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inserted into the junction kpghesits thehmeiypépide. UL and | R regi ons.
Restriction Enzyne Legend: RestidienElizyméLegelpBl =+ BdmHI; KideKpni;IN = NleliPl 5 PRll-Ps
Stul. FIG 3 Det & Psl; 8= SulPRV- 005 Construction and Map Data. 50
A. Det ai led nEg. ©f BanHl #HIptaildbicS-RHN013, STRR\GI4canfl §REY-01@ Cortstuctii®\and MairPeta.
pronoter is shown on a Pvul |A Pewilgdrmap of BV eglendiio|fiew Bemp! 43P tBugkParty #41 t er
the insertion of the TK gen® Bejpied mae pf PRY extending feom Bﬁ“Wﬁ@tBOWUUBWMthe
genome showi ng the Iocatlon"lﬁ?""t"rfé‘hﬂ'éc ?Wﬁé’@r’?@ﬂ'b'ﬂ‘ﬂlttﬂ'"&oth co
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Construction of the Foreign Qﬁvﬁ E dﬁb%g:c? 1%5. §‘

D. Diagram of the S-PRV-014 DNA genome showing the location of the lac Z
50 gene inserted into the gpX region and the creation of a deletion that removed
most of the coding region of the gpX gene and rendered the virus unable to

- synthesize the gpX polypeptide. There are no other deletions in this virus.
E. Diagram of the S-PRV-016 DNA genome showing the location of the lac Z
. gene inserted into the gpX region and the creation of a delstion-that removed
55 most of the coding region of the gpX gene and rendered the virus unable to
synthesize the gpX polypeptide. Other deletions in the repeat regions are

shown by ().

- Restriction Enzyme Legend: B = BamHl; Ba = Ball; K = Kpnl, N = Ndel; Ps
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EP. 0332677 B1 A. Diagram of the relevant portion of pJF751 that contains
the lac Z (beta- gal actosidase) gepp.gs3sbgzppii tion of the TAA term nation
codon for the poly- peptide is indicated. B. D agram of the pronoter
sequence fromthe HSV-1 TK gene. 5 C. Di agram of
the Rsal fragnent of the TKR;&@-MWth BanHl nodi fied ends. D. D agram
of the fi nalFi®1eAsAddOB haBwine rotayirusedds Gae o drenf¥545ised to the HSV- 1 TK
pronoter. Rd ﬂ%enddﬁBEnWemmmmnpsm5— Ball; Bc = Bcl; Bg =
Bglll; H 10 FG Swine parvovirus B genq gonglruction witlysignal gsuence N = Ndel ; R =
Rsal ; X%= Xbal. FIG 5 A. pSY864 whish contains ther B gensfrom dhee) alpusleetide, £381 4\ Reghsitevap
Data. A Detailed map of BafH§lectids #Z%ﬁec'q"%bezﬂsgéﬂﬁ B@ﬂﬁ‘(séfe Heney ﬁ@laﬂ‘ég'@j\'de'

fused to the HSV-1 TK pro ‘P B own Qn an rrent
The position of the deleti Yﬁ?’%‘b ?i %essﬁgf gm ":f» rom pséaﬁf cined o'
B. Detaj)ed map of BanHl 'ﬁ;e _h I:? éts’trﬂi;;’

construct. C. Diagramof t ém E}%jo%&e%% %C'ﬁjprﬁvl,ﬁf

the lac Z gene into both capj ag, LOé}
genone. Restriction Enzyne ycgbratevﬁsﬁ moteB%pX‘ pB lgl’ycz)é)tél Eﬁibahényla =
Hpal ; K = Kpnl; N = Ndel; ces

S- PRV- (0]'Y4 Ccm§t11§ uction augta .@20 é\,ns@@ﬁoalah@ﬂam of BanHI #5 f rom
S-PRV-005. B. Detailed mapa. Cﬂetaﬁ’armﬂp JF PR@IektEriding frEm BdRBL 41 tHrdugih BEMHI 1 Shoig
gene with the sw ne rotavihe par@pids Bigehethataiii replace the gpX gene. C.

D agram of the S-PRV-007 DBlDetpiistomap of PRWifiogy Bamdll #10arbaghrBamHl #7hattegipd Bsagione
|n3\Jted I nto both copi es dfheBaimblpaniivirusi® gene inrplapecitthergpifigems of 't he genone.
Restriced on Enzynme Legend: C.BDizgrBardtithe B-PRVIRO@ipndme stowing(ithel locafiorCof the swine
Construction of the Forei gpanorits Broses insettertinto the geX RElen BFPRY. 30 FIG 8
Details of S-PRV-012 Const ResticionFngyme heapndpBEBamil; Poadistli $asPallidyr Nslel: SRtul;
extendi ng from BanH #10 t‘hrb?f R=B&#H #7. B. Detajled map of PRV extending

from BanH #1®¢hrough B P °°"Wé°tl°“-3’é’rmﬂpr93taof the TK ene into the
reconbi ffant virus. C. Dia ‘Paﬁ?%“ pf e PRY-R3 stari ek The

| ocation of the TK 35 I‘:a“’°‘"r“s B gene a'tf'aﬁme" fst ’WSI’ ﬂ‘% shppige
region and the creation of °<¥ %e[;s j'ﬂ ttelxé) {}eql%v’ {ig ? q‘e codi ng
region of the gpX gene and o6 5a er '"semfﬁlr%}ﬂgeep &oﬁﬁ;‘ S,E% gfq?\%gﬁeagﬁx
pol kpept. de Restriction Eg_;ﬁbggz

C PRV 014, and S PRV 016 G A, Féaﬁm % ~NRGbsDBE B e Slgﬁga 'Q’Iﬁ %Jrg@/g,? %%RV
ext endi ng’ from BamH #10 t "m%%. ide ﬂaue I

toifd] repBat SR ATH 8 JorfRa r %(mext endi ng
from BamH #jd 16 hr ough B@gﬁus pahwcgnaﬂ,cﬁdasaegmpﬂa@f t he Iac gene into
the receyrbi nant virus. C~ Rragiieima of PRE eXielding om Bakii¥10 HicLgE B&E W BEbwing e

| ocation of the lac Z 45 thelac Z gene that will replace the gpXjgene. | nserted into the gpX
region and the creation of B.aDahilbdtnap nf PR\ bxtanding Wrerd BamBt #8) thrduble Baraidli #8cat the
regi on of the gpX gene andiuna§ordefthechnighelong regisn andatind istetnd reppattrégiomi (IR Théilec gp X
pol ypepti de. O her del et i ogese pha Shikbfragient sxji reptaca tie INAdwineon the Styhsites bracksngwn
by ( ).4D. Diagram of the Bepmiion14 DNA genone showi ng the |ocation of the
lac Z 50 C. Diagramef fie §-PR 9*@8“%%%“0’?96‘“@'6%"?"@& e lag £ gerase
creation of a del etion thalf ¥PaRS RN sRstpe lypctioggiendi ng regi on of Lhe

X
gene and rendered the vi rugaw|@;p’;@ Legend: B=BamHI; Ps=Pstl; Sa=Sall; N=Ndel; S— tul;

45 FIG. 16 Restriction Map of Deleted S-IBR-002 EcoRl B Fra)Lent and EcoRl F Fragment.
An 800 bp deletion including EcoRV and Bglll restriction sites was mapped in both
: _ repeat fragments.
FIG. 17 Construction of Recombinant S-IBR-004 V|rus

S-IBR-004 is an IBR recombinant virus carrying an inserted forelgn gene (NEO)
50 under the control of the PRV gpX promoter. A new Xbal site was created at the
small unique region and the original Sacl site was deleted.
FIG. 18 Construction of Recombinant S-IBR-008 Virus.

S-IBR-008 is a recombinant IBR virus that has a bovine rota glycoprotein gene and
the plasmid vector inserted in the Xbal site on the unique long region. A site
&5 specific deletion was created at the [Sacl] site due to the loss of NEO gene in the
small unigue region.
FIG. 19 Details of HVT Construction and Map Data
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synt hesi ze the gpX pol ypeptide. There are no other deletions in this virus.

E. Diagramof the S-PRV-016 DNA gengpg by the location of the lac Z
gene inserted into the gpX regl on and the creation of a deletion that
renoved 55 nost of the coding region of the gpX gene

and rendered the virus unablaeBdmHi egirittion Bagir@ntniep of BT Frbivigegdre tkénbefat iredrder of
deletions in the repeat regdemmsioy sizes ettons réfyr 1 )smalReagimohts twhose domparatie lsieg) @asd:
B = BanH ; Ba = Ball; K = KpetlbpenNeternhikell ; Ps EP 0 332 677 B1 = Pstl;S
Stul. FIG 1 OA and 10B  S&i BanHi étGieoment shpwBE loGsine oidetyrgelndesidase ge@yB&ion in
FIG 11Af%nd 11 B  Swine p&HYd®tus B gene sequence in pSY875 FIG 12

Swi ne parvovirus B gene con§t Bamt #t?draam%slwgwpate (hetawalaciosidase gene insertion.

A. pSY864 which contains théegsn @n‘e Bemlha Aol 4t = |"e'?)t=i '%P@' %Sgia“it'ﬂfl'«’%‘!ﬂ“
site at nucle r‘?g"e #2051 Ion vveen the BarrH t he
Ndel site in ‘”'"9

pSY864 cl'bned into a poI &/I L
t 10 ane
| nser ePRV RV-0

of I? an

-type
G] UBII'I% %?n C'aro vﬁgsl&/g(;) wild-
pseudor abi eSFﬁérﬂs DNA; Pﬁszgno afethg Sf%‘t;%ﬁ ap tha of & pig_
EcoRV; Ps = Pstl;" B = Ba ed' 'an b'an ol &ff with Id't' udorablds™
Smal; S 3,Stul; X = Xbal ; MnFﬁast' ycoprotel n X pro

gl ycoprotel N Plapehyadeey| %eqence%f&e@hmmwmeevmé 195@9@ 13

Details of S-#R\¢3020 Constoetifld of SEPRYIUES Boetrddaona A gFal red map of PRV
extending from BanH #10 thRoeghinBandws the PR BivhHI &5 tiragndatimiOstowi the XpaIrae of
that will replace the gpX gmsetionbf theeTGE lgptdsgapes odnstiilion SemohdBirsHhowsl the TGE

t hrough BanH #7 after the ppi®8 gbreoconsifuctioh avit WiernRRVOgX prombisuand BnegBSe TK rpoly-A
pl ace of the gpX gene. 20 (TKpA) signal sequence as an Xbal fraymdpt thervwamnpuifintt khe Xbal site in
S- PRV- 020 genone show ng th8amidd#ati on of the sw ne parvovirus B gene
inserted into the gpX regi oB Gtte PRY/ Bamdis#5 fragmieatrmapnafigrithe lirsgdierd of 1Be IGEaniH5;
Ps = Pstl; Sa = Sall; N = Ng¥e S = Stul; A=Accl; R=Rsal. FIG 14

Details & S PRV-025 constr GeBiPBN: O%ES"H'H ingigating S location of the TGE 99195 gene in thep
Regi on of S-PRV-002 startin Wf’@?"%how BanHI 5 fra rrent

parvovirus B gene Xbal frag '%f’ ow
it will be inserted into th bTAﬁfp ;E @'ﬁr“e* a'lﬁ? E;_'qP% ') gI| &
Bankl #5 after insertion of t Vi enes e@e?f'l i ropeat
par vovi rds B I nserte y repeat I n 30

S- PRV- 025. Legg::ﬁ: B = Ba M%ﬁh&é@- S=2Sall; pA=

gl ycoprotei n X pol yadenyl atxOfsSinD Sibws e IBF{Cobper Sthdln) samdmsmmnﬂp 536n@ fine
US = uni que short region; | Ghows it @&hdtdbtioh %Pﬂ‘-n@talpﬁeﬂgbfaﬂaoter ' 6h the (PR HINGhe RPRAL
region. R§G 15 DitsatiidnSint fheSHIRMIR-sH th BRBICT Wb isRdvnadrs! bt dal and3S
A. Detailed map of PRV ext efébmyain (Neo)gBiRnddhstitididns inderuadcdrtdTiol the X prormwt that
the lac Z gene that will repb@cg:t idie tepXbad ke andBuseldak SebatsbldTmiarkers t&B\ify the
extendi ng from BamH #8 t hr escohbiidardnlis. #8 at the junction of the unique |ong
region and the internal rep8alhe BanHiC ftagipnt midpeof ISeIBR-A18)& e ingesstion dbatlel PI-3, HN,
fragment sei || repl ace t he Dhi#ta-baitangesomytimgédesil sites bracketing 40

the junction. C. D agram of Ci fike SIEFFYS@RPMecshoving ss'ncmpm of e threg ippdrign foreign
the lac Z genes in the gpX 8¥§fon and the junction re i on.

Legend: B = BamHl; H = Hindlll; X = I; S = Stul; UL = unique long
reglon, US = unique short region; IR = mternal repeat region; TR = terminal
45 repeat region.
FIG. 26 Details of S-IBR-019 Construction

A. First line shows the IBR (Cooper Strain) BamHI-C fragment map. Second line
shows the construction of the alpha-4 promoter on the PI-3 F gene and its
insertion into the Hindlll site in BamHI-C. Also shown are the beta-gal and
50 neomycin (NEQ) gene constructions under the control of the gX promoter that
were put into the Xbal site and used as selectable markers to purify the
recombinant virus.
B. The BamHI-C fragment map of S-IBR-019 after insertion of the PI-3 F, beta
gal, and neomycin genses.

55 C. The S-IBR-019 genome showing the location of the three inserted foreign
genes. _
. Legend: B = BamHl; H = Hindlll; X = Xbal; § = Stul; UL = unique long

region; US = unique short region'; IR = internal repeat region; TR = terminal
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Restricgtion Enzyne Legend: B = BanHl; Ps = Pstl; Sa = Sall; N = Ndel; S =

Stul; Ba = Ball; K = Kpnl. 45 Fefo 335677 B1 Restriction Map of

Del eted S-I1BR-002 EcoRl B Fr agnment and EcoRlI F Fragnent. An 800 bp del etion
i ncluding EcoRV and Bgll| restriction sites was nmapped in both repeat
fragnents. FIG 17 repea@egmtruct i on of Reconbl nant S-1BR-004 Virus.
S- 1 BR- 004 i §1Gaf7 | BR r ecofigsivense 140747) liargg cANA Frageent ed f or ei gn gene
(NEO 50  FiG.28 'NSERlellﬂinASWRa@rﬂtrol of the PRV gpX pronoter. A
new Xbal sifi& ¢hs creat eﬂelﬁf;liwﬂ_%m regi on and the original _Sacl
site wa§ del eted. FI G 18 A Restriction map-of 4T DA in §19 '?ﬂ"’"RéE‘Gr'PB‘i“H'at‘H? f@"l‘eBRTUE)B
Virus. S-IBR-008 is a rec f?gm ) 1:@ %§8°5;§;T§9T5 g&? ngme '" the
gl ycoprotein gene and the ;g]

uni que long region. A si te?S | arrm?\ja %I {heu' msertton. for‘:(t #

chan ed %o a(g Frc8 (Rb?'tel\?édsaesﬁga sﬁ\(ert e gﬁ'ﬁ’?’% cIonm%

created7 at the [Sacl]. site
regi on. FIG 19

lid o R cobddciiPBiShd B ¥BP Qf%tr‘?s A int
0 332 677 Bl A Bant resttmsmw%rfa 'orrn@p.,pt%’t ﬂ%%ous it fios. 'etﬁ@ge'f.'ei
nunbered in order of decr%%me,qﬁez&n gfttﬁeeﬁ R4 orbfotst fragnments
whose conparative size hasg.neb 398009 | fignl of risggiNtbreign

show ng;sl ocati on of bet a- g@h@g@é{asgadaﬂegmne [ nsert ion inb5

S-HVT-001. C. BanH #19 fr@g&mmmcmhavw BYmHIOX & Xl ROE EbsHI;adb0e XBali s & dHpales
gene insertion. Legend: B = dpantlL; = XnigueXiony tegibh; WSHr ndligld shof® regidRsIAl = iderral
Sall; N = Ndel; R = EcORI .repeat3egiG) TR = terminal repddbsgier.n bl ot of proteins
rel\eased i nfF@. 8he nedi untCofplédRvudleofidecseqabnee b the HYM Bamn#l6lgbnomic fragment, 3,335

t he absmnce of gpX in S-PRAWe12 and S-PRV-013 but its presence in wld-type
PRV-000. Lafis31 (A) nol eWastern bigtishoningnthe |diterontial Byprageiom plctbe dBPW/B2kE anligansin
(O wild- type PRV, (D) Sipm/yepies of ${IVEOGSiptegied cells| (§32kp present) and S-H VT-001

Di agnostic test for the [pfeeiad ele (38KD; PegatiyelIBRY éq’&!“?lsﬂ" 9(-’°Fri”°ﬁ1é’°§t@?‘hﬁ¥of

a pi g vacci nated with S-PRRIGQUSDIgHyith VQ?"%EH"B‘“E P’l 'B
pseudor%fbl es 15 w'li;l:r:s T;usserumr r ar Egr : ec-
Se f the Purdue S ) unin
e o e T e, -‘?f,',‘f %@’%‘3 nfmqra G
bl%;é &%&u araheoiakrs J&M%%L%p@&@ ey

fr agnent map,show ng thed
te ce;!s i cted |th elther WIL -type HVTY

conStr ugtion.” Second lingus

gene construct ion with t Bow Qhaéimd p(,,%ga@aes

si gnal sequence as an Xbg eflﬂé?ﬂfgﬁrlfsmé QaVP-!\@%eoWé ralibﬂtéﬂtl- m eXBtkserdrh.! thel IBnes
BanH #5. B. The PRV Banthnaiho 1) sra@iiMelocdl® Wekdht Stndalds, 2) Widtd VT Rfectbd EFIEE
gpl95 gene. 25 3) S-HVT-001 infectod CEF's,SRRNVDS03 igfeiiTeER"s) &) GaHVTHIDS tirke

| ocati ogs of the TGE gpl9fhceeBers,and §espveidabolymepiidesls. Legend: B = BanH ; X
= Xbal; Bs FIdBsS$El | ; S =p&aiRlof SHVT-004 CualthuttionHp = Hpal ; TKpA = HSV TK poI y-A
signal sequence; UL = uni QieRebidetign meg)bichT LKA in therrbgiencof SeciatnHt £1§ifagment. Rhis

i nternal repeat region; TRragmbmisteanizined withéraé la@® Hindill fragment that has no name in the
region. FIG 24 1Bioy ekt e e appficanty'eknpgledye Siown aisprigjthe) Xhalsite i vhere
25 40 Detai | s of S-3npkagd Bavenrede thais insestipnfor thpsesqonstrugiiansstheyifo! sitgavas BR
( Cooper Stra n) BanHl - C f rfggnsgfﬂgech%an '-SQB'OWG\J snFei l?yeuse of a "linker” and standard cloning

procedures.
B. Details of the construction of the beta-gal gene and MDV gA gene inserted
into the BamHI #16 fragment for use in homologous recombination. Beta-gal
45 was under the control of the PRV ¢gX gene promoter (gX), while the MDV gA
gene was under the control of its own promoter.
C. The S-HVT-004 genome showing the location of the two inserted foreign
genes, beta-gal and MDV gA.
Legend: H = Hindlll; B = BamHI; X = Xhol; R = EcoRl; Xb = Xbal; UL =
50 unique long region; US = unique short region; IR - internal repeat region; TR =
terminal repeat region.
FIG. 34A and 34B  Translation of the DNA sequence of the swine parvovirus B gene showing the
: encoded amino acids, and highlighting (™) the region of the B gene contained in
the fusions in S-PRV-039 and S-PRV-061 (called 039-fragment).
65 FIG. 35 Translation of two versions of the swine parvovirus B gene 039-fragment
A. Translation of the natural 039-fragment, which has a parvovirus codon usage
and contains 34% overall G + C.
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shows the construction of the al pha-4 pronoter on the P1-3 HN gene and its
35 insertiongp¢ygsdéerpgy ndlll site in BanH -C. Al so
shown are the beta-gal and neonycin (NEO gene constructions under the
control of the gX pronoter that were put into the Xbal site and used as

sel ectabl e markers to purif B Tiseslatiece s syathetic B§-eisthetis, DNPL whistnretains Mefpaprovirent
map of S-1BR-018 after in s e @Ming ei¢) pequense puyt has bep\pptoptized for the utilization of pseudorabies
beta-gal , and neonycin geneg"“s@dq'ﬁeo‘@?"léﬁi ‘DfBe‘@j’éHcﬁ’rﬁ Simesti tige ek of e Jetursh
of the three nserted f or e gﬁ“’ éﬁ'?e’@queﬂ‘@g . H=HndlIll; X =
Xbal ; S =° St uf BL = uni qué,”?d foorqgdo Wh'ﬁh?‘gﬂ%”@ B¢ trag gs%'ﬁe pjrypvicus B
i nternal repeat region: T |ps§t$lorables virus codon from base 1 to # range

T g ke
Chows i he [BR (Cooper Str °$,E:sqr§ o g;%% [ o Ll
o st B mgashag o

Gl Wi hi'e&) e e o 1

constructhon of the al pha-d,
into the Hndl Il site in Bg g hat show

neonycin (NEO gene const rgdg,ghgfg§ aWafkEbsst mOf prom)ter t hat
were put intopghg Xbal sitepandl ségemcinast @%ﬁﬂg%né?&é&%‘r&&h lilxi%trﬂ?flé itfeYde 36 to
recombi nant virus. B. The \@fithe Gyhtha@BsdtsyitRdic Odr e | BRoULY BfjeRs hasHBS tihedn
of the Pks3 F, beta gal, agjeudoabies/Gius cgRASSm Habe 1 to base 123 over a range of 10 codors.
The S-1BR-019 genone shovvin.g ftaj@ert a8 bsighed o fiakke midkih& enatoh 36 pseditordliss 8drgh) The
genes. Legend: B = BanH ; ddgree bl maith ik givet as axasge; of $.0t0 &0 ibft toldighty: Tue iet] wagel (BNQY
region; US = uni que short indiggtesr; rand@m-matett @ndhtb 15clne J1M5) diglicates a Titnimum match.
teAginal 11 EP 0 332 67Higher valuep indicate bejleomatcties.Ghe 239-synthetic shows aJughudegree obf
the | BDV 2§ S40747) Large cDnetehiinaigetesa thigh|aGlegreg of maich as can pbeNBERTWVIE\his [jequence.
PLASM D 191-47 FIG 29 Because thiscpompiiprspregranSayApeOver Eyffdey alctd epdors. the first
A. Restriction map of HVT anestpartptibe ?esgqn%camotpwewm anglyis- f r agnent . Thi s
fragment is cBft®ined wit --‘,ur,:l-:‘-‘ 19 8 _,... -:;‘-'- no name in

the prior _art to applicants” W" ”3? %Pa Layanees °’s°?‘?r833 9()“'9y
where apffficants have nmade t f

Em| © ? ter éatg)
Xhol site was first changed §q> ﬁ:g@g?ﬁlo ré?wiﬂ{é %ee %‘5‘@%‘8
t

stardard cl oning 10
construction of the beta- galse T (gg{\ dﬂé}}\? g? Wa? on |n o t_LG

f»%%‘fé%

frab.n:ent ?Or use i n honol og%U%JS‘e?Q nstldtion Qﬁiﬁo Wrhifal Wgﬂﬁsrtotbgﬁ-gal
control of the PRV gX gene R b orlghvor thegparvx\lﬂrﬁs ﬁadesqaﬁvaWQFﬁﬁtn@tﬁﬁ’Waﬂgf-
the location of the two insefetdafovirad @haln 1 genes,

beta-gal and kB Legend:caiokfieiinal fdsions Bribbarvolinis BJaRd fo blagalECOR ; Xb =

Xbal ; Hp = Hpal; S'= Smal ;™ Wl Dstaild Bf 6! onktRidGbnlocCB6 Sikial encesrmsewa d)‘qh’@é’sfon They

region; IsR = internal r epeaﬁncrueegilaurto rigt the PRV gpXOgrbmét@DIBagpX &gt cutlon &ldG amifb

Conpl et e nucl eoti de sequenceciaf oft the ghR/FeriBabatdidab incfaame mith tier grexdons, BridB5irago
residues. FIG 31 nMééts tabrtme  bdrawvirus h \gbreg(sedn 8.).danfifthe @RY ignK poly-A signal

expressi on of the | BDV 32kDseaveicgepA)i fihec extireutanstruction awae sconjfined- ¢A\an Hi® fragment

infected cells (32kD pr esentdsogianked b\ indDsites)riha wwae isesielor direclinrtinrietg dhei W2 .

| BDV spec?fic pol ypeptides @@8% dentified by
B. The set of virus constructions made as carboxy terminal fusions to beta-gal,

showing the origin of the parvovirus fragments relative to a restriction map of
the parvovirus gene.
FIG. 40 Description of the 'DNA insertion in plasmid 244-25.3D. Restriction enzymes
45 indicated are those present in the source DNAs mentioned in the text. Restriction
enzymes enclosed in brackets indicate ites which were destroyed in the creation
of segment junctions.
Abbreviations: gpX = glycoprotein X; -GAL = - galactosidase ; vpA = viral
_ protein A; PRV - pseudorabies; PRV = pseudorabies virus; PPV = porcine
50 parvovirus; pA = Poly A addition signal; aa, = amino acids.
FIG. 41 Structure of S-PRV-065 and summary of foreign genes expressed by the recom-
binant virus.
Abbreviations: gp = glycoprotein; TK = thymidine kinase; IE = immediate early;
-GAL = -galactosidase; vpA = viral protsin A; PRV = pseudorabies virus; PPV =

55 porcine parvovirus; KB = kilo base pairs; BP = base pairs; kd = kilo dalions; pA
: = Poly A addition signal; aa = amino acids.
FIG. 42 : Western blot of lysates prepared from recombinant pseudorabies viruses express-

ing -galactosidase fusion proteins.
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probing the blot with hyper-imune rat antiserum directed agai nst denatured
| BDV 25 viriogpoagbezrggrumreacts primarily with the
i munodom nant 32kD antigen (VP3). The | anes on the blot contain: 1)
Protein Mol ecul ar Wi ght Standards, 2) uninfec- ted CEF cells, 3) S-HVT-001
infected CEFIG434) 5) & Bpscaptiph/Bf A3 DNAfirsettion irCelasraid 24#4d9.2H. ReBiDvfion | anzyomes
pol ypeptides. FIG 32 indicated are Y\aset presanttin the sauriesiPNAg mdntionpd indhanted. Restriction
42kD | BDV pol ypeptide (VPEymesx endlased in brackets indicate sites which were destroyeddrpthp gieation

| ysates derived from CEFOcgmetiupgienst ed with either wild-type HVT virus or
with S-FVT-001 that expr é%‘g‘é’?“%'ét%x'gap'&@!’@?lndés%‘“- T el %ﬁeﬂpé = viral protein

pol ypepti des were identif* biggpPEV 5 &'Tlpéw?vé{fﬁn =aFRly A pdiion ganali

anti serum anes con ac' Mol ecul ht St andar ds
ol ype e el CBiclie o m "Eﬁ??a%i""rweaf g %expffs‘%?!&r ot

i nfect ed CEF S 5) S HVIy 2= glycoprotem TK = thymidjne km e eearlfmd
6) 1BDV virion polypeptic E = v"alp pL D se i s . pv =
Construction A Restrictj &Eln ?us, gsglp i .eBp{ E Yl oaL: i L hé ok 16
fragment. This fragnment .sp@pp;@h,g,e g,m L mfholadlige Hi nd| I ragrrent t hat

has no nanefrg 4§ he first peRAsSCEr e BiIA Fean Flashid Ps78.546 Erdafrictdn “dnkyMes! "
and stapdard cloni ng promadiédcde thBse Jabritiin the BdurdeIINAG Oriitioridd inl thetef Rdsthtion
bet a- gal gene and MDV gAefgiiés énolos tiebratksis thdicke sitda which #dr6 dbstragsammihe bRktionS e
i n honol ogous reconbi nat bisagmddejusctigal 45 was under
the control of the PRV gXomeatonsrgpiot giycopmién,X; wili & airdl heteld/ PB =gpsa@iombiss;
under the control of itsPBVus granepareevirusCpA FielySh dddilierOdighalg@n®e aming kags Ng t he
| ocat i o of Fithd6t wo i nseptustird ¢frSePR)M040 @nd sumnhpeyt of-fereibn aends MADxesgpd by Ltkegreertn- H
= Hndill; B = BanH ; X hbingghytus. R = EcoRl; Xb = Xbal; UL = 50

uni que Iong region; US =Abhpvigliensisgpor tolyeensatelm TK) Rthymidine &inpse) IEr  erprdiatecqgiin,
TR = terminal repeat regr’th virpl @rotein A PRYq= paqudorabigs yjruss BRY GrpogsinepamovipgaKB
sequence of the sw ne par’VU |"faﬁ%paﬂ¥sg%'°n€ Ba8 WRiFY k9 1Tekile faias PAa i ity Acpdition

and hi gffl i gh (***) tRE" aCfte B gene contained in t fusi ons in
S- PRV- 039 aﬁLG' & bRy 061 g‘!‘ﬁ'f%ﬂd%"%%} ?9?55‘?1% "W gfcforeign gy e’?éasseg%v ti6 recom-

Transl ati on of two versi @gpﬁf&@uru%w@egﬁ% @39|J\r1[\

he s
Transl ation of the naturg r% gage
and\conai ns 34% over al | cﬂe %aﬁ: résﬁfes |d9|gmg) bat he

synthetic 039-synthetic fion LiglaR LS agasr VOVI I us am no aci

ly
sequence butpdlag been opbedHigish of e mnemusd.dn if Bhesid 127425 CHEAMETRR] dASymék filS
codons. Overall G + C equphisd & Yhoss brsBsnt intiHd Scdrch DA Fentiol& i AheleR] Restriction
parvovirus sequence. 5 enymés endsed in brackets indick® 33 which Weib [dasdtiofed ik the crbagphee
to whicks the natural 039ofdeg@éitpirctiots. t he parvovirus B gene matches the
pseudor abi es vi rus codon Absrewatitras gpXL =t glydogrsiein D& TSP v IcireumspanareiteOfrotdit; vpadens.
Thi s graph was gener at ed vius pragin A BRE |=| psBgiytabine drug\Pethly s iPlasiodbuyr @leiparum; pA =
(I'nternational Bi ot echnolPdgiAcgditionsigng:.aa Fheninleggidee of nmatch is given as a
range of 1.#1G.¢94.0 (| ef Struchre pighPHV-066iaed puniroare digfereigiRperion gxreeseadisbyha paiom
match, #&nd the 1.5 10 binant virus. line (1 Mb) indicates a m ni nrum
mat ch. Hi gher val ues i ndABYPteNSt el IHgeREOIRIY TKTT]é“V °f"I“ nEnT ’%’ﬂ?ﬂﬁ??ﬁ’ﬂ‘étl

a_random (poor) match vm(:?ﬁ ?GU?“ Rrgzpite ’PF%'E‘ ‘ﬂ’ﬁg' #ﬁ isé pﬂﬁgf%lg%?p Irsbéf?s

s; KB kll

than the "m ni nuni'. asm°d'
Program ene'_r nthet i ¢

d h 'r"ﬂé"t‘ e
039-syn et | &(%ﬁ t ﬁ;ag ar &\kﬁﬁe?% %}?& P ?r ‘E;E%“ e Oénbfgnt pseudora igs’viruses expross-

npr

seudor abi e Igf us codon P n
his. 11 agrenoths desi NG (Par amssermaﬁl'" e e e Afclh S ae

enzymes enclosed in brackets indicate sites which were destroyed in the creation
50 of segment junctions.
Abbreviations: gpX = glycoprotein X; CSP = circumsporozoite protein; vpA =
viral protein A; PRV = pseudorabies virus; P.fal. = Plasmodium falciparum; pA =
Poly A addition signal; aa = amino acids.
_ FIG. 52 Structure of S-PRV-088 and summary of foreign genes expressed by the recom-
55 binant virus.
Abbreviations: gp = glycoprotein; TK = thymidine kinase; IE = immediate early;
CSP = circumsporozoite protein; vpA = viral protein A; PRV = pseudorabies
virus; P.fal. = Plasmodium falciparum; KB = kilo base pairs; BP = base pairs; kd
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degree of match is given as a range of 1.0 to 4.0 (left to right). The left
edge (R) indicates a random match, gipdg g4pee7r.Bn | i ne (1Mb) indicates a

m ni rum mat ch. H gher val ues indicate better matches. The 039-synthetic
shows a hi gh degree of 20 match, in fact as high a
degree of match as can be fkithedaiigngpAt h Pely Aaddition signal;Be caangmo 4clis.s conput er
progr am aver ag€s53over a wiDegesintionf of1the cRIfoiinsertianhis plasmid 18116.26a Bestistient exFymese
sequence cannot be used i rindiqgted are:ihgse iprpsentincthe spgree DNAs mentiongd i the taxk Restiingion
fusi ons of the parvovirus eazs@@ﬁén%%'etb@c'@wqusate[aéqsavhicg whire ggsiroyed incihe ¢reatioron
of the siynal sequences u s 8e9mgpt | %ssmn The

include (left to right) théb'?-ﬁ?&?t' roteip \7‘ FeUERNOPOIE DERYAIN: vBR ) |
vari ous fragnents of the pf P gé’ﬁaé' ‘%@béeé ndﬁ'—'@ﬂ'—@é—%@f—a‘-@%l'

by an in-fra sion, th s'g sj, gnal
sequence gpA)nﬁG e enti eﬁqrgm ructpmc’)n vvas Cont Ef'ggr‘?%)es% Alr”ég'fgréer? m

that was used for di rect lAbgf%InétBEE B0 Brofe ﬁ'VTlgentﬂmdm fnase; IE = immediate earl
B The set of virus constrddpl LOeii3gesno oRib %pd = Walolt UgS RS = Boudorables
beta-gal, showing the ori g, Phal ﬁlaQ@JdMQ\\‘fhlélbh?urz KRR basd RirdBPVE bhed pairs; kd

restriction map of the pary Qi dakishsFANE Polly Aaddifdd signal; aa = aminda®id8OXy term nal
fusions g the parvovirus B gene to beta-gal A tails of the construction

of the si gnBETSEENLBESORFPTICNEOF THE INVERTIORSI on. They 35

include (left to right) the PRV gpX pronoter, the gpX start codon and 7

am ro aci ds ofThb ipesanp Mvaptioncgrovizies a ragarbinant mmmtmamwrhewmoeompnbmajorer@rmms
frag- ment s sesuerich dnspried \inly B morsesBntja negich b the BedomiclA bhehdARdsvig XThe isgriod foreign
si gnal seoudNasequpntp encodes eretambinattdusion pratein whichvgamprisesat ddastceedposian alithgratidorab-
fragment . (alesoirds glyseroteipyX afdrripdiypegiide abiph ishused i dhe paiboxyf temingp obthe ppitignaefitemn

i nto t he PRYlvgprotein X. The inserted foreign DNA sgqyg@ﬁels emprespp@d ins @t hagt celfj mtggted with the
const ruct i offSOTRIRASt hepogvifs, Graferablyy e RePosvirys ik whighythg, forelgn A seqyened i {j's?’ﬁé is a
origin of tR¥U ?béFB\YWsu%‘eff”P%l rﬁ'Prﬂsgu"P"é'P'%PH"%'sP'E?"%ﬁt‘?dest riction ma

pr Vo 18 g b e g e iRl A el

| d 244 ' (
P e those pi& o pgn Ef;g:? S o °A°.ﬁs jelire ﬁtm §§’pro est.chtg oan
enzymes enc' Ptﬁee rek Ry é@g%gga {Sudnt ?m d.th,gb i

creatron g Stidbrhiidd Gtdih Rblo Et%?

- gal act 05' 8a fr‘one ifiert lof 8 infnfinCihé pélype fused)ﬁ%%fb@g' t&'ﬁnnug) 68 ¥he portion of the
pseudor abi egu¥dpfdi x B a}( amtigeid ﬁdlﬂepti'é &) The antigenic polypeptide may be a paR bMRY wiréSparvivitus™
Poly A addi Eﬁd&i& PRt Palari? G5 Pprédih, BPmAEHatsSP rée g%E Structure of

S- PRV- 065 and 15 WkeBémbobifnedtO§i€ihg ﬂn@ﬂl&ﬁsthexﬁb‘y@é‘;ﬁiﬂéi i) ¥mbdited GT @G pidudirdbles virus
Vvirus. Alpr gwtaptdtenX. inGHaotRer BmpbodasrLthe Polypbistide ié Riged @i the aking &Brdipal lnsmembrane

i mredi at e eaighdy sequénéé of-the dhtbmotbioXi dase; VvpA = viral protein A, PRV =
pseudor abi es Vihe pessenPiAvbntiorbibrther provides a recombinant fusion prp®incvhizk cpeprives\at leas ;a plsilBon=
kil o base pat psudoBibies vingsglycoprpteis ;X dl & pbiyreptidg athich ris fusgiito-thdPodrijoxA teamlidist ofcthe
signal ; aa porign af the peduderabigs|viBis giyoprotein X. Western bl ot of |ysates

pr epar ed 4 r om In erscRRtbodiment ohibe investierpihe golyreptige dusedie ecagrboxy| terinug, off thecpasion gtibe

f usi on pr ot @lyeeeroteimX is an Epiiggnic3polypgptivie. die antigenicseglypeptide may be apag efrtP‘i)f'Y"l?rPaUP"“t’ﬁe
DNA i nserti 6#PS{dr®" "hgﬁPﬁF %MP"ZF?J“ prmalarR LIP PR regiNe nz ynes i ndi cat ed ar e

t hose pr ese Adgtionally. AtiopygrQVidpsf) el"?fﬁ'@'&?"ﬁ P’H’?tet sv‘ 'i‘"f s
encl osed | n asé' ® 'P??H? 5'f° a geryassen AN a ctos‘ asef

. 45 quence enoo esa recomblnant eln nses
segnent | un }%12 rboxy term s to a oly t|de The Féﬁ td & %uegc% eﬁwed in a host

gl ycoprot ei i th b ign DNA
pseudor abi e§equ cd is mslla%aqeégssegé’di’éﬁﬁg MFlePre l;.a %L &ﬁi&ﬁé i€ Steiticttd™ f°’° ”

Examples of the recombinant herpesvirus of the present invention are recombinant viruses designated
50 S-PRV-085 (ATCC Accession No. VR 2215) and S-PRV-086 (ATCC Accession No. VR 2216).

The expression of the inserted forsign DNA sequence is under control of a promoter located upstream
of the foreign DNA sequence. Examples of such promoter are herpes simplex virus type-1 thymidine kinase
promoter and pseudorabies virus glycoprotein X promoter.

In one embodiment of the invention, the polypeptide fused to the carboxy terminus of the E. coli b-

55 galactosidase is an antigenic polypeptide. The antigenic polypeptide may be a part of the swine parvovirus
capsid protein, malaria CSP protein, or malaria CSP repeat region.

An effective immunizing amount of the recombinant herpesvirus of the present invention may be
formulated into vaccines using methods well known to those skiiled in the art.

'd'*"’
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aa. = anmino acids. FIG 44 Structure of S-PRV-086 and summary of
forei gn genes expressed by the recggyp fapgpBiVvi rus. 10 _
Abbrevi ations: gp = glycoprotein; TK = thym di ne kinase; IE = i nmediate
early; -GAL = -gal actosidase; vpA = viral protein A, PRV = pseudorabies

Vi rus; PP\Materiglsrand Methgstar vovi rus; KB = kil o base pai rs; BP = base pairs; kd
= kilo daltons; pA = Poly A addition signal; aa = amno acids. FIG 45
Descri ption GROVHY Qﬁl@ﬁﬁ"r@&'ﬁ%%ﬂsﬁuﬁlcﬁﬁﬁﬂf Al 7t the hepaByirupRssundér cdiscepsior werg e s
15 grown in tissue culture Gellse Pless otherwisa netpdy dhe cgliscused,were: Yerorrellssier RV MDRIA sells
ment i onéd fan'B’E‘h‘éEFt Q?Blsc for 'lﬂérs Crandayl felipp '%4?2&?@% fop Y- YermgelisipreptuiigbledersHViras MRCK

sites whi c§" Z th ation of se rrent unct i ons.
Abbr evi at i on&PER ey eﬁg’%‘y % ME" k) p'eﬁ‘ﬁ\?'e-p"’pa'ed by
pseudor abi! f§ ing, “°-° Fey atp '°“-° !Alﬁ Pyibageas ﬂ%{ffed gle_

tal | g

u mlne, uni
am no a ' com n nts were o r Irvme SCIGHtIﬂ gr :] ufq‘ene Ile hetg :téaei ree red 10 Z\Z of
for i gn"gef a lis 1950tk g&i’% Dhey oepland
gl ycopr ot Eells W harv ellg 'wg@%%ﬂe t30d0 r% n(ﬁmﬁe%r ¥clm og r all
pr ot ein A heP irvsel 8XcH Q-f @éellé’ Wérb'?esu |éed’ inRADb We%ﬁglm%‘ﬁmé'o‘? |1||§d|u nd" a
base pai r syoufB of2 ARG skirk hillc (9 didkh MK JoRES in MO wavelP s aade%dﬁxetwrma%
si gnal ; 1s2awas RPANNEhdAkdwdd 2 oSS alifubted, and stored frozbrt BICI7GPCE T titer- WK VistafAB ardid
summary of pldq0é enfiilg YRGS X [FoE ABE UnfiYedt dafls W&6 @uShispbrided it cdﬁipretbsmed;um contammg
Abbr evi at | Zsfetaljovife St 0% OMSORNd dtired-frézaly &ii-doce ki nase; | E = i rmmedi ate
early; -GAL PRERMBATIONOGH HEBRESVIRUS DNAV FérclerppsvidiiscDNA pippaldfiihh, 3 cofieent anoadidyersof
Vi nus; PPMissue30iture cells in a 25 cm? flask or a 60 mm petri dishn waspefecieiwith 180 mikiBliters ki virgs dample
pai rs; BP ixthaiswdioa Adsprpliat prockeded fod &l2thowrs at JT2C in aPwinidified acidpatod with 534 @Rdih air.aa
= am no acAfiesadspipiion, 48ls of complete DMBPawdinm plus 3% felhl boviee MM Wwanes addpd. differi ayernight
pI asmi d 1gncubgtion or Keestthe celly ware Sawipgrld% eyiopgihie aifest thg cellsiwatsserapadddie the mediumhe
sour ce DNAMthracqell seiprer (Gopfart iend). dhe cellgandk medium wate eanlrifugedsatSARQ rgmder § Minwesde Ret s
i ndi cat e s§iipigal cepfiifuga. W@F@d'ﬂ'éé“la? aed, Ff‘dttPPec"E plist was gendly '°s”sP°“ded in 0.5 ml solution
of segn&nt® fa'ﬁ'EQ Pﬂhé" T"AWHF 1 M B, a 3%8 P&'fPéP rf"" "'°c%t9'92"t comprising

cir cumspor °"\9 ﬁ?"‘—’ pip Sprtay) a@ °‘es %é“‘\?f"t" s;
P.fal. = en micro tersgﬁa Lows' %ﬁ%:%? a)_wi ad ed TOOmé ml bou ed
aci ds. FI t!f T% Qmp E ra\(3 lcal

r 1 inytes io mactlva
gen&s’ e Eré ﬁ:y was rem oved wnth a pasteur |ck and
Abbr evi at '(%Eﬁrdecgﬁ'he S %Stgrﬂrﬂgh'%}ag de m& |n{o co'n nlng 2 Fof
early; CSPyyy eddiumGRB&H Q@ﬁ’let@ 8'2@ mlt\!ral?erS' pM{ernﬁée I@ n?d/rﬁ\ Boehfingdr Mannheim
pseudor abi &8piiéh).I th: salplb Mas mixeg’ Bsbakdial 8796 11513001601 mikbs=AK bhRl RAMR & Waloh
BP = base ffikdicss phlésbl waKhdded di he @anpw&as—mﬁsd ¥n S variddinliiePRr $ingidd. Theélante w1 NO
aci ds. 4 centrifahdd in BPEppendort minifuge fMThifitds ablul Epedd. Thy GEpbiRuddie prasewhsfrériovod to
reconbi nand ngwsEppentioa ibe Sand itwd.IFok e $1-L26°6 SabsdluftJetha ol waal Aidédlamd ahel tulsd N at -20°C
prot ei ns. fol $8 mindtes to precipitate nidBRCacidpTHeCsampib wak) eentdii§ed ina Eppeddort tenitifugs At 40C
PSY1373. Ress minates.(he supematerg was dectlinted tretitha paliett s Seshpd ersctinte with cbill €0% ethamd
DNAs nent | Teawllat was deedt ieat lyopRiiget. rapd tehysiratesiin yifeicreliters 1d20e Horithe brepesdtion of larger
i ndi cat ¢ simagnis phPh, thegarasedigeswas thrto star with @830 an? reler bottle of Vero cells. The DNA

of segment“3sFiveadiimiD. °fNﬂ§’r1é‘4/T"6FtH ?PTA E‘E) P b€ n X CSP =
ci rcunspor orZBF'FPe“ We?': HE@ ? #%4 " }h r;a"r tH\él‘ w;'us "Wsr‘EIs
(,F;C}c gls I_:I op;asm of i ecte c ke Hf R E? ie] atoaf
' pat re the cel overgrew incu atuons
%‘ngzvieglrc@g%e uba ?"‘1’! O i air, .F@ ields were obiained b mg monsla éirs \ﬁuch
| CSPwer 3w: mp f;i éa )? Tnf
early, harve

d“ 0&21, ﬁa i | E@%&Pﬂ stepension
pseUdor abi & Whi EZS rpm-fo PriiA6d 4g- %' é@é r (Sorvall | ﬁ%ﬁe hitart:
BP = bage Raét was ded in cold PBS (20ml/Roller Bottle) and subjected to another centnfugatlon for 10
minutes at 3000 rpm in the cold. After decanting the PBS, the cellular pellet was resuspended in 4 mi/ rofler

bottle of RSB buffer (10 mM Tris pH 7.5, 1 mM EDTA, and 1.5 mM MgClz). NP40 (Nonidet P-40;Sigma)

was added to the sample to a final concentration of 0.5% and allowed to incubate on ice for 15 minutes with

occasional mixing. The sample was centrifuged for 10 minutes at 3000 rpm in the cold to pellet the nuclei

55 and remove cellular debris. The supernatant fluid was carefully transferred to a 15 ml Corex centifuge tube.

Both EDTA (0.5M pH 8.0) and SDS (sodium dodecyl sulfate; stock 20%) were added to the sample to final

concentrations of 5 mM and 1%, respectively. One hundred microliters of proteinase-K (10 mg/ml;

Boehringer Mannheim) was added per 4 milliliters of sample, mixed, and incubated at 45°C for 1-2 hours.
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EP. 0 332 677 B1 = kilo daltons; pA = Poly A addition signal; aa = am no
acids. FIG 53 DeSCI’IptIOFE gg.‘h -,[ﬁ\ﬁlnsertionin plasm d
181-66.26. Restriction enzynes indicated are ose present in the source
DNAs nmentioned in the text. Restriction enzynes enclosed in brackets
I ndi cat e si Aesr tMépazibd,\sh equal ebrierobywatél-shitliraioll Phendlanas adidd o the sample and gently mixed by
of segnent jhandc TheosempleAlsrspun itd dinisal cgittifuge gt § ondrptes tab 8000 Xpm &Skbparate the phases.
ci r cunspor o NgDAewssraddedii to the\upplr aquepysaihaserioé énahcohceni?ilioh of OBMeisidcr SivtiesSM/pH 512),;
Pfal . = Pl agtbiie nupleicedcidinmeiptiatgd g) A0=C fan 3G mimutasi effer ihe mdditiog nt2.§ vahuenes: obeldrabsolute
aci ds. FI%G, etganol. DNA is the sanypier wastpghfeted by sgiorivg\forcR93niniieg at 800Gy ingn HEot wotoget 5°C.
genes expre g’ %EPP atgrﬁ yae @ﬁf?j‘l'w repapved and the DNA pellet washed oncelwith 2§tml\ef BQ¥s ethanol. The
Abbr evi at i off fUt'@’ Y?"““ﬂ((z'?‘ iR cﬂ‘ﬁéﬁskﬁpﬂ‘?@‘é in §Opmicrofitpr/Eolier powe of
_mMI E,cg ) ryield s ofgwl DNA ranged

| Csp infecte Tﬂﬁ pHV

re)gtrau)cgor abi egetvlfg”?ﬁs msmle iﬁ’ dek#? |I
BP = basé’ p E%A yigéﬁe (nq:(?% nen wm:am le
acids. 15 me@gs%so§ r 1- ours a umng‘ incubal %n Cozp

orovrtes s I "pég i ekl el b %ﬁ; po i
sequence ing oda{i\ Oe Ty J‘cé'?lﬁr@:% id 'tfd m br d) The
her pesvi rgs copd RRd kadieh v eﬂfnﬁabélf‘at o8l Mirilfe§ uneQ&ﬂ Sceﬂnfﬁ was
fusion prot @bdanid)iahd e QP 5s|ra€§asaéusdeﬁ@eat.n 3500Rictolitd oPbistbigten B&%H@b% @Ja.uml §Recyl
virus gl ycopgiiiefaon beta-mBidapio-sihtndy) TR dakhBle Wad Sonicktsd foilidREconds dnhié 4rd 610/Y ¥t -20-C.
term nus of tIFHEROL EXTRACTION. PRer@l kEaHaErOWA goridtmed bie aty sofVehiedl vbiIGHE biamNAdple,
sequence | S typiily@sm@sh 100 nicrdlifed to A ahll THeDNACIample Was iiutel & 0.BIOTHRIpHATE, 1 mM EDTA
her pesvi raoS andsnedqedl adiinyg of twiater saasateaiphoroliasiatided. Thaisarhpld W rhicad drigfly obRldortex mixer
sequence i s anhpglaet edl iceJors8 pinaes Aftexlwerdfugationfer. 3 iRinatbein alrhiyrpfugdn the paenainyso wes
virus is at removedtted newibe and was pregibiied by ethdmel. r econbi nant her pesvirus of the
present i nventETHANGE BRECIBIGATIONDNA ipiarsarple wde singeniratedibySetiRyl-rietpitgtinf 0C the DNA
Accessi on N&ampleRvere added 140 pplyme) of3M 2oriom gxeleteckt b angh3 valymes 2 cold ethanpiRTheRA
(ATCC Ac é’és@'ﬁ%PreﬂléjtatGWPf?szUtesaﬁhoFo preyernighy at 28 andthensnefieigd Wocenmaz'm&)fhe
The expr essPige foria minyles a 49 "f,herpéﬂe hvesehed oprecvik @0Q micigliera pf qolf0pecAthany! and
pr om)t er | ofge Ea fPF éoa'ﬁi"bt?s "l‘tt‘i*eC f"t‘}?’eﬁ"g‘hy"[gl\‘ﬂ&' E’&E@H&éhe @%ﬁ?’%?sbﬁpe@ﬁ%f? the
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of Vi rus Bepmined P vy at\?'l"i"?féw'g JRaeited inrp 20% i queater FRQUHRLOT i %%%‘&T"éf?c'a second
or thir Qe virus stocks generated fromthe (418 sel ection were
tested foré@gene i nsertion by the SOUTHERN BLOTTI NG OF DNA hybri di zati on
procedure gdeseEhed above. PURI FI CATI ON OF gpX. gpX was purified fromthe
tissue cul‘t—u'r-e—rredl umof infected Vero cells grown in conplete DVE plus 1%
bovi ne ggergphyveenf! uent Vero cells were infected at a nultiplicaity of
infection I5equal to 5 wth wild-type, lowa S-62 strain pseudorabies
virus. The ViweavedrédteiaVius/iit Ras' ddlefidnal b luRélioN\tegidn bétWéeh theQhidGeDEyBNMEana B/ OF
[err] S netiflemal ragpabyf FRVbrlite ddidtiornialieddnidbgdhds |PRIGhyniidinet Kidsd §end in 8é UMduehéngr S
af t er i nf egibromto thé @nctioh bdetiamde have icnatathehdime ¢aple €patl (HSVe) ithymiving kihagdqTK)

i nf ect i en, genkemiet the cangdl lobthe ICFdImoN Ihigldua I3 designated BPRN004.ef f ect and t he
flui ds were Gdentesate thisggdrds, whliist denad theclalh it frdgmentdf RR PRY idNAmas arepated DX then dut
di al yzed awthi Sal restictivon khzyme.i ThacuiINAae plgctOphosgsedeli anrrgrose galrnd the dargestfall pend
pH 7.2 (16(1hébirwes podfipd fromdive g ésem EHENQIoEXTRAGHION @ff DHA GROMIAGHROERN Pheauiitedt e
buffer, pH 7.2 (24 hours, 0C). The dialysate was treated for 30 m nutes at
OCwith 70% perchloric acid to a final ggpncentration of 0.2M perchloric
acid, then centrifuged at 10,000 rpmfor 25 m nutes. The supernatant fluid
was then dialyzed against 0.02M Tris, pH 8.5. Purification was carried out
by hi gh performance |iquid chromat ography on a Becknman Model 334 25 HPCL.




The aci.d-sol uble proteins were separated on a Bi ogel TSK DXAE 5- PW col um
(75 x 75 mm using a 60 mnute |inegpgssréamdts flowrate 0.8 nl/mnute.
Starting buffer was 0.02M Tris, pH 8.5, |limt buffer was 0.02M Tris, pH 7.0
containing 0.75M NaCl. The gpX eluted as a major radi oactive peak at 64% of
the limt bONAevas liRiad inte de\niaseid pR64 (speaIGETUONqR dwchNenixisivas fusddie trarsfokmn Ed
radi oact i vi gl HED1 &oordigsinManiatissat alndhiTep Sall #{ nlend was knapbed fiarvesticiion isitest  assay
(ELI SA) prot ochP hamslogeye gecombigptierc procadiirgewas Hised tenelerts S1PRII84 (e $igk Bl The exact
fol | owm ng vaesion st e iynclipriregip ?seqeggmmqq Ry peqyenGing t W‘aﬁfﬂm i1 Jrggroant- drwag fpgnd
mcrolitets “39\7&3 1“&1"\%\7@&’%"63 E°35'P t‘lﬂt"'@ﬂe‘wﬂéﬁl' §"‘°6 (ﬂA dHP fragmants ofPNA Jomtes

di shes for a' “s ‘bB QE"E&V "°°t gwﬁsna fgpg(nent@' mHI #8
car bonat e- ({2 "” These
of C I'f)%ﬂ glht
l’

Nnis
ri nsﬁd 3 tlt fr m ”Tar fro orz P"°m
in phospha 31 tWr (ﬂ? Hr/JBszu srtes
cont ai ni ng q, éﬁ thrsrge,. fored a
bovi ne serumﬂao lygnsﬁb \yﬁﬁ

Qr ndWﬁlB%vhﬁ: ?or YQFJ had been
i ncubat ed 1ijagHdratét} (sed/ 2 Q‘hea ben@@fa&’fﬁhé"@aﬁkddw N‘% lbw foViREdRiion of
washed 3 ti gRSordiyh BenE 15the WY heficMheLtyl Rbholofbus Qécut\uﬁuﬂoréeh&em BNAGas transfected
St aphy| 0GeC &l raifbit@kif icélis AlofPwithl tRcintadd PRV DNR o S-FRVIDRS, Mhichl R S6bséudb@nié3athls that has
(diluted 1: 2QelofdA in the étiegehbus TKEBSAY. TNRAsiENbH stock OBGGY Wwa3 S6lectdday BAT adunaiadarb
(50 mi crol i vissSyas lidantifibs ded seleetoll b avidyslsSof @B MTbicHINGtterh bf DR Jsolalga ifrtr tthet iMected
speci fic antelgen. The sol ution was incubated 1 hour at 37C, then renoved
and_he wel | s SARRE004ahtgided3tht iHEYS TK igbneEankd Sas vexprbssing | this igane. as1difhonstreted by ttier S
of subst rzat incerpdration o 4Cdlapmidine\io b plraw assay (dpsbribagiam Tenserost iatd é0pand bATBRt buglysie of
(Bi 0- Rad) waKectiitiie ihfectsd eellceriractsi follawing theairessduresof Shéng\ebal. (HD- The Jasitiop of thig geng iR 0
m nut es. Th@eme@mer%ﬁﬂ\o\mhwmﬁ'm& by addition of 50 microliters of 0.01
M oxal i ¢ aci d.Sxrueaning agg P‘ﬂhg’erieé’aﬁf'"&‘ted d‘ﬁ% 9" bd’ﬁ%‘@ 'ts4‘2|f sCfﬁH Wt ansh challengadh it

pl at e reade?"“‘e{m %TWG’SWES ﬁpﬁc%ﬂékg‘echdJ'at%Fnd
pregnant 2 s\?ﬁlﬂg"‘g Y f@ﬂ?"”f“PdPﬁ"E‘WHé‘" 8?"8'&" dy,pgainst PRV (sse
pseudorabl e g ac'§l5'§n§t' {"ap 9t e "‘:E?F iy "ﬁ'H?'r‘ef%' '°'ts b > PERPIB Ve s
wass f urt her "o o ygre 33 W"dvtehe ?cée sa@?1 ? Bbsence of neutrali zi ng
antii'bodies to pseudorab| es virus (PRV). yeaned pigs and 3-to-4 day old
pi ghet's were inoculated intranuscularly w tE 1 m of virus fluid containing
about [err] po—3oterrf—rnfeetious—thtts—{Fc-bso)—ARrals—were—observed

each day aftbr VESEONERS QTIWEANEDRIGR VACCINATERWIEN S-PRUIOPHANG, PHAH ENRERIWITERY
di sease) and|body tenmperatures were reCRHENIPAYanpl es of tonsillar

secretions WanfgeR[HigiNe)pd and cupdstvfeindtion det erm ned i f trpastmgﬁhgae Vi rus
was 55 capab| esvef | shedgi ng and spreading to other|aninals. Imunity was

det erm ned by neagurin U&é]&ﬁ[m " ru at— &/
in some casep, by|chal engl nge\l vacci TEngé)s wi t ATPPPUI en

the latter cpse, fhe vr-n;a_nflt-ed—axu-nﬁalqs- -—of—non \:@,u;.'
were inocul ajed W th v| Paj dnjt Dayl2dyPaB2BP strji n PR\A,Jayr!sr nBayal

virus tha® cayged|l PRV gr sgase b gt {gabhomOPnede 1 NSsd3 | &3P
unvacci nat ed grouB of pigs. [Thas yas gdohfo Nbne2 E dgys |afie@rr
The chal | enged an| nmad s|wege |obser fed 4dal Nynef Dol §NSeof |di sease
I ncreased bofly tepperajures.| Aleieqr opsy | woe CHo@uCt eg4 or] are4ma
and sel ected|tissbes weraeexfamitieq arsd ¢dbreuy dohef pr >BRV.] CEMA
cl oni ng Rfefs to|tlee tBods Wed t @ cpioer f NBEA| moleecyl es64i n
mol ecul es f olg]¢ E'F—F%Bﬁle pr oceCFr es. Appli canrs' net hods ar e
descri bed i n-H DHH-6 :
desi gned a cDNA CI oni ng Krt that is very sim I ar to the procedures used by
appl i cantsg, and contains the best set of reagents and protocols to
duplicate ofAMBIER ts. PREPARATION OF RNA. For cloning virus nRNA speci es,
a host cell I'Q’e ensitive to infection by the virus was infected at 5-10
pl ague forms—@—fmgts per cell. V\hen cyt ophati c effect was evi dent but

|\ gy wn
(7]

- (N
TP

3%
;Q.

before |0 tot tructi S

lysed in 5.?10 lﬂf? 4\54%?’3'70 d%rab asral:\/\{atlo ntﬂDre gal {ﬁgi% g&o}g\e/}%us PRV
25 M sodi uig ngii ios DFhE Yepe: dﬁ% Bﬂ%&w&nt al lt othe Hpal site in
nercaptoeth@g | Emﬁ s pour fto a steril |zed unce
honogeni zer an oanenlze on |ce 8-10 tinmes until the solution was

honbgenous. For RNA purification, 8 ms of cell |ysate were gently |ayered
over 3.5 ms of Csd solution (5.7 M CsClez 25 mM sodiumcitrate pH 7.0) in
a Beckman SWI1 15 centrifuge tube. The sanples were centrifuged for 18 hrs
at 20[err] C at 36000 rpmin a Beckman SW1 rotor.



The tubes were put on ice and the supernatants fromthe tubes were

carefully renoved by aspiration togpeageerPB1RNA pell et undi sturbed. The
pell et was resuspended in 400 mcroliters glass distilled water, and 2.6

m s of guanidine solution (7.5 M guanidine-HCl, 25 nM sodiumcitrate pH
7.0, 5 nmM di Théreathihisiviregl e fivetrabtaineldie done i Bamill.#8 Fragnuant s PRV (FI. 1N8).cthe BaroHIS| d

wer e addedragmest wgselensd yinte the Dlagipid AL EC18# atihé Bareldisiten (she HIGATION abéve). 4ampl ob thea s
put at -ZOEfaér"ﬁ'f5f@9F‘8'P"31§9°W'§Flgd3ﬁareC| pitate RNA. The precipitate was

col l ected by Thechiasmidi qoptaiping, the BamHl A3 fragment weasqut witty Xhgland dipalend #e dinegtizeg [pissmifl C
at 10006 r! PP'H'%H'G‘S %@G PACTR%O BM‘ EROYAGARDER oThe 3@ ko Pvyll Tragment dpsstibep| e

water, red®f ’8"‘%‘8’ "&?Fr'i%?ﬁ”&ﬂtp“"g 8, dbe X‘Fﬂkﬂ i |§f‘"°d
t t

water, a 3;&;08%:53%@?% 'g'd 9% 75 s o Seb

acet at e S ﬁ ecy Ias t ﬂ l{\P sQ&ﬁ © wisuu to?r];nspegt rgtblt

et hanol arkq |f| a es eletlon in the

preci pi t atdad, Wﬁ%eﬁé) barcoﬁ nénr r: beld'l rao Hto the

4l err] C fffetiohdinthe re?a&ats]-Q ch&e%a antl n% dnt thEhan %ﬁ y'tﬁ’e i]iY IDIZATION

di stilled sigHeen FORBRECOMBMANE FERPESVIFUS dratk&is Wathod & rialt dofBrionl A260/280. The
RNA was1sst or 8$Re005 rdebrtinaht RRV WEd- Shon I&-lofirakl @Y HEVINAKCEYAE BY McBiPoration of “C-
pol yadeny| iajnditedinl & plagd! assa)) (40)PBy Slysis lof theUTK B@ivigl in Offodtell 6ol lsdlo®$4), and by

( Phar maci am#hidnodbtbelion @) the HSVaeTKIploleingdcadidingdfo the ARTIBEDIA SCAEEN 6OR RIECOMBINANT
chi | | ed arHERRBHVIRES! piocedare ditlinedl @BovaiThe lidcalion dffthis génlelirl 16 genomb KRRV i sidiwn th Fig)
buffer (0.8.M Tris pH 7.5 0.5 MUCI, 5 nMEDTA pH 8.0, 0.1%lithium
dodecyl 2osul fate). The retai ned poly-A+ RNA was eluted fromthe colum wth
el ution b B¥AMPLES nM Tris pH 7.5, 1 nM EDTA pH 8.0, 0. 1% sodi um dodecy!l
sulfate). This mRNA was reapplied to an oligo- dT colum in binding buffer
and el uti rPRGUOn | n eI utron buffer The sarrpl e vvas precr pitated with 200
nmM sodi um acetate an or 18 hr

The

was resfisp E @ V° 'SG"é‘?S'd?ff“H"?s "i‘sg t‘ VT 93 reglon a

E%gLrold\le "P °’é’° ‘ ﬁ% ragr%l % a 2

and the s aa golqase geng w%g m M aet "ﬁ err A" PELE |(VJVP1' hmwx ?JVF
é

for\Li ; '" i nangazs or ) SR el U B e T
&b biteed
primer %P'LHG/E'IGN? Gbééﬁ?ﬁg‘ FOR ¢k H@Rﬁ%éwﬁﬁéy c%gbyt&l disttosidase
pl acent al  dohdREnl AN ghP751) dbkinBd rrsns Ja(,ﬁiee Séﬁ%s 3l gend 00
MM Tri s phs Bundated 4Ghd Bl hith alﬁniﬁ/jslm ﬁHsrramove the Aﬁﬂlﬂﬁmyco&gﬁd tHéG\VB siteiA d
dTTP (Ph arﬂmzaar»as ubB atthe 616 hi Qe [FRI 44)Prieiisyt- £tk @iombled (N 4djvak &Reh M thear
#NEG- O1gH)Mckaight 18 Qensnad & RABMMrdgRiest) §& durifdt,Sandi lghtad o 6 NphtRatitl Ipite GE DRIA I véihich
Resour ces ¢éhindd)a )BamBh eiter @it thenseqieicd CGGNBEGS (Rif. 442 [ Ao Higdstidno wittd Bamiiintheand
then was ttegmbm ateclonad irito B Bariviil B4 tisHtdt & the He-galaciysidesevgase (Figt 4RICThelasmitih
-an equal weaseonsingtedith thelB. cdiil piaswide pSR6E BndLpSPEH duch ithat Xzl sites tan the pblyldkeks could
‘amoni um deetsed o exgisecthe] ertire eohsinretSrom thes plasthick Then ligation-niig{ire we$ used faorangedt Escoli
After pte cifiPt aacprding torpyblishask prochdiest (Manigtis stab (DiThiscconsiipe was Blanopd,augh that thepiyst
m cr ol i t eri8reg|peinp [apidtiohihe preteinTyae Koo HINSTH gengethe Gpvt drep viase frpm de)gypthetic
Sephadex ciB¥ewfTd teet et [‘%b%?al' sidagg) gory\Ihprgeee gppfainedsthe follpning-geqyenca pt
8.0, 100 ntﬂﬂ'{ﬂ?ﬂﬁe twoql, IK pnd ng edge of the eluted DNA fractions were
pool ed, and DNA was concentrated by |yophilization until the vol une was

about 180 i croBft efST ARENGCHe TORATRSS GHT- GGG (GRQE STF tTTAmmont wdf acet at e
plus ethanol as above. pgr alaSEerNBeP! AN e VIOV al el g, first
strand sanpl e was used for second strand reaction which foll owed the Gubler
and Hof fman (57) nmeTRGA~EXCEPT —that 50 micrograMs/m dNIF S, 5.47units DNA
pol ymer gse | (Boer hi ngerKVgenkeei m#64-2-2-1-$-)---a-n-d 100 unmas/g1 E. coil DNA

| i gase (New Engl and Bi ol abs #205) ?nm?ﬂ:“l El volume of 50 microliters were
used. After second strand synt hesi e Twas phenol / chl or of orm
extracted and precipitated. The DNA was resuspended in 10 mcroliters

di still ed Avpscadqrabies virisceuhetaictvdebibnaledns-_R\GON2awhicRiNas @ ddietioarin 8 ARVNTKAgen2 24 eer |
C, and & eastgue phoregise endt detetigrhin shelrépeaiyagionswrs yedd ds Bhegnuipiehy foethb betagaactsidysei n
40 mM Tr i sgeae ditact 8-PRM002 PN MasmBEd wilhiree30cfeltd mlas exsbssi ofi pldsmiél DNA cortiindiguthe beta-
broni de, agriciDHiRse gene vades scaontel ofsther HSY-3 Tl eprameter. aand thiscrobdpre oies dinestegetith dhel

el ect r oel ueddrtiomengymey The jligatesc@ih was piad do gansfept) animal erllp.and dheprgnsfoglign stock was

| yophilized to about 100 microliters, and precipitated with anmoni um
acetate 24 EP 0 332 677 Bl and et harmj as above. The DNA was resuspended
in 20 mcroliters water. TAILING THE DNA. Adigo-dC tails were added to the
DNA to facilitate cloning. The reaction contained the DNA, 100 nmM pot assi um
cacodylate pH 7.2, 0.2 nMdithiotreitol, 2 nM CoCferr], 80 mcronoles dCTP,
and- 25 unr ts term naI deoxynucl eotldyl transferase (I\/bl ecul ar Genetlc

~ 1P NA NN A N\ - M. o AL 12 o, ~N-r "



nol / chl,or of orm extracted and precipitated as above. CLONING THE cDNA. The
dC-tailed DNA sanpl e was anneal ed t gp@8s3ngrrgasm d vector pBR322 t hat
contained oligo-dG tails (Bethesda Research Labs #5355 SA/SB) in 200
mcroliters of 0.01 MTris pH 7.5, 0.1 MNad, 1 nmM EDTA pH 8.0 at 65[err]
C for 2 mi naeaided toercdibinantPRV(Fifksto PR DNA was prepasid fromrrplistidertediwith dheitrlansBiekich sfodk
cell's were pruspad this QiAdvas calrydth castriciion aszydlesandiahaitedyn dcagaraserge(. T8 analysin gholved f
t he anneal edhat I!!QAVGSWE Yitis twae preper 38 the enaisr ispesies dh jthpubiansfeetion cstiick,sand it was
Tr ansf or med Sekspquentlyppiies fram athergiyug speeies bty Riague assayvarourledyithdhe1BLURBAL SERERNSFOR
tetracyclf n@Ec@ﬂPWﬁl“'éé" FRV/IRLS Becpuep beigroaladiosidiee seapted wish therfliug Bluogalttp vielea
anpi cil lin GeoAw! gl b §(‘£’F‘§%‘ﬁ§'b'? 19R'gques Rty thasecombinant by, Bickingsblus plaayes. ang t he
posi tive col onThég'"%é B' te?(B ifigagion w a'f‘ é“\cgmb"P@EtA m‘f\'}? s Shown to
adup 8= reted ppgve and by hg
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the anal y%' Slg§ lﬂo owl rocﬁe urg Norto%tr:a éoﬁ?r?( 3). h§ ocatlon{o t s eneé‘;?l gﬂengrﬁ\ﬂo PRV
questl on. M F )%H rergn a T I esviruses, t G

+ C cont e“t 0 PlEvtb%s 5& &R\oﬁié\gkewﬁtf vEHihaba R%gm g'@e(/ 016p3@ Bntfo tQPﬁVQnd
content of GRINEGI JAdledid ol A fowtfi ¥xpob i8R PRV rud> Aflim!

of the foreicgHiuds\an S-PHY- di@ftot $ferithd the Qiflity{dR & reRerMiRRSIsQdorai wﬁ@&chﬂe%Bauﬁs&s
t 0 const ricCpseadorsd@Reddbas” table for known genes of the herpesvirus using
a conputer progigRup ot wBandd plgbaind Bl itbiNG: Rirdday-6ill SighetsS Wéetsvekdchatsd ikl SARV-010 and
Exanpl e 24. cHdnengs®miteb tid i@ wesHs|ider Cccording tp VRCCINABON STBDIES IN SWINE. f or m t he
final basis f cRespubsgsadtivearad pigs tvaezinaied) witin SPRVDNE aleBihoviNA Tablallly Sdrsinisteatdnad) his
prayiydes a wias did ngl cabset dugerssi whdtionsi ih \theopigsa Thie ganieatécd ardmai deynlofd RV adotraizing
One can cpet afitibodp. T, opyagtinatedroghtet aniresls #T5 antl #8H elabat inicontachwithethd waceinates did not
her pesvi r us deelee PRYastikBshaprer to challengeT indicaling thy yhasing dirs twae notisbed fiaivacenatagkifton,
predi ction <chafiprige. aliifen vpesivatddcanianalsremained cligidally normahiand fraecof PBMdisgasedh ceptrast, the
her pesvi r us MeiREeRiast coRiEo! Bf H“"g?‘l%?"dtt ee ¢f fiye onvagsinaipd coniel @niple deyelopes PRV flisezsp and
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EXPRESSI ON. éﬁsﬁe agpl [ caﬁts have fou%sorre gen%s a ready exi st that are

favorabl esf or expression in herpesviruses. The trivial cases are those
genes that are already present in the herpesvirus genone -- i.e.,

her pesvi rus. genes thensel ves. 35 However not all herpesvirus genes work in
all other herpesviruses. For exanple, the herpesvirus of turkeys (HVT)

gl ycoprotein A gene is not well expressed in pseudorabies virus
(appl i cames’ unpublished work). This result is predicted by the above

anal ysis - the HVT gA gene has 47% G + C content and PRV has 70% G + C and
their codon usage is very different. Applicants have used several genes
that are well expressed in pseudorabies virus, and sone have been 40

tested in IBR and HVT as well. These genes include the E. col

bet a- gal a€t osi dase gene, the neomycin resistance gene, and the HSV-1

t hym di ne ki nase gene. These genes have a higher than average G + C content
(55-60% and by chance match the pseudorabi es codon usage better than the
average. A second nmethod to practice the invention is to use one of these
genes to grive the expression of the foreign gene in herpesvirus by |inking
the two genes together in a fusion. 45 Most of the other genes that
code for the antigenic proteins of animal viruses have a relatively low G +
C content and do not match the herpesvirus codon usage, and their
expression in herpesviruses can be inproved by practicing this invention.
Sone exangl es of these viruses are swi ne parvovirus (37.8% G + C), sw ne
and bovine rotavirus (34% G + C), swne transm ssible gastroenteritis virus
(37% G + C), parainfluenza type 3 (35% G + C), bovine viral diarrhea,
Newcast | es di sease virus (46% G + C), infectious 50 bronchitis virus (36% G
+ C), to a |l esser extent, and infectious bursal disease virus (53% G + C).
BETA- GALACTOSI DASE ONPG ASSAY METHOD (67)20 The assay nethod foll owed these
steps: 1. Infect Vero or other cells at high multiplicity of infection and
wait for total cytopathic effect (usually next day). 2. Add detergent NP40
to the mediumin each dish to a final concentration of 1% (use 20% NP40
stock 55 in mater) Plpet to Iyse ceIIs and peIIet to clarlfy

. g ~ o T Y T r r I " a1



25. EP 0 332 677 Bl 4. For the reaction, mx 0.7 m Z buffer, 0.2 mM ONPG
solution, and 0.1 m supernatant sapy §326y7iggbe. Let reaction proceed at
roomtenperature until yellow color fornms. Intensity of yellow indicates
beta-gal activity. 5. For quantitative nmeasurenent, spectrophotoneter

readi ngs nust be taken at A420. The first reading 5 nmust be taken at +
10-15 nminutes of reaction as a starti riBBBEBiIdt. The second readi ng shoul d
occur when a good yell %A&ﬁ & heroRL) (RESEONSES. OF WEANEDEPIGS! | owi ng
constraints - |less than 18 VAUCTRATION WiTH SePRVIFALO, AMINd t he A420 readi ng
nmust be 3 ess than 0.9 on the SEEALLEGEHIINSWLRTTYPENFRRI n t hese constraints,
the reaction is linear. The cal cul ations applicants use are: 10

rate = [ (A420 at T2-(A420 at T1)y(T2-T1 in nminutes) units = rate/0.0045

(1 nmole NP = 0.0045) total_units =awiedonsed®otals m s pa-gdpeiat ant x 10
1 unit 3,1 nnole onverfed to NP per mnute |icants do nost
of their conpariso ter i S F or na pur poses,

appl i cants have determ ned tha ) S B4 - ctosidase activity is
equal to 1 mcrogramof active protein. Z Buffer per Liter 20 16.1 g

Na[err] HP[err] .7H20 (O.CBI\/%S.;E:Q [gr] 5200&/) O@S ] (0.01 M 0. 246
.05
aut

g
g [err] £0.001 M 2.7 m beta-nercaptoet hanol 25 just pHto
7.3-7.6 (original refgerence ?ays‘sz 7!'60) D¥ no av&®ROTECTI ON OF
VACCI NATED PI GS A T PARVRVI RIS VI GEM A2 W\eded psdgs, Nireur to si x weeks
of age, were obtainggd.fromayswiae hegd kngwn §€ be g eengh porcine
par\wovirus. Susceptjibility oz. t hﬁ pi gfs was veri{i ed hy denonstrating the
absence 2f serum ne al i zi ng, ant9 bodtes agfai ns par\fovi RE& at the time of
vacci nation. Pigs were gi venTPwoczloses of s2accide cordt abees®d, 10[ err] PFU of
virus, 21 to 28 days apart. One 30 vacci ne group wasggﬁyrha
commercially avail abl e, i nactivated parvovirus vacci ne S¥® second dose.
Serum sanpl es wer e—eptarnetd—weekty—for—evatvattor—of—serumant+bodies to
pseudor &bi es virus and to pof&i me par®oviruds. Thent y32oneNr® 28 days after
t he second vacci nation, vaccynat&€d pigs angg t wgd non-g vaggenat ed,
age- mat ched pi gs VG0 chal | epé;edd)rongzsal I A W 551 Vi I’LH enrm,garvovi rus.
Parvovirus virem a was the criterion Used Tor ieasuring vacci ne efficacy.
35 \— Rarvovirus vPifeni a wa® mesured as ¥ol | §hs: wiol eMFRood was
collected and the @bl s weregsepa ate® frap pl@snma. lsynphgeytes were

separ ated by passage over a cold grafdi enf, and,t hei recovered
foll owi ng treatnent of the cébls%/vitﬁa%rotezase %md p6en e | sol at ed DNA
was reacted, in a slot blot assay (Schleicher & Schuell h

[err] P-label | ed parvovirus RNA. The slot Dblots were exposed to Kronex X-ray
film (Kodak) and developed. gp ,p Pagvovigus ggrum neut i zing anti body
was determ ned by infecting swine testis cell cultures w par vovi rus t hat
had been incubated®rth varyBhg ¥ | ut¥ons <& vatci natbed #PBne serum Three
days after infecti aadsthe cefd cMPtur® nor@ ayeks wele QESigs, n

acet oneftret hanol and i ncubated with a pol ycl onal rabbit DegrestedPPV serum The
fluorescent tag was goat anti-rabbit 1gG (Kirkegaard & PE#&¥y). The serum
anti body titer was determ negs t onbe tfmt dfd ut kpn whechasesigsted in a 50%
or greater reduction of fluogescgpnt faei. 45 MPLES, 1 50
S-PRV-0Q4 W have created a virus that has a deletion iﬂ% junction

regi on between the'au_nl ﬁue.iﬁn% EEIA and the Tnternal repeat o , -and a
deletion in the enttj?og ym di ne ki nase gene in the unique |ong
region. Into the junchronadcdstrdsn we have cloned the herpes sinplex type 1

(HSV-1) thym dine K ngg 2P MARAE ke fatiAS AN fhtedf the | CP4
pronot ey This virus g %lnat ed S-PRV- OOA%&qv g '

NT: Nct Tested
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Ta create this virus, we first cloned the Sall #1 fragnment of PRV. PRV DNA
was prepared and.then cut with Sall gpapsgd &igan enzynme. The cut DNA was
el ectrophoresed on an agarose gel and the largest Sall band (15 kb) was
purified fromthe gel (see PHENOL EXTRACTI ON OF DNA FROM AGARCSE). The
purified 26 EP 0 332 677 Bl DNA was ITABEEWd into the plasm d pSP64 (see
LI GATION) and the DNA m xture was used to transformE. coli HB101 accordi ng

to Maniati s |gkpdloaid ANp CLIRBASAESPGRSES bﬁQQJA\%inﬂﬁlE%Féﬂbw}irﬁﬂédiﬁAﬁN WATHES
The honol ogqus reconbi nati @pW@@QﬂUF@AmGEWﬁ.{ MDCMEbﬁv - PRV- 004 (see

Fl g 2) . 5.I-h C)\apt }.UDI LI UTlI UI j ITC ]_UITVL I_UI'I*I LAz~ UCL Tl III I
sequenci ng tlh&® f{r BENGEPA" 41 fragrent . AF‘?b%E'tefsound 5 that '?‘Pé"_ alores on
regi on was o PBned bet ween LSigps
DNA fromthgq Sall cllone were
reconbi ngfign. One \Jyas a frag
ot her was frjom BanH| #8 from
fragnent s wgre—et-ergd—rto—th
with Stul, dH°Ber3. g kb @yvul |
Uni versity dPosehi cago, and co
f ragnment ;andg

BanmHl / Bgl | | |si

t he hpssbtialighge ect or for

qB FE 1 0Mm HL U BapH and tHe
tD{%y 5920%785 1 a%{r)fd 2P . These

ol A n'F nSpe 4 T |r\ nl ~| WS ot

—LJCKTT P Ot AN TOT

f fg et , Mt qi ned6f rom/B. R8i zmaN00616) THe
tain n&the | ¢P4 pronoter on 10 he BanmH -|N
% {h& Hanfl {OQ f raégmem, fuSed afNofhe
fhtb $hel SPull sit® Thé net'®resulMromttis
series of cl i é2 whi @h jhad quffered aldel etsion ¢f 3kb frgm
bet ween t he [Btsal si tjes, to which [3.8 Kb of the forei gn TK} gene had
begn i ncorpdrated (dee F4g. 2B)<2 Thes4TH gend wass2t hus|f| arlked bNoRRV DNA -
sequencesetq all ow flor iGsertijor? of thg fdrgi gn Pene into Bhe PRBngenone |by
honol ogous rlgGQRRLNAt 1 ONgg The |pkasm o ™ds transfe¢ted 1o | Bo%a{oéebb't
skin cells gcgmgsWitfh the intact PRV Yrdm S PRV- 003, whi ch
pseudor abi eg virus tlhat dyas a|dede |£m |n3tre eryiogenq)us B4 gen Nong’he

t ransf ect i onf—stock—gf—vtrros—was—Screctgd—T 1 HAT IIb'UI T ard—ttre I"Ub WS
identifiéd 4" edted Hy andiVEi b NF | ® destriction pattern RS’
isolated frgmthe irfectged cel lrr@ S— - 0Q4 |cont gi ned|t he HSV-1 ene and
was expressiing this|geneas d S %y the 20 i fcorporati otone

L |ed

o o angh oot 2 SN ﬁm i R R N -
procedur e of N'Gﬂ\bjfst&d al . (41) The | ocation of this gene in the genone df
PRV i s showns hflerrinddbyerRIBEA S| X Weani ng age pigs were vaccinated with

10[ err] i nf echib®y BaydPost Vadtination PRV MiBtreadtbrabial | enged with virulent PRV 28
days | ater, epigdéchrPgoridDdylerortashbilehidT| ON STUDI ES | N SW NE procedure. The
vacci nat egl 28CNPBiges incRAB AR Inacsdindioh, CrdihgustoryRacB@BanBAt | on and devel oped

serum neutr : S
was not recovered fromnasal or tonsillar secretions. After exposure to
virulent P % pof the vaccinated swine were protected against PRV

di sease. TAl RESPONSES OF WEANED PI GS VACCI NATED W TH S- PRV-004 AND
CHALLENGED \pRidlody RULENT PRV Antigen Pig No. Post - Vacci nati on
Post - Chal | enge 35~ Level Anti body Clinical Virus Ant i body

A inical Virus-mang id $sdeadoaBRs virus that has a deletion in th BN T1€ bénb irl 6 Lidue Mg ke 14
Day 21 Day deléion in the repeat region, and kPdYswihe rotavinayglybdprétéin 38 héneluhder the kontrol of thdHSV-1
32 16 ICP4ldain@ter iNgamed into theCrépeat region.  >64 F Swabs 2 16 32
8 Noné® Nor&PRV-0056ius described it Gxample Fabove GadiptherBngineered 1@ contain thelGtavirus antigéh
None None ({(soe Fig4B) as follows. F@sswine rdtavirus gpdfipene Avas cloned info plasmid JBR322 at the Bl site by
None None proces@us previously degufibed hepeinC TheSxgsuiting plasmid wag galled pSY58%g (see Fig. 7)8The 1090
None None bp Psiiragment containing the g8 genesyespelonad, into vector pUC4K atghe Pstl siteguch that it g
4 Nong, kengwe flankeiy BamHi sites in-s¢plasmid cplled pSS@3ihs aKey to clinical signs: C

= CNS, F = Felfasmid ASY230eshad acopplex origin as inferred from the flow chart. These clonings were routine
in nature and are of historical inferest but are not sirictly required to practice the invention. Briefly this

history is:
(1) The McKnight TK gene was the HSV-1 BamHI Q fragment from Haelll at -178 relatlve to CAP site to
BamHI at +2700 which was clonad bstween Hindlll and BamHI in pBR327.
{2) pSY491..The entire TK coding region from the Bglll site at +55 (relative to CAP site) to the BamHI
site at +2700 was cloned into the BamHl site in pSP65 and called pSY491.
(3) pSY481..The polyA signal sequence (pA) on an 800 bp Smal fragment from TK was subcloned into
the Smal site in pSPE5 and was called pSY481.
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55 ,S-PRV-005 is a pseudorabies virus that has a deletion in the repeat
region and in the endogenous PRV Tip gagset7z gl he | ong uni que region, and has
an insertion of the HSV-1 TK gene under the control of the | CP4 pronoter

i ncorporated into both copies of the repeat region between the Xbal site
and t he Hpal4) ps1583.iThe pAh 80 8ihal #agriantione pSY48Eeves Elorgd indo the Rilhcil siteERP pOPEB3Ad 677
Bl To creat ealibp8¥583.r us, we first obtained a clone of BanH #5 fragnent
from PRV ( Fi%ypSY42®8)The ABia1 BamiHiN #egment gsrebieinedérem &F. BnBeiznan tconadtingo thie 8smHicsite
PACYC184 at otnipR3Eanfiwass¢alied RSYB. || GATI ON above). A nmap of the BanH #5
fragment i s (@ RBYA§4iThe P2 frasmentPhEa 1% freral Pedinte BambinGef: H iBefHi4P0 WS fubcigpadnt
was cut wi t NORSEES batweopHige! @H@a'f‘ﬂlénihPﬁ@MN‘%é@"ﬁFaﬁ BSY584.vas purified (see
PHENOL EXTRR@:"P@W@# Bm'"meﬁ/l%@( om pRRé4zang p§POR\ht |°°'F#' rfbﬂ'ﬁ%e@!d'ﬁ'febed

in Exanpl e ieq’d g3 %“"T’Rh sthin the, polylipkoy, @ 5% "F P?&Y %ee“et
purifi ed. Tﬁ dps ‘1“ 'g" ' "éicao'feq% |
FI LL- 1 N°REA he s PB%%%“HE‘P a

resul ting IO ;ﬁ ngﬁu:l nSt r\eé“st i of‘the
632% 1 00 Sma A

del etion w|§
The pl asmi Lﬂ'frla#n% a mAON &
used t ot rfr%HSJsQﬁés Wit ltanéS érﬁ\-llcﬁ ﬁsrﬁJvQ{ﬁng fM\AI Tc&hﬁ&h'&tfoiﬁ b s bR e

a IOSGUOIor PRSP, Yokl a'th%sé | Sitelf h%tdla@Rnd'H% the %F‘i?M?am N%Behe

resul ting sighs ebid3asdd tBIRYeri theéoding tbgioh 60APGI38EEE. t he HSV-1 TK gene i nt 0 t he

del etion in gdathelcRfafichldh tHeBmEI6dyeRaECLsad i tRUbAaiicAG §PaWR0DA) thetplasiia fpSeddo vas

st Qck by topenetWRiRBEHIAdndGhé RORBE NpIEFendmesvBbIEA NG HISIRAE Dy ctilly WithOB:RH) rafd

Wi t hout z0antpse tmodragmeaiteedre dgated ibgether to ForinFPSYEIBS Thecmoedb iortemtationRIRthevyps8 gdnewmas t O

expr ess t lvenfirifidd-by didgnagtirvestiinjion eneyawepdigestion otiliziog sifee with gpe# (see £ig.neA aml BBp| aque

assay (40), hpS¥i9adessiited @bove,tee gPR8 aenbiresideq batweep iwodlgnking HOM{1| DNAfaaments. Thpsd

and by i rThem gRgien werp divvs domelpgsus-IB)\similar regipns o the HEYCloFHioeng in G-RAYDOANINY RiEBrY

SCREEN FORIREOMRB| URpNPr e REringry Jec oR e eredie, SIPRMOO7 68, Thprplasmisicand iSon

of t hi 325 £RY-005, DNAe @nraw' #1d yspa/in the ONAWRANSFEGTION BROCERUREEQIDIGENERATING
RS OMBINAY T "P%‘h%‘ had dngerporaled ke 'QF?"FEFsa"E'!PPat'“ Rigco of thpaTKpeng y¥as

ol with B virug s i c rp Miru
il el GRS
|ncbppor at'&'° ‘*6% [ORAUP u¥hg B VL% s

fragnent’ eﬁre fln wasS R b?r%htdﬁ:ﬁp M '§-pRE-907° c%trfaH?ﬁe iafifds P€
expressed odidn En F@tg in PROMAmHI kst ifibment
const ruct b F.a&& E(Ye\‘hé n et o el e o ot B
bet a- gal act osi dase gene | nt 0o S 9(5) was d| rect l'igation (see DI RECT

LI GATI QY RRAMERRIRE FOR GENERATI NG RECOVBI NANT HERPESVI RUS) . The
bet a- gal actosidase gene was on plasmd pJF751, obtained fromJin Hoch,
Scri pps Cg-prwoignd Research Foundation. This gene is truncated at the 5'
end with a BanH site that has renoved the AGI initiation codon, and the
Aval site i ns-pBRERIs apssudgadbsavirust theat hast ddaletiomid tHesRRY TH ggiondiAthe uliqae lelightedion] K
pronot e (addelgptiondiB}hewensattrediannaridrapdeletitngn 8% ulgiénshgrh tegidiKengeding the PRV Hlyeprotsin X,
fragment, cgéed opXipadidentified andimprogdbyeBea & ala(23)y et Vi IcTKgepe endef theppaatralaf taICP4
cont ai ned PR isserted inplaer oh thelgeX s&9uence CGGATCCG (Fig. 40). After
di gesti on wi The fellewing P’°P?1’é"°f"f'3§ gpreirtp malkesthe (delefion of ﬂﬂ’banf’ﬁ'@ FAYIEeOus ipsortion of e
start of tHRY-hEf gengal %Pc%?@?%@g'@”%gn@"ﬂg %ﬂ E% e’?ﬁ’é’“rﬂ'%%‘?ﬁ@"\%@ %B?Ig'f'r#dﬂt ed
EEL:Itm a

with th& freopyten mt Q%Q ‘%@T l%%g&
roce e reco

pol yl i nker'gedg'a
ESVIRQ

The | s w
oo |- o %ﬁ;%.g&%& Bﬁé& S b %
0 re” uSi ti c|f

that t hﬁefAMT%{)W?%@%EﬁWdP§E€¢mN

h
gene, HE 4t ordillh. €€ were fromthe synthetlc I't nker, and t e rest vvere ?rom

the bet a- gal AElASnBRRE vl RBlectd Sy 1616 PBcd0Btval BRMNARES PRV GasSREN BsRGIeA!

the fusi Oﬂwth%evwm uhferRebskiat Mo, VR-2119-4n0 Wik Gh y IHESTRICHONMARPING OF ©ONwlahd TTA

------ 3 'sOTMERNUIBEOTTHGG OF IINA 18 ThntaiP the Hsval TWQAne'u%bhed in placeDé! the gpX gene (Fig.

TK geness 8B).-The ANTIBODY SEREEN FOR RECOMBINANT HERPESVIRUS frocedure showed that the virus was
expressing the inserted HSV-1 TK gene. The structure of this virus is shown in Figure 8C.
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BanmH |inker A pseudorabies virus construct designated S-PRV-002 which has
a deletion in the PRV TK gene in thepypasedzge | ong region and a deletion
in the repeat region was used as the recipient for the beta-gal act osi dase
gene. Intact S-PRV-002 DNA was mixed with a 30-fold nolar excess of plasmd
DNA cont ai nEXAMRLE® bet a- gal act osi dase gene under the control of the HSV-1
TK pronoter, and this mxture was digested with Xbal restriction enzyne.
The |i gat ed_ml%s used to transfect animal cells, and the transfection

st ock was 28 P 0 332 677 Bl anal yzed for recorrbl nant PRV. First, PRV
DNA was Earse"dwfor‘ﬁr‘ﬁ g @pqduorpliigs virysathat fjag 1§ delstion ip éﬂ?sT'%@ﬁt“P dhthe osg unigye (98107 i

Chi's DA walseliy in,hor repeat rogion: sl a o The g ol bt
Thi s anal ysp ?ﬁ?ﬁﬁ&aﬁzﬁf"s rﬂse'"%&do'ﬁﬁmfhewg agnevearg'swd@éeﬂfma ypis
species in

E\Irzﬂf o§1 %F | Od't]re§t % Usegr{g co st ?1 e o u%rl i I rog|
ot her vir s o | §
(Kn_ﬂ ’Eg %ﬁgaiyaﬂg‘é av?e? i O é’ ﬁ(# z:%

RECOVBI NA fhighh t%ﬁt& %%J ﬁ P&. i:

Bl uogal - togAS éjNaelpsrth & Ui In riifg 443" PoL! EWRéE PRE‘%N P rf‘aqu beta
purify the pecoBidaghe Wis K Gndd BERICHIO eeafrdm Struct
purificati Opositigreatihtodt @@%&uwbeﬁ%&w@&ﬁh%aﬁ? oiy N\@i nab SdibhcdsO
EXPr ess thewZ ¥éidtioh 61 sinddRhied dSdoting gidys df lgex.1106 aaém.@ DNAR ambbNR fr SCRRYS00A S
not ed aboveprwesghihyith £ @olétoh AT RpsHt séduBnce$ NN déldtion Tl BE trpshidie [ dnaXjohé) Gleto
usi ng the swbed sraittansRciid tatpding iy the IDEA TRENSFECTIOINFDR GENERATISG IHECOBIBINAAY VIRUS
fol | owi ng t precqdoreCHhe uscembihaniNarus ems sonsbnédodnt! iparified B9m thEhendfeatiantstook by fhe BhUGGAL
gexe i Nt heSGRERNEDFOREGRINMBINANTHERRESYIRUS-Prgced&€. Previ ous st udi es

denonstr at ed tThewteswting veusiamahis saresd was tesighatgeRs/PRIGI13day bidsdieertidenpditbd withythe ATGORY
and wer e f ubnder facession Ne.dVRagi20. itrontaingdrihecheta-galagtosidage ganp Ingidca gf thagriseeding tegions

vi rul ent PRIFigyfep @5 an#\ﬂ@n?ﬁldet?t"u'eﬁdé’y RREBARATHN, OF &ERRFIVIRUS. R4 fotioyed py) SOUTHERN
det erm ne t BEPTJING Nss The expsespipn Afathe belawalariesidpiecens e sonfigneqd Ryslhe BRAOGAL
agai nst 15 %%R%F% EEOM?'%'&E EE“%%{W&&%@"G\@&F@&fﬂr@?“&%@w’?@f@ subptrate

four- dayzf)l ts vvere CCI nat ed th S- PRV- 0 P ag Eﬁ}segree to
5 e S
Weafneq p! gs T r93|s and ana zedg m E g‘%ﬁh ;ﬂ ?? Ton
ot R ST
ani mal s ?ﬁ?ﬁ.sg Rp |gd% 3 act '%‘rt\%s vag %él]natgé éé;&oﬂ not deve op

PRV anti body %Icaifmﬁ %@@Ldn@ ek we»mﬂeaaa WithSeithd? Sild.GBE pdaBdordbles! S-MAE1B @ s-PRed
from vacci ngisesnd &nfpRe of Hdkih 9B ane Mickied BMuNE WoleNabBEE STE folyhAYIEMAE Gol oloc-
clinically ﬂ&ﬁh&’ﬁéis ansl cdirnes oiktediRd 4AbIFRA BSing hd WESTERR BLOTTINNG PROCEDUREC DY anid
control afi sauee usdtdwishi @adbid Thyger-enui® Berui Orisdtiadgaitlst C:0 eemhllyaspnthesizéd gev edtiggid
PRV di seasepépidb linkéd of bovihe seumialbamitll Ad sioivn RRKigur@ 4, gpX is peontirest in ftiher dnétter oft detts
utility of bRl withlWidageairwsBRY 0G0), btittienot detersedimthe imadie o callsdnfedtetk vith £-RPY012 bd
pi gl et s. Th&PR¥SIA. These paselisaietmenstrate thatthé pgX done ischeisaing Somabth (B-RAVAA12 ahebS-PRY-013
elicited anamiibe tyoeiy, ap¥dpum prdiced inelisiiniected By pitrgl SPBV-aar §iRRVARS. cause
adver se react iTonllowigexpdrimants indipaie thal $-DRVGBIS maydy upedahanaedine iupretsct sying egainshe
(#67) two newodombles disease ang thatd Pre%es wm'\um remogfeew*gchwaa rq&elyéaecﬂmvepuew from
ant i body byW z‘i ejinfectiag. t er chal I e CI nat e ani mal

E

ser 0- posi t i ye pl?ﬁf‘"dr °r8 ds'Bt' B W'thBy
eé&t] ?{3 o ?&C[U aII e(?scr %‘%\eé% SI on i

conpar I son,

cont rol 6791- 'Y_Yﬁx@ 35%% ||w°r§ ghe’e e "CONC rom
.that study 1's B g| ven at a dosage of 10[err] or 1 Of[err],

elicits a protective response in vaccinated piglets or weaned pigs capable
of preventing infection by virulent virus. 35 40 45 50 55 29

50
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ER 0 332 677 Bl TABLE || SEROLOG C AND CLI NI CAL RESPONSES OF WEANED PI GS

5 : FOLLOW NCep&@3badaBON W TH S- PRV- 010 AND CHALLENGE
WTH W LD TYYE PRV 10 Vacci ne Pig . Post
Post Day O Day 24 Day 7 Day 14 70 <2 64 32 32 64
71 <2 16 16 16 err] 72 <2 64
32 16 64 None Per 6 16
None 20 I s—fw-ofgrpgv‘%&nﬂmm 9 s 4 4
None [err] <2 <2 5 res e gm
76 <2° 64 4 3 mnnqe 7 <2 Re§Challedge 64
8 None 78 2 32 3 -Nee—~Ror —i9 2
8 16 64lpg | deare HG‘“ <o By, o 0 256
16 None [errlome?| me< 2 mJngZiuxnghze' ins
[err] 8% NT EII <2 < <2 <2
16 None [eri] A I &Nr 2 N2 [ WS S 40
[err] 55 30 EP O 677, B1, TAB rA ESPONSES
OF 4-DAY-OLD Pl GLETE gl LOM i va LLENGE
WTH W LD TYPE| PRV NaccPhel3 | 1 g Bunber | NG trimdy
Titers[err] Pcst-ChaIIenge
Clinical Si gnsD%Ptﬁt Vacci natijch 2 HOMEE - NEG
Day 0 Day y = Baty=— vHgnt t 60
<2 4 16 8 g2 2 U‘g =
64_ 8 64| 1# |6 k2 8<2 Nores NG 62
<2 ) 2 | TCID,l6 16 63
<2 b Dose|64 <2"H<2 642 <2 o NS
None 20 . 53«2 <2 52? NG 2 64 >6 32
16 None 1 1p- Cont act 66 2 }21r NT 1~ferr]
- Comat osqa, Cont rols 1018 16 32 (NG NG (>64 >6 | NG
Died 67 P P 64 32 None 25
Control s 7 1 R~ Nr — <« & NG _leff] — - -
CNS Signs[err] [Di ed 550 12! NT o NEs o] NG >5k €1 ds qie
CNS Si gns,
N ; 1B|4 8 R (NG | NG |6 >6| NG
g 8 16 2 MG | MG | >64 >64| S
5 iy |62 2 8 [Nn | NG | 6 6| NG
; 7ie 18 2 (N NG 4 64| N
! 8k2 <2 <2 NG NG 2 16 F,C
Gniact
o Grixal |19 -* — — ING NG e
- 2 <2 —]| FGD
khﬂls:; a4 Nt Apiiche <2 2 F,C
Grird
*® — 2 <2 2l mc
®Xey to clinical signs: NEG=Neative,
C=QNS, D=Death, F=Febrile, R=Respiratory,
S=Scours
Not. tested
50 crificed Day 4 post-vaccination

crificed Day 7 post-vaccimation;
runt ding poorly

Following vaccination, all animals were free of adverse reactions and all but 2 (weaned pigs) developed

55 serum neutralizing antibody titers of 1:2 to 1:64. Virus was not recovered from tonsillar swabs of any pig or
from tissues taken from the piglet (#11) sacrificed on Day 4. One of 2 contact control piglets (#19) was
sacrificed 7 days into the experiment because it was a runt and doing poorly. Tissues from this piglet were
negative when cultured for PRV. The other contact control remained healthy and did not develop PRV
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Di,ed 89 NT NT <2 [err] - D ed 30
NT: Not Tested [err] Determ ned by RplEssde7@Bad 8 Days Post Vaccination
From Ruptured Stomach [err] Died on or Prior to Day 7 Post-Challenge 35 d
CNS Signs include Ataxia, Incoordination, Grcling Lateral Recunbency
EXAVMPLE 4 Sarftifedy @Oq iechaliRpg07 i s a seudor abi es virus that has a del etion
in the PRV TKAferghalenge; 'évqsmmwea emgigadpfinically permaliand develepqd gecendpyy aptibody

regi on, and’%ﬂ’?@%w%@“@?‘a‘iﬂ"‘(%@'gm WOO'F? Hf@i ¢haltpng ‘éﬁ@'lﬂ%é’f‘ dPY‘P@P%HP'F%IC‘"Bﬂa'
t he HSV-1 4!33"""1“%1@‘@te “@EF diedfolfoyin QF% g
virus destri bl “H‘ e o‘§15 D "ﬁﬁ%'afgﬂ'r'f‘ﬂﬁ?’sé’ % Q/F‘ %’ '%}Ia;{
rotavirus a €

was cl oned M%‘ %‘%fc efﬁ’ '%%'r s-sq‘?sﬁ se? o‘gzﬂe urags prev ‘ously

descri bed hereln The resulting plasnld was called pSY565 (see Fig. 7). The
1090 bp Bstl fragment containing the gp38 gene was cloned into vector pUCAK
at the Pstl site such that it became flanked by BanH sites in a plasmd
cal |l ed pSY762. 50 Plasm d pSY590 has had a conplex origin as inferred
fromthe flowchart. These clonings were routine in nature and are of

hi storical interest but are not strictly required to practice the
inventions Briefly this history is: (1) The MKnight TK gene was the HSV-1
BanH Q fragnment fromHaelll at -178 relative to CAP site to BanH at +2700
whi ch was cl oned between Hindl Il and BanH in pBR327. 55 (2) pSY491 .. The
entire TK coding region fromthe Bglll site at +55 (relative to CAP site)
to\the BanH site at + 2700 was cloned into the BanH site in pSP65 and
called p8¥491. (3) pSY481..The pol yA signal sequence (pA) on an 800 bp Snal
fragment from TK was subeloned into the Smal site in pSP65 and was call ed
pSY481. 31 EP 0 332 67 Bl (4) pSY583..The pA 800 bp Smal fragment from
pSY481 was cloned into the Hincll site in pSP65 and call ed pSY583. (5)
pSY429..The HSV-1 BanH N fragnment was obtained fromDr. B. Roiznan cl oned
into the BamH site of pBR322 and was cal | ed pSY429. 5 (6) pSY584..The
2.2kb fragnment of BanmH N fromPvull to BanH (Ref. 16) in pSY420 was

subcl oned into pSP65 between Hincil and BanH in the polylinker and was
called pSY584. (7) pSY479.. A plasm d was constructed from pSP64 and pSP65

t hah_eontgi ned a fused pol ylinker sequence. Both plasmids were cut with
Pstl in the polylinker and Pvul in the plasm d body. The net effect of this
construct was to create a fusion plasm d called pSP66 which has a
symmetrical polylinker 10 @ sequence centered on the Pstl site. pSY479 is
the nanme of this plasmd and it also contained a Pstl fragment cloned into
the Pstl site that is irrelevant for the mani pulations that follow Plasmd
PSY590 was created from pSY583, pSY584, and pSY479 in a three fragnent
ligation of the follow ng elenents: the 3kb plasnm d sequences from pSY479
(pSP66) cut with Pstl, the 800 bp Smal pA fragnment cut fromthe polylinker
in pSY583 with Pstl and BanH |, and the 2200 bp BanH N fragnent cut is
frompSY583 with Pstl and BanHl. Fig. 7 shows the final configuration of

all of these DNA fragnments in pSY590. There is a single BanH site in the
pl asm d between the pronoter in BamH N and the TK pA signal that was used
to insert the coding region of the gp38 gene. For the creation of the

honol ogy yector used in the formation of S-PRV-007, the plasm d pSY590 was
opened with BanH , and the 1090 bp gp38 gene was renoved from pSY762 by
cutting with BanH , and 20 these two fragnments were ligated together to
form pSY596. The correct orientation of the gp38 gene was confirnmed by

di agnostic restriction enzyne digestion utilizing sites with gp38 (see Fig.
1 OA and g OB). In pSY596 descri bed above, the gp38 gene resided between
two flanking HSV-1 DNA fragnents. These
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two regions were thus honologous to simlar regions on the HSV-1 TK gene in
S- PRV- 005, and these regi ons were gpgdss 77 8fre honol ogous reconbi nation to

create S-PRV-007 (Fig. 6A).

The plasm d and S

25 PRV-005 DNAs were m xed
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187s
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PRV cal |l ed S- - (ﬁé ad $gie I ot &V r us| ncorgorat ed into
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foll owi ng procedur K he delbtion ‘of gpX and the
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hoRol ogy to P L 9 rg %Io‘ne fr*@ nt ES r?t—’ %@% fragnment and
BanHl #20 fragngn (fzxg pogli oy &7 a3 Ndgd; 4o -II<265 cP - e BanH and Ndel
sites were filled iin according to the PO YMERASE Fﬁ LL-1 N BEACTION, and the
Pvul | fragnment| of HSVH 1 was, _ijnserté¢d b TI'ON. THis plasnmid was
transfected with i e&bfzg\%re\ﬂ 62| DRia %cc’{#’d rrgé\t‘o t s TRANSFECTI ON FOR
GENERATI NG RECOVBI <Y RYJS g)r;@cbdyre.. 28 ogib Nagy \%rus was sel ect ed
by HAT ZELECTI ON O‘T‘ RECOVBI NANT HERPESVI RUS procedure, gnd screened by the
50 ANTI BODY SCREEEQ';R@*RECIJVB? NENT FERPEI® RUS2pMocede ¢ Nsi ng anti bodi es
specific for th L _prot ei ne_redonpin ifus,s cted by this
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unders Agccessi on 3\g. 1VQ<2119 aghenas @thy RESER WA\PPI NG OF DNA and
SOUTHERN BLOTTI NG GF DNA to contajn the HSV- TK gene inserted in place of
t he gpX gene (Fig. lE]G 8B) .4 The m&ﬁ” BODY BRE ﬁ@ﬂ NT HERPESVI RUS
procedure showed th e S exr [ t r HSV-1 TK gene.
The structure pf tﬁ% \E/?rus |$sls3§h)v\ni1' i n % %‘8 . 35@96 0 332 677 Bl
EXAMPLEg6 S-P \/-OIE‘] S S- PRV-0 IS [a pseduorables vifus that has a
deletion in th déhe2i 2t vi2 $20hgNanijquea r ggitor?, | a Gl @3 on i n t he repeat
region and a d%!eﬂi“ He—gp*—toa-rg—f-egron—t E—Qe-ne-f-e-rh-E coli beta-
gal act osi dase IacZ]gene) was iynserted in pl 3G9 of th;ef.,gﬁé gene and is
‘under the contfol {he endogenous gpX gene {pronoter. The foll ow ng
procedures werg used®io construexz S-PRV-013 tyZhd?mPI defeRisM@beconbi nat i on.
The 10 flanking P ¢pnol regj ong_ were frdmztge I‘%tﬁzc%éam-ll #10
fragment whi ch ne%%ﬁd gﬁh{;r arld “f o t W&" EToned BamH #7
fragment exten hm etz sl'te to the |Banmd | siger(ddbgure 9A). The

| N REACTI ON, and

H#10 and BanH
a%‘?’ e gene between
Mt h a del etion of

Sabd DNA from
sguences and a
cordrng
The

reconbi nant virus was screened and purified fromthe transfection stock by
t he BLUOGAL SCREEN FOR RECOVBI NANT HERPESVI RUS procedure
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.The resulting virus fromthis screen was designated S-PRV-013 and
has been deposited with the ATCC ungprg £29gi0n No. VR 2120.

It contai ned

t he bet a- gal act osi dase gene in place of the gpX coding regions (Figures 9B
and 9C) as determ ned by PREPARATI ON OF HERPESVI RUS DNA fol | owed by

SOUTHERN BLOTTI NG OF DNA. The expre55|on of the beta-gal act osi dase gene was
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in this experiment, all of the vaccinated animals remained healthy following vaccination, developed

55

serum neutralizing antibody to PRV and did not shed vaccine virus in tonsillar secretions. After challenge

with virulent virus, vaccinates of both age groups remained free of PRV disease; whereas the 3 non-
vaccinated contact controls and 10 of 11 of the challenge controls developed severe pseudorabies disease.
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15 20 25 35 40 45 50 55 35 EP 0 332 677 Bl [err] 55 36 EP 0 332 677
Bl [err] [err] In this experinent,gmplagde7 B¢ vacci nated ani mal s remai ned
heal t hy foll owi ng vacci nation, devel oped 55 serum neutralizing antibody to
PRV and did not shed vaccine virus in tonsillar secretions. After challenge
Wi t h vi r ul enThevserums sampies cplivetbe froro fthehwsctinategeand rehaliprged ewing werd assaped byf thPIgX

di sease, \HiSAcassayiPrsae thergene/facapXvas deletedinony 8PRY-O1; it ¢l expested thaDsvide vadeingfed t he
chal | enge vithStRRYH033 tvowie bey [E@Q"@e%ﬂfethgﬁﬁd@shbf this agffiger olbe chalignge vinspagedth
677 Bl TherX e 1se ypaciaated gnimaly werd pratested thycthe, waseinalion Eem pertderphigs| dsegedvhodi ne
were as8a ii'e dt‘”ﬁ'ét pild-rpe ds.Howayer, VE&E’E‘&'@%@""{‘%‘” %ﬁ%’"‘PtS’F’a BHHB%" Teétbéd
from S PR\M?[‘S' "Q%S"P a@k E‘t'é °ff"’ﬁ XBHCIRE ta X "8'193

be sero-ne f"f' ’Pa' tRc! ata f"lt I?RV g% ef e §
d I ?i ve vaccme
Vacei nay.i d {b” Ty F%’EPS %"%“‘e"ﬁ%”és Eg‘"%"' T d"g‘i"ﬁ PE Gy

Vi rus. vvever VaCCI n ted ani mal s were asyrrptomat | cal | y super-infected by
the chall qgg&ﬁp@é;al n and woul d, therefore, be expected to produce

anti bodi es—to gpX upon chall enge. As shown in Figure 5 serumfrom an

ani mal vacgepmagigd Wi th S-PRV-013 remmi ned negative for gpX until after
challenge WitTh The wild-type virus. These results indicate that S PRV-013

i s an eff ect . pRV-GHCHS iaReibrabibs Wirdd) thethal @Iddlefidh it the GbX 3sdaG rédionDEheCiehid foh glUdo hed
from ani nalet-galdtesniagtvasi inserted ih Piadeydd ehe\gpX yendoynd & thasriheccohtibl ofSthe ertibghnagPXt i C
assay. EXAhddider.7 S-PRV-014 15 S-PRV-014 is a pseudorabies virus that has a
deketi on i n ThedolgpiMg pocidags wergiusal. to Eteete GeRRY-01é by Romatagbis rbeimbingtinh.che digrikilas e
was i nsmr tRRY homolofaegionsf wetrd)tong thix cipeercBamitl # Gsfragmelet rwhich eontainsttireodpXarrontdies, and
endogenoudrogpie plonediiamHl #7Tasmpis] sktendingdgfropy he del sites to\teer Bami gitp (Figure 9k Jhe: Ndel

S- PRV- 014 sitg wisoiled bpoerdingde SaifOREMERASE FithdN REAGIIION gndibe betRyalastopidase gone was
regi ons wdnsergdrhetweerhibe Barail 0 e RamHiA7 ragmenisrihis CWT"&‘}P%FH'TP%“%EE’W%? 9@33

pr onot er , QQFij?hf"Hrﬂ'etﬂ@‘ E’P’B‘Pf%rcP"Bé'?ﬂ-ﬂpX#PP'Vf‘Pé' ??émqugsew Fﬁ’

site to®t Hed r'ﬁﬂP"ft h '° Cﬁgto

t he POLY P h X N FO

i nsert ed tv' EﬁE re" G"a'ﬁ"ﬂ 1o e 6%? yt |s cons Crtzy FOR

POy i one sfﬁtlﬁ AL 75 g | ﬁgf s lfsaafé Esewaga;o%ﬁedw wolAGCEPX

pol Y ' YnGar A%gbgél'& o vidle :i% cShtaing He%gta geﬁg R &ftﬂ% gpX coding region as
determined by PREPARATION OF HERPESVIRUS DNA followed by SOUTHERN BLOTTING DNA. The
expression of the beta-galactosidase gene was confirmed by the BLUOGAL SCREEN FOR RECOMBINANT
HERPESVIRUS test, and by the o-nitrophenylgalactopyranoside substrate assay (33). The structure of this
virus is shown in Figure 9D.

35
EXAMPLE 8

S-PRV-016

40 S-PRV-016 is a pseudorabies virus that has a deletion in both repeat sequences, and a deletion in the
gpX coding region. The gene for E. coli beta-galactosidase was inserted in place of the gpX gene and is
under the control of the endogenous gpX gene promoter. -

The following procedures were used to construct S-PRV-016 by homologous recombination. The
flanking PRV homology regions were from the cloned BamHl #10 fragment which contains the gpX

45 promoter, and from the cloned BamHI #7 fragment extending from the Ndel site to the BamHl site (Figure
9). The- Ndel site was filled in according to the POLYMERASE FILL-IN REACTION, and the beta-
galactosidase gene was inserted between the BamHl #10 and BamHl #7 fragmenis. The construct
positioned the beta-galactosidase gene behind the gpX promoter and the gpX poly A signal sequence with
a deletion of almost all of the coding region of gpX. The plasmid DNA and DNA from S-PRV-001 were

50 mixed and transfected according to the DNA TRANSFECTION FOR GENERATING RECOMBINANT VIRUS
procedure. The recombinant virus was screened and purified for the transfection stock by the BLUOGAL
SCREEN FOR RECOMBINANT HERPESVIRUS procedure.

The resulting virus from this screen was designated S-PRV-016 and has bsen deposited with the ATCC
Accession No. VR 2136. It contains the beta-galactosidase gene in place of the gpX coding region as

55 determined by PREPARATION OF HERPESVIRUS DNA followed by SOUTHERN BLOTTING OF DNA. The
expression of the beta-galactosidase gene was confirmed by the BLUOGAL SCREEN FOR RECOMBINANT
HERPESVIRUS test, and by the o-n|trophenyIgalactopyranosnde substrate assay (33). The structure of this
virus is shown in Figure 9E.
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25 coding region of gpX. The plasm d DNA and DNA fromw | d-type PRV were
m xed and transfected according to ighey s e7FBINSFECTI ON FOR GENERATI NG
RECOMBI NANT VI RUS procedure. The reconbi nant virus was screened and
purified fromthe transfection stock by the BLUOGAL SCREEN FOR RECOVBI NANT
HERPESVI RUSEXAMRIEGUr e. The resulting virus fromthis screen was desi gnated
S-PRV-014 and has been deposited with the ATCC 30 wunder Accession No. VR
2135. It coftPBVH20 t he bet a- gal act osi dase gene in place of the gpX coding
regi on as determ ned by PREPARATI ON OF HERPESVI RUS DNA fol | owed by SOUTHERN
BLOTTI NG DNA. STHRY-02Q (i @ saqudprabise virppethiecpptaipmp deletion initie dK gerre avdaletion g therrpreet
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endogenous dg gl 99 Shuen o) %ﬂ‘ %9
construct S-Phys Q%%}JH& r%é bé%B to ?es G)@ éﬁg a RBLIPAY
regi ons ver ggdal %anéawéé Saee iplidn2EHERRoWHN & Qenﬁﬂ%%e%cltsﬁ@atgﬂag i
pronoter, agshtfd M8RE SiteCat amma@b% vdszclsﬁea%mén tReXBAHI iRONdol S0k §isX (BédeFigure
site to t he7BamdB). Pladnfid EBYEBY icontdined thisRaghidRYl of el rarveiks Bi deheftbnkda bﬁ}QE@ﬁﬁd §ighat O
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posi ti oned PR¢gheina- Thal pesmidddNfasd SRRE0IBEDINANEré nixed)pid transfentddetpgetidadebrding) X
poly A si gntie DNAGIRANSEEGHQN FGR GENERATING BFCOMBINANT YIRUS pfocedurs. Tlediecmynbinedivives
of gpX. Thewpd spseenetl @d/ouifnd ONAe frarsfection RRgk O ThenBUOGAD SORERRN FORNGECOMBINANT

t r ansf ect ed HERRESVIRUS (precedurs wit DRR\ folpylng Ireiifivationy Becgrseahppaenta! IS I Somiaipapthe
VI RUS pr ocebi# @a'aCfPFiéasP @Q‘@n’bﬂ%@[ﬁ?" O'P? El%q“Wa‘Q t@@?’é@ﬁ@d’@iﬁ’ﬁs" %@P?%tF%Rf“PWS PWE"G

procedure.

and has bee Ihﬁ sF '" wﬁc‘l?é'%’?feﬂ '02@% Vggél{"ﬁbeﬁ'b‘f‘ﬁpaﬁ'tﬁ%w'%e
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SCREEN FOR e’of wnl Figure 13C

o- ni trophenyl ga act opyran05| e su strate assay 33 rhe structure of this

virus i s shewuple 1gi gure 9E. 38 EP 0 332 677 Bl EXAI\/PLE 9 S-PRV-020 5
S-PRV-02@;1 5 a pseudorabies virus that contains a deletion in the TK gene,
a del etion sipRVIdEs repeat regions, and a deletion of the gpX gene, with an

i nsertion of the swi ne parvovirus B capsid protein gene into the gpX
region. For clmaciotng dithesB\jene aiccongirudtionis! tidsg)digral setilvacdsléith tH8 Bsgendiara described in
doubl e- st r aBxkagleraxot meahowndn FigwertONA was purified from sw ne parvovirus

i nf ect ed el | SThaMREGAIIGATION PRRCEPYREFORTGENEBATING RECOMBINANT HERPESVIRUSwasseda.
i 0 The par v#vihsegdhengrpovigs Brganeniaty Ve feaipiasmisopSYRY @ntaining thoi} gepaiwgs ¥ithh §-
net hods det BRY-802 PYA gnpddey werpocubniih spgiectinaenzyrg Xhal. Jhe, DA, mirg wasfipaten,ps; qeecribed

d L‘)‘rfh‘b‘l"etf'?ﬁ’ea"g e QNAwas tiapsiecie intq,Yerq pgl th igolated
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PI

inthe rdt 8}
par vovi r us Be mrm )
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was cl oned kgiwmgn4t he BanH and Ndel site of ng (see Figure 7A and B).
Plasm d pSY8621—C0‘th‘ai ned this fragnent of the parvovirus B gene fl anked by
the gpX sigeadrveegiuence as shown in Figure 13. It was used as the

honol ogous DNAT0 pronote honol ogous recom _

§5 . S-PRV-029 is a pseudorabies virus that has a deletion in the junction region between the unique long
region and the internal repeat of PRV, and a delstion in the gpX gene in the unique short region. The E. coli
beta-galactosidase gens under the confrol of the gpX promoter and polyadenylation signals has been
inserted into both deletions in S-PRV-029.
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bi.nati on between S-PRV-013 DNA and the plasmd DNA to facilitate the

I ncorporation of the B gene into tgeg382 ¢4 genone. The plasm d DNA and
S-PRV-013 DNA were m xed and transfected together according to the DNA
TRANSFECTI ON FOR GENERATI NG RECOMBI NANT VI RUS procedure. The reconbi nant
virus was scloeongidctahis vipsrthef Salld1 fragmentef PRV avas firstolonerd PBY BNR way prepeeedBind /@S L
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I nt 0 bact er iingthe dhtatsudcesstilly prantite thib invention withiaoy aningal bdngesyiuesent di scl osure i s
whi ch marker genes to use that will be active in a herpesvirus, nor which
si gnal sequEXAMBLEY use for the expression of foreign genes in these
her pesviruses._The E.. coli beta- gal act 05| dase gene and neo Ci n re5| st ance
gene under the' Ed%’l‘isP’Hl'“"GF"%‘H’ém i“F rginegr Eﬁ( imajs
the HSV-1 TRQ di3s ﬁ.% ng?% 8%{’ “°"ﬁ'ﬁ" "ﬁ" serve
works in PR\? %13; “é:n‘#'f:; ﬁ'ﬁrgpe ?Pé raB \'f% %cﬁm @E" ?c'"e
limted t Sﬁ vgc lééan eCIe swmemﬁﬁ%ﬁa |
JBRE P
£ ro t

DNA. - The '“ts uorak dan ?e&
Nxﬁa %‘i‘urﬁ
hese ar e present |n the sane

her pesvi rus; rjaqo SRR

cont ai ni ng { gene.

cell, norgul nechanlsns of honDIogous reconblnatlon ensure that a
reconbination wi |l occur between the honol ogous regions in the clone and
the same region in the herpesvirus DNA, thus substituting the marker gene
for the deleted so regions in the virus, with frequency of about 1% The
techni que invol ves the TRANSFECTI ON PROCE- DURE FOR GENERATI NG RECOVBI NANT
HERPESVI RE)SES as detailed in the nethods section. PURI FY HERPESVI RUS DNA
Her pesvirus DNA may be purified according to the nethods descri bed above.
SELECT RECOVBI NANT PLAQUE. All the herpesviruses contenplated by this

i nvention formplaques 55 (foci of infection in cell culture) that enable
their purification. A plaque results frominfection by a single virus
particle. Thus picking a single plague sabects for the progeny of a single
reconbi nati onal event. This technical feat requires a nethod to identify
whi ch plaque to pick. The nethods used herein include SOUTHERN BLOTTI NG OF
DNA to pick the plague based upon the presence of the inserted gene, 42
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ERP 0 332 677 Bl ANTI BODY SCREEN FOR RECOVBI NANT HERPESVI RUS, to pick the

pl ague based upon the presence of pgpetsgpgraBie fromthe gene, BLUOGAL
SCREEN FOR RECOMBI NANT HERPESVI RUSES to pick a plague that expresses the
mar ker gene bet a-gal act osi dase or G 418 SELECTI ON TO PURI FY RECOVBI NAN
HERPESVI RUSES to pick the plaque by its ability to formin the presence of
the antibiotic G418. The first 5 two nethods are applicable to any gene;
the latter two are specific for the beta-gal act osi dase gene and neonycin
resi stance gene respectively. The biol ogy of these screening and sel ection
systens is such that they are applicable to any herpesvirus, including EHV,
CHV, FHV, and any ani mal--herpesyirus r ta the PURI FY RECOVBI NANT

VIRUS. This procedure ipv Igvgs lltijpl B pl aqde pufifidat]i ons in succession
to 10 conpletely purifyjt §5ec i ant _yifu ) {rgqml]t he parental virus.
The screening is appliefl ats Fach @B} 3 @u@?@ egn8 @adue with which to
continue. The proceduresw EeOknoW| tjo [ hose dKi Ted|iny tlhe art of virol ogy.
Mul ti val ent vacci nes 'fo*s @Eal Stay| b ¢onstir uct y ijnserting a foreign
antigen gene into a herpa$ws Bus| The pr o¢edurles| a t Hodol ogy are very
anal ogous to those used E()P’ Theliditlial {nderltibn 15 [t he mar ker gene
into the virus and may 3§ onmed [as{ 1 erijovs. | S TUYTE FORElI GN ANTI GEN
GENE FOR MARKER GENE | N h’g INH. |This|ig c g fexperi nment that

i nvol ves putting the an}$ )| bghi pd th@sgt'e egvirus pronoter used
w th the marker gene ang";:i ' $hiB oS U i jIntjlo the sane :
idenyical deletion in the P | N s’i"l&L g1eshg r this cloning are
described in Maniatis ef3 < | TRANSH WITH ANTI GEN CLONE +
RECOMVBI NANT HERPES DNA RKER ‘{'he nr ene that is already
present in the herpesvi [g nmely pefugeq (o n |t he sel ection of

t he new reconbi nant. Fol@ i t{ hps|proven| u t#o select white

pl aques instead of blue|# 3| 8| &S |Dsd f |bet a- gal act osi dase
in this step. One reasopgy res&nk | &f ﬁ_ adque is the

repl acement of the beta-g flasley pene WitV rgi gn antigen gene by
honol ogous reconbi natiopheg esfi red{oyt g tijnued screening for
thi s new reconbi nant i RN BLOT BR( or| by the ANTI BODY
SCREEN FOR RECOVBI NANTS et &| 1 ess

ti me-consum ng and speﬁE' tHe re ilrnt of interest.

| SOLATE RECOVBI NANT HERPE$ SDONA alidhe gefr e requires intact

i nfectious herpes- virupZ SF|pBkv s2lwhi ch i ncl ude an
inserted marker gene majg tt;';(:% 2 @3 pesvi rus DNA
procedure is equally appp cqg n tluses. SCREEN
TRANSFECTI ON STOCK FOR F ON. B¢ i) net hods have been
descri bed above. They af rdife t@#lods (screening for
't he absence of the markg t [meth HERN BLOT for the
antigen gene, and ANTI BOW9 X refs offei n). The net hods
may be applied sequenti fi R & he virus. 35

PURI FY RECOVBI NANT VI RUBE$ € ANT NE. The reconbi nant
virus containing the fofgi |yl be gld according to the
procedures descri bed abpP¢—Fh -f—5+ep of\g Wi th the net hods
and exanpl es described h&|ei B ¢nd hnyone | | he art to
successfully practice t e i_§veﬂti @ny| Ani pesvirus. 40
EXAVPLE 17 The present |&{d&hsi o g he Bse et i cal |y engi neer ed
her pesviruses to protect®ai gal § 3 sgase. not apparent at

t he outset of research phi @gdeﬂ@' cher|pesv oul d serve to
attenuate the viruses tp ttheBpr ¢ & sd &s gler them useful as
vaccines. Even testing yagcife 4% s ldh a fodel s, e.g. nouse,
does not serve as a val i ndi e safety i cacy of the

vaccine in the target aninmal species, e.g. swwne. To illustrate this point
nore clearly, Table VII shows sumuary data of the safety and efficacy of
vari ous pseudor abi es viruses which were constructed and tested in sw ne
according to the VACCI NATION STUDI ES I N SWNE procedure. so 55 43



ER 0 332 677 Bl [err] 44  EP 0 332 677 Bl The eight constructs that have
been tested have the foll ow ng del etgpqssadye ginsertions in the genone of
the virul ent Shope strain of PRV.: S-PRV-001 has a deletion in both repeat
regions; S-PRV-002 has a deletion in both repeat regions and in the

t hym di ne ki nase gene; S-PRV-003 has a deletion in the 5 thymdine kinase
gene; S- PRV- 00he eight pRigtr@is(hat BaveRgerQasdnd Haveriy/folloking ildtioBs id\hsgrtionsd e genome of
descri bed i fe Ej(d?fﬁlsé°ﬂ$' grain_ of PRVG S-PRVIAL h Gelption tin beth yepest, r r$'BBV'0%’c'@ﬁSrﬂe
product rusgelefien "bPB‘Bd&F@a*cleﬂ'ﬁ’Fsc%ﬂd ig j tam $hymiding _kinagp, gengy BY ag { (dplgtiongn dhe
sensitive ag‘ 'dmah\ﬂa |Q9%ﬁ de'OBf' c?t"’e% 18ns’PﬁV’B1ag§ 034 P B%V"“Iﬁralﬁw‘i"’Fﬁﬂhe‘é in

VIL, it is {@ ﬁp\?t‘,’Yne canld I’OVI soqrE gre

attenuation a ) ?)E‘F., i i gp' Eﬂi q 't"ﬁ
\rNﬁSpﬁnse E%\dlg tg0\\2 n% gcé;@aoffa e?nuatu];r? 2 roe l l F%l but ea §aa£me r Yﬁ%ﬁ:
gelng 0033 alegéon rg&b %g J\e&&ﬁ ﬁorﬁ 933 thla??go%ta ns ft i‘ fo nsi.n

was unexpecg ions pa%%ﬁe){p é&“’r @Fe@ génerlovel %B’é& 5 useﬁﬂﬁ tHé Ql né Ul te perior

sel ecti ons eu@o,a%gégegobﬂgp,gaﬁy orab |es vacci ne produ
S-PRV-055 S PRV-055 is a pseudorabies virus that has a deI etlon |n the TK

gene, a degl ekameiie the repeat region, 20 and an insertion of the

transm ssi ble gastroenteritis virus (TGE) gpl95 gene in the Xbal site in
the repeat segvass For cloning the TGE gpl95 gene, the Purdue strain of TGE
was grown in swne testes cells in culture and RNA was extracted from

i nkegt ed cel | S-PRVHISS5 RNApssedorabe dirus thap haseavdpletian in tharTdogene tai deletiop rimthe capkat zegion,
out |'i ned 2 nandman inBition GLIBNIrdISNissikle eabtreenteritsi virys (JTGF)/9rI95 gane iy therbal fsidsy in ths\reese
transcri ptasgonFromthis 25 procedure, a series of clones was obtained that
conpri sed par tFer @gningike Hahanias gane; the Porde sypip Q5 TGETNRS greytndip Fujie tgptes qells i cplture
encodi ng t handTRiA QPiQ’;‘I’ §°'ﬂa’§°‘¥ﬁ9e??"-°p|]b? iRYAcYRs (usep) '"aﬂw[?"ﬁ'?ﬁ kansgriplign Rsgiocghas
was usedgg 03:2‘5‘6% rpthg HBN &HQN'iNﬁ Rsepedye aﬂ@sPO'Weasem"rer 'd 8‘ﬁ° r"é%?&" efFr’%{?ré"‘%
the gpl 9

o g% st T oy
PRV gpX ' \ﬁgused
pol y-A sf’éoéﬂp&g;;%é ;g Rxat °"P§ﬁ§? ﬁmmeewa{ﬁ gﬁ,ﬁm SR Hase?eqhegcedf o

conkai ned, Pkﬁscg dﬁ@ﬁ%‘i’&ﬁfw@ 'ffgﬁéﬁ &"Jﬁ% fz?ﬁ% %éryegiﬁ'éiﬁ%e
or & AT ok;

contai ne@o ( gsedttcpte

gxX 5" untra ctc a%.ﬁaa 5 %k%a& |te Bt uRkfHSlatec N
in-frame f U?dgﬂﬂ t 63 n %chébng RNfe 3K gt aBhinEnb fidioh ® thd heE § 5 gene at the
structural gaBfsie! g\@ TG%r&fu@g&@C{WTG@stéﬂlédd&ﬂ aWdsioR iwithit 1he TEER' uhtransiated region to
unt ransl at eeheH3YITRIY dn@arisla®d k3idn, Bid the HBVTK pBIG-AighAl séqegricen, and the HSV TK
pol y- A sisgnal TheqaeR6Rtructién was used 18 thé GIREGITLIGATION PROCEDBRE FORGENERATING REGHIET
LI GATI ON PRENANURERPESVIRESES RAektriion htymis! Xbi Wil ed i BRIPkHE\ARRUBEASand Ressdiasmizit DN
enzyme Xbal piddo ligstich. tAdtercihé triafséacidin\stdpNA ten proteldare piha SesultingDbdéorgiinantr viru® from the
1igation. Afrérefectichetotk wasplagust pudfied D enalyisis of the DNA etoactustan, Thehirus thas udstited drom this
reconbi nant seréaning was dasigedted -PRMBS6ect i on st ock was pl aque purified by

anal ysi s “of _t HEPRINSS gonteiaad ihesTREHgp19hgeng iinsertedah e Xbés%‘;l!ﬁ indhe rppaghiegipn as shown by
screeni ng wis SPTHERR, BT TRIGRE DY procedyre using leliQG agding gipn 85 Rieke- Theeoxaregsion of

gp195 gene gﬂ;ﬁﬂ%wa'ﬂ Yehahoxp Ay g ARTBOPY RERERALERR REGQYIINANS HERGWYIRY rrore-
SOUTHERN BL NG OF dur e us TGE codi ng regi on as probe.
The expr essi oE‘J“BF“‘FWée °§,8’f3g%g?e'8€%‘1wﬂ “g%é?o by the ANTI BODY SCREEN FOR
RECOVBI MNTE BRESY! RUS proce- dure. The structure of S-PRV-055 is shown in
Figure 23 C MPLE 19 S-1BR-018 so S-1BR-018 is an IBR virus that
has three fgnghgy genes inserted: the E. coli beta-gal act osi dase gene and

50 S-IBR-018 is an IBR virus that has three foreign genes inserted: the E. coli beta-galactosidase gene and
the neomycin resistance gense in the Xbal site in the unique long region, and the parainfluenza-3 (PI-3) virus
hemaggiutinin gene (HN) in the Hindlll site in the unique long region immediately adjacent to the Xbal site.

For cloning the PI-3 HN gene, the SF-4 strain of PI-3 was grown in MADIN-DARBY bovine kidney
{(MDBK) cells in culture and RNA was extracted from infected cells. The RNA was used in a reverse

56 transcription protocol as outlined in the cDNA CLONING procedure using poly-dT as primer for reverse
transcriptase. From this procedure, a series of clones was obtained that comprised parts of the genome of
the P)-3 virus. The location of the gene for the human Pi-3 HN gene has been published (60,61) and this
information was used to locate the gene in applicants’ bovine P1-3 clones. The entire open reading frame of

45



t he negnycin resistance gene in the Xbal site in the unique |ong region,
and the parainfluenza-3 (Pl -3) virgsohhgsegogytinin gene (HN) in the Hi ndill
site in the unique long region imediately adjacent to the Xbal site. For
cloning the PI-3 HN gene, the SF-4 strain of PI-3 was grown in MADI N DARBY
bovi ne Ki dieelovipd/PEIGIN gemb wes $equencddthyrappliaantt dRiA gives indiguredt ed from i nfected
celI's. The RNm RRB5ICH4 pvmoler was «o@ fosexpss the £h3 HNigerd and the HBOAKIpolpd signel|wamed
in the cDNsedde Mg franseriptiony Ehelﬁﬁﬂy yhisiepngtictiwes dene ag ghown infiguees5 A and B.
transcri ptTéJ§é°"sW%ﬁ9"!aH‘i°%( ShiogH dea i @F’P"efs"heﬂ R4 T Soxudhe 16R4 qap sikad a fusiap
corrprl séd "ﬁtﬁ'f‘t*’? '5‘?4§ Heira rﬁsﬂ"lﬂfm 15 BI-HHN gengiat the Hhat-gite. the,HN gpnerptarcodonche il o
for th ér{“sﬂﬂﬂb‘f"mh 8 NG, B'I’?"s!i’f?ﬂ egitns 19 fe diHat K on

was used t‘Bt' "8'8 %g T% $eqUBREH entire
open rea n % 50, ﬂg o ik e,cl@;'f'aseﬁefwds' b ﬁ@gﬂf(?@%gfgn %%?
sequenced ﬁl[; e %Eﬁﬁn\s@ﬁ S o é:% MT il Z
was use ) 5

to term “% dfon fd?fﬁgecﬁu' r_x eCHONFBR'd RRF \Eéo Nﬁ?ﬁf Vﬁa sp.gﬂ.m
shown i n FhOWidsse g pn 3 ur&queEMﬁub rG&%ﬁérE‘%ﬁ’us fom e trangecidhCst \&a!s CP4
promoter, didged §drioyT ASHIBBTIONGF et FEBBTANT HERPESWHUSO Proshdurd! folldwad tByEthb CP4
5" untransgLabeAL BEAEENIFOR REOOMBIMART HEREEBVIRUS! préddsurdRAd sibkdoBentty BRaEdd ©EME
start codansertibhér thd\PIStHNIGEnE bR ISOUTHERN BLOSTING GH DA Frocbaite. The Nkl 1t redditedl frén t he
HN 3' unt ripis sdrédhingl wisapsigiated @-1IBRO181SV TK untransl ated 3' regi on, and the HSV
TK pol y- A si Deaskrucsee ofe3ilBB-018lil sisowp ineBgwred2538.50 cont ai ned t he

betargal act osi dase gene under the control of the PRV gpX pronoter with the
gpX pol 30- AAMPRE 8at i on signal, as well as the neonycin resistance gene
under the control of the 10 gpX pronoter with the TK poly-A term nation
signal . THEBBO$tter two genes were cloned in tandemat the Xbal site in
BanH - C fragrrent Figure 25 A and B). This BanH -C fra rrent cont ai ned the
honol og?; g PR eﬁa"dé%wrua thahhas fee forpiamesoesinserieg: he)g. 232 CeREnUANT
VI RUS p oé%’tPP@Vc"NFf'ﬁl?"c H%“et"} e %"F"éé‘ﬁ e §'E'%‘B "? "igﬁ’ 8\9«5’8’6*‘&’9"?%"' 3) virus
resul ting 'V St P oY E‘f‘ Feghio e

t he SELECT] m& P gelé F‘ﬁ'é’ ¢ use m a everse {igs

BLUOGAL S R&}'ﬂﬁ
Sha§ %Q‘? ﬁ‘os fhﬂn& atlve

. a
anakyzeg f (RGBS, i Qs ‘{
procedure. Th S‘cai(dnréisthé Bé”e R éeﬁcﬁi (nﬁ@r?b
S- 1 BR- 018. sod RRceShibriiafidd was Bded # 1hdats thblidmboRgon E‘BQMQ urié?: chrtyl rb@vm% 15 clores
20 S- | BR- 01911a- HdRRcP4: Brométerdwhs ubtid ty bpkbss thb @l3 h@&neta @6 H VﬁﬁlpGIO-A%ﬂﬁ%as used
inserted: t fpPmikate &&Mstriph FnedethabtRMEIRGE'AE BF theTHEVAOP4 rifotétSREYCHANTATA box,
r esi st afc ahg) PE chplsifeefudbrin 15l ICP4 b unfrdnBlated) feQivie tol tA1BI-3 Fe Génd) the BLIRErt icbddn, the F
par ai nf | uestid@urd gohtl thd)F Stog tikiod, LaSTugioh ig) HaeF § laptranslatéd@gibh tocthd HS\E TK @ unirarislaed
| ong uni guegisnegridaiie Bipalyeiesignat sequshed. Xbal site. For cloning the P1-3 F gene,
t he SF-4 st r dhispledmidPalsd conteined) the \betaigaladiaiohdd- goARBYWebhw icortrolkaf dhecRRV( ddBBIKOmatae| | s
i n cul t ur ewitaritk ﬂ%ovva%teem'naﬁat%iml, B% well dsrifieensopci reisistance Thee URAEX thmmeontid etithen a
r ever se4ot rgpXseamoger he T tpolyd terinatinntsidn#le thegenlatien Bvocongs V@L@lﬁ'ﬂ@"ﬁﬁ'&é@cﬁnﬂ'@
usi ng pol y)‘bé*l's“as'" [ﬂai“h'b fragrpent Riaures2 A\ agdh &b Thise Bamtll-Crpoment gaataingdsthg, %E‘E‘Ht\ﬁr e,
a series dPg"HPcS?'ié'ge iRclte BhiA IRANSTECHON F@?H FEAEN &FFQMBWAFBM ér?&??ed“m‘ Attgq

o~

g SR @#395 @m 5“7:35 %vzt% agg

6 10N q
P ooy (8 bl q’ 1,0 SldR s B L 5 F gene and e
was used to gﬁ' %rg {?W‘ gu@%@onstruct conta| ned (5 to 3 ) the -
HSV | CP4 prom)ter e 4 TATA DoX the ICP4 cap site, a fusion in the
| CP4 5" unbiapipe 8f ed region to the P1-3 F gene, the F start codon, the F '
structural—gene, the F stop codon, a fusion in the F 3 untranslated region
to the HS\&-HG-gosuntransl ated region, and the TK pol y-A signal sequence.
This plasm d also contai ned the beta-gal act osi dase gene under the control
of the PRV ggXVHOGBYS lachorpasvirds df ekegp MVDDIhat-contdiesrthe B.adii leta-galacjoridase gepe wiss theas
t he neossy dnfactip@shusshlodiseasegirusc(IBPVYIgiraint S4874T dandger shment oft iNA (49 a cBycqpylinmttedt intpi t h
t he TK pol tye vnique lang region ohthe HYT aénomd.ibisdBD\aPNAsgontaine orpcanens reagingciramie diveb encpdes
t andem at thike piisins (EVRR/PAYPR 0 o€ whick greesniigetsio gravide pdteption garins) IBDY finfagtions
BanHl - C f reghighens. Expression etithe pened mvtbgytaﬂegﬂmﬁssefam thgdRDY pelypraisinpga under the
TRANSFECTI ON FOR GENERATI NG RECOMBI NANT VI RUS procedure. After the
transfection step in the procedure, thegresulting reconbinant virus from
the transfection stock was '



sel ected for by the SELECTI ON OF (418 RESI STANT HERPESVI RUS pr ocedure,
followed by the 45 BLUOGAL SCREEN [gpR) $32@AYENANT HERPESVI RUS pr ocedur e,
and subsequently anal yzed for the insertion of the Pl-3 F gene by SOUTHERN
BLOTTI NG OF DNA procedure. The virus that resulted fromthis screening was
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HVT-003 i s seroconverting vaccinated birds to I BDV, and suggest that the

| evel of

neutralizing response in the birds.
merit of the vaccine approach the applicants have invention.
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seq&encgp by appli dants ja®® flound {o cortain gly qe®s ap
expected. The DNA fPom t|hi®® gene whs usqd to Tind o np gene in
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i dentified that|qpRinankedied @'y Simlar sequence. This gene is the sane
gene previousl ycatHted—gpA(66)—For— msertiromr T mto—thegenome—of— , the

MDV gpAssgene was used intact because it woul d have good herpesvirus signal
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The bet a-gal act osi dase gene was inserted into the Xhol
fragnent #16, and the MDV gpA gene was inserted behind
in Figuré 33 A and B. Flanking regions in BanH
HVT DNA and plasm d DNA 55 were

RIS ROHANT

#16 were

fromthe tiransd RGld 164y $higaé kegléRSThe MDV antigen is more likely to elicit the proper antigenic response
than the HVT equivalent antigen.

45

The MDV gpA gene was cloned by standard DNA cloning gpA procedurss. An EcoRI restriction
fragment had been reported to contain the MDV gpA gene (66) and this fragment was identified by size in

the DNA clones. The region of the DNA reported to contain the gpA gene was sequenced by applicants and
found to contain a glycoprotein gene as expected. The DNA from this gene was used to find the
corresponding gene in HVT by the SOUTHERN BLOTTING OF DNA procedure, and a gene in HVT was

50

identified that contained a very similar sequence. This gene is the same gene previously called gpA (66).
For insertion into the genome of HVT, the MDV gpA gene was used intact becauss it would have good

herpesvirus signal sequences already. The beta-galactosidase gene was inserted into the Xhol fragment in
BamHI fragment #18, and the MDV gpA gene was inserted behind beta-gal as shown in Figure 33 A and B.
Flanking regions in BamHI #16 were used for the homologous recombination. HVT DNA and plasmid DNA

- 58

were co-transfected according to the DNA TRANSFECTION FOR GENERATING RECOMBINANT VIRUS
. procedure into primary chick embryo fibroblast (CEF) cells. The virus from the transfection stock was

purified by successive plaque purifications using the BLUOGAL SCREEN FOR RECOMBINANT HERPES-
VIRUS procedure. At the end of this procedure, when 100% of the plaques were blue, the DNA was
analyzed for the presence of the MDV gpA gene. S-HVT-004 is a recombinant virus that contains both the
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puri fied by successive plaque purifications using the BLUOGAL SCREEN FOR
RECOVBI NANT HERPES- VI RUS procedure. gftg $3»s7mi of this procedure, when
100% of the plaques were blue, the DNA was anal yzed for the presence of the
MDV gpA gene. S-HVT-004 is a reconbinant virus that contains both the 52
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in overal | sﬁﬁm. We have cloned the major neutralizing antigens from

BCV for use PBglﬁE%%bBSB\ZI%#JsBRdeI i very system (I nfectious bovine
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fromthree sPmPsHY gp beiby-appliad dn NRVisE is eontemplaiad dhat #hat procadities ihithave beed uspdh o
use in a her p@ss [BRY iidVT and PY3 5yBR widhaa-fisplosed trminsrasisodopissbla pAPVie have
utilized for the onst tion of herpesvirus signal sequences for 30
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Si gnal sequekpRn HPr afdBEGS PRV 4hd BfeRliseBiddtherdi e 4R abyficaBiél 1BV
contenpl ated that the procedures that have been used to express TCGE in PRV

and P1-3 in bBRANawkARDARKHEA| 0sed herein are al so applicable to BVD. 40
EXAMPLE 24 Synthetic sequences of DNA may be used to provide the favored
triplet fmequemnsvimsvikiodiand(BYDEIs @rvirus df ldattle. Wechalie clgn@s Wermitfor gamaliziag antigen of BVD
her pesvi r us fosusedrealbpeaiiiue delivary systenf(IB&W ne (PRV) and the foreign gene 45
is a fragment Jhe Ditdeduasnthéthee dwwen etilipeir too\ther oonsBictimandl. heffesdrus rsiggatesatueodes for
par vovi rus De¥ressions gra | being [sgplied tto BVD.uIb isr conterpldiedithat the alrdcpdurdscthadf taear beegwsed to
such a short expresuaV@r nFRY asd B i8R and sredlisclesed herein prgraiso appticable 14 BV nal | enough
that a syfhetic DNA sequence can be readily synthesized for it. Larger
unfavorabl e E&M%Eéés have an even nore dramatic effect on expression, and
they too can b%\ e sa/nt het t so cost of mat er.i al s and ngovver
Xn l ’% fTE on
P &P

he sequenge it rﬁgﬁgﬁw R %sarcf R B %‘E
the seque s a fra Tom Wwine, pa ovn'us n I
SETOL A 0 KL Ea e ity r%g kL LT

the parvovi r %u etlc i'l-?a gdﬂ it
with the am ﬂé@eaﬁb n%%ﬁrﬁéﬁc Qfect xﬁr’é& H%eg %Q:an be made synthetrcally at some cost of
: materials and manpower.
50 Figure 34 shows the sequence of the entire parvovirus B gene, with the sequence of the fragment
(hereinafter called 039-fragment) overlined. Figure 35A shows the amino acids that are coded for by the
039-fragment in the parvovirus B protein.
The design of the synthetic DNA fragment starts with the amino acid sequence of the authentic gene.
This amino acid sequence is "reverse translated™ back to DNA using a computer program. One such
s5 program is sold by International Biotechnologies, Inc.,, New Haven, Connecticut, and is called the IBI
DNA/protein Sequence Analysis System. In constructing a new gene, changes can be incorporated into the
synthetic DNA at any point using alternative codons for any amino acid. The next level of analysis is fo
approximate a new synthetic DNA based upon G + C content. The 039-fragment has a G + C content of
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pair Sal | tig 4aTRellst sdgmgNDNA EhgmerLinnig. HpeiRing the igpXOPtbmbisiciapiiRing the firsh sdvery .
40) cont df nemihbecils oictd ppXbeiding Gegion Gihd whsidsigedciad agubclegs afrthd PRVTBaiHN ourcter 10
10 to am no fragmerit 4 2l aponakinvetely 4001 hase daif 53 rh to [Bem P degnent. PTE ABdond signasnh ofdDNA
from Ji m Hoddegmét Riipfigs 4Q) Gonteips tha . FulidhetargelactesBlaseeedingl sagioon frpm agino\eoid {10 dgyareing s
of DNA, an appieRsiantiwas deri®ddom theslasmisi pIF7S4 ablained omdlm Hoclr, Seripre Blinicianyl Resgerch
Foundation) as two fragments of DNA, an approximately 3000 base pair Bam Hi to Nde | fragment followed
by an approximately. 55 base pair Nde | to Pvu lI fragment. The third segment of DNA {segment 3 in fig. 40)
contains the swine parvovirus capsid A coding region from amino acid 64 to amino acid 729 and can be
derived from swine parvovirus replicative form DNA (68) as two fragments of DNA, an approximately 1600
base pair Pvu Il to Nde | fragment followed by an approximately 450 base pair Nde | to Rsa | fragment.
These segments were assembled as indicated in fig. 40. The recombinant virus resulting from this
construction was purified by the BLUOGAL SCREEN FOR RECOMBINANT HERPESVIRUS and confirmed
by restriction analysis of viral DNA prepared from the purified virus. This virus was designated S-PRV-065
and has been deposited with the ATCC under Accession No. VR 2216. The structure of PRV-065 is shown
in fig. 41,
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by. an approxi mately 55 base pair Nde I to Pvu Il fragnent. The third
segnent of DNA (segment 3 in fig. gpp3sgeyaBNS the sw ne parvovirus capsid
A coding region fromamno acid 64 to amino acid 729 and can be derived
fromsw ne parvovirus replicative formDNA (68) as two fragnents of DNA, an
appr oxi mat el fxpleggion ¢f dhwepapyayitus Rtigen wastagsaiiiicin Vitrd piiligingethe WESTERMBHOTBYNG RROCE-
appr oxi matIRE. G8Dlyeatescverm Preparadicas| desasibedsin AREPARATIRM OF HERPES\HRIS: CEdgIMSATES.

wer e assenfid- &4 shewsithalia bande t’ﬁer?"ﬂﬁcgd sizp (185 lledattenshieht helrgalagiopidase-swing parvopitys
from t hi s @Bib A fyFien iPeteinFaacts,thesifica mlwfntanttpoamw-@mm@wmw
HERPESVF RUYSMBHEE offt £ P4 8merints  of srupified '?et‘;ﬂ’PaQFF% grofpin §jig 3?"

fromthe p%p ‘f"f’%ﬂa 'Frﬁu%“’vp P;e\fP'Pl?Q "?X%%Py é’ t"§'sp " VlR% n

gg@?g%%e?s gg &'3: sh%ﬁﬁagé@g%%%qggr?ﬁ n ﬁ Ssspecg al WI h@tlbody
dire aln parv lru roteln

par vovi fus aj%:@ ?‘ Evg.ch weaé%i c'%ﬁ* i ggﬁ vhtngp\% %kv

ERPESVI RIS ol rs%b& l;»ésrv@oﬁ AR

E ro frbdof
(185 kil Odﬁfﬁo&@@m Wihe ﬁarglﬁ‘vfr@ GRdr ahhiRRde @a%&na?‘é&' Jhﬁnapsaéx\ﬂﬂ’t'ddré@lgﬁﬁﬂﬁ' r@du%thnLhﬁl on

protein regeha re‘idﬂﬁ‘é?tbfnbml:énﬁéte\dﬂcérﬁroladﬂnnﬁﬁtl body directed agai nst o
bet a- gajsact osi dase. Based on 5 conparisons to known anmounts of purified

bet a- gal act osi dase protein it is estimBegExivhat -30 ng of parvovirus capsid
A are produced froman infection of a 60 nmpetri dish of vero cells with
S- PRV- 065. Expression of [T} T assayed in vitro
using the ELI SA ASSAY FOR- |7V§§‘|',§" AN ' 2 e hows t hat

S- PRV- 085 expresses anti geﬂnmhﬂmeﬂsaa,ts specifiBtal |y wi tjh anti body

directed agai nst parvovi fugrphpiein. o Regats of an experinment in
whi ch weaned pigs were v t H-R—S-PRY-B65—as—stown i n Tabl e XV,
indi cate that S-PRV-065 uff¥84Qsed ab a vacci%to protelct sw ne agai nst

par vovi rus i nfection. Folll privoes vacci hati on algsiani mals were free of
adver se®reactions and fi ye: ?bs —fTVvE oS E'E)V%Upec'r Serjum neutral i zi ng
anti bodies to swi ne parvdu Afterlchallenge Vaccinateld ani mal s
exhibited a significant fe@®B¥080ON in yirem a ro#e&ti ve to hon vacci nated
control animals. TABLE XI'V SAVPLE LYSATE  NVEAN ABSORBANCE VALUE 20

Uni ktected celibgassay For ParRvOPRES ANTBHN Q]s%ndwmch ELISA was conducted by codtingd 4%ni&&wén 040
0. 300 PRV- ;Qﬁ with polycional rabbit antiserum ma& urified orcme arvovirus. Lysates of
0.440 PRV- |Qfg§ed cells were added to the coated 9 ggndglgacted forEéd mifutés: eA%ZEMI aRyS
ANTI GEN A gad WHnCd) pBifdiond Mélise GRHEHIA t REind YpofeMa taRErirds. N s&mmb.h amli Able Wid, h
pol ycl onal cohjagaiddito Rordel radish\pBlokitd6, wag bkl sdded &l the FodtlidnGdas ekad BILMOE hined por ci ne
parvovi gsus. Lysates of infected cells were added to the coated pl ates and
reacted for 90 m nutes. The wells were washed and reacted with a pol ycl onal
nouse anti serum agai nst porcine parvovirus. A biotin/avidin anti-nouse |gG
conjugated to horse radi sh peroxi dase, was then added and the reacti on was

read at 405 nm 35 40 45 50 55 EP 0 332 677 Bl [err] EXAMPLE 27
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S-PRV-086 50 S-PRV-086 is a pseudorabies virus that has a deletion in the
TK gene in the |ong unique region, %Pd@é@‘,téﬁ(r?,l n the repeat region and a

del etion in the gpX coding region. A gene coding for a fusion protein
between E.coli beta-gal actosidase (lacZ gene) and the swine parvovirus A
capsi d was inserted int gei-Re=gei=pid-gi=i=R=the—gpM=eaaiagmr gi ON. 55 Thi s
virus is an exanpl e of donbi ni Rgj tihe untEgutm gt ot 1of efpression of a
foreign antigen describgdcfor,_PRV- | i ncreased safety

and negative sero-| ogi cg] @ar k%r' d+e<c_ri_| bed f_9r -0 3, (fExanmpl e 6). 57

EP 0 332 %77 Bl S-PRV-086cwas| copst-iuct ed' by Horto og us jr econdi nati on using.

t he DNA TRANSFECTI ON FOH &ENERATI NG{REC NI : pro@edure
requires a parental vir :1%,0 a’n]“j fa {hdnpllogotis r‘eE ionJ)l asmi d DNA
The parental virus DNA viag& #remPRY-r802tehost TCC Pccessi on No.
VR2107 a%:l described in 433 Serfat |No.| 773, 403 § i+ ¢d+ pt erber 6, 1985,
and the honol ogous 5 re ggqgi pnation |pl asn ( g 2hA- 49 (seg fig. 43).
The plasmid 244-49. 2H cgni®ns aph Elcol} beta-| gaf actiogijdase-8wi ne
parvovirus fusion gene f anked“biy RV DNA honol ogipus {to jf he gpX regi on
cloned in the plasm d ve for p 5. [Sever alf sefgnept s fof re |inked
toget her ,utilizing eithd Bnatjufallly jodclrhriiny rdsgri dtFaph sit®s and/or
synt hetic |inker DNA. Thefdetja+pe—strtrtutre—of—trs i hown in fig.
43. The first segnent offf DNA |(selymert s1] imifag. +4{)1 d i ns ®he gpX

promot er includinghe fllat ,,‘_‘i‘,g,:s,e_ —aci-dsl o g@Xacodi ng regi on
10¥fFagnent as an

hf_. tthe P nu

R‘{/ t§ Bﬁ/r Bﬁl gngﬁt Th%- d segnent
of DNA (segnment 2 i@ fig lcoft-ailns—i-he clo-Hlbeta- ghl att Bk dase codi ng
region fromamno acid ﬁ 2| q,,ec'h,d J.,OM, sj}ler ved frpmg t he

pl asm d pJF751 (obtained frsrr \ i i ni
Foundation) as two frag F e |

IDNA-—aR-apR-exd-retel Y4 36P0 |r Bam H
to Nde | #ragnent foll ov éﬁy apdr &x| -~ 15« IyEl‘bS )ase. a$r>l\lde | to
t a

Pvu Il fragnment. The thifd Be 3 Tontains

the swi ne parvovirus capsiRdeA ~or—frpnT 'rgp ari d' am no

aC| d 729 and can be deri T Sl jnen paviomi | ws iir e[ i ciat | veof @rgn DNA ( 68)
f;lgrrents of DNA, opr §xY mat’e| y¥ 16Y0| bage Fair Pve§ B1 t°6 Nde |

_fragrrent ol  owed by an T S ﬁ?ﬁﬂddb TNge t & R

n

'i‘
fragnment. The fourth seg gnent 4tinifigy 43) _cont i N pX poly A
ram & §®-lcRohe ¢ %E\Eéﬂm H

addi tion signal and was

fragnent nunber 7 as an
enbll ed asind catled jin Mg’usghe
+hiu SRSy i 'l A the

fragnent g5 These segrrents
reconbi nant virus result[ g Ay
BLUOGAL SCREEN FOR RECOMBI NANT HERPESVI RUS and COfI rrred by t &STrT ction
anal ysis of viral DNApr f omur,he purified hi S ¥i fus was
desi gnat ed S-PRV-086 and g os+ted mmh he g\T und&r Accession
&
§‘ant|ger§vvagﬁssa/§dln tr utilizing the

No. VR 2246. The structuge 0 i @ showen i nffi 44. 25

Expressi on of the parvovfjru

VESTERN BLOTTI NG PROCE- [PURE. Celfl I°ysa wé-‘r@ p epaﬁ’edas described in
PREPARATI ON OF HERPESVI = [PSSPESTN VYT DAY ovs—that a band of the
expected size (180 kil odal tons) for a beta gal act osi dase- sw ne parvovi rus
capsid Ausion protein reacts specifically with an antibody directed

agai nst bet%&‘gﬁ%&zom dase. Based on conparisons to known anmounts of
purified be tosidase protein it is estimated that -15 ng of 30

par vovi rus g_@,g@l%A are produced froman infection of a 60 mm petri dish of
‘vero cell, = PRV-086. Results of an experinment in which weaned pigs

wer e vacc nat CbriLded isa p&d&ﬁfhs%ussmavﬂas laeibdAl if ik gdnB H G@lishglud@dlie region, a
S- PRV- 086 MBYetiBf intAé> bpékt regioN @hd- b B&letloR m‘%@b?@ &oaﬁ.wrsbeonaﬂ @bidSdodiRgfo¥ @ Visloh protein
infection. BédenVEt.ddf b¥RGahdiRIdbRINIatL Igerd bitihg sWR arffdvrﬂi% R Capaid Witk Siertcdakth itNS
and two out déMtiok egpRicoEingdeyie. oped serum neut ra i zing antibodies to sw ne
parvovir ys. AfThienvinghahd eaggsle vbmbining @8 uaigie radttode Biphissientof a faréignantigenatatcribl
reducti on i for PRY-086 (Exanellen26) with increasedh safaty andisigatle s@orogicdl markemaddsgibed! r 28v-B(3
55 {Example 8).
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58: EP 0 332 677 Bl TABLE XVI PPV SN PPV VI REM A DAYS 5

VACCI NE PIG POST VAC gpos332677B1 POST CHALLENGE * GROUP
NO. O 42 2 . 8 110 12 PRV- 040 34

<2 [err] Challenge adm nistred
on day 42 Ly enss rroRpiytgtade by (bpmmws_mmmmneesmotbe tONAc TRANSFEENOR FOR

EXAVPLE ZSG RAT ERQMBINANR/PBY} OThissproceure iieiirastAi patentsl vigis BN#n andhgy boraplogous
del eti on i fecemiination piasmid ONA. Thecparestalyvirum P E’a*’rféfm BRV-802 leppsitps] uadqr AT CE fcgegion
repeat regNonR207 edcdesesiapchip ¥-8r Seriak Nej 73405 fled Sartehende Fﬁaﬁh@drf%ﬂ‘é{m‘%)wses
gpX secriet 596?5“'%'13 a'P' t‘f!é"h %443@5' F?Pef'%vxﬁheT aR'ﬂ?B‘!ﬂ ?"115493\”0"3 P*’d”\‘/\/&& beta-

i nsert ed |9ﬂ' ° 'a"ked by Qous,19 t '° d in
uni que net stn T °” QHFA ur t?r H;é!'F' '
This net hO ?!' t?% EE ains ei ud| 8& ¢ sev aml s of
whi ch cq eae e nq a@ nom ‘i‘f"oa.g &ﬂm S0 am
her pesvi ru§p Yol Wl{gagﬁmf mnﬁ eﬁ{‘;

C a asg regtot 'frém id i 4 'a
over previ -Q#% ncf?é"@ éiip&f Qﬁﬁ S‘s‘fd J:éd&ﬁﬁ 'r% gt Oa‘E! %‘tt@ﬁnﬁ@§ 02 'ﬁh
i ncrease i gl btdMed &Brh B Hoch) SAHbHE Rhnid £rfaRebdafen FENBAtBH) 28 Rlo

virus. SeC%%nts Iaeomtalacuép@;t.ma GOk paiMBAr A1 hONGBAGiarhér RolisWed 1) in faBprB%-ON
anti gen +§ r AaIg 85 base iphif REd 106l P lt FnBit. THE ItHH@ S¥drighBof \DRA L@Ement Biid ), 43) Béhtains the
secreti on st gkvolisis @4pshA €ddmg vedibn i@ antidcacki L6Rit6 BmiRé BdiET20 dne saH e dbgvedrirom
pr ot ei N NMD$vneCiafB@huy replitatdaiidrin IINAL(BEY asitioagrienestf DYA,an apirexirhtdRE(B00 baserpdit BN
PROCEDURE  IF@RNGENFAYABhNGIORECE)Bh MppriinkdiRPED\bastainbide LBERBA Dfragowstt Thectourth
PRW 040. Térgment isepmend 4 irefig: 48) gontais th gpX pelyn Aabidition sigsal BidAyas serjyed eom abubgoas ofi d
DNA, anéo athg [FBYiBaincHIrfregrent guniben7 es ary approxititatelypl@pQ base [pait Nedeuksto [SA freamerft.r hase
PRV- 002 degrampnte deraragsemblad @cindicaleds inj fign43% Fherscompranto/rusaisgulting rom; tie goristrctions,
Serial No. warriiied by i) BLEACACBRREFNTORFECOMBINANTHERBES\ARY S 1and spafigngd Py pgiicliens
from 167- 7213528"‘(%@@”(“1 gjﬂf&ﬁfm@ﬁ‘& R“Hf@d r"li;%st T'r'wmswa%m d\ PeRAY- %§§“°NE?8 bPG"
The pl asni 8PPe¥9d -")"ﬂ‘ ot Ageessjordigy rsgi"it%?P | w Qq is shgwr dn 1 yirus

f |09(Bf th? pwoal ttge v. gi
Ceront S opuygelus it A "ba ?’ N e '%Pf;} fﬁ%
restricti Onlg wst f f ns} for a sga c swm rvovnr
thi s gene ﬁ?bh usmn 5] lzv E\%ﬁi offi ntu o dlfiJ? lit ] 5% ok ~15 n
C i f i t

fi g 45, AJ Ayt ww A T
aci ds 0 %erfn?em aﬂ%ﬁﬂ e%é 8 Wb r{aﬁmwﬂh % déé“is owh f TA%BV
Kpn J' f raﬁﬁemﬁlcﬁé 1Rl SPRRI08K IR 18 | e 202 RERRe R bloteat®dwine dgQinsPParvvirhd MBEFRRAL -
The secondrsig@nPabeittion MAnimas S8R Hoe & aldoeréel rBlactidhd hnd"@b batioP hreb PRys S¥VeidFod serum
par vovi r usnduiigisingl aftine@isl 0swird padvifus O Aften NhillngR Ciabliafbdt dhinfilsl eMbibeal &l sigAiflcanind
can be @er jeusslon ih Giraniavelate Inon vadeinaté baiol Bninall par vovirus replicative form
DNA (68) as two fragnments of DNA, an approximately 1600 base pair Pvu Il to
Nde | fragment followed by an approximately 450 base pair Nde | to Rsa |
fragnent. These segnents were assenbled as indicated in fig. 45. A
reconbi nant virus transfection stock generated using the DI RECT LI GATI ON
PROCEDURE FOR GENERATI NG RECOVBI NANT HERPESVI RUS was pl ated out. Twelve 5
pl aques were picked and anal yzed for the presence of the approximately 2600
base pair parvovirus DNA containing Xba I fragnment. Two of the viruses
contai ned the expected Xba | fragnent. One of these viruses was designated
S-PRV-040 and has been deposited with the ATCC under Accession No. VR2214.
The stridtture of PRV-040 is shown in fig 46.
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Results of an experinment in which weaned pigs were vaccinated with
S- PRV-040 as shown in Table XVl 10 Emdlsgamghat S-PRV-040 nmay be used as
a vaccine to protect sw ne agai.nst parvovirus infection. Follow ng-
vaccination all animals were free of adverse reactlons and two out of three
pi gs devel oped serum neutralizing anti bogdjgs ty3,sW ne parvovirus. After

chal | enge vaccinated ani mal s exhi bi ted a signiticant reduction in virem a
rel ati ve to nonpeeceraatettenirat—giiaa AT ITBRRRME E=—28=0--RRL002
S-PRV-098 is a [pseudorabi es}virus t 1aPP1VaSNa eI et ip@V MIREMIATIOQENE Ih t he
| ong uni qblie reg| oriVAGCZNE dgl ePIGN 'aosmevnep at rpeg:r:bncaim.rmm et#onlin
the gpX coding | egi @QURA gehe NQdi ng—forrTe—tugronprotretn UCLvmeeﬁjli—-ee; [
bet a- gal act osi dpase (|l acZ geﬁe) and 1heOs na arZV({vmr JSSA c@sliiD wak2 |
inserted into tiffe deretromm fitie o Aviam) 1T Segort jgerercot Ng
for a fusjon prt%ﬁ‘ﬁ'%@v\em thé4ps £Uder qbi és gp'X secrleti dn si grial | seqience
and the swine pprR®¥%iru@ A Fapsid S_TMyerTey  TTyo TIe T gpeart| 1 egf orrs)
This virus is @ exa Ie of | cond®ni ng<€h¢ uRi qu€ 1rethqds flor~ expr esst o of
a foreign antige %% 49 bed[25—Tor uu anr € 46) gnd_T|or - 040
(Exanmpl e 28) w PAhcrehsed| saf? &nﬂ ng é?l e “sdr G- ljogi dal™ nEr‘ker -

descri bedisf or ARV ] anpl e B} e, Dl | GAIT OV PRQCED R |
GENERATI NG REC BUNAN ERP:SVI s !vagzwed uﬂﬂm HRV- Q98. [THT s
procedure requi et a parent h v§§us , ] las+m d DNA,_aphd_a
speci fic restrijcthapn sggynme The pa | VLI‘ z ds friom HRV- 0B6
(Exaupl e 27), t ebﬁrei\ial Pl asm’)d 30<2 m,,,l q7- 72.5,4C (_see _f_l ;.
45) and t#e regk A lisod) i (er- -,;A,_EA-

contains a PRV pX secretio

| fragnent in theghadis Ve QU sla Xbal _insert
was purified ag| described f .' (Exagp 38)]. 4T Wasi o
desi ghat ed S- '_.ﬁ!fl2____“_______:_-_st,_L ,,,,, j _:! !!gmn on

No. VR 2219. The 35 structure of PRV-098 is shown in figure 47. Expression
of the parvovirus antigen sascRasb¥ffei Adnihigtited ioh d@ayt 2 ELI SA ASSAY
FOR PAR- VOVI RUS ANTI GEN. Jabt, gﬁm(c haysnblgatlwwzogﬁnwxpresses t he
parul rus antigen which r-eacLympnecyteeabbslmtrb Hod leEdly di rected agai nst
aut ticgparvovirus protein. 40 EXAMPLE 30 S-PRV-066 S-PRV-066 is a
pseudorabies virus that has a deletion in the TK gene in the | ong unique
region, and a 45 deletion in the repeat region. A gene coding for a fusion
prot ei n bet weakptess pseudor abi es gpX secretion signal sequence and the
pl asnodi um fal ci parum (P.fal.) circunsporozoite protein (CSP) was inserted
into the sedeRARV-04@gi ons. This virus is an exanple of a unique nethod for
expressing foreign antigens froma herpesvirus vector. This nmethod invol ves
t he const ruct i $RRG40He r pesrdorabies vivethatihas smdelalionpriee Tihgeand incthellosg dninue rdgion and a
forei gn ant idgle¥endmthe aepeat regionhd>gphe- codingrion alfusion proteim hebesn the PpryderakiaggpX secretion
secretion sisgndseayengs enrctbe swine perveiruhd dephid wasasettecdinto spveneeiaegians.ov er
previous|4 knoliie Vifphis @a example of-a priqus neiod foraxprRseingPIeign antigang|tiom 4 herpgpyirus vector.
i ncrease i n PH&CHRY svelves the poppctips °fé‘ﬁ'lp1;§'é‘ﬁ %?‘ﬂﬂ%?c%%?“f ?”B‘Fl'? ‘E‘ﬂ%s fP"e‘E‘bT?fﬁ'Q’ié’ﬂ‘lge"
virus. Secorfy,? £HEHR ?’HB‘G' bFoip AR 'f feethog g gveral
antigen fro ?eg 7 8‘5’%‘8"]”5" dffolm a" {1 ase : the
iy

secr et on,,s ? e oel'ﬁa 9 n ro \%T?It °£3¢Ii$§ru§{‘ { r. TL I’ Ir':altlhlz
d ! q Q."‘P | ) ! m I|n 9
iy u

pr otei n nor

LI GATION P A , used
construct P ct PRY-D4P RIS S éhrJ Uike%easpé}em BNA, 6aH§\ta m.@

plasmd DNAsp&ﬂ.E' réstrR YR Gndynte. ﬁf‘esgaFdnﬁF Vird® DRR W¥4&Fom P 9—06@&&9&1 unéibl” AFc R e ééﬁﬁ
from PRV- Q0e0omasT briChiesiB& in Al Sl RE 793,003, MY Seidnbél 6, 7R, tHSSdrdntaP BgkniidIDNA
parent appl iwadliridNekl7E646886 1. 48)Qnd 1héIeskition dnirynRtusa® RAERREL TRy pldstb 167728460
EP 0332677 Bintimy £ PRAlgpY lsesatibr sighdPewividSpahbaids #Sidn 4eheas(ahOdafl ifggmehBin thd Pladnii@
restri cti on vediar\pseea. Sedral\segmiiisiofl DNATWee [ikeds paihel Sillizidg sifhercranitally nuding festrigtipK
secretion sSistgsand/ft. systhetiCHikef DINA. The gatailed staictane oKihis dond is abpwein fig. M5.{The finsl sagmentl
vect or pSPL18f DSk (segrednt t indigetH eontzins BRlApXpromoter indtusiing thediest twenty-geved amingapidsiof her
nat ur al | y o@p¥icedinggegiensand was desivedsramea subaldrent the\ARVH®N idciragingnit @2 arDpgRroximigiely 500
detai | ed st roaeet pairSablfto(Sp¢ biragmaet. The sserachsegment of PNALgomm 2 in fig.<iF) contains the swine

parvovirus capsid A coding region from amino acid 64 to amino acid 729 and can be derived from swine

-‘3‘6’
'—H'—ﬁ;'
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5. segment of DNA (segnent 1 in fig. 48) contains the gpX pronoter
including the first twenty-seven agpiggsggrgigiof the gpX coding region and
was derived froma subclone of the PRV Kpn J' fragnent as an approxi nately
500 base pair Sal | to Sac | fragnment, The second segnent of DNA (segnent 2
in fig. 43pvednt rpivstiveiemMmNABS) aC8R iagaibmg off RNA, emadprosimaialyi 1600 besé dairl Brutlioto
ani no aci dNde1Zagimedt ipkowediey anapdrokimataly d5Qied painNJIER teeitss d fragmph Tifesd sagimaetel wére om
| nstitute assemblechasdidinglpd injfigyt45. Hfreqombingmt igus taasiection steckeperatgd vsingt tha DIRECTO
of Resear cHFATHN £ROG REF tGENFRATING RECOMBINANT WERPESVIRYS reps platedr euynvelve
The t hi £d Riaayeserere piskeghepd praly W?Ftth%P"P?P“?GI 9. t“°4‘8’?’°&'@ﬂ‘?‘&|2ﬁ%° Qe PafcRapyadrug PN ex
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a pol ypeptide which is fused to the carboxy term nus of the portion of the

gpX gl ycoprotein, and wherein the EP033267PBA sequence is expressed in a

host cell infected with the reconbinant herpesvirus. 40 2. The reconbi nant

herpesvirus of claim11, wherein the pol ypeptide is an antigenic

pol ypept i de 463 -B-Tiqaser, ét%n@ﬁdﬂiamwb\é@bw%ﬁﬁﬁ1%7l3a1~‘¥i$1 or 2, wherein the

pol ypept i de 47sS- &jiisb oo Niath Ipjerpatianal darprevitus Miotkshop; Segttle. dy %‘&?@0 198btein. 45 4.
S

The r econbi rﬁn‘f‘mw@\“p%sa!n 9‘1@9'6‘9 fba'i ﬁ%"fele"ﬁ? °"2N°W‘}EF?’%ﬂ°PP Jrecingh Septeripas
gpX glycopro1 : rises aI transmanbrane si gnal sequence

ek o 4.
O e dbX LT -‘t '8~r°t pgmf m% ?P‘S"Eiy ol of the herpes
' é1

wher ei n exprgs

sinplex vir II:\J T’%& r t he pseudorabi es virus
gpX glycopr%em il eth fGe ral ViSioy % herpesvirus of claim
1,2, 3404 G mw. th‘ 2R SaNhd) Yviroidg a‘?%ﬂ ©hadsl €s virus. 7. The

r econbi nant slgef@mb,{léﬁgr'gm cjogrhgfbﬁ,,mmgpgsegdm khqogaselidorabies virus is
att enuat ed. 55y B varl Oifschd GPADIddAEIof BEHeRE TG} 67, 9i700h&d, fBgh. Wherein the
anti geni ¢ pary@dit,iudend Hofihah,1B.J0/Gehd 125, 2641286, 1p@ vovi rus capsid protein. 64
46. P.B. Tersgetanatah, DA MolecilarBidligl 168, 55758611883, Vi r ol ogy 64, 1369- 1373, 1983.
47. S. K t, setH®b. et d\ inModdrmAgproactob @akcitde, Aol SGhatiodl anddA.K 3 a@, edSc219t228; Cold
August 24-2$pruid}ﬂhabor%ss(ma4)znan et al., Coldspring Harbor Conference on
New Appr oac 6esN.tEtanyd, pidl., Jerod iOh ¥iglogheps 481HdeR (1988983, 5 49. R L. Thonpson,
et al., Virdhogi SBags ab@B.L1GHMins, IQBBI of Mology, SF-640ASMI1988dt al ., Proc. Natl.
Acdd  Sci. (62Sh. BjgmbeRp et alGlpunmd) @tGensral VirglogyhB6, bR 198®t al ., Journal of
Vi r ol ogg° 50, 635k Hoemn, et ggHucleispAcidiiesearchi i) 5O9HE01241988) . | Journal of Virol ogy,
52, 566-574, 641’9‘8@'9"‘5@- aAdKEQbUWBf%“FQZWe‘i‘S‘SF" Jour naI of General Virol ogy
4, 557-563, 6?9@93"'3 ViEp!-: 61 PB4r O87,(4988)- M K. urn
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L o o0k g qd}ﬁéf’egﬁ&i&@wﬁﬁe’&% 235, o gy SR s
Gene 25, 26 9 , Mol ecul ar Bi ol ogy 166, 557 580, :
1983. 15 ]d %3518263 5& ﬁg@&pg %[‘% g@gm nes,

Chanock and il |§n032 ,(19 T‘ or Press (1984) 60.

N. et a , Jour nal O ro ogy, 57, 481 489 (1986). 61. MK

Sprl ggs and|am.g_ Col lins, Journal of Virology, 59, 646-654 (1986). 62. B.M
Bl unberg, et al., Journal of Ceneral Virology, 66, 317-331 (1985). 20
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S 22 93-599 984 3 t )
er posvi r U8 i ERANAeRRkine Y o SR AREE Y € arPeR i% o5 Ca—
essenti al regl‘bsr?pf(ﬁé{ §&8%i ¢ DNA of a herpesvirus, wherein the foreign DNA

S equenc% egcolqg §ec§$nbmant herpesvirus of claims 1 or 2, wherein the portion of the gpX glycoprotsin comprlses
the amino-terminal transmembrane signal sequenoe of the gpX glycoprotein.

5. The recombinant herpesvirus of claim 1 or 2, wherein expre%snon of the foreign DNA is under control of
the herpes simplex virus type-1 thymidine kinase promaoter or the pseudorabies virus gpX glycoprotein
50 promoter.

6. The recombinant herpesvirus of claim 1, 2, 3, 4 or 5, wherein the herpesvirus is a pseudorabies virus.
7. 'The recombinant herpesvirus of claim 6, wherein the pseudorabies virus is attenuated.
55

8. The recombinant herpesvirus of claim 8, wherein the antigenic polypeptide is part of the swine
parvovirus capsid protein.
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35 reconbi nant fusion protein conprising at |east a portlon of
pseudor abi es virus gpX gl ycoprotein and epti de whi I“ E ﬁkﬁ
carboxy termnus of the portion of tER0 Q%gﬁlggoprotei n, i “
forei gn DNA sequence is expressed in a host cell infect ed With t
reconb' nant h%r B%S'Y sieta! gourr?al of-egﬁeral%o Sqaﬁkgsrﬁéplg yirus of cl al m 1,

8

wh h nbi
he(ra[)2|53| ﬁug (F; éﬁgﬁ he lﬁtﬁzi%ﬂ\ Lﬂ"%%%’ﬁ% stEQ%s gg‘;ﬁ.ngl r;zgémb

pseudor abi es ygg§ US gpX gTyco el n he re |nant er pesw rus of

claims 1 or 249 WheHRInpsb)6t a(pCV-,BbﬁVH:ﬁHabh@ g@)g gl ycoprot ein conprises the
anmi no-t er m nago, kI RREAEERL &, Rit0AcH. &EWQ@?@I—?&%&S@JDX gl ycoprotein. 5.
The reconbi nagit s IMIKB&HsY, 6145, Jolimds bEViBlody 5B 662668188421 N expr essi on of the
forei gn DNA ise. unclewlaadmt &0lounkl df Miroldygr52e586Sr4)pde@@x virus type-1 thym dine
ki nase pr onpt &3 ACE. Chirehilp staildiotradl ioBGenwial VisiogypX 5gt-563p186at ei n 50 pr onot er .
6. The reeonbfasw. Wetiap @sd/L.MUKs Watharg Uaurnat d Virdogy 38, ¥#3-078, B98swher ei n t he

her pesvi r us i 85. &.CpMettedieiten st &s Jonrmals Virolagy $61807-8101886.nant her pesvi rus of
claim6, wheré. aTtVee Osbotdelahbipweal of Qanerali olegy &nUIZe-¢ 182, BE6.8.  The

reconbi nant h®% ﬁe@%lﬂwddﬁbﬁmnaﬁm @eneRh.c263-269, 1988- ant i geni ¢ pol ypeptide is
part of the s¥% r D-oMpleqyler 6'8'9@41@6&56'?@& 198364 EP 0 332 677 B1 9. The
recombi ndht h¥ B % eft’}s '“&_EEMMMv it CHFCPIGEAIRA- pYNeirseipt 718223, Sold
part of th recorrbl nant herpesvirus of clai m

6, wh tﬂ? 6) CSP 5
repeaerreegl 0 |u{n§ %‘n%o °”Wé't°§§\fﬂ¥ :ﬁ%ﬁ A

‘6 desi gnated

S- PRV-04Q, and’ Tk &l cle e . "The reconbi nant

her pesvi Fus og MB ‘E c} ?Kg'd? 1 posited under ATCC No. VR
2219. 13. Thessr a\/ﬂ,é,%i :Ydl (ﬁf 6 de5| gnated S-PRV-088 and
deposi t ed undgy taI orn erpo 088l 14853616 edhington,
claim6 desi g)(@;,ggqg - PRV— 3 and (fep05| te un er A
vacci ne whi chez GiBY, u&e&darg&:fnfr\e&& InW@olécUHﬂJGHnéﬁcQ,%sﬁ-@w Itbbld Frnﬁgh&rﬂoﬁﬁ&@ﬁ{ow&s
nonpri mate heggesvirus 20 of Z, 6 or 7/, and a suitable carrier. 16. A

recombi nant  f g5 HB.pJ. Mok Bidl. 26595+36% (1967).at | east a portion of the

pseudor abi es 6d. MoKnighp X.Loand@@@MsOE.Bi, NuaskelAdds[Rabegapa g, Beba-3akd ¢d80j.s fused to the
car boxy t er mi T0uBarod, JBh et ghpSdienca225f 5984589 ggR4).gl ycoprotein. 25 17. The

reconbl namt fusion protein of claim 16, wherein the antigenic pol ypeptide

i s enbeddedClaims he pseudor abi es virus gpX gl ycoprotein. 18. The recombi nant
fusion protein of claim16, wherein the portion of the gpX glycoprotein
conpri ses t e AfAceprinagk Aenprimate 'P%‘ﬁ'ﬁ?rﬂ?'ﬁh“é’"%’r‘?jﬁélf°'§'§'é19@gééﬂusﬂcet'm“ do a non-
gl ycoprot ei n. e5ePia) regﬂ’ieth? 8enomisi Pt ef 3 hepesHrysy wheesin, the rforgign; PN qu“"W?e?’\%?q‘i‘s a
the anti geni ﬁquEﬂ'%;g ‘fslfrép'i%"l‘g? P" 3 Igst & part %%P\?WF?’EP?SC’% IHPRPrQgin and
20. The reco o fs t"ht BreeRpPy; Y ﬁ pratein, a“dt
pol ypepti de i shrt? Pt 8f °'EGWB 5?9”3“35'5 expreffg B ﬁtnce 80%‘?’%‘;{}?{‘
fusion protein i m 16, wherein the anti geni c pol ypeptlde Is part of

the mal arja,CSh, r&?ﬁ.@iﬁani ﬁ&%\ﬁms Htzind? £, whbkef Gife %E&b%&‘é .sQPQrR ,ﬁLB,;o@pgb%agesw rus

whi ch conprlses a foreign sequence 1 nsert nto a no essent | al
region of the BRNBMEIdMNIbRsvids BRI $ ¥ 2, WharelNNR pBlypbplideas SrtedliddiIn IAblPsoudorabies
sequence encodads gox dheaprhisinant fusi on protein conprising the E coli
b- gal act osi dase protein fused at its carboxy term nus
45 4. The recombinant herpesvirus of claims 1 or 2, wherein the portion of the gpX glycoprotein comprises
the amino-terminal transmembrane signal sequence of the gpX glycoprotein.

6. The recombinant herpesvirus of claim 1 or 2, wherein expression of the foreign DNA is under control of
the herpes simplex virus type-1 thymidine kinase promoter or the pseudorabies virus gpX glycoprotein
50 promoter.

6. The recombinant herpesvirus of c_laim 1, 2, 3, 4 or 5, wherein the herpesvirus is a pseudorabies virus.
7. The recombinant herpesvirus of claim 8, wherein the pseudorabies virus is attenuated.
55

8. The recombinant herpesvirus of claim 6, wherein the antigenic polypeptide is part of the swine
parvovirus capsid protein.
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to a polypeptide, and wherein the foreign DNA sequence |i r Lo .a
host cell infected with the reconbi nepg sdeegmeasavi rus. 45 jm,mmimﬂmﬂmrt
her pesvirus of claim 22, wherein the polypeptide is an ‘anttigenic ' g "M
pol ypeptide. 24. The reconbi nant herpesvirus of clainms 22 or 23, wherein
expressi on 8f Thpaecpmbiedntheromyius of dlpirel 8r whetsif the pntigsnict Helypéntidepie part pirthe wrlanai ¢SPs
type-1 thyni diff@eiki nase pronoter or the pseudorabies virus gpX 50

gl ycoprotein pronoter. 25. The reconbi nant herpesvirus of claim22, 23 or
24, wher ei n1¢-nde frepmbiaant hesResyirys of claim Gwersfy e anfipnipspolypeptideris @art efcdbs fHplara ¢SP
her pesvi rtus of ®REFHPH™S5,  wherein the pseudorabies virus is attenuated. 55
27. The rec i nant herpesvirus of claim?2 N _the aptjgeni

pol ypept i dequ'lgf)é?ctom(%f‘ a"? ﬁeerpess\‘;\'/fuﬁ é’P Sg'F'vbgstgﬂéédcg%gl{l'gug?"gt %F?fﬂe‘%%'der &159 to-3%%

677 Bl 28. The reconbi nant herpesvirus of claim25, wherein the antigenic
pol ypep_t '151615. ST hg%c_romaﬁani h& &W’u@r& & Q%D d&fg%tgd Q—PR@-%SB J&%aﬁ@sﬁ%d@ﬁﬂcc No. VR
her pesvi rus ofssgd ai m 25, erern tﬁe antigeni c polypeptide Is part of the
mal aria CSP 5 repeat region. 30. The reconbi nant herpesvirus of claim
25 desi gnat g8l 18 PER¥mbiRt REtEesHRP B bikifds H&Rkted S PRVIEE andRiepesitet unbBr ATEE NI VR
reconmbi nant heppesvirus of claim25 designated S-PRV-086 and deposited
under AT@EL No. VR 2216. 32. A vaccine which conprises an effective

i MTuni zi Ng a410The trecdinbihdme hergesdnid ion aldin &) edsfyasisd SPRV-083 aldadeposial undsr ATCC2Ko. ard
a suitable car2igr. 15 PatentansprUche 1. Rekonbi nanter, nicht von Prinmaten
st ammender Herpesvirus, der eine in eine nicht essentielle Region der
geRami schentiMivaetineewhichiepperised aneffedtivesismmunizing amoufitrof thel eecDNYiraBbapnprimete hefpaBirys
wobei di @0 frerffig 8xp7, and appablsedirsnz f ar ei n rekonbi nant es Fusi onsprotein
kodi ert, das_m ndestens einen Teil des Pseudora- biesvirus-gpX )
d ycoprotei t% %W&"&'ﬂi“‘éﬁ'%ﬁt%?my‘&ﬂ@aﬁés?%F P‘sth%lé?:?;gﬁk"’a‘"?’éé gyeapretein
ange- schnol z 12 PRiepisia yhiclyis fippdforthe qarhaxy erminus of;the Roptian pfdhergrX olye in

7 e SO SATUAC h fhd  GH
|

Pol ypepti d ei PSMSPTRTAL XS i st. 3. Rekonbi nanter Herpesvirus nach

P ot ot 18 cfre oM ud8Fori PG 16 Il oﬁsygﬁw b btSii ohRiSses the
d ycoprotein eddiiﬂéﬁﬁ\ El néggfnb ign l'segfﬁht%r@hg 9{(00 ot =S rdg_ nac‘ﬂ%_
Ansﬁs.r/uchaol oder 2, wobel der [FeT es gp ycopfoteins die am noterm nal e
Transnmembr ang i /e 3bcoRBHER fusidf Drotiyof @iark A8 wHofin e URtig polypeptids KOPIM Hakd Sfine
Her pesvi r us nagRoviasS&psIs prohinoder 2, wobei di e Expression der frenden DNA.
unter Steuerung des Herpessinpl ex-Virus Typ 1-Tymi di nki nasepronotors oder
des Pseudor afi e \técombindhp Kisidld-protein oElclaliO {06, dherbin [ieCditidenic Dolppdpidedé parbof the malaria
Rekonbi nant er ¢8Prgeasdivi r us nach Anspruch 1, 2, 3, 4 oder 5, wobei der

Her pesvirus ein Pseudorabies- virus ist. 40 7. Rekonbi nanter Herpesvirus
nach Anspru@h ®e regofbinant dsioPgeiethoof laime 36/ iwhersin dtegantigenin/molpeptidst is @t of the malaria
Rekonbi nant er G§8rrpresispgiens nach Anspruch 6, wobel das anti gene Polypeptid
Tei | des Schwei neparvo- virus-Capsidproteins ist. 45 9. Rekonbi nanter

Her pesvi rus 2% ot [eCophingptnopprigiate, igmpesvirgsawhics romeyiseroa foraiap At seguered ipsegiedsinto a non-
Mal ar i a- CSP- Ffrsfff'gj:lf?@”l‘_@f the gm°megggﬁi%§u;}w§$% r’?ﬁ%g'hs%ﬁ%ﬂ?? BeRdeg 2
wobei - das  ant g e A St ot s bopron L ok bt e it 15,

in a ho Il 'infected with
-recombinant herpesvirus.

P .

23. The recombinant herpesvirus of claim 22, wherein the polypeptide is an antigenic polypeptide.

24. The recombinant herpesvirus of claims 22 or 23, wherein expression of the foreign DNA is under
control of the herpes simplex virus type-1 thymidine kinase promoter or the pseudorabies virus gpX
50 glycoprotein promoter.
25. The recombinant herpesvirus of claim 22, 23 or 24, wherein the herpesvirus is a pseudorabies virus.

26. The recombinant herpesvirus of claim 25, wherein the pseudorabies virus is aitenuated.

27. The recombinant herpesvirus of claim 25, wherein the antigenic polypeptide is part of the swine
parvovirus capsid protein.
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11. Rekonbi nanter Herpesvirus nach Anspruch 6, der als -
wird und unter der ATCC Nr. VR 221¢p piass 677 Bgt i St. szﬂﬁ Iﬁr
Her pesvi rus nach Anspruch 6, der als S-PRV-098 bezei chn

der ATCC 55 Nr. VR 2219 hinterlegt ist. 13. Rekonbi nanter Her pesw rus
nach Anspr8chhegecambinant herpesvipRyt @@ 25 cvhefeintthecantiganiccbolyprstideris part o dhe MgRGTCHP .

VR 2217 hlntefﬁ’ie@gt ist. 66 EP O 332 677 Bl L1 iilbin Il
1~ * C * 14, Rekonbi nanter svirus nach Anspruch 6, der als
S- PRV- 093 ZBeI'éﬁ '&Wa%h?'aeﬁﬁ'ﬁﬁ onﬂe"@@som}erem&awemcmvmc@ i P#ﬁféﬁheégﬂa"? gBP

15. | npfst of [PPPRYERI”| ne wi rksam i muni si erende Menge des rekonbl nant en,

7 ind_ o ndh JEeEmheraR Fpdap o spin 4 esprtCEKh AR AR omecel i A1 06 fee

das m ndestens einen Tell des Pseudor abi esvi rus-gpX G ycoproteins und ein
an das O¥N:E/ ﬁé?&lr aQUn

Pol ypep’tq'}flcfla 130%%@&{%%4& sgo?n%}aﬁg%%[ (egsﬂ)}6 um%ﬁg%g%st%?%g%g'ch Aﬁf%ﬁﬁ%ﬁ%‘éﬁ
wobel das antigene Pol ypeptid in das Pseudorabi es- virus-gpX dycoprotein

ei ngebet t &fa. A Shocind FnictRRkipAddE BRGHoBRe MHRINRIE BhQUnedt %m&@%.ﬁamsm;s&gﬂusl&,clawﬂel
der Tell desagXeGhysanim ks die am noter- mnale
Tr ansnebr ansi gnal sequenz des gpX d ycoproteins unfaBt. 15 19.

Rekonbi narraestanegriiches pr ot ei n nach Anspruch 16, wobei das anti gene

Pol ypeptid Teil des Schwei ne- parvovirus-Capsidproteins ist. 20.

Rekonbi nartt e Bekembinantes, micht von (Primaterh stéwagndercerpbévirusidéresine dragineamitht gssendielle Region
Polypept i d Tddrigeoheischanl RBNA einesprpesvirusTBferiisrie thieinde DNA-Bequerk, unfieék svebai digrftemde
Fusi onsffr ot e PNA-Sequanz/rgin plambingntes Gisiensproteln ledipr. glen infestepseinan il tied Psogrisra-
Mal ar i a- CSP- birgvjiue-apX Filysoespteing gnd pig anodas Gareyapsertien tTails dagi gppft Glyesproing #ageen
st ammender Heahpalzsnes ByPoptis umiaBh and wohsi digfrefdeRNAsSoguant I"eﬁ'qeémhéﬂl‘ éfiforpRipanten
genoni schen Higesyius indiziggiep pergie pRimietdid i erte, frende DNA-Sequenz unfalt,

bei di f k t F kodi t
las. dashE % cBRPTIRRY Ear?%si%‘uéag% B A den USRI P e s an
Pol t h
o e AR e o ARl PO
wird. 30 23. g Bl nant rpesw rus nach Anspruch 22, wobei das

Pol Ypepjyi ds ehékoﬁnﬂuhén%‘?ﬂ%?pegl%é/ RER Adorhchl 1 odét 2, %&rﬁ& TR ed gble GRS dinsSaigach

Anspruch 22 aqﬁ&er%?memh&.#en%ﬁs. eI d8Eg¥edilycoprBBEimtl/A Ut er St euer ung
des Herpessinpl ex-Virus Typ 1-Tym di nki nasepronbtors oder des

Pseudor abiges rélom6inghbK H3fpesvirus .Gcwa@waﬁ @i dag ) Wdbéd i Bplesdiciider #8mden DNA unter
Rekonbi nant e stelruing &y iHekp8ssviplah-VitusS DipUG Tymidinkin2sdproni6tors Dder due [F8budei@biesvirus-gpX
Her pesvisr us 6iytopRssinpabaiomlsieesig - rus i st. 40 26. Rekonbi nanter Herpesvirus
nach Anspruch 25, wobel der Pseudorabi esvirus abgeschwacht ist. 27.
Rekomnbi narf e Rekembipantsy HerpssvinsmiachAnspruahcth 225 4 odey e wobdiader Herbésyinm @insbudpraipies- d
Tel | des Schwissisépar vo- virus-Capsidproteins ist. 46 28. Rekonbi nanter

‘Her pesvirus nach Anspruch 25, wobei das antigene Polypeptid Tell des -
Mal ar | a®CP- Rekoppiagntes Hprgesvirus gachrarasveh Brgbeieter ?%F??@Q\??wabﬁ%ﬁéwéﬂﬁﬁ)r uch 25,

wobei das antl ene Pol ,5 tid Tell der_ Ml arl a- CSP- t-Re
30 Rekonth LG s it AP, ek dos i Palypgpt ph?fgsfe weinebérv:
bezei chnet \M"'F"ﬁ' ﬁ?‘? PORI8 Y der ATCC Nr. VR 2215 hinterlegt ist.

o ) AR 5 SR, G S, PR ksl

10. Rekombinanter Herpesvirus nach Anspruch 8, wobei das antigene Polypeptid Teil der Malaria-CSP-
Repeat-Region ist.
50
11. Rekombinanter Herpesvirus nach Anspruch 8, der als S-PRV-040 bezeichnet wird und unter der ATCC
Nr. VR 2214 hinterlegt ist. '

12. Rekombinanter Herpesvirus nach Anspruch 6, der als S-PRV-098 bezeichnet wird und unter der ATCC
55 Nr. VR 2219 hinterlegt ist.

13. Rekombinanter Herpesvirus nach Anspruch 8, der als S-PRV-088 bezeichnet wird und unter der ATCC
Nr. VR 2217 hinterlegt ist.
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pol ypepti de est us dans g ycoprot6|ne gpX du virus pseudorab|que 15

4. Her pbsvi r1b‘.SRJkErﬁﬂﬁgﬂia§‘ Pustibdloin Rach Q){é?:ﬂﬂh $6 ol ddr 18H dgs gpsi%?y%oéraguseb.e befdinoter-
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Hehpesvi r us 20.cRakorobinedtes Flsiomspratein @echnAfisprach t8) wibei Ras Bntigehe Rolybeptid A désckjalaria-
| * her pbsver us @¥-Prawingist us pseudor abi que. 25 7. Herpbsvirus reconbine sol on
| a revendi cation 6, dans |equel |e virus pseudorabi que est attdnud. 8.

Her pbsvi rus 21 cRekmpirates Husinsiraiein eagk Auspteh 16 Wotwi dag antigeriociglypeptid Eeilslor MpjerjatGSHe
ant i geni que f afePegReeiodstde | a protei ne de capside du parvovi rus du porc. 30

Pé)lypeptld umfaft.

9. FbrprV|rus reconbi nd, sol on Ia revendlcatlon 6, dans_lequel le

pol ypept i¥e 2&nfigk 'Pl“ Y?é nch “P“ g‘e 5o dRrgjne d\ﬁ"l?&"iﬂﬂ?%?f@e’"efﬁgm
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reconbine s Qh.oﬁekl)tﬁblﬁa‘?ﬁé?nghe v RS QQ:h @nquféﬁ bﬂ Q/ébd? aa(s P§ryE) c? gl? &\tlﬁéneg g&%&ldﬁ& us le

numer o ATCC VR 2219 pbsvirus reconb sol'on la revendi cati on

desi gnd par 2% R&Xma&ﬁmenergém% QachQhSprich z@lw&rz@ Wob6ildieExprodsion deft Berddbn DNA unter
Her pesvi rus r esigusiing 4o ObpPébsimplok-PiB NG Glaiyhﬁlfhkiﬁase&mﬁété}g dd? Hes PsdutifariddruehpX
ddpos4 saws Iealwﬁfemppemas‘rsvmazw 15. Vaccin conprenant une quantit4
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pri mat es sel2anRdkembitiapise Hetpaseitus oach Adsprieh @2, 23, od@t24 wobsidtat Barpeaviap pin psudrabicsG:
Proteine de fussdh reconbi nde conprenant au noins une partie de |la
glycoproteine gpX du virus pseudorabi que et un pol ypeptide qui est fusionne
a | " extrsmi 26 GekembineptoeHarpasyiiup adch Agpruch 2 aehei dor dreeurlerakifisyitye phogeativintt ifp X. 55
17. Proteine_de fusion reconbinee selon |a revendication 16, dans |aquelle
| e pol ypept i*feRokpmbinaaier Hereeswas nach Angpsuch 34, avobel g aptigspy Rahwpriid T@'b‘?@séﬁh"(ﬂ"ﬂ?é‘m
pseudor abi que. virus-Capsidproteins ist.

45 28. Rekombinanter Herpesvirus nach Anspruch 25, wobei das antigene Polypeptid Tell des Malaria-CSP-
Proteins ist.

29. Rekombinanter Herpesvirus nach Anspruch 25, wobei das antigene Polypeptid Teil der Malaria-CSP-
Repeat-Region ist.
60 .
30. Rekombinanter Herpesvirus nach Anspruch 25, der als S-PRV-065 bezeichnet wird und unter der ATCC
Nr. VR 2215 hinterlegt ist.

31. Rekombinanter Herpesvirus nach Anspruch 25, der als S-PRV-086 bezeichnet wird und unter der ATCC
55 Nr. VR 2216 hinterlegt ist.

32, Impfstoff, der eine wwksam immunisierende Menge des rekombinanten Herpesvirus nach Anspruch 23,
25 oder 26 und einen gesigneten Triger umfaBt.
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11. Herpésvirus recombiné selon la revendication 6, désigné par S-PRV-040 et déposé sous le numéro
ATCC VR 2214.

40 12, Herpdsvirus recombiné selon la revendication 6, désigné par S-PRV-098 et déposé sous le numéro
ATCC VR 2219.

18. Herpésvirus recombiné selon la revendication 8, désigné par S-PRV-088 et déposé sous le numéro
ATCC VR 2217.

14. Herpésvirus recombiné selon la revendication 6, désigné par S-PRV-093 et déposé sous le numéro
ATCC VR 2218.

15. Vaccin comprenant une quantité immunisante efficace de I'herpgsvirus recombiné ne provenant pas de
60 primates selon les revendications 2, 6 ou 7, et un véhicule approprié.

16. Protéine de fusion recombinée comprenant au moins une partie de la glycoprotéine gpX du virus
pseudorabique et un polypeptcde qui est fusionné 3 lextrémité carboxyle terminale de la partie de la
glycoprotéine gpX.

55

17. Protéine de fusion recombinde selon la revendication 16, dans laquelle le polypeptide antigénique est

inclus dans la glycoprotéine gpX du virus pseudorabique.
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ewosszerrer N VIO

Protéine de fusion recombinée selon la revendication 16, dans laquells la partie de la glycoproiéine
gpX comprend la séquence signal transmembranaire amino-terminale de la glycoprotéine gpX.

Protéine de fusion recombinée selon la revendication 16, dans laquelle Ie polypeptide antigénique fait
partie de la protéine de capside du parvovirus du porc.

Protéine de fusion recombinée selon la revendication 16, dans laquelle le polypeptide antigénique fait
partie de la protéine CSP du paludisme.

Protéine de fusion recombinée selon Ia'revendication 16, dans laquelle e polypeptide antigénique fait
partie de la région de répétition de la CSP du paludisme.

Herpésvirus recombiné ne provenant pas de primates, lequel comprend une séquence d'ADN étranger
insérée dans une région non essentielle de I'ADN génomique d'un herpésvirus, dans lequel la
séquence d'ADN étranger code une protéine de fusion recombinée comprenant la protdine 8-
galactosidase de E. coli fusionnée & son extrémité carboxyle terminale & un polypeptide et dans lequel
la séquence d'ADN étranger est exprimée dans une cellule hbte infectée par I'herpésvirus recombing.

Herpésvirus recombiné selon la revendication 22, dans lequel le polypeptide est un polypeptide
antigénique.

Herpésvirus recombiné selon les revendications 22 ou 23, dans lequel I'expression de 'ADN étranger
est sous le contrble du promoteur thymidine-kinase du virus de I'herpés simplex de type 1 ou du
promoteur glycoprotéine gpX du virus pseudorabique.

Herpisvirus recombiné selon la revendication 22, 23 ou 24, dans lequel I'herpésvirus est un vitus
pseudorabique.

Herp&svirus recombiné selon la revendication 25, dans lequel le virus pseudorabique est atiénué.

Herpisvirus recombiné selon la revendication 25, dans lequel le polypeptide antigénique fait partie de
fa protéine de capside du parvovirus du porc.

Herpésvirus recombiné selon la revendication 25, dans lequel le polypeptide antigénique fait partie de
1a protéine CSP du paludisme.

Herpésvirus recombiné selon fa revendication 25, dans lequel le polypeptide antigénique fait partie de
la région de répétition de ia CSP du paludisme.

Herpésvirus recombiné selon la revendication 25, désigné par S-PRV-085 et déposé sous ls numéro
ATCC VR 2215.

Herpésvirus recombiné selon la revendication 25, désigné par S-PRV-086 et déposé sous e numéro
ATCC VR 2216.

Vaccin, lequel comprend une quantité immunisante efficace de I'herpdsvirus recombiné selon la
revendication 23, 25 ou 26 et un véhicule approprié.



