi ronnent al . fagt or and.a t.qo.sl.ow devel opnent, .of new vacgcine strains
especi al | ygeigingeq c%ls-gé%qca%‘r@g 1pfectioys virus Ut OF Chidkens and 1nf%ct1ng cel1Sin

15  cell-culture. The attenuation steps that would follow are very laborious and
time consuming especiélly since plaque purification is extremely difficult, |
which is again due to the cell associated nature of the virus. .

The result from attenuation is normally not defined. As a result of these
facts no vaccines that would provide relief where current HVT- and Rispens-

20 ' type vaccines fail have entered the market for a long time. In addition often an
over-attenuation occurs during vaccine production since the virus has been
passaged for too many times. This further aggravates the low efficacy of the
HVT- and Rispens-type vaccines in the field. In short, the following problems
constitute a large part of fhé current impasse in MDYV control. There is a low

25 reproducibility of classical vaccine production, one sees over-eiftenuation of
vaccine virus, undefined attenuation of vaccine virus, high production costs,
high storage and transport costs, high sensitivity of the vaccine to
environmental factors, and a too slow development of new vaccine strains

especially for cell associated viruses.



WO 02/ 12288 PCT/ EP01/ 08893 5 These probl ens are conpounded by the fact
that now circulating field viruses give rise to high antibody titres in
poul try pvoduc28®n stock, whereby these high antibody tiPCEREPEISSLH ven

t hrough the progeny via maternal antibody in the eggs. The influence of

t hese maternal antibodies during initial _5 infection by current vaccine
virus further decrease the current effi cgcy of vaccination agai nst Marek's
di sease. The invention provides a vaccine directed agai nst an infection

caused b an esvinrys that is _esseanthall Q el | _associ.a

comprising a 100 PEGORIERE P chirgRRR St B8 rth o A RERE e,

sai d genongiruddd SiteNGsd RERIEN AREHETY BERATH Pulityf pRAuetiof atsbk) ¥HereBY! . TO
that effect, the invention herewith provides a reconbinant viral genone

derived frtmsarhighemidsodyr titres hae giwrcdnougbribd rrogeey skspntealdly host cel |
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honol ogous reconbi hation 1 n eukaryotic cells 1s no longer required. In the
det ai | ed desainpiionmgaiedt Magdiodizense.provi ded for a Marek's disease |ike

virus. Therein, as an exanple a genone of Marek's disease virus serotype 1
20 (MDV-1), strain 584Ap80C, was cloned in Escherichia coli. as a bacteri al

artificial chro one (BAC) . B tQr S n e .l ' t he
G2 oous of 't e Belbreriles HSRns S BIREl Shpl R e ARIE PR B
transfecti gf Hlrpesielis theiiaresgehti e Boastsl as&tlatediddnirigihgANA and

reconbi nant plasm d pDS- pHA1 whi ch contai ned BAC sequences and the Eco 25

gpt geHe i reopdinaht viwsaligovomelderivpehiromnenid kevpeavirvegired gesomer ansf ect i on
Rant i el g BBY I HreReDRPEE TGRIR I Ee Braaraet Fob TG v gk Ul
e L S
30 BACs weherpeswinafedtatdsiconsidefer odid sssendialyonos clymssadinbed, tsazhsf ect i on,
genome preferabiy capable of at least some measure of replication in said host

15 cell and at the same time allowing recombination essentially free or
independently of said host cell, homologous recombination in eukaryotic cells
is no longef‘required. In the detailed description such a genome is provided for
a Marel’s disease like virus. =

Therein, as an example a genome of Marek’s disease virus serotype 1

20 (MDV-1), strain 584Ap80C, was cloned in Escherichia coli as a bacterial
artificial chromosome'(BAC‘). BAC vector sequencés were introduced into the
Us2 locus of the MDV-1 genome by homologous recombination after co-
transfection of chicken embryo fibroblasts (CEF) with viral DNA and
recombinant plasmid pDS-pHA1 which contained BAC sequences and the Eco-

25  gpt gene instead of the MDV-1 Us2 gene and flanking sequences. Transfection
progeny was passaged on CEF cells in the presence of mycophenolic acid and
xanthine/hypoxanthine. After four rounds of selection, viral DNA was
prepared and used to transform Escherichia coli strain DH10B. Several

colonies harboring the complete MDV-1 genome W‘ere\ identified. These MDV-1
30 BACSs were transfected into CEF cells and from 3 days after transfection,



WO 02/ 12288 PCT/ EP01/08893 6 infectious MDV-1 was recovered. G ow h of
MDV-1 recovered fromvarious BACs was indistinguishable of that of the

par ent al wopus28% assayed by plaque fornmation and det er nP@EEP@IMS8F3 gr owt h
curves. The invention thus provides a nethod for producing or obtaining a 5
reconbi nant essentially host-cell associ ated herpesviral genonme conprising
(if required near conplete or conplete) “i nfecti ous herpesviral nucleic
acid derived froma MV and/or VZV isolate. O course, now that the

tiall | . -V .
or i nai 1y ERERHE MR YELVRR Aefo AL GRA I ENTV: T BolORla Al Tpulbud ™0, e
a genone apTlivag ihQidtiifpuistvasle iofbhahel tie) pawntaliviruappldssayddby plagid

reconbi nant techni ques available to the person skilled in the art of
nol ecul ar firohaigen and dedermjmatinnect gnesvidl ewrvpgovi des a vacci ne according to

the invention l.east,.conprising.a (replicative) ,n.ni gen ,.For exanpl e,
the invention p%ilgggngpngﬁw ﬁ?ﬁ‘g‘%ﬁ\(@l IPEQ%O‘%Y? %F{B%Ilgeg O%Elrilgig % he
expressgon i . 1188 Hetpedviasl nScoiPriding (if
conbi nafi’i oﬁggotng?ﬁeél&%)e%gérig&%lgimlgdc%ﬁpgéggﬁ%tteﬁer 1Sene1 pr%c%ﬁ)ct t?ia ha%g l(oleen
shown to i pelpieed elehnlcampleteori coynplatd) énfeesivius beepesviralmucleicrsicyd derwed or

exanpl e serves to identify g nesl, that are inportant in protection,
consi der i n§rome MY gmidéost YéN 18¢lathe genone in (eukaryotic) host cells is

no | onger provi . ' f.Qr 0, 40;P & £eB Jer ont
of each gene orqgcetr(iggged?%s %tt&&%?%%gzﬁgg&%e %%@ﬁﬁgi\ai) | entlffei cation
of a m ni mghe Mot eslld Mawas Biigindihr thougdplto betfionlkcaspeiatad, theninyention t he

i nvention also provides deleting_ the entire, or a“major part. of the US

r egi onl0 whelshyravides @ sgAnamgacapring yoithe apentigndhagadlowsiutloaprlication 25
g A N
essenti al | y, fidbhitraAglody NRI6l Bxd RIS BbH Ao AbvRleRILAcch M he@rditietdgres of
said viral genone is present, except for some that are preferably (at

| east’ fundhvemidbh v} léafttcomyirising la @ephcajave myugenoéme. for replication or

sprlead of t h‘e For example, the invention provides of a minigenome that only provides

15 for the expression of only a coupie of glycoprcitei‘ns (such as gB, gC, gD or
combinationé thereof) and e.g. ICP4 or another gene product that has been
shown to induce cellular immunity in herpesviruses. Such a minigenome for

‘example serves to identify genes, that are important in protection, considering
that replication of the genome in (eukaryotic) host cells is no longer provided.

20 Adding for example a HCMV or SV40 promotor in fronf of each gene or gene
construct would provide for tilé final identification of a minimal protective .
unit. For a replication-competent minigenome the irivgntion also provideé
deleting the entire, or a major part of the US region: Viihereby the resuilting
minivirus replicates also in host cells.

25 In another embodiment, the invention provides such a genome which
comprises an essentially full-length copy derived from said herpesvirus,
essentially full-length herein indicating that a great part of the genes of said
viral genome is present, except for some that are preferably (at least |

functionally) left out such as a gene essential for replication or spread of the

30 virus in a host or host cell culture, as provided herein in the detailed



30 virus in a host or host cell culture, as provided herein in the detailed
WO 02/ 12288 PCT/ EPO1/ 08893 7 description. Therein, for exanple, in one of
t he recoweoeziinzehones according to the invention, BAC20, PERHRENSES
encodi ng gl ycoprotein B (gB) were deleted by one-step recE-nedi ated

mut agenesi s using a linear DNA fragnent., dycoprotein B-negative MV-1
reconstituted after transfection of gB—n%gative 5 BAC20 DNA (20DgB) were
only able to grow on cells providing gB in trans, denonstrating that gB is

essenti al -1 h ¢l | al
oLl S L S 58 S s
product i ngHd @Rentiod, BACA0;REquéhdds, erldodtn @plycbhpihtendnt B (gBYwhae dgbated by

consi dered essential for growth such as |isted below 10 Furthernore, the
i nvent i on previepereclsmediatad gantraengesordngg liveathPNA ipgmen for t he

on. Mt . A . . _
ot o (hgiontetels HBteats e R L RResE bR e St e lion, S lERb iy
associ & edgARTREPWA @oogswg% oniw%@m%@ow%ﬁp@awpfﬁviaﬁ@ga iMag@hde my

be used as vector vacciné and may conprise other or additional pathogens or
15 nucl ei cdembdstatietgcves ghhiostisagtinhfrdiidV-1Rgnowivb\vn quafredrleast zelds.t i onal
pat hogen nuc] ei ¢ acid conpri.ses nucl ei cid.deriyed fromfor, ex e
Newcast | e étg%_g@l‘%ﬁ ?Sl?ﬁl,“tlﬁ_; F&rrgfa‘@gl ?néafgw ¢ 8911‘?)8",“1 I?ﬁipfﬂ‘éweﬁﬁyag@bi ous
anaem a Vi rusy | S5 | b Q4P i Mid ovirus,
or other %}é{f%ugsg% %%%Xépgy@@eﬁaﬁﬁ%%g%ﬁrwgghl'l"g%’zgﬁt% %eai nJ\[/BZJr?t’ :bgn al so
provi des agMegornenehwneidersdiessegrivdfor geowtlt bsdsaa listoitbelomal del etion in
a gene essential for replication and/or  spread of said herpesvirus in a
host cél |, or wHardiesmospdthe inyengendmevides wesaf a gengine 86e0tng ép B aci d
encodi ng an_antigepi ¢, substance ¢ le.of eliciti . ‘ r :
essenti al | }fl%fog]c{?)lr &Qf qr%%ael%gf;%%g gmgaaﬁlnél?é %Jr?%%rqugﬁ gﬁafl)g ‘%gl:%lr?

i ndi vi dual di’i.‘.et:fbdszi’%ﬂnbﬁé RIESa4sk bauséd by e fifbctens @il ah egsanetially hosgeaht
thereof to be deleted can for exanple be an MDV honol ogue of ULl =

gl ycopr ot eassdcjatietl Syerpesirus, owdves; irUpngtheylenghodineEnt sugh e wgcone ayH;

uL26; UL26bg’usEeJ %173 v:ec ny x%?c%&% glll mBa;1y %:%%ﬁsg Io%}?ér %ngditllg)%%% -fpa ggénsl O%P4

15 nucleic acid stretches encoding theréfor. For MDYV, preferred additional
' pathogen nucleic acid comprises nucleic acid derived from for example
Newcastle Disease virus, Eimeria spp, Salmonella spp, chicken infectious
ahaemia virus, influenza virus, infectious bursal disease virus, reovirus, or
- other pathogens commonly seen in poultry.

20 Thus, the invention also provides a vaccine Whérein said genome
comprises a functional deletion in a géne essential for replication and/or
spread of said herpesvirus in a host cell, or wherein said viral genome at least
compfiSés a nucleic acid encoding an antigenic substance capable of eliciting
an (preferably essentially protective) immune response against an infection of

925 an individual with said herpesvirus. An typical essential gene or fragment
thereof to be deleted can for example be an MDV homologue of UL1 =
glycoprotein L; UL5; ULS8; UL9; UL15; UL18; UL19; UL22 = glycoprotein H;
UL26; UL26.5; UL27 = glycoprotein B; UL28; UL29; UL30; UL52; UL53; ICP4
or genes or fragments thereof selected from the US region of the genome

30 (figure 1).



or genes or fragnents thereof selected fromthe US region of the genone 30
(figure 1). WD 02/12288 PCT/EP01/08893 8 In a preferred enbodi nent, the

i nvent i ow@opyi28es a vaccine conprising a functional del PCT/@R01/038Z gene
essential for eliciting a marker imune response specific for said

her pesvirus all owi ng i nmunol ogi cal discgi m nati on between an individual
vacci nated with said vaccine and an 5 individual infected with said
essentially cell associated herpesvirus. Preferred nmarker responses are

f le di ' ied
or exanpl e Ireﬁﬁ gt},rg%rgéae od%enﬁrtt}ﬁggn}:’g@@%?%g{(})ﬁ%%&c C?{iﬂo% etion in

description further “explains erel

gene essenthpristig glfufittiong delorokeh o gendesseatipd finesliditinghemmekey t he
i nvention provides a vaccine according to the 10" invention wherein said -
viral genompmmund responee apedifie fomsaiddiespesvitiyaBovaes iymunglegical naceous

bst bl f | ati .tr. i pti. d/. i lati f
nucherc. achiERegdtRy Bof e SeirbPUREY B R AT TP sard RRE e R,
| mune 5esB?dl%?d@élq'*lfé%%e@ariﬂ{@;@ﬂtés@@nﬂﬁll?%eil%%&éiﬁt@ hdgddvadisdPreferred

her pesvirus. 15 Preferably, said vaccine conprises an essentially
full -1 engt maxdey resjmmiseedré fanesanplendirpasdiatigs;, g, ghi nt gkn vdwreknyhe

functions, requiyed for, effective npdulation of tran L ption d/.or .
transl ati oﬁeﬁﬁlﬂt‘il esgrtiorelgEhenexplamy @@rw&@%&%@d(@@@ ,Suﬁg\ﬁe‘&g?{,mn m

m ni genom (o - | : r-avi . i | s of course preferred
to effici er%\ltéle?l%rmsgu gggf({rfea{%gﬁglg%t@ékggﬂlﬁ%‘?{n‘%&%ﬁpg{l\ﬁ'at ion of a nucleic
aci d encodi ng aFuetleirgoreati®gerentivn prividena eacdnbsicencdhg detheed t her eof ,
when exgressi ng an additional pathogen or_an antigenic SLib,Stan e der.ived

t her eolOf r dnvesdien yhesein saidyiral gempmyeat kegst epppprices armaglels acyd pREQAIBA

When pr ovi ch g e npEER SR BT HGUES oF Rt b Bne RERts S BRI BE TR e
nucl ei ¢ acith£N506h B9 aduEdi dci @ BatoRAL RROSMigd Hic Rabkiambeadapabltof nventi on
provi des a vaccine according to the invention wherein said herpesvirus
conpri ses khcHkigadiiseasee regenseragaingtran infection of an individual with said
herpesvirus. ‘ |
15 Preferably, said vaccine comprises an essentially full-length copy
 derived from said herpesvirus, to méintain as many functions required for
effective modulation of transcription and/or translation of the vaccine genome
in the vaccinated host, however, minigenomic vaccination is also provided
herein. It is of course preferred to efficiently modulate transcription and/or
920 translation of a nucleic acid encoding a foreign pathogen, or antigenic
| ‘substance' derived thereof, when expressing an additional pathogen or an
antigenic substance derived thereof from said genome, and it may be
contemplated that also foreigh (i.e. non-herpesvirus regulatory elements) are |
provided to said genome‘ when providing a vaccine according to the invention
25 provided with a nucleic acid encoding an additional pathogen.

In particular, the invention provides a vaccine according to the
invention wherein said herpesvirus comprises Marek’s disease-like virus. In
particularly is it preferred to provide a vaccine wherein said Marek’s diseaée-
like virus comprises serotype 1. Also, now that methods for manipulation of

30 the genome involved beyond the context of the host cell with which the genome



particularly is it preferred to provide a vaccine wherein said Marek's

di sease- like virus conprises serotype 1. Also, now that nethods for

mani pul awon2/o2880 t he genone i nvol ved beyond t he cont ext POT/EPtignsBasst cel
wi th which the genome WD 02/12288 PCT/EP01/08893 9 originally was

associ ated are provided, a vaccine is prgvided that, instead of being
derived fromnormal attenuated or a-viruFent isolates of Marek's di sease-
like virus, is derived instead froma virulent, a very virulent or a very

virulent Bl )i etSat AP EALBRVAR 4 Yol IOB R TIRR h:aiSa 8 bpnes

fromfield™n 'S NOW pPOSS OW Nng preparation 6 vacci nes

for prevenpeffy d@divedBioek ndriia$ @éteeunest bnasvileabisiatesasfdMatrslkeizcavher e
mutations into the %en_ome very rapidly can be introduced. The sane sytem
can be uselikalviound,ds devvhdrinsteadrfrom| 4 yiredant, asesyivardanter paoyy visdent j ke

her ei n. conPAiT R BatE<bocRBRAB ISR ShiRTo Bl 1160E RArbaog BPlee”

virus: (KDvid Ihile CNESWI e £iyn OF DN veeeR{dai bt bramertrdpper at e
nor e ef icéc%lgﬁ?&bi o?’ogi ca}II?gypljség)gae alnlcli stabl e MDV-1 vgcci nes. OmMng to

the fact t Marekécdisbasmnacdiids in ericken andvarkelys, vohers muéatioMAintoithas

progeny resulting from \ transfection an be better characteri zed and
‘over - at t e BGBPMEVErYTAPHEY|GI& RA ¥ §%é“‘-’@ nTglé Sf?%@%‘ieaéﬂ?‘ng.edl.s,edta&%o mber

of - 132-bp {g@?&%s%eﬁ@iaega(%ﬂp§ (r%{[a?e&) ?Ie?éé&ﬁ{'@ge%ﬂ%m Vi vicBhh &dedd PiusMaot ani

et al., 19 can ermned and - necessary. - be reduced or

enl arged accor diM@ d dfheepleRdsd viraVgatinies fs peordtded heoin domtasiithgphirtn i n
the field (see below). The generation of nutant MDV-1 is greatly
faci | i 8t edf osentize anNpufactiansaMazelss Disrarerarey MPY-d) genpemes grans ane 20

consum ng honol ogous recaombi.nati,on an elect] e ' tic
el s Thed@Hety Beprubpronute g koAt B anE btnBlonsy RitioRall, S, ¢
of ten resuykipleMIMV-3ivaRBeaf ofvm%g@ REET. &ML rbbambitageMiisilrad, _
especially since.in case of MDV-1 no cell-free virus can _be obtai ned which

nmakes sel eateaered dimed el daDN A, edovepsoganst neselbing fioon DYA rrangiedienen
on,provi des a nethod,t

Tani pul at o G e B4 bh HGE-AGETOOR, Ph VASRBE e FARA t he

recs/ C‘LB“”&v‘S%éédﬁ‘%.é., YR WIEGer of 132-bp repeats which appear to be associated with
‘attem.lation (Maotani et al., 1986) can be exactly determined and — if necessary
— be reduced or enlarged according to the needs for vaccine prqduction or the
situation in the field (see bel\ow). The generation of mutant MDV-1 is greatly
facilitated. So far, MDV-1 mutants are generated by laborious and time-

20 consuming homologous recombination and selection procedures in eukaryotic

" cells. These selection procedures — as reported for other ‘herpesx‘riruse's — often
result in‘mutatior‘ls of the genome other than those desired, especially since in

" case of MDV-1 no cell-free virus can be obtained which makes selection
procedurés and recovery and propagation of mutants even more complicated.

25 In contrast, the invention provides a method to manipulate a viral genome
based on mutagenesis via a recE, recT and the recB/C-suppressing A gam gene
present on plasmid pGETrec (Narayanan et al., 1999). The advantages of the
system are (i) that only 30 to 50 bp homology arms are needed to target a
specific sequence to be deleted, i.e. deletion of any open reading frame can be

30 achieved without the need to clone recombination cassettes, (ii) the method is



present on plasm d pGETrec (Narayanan et al., 1999). The advantages of the
systemare (i) that only 30 to 50 bp honology arns are needed to target a
speci ficwequense to be deleted, i.e. deletion of any opeRCT/ERai/03g93f r ame
can be 30 achieved without the need to clone reconbi nati on cassettes, (ii)
the method is WO 02/ 12288 PCT/ EP01/08893, 10 very fast, and (iii) that the
pCGETrec vector conferring the nut agenesi]sO system and expressing anpicillin
resistance is rapidly lost frombacterial cells in the absence of

icillin, By,usi h f hni ' _cal |
cloni ng 5 PELETwed B 4BePERe HOEAFREdHE totFulthed % REERmA Rrdom
I's possi bl gyq(Mbyeghisg %tnllﬁibillilnlji%gﬁtamri@%@ﬂﬂy%s@ftom BQ8rialbaingirethad! -

1998). This technique also allows the deletion of essential MDV-1 genes -
wi t hout t hebsesed ofdfmpriiln.conpl enenting cell |ines since replication of

mut at ed MDV-1 nones s provi.ded herein do ngt requjr e. .

trans- conpl emegéé(t‘?%ﬁg etﬂ%éiveé"g'gletﬁFﬁ%]lqufé ‘@é‘?‘%&&% F%%@H?gm'?émlpgon,

cl oni ngg pr ) . g ' t, the
Cnvent B SFSOUYESs Bt Rl HABRERRERNA, BEIBMIHISLS TI0LREL | |
cel | - associ®Ehg@efsingls,) 1999; USaBAGRanaamlr, i1990gZhtngrsfads, 199§). fihisexanpl e

Escherichia coli DH1OB cells with plasmd éBALD@éw pGETrec or any oéﬂher
pl asmid t hdechmidue o aBews thedpletipy eflsessgntigl MHQE-1 ganes wiihoutdhy ngs

gene, followed. by prepari I rgwl ar viral frao LGgal or_ tly
Pofected oot ReRaBhBRaRoRTng ohl huds Al op b Rubh bt DY VeeBed
paral | el or,sSABM RIS Q8HR rehiiftt 3he P desldMenBAon yftHeissertiiENCeS
and sequences that all ow honol ogous reconbi nati on. of the BAC vector

sequend8s \gehh detetedi Fahdbiiomrdopngirdeaur®h age comapdetebnanoaeessars. g. be
produced by PCR_or by |ineari,zin asm d DNA. Then exprgssj on of .ecE,
T and the gaksdamhehCrmeoRathethE AESHEh bravidre  Beta e eeteratife

el ectroco 1 ( S OM . B 2ianale alisBAC isifior @l DNA
is then gﬁgigﬁrgﬁ)&?ﬁlgﬁ%Sgaﬁlﬁg?%%ﬁtaﬁg?gﬁgar DI{I%\%EXr bgri ngS"t he ]Ebl\sc’:l vgrect or
sequences itRdsfonfpet €t exkatpler Eedhieaichid coli PHi10Bgels vagaplaonidai ni ng 25

appropriate antibiotics provides for the to. be, h&r v_%ft ed c% ony or col onies
and pBADapy, pGETrec or any other plasmid that inducibly or stably expresses

15  recE, recT and the A gam gene, followed by preparing circular viral DNA from
lytically or latently infected cells taken for example ex vivo or from cell
‘cultures. In a parallel or séparate proc’edure, linear DNA hai‘boring BAC
vector sequences and sequences fhat allow homologous reéombination of the

- BAC vector sequences with the viral DNA are provided. This linear DNA can
20 é.g. be produced by PCR or by linearizing plasmid DNA. Then expression of
recE, recT and the gam gené in the Escherichia coli is provided and
electrocompetent cells are provided (e.g. Sambrook et al., 1989). Viral DNA is
then electroporated together with linear DNA harboring the BAC vector
‘sequences into competent Escherichia coli. Plating on agar containing
25  appropriate antibiotics provides for the to be harvested colony or colonies and
- BAC DNA can be prepared as for example described in the detailed description
herein. Infectivity of cloned viral BAC DNA is checked by transfection of
susceptible cells. Herewith the invention provides a method to genetically
recombine a essentially host-cell associated herpesviral genome derived from a

30 host cell or tissue without the need to perform (homologous) recombination in



BAC DNA can be prepared as for exanple described in the detailed
description herein. Infectivity of cloned viral BAC DNA i s checked by
transf ectwon2/of288 suscepti ble cells. Herewith the inventi oRPCPEBVM/38% a

met hod to genetically reconbine a essentially host-cell associated

her pesviral genone derived froma 30 hosf;cell or tissue wthout the need
to perform (honol ogous) reconbination in 02/ 12288 PCT/ EPO1/ 08893 11
eukaryotic cells allowing one to obtain a (if required near conplete or
conplete) i ' e : brale j | ' fromfield-
i sol ates of H%?&dgﬁ%é% Qgﬁhﬁ%‘tﬁfﬁo‘fi&e&%& m%l%&ag%%%lgg@ﬁ%r ein wll

al so al | owch@plate) hefecbhiepunst@e ordrppesdra madeicreidivrivedfram fipbder at e
MDV-1 nut ants harbouring genes of other inportant chicken pathogens. In
addi tion, évdatpsmy sttenwrivdvselatesrlikes with possibly different and
changi ng anti gepgtic propertie r LAl cci ne
based on exchang\zleorpeﬁhogd)?%gﬁ%@gfg%geﬁfl é?{;gé%gﬁaglsovp %F& V\Iglé%p? ﬁgngﬁg‘%ed MDV- 1
and t hegcurgamtdaib Shdcing VTNRA - to Heaseate MMNES mudsntkthaidsarinegtmsafe -
can be perforned with the sane E/T cloning technique and, as such provide

t he possi biotheyimporteat thickeoirathegerst. 1 itipp, emerging|fipld MPV-1 agalatep.  An
attractive advanta f..a recovery of infectious MV-1. from,as _descri bed
herein, ho g]éif’,‘)s@g%f agf%??é‘ GRdLnE R REEERGYE 8&%?%i]regicﬁn§)se W%ér éicci ne.

Up to now, byggx%l@uﬁﬁg' 2 FAXEnd DaSADbh QkbReth QYoM 1eapbitdie Aluthfddsd e cel |
trons. |

15 prepara se preparations not only contain living cell's suspended
in DVBO  catwesen bhe rhiod KMV t1henditiod eunrant &iedd folateld)uThesachangess; as hey
al so have to be stored in |ljiquid nitgogen. Conse tly, the.cold chain
has tolBe mepeibehalove raipnkepe @mﬁ?@m} ﬂa%sa@e?ﬂ&“‘ @gﬁm%ﬁe%&uﬂaﬁa unti |
admini stratjop. ;1n 2 | 10O hOre REy

adm ni ster &g chrﬁrﬁvgde\a/g?é ybé%orlth%g(g%‘%%g\{gg hta itn%gs \gggﬂg‘gglr g}{?ﬁér ?:Iiehaserfy 0 be
injected.. %DEEAHIWMnlaﬁ%&ﬁ% ENAage pf avreeerdrerofiinfechions MD3t 1 dromobist he
“vacci ne' ( ) is easily feasible and reproducible. DNA is ext ren&%
stabl e, thelesexihedbenein, bowever.dslthe ssaiof aj genoms appregdad \pereinps BNet i ous

DNA can be V%%Q}n%', pelt,oegov%y Nfa?r\(/airsa&iséa?s%ti%scontrolled by application of infected-cell -

15 preparations. ’

These preparations not only contain living cells suspended in DMSO-
cohtaining media and the whole variety of cellular antigens, they also have to
be stored in liQuid nitrogen. Consequently, the cold chain has to be maintained

from vaccine production to the vaccine user and until administration. In
20 addition, once thawed, the vaccine has to be administered within a very short
period of time and every bird has to be injected. With MDV-1 genome DNA as
provide herein, puriﬁcation of the ‘vaccine’ (DNA) is easily feasible and
reproducible. DNA is extremely stable, the maintenancé of the cold chain is
not necessary, and infectious DNA can be administered by several routes
25 E (intramuscuiarly, ihtra-dermally, in-ovo, orally, by the respiratory route, and
so on) and in different formulations (with and Without carrier etc.). In
" addition, the presence of maternal antibodies does not interfere with primary
injection of the immunogen.
As such, MDV-1 genomes as herein provided allow for the first time the
30 possibility to produce and engineer highly efficient and biologically safe



25 (intranmuscularly, intra-dermally, in-ovo, orally, by the respiratory
route, and so on) and in different fornulations (wth and w thout carrier
etc.). I woardi2e$ on, the presence of maternal antibodi es POBEPOMOBSINt erfere
with primary injection of the i munogen. As such, MDV-1 genones as herein
provided allow for the first time the 3Q possibility to produce and

engi neer highly efficient and bi ol ogi calllzy safe WD 02/ 12288 PCT/ EP01/ 08893
12 vaccines against a tunorigenic and economnically inportant disease. The

i nvention thus in general owdes thodfoaylmtlngtae ris of an
i ndi vi dual VA4S iy a&P 06}39?1% peLRompallygmaporiant diseate-py e n

| nf ecti on b BoANIRSSE HekhYo i MesRbin AP RAGLAL Bl BEE PRRYIJE 4R COMPI i Sing

admi ni stering 5 to sai i vidual a vaccine according to the invention or
a genone amdmvﬂma@ ontaa:quli]ﬂnig oy dally amanifedthrd eddideass tqidedrby 460 iMectiohs

di sease viru [ menber. of the Al pha herpesvirinae ubfam |y of
the Her peS‘Wtill %@sw&mﬂéaewlr@soaatad herpegygyus epmaprisyg adszm%ﬂstﬁif@égf or

hi ck : :
o o8 Sl LRGP kg AP S A AP REL S
1985). MDMoXHeeprventiohs t he herpesvirus of turkeys (HVT) which 15 has been

w dely used for vaccination against MDV-rel ated di sease. According to the
nost recent nonmenclature MDV-1 is classified as gallid herpesvirus 2

(GHV-2), ZBSFPQ‘IGE‘%&?W@F%@W and HVT as mel eagrid herpesvirus. Al three

viruses b Mar ek' s di sease-1like viruses genus within the
Al pha herpesvirinae. 20 Control of MDV-1 infection was achieved by
vaccination primarily with HVT, however, after vaccination failures and
descriifti on of M&remsltﬁsleaseariyus (MD&Deista miB\bet f\bhe tidphakog@pyiriig 2

have becn GNEATTRY Ghbt LETROPHEAS (ORSRogwRDEl ot 3hs 0595 Bashdbcent yohr s
and first Q}ﬁﬁ%ﬁc%dfo]f @h{c@%nynéﬁlﬁgy 2 Al fitee TUEN l%&)‘flomas and antigenic
propertles MDV are grouped into three serotypes (MDV-1, MDV-2, and MDV-
3) (Payne, 1985). MDV-3 represents the herpesvirus of turkeys (HVT) which
15  has been widely used for vaccination against MDV-related disease. According
to the most recent nomenclature MDV-1 is classified as gallid herpesvirus 2
(GHV-2), MDV-2 as GHV-3, and HVT as meleagrid herpesvirus. All three
Viruses belong to the new Marek’s disease-like viruses genus within the
Alphaherpesvirinae; |
20 Control of MDV-1 infection was achieved by vaccination primarily with
HVT, however, after Véccination failures and description of so-called “Very
virulent” MDV-l (Witter, 1989), MDV-2 strains and later attenuated MDV-1
strains (e.g. strain CVI 988 Rispens) have been used ifi vaccine formulations
(Witter, 1985). |
25 In recent years and first reported in the Umted States, even more
virulent MDV-1, “very virulent plus” (vv+), MDV-1 variants appeared and
caused high mortality even in vaccinated flocks (Witter, 1997). One of these
vv+ strains, 584A, was passaged serially on chicken embryo fibroblasts (CEF)
and lost pathogenicity for chickens (W itter, 1997). The molecular basis for the

30 increased pathogeniéity of vv+ MDV-1 and similarly for loss of virulence are



virulent MDV-1, "very virulent plus" (vv+), MDV-,1 variants appeared and
caused high nortality even in vaccinated flocks (Wtter, 1997). One of

t hese vwosrrashs, 584A, was passaged serially on chi ckePCEERIYI3893
fibroblasts (CEF) and | ost pathogenicity for chickens (Wtter, 1997). The
nol ecul ar basis for the 30 increased pat ggeni city of vv+ MDV-1 and
simlarly for loss of virulence are WO 02712288 PCT/ EP0O1/ 08893 13 poorly
under st ood because nol ecul ar anal yses of MDV-1 are difficult to perform

col I o; on PROStHBerRtel Rl HAROHRE RRGch BLARRTRERFS RUEHAMT 70 ¢ ana

5 due to ttﬂ,@rf@,&gﬁl y cell-associated nature of the agent in vitro, nmultiple
rounds of purification of virus reconbinants are needed (Cantello et al.,-
1991; SakaguchiOmthepne hagd3no pafectibus vitusagirogenpds ralogsed Srpaltuead a| . |

for gr ow et ofox Tiand bradheBiom s M- aerdhbidimts ts IR g e >
essentigl M-l ﬂl%rlﬁglg}ylsc%ﬁ-ﬁgsﬁcia{lt@diﬂﬂ%ﬁ§§ bblige RESRAUSELRR, multiple rounds

trans- conpl enenti ng i nes can be gener at ed. Thewgenorres of murine and
human cyt o galtrifidationes viMEVkécanthinkithd/ardvheated EaatteHb ef a1999918or st et

al ., 1999), herpes.sinplex virus type HSV- 1. ter et . 998),
pseudor abi &pkagughi ealys 1997; targellg et ?ﬁiﬁé%‘,l»iaé@) gﬁl%ﬁf @pg}tg)gsm%@éfe%‘s% rus
(EBV; Del ecl.use . p Nf j 51USi ng
this technieat?z'.’ ]"?Ehag?alpr%d(]ﬁ%? #i Eﬁéf%@i&\?}asgﬂ%e%r%\sﬁl%@ g&g@%ﬁﬁg@? ast1 and
efficient (Paoduy;trbantRly MAVelfate tloaimdlbss dfssdwith NIV -1 fenaxoispileiost 180
kbp genome in Escherichia coli. Infectious MDV-1 was readily recovered

after #Pansfpossibhe befausearriranseommBamenting eilhinerran be|gengratedpy- 1 BACs
were stable 20 ter sever rounds bacterial growh or el
propagation in s R g"lLWRF i‘“ﬁ‘g s 8%%’%?%360‘615}13?% g\ﬁ%(ﬁ)\,f[é gnd
essential Nty OPREsdrle eESENOI T BAsE QL al VASIPP hekPbLsintplexSABILEHpEEY have
great potentia to facilitate future analysis of essential and

nonessent i FHSWOV: Sugenesalantb38)y peewbrabiesolirus @ Vo rSoditbtetol.,d999,2000),

biological le%/nds %];ogterirr?- .Jrir%?rlllsi &?B\\ﬂ léfec?lrx]s(g gtr al%@é%%caivgebséen cloned as
15 infectious BACé using this technique. -
~ The aim of this study was to provide a basis for fast and efficient

production of MDV-1 recombinantslby cloning of the complete 180 kbp genome
in Eschericﬁia coli. Infectious MDV-1 was readily recovered after transfection
of cloned MDV-1 BAC DNA using CEF cells and MDV-1 BACs were stable

90 after several rounds of bacterial growth or serial propagation in CEF cells.

Lastly, because one-step deletion of an essential MDV-1 gene in

Escherichia coli was possible, the system may have great potential to facilitate
future‘ analysis of essential and nonessential MDV-1 genes and serve as a tool
for production of biologically safe modified live virus and/or DNA vaccines.

25 | |
Materials and Methods:

Virus and cells. Primary or secondary chicken embryo fibroblasts (CEF)
or quail muscle (QM7) cells were maintained in Dulbecco’s modified essential

30 medium (DMEM) supplemented with 5 to 10 % fetal calf serum (FCS). MDV-1



25 Materials and Methods: Virus and cells. Primary or secondary chicken
enbryo fibroblasts (CEF) or quail nuscle (QW) cells were maintained in

Dul becco'veonmai2B8s ed essential 30 nmedi um (DMVEM suppl enenpenERrdTidss®s to 10 %
fetal calf serum (FCS). MDV-1 WO 02/12288 PCT/EP01/08893 14 strain
584Ap80C was kindly provided by Dr. Richard Wtter, ADO., East Lansing,

M chigan, U S. A Strain 584Ap80C represe]fﬂs an avirulent cell culture
passaged descendant of vv+ strain 584A (Wtter, 1997) and was grown

S qur cel | $54K B0Taks0h war kpnad RuBiiea i DIl R AR E g
G _ CEfed aveiices
before |t ey ears S S S S O pr SR A Ay e Cer

unpubl i shedyltubé passagedwldscendaresofvariesttane584A qB&icterp289W 41id slaisgrown
nodi fications (Parcells et  al )

o 1994) . Briefly, 100 pl e-for nits
(p.f.u.) lonwsrmayseysewndsrsGED cslls gs preeignsly dessateddBistegtqder, 1999).

various:ti after. i i \ 7 ]ﬁRP nf ect ed
cells véere ! ?/ﬁgﬁﬁiwzegar%é%%h f??#g?g%&écﬁ rlvelgbﬁhg?&%qggﬁ?%. u?b%?gaof pl agues
vere det er Boekkr@slot afrymszatﬁ&pta&@@ahgrm&aﬁemfretgmé ofiressdmie before
experinents. A QW cel | ine constitutively expressing MDV-1 gB was

i ;)t a\iAE_edhbyhe%Wem aned &t prspaghtionyf MB ValiiZelalik angd ©pterviedgr.of pcMyB (Fi g.
, ichis e on,.pcDNA3 (1 nvitrogen), and cont aing .t -1 gB
iTomst ra Rt peed” RGBT TR SR BE a5 e AR e gal ovi r us
I mredi at e : - (2o -f¥Beh t in th
presence o?ﬁdlﬁ%t?%%?ngﬁgggggg%)?e[aggéﬁ%,dQ(t:?ﬂlboéllgkslh\?\ere ii}neﬁ'%rl ﬁ?i(gg'dd)gi nge

ant i - gB) 20 wars askdnalinfsot REoAPS freah)y Svetied((ERdiellspAbvadiensdymes after

Jean- Francois Vautherot, |INRA Tours, Frapce). e resulting cell .line
expr essi ngimpetiongs T, A8, r?gd9%%{0 h@@l’%@ﬁ%}t ‘F% Y‘IPTE?\B\YPPI%A anfipy. 1 DNA

vas purtfi ed, Liamd BEER I AL Nulibeio Bt BRI He fitelRlifsShAlFboRES K

extraction’as SCr1i earlre
represent means of two independent experiments.

A QM7 cell line c;onstitutively‘expressing MDV-1¢gB Wés thained by
15  transfection of 1 X 1086 QM7 cells with 10 pg of pcMgB (Fig. 1), which is based
on pcDNAS3 (Invitrogen) and contains the MDV-1 gB gene from strain Rispens
CVI988 under the control of the human cytomegalovirus immediate early
promotér. pcMgB-containing QM7 cells were selected in the presence of 1
mg/ml G418, and gB-expressing clones were identified using anti-gB
20 monoclonal antibody (mab) 2K11 (kindly provided by Dr. Jean-Francois
Vautherot, INRA, Tours, France). The resulting cell line expressing MDV-1 gB
was termed MgB1. ‘ |
Construction of MDV-1 BACs. MDV-1 DNA was purified from infected
cells by sodium dodecyl sulfate-Proteinase K extraction as described earlier
25  (Morgan et al., 1990). Plasmid pDS-pHA1 was constructed as follows. 2.1 and
3.1 kbp fragments on either side of the MDV-1 Us2 gene (Fig. 1) were
amplified by polymerase chain reaction (PCR) using standard primers
containing appropriate restriction enzyme sites (Table 1), and both fragments
were cloned into pTZ18R (Pharmacia-Amersham). The BAC vector containing

30 the Eco-gpt gene under the control of the HCMYV immediate early promoter



25 (Morgan et al., 1990). Plasm d pDS-pHA1 was constructed as follows. 2.1
and 3.1 kbp fragnents on either side of the MDV-1 Us2 gene (Fig. 1) were
anpl i fi edav®dy2/p2Bg mer ase chain reaction (PCR) using standaPGT/BPiIS8s

cont ai ning appropriate restriction enzyne sites (Table 1), and both
fragments were cloned into pTZ18R (Pharnaci a- Amersham . The BAC vector
contai ning 30 the Eco-gpt gene under thelBontrol of the HCW i mediate
early pronoter WO 02/12288 PCT/ EP01/ 08893 15 was rel eased from pl asm d
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days after ihtmwdsted intorbothehe2. hvame Rl dtbpdfragmenit preyentGiaFplaeidid pliS t he

presence of 250 gg/m mnmycophenolic acid (MPA), 50 g/m xanthine and 100
gg/ m hypo%EP&-h]i)ne. The MPA/ xant hi ne/ hypoxant hi ne sel ecti on was repeated

f | of fur  ti ' f
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i nfected celd &f gIng-pHAY. At 5 dHyRc sk tiahkfdeonyesllewess ptited aneghiniaryo DHB10

Escherichia coli cells. Colonies were detected from 16 hr after

transf ect i dPEBreelgan the aresense rof 256) irgfnd anygaphevhlio raith MFA0b0 pghnbr ook et
al., 1989). Single colanie re picked .f 15
Escheri chi) d‘aé’éﬂgnef @&&&Bh@?@@ygﬂgép 13?22?‘? S@Eﬁ%@i\%g%{?‘%ﬁg%%ﬂ%??ok et
al., 1989) lén@{ogxewég%ﬁ%éféﬁ%f Qttbf)aﬂ Ao BAGnINAARS ReIf1eEdBR oBYthic effect

q - a inity chromatography Kits

silica-base usi ng comerci al I'y avai l abl e
(Q ageip Macheriead dévdlaped hftefihe fowdl-roundbfis8RCtiIBACY TiabMENA(WBAC19, BAC20,

it agenes] STEPAEIGHEE Mkciedals e aeindipieste o DNAgESs electiopsiaied
enctt on, OB, AIRLAGRIZ ] SIRTELINA S AeliRen e DM hggrent s
et al., 1999insRLasnon dfde lates containing 30 pg/ml chloramphenicol (Sambrook et
al., 1989). Single colonies were picked and BAC DNA was prepared from
15  Escherichia coli following a standard alkaline lysis protocol (Sambrook et al.,
1989). Large scale preparation of BAC DNA was performed by silica-based
affinity chromatography using commercially available kits (Qiagen, Macherey
& Nagel). Three MDV-1 584Ap80C BAC clones (BAC19, BAC20, BAC24) were
chosen for further analysis.
20 Mutagenesis of MDV-1 BACs. For mutagenesis of cloned MDV-1 DNA in
Escherichia coli, recE-catalyzed reactions promoting homologous
recombination between linear DNA fragments, referred to as E/T clbning, was
performed (Zhang et al., 1998; Narayanan et al., 1999). Plasmid pGETrec
(kindly provided by Dr. Panos Ioannou, Murdoch Institute, Melbourne,
25  Australia) harboring the recE, recT and bacteriophage 1 gam gene was
transformed into BAC20-containing DH10B cells (Narayanan et al., 1999).
After induction of recE, recT and gam by addition of 0.2 % arabinose,
electrocompetent cells were prepared essentially as described (Narayanan). To
delete the gB gene in BAC20, the kanamycin resistance gene (kan®) of plasmid
30 pEGFP-N1 (Clontech) was amplified by PCR. The designed primers contained



(kindly provided by Dr. Panos |oannou, Mirdoch Institute, Ml bourne, 25
Australia) harboring the recE, recT and bacteri ophage 1 gam gene was

t ransf or mea 02/m288 BAC20- cont ai ni ng DHLOB cel | s ( Narayanan BPCT/&P01/083$399) .
After induction of recE, recT and gam by addition of 0.2 % ar abi nose,

el ectroconpetent cells were prepared essentially as descri bed (Narayanan).
To delete the gB gene in BAC20, the kanéﬁym n resistance gene (kanR) of
pl asm d 30 peEGFP-N1 (C ontech) was anplified by PCR. The designed priners
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BAC19 DNA or individual BanmH fragnments of MDV-1 strain ( Fukuchi et

al ., 1991; Buwn&l Bgddror Siadand sepagatid ph,8 ¥ yBrrose gels. cDIEAJﬁ'egm@a
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i nstruction ochem cal's). Indirect | nmmunofl-uorescence. For indirect
i mmunofilOuorBiosieaindabeled BACLY IDNAcmd 1tn$1mduel Boovk I dragments FMRY-1L

'ndi cat od. SCERC SdFOREPRERS ALt is%ﬁlfé%egls& 3080ar ous 11 s after ¢
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15  according to the manufacturer’s instruction (Roche Biochemicals).
~ Indirect immunofluorescence. For indirect immunofluorescence analyses
(ITF), cells were grown on 6- or 24-well plates (Greiner) or on glass coverslips,
and subsequently infected where indicated. Cells were fixed with 90% acetone
at various times after infection or transfection, and IIF was done exactly as
20 described(Meindl and Qsteri"ieder, 1999). Samples were analyzed by
fluorescence microscopy or confocal laser scanning microscopy (CLSM). The
antibodies used were anti-gB mab 2K11, anti-pp38 mab H19 (kindly provided
by Dr. Lucy Lee, ADOL, East Lansing, MI) or a convalescent serum from a
chicken infected with MDV-1 (MDSD).
25
Results:

Construction and analysis of BACs containing complete MDV-1
genomes. One million primary CEF were infected with 1 X 104 p.fu. of MDV-1

30 strain, i.e. infected cells were mixed with uninfected cells. After complete



by Dr. Lucy Lee, ADOL, East Lansing, M) or a conval escent serumfrom a
chicken infected with MDV-1 (MDSI). 25 Results: Construction and anal ysis
of BACs aowobainzehg conplete MDV-1 genones. One mllion pPCTVEPY1/0BEB wer e
infected with 1 X 10 p.f.u. of MDV-1 30 strain, i.e. infected cells were

m xed with uninfected cells. After corrpl e WO 02/12288 PCT/ EPO1/ 08893 17
cytopathic effect had devel oped, DNA was! repared frominfected cells and 2
g viral DNA were transfected into 1 X 106 prinmary CEF cells together with
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Several of th bacteri wer e sh t aj n h cul ar
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the isolated BAC clones, Southern blot analysis of 58 80C and BAC DNA
after 10| eahawa)ViDhé nBandfraon OEt}uRIwmltIthAaWeB we@A@IQa@ﬁArmsEa:hpmbw was

exhi bi t od 2 frosEtf Benllec TraRger R RAGIUn Bete DI S OhCERLPOBPINGh

conpared t ?Lg?lﬁ?&hﬂﬁraﬁllf)%e%‘&ﬁ P! éﬁéﬁ%@&l@g Wbre %Acﬁé'lfl A JMmdakisp! e
colonies was extracted by standard plasmid preparation procedures (Sambrook
et al., 1989) and run on 0.8 % agarose gels. »

15 Several of the bacterial colonies were shown to contain high molecular
weight extrachromosomal DNA, and three of the clones (BAC19, BAC20 and
BAC24) were chosen for further analysis (Fig. 2). To further characterize the
isolated BAC clones, Southern blot analysis of 584Ap80C and BAC DNA after
cleavage with BamHI or EcoRI with labeled BAC19 DNA as a probe was

20 performed. It could be demonstrated that BAC19, BAC20, and BAC24 DNA

| ‘exhibited almost identical restriction enzyme fragment patterns when
compared to that of the parental 584Ap80C (Fig. 3A and B). Two notable

| exceptlons however, were readily recognized. The 20 kbp BamHI-A fragment
present in 584Ap80C DNA was absent in all analyzed BAC clones. Instead,

25 fragments of 16 and 10 kbp in size were detected in DNA of BAC19, BAC20
and BAC24 (Fig. 3B). These two bands represented the enlarged BamHI-A
fragment in which by virtue of insertion of the F plasmid and deletion of Us2
sequences an additional BamHI site was introduced (Fig. 1).

In EcoRI-digested BAC DNA, one additional band of 5.8 kbp (BAC

30 sequences) and minor alterations in sizes of fragments caused by the deletion



exceptions, however, were readily recogni zed. The 20 kbp BanHl - A fragnent
present in 584Ap80C DNA was absent in all analyzed BAC clones. Instead, 25
fragment svob2/188.and 10 kbp in size were detected in DNA oPCBRBLASSBAC20
and BAC24 (Fig. 3B). These two bands represented the enlarged BanmH - A
fragment in which by virtue of insertion of the F plasm d and del eti on of
Us2 sequences an additional BanH site Ifs i ntroduced (Fig. 1). In

EcoRI - di gest ed BAC DNA, one additional band of 5.8 kbp (BAC 30 sequences)
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fragment s edacted with 8he ML probdwRetRU Ly ¢k 1Y kigatiagthamtiwas beadgple probe,

whereas 5.8 and 1.7 kbp 10 fragnents specifically hybridized with the pHAl
probe (Fi gwith amirgbe geriyed fpym ﬂ%@dﬂfﬁ‘@hﬂﬁl@s 1leX3gt3§ agdPesponded to

concl uded t hat ThERidEnTg1diTiaBRCREBACHANE tieleellot f8ak o
the Us2 CREnHrl.’ﬂdbfp Mcifi e%@ﬁe'%ﬁﬂ’rthg'zﬁDsgﬁbbé,oﬁheﬁé%{E%.S%{ﬂtﬁlﬁq{bﬂ n
bandi ng patterns o AC19, BAC20, and BACZ4 15 was noted in either BanH or

EcoRl 0 gefitagun g, specificadlly lddidized Wit]bb]mfdpﬁAl ppq;h&)éﬁ‘iggl,ef‘ 1g. 8Qakd )i n
BAC20 and Bese haeaets, cxBS aarissbonded s bisdictanadternattihes the
ohsered SR LAARAATIED AV DL PR,
vari at i onswette cberectyrinsattednisicatd of thé Ug2p@RESi0all MBWIDIBAEs haatyzedegi on
(TRLand 1 R aiton, Some variation in banding patterns of BACL9, BAC20, and BAC24
15  was noted in either BamHI or EcoRI digested DNA, e.g. an additional band of
approximately 6.2 kbp in BamHI-digested BAC19 DNA or additional bands in
EcoRI-digested DNA of BAC20 and BAC24 (Fig. 2, 3A and B). To address the
question of the observed size variations of individual restriction enzyme
fragments, hybridization with labeled BamHI-D fragment was performed
20 because size variations in the terminal and internal repeats of the unique long
region (TRL and IRL) are common.
It was shown by Southern blotting that the additional fragments
observed in either BamHI- or EcoRI-digested DNA of BAC19, BAC20, or
BAC24 resulted indeed from variations in TRL and IRL. Whereas two broad
25 smears with the BamHI-D probe were detected in viral 584Ap80C DNA
digested with BamHI which ranged from approximately 9 to 15 kbp and from 4
to 8 kbp (corresponding to the BamHI-D and —H fragments of virulent MDV-1,
respectively; Fig. 1), distinct but different bands were observed in all BAC
clones analysed (Fig. 4). All other restriction enzyme fragments of the different
30 BAC clones appeared to be identical with those of Viral‘ 584Ap80C DNA. This



It was shown by Southern blotting that the additional fragnments observed
in either BanH - or EcoRI-di gested DNA of BACl9, BAC20, or BAC24 resulted
i ndeed f moooxa8&tions in TRL and | RL. Whereas two broad PET/ER&zN88930 t h t he
BanHl - D probe were detected in viral 584Ap80CC DNA digested with BanH

whi ch ranged from approximately 9 to 15 kbp and from4 to 8 kbp
(corresponding to the BanH -D and -H frab?‘rents of virulent MV-1,
respectively; Fig. 1), distinct but different bands were observed in all
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-B, -C andexd@pladtpreldwn(iddfig. Hor the BanHl - C probe are exanplarily shown
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conpared to those induced by parental 584Ap80C. As exanplarily shown for
pl aques 10using arti-MD VidyzD mah. MDY 1appewas afiee tufinsfestioncelsthervariaue

si zes bet rec I nant an rent al My uses. wer etected (Fig. 5A4). To
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of parental 584Ap80C. In case of BACs, virus recovered at day after 15

transf &8t i strinedenuday 2tioi.j né epprecidsh diffFramet sn péagedisisas betwédn pl at es

(50 p.f.u. of vjrus were used to infect qne |l..coptaining 1 X 106
cel 1s). Sikp¢oapbipantsn P‘T‘?%’%%YEBMQ%SWE@{J@@ Bé?l nfect fresh CEF in

(he Soe 1., Ao 8N SIEF o YIS G ed
t hese expeaifteeBACarandfectionn@onztdkingtits of t1d3e viruses were compared to that
of parental 584Ap80C. In case of BACs, virus recovered at day 5 after
15 transfection were used to infect fresh CEF cells seeded on 6-well plates (50
p.f.u. of virus were used to infect one well containing 1 X 106 cells). Similarly,
50 p.f.u. of 584Ap80C were used fo infect fresh CEF in the same way. At
various times p.i., virus ‘Was harvested and titrated by co-seeding 10-fold virus
dilutions with fresh CEF cells. The results of these experiments are
20 summarized in Fig. 5B. |
It could be demonstrated that all MDV-1 BACs tested exhibited growth
characteristics that were almost identical to those of parental 584Ap80C (Fig.
5B). Maximal titers were reached at 72 hr p.i. and remained‘ virtually constant
until the end of the observation period at 120 hr p.i. Frqm the plaque sizes and
25  growth characteristics we concluded that the biological properties of MDV-1
BACs in vitro were virtually indistinguishable from those of the parental
strain.
To ascertain stability of the BAC-derived viruses, progeny of BAC
transfections of BAC19 and BAC 20 was passaged four times and viral DNA
30 was prepared. Viral DNA was cleaved with BamHI or EcoRI, separated by



It could be denpnstrated that all MDV-1 BACs tested exhibited growh
characteristics that were alnost identical to those of parental 584Ap8CC
(Fig. b5ByooMmessal titers were' reached at 72 hr p.i. andPe¢EERIINBEI3
virtually constant wuntil the end of the observation period at 120 hr p.i.
From t he pl aque sizes and 25 grow h characteristics we concluded that the
bi ol ogi cal properties of MDV-1 BACs in%dtro were virtually
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after the F'dfg%n&lgfs’gé Wty éfjﬁiealé‘?-%ﬁ I%BQM\Péeqed\éﬁcég FeSiest e dBAEY and
del eti on of gB-encodi'ng sequences. In the "next experinents, a recently
devel oped difidsihoar ofitcagtive basdefwBAGBsavasd id Bapplli ed FcoRi-etaamed2. 3 kbp
of the 2.8_kb é%B gene from BAC20 (Fig. 7). After transformation of plasmd
pGETT ec (@1&8 drgnsinetéopprensnyiready atjer the Hpst yives pasregreriatanet
anplified y ‘g gri nmers that allowed honol ogous reconbination with MDV-1 gB
sequences %\1}% Pé 1; Fig. 8) and electroporated into BAC20-pCETrec cells.

Bacteria were phutRgensikBf BYeC2@ antaielétighn of gB-encoding sequences. In the
next experiments, a recently ‘developed method for mutagenesis of BACs 'Was A
15 applied to remove 2.3 kbp of the 2.8 kbp gB gene from BAC20 (Fig. 7). After
| transformation of plasmid pGETrec (Narayanan) into BAC20-containing
DH10B, the kan® gene was amplified with primers that allowed homologous
recombination with MDV-1 gB sequences (Table 1; Fig. 8) and electroporated
into BACZO-bGETréc cells. Bacteria were ﬁlated on LB ‘agar containing
20 chloramphenicol and kanamycin, and double resistant colonies were picked.
After DNA isolation of individual colonies, Southern blot analysis of
recombinant BAC20 harboring a deletion within the gB gene (20DgB) was
performed. A kanR- and a gB-specific probe detected fragments of 20DgB after
cleavage with BaniHI, EcoRI, Bglll or Stul that were in perfect agreement
25  with those calculated after insertion of the kan® resistance gene into gB-
encoding sequences (Fig. 9). It was noted that — as reported previously —
pGETrec which confers ampicillin resistance was easily lost from Escherichia
coli cells grown in the absence of the antibiotic (Fig. 9). From these results we
concluded that the gB open reading frame was almost completely removed

30 from 20DgB.
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15 11). These results of gB being essential for MDV-1 cell-to-cell spread in vitro -
were confirmed by co-seeding 20DgB-infected MgB1 cells with CEF, QM7 or
fresh MgB1 cells. As shown after primary tranefection, plaque formation was
only observed after co-seeding with gB-expressing cells (Table 2). From these
results we concluded, that MDV-1 gB is essentially required for cell-to-cell

20 spread of MDV-1 in cultured cells.

Although Marek’s disease virus is an important pathogen of chickens
that causes T cell tumors and high mortality in infected animals, little is
known about the function of individual genes and gene products in the lytic,
latent or tumor phase of the infection. Anaiysis of MDV-1 genes and gene

25  products has been greatly impaired for two main reasons. Firstly, cultured
cells infected with MDV-1 do not yield free infectious virus, and secondly,
efficient growth of MDV-1 in cultured cells is restricted to primary or
secondary chicken embryo fibroblasts.

Hence, mutagenesis using conventional homologous recombination used

30 to mutagenize other Alphaherpesvirinae is laborious, time-consuming and
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MDV-1 strain 584A after 80 serial passages on CEF cells (Wtter, 1997).
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'n This heterogeneity could be attributed to variations in the BamHI-D
15  and —H fragments. It is known that varying numbers of 132-bp tandem
repeafs are present in various MDV-1 strains and that the number of repeats
increases after serial passage in cultured cells (Maotani, Silva, Fukuchi). In
addition, the number of the tandem 132-bp repeats was associated with a loss
of oncogenicity because a constant number of these units was demonstrated in
20  virulent strains (Fukuchi et al., 1985; Bradley et al., 1989), although recent
- work on the widely used Rispens CVI 988 vaccine strain demonstrated that
there might be no direct correlation of small numbers of the 132-bp repeats
and virulence. In case of MDV-1 strain 584Ap80C, hft;ridization of restriction
enzyme digested viral DNA with the BamHI-D fragment yielded diffuse
25 banding patterns indicating a variable number of repeats present in the virus
population. In contrast, only single strongly reactive bands were identified in
each of the BAC clones with the same probe. However, the sizes of reactive
bands after cleavage with BamHI or EcoRI varied between BAC19, BAC20 and
BAC24 indicating that genomes containing different numbers of the 132-bp
30 repeats had been cloned. This interpretation was substantiated by PCR
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gene preserthieh iptasivibPeETece (Nhl@d}&ﬁ}iﬂiﬁﬁneyrera) wasi388)to delete gB
encoding sequences of BAC20. The mutagenesis is based on recE, recT and the
15  recB/C-suppressing A gam gene present on plasmid pGETrec (Narayanan et
al., 1999).

The big advantages of the system that was used for the first time to
manipulate a virus genome are (i) that only 30 to 50 bp homology arms are
needed to target a specific sequence to be deleted, i.e. deletion of any open

20 reading frame can be achieved without the need to clone recombination
cassettes, (ii) the method is very fast, and (iii) that the pGETrec vector
conferring the mutagenesis system and expressing ampicillin resistance is
rapidly lost from bacterial cells in the absence of ampicillin. After
electroporation of the gB knockout PCR product into pGETrec-containing

25 BAC20 cells, between 10 and 30 cam® and kan® doublé-resistant colonies were
obtained. One of the colonies was termed 20DgB-1 and chosen for further
analyses because it had lost pGETrec immediately after plating on agar
containing chloramphenicol and kanamycin. |

Southern blot analyses demonstrated successful deletion of the gB gene

30 and the insertion of the kan® gene in 20DgB-1. MDV-1 recovered after
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S Y cherpestirinas can now mclude MDV-1 and allows studies on very °
15  distantly related members, such as VZV or BHV-4 of one viral family.
With the cloned genomes as provided herein in at hand, a detailed
further assessment of lytic, latent and tumor-inducing genes is provided for

virus in which genetic manipulations used to be very restricted.
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E4 ca 0 bn ~+ EQtoo UH+D Q4-D+ CO 4-D 4 C 140 10 0 bAN4 0O b
JD~bn UEN i aa) E4rdO0Oq E4 (3) OUl icyioCcaifsioimio U %~
Ua) a wasy0Q28L) P hn cV CCj4 Cd .0 a> C) as a~ o 0 C reGEP/08D302/ 12288
PCT/ EPO1/ 08893 31 Legends to Figures Figure 1 Schematic illustration of
the cloning procedure to generate BAGY harboring conplete MDV-1 genones.
Shown is the organization of the 5 approximately 180 kbp MDV-1 genone (A)

and the BanrHl - AN p (B) according to Fukuchi et al. (11). The
uni quesho?t‘_ggéelglli(g)r?b( aén% the ORFs located in the Us are shown (C and

D). A2 1 and a 3.1 kbp fragment bordering the Us2 gene (grey boxes) were
anplified by PCR and cloned_into plasmd pTZ18R to give rise to
r econbi nantFigueed Schematinilustratiospoihe donngpracedire be sengrasenBACs

nmbi t i d ' t | nt. DS _gi.ve. .pl i d pDS- pHAL
(B Reotr PR ER S b MOVEE Bepiney Thov By thecrafiirEubattind P ey
E = EcoBl, HproRahhiclfasd BasMD V- Fostadrhe (A) Gidethe PhgiHBstriehanesp | mge
of an ethidium brom de stained 0.8% 15 agarose gel. DNA isolated from

Escher i chi aB)oddcoBHb@RocK ekeshiRa@l A1 1BATRE unzgur Sazseginn (g ansdthe t h
Bamtl or EoSR s 10catdGA thes ate héwa (€' aid D). A 2.1 and a 3.1 kb fragment
bordering the Us2 gene (grey boxes) were amplified by PCR and cloned into
- plasmid pTZ18R to give rise to recombinant plasmid pDS. The 7 .2 kbp BAC
10  vector released from recombinant plasmid pHA1 (15 ) was inserted into pDS
give plasmid pDS-pHA1 (E). Restriction enzyme sites according to (2) are
abbreviated: B = BamHI, E = EcoRI, P = PstI, Pa = Pacl, S = Sall.

Figure 2 Digitally scanned image of an ethidium bromide stained 0.8%

156 agarose gel.y DNA isolated from Escherichia coli DH10B clones BAC19, BAC20
and BAC24 was cleaved with BdeI or EcoRI and separated. The restriction
enzyrhe digests are flanked by the 1 kb ladder (Gibco-BRL). Asterisks indicate
additional bands or size variations of individual fragments between the three
BAC clones. | |

20
Figure 3 Digitally scanned image of DNA of 584Ap80C (V), BAC19, BAC20
and BAC24 cleaved with BamHI or EcoRI, separated by 0.8% agarose gel
electrophoresis, and stained with ethidium bromide (left panel). After
Southern transfer of DNA fragments to Nylon membranes, hybridization with

25 Digoxigenin-labeled fragments released from plasmid pDS or pHA1 were
performed. Size markers (1 kb ladder, Gibco-BRL) and sizes of reactive bands

are given.

Figure 4 Digitally scanned images of Southern blots to analyze size variations

30 in BAC19, BAC20 and BAC24 DNA. Viral DNA of strain 584Ap80C (V) and
individual BACs was cleaved with BamHI or EcoRI and transferred to Nylon



enzynme digests are flanked by the 1 kb | adder (G bco-BRL). Asterisks

i ndicate additional bands or size variations of individual fragnents

bet ween tWw@o2/m2ee BAC clones. 20 Figure 3 Digitally scanP€UEPomE8930f DNA
of 584Ap80C (V), BAC19, BAC20 and BAC24 cl eaved with BanH or EcoRl,
separated by 0.8% agarose gel electrophoresis, and stained with ethidium
brom de (left panel). After Southern tradhsfer of DNA fragments to Nyl on
menbr anes, hybridi zation with 25 Di goxi geni n-1abel ed fragnents rel eased

fromplasmd S or 1 were . perforped., S.ze.mark

G beo. bR ) MeRRbERss ShecteRer: FEupamicn it Digryemitipeten BRGE R4 or
scanned i f r i L.ari i C19,
BAC20 and B %&g@?}%@aﬁ *gfbgffé}.ﬁ%ﬁéﬁﬂ%%g%é&?"&k S BB 3addeh, b e
was cl eaveBRIii)tdreBanth. The kawlr-l1dredappanahes bébands My case MHHRANZFREDHNA
PCT/ EPO1/ 08893 . 32 nenhranes. Sheets were incubated w &h '

Di goxi geni WhespaykddeadmthnosFll-D sparnencasang indigtedhpipragketsagment s.

Si ze kers (1 kb | adder, G bco- BRL) are given. The snear-1i ke appearance
of bands in case of 584Ap80C DNA when hybridi zed with BanH -D sequences

are indi caFggduby P(RLKE snalysfd GVID B 1(fhqhbsafeakysiFediodBVBAGIRqUES
after transfection of BACL9, BAC20 or BAC24 DNA. At 5 days after

transf ect i BAC20peBACG24 HNAS. Abbaladisxafter transigbicac infdcted delgiwenst fixed

i mmunof | uor escence ,usi.n nti,-.gB mab,2K11l. Detection.of, bo ti bodi es
was. per f or B0 SHFFPLEN EP IRTEE ABRRPPARE LB RO BB PO Lhnd muc o
were count gjess&idedr Whitid Bhedbdidd rﬂré@ﬂéﬂ%rmeH’R@i’ﬁhfdrﬁﬁiﬂ&&e%ﬁ%ﬁ_fwéB)

G owh curves of MDV-1 strain 584A and various BACs. After infection of
CEF cel0s @blecidax prdhes) anfl 1I68IABOE cuntemtisitect with ypropidinm ofdiBAC1,

BAC20 or BAC24, vi r.us_tib@lgsé were determned at the indicated tines p.i. by
15 co-seed nificatippas f cells. Plaques were counted after

(B) Growth curves of MDV-1 strain 584A and various BACs. After infection of

CEF cells with 100 p.f.u. of 584Ap80C or transfection progeny of BAC19,

BAC20 or BAC24, Virus Ytiters‘ were determined at the indicated times p.i. by’
15 co-seeding with fresh CEF cells. Plaques were counted after

immunofluorescent staining with mab 2K11.

Figure 6 Digitally scanned images of Southern blots to analyze the stability of
BAC vector sequences in viruses recovered after transfection of BAC19 and

20 BAC20. Transfection progeny was passaged for four times and after each
passage, viral DNA was isolated. Virus DNA was cleaved with BamHI or
EcoRI, separated by 0.8% agarose gel electrophoresis and transferred to Nylon
membranes. Southern blot hybridization was performed using Digoxigenin-
labeled fragments of plasfnids pDS or pHA1. Abbreviations: V = 584Ap80C, 19

25 =BACI19, 20 = BAC20. Passages 1 to 4 after transfection of BAC19 DNA are
indicated by numbers 1 to 4. Passage 4 after transfection of BAC20 DNA was
loaded in the last lane, respectively, and is indicated by 4a. Sizes of reactive
fragments are given. Asterisks indicate the reactive 1.6 kb band of the marker
(1 kb ladder, Gibco-BRL).

30



i mmunof | uorescent staining with mab 2K11. Figure 6 Digitally scanned inmages
of Southern blots to analyze the stability of BAC vector sequences in
viruses meaovensgl after transfection of BACL9 and 20 BACZ2BCT/EP@s8®ct i on
progeny was passaged for four tinmes and after each passage, viral DNA was
isolated. Virus DNA was cleaved with Band or EcoRl, separated by 0.8%
agarose gel electrophoresis and transfer8d to Nyl on nmenbranes: Sout hern
bl ot hybridi zati on was perforned usi ng Di goxi genin- |abeled fragnments of

BaCo0. - pasonisird Ty U, SOREEIUEITR autpar BHRRRRER 20 B RhosP &y
nunbers 1 t&Bdid@2sspaSicds BRE@mBinang fp@ﬁmmpefg,ﬁég%acmﬁg\(@mabmggd in

the last |lane, respectively, and is indicated by 4a. Sizes of reactive
fragnent s andugiblemecBysiteeT| skd gandgené avashizransfacmedanto BADG2Gaoutaphitge

k 1 kb | adder, .G bco-BRL)...30 WO 02/12288_PCT/ EP01/ Q8893 i
7 E A)e r a:ﬁe F19 <Fqﬂ§sA?getrﬁggﬁcﬁ&a{}ga@@ﬂ%&féﬁ%ﬁaﬁ@@eet 5@@3@%@1@3&@%3{ ﬁg

ook, 't Sor, NEGUH RNl w0 ]t ERoanteinRf o Bt BRI aliHbldhyine
cel | s. Aft etheR{ERdehgtiod, iachbikbp PCR mephizofR veenelebtropogitad ihtb DEFIB beld

(Contech) with priners that also contained 50 nt honol ogy _arns bordering
the gB del erahering BAEA0mndoREdssri Baatexta] seispensigps were ®lavedomrgas cel | s

har bori ng BAC20. and ,pCETr eG._ Bacteri al spensions_were pl ated agar
Contai ni ng CSEUHRE DG IR B L ST RRRT R Ta R a et BhubR
resi stant %%%hﬁﬁcd@ﬁ%s%&ﬂé%ﬁcmaﬁﬁ@@é&@d‘t@fﬁﬁh@h@halﬂﬁéys' s. 10 (B)
Schematic illustration of the location of the gB gene in MDV-1 and the
del eti 30 pr@)ePehamatiailledbgion bf the bo@tivrariitbe ghrggee af Mib Vel laindi the
brom de stajned 0.8% agar ont ai ni ng BAC20 and 20DgB DNA cl eaved
wi t h BanHl ,A%%UW,WB@I} ,mﬁﬁgtgﬁDg]gs and separated by 0.8% agarose gel

el ectrophoresis (left panel). DNA fragnments were transferred to nylon
menbr anes and hybridized with a Di goxi geni n-

Figure 8 Scanned image of an ethidium bromide stained 0.8% agarose gel
containing BAC20 and 20DgB DNA cleaved with BamHI, EcoRI, Bgll, or Stul

15 and separated by 0.8% agarose gel electrophoresis (left panel). DNA fragments
were transferred to nylon membranes and hybridized with a Digoxigenin- .
labeled kan®- or gB-speciﬂc probe. Sizes of reactive DNA fragments are
indicated. Abbreviaﬁons: B = BamHI, E = EcoRI, Bg = Bgll, S = Stul.

20 Figure 9 Confocal laser scan analysis of MgB1 cells constitutively expressing
MDV-1 gB. MgB1 or QM7 cells were seeded on glass coverslips and incubated
with anti-gB mab 2K11 or convalescent chicken sérum MDSI. Secondary
antibodies were anti-mouse or anti-chicken IgG Alexa™ 488 conjugates
(Molecular probes). Nuclei were counterstained with propidium iodide. Bar

25  represents 10 pm.

Figure 10 IIF analysis of MgB1, QM7 or CEF cells after transfection with
BAC?.O‘ (upper panels) or 20DgB (lower panels). At 5 days after transfection,
cells were fixed with acetone and incubated with anti-pp38 mab H19. The

30 secondary antibody was anti-mouse IgG Alexa™ 488 (Molecular probes).



| abel ed kanR- or gB-specific probe. Sizes of reactive DNA fragnents are

i ndi cated. Abbreviations: B = BanH, E = EcoRI, Bg = Bgll, S = Stul. 20
Figure 9vont/oxs8 | aser scan anal ysis of MgBl cel | s const PCEPWIIS§93
expressing MV-1 gB. MyBI or QW cells were seeded on gl ass coverslips and
incubated w th anti-gB mab 2K11 or conval escent chicken serum MDSI
Secondary antibodi es were anti-nouse or 3nti - chi cken | gG Al exaTM 488

conj ugates (Ml ecul ar probes) Nucl ei mere counterstained Wi th propidi um

did 2 | ysi f e
CEF coi 15 aVHEReds MLV doblegheaitare hentsd tpplheelmsSyiter Liabtbistiootter
I Al f d
Panet o). ABADHBRANGEN HEANALRRLS Ry o6 G 3y \Aﬁrmgir?pfr%ﬂgvaﬁé} acet one an

i ncubat ed mnth anti-p secondary y was anti-nouse
| gG Al exaTI\ﬂréﬁsfe(:thmmhz%OHgExdénhy sinBlDitfa&28 &e BEWreWbise838Bon M Wasideas
MDV-1 pl aqu e observed on all cell lines after transfection of BAC20
DNA, viral ‘gﬁgﬁ& (ﬁb‘foé"}%ﬁﬂdy%) pilaertion F8Y%cel I1's after transfection

W th 20[x9B. Only single infected cells were observed on QW and CEF cells
(arrowheads). Magnification = 400X. 5 WD 02/ 12288 PCT/ EP01/ 08893 35 d ai ns
1. A vaccine directed against an infection caused by an essentially host
cell associ ated herpesvirus said vaccine conprising a reconbi nant genone
derived from said herpesvirus, said genone allow ng reconbination 5
essentially free of said host cell. 2. A vaccine according to claim1 said
genone conprising a functional deletion in a gene essential for
replication in and/or spread of said herpesvirus from a host cell. 3. A
vacci ne according to claim1l or 2 said genone at |east conprising a 10
nucl ei ¢ acid encodi ng an antigeni c substance capable of eliciting an inmmune



response agai nst an infection of an individual with said herpesvirus. 4. A
vacci ne according to claiml1 to 3 said genone conprising a functional

del eti onwaozi1nzehe essential for eliciting a marker i nmMUNBCT/EBEPANSSS
specific for said herpesvirus allow ng discrimnation between an

i ndi vidual 15 vaccinated with said vaccigg and an individual infected with
said essentially cell associated herpes¥rus. 5.. A vaccine according to
anyone of clains 1 to 4 said genone at |east conprising a nucleic acid
encodi ng a proteinaceous substance capable of nbpdulating transcription
and/transl ation of a nucleic acid encoding an 20 anti genic substance
capable of eliciting an i nmune responsqiagaknst an infection of an

i ndi vidual with said herpesvirus 6. A vaccine according to anyone of clains
1 to 5 wherein said genone conprises an essentially full-1length' copy
derived fromsaid herpesvirus. 7. A vaccine according to any one of above
mentioned clains further provided 25 with a nucleic acid at |east encoding
an anti geni . it O .

pCT] P03 opbigh T ng e ARt R et P A by MBS best eelL

cl ai ms wher ei asséiated herpasihisshid oapeine epnlyrisdks s ticeadsaant pesoms. A
vacci ne according to claim8 wherein said Marek's dj sease virus conprises
serotype 1. Slerivedafrom:eqideherpesyianngpaid sename dloying wgeepdiinaiand Marek' s
di sease wirus is ..darigved from,a virul ent, a very virulent or a very

vi rul ent5 pl usesls?léiflaﬁxifﬁ?s?ffSaf?hoiyp%lg‘onbi nant viral genome derived from an

her pesvi rUSZIR%céiﬁe%é&f&ih?'tb)élaﬂﬁﬁ!1 s88l b8 Coalfdsingi Lfafpmal dblediinng
y

reconbi nati on essenti al ree of said host cell. 10 I2. A genone

accordi ng to iol agemd ¢ssentialdor repligaticn mgandioepbiead plenidrherpgevionefrons. A
genone accordi to fl aim 11 wherein said genone conprises an essentially
full -1ength c%ggs ‘ved from sai d herpesvirus.

3. A vaccine according to claim 1 or 2 said genome at least comprising a
10 nucleic acid encoding an antigenic substance capable of eliciting an immune
response against an infection of an individual with said herpesvirus.

4. A vaccine according to claim 1 to 3 said genome comprising a functional
deletion in a gene essential for eliciting a marker immune response specific
for said herpesvirus allowing discrimination between an individual

15 vaccinated with said vaccine and an individual infected with said
essentially cell associated herpesvirus.

5. A vaccine according to anyone of claims 1 to 4 said genome at least
comprising a nucleic acid encoding a proteinaceous substance capable of
modulating transcription and/translation of a nucleic acid encoding an

20  antigenic substance capab‘le of eliciting an immune response against an
infection of an individual with said herpesvirus

6. A vaccine according to anyone of claims 1 to 5 wherein said genome
comprises an essentially full-length copy derived from said herpesvirus.

7. A vaccine according to any one of above mentioned claims further provided

25 with a nucleic acid at least encoding an antigenic substance of an additional

pathogen.



14. Use of a genome according to anyone of clainms 11 to 13 for the
preparation 15 of a vaccine directed against a di sease caused by an

i nf ecti owow2/ke28 essentially host cell-associ ated her peBUT/ERGL088EB. A
method for limting the risks of an individual on acquiring or fully
mani f esti ng a di sease caused by an infectjon with an essentially host cell -
associ at ed her pesvirus conprising adninié*%ring to said individual a 20
vacci ne according to any one of clains 1 to 10 or a genone according to

?%?\r}? d8;| Cé.gAgrBaS%ﬁl&té)cc%xgdinlgqtb a'?‘lyrgralte %?%ngcf;ec %eq{t?(%etcf) cl%inaals ryv}%eSreiAr@ géiﬁl n said

herpesvirus comprises Marek’s disease virus.

9. A vaccine according to claim 8 wherein said Marek’s disease virus comprises
serotype 1.

5 10. A vaccine according to claim 8 or 9 wherein said Marek’s disease virus is
derived from a virulent, a very virulent or a very virulent plus field virus.

11. A recombinant viral genome derived from an herpesvirus that is
essentially host cell associated said genome allowing recombination
essentially free of said hosf cell.

10 12. A genome according to claim 11 at least comprising a replicative
minigenome.

13. A genome according to claim 11 wherein said genome comprises an
essentially full-length copy derived from said herpesvirus;

14. Use of a genome according to anyone of claims 11 to 13 for the preparation

15 of a vaccine directed against a disease caused by an infection with an
essentially host cell-associated herpesvirus.

15. A method for limiting the risks of an individual on acquiring or fully
manifesting a disease caused by an infection with an essentially host cell-
associated herpesvirus éomprising administering to said individual a

20 vaccine according to any one of claims 1 to 10 or a genome accoi'ding to
anyone of claims 11 to 13. |

16. A method accbrding to claim 15 wherein said individual is a bird.



