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Two major antigenic groups of BVDV (type 1 and 2) have been described (Becher et al.
K 999) which display limited cross neutralizing antibody reactions (Ridpath et al. 1994).
»s  Present vaccines for the prevention and treatment of BVDV infections still have
'drawbacks (Oirschot et al. 1999). Vaccines against the classical BVDV type 1 provide
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(Tijssen et al. 1996) most monoclonal antibodies against type 1 strains fail to bind to
type 2 viruses (Ridpath et al., 1994).
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material using suitable pharnaceutical onposi tions (polynucleotlde '

vacci nation): -A vaccine may coq?rrse ohe or simyl taneousl!

of the eheieinnsmalessie’ iy Bedoe DNAMelgeec intpiens BB pbad Agrerding to "
Addi t i ongl, @gg&gggﬂta tot@gge ggs&ertsneh aLer'i‘alEl%lélFél PQ Eﬁanngameeté bUEES

comonl y 0 as ants, lrke e mniu droxi de, m neral
or ot hera flibresoentdaise!|drainy othnerlmolebale lth&le'dnttbe'al'te vacci ne or generated by

t he bod ft th {. h dd .z |
ke butA$4tsq beiein. & der ir Bt i, m8Borce B B0 b % BN TREE R o
"vacc] nenrelfous! AN (HE BBESURG td %‘né‘ tMﬁs‘iﬁbﬁecHve cat ﬁlol:lﬁ@ﬂhﬂ%@ntarmn?

corrprl sing antigenic substances and is adm nistered for the purpose o
~i.nduci ngaehthtrarmdtematnumetneemt/eormallmbeylgagert mittha ravlseidee Spichvipristieny

‘BVDV. The BVDV cl gne a L n ven an tive immnity -
t hat - nay“@é"'t'?rg?@? §F’€'@F’§'t¥7 %Rﬁtqlgpné'l‘)? rhﬁﬁéf? g&agal nst the
~.imm Unog@rtﬁol’ebul‘eo"g aSLﬁﬁst&'ﬂthlﬁ'Oﬁﬁ’lllal’fEQo aé(rt?cﬂhé’rg<’r>fl0’l§t.’éu1@‘9\ if AR nmolemmahave

'corrp05| tion" essentially conSists of one of nore ingredients capahle

' nodi fyrau@swalhosmylamuceogde Bamﬁrme@gtrmloseﬁbacﬁw ¥ Tius; REoVirierh 9§H‘l"i’t is
‘adm:ni Stsrﬁotggglteg go%s%%si a%ir@ﬁl"%ﬁ tléeg%trl go %ld&%u‘\paerra?ltégag'tﬁé’t‘teﬁﬁ‘?s hgéél“ vel 1

—incl dde I'cs . or~antiparasitics -
.- as ot hemep@insif lth@&ﬂthl‘edtrdmmuxéncelﬂgdtdtQdaﬁlwl:v@tdwﬂcﬁ amlealllhsrwhlolbjl'melares 7

: like, but not linmted to, processrngtralts B'Pﬁ F‘Ba/t
 feasibi mmglaweéenﬁda%lenmeree%a ?'ieiddltlftﬁﬂ§%h rginggven if

. __rout es %H&Fbﬁ:ﬁo M@t ?c?erlttca nt r-avenous, |ntraszcuI ar, subcut aneous,
i nt raderma her Ie rou e, toIerance after admnlstratlon :

“‘controll ed rel ease propert | es. growth factors. 20 WD 03/ 023041 Di scI osur e -

- of the i_nventign The sol uti tqQ th bov technical problemis achi.eved
by  Ho. dReCErLVBseIRRIaS Led NETBAPIRER 1Q ScPhArHECRH AL GOMPaSION SIRRFEING 1o

]j;" ong 'a%t' DS .mrﬁt%reg.&arneacaeencamsaﬁeﬁeut.ar thdoés BNDinéRsiogRayi ral
o response in ‘an animal and possibly but not necessanly one -or more addltlonal |
'components that enhance the immunological activity of said active component. A |

L vaccme may additionally comprise further components typlcal to pharmaceut:cal -
» ,z-'o compostrons The immunologically active component of a vaccine may comprrse'

- complete virus parttcles in either their ongmal form or as attenuated particles in a so _

~ calied modifi ed lsve vaccme (MLV) or partlcles mactlvated by approprlate methods ina SR

| ':"ﬂso called krlled vaccme (KV) In another form the rmmunologrcally actlve component of

| i a vaccme may comprlse approprlate elements of Sald orgamsms (subumt vacclnes) S

35 " whereby these elements are generated elther by destroyrng the whole partlcle or’ the.

| '._growth cultures containing such particles and optronally subsequent purification steps
.yleldlng the desired structure(s) or by synthetic processes mcludlng an approprlate.
-"mampulatlon by use of a sultable system based on, for example, ‘bacteria, tnsects' "
mammalian or’ other spemes plus optionally subsequent 1solat|on and puriﬁcatron‘

30 "procedures or by induction of said synthetsc processes in the animal neeclmg a vaccine

| by direct lncorporatron of genetlc material using surtable pharmaceutlcal composmons '.
(polynucleotlde vaccmatlon) ‘A vaccine may compnse one or s:muitaneously more than ,

B -"one of the elements descnbed above



-diarrhea virus) of defined sequence and specificity correlated to virul ence
which can be used to generate specifi.c attenuated BVDVIﬁS?bWeQ‘O@'g.;i'n a-
vacci ne. The. inventors for 3e. the first tinme provided a.nethod to -
"generate iMPEABBIs clones and infectious BVDV particl ePCHERIFEN her eof
of defined genetic identity which at the sane time have the pathogenicity
closely resenbljng ¢ he wild-type vi ru_s._g; Furthernore, the inventors for the
first tivRe WQIMsoEsEE asrundaraiepd dipgein s, gevacaing) tonaelaitnanmLee: SR IsiNge,

vent ed TREhIcCsdteiead e RORmibist R KE b 1O, of Melddnly al@écii ana
| nvent oraxtiué Smniumitg regaihst andisbask peovgrkedr it BVEM. EfeaBYDVBYBe prcbidihg $o

with geneti.c identity which may be attenuated by ' -nodification at only one
et i noa e Javertion anfars, adive SRty Wt Bifbi 6 tENSIEDS BASRVRY e matemdal
link,, beinBea; (JeTedn o Iy d @t [ VR Nton@bock N

order :to uﬁg‘eGrgstand s?ﬁgﬁfuﬁlf“g&r?ﬁ% r%t:c‘ an?@tﬁq gg‘fd %ﬁﬁ%nﬁ%??onbglﬁgk
t her ef oreatipenisally relatedssganismbe quality in use as a vaccine. In a first’

R LB R A L B P LS

into seppentiohiscadionts dikes.gl é_ldh‘ﬁlﬁiﬁhﬂ??ﬁrcﬁﬁé‘?hﬂhéﬁﬂoﬁ&ﬁeﬁ‘{(o%tdr%ilia%}/bv
In

particles a) with the capabilify to induCe viraem a and | eukopeni a, -

-cal ves MHectipeadded & thetvacelnstorganesalpdarydhe dody edter thenrespectivecintlottiawi ng

- clinicak, synpt Of it ) DI Si i.arr.hea. - pyrexia.lasting
Gt Tisaopy K, A5 Chal SinpRHE fGTBH HofiBedhBlebaf o Bhs Mg RSt 1T
. aut hent geadthastotence as defined supra as conpared to-a wild-type BVDV' -
~ isolate fromwhich such DNA nol ecul @ has been derived; and/or c) which arey
when BvAVPRameeaudicakeomapesitiqif essenfialliconsists ef e exmorsr borssiienistepabls
particl g8, mahfliRAl ik . .30 oS Wit bin 2 l.od.of. 21
- Bays: ol mouRinG; phdioBbicef 2. hrilfoiopkal BRMIR, Y IC BB TLI s o
- conpr i sadgiristeRd\toior bf argesines living dpk eEthe aryariomSTERE tenNBIclidesa bkt &y
conpri si %gda séqaence ,Borr,pl enentary to SEQ -ID NO | Said_ _dose of : _
6x106 T ricied jo Antiblotiss arantipeyasiven. Asswell ¢ atbepeopstitients commosly
“-nuscl e) e I - : t ane 0 - to
- Obtai n S5 RCHTIT BRAR Uifr MHiectSR kL AM) ARG (60 PRiceReRRy ks, ©
- pr ef er asteilityh etahilitye fedsilsilityetd mdminister ethst compodition dda @htertl crnparehtatal
a'n;'_ 1m,a| Sr'ou%is! .(~~%IUf|:helajlls< %Fr)a ?%n?ra%];sgft, ?rﬂra%)eng[lg,f ,ﬁr%ﬁ"mcﬁép,aslulbcl.bfanaetous, ihtradennal
| -_ dr other suitable route, tolerance after administraﬁoh, controlled release pro_p'_ertie's_.

Jﬂ

| s The solution {o the'ébove_ .techri'ic':a! .prdbﬂi'e.rh' isAéc;hiévec.j .by the ‘_ciescr'ip{ibn and_.ihé :
- embodiments characterized in the claims. R o
The long lasting need in the art'has been overcome for a live ,B,.VDV (bovine viral
diarrhea virus) of defined sequence and specificity comrelated to virlilence which can be
.use_d_ to generate specific atténuated BVDV for use e.g. in a vaécine. The inventors for |
it thé first tims Jprovided a 'me_thbd to generafé inf_edtious clones aﬁd iﬁfectious BVDV‘ ‘
'.p_arﬁc':les derived thereof of defined genetic identity which at the same fime have the
_ pathggenicity‘closely resembling the wild-type vin.is, Furthermore, ihe-in\)entors' for the . -
. first time disclosed. an infectious.type.2 clone and, infectious type.2 BVDV pariicles. -




' .3a . | east a,35%' i’éduction bel ow basel'ine on at |east two consecutive
days, wherein- "baseline" relates to the average val ues '§feay 280fi nal s 10

 days bef orWoi03f2as¢i on. Diarrhea is a typi cal ‘synpt om of | WQQ
Cwith. BVDV. WD 03/023041 10 18 February 2006 PCT/ EP02/ 0992 referably, in

a DNA nol ecul e as described supra the pyrexia of -step a) is at | east 40 C.

L oth I ntocted et o Hob TRRIEF IRRMELING! Rrchiths IvONPEaTEY, bRk, .

has beerrSRENGRdhe ifventars also lnyemﬁdcﬂmﬂmd wmemze\ataeaumdcww pactidsk f r om

3Lo, 6 e Benafic (iR Vit ma pO R Tt IO Mgdieaivh 8 Gy ArBagielised o
i nf ect | gienetin dnarkerr Siteyi The. inventioth etlows ab geﬁerézeS§ chlisa ik, Bet%eﬁé}%\ég% X

parti cl sin n RNA with a sequence conplenentary to
and/ Sr ?'?"‘ﬁp snfga caRion, whidbivpeasantiahiry order dsandersiand the funcliosat ond

aspect , pidthahidne et ﬂ'fé‘aft?n‘\@étﬁrﬁ &kt Eri’é?-eto'?é Helr 53% ‘ihﬁgﬁxgpﬁ @Zﬁ%béﬁmm

~.-.serving as a tenplate tor .transcription I

: when i nVeerRideed into susceptible host célls, induces t he generation of .
i nf ect’i ous BVDV f) with the capabili ty to i nduce viraem a and | eukopeni a I'n
..calves for a period of "at .least one day and at |east one. of the

fol | owi “gaﬁdstﬂmp%ﬂthéhﬂ@{t@rﬂfela@cst&Q@NAQﬁ&PébQIe%QﬂPHh&%ng di arrhea and or,
pyrexia lasting.at. |east one day when particles Said dose of 6x106TCl Dw of

.'steﬁ‘f)“‘l‘ e?ﬂd?f Eeguencamompleneniay do axBYBV RNA; wigreineshid RNA;| when2x106

-Cintran b aneous,. r .scapul.a I'n-a tot al :. 6.
"“dose.- o? ﬁﬁ‘ﬁ&#ﬂ%’gd ?@9 %Eélc%ﬁ'ﬁ#é #St ?é ﬁg‘g%? %é? f‘%{a’fﬁﬂepgr'a%csous BEBVd be

- observqutriiclesf | east.two thirds of aI | infected animals. Said | eukopenl a -

. of . step f) ps.e rably shall be at |east . a 35%reduction bel ow baseline on

at | east twsdWHRthaapabil liﬁi%mdmemenﬂa)aeéleul@penmi intcalvesdor & penvdiofige

‘'val ues of all n Sai.d. | nf ect ous .
- clone preferab ylelggtj én% g%ogfe[ %5@2}18 cﬁ&beq‘ggompg @lnf%&y WiYh%a' d
infactious BV@r‘ouzboumnpl%mg diartien angfdr pireiizC ifing | K 1adst Whe gﬁtwﬁéﬁ"es
- as the: origin Iﬂp e%onstructl n sucéjl_ clone is preferabl Y- obtal ned directly }
Cfrom . with a dose of 6x10°TCIDs,. . _

b) with authentlcal virulence as defi ned supra as compared to a w:ld-type BVDV
_ lsolate from which such DNA molecule has been derived; and/or

- ©) which are, when BVDV naive calves are infected. at a dose of 6x10°TClD59
@ - with such patrticles, lethal for at least 30 % of such calves wﬁhm a pertod of
' 21days and/or _ o . |
d) with a wruience of not less than 90 % of BVDV partlcles compnsmg an RNA _ )
: wathasequence oomplementaty to SEQ ID NO, 1; andlor e e
e comprismgasequenoe oomplementary to SEQ ID NO LI

Said dose of 6x10eTCle of step a) is preferably admlmstered as 2xi 0G i.m. (gluteal SRR
muscle) 2x10° mtranaseally. and 2x1 0° subcutaneously (over scapula) to obtain a total |
N d dose of 6x10°. Sald clinical symptoms of step a). preferably should be observed inat
7 least two thlrds of all infected animals. Said leukopenia of step a) preferably shallbe at .‘
3 Ieast a 35% reduction below baseline on at least two consecutive days whereini: |
- -base]me relates to_the average values of all animals 10 days before mfectron ,‘ D
B D:arrhea isa typlca! symptom of infection with BVDV '




ca field isolate or retransfen-ed to animals and subsequently relsolated
fromthe aginmal with tHe strongest clinical ‘synptons alBF*sagd®uent|y
passaged W 03/023Me than twice In . WO 03/ 023041 PC' T/ EPSt@pihddessl DNA _
" nol ecul e has been derived;. and/or cell culture, preferably onée or not at
~-all. The exanpl e (exanple 1) exenpl ifigs this. The exanpl e denonstrates the '
" ¢DNA- cl gnl nrg of virus NY931C which is, after several cell culture - -
passage referably.dn & DMV eelepyie as desstiechaupratherayrexia obstep alis ahldasidBdCs or RNA _,
preparation and cDNA cloning after not nmore than two cell culture passages
of the isolated virus. In a'third aspect, the. i nvention provides a BVDV
particle generated by transcri.ption using the DNA nol ecul e or the BVDV

cl one amGeBbraGishe, trteantenw&melseetmmﬁfe&roa@st/s%b{?@ of suitable cells or

cell lines sai,d RNA a ection of the resultjng.BVDV parti cl es
pr oducé@P@?W%QP gepdng as sés"@%srfsr trapspdRliore intoian RNA/ in said R
generat\merbgﬁt&ti Bod1htd B6s uchéfgt&%e/&ls fldu ¢ nng n&=RBA of Fﬁé’cﬁ&‘u% BESYOTE

- of a. suita VLT us, i ruses now to the artisan,
' follommrbglesm ection of eukaryotlc pr-onot or in eukaryotlc cells Ieadl ng to .

e gener el g dafiet el BB Rk Sﬁststk”%pa"'iﬁeq%‘l@%%ﬁté‘te%t“g”?
express -T7 P@tyeestaﬁe déy%?ldoaeteersaah& &hﬁe%ttb% g Ainf&dl IsPHiptehe o8 engsy be

- expressed: under control .an or I nfectious one may be iransfect into
‘sui#abl e cel | Sroup mmm@mgarchﬁmm taﬂdldkl\pyr&x!adi@&lhgsaﬁleaﬂ ong tdahlwhefel I's

. resulting in V. roduced by‘said cells, . ' -
- -Preferably -al g’ﬁ%ﬁé’"%@% %X%lﬁ&tng st‘ﬂﬁh he cell:-(as exenplified by V. '
- Racaniel I 0 gneith. alhkhiicalr @rdlence @si @ompated(@%tliv}td t;(;tél wciwsélat@mt ‘

there is prow ded an i nfectious. BVDV type 2 clone.- fifth aspect;

there is. Wlmcarpwﬁf@@lﬁpﬂwwltweﬂ endies;: capabl e -of serving as-

E ‘a-te Iat n

it oﬁﬁced% et AL RPEHVRY N Ao B 084 5113 6 RicHiil s tioa ot

- i nfiect i ous Bvs\dqseroﬂ W&)Dwm sheh parRes, ifethal Jor BEkRet BOr %eol sudnd
Ieukopenl a in calves for a period of at |least 1 day and at 1|east ‘one of

© the foll owi ngCalvesiwitain %pﬁﬂ@@@t%daxs@@rlm@omd&r i ng di arrhea and/ or

pyrexia | a P | D50;
~fand/or 1) SI} WI% ‘fl}ﬁ‘ﬁn Ica f@oel@%%m%[]gg %?ﬁ{?ﬂ&%@"p&h@e%&ﬁ%&gﬁ% o
~ which. are, vithhaSegienes vompldmatitaryt® SEQMDNG. {candloront hs. are infected
at -~ a“dose of 6x106TCl Dso~ W|th such particles, | et hal for at | east 30 % of
jsu_ch R ) compnsmgasequenoe complementary to SEQ ID NO. 1 o o
o Sald dose of 6x10°l'CID50 of step f) is preferably administered as 2x10° im. (gtuteal
L muscle), 2x10° :ntranaseatty, and 2x10° subcutaneously (over scapula) to obtain atotal - B
o -dose of 6x10° Sald otlmoat symptoms of step a) preferabty should be observed in at” _
o least two thlrds of all mfected arumals Sald Ieukopema of step f) preferably shalt be at o |
T least a 35% reduotlon below baselane on at least two consecutive days. wherem- _

- "basehne relates to the average values of all animals 10 days before infection.
o Said infectious BVDV clone-_preferablyis a.type 1_' or type 2 clone'. - R

. As it is important that said infectious BVDV clone is of authentical virulence, the virus™
that serves as the origin for constructing such clone is preferably obtamed dlreotly from |

. a ﬁeld |solate or refransferred to animals and subsequentty relsolated from the ammal )

e o _r;wnth the strongest ohmoal symptoms and subsequently passaged no. more than t\moe in e B




._-caI ves wrthr n a perrod of 21 days after infe-ct-ion; and/or n) with a
virulence of not .less than '90 % of BVDV particles witH3& ‘%‘@W&%e

conpl enent wig/3eseHEQ | D NO. 1 and/ or 0) - conpri si ng a S 0 PeNEee2/09925
~conpl ementary to SEQ ID NO. 1. ro Disclosed herein is a BVDV type-2-cl one

obt ai nabl e by a nmethod characterized byjfhe following. steps: aaa) a,

-wi | d-type BVDV W 2 strain is isolated; bbb) said wild-type BVDV type 2

strain is passaged in cell-culture; ccc) said cell -cul ture- passaged BVDV "
type 2. strain i's' used to infect bovine animals and a BVDV.strainis - .
' 1 e- i solcalt adiureRipferably oRessar nete alf dhg exapmledexampiant) semplifigsNis sequence SEQ | D

N|O "1 TI'I"Hnga%tpﬁ detﬂbneetee tﬁe d:DNA—eIorlﬂth‘ofbrﬂJs&t\%ld\ﬁtr@ﬂs iaftéraetdral sl daMiyt ype 2 '
cl one accordi ng tion as,c :
S0 | NEero R el Il S8y R hofal SRR HT k7o A BRGer iR o P ™
degener atafteraiot mere than dwo eaﬂrcultttteepesageagttber-sn*eteéemSe or a chem cal derr vative
thereof.' A non-linting exanple is provided in exanple. 1. .1 A seventh

: t f BVDV t ticl t

r Amecr 1 17 DR aiestibe BvistoR povEesa ARG Farl e donreoy Danrin r%t%‘h?elékkr

t r ansf ecniolEgule br theiBYRY clene adchsling to the @véntibin, Neestramsfiettion af shitaiicelis dr deh ines )
collecti Qan 9{10’ RRR aﬁ@fﬁ@ 'c&lle@ﬂ)n%ymgr&ﬂﬁahd QVWpé?'ﬁé?&%ﬁdao&yby%%ld@eﬁée%t%nother :

| 'Preferably DNA i nfect1 ous cl fect into
~-sui tabl ee@@?q’@eﬂlﬁr%%V[l‘lﬁﬁ"ﬁ!ﬁ%afé@dtbhebwhsw&@Qlt%@é’athﬁ&wc\!rc gintedPe swi ne
fever vi germmeCBiWitably DAV BOCHDNA virugés befriX88yn fodiie artidah Soltbaled bysafedtlon of

r e i SOI aEﬁQb!@l{&ﬁ‘érésmﬁg i% g%hérgt'iorrl ol‘ éVWEﬁ'ﬁ&@sdpr%CMy%ald%& l’l{t\éfe(l‘goly also, the- DNA By
e o or infectious clone | may be transfected mto suitable cells which then produce the RNA as drsclosed for
o classrcal swine fever virus (CSFV) by van Gennlp et al. (1 999) for cells whlch stably express T7 '

' Polymerase Also preferably the DNA or lnfectrous clone may be expressed under control of an
eukaryotic promotor in eukaryotrc cells Ieadrng to the generation of infectious BVDV partrcles berng able
~ to be secreted from the cell (as exemplified by V. Racaniello and D. Baltrmore for poliovirus (1981)).
" In'afourth aspect, there i is provided an :nfectlous BVDV type 2 clone. o
In a fifth aspect, there | ls prowded an tnfectlous BVDV type 2 clone, capable of serving as a template for
' transcrtptron into an RNA wherein said RNA, when introduced into susceptrble host cells, induces the -
generatton of infectious BVDV partrcles ' ' .
' . with the capability to mduce viraemia and Ieukopema in calves for a penod of at Ieast 1
day and at least one of the followrng clinical symptoms of the group
comprising diarrhea andlor pyrexia lastmg at least one day when infected wrth a
dose of 6x106TCID50, andlor -

o ‘DNA molecule has been derrved and!or




| ‘pre'f'erab-l 'y once, in cell cul t-ure; eee) said re-isol ated-: BVDV t%’ﬁ

xstraln IS reverse-transcribed.and cloned resultlng i n. al8fFehran ‘bth cDNA.
clone, prebamelleyy the 5 and 3' ends are-cloned using the. RACE-technol ogy:
" Said infectious DNA clone may then be transcribed into RRAVERY&925
~appropriate conditions, said RNAis i ntroduced i-nt-0 appropri ate cell's or
particle is-collected. Such a.

| cell ‘lines resu tln BVDV W ,
clone is exe% ch@r? ﬁg/rpyﬂﬂﬁv#@@h&%ﬁgﬂtﬁmma&m @ hvaondied amel inabtdy ot he

WO 031023041 13 do: f er abl y t he
DNA or infectious %%ﬁg’&%??é? ?ﬁ@ﬁ%@%}é\r@ﬁ%l gﬁ%@nﬁBE%‘iﬁBsi _
expressed undepalyeﬁt\l\rfﬂjlin afpeand@ﬁﬁarmlaﬂepirqmm ah8for eukaryotic: ceI I S

| eading to tllri)] vﬁﬁggr 'on off giﬁeﬁ%ttbous BVDV art|cI es being able to be
secreted fr C L ag, AR P0% of \ﬂah’dlﬁﬁeﬂe%t:amans}ngmﬂ RNepre -
for .poliowrusw(tlih nb@cﬁ Qqaﬁogﬁ frgiyhn tion, there'is.

. provided a DNA nol ecul e contgll nlrﬂ%ﬁt nucl eo lp b ?s%'?fyg ce corrpl enment ary to;
~a full-lengtl mwrwaemwmmemmwmeemmhecul eis .
charactDerI eec&] fhe s uence ‘SEQ ID NO' 1. Thus, the DNA'nplecule can be
char act€¥I°s 'S§I§¥ ¥re Polerfeabtasiable Whmdﬂmdchmheeiﬂeebﬁmemlémﬁ@sthﬁk the

. di sclosed enbodi ments ‘consi sts of the sequence as characterized by SEQ ID
No. 1. nol ecul chem cal derivative thereof. - A non-liniting exanple is"-

provi ded i na@§gnﬁl"€ 1#ype BV typet steainris isclated; functional variant, variant
~basgd on th R ade, fusipn A-ninth aspect further
_relates to gb% rrglv@fgu com\f%g%La&? I3 Pafeagsgin fsll=mufies; accor di ng to- _.' .
the A tent&cQspeaid ool axmsepaseagamew\pweezoﬁah ge*tls%dbeb H@&S&S\h.gé' on

~..of - the DNA .nol. eculle ac Orﬂt{D% the invention as. described sSupra,
BVDV clone ac@Bl"Eﬁ’ﬁ "l nSERIn; @W%@OMfﬂmedhsumﬁ se\nevelytmﬁslbt&ﬁ
. "descri bed. Supéﬁmé]l’ to the BVDV clone according to the invention as:
‘described supra. structures of the RNA, and the use of “a thernostable .

. enzyrre for ddé)s-ssid pe-isointedeBYPhetypel zgsmhlmepaésageaeﬁé%éﬁeam Whon
¢j udes a Stﬁr% % !FI evat ed tE&Beratures sufficient- to break or d'uc'e
secondary vir é YRGS ﬁ? fU5esai d wil d- type isolate, corrprl sing the

.steps of - ke)sehrf rduks ! tf nfegted. a |
- ’- passagi ng notyrrore th arllj\k’t‘t\[?\llacls’e\?%?ﬂl te%b%@]elgr}ekﬁm?&l: Betgﬂanq ?’}Qﬂe@parl ng
'RNA from t he resuangpaatmullmgthswedene; pregertbly the® gl 2 eRBS B Bjdiey DNA
after reverse, é Egﬂ C%&#o%"hm the RNA, wherein the In an el event aspect,
‘there is provi B?'OQYre production of an infectious. BVDV cI one
| f rom ar - Baid infectious DNA clone may then be transcnbed into RNA under appropnate
@ condltlons 'said RNA is introduced into appropnate cells or celi lines and the
' resultmg BVDVtype 2 particle is collected _ :
e Such a clone is exempln"ed m the. non-llmrttng example 1 and charactenzed by the T
'_ GDNA ¢ se%ence SEQ ID NO 1 Thus asixth aspect relates to an lnfectlous 7 ' 3
B BVDV type 2. clone accordmg to the mventton as character:zed by’ the DNA sequence o
s of SEQ ID NO. 1 or a ftagment functlonal vanant vanant based on the degeneratwe |

| -nucleic acid code, fusion molecule ora chemical dertvatlve thereof. A non-llmrtmg
- example is prowded in exampte 1. ‘

A seventh aspect further relates to a BVDV type 2 particle generated by in wtro _ .
. transcriptlon of the BVDV clone according to the invention into RNA, the transfectlon of su:table cells or 5
celi lines with said RNA and the collectlon of the resu!tlng BVDV. partlcles produced by said cells.
: Preferably also the DNA or infectious clone may be transfected into suitable cells which then produce
- "the RNA as disclosed for classncal swine fever virus (CSFV) by van Gennlp et. al. {1 999) for cells-




W | d-type BVDV- i sol at e, said infectious BVDV cl-one bei ng-conpl errent ary to a
RNA having. authentical - these el evated tenperatures;, \ADFeRya0280601 .18 ‘

February 20vaBes/2eii EP02/ 09925 14 '} i ncor porating the conpg/imoi@sa Dt
(WNA) into a plasnid vector or into a DNA virus capable of directing the
transcri ption- of BVDV cDNA into RNA upor13| nfection of suitable cells. Said

| vi ral par e t h fuII
Vength” e b BT BRMTapSS A brditably 9 DNA S inkchons Fabe',
 assenbl i @g‘g eﬂoetbep?'?r&se%?fﬂmme@eww%aefﬁeg un%%eowéﬁaeﬁwo prpmotor in_
colrrgl e e reudiryotic eellsdeadiNg tdtay ber@ration bianfedtioad BVDM nsauttowseemgeblgmmf eeﬁteﬂ @omai d
W typ§, . LARRt or the
producti gn&b?t(%ﬁéxe'm?l (?w\?cka%\/ H?gn?églﬁc’%%%&'gw@ F%EQ?BVDV i sol ate, sai d
i nfect i oUR2BYBN esrsRor Beiinygntioa.dhere & prexdries @i DiNATgoledue @ﬂ@p@g@fnuqque . -
ge per at i rgqlentéd ednan@iditagao R fEnEtABYD\BYEY2 RNA M@ﬂeﬂdﬂlypefaﬁf meb.lotécm&lsassenbl ed
u rom L t SC on of .
ever e PaBLERIEB BelBfed BFHo L MR RS A o BB e'S
to “br eak ffdNoy ‘eerlﬂfeagmeetcfen@awvajtantmrentsteseton thérdegrngsativamciein ecidismledisien - -
t her NSt akdiRuleREY BRenficd detrmtﬁe thekedP A Mluﬁrttﬁ@éﬁéﬂﬁleﬁ@frﬂ@déﬂﬁ bXdingid 1.t hese
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~ -transcri pﬁpmiia@ﬁﬂzwwq Mt o RNA upon infection. of suitable cells.

~ar’-bovi né& R 8

- killing of said animl fromits-organ(s); ppp) |solat|ng RNA fromcells of

'anlnfected ani viraem a or .optionally after testicular)y ;cells..
Pgétf 'ﬁ'erffg%étq S RNAiojegule camplemeiary odhg INA molegug AFrordaintbe

- . Sui t abl einyertios a$ descrited|sbipra, o tathe BYDVnclohaaticordDg tdothie tmeentuﬂmaé(detnmed (shARBK) “
cells; R ténﬁt‘?%fép@& r89t5§8% N m{)lg&llé Sbtdi mleatférttrag%hﬁhoh . fﬁg b}zﬁ"lﬁolg’éufe%l%corcﬂﬁgqg uc Ed

- by the meth «gty one_or
Ctwel fth étewe'@t‘mntaﬁéeeﬂt) 4P réwratecﬁ\ép\ﬁeemcqrem tﬁ'éhqyﬁwmwsotesefbewpra _
‘infecti ous -BVDV clone froma wld-type BVDV isol ate, said infectious BVDV

o cl Oggl 3 e\|M ch‘%gnhglg%gﬁt ﬁt{el)é |§ ﬁoﬁde%%ﬁgé fn pthg Pr\églﬁcl(lon &Can |r9(];cttgt?st BV[ﬁFaoneQI%rrt]t 390 %
T . wild-type VDV isolate, sald lnfectlous BVDV. clone belng oomplementary toa RNA having authentlcal ‘
wru!enee as compared to satd w1|d-type isolate, comprtsang the steps of '
7 ~ p)isolating viral partlcles from an-infected animal;
q) passaging not more than twiée on suitable cell culiure cells;
“ r) preparing RNA from the viral particles; _ - . 7
- 8) generating fulllength complementary DNA after reverse transcription of the RNA; wtterein the _
' reverse transcription includes a step at elevated temperatures sufficient to break or reduce secondary
structures of the RNA and the use of a thermostable enzyme for thls step sald enzyme bemg active at

. these elevated temperatures




e ‘genorteo!

WD 03/023041 t5. u) isolating viral particlees froman.infected aninal;
. for exanple passagl ng not- nore than. twice.is suitabl e d&Fbrewi2fre cells;
. preferabl wouspzse not at ;all; v) preparing 'RNA from t hecwepejossarti cl es;
W) generating-full-length. corrpl enmentary DNA after reverse transcription of
the RNA;, wherein the reverse transcrlmlon incl udes a step at el evated
t enpera Pr=Jal fD
Rn o GorpHiting' B8 contsRrRERly DIV IR RRSA BN BUE! M o AIDNAE
active at \ﬂﬂuempabh/aﬁ @nbcmagﬂhe d:tamsesptlor) of va\pdbﬂm intp RN& upaminiegtion ar y-
DNA (cDNA) Ol;g c%*asmd vector or into-a DNA virus capable of directing
the trans@ H{t"f' R S5HlS-8VDV cDNA i nto RNA upon infection Said viral
par ticl ggid Wral padiles Dﬁfme?erb%aﬁé?%diélbﬂ”&uﬂﬁd Qifemid (5tep ka)) Tl'né'f’fallfléhbth

| engt h conpl enent ar step x) preferably may be -gener ated by.

assenbl complementary eb&m | stepim) prefgrably maY(bweaieweéMnﬁT?ml) l(;lg
\/| Di ,
Tor orn PRI St sala ReinetE g %Js%%&@ﬁﬁ‘aq 'i's generated using RACE

There was a partlc‘ul ar difficulty in the art to done the 5 and 3 ‘region
of an infectious. BVDV. The |nventors devel oped an |nvent|ve r'%t hod. to

. obtai-n. Amthﬂréﬁfefe:aed @mwgwt relateglt@ﬁsmegmqafqrghﬁ@r qlion<of s Infectiqus| & py
appl yi | t
-1 nvent or\@gﬁgfe | S t S@Eﬂé‘?& H%"'é"‘ﬁér]p%?@rﬁg,g% E{%r .rt%'.an&ﬁ@i"g nly

- by @pp|wnﬂ:dembntdﬁﬁ‘i’£dliﬂhmé\dm aummi@pumneﬂoe \gst dmraparledrtot&amwlki-twe
oopolbyr nera}se it .was, possibl e tadissolve. ~the secondary structure of ti S
§‘§‘c€@§"§ﬂ§lnlg)ﬁh 8teR§Pir d. nol ecul ar bi ol ogy net hods are known to ‘the

- skil ey per

Vo ecoPEPT BURERRA R SBIPSt ani Bk Painal Quingipaskietr didndlfiier

" Labor-at orkalllﬁgeﬁsaldfmhlmaﬁvomnt; dnlgah(s), ‘New York and Bertram *S. and Gassen, -
‘H: G Gent echni sche. Fi. scher V. New_Yor

~ 1o61) “albs GPasing dHik AaBRcomplemetag BYBY Bt bR SRR, | ce
-al | gwi ng %aﬁ%ﬂ 865 tHy RN _
pre\'fr?erabIfg-/&gqurf)”a{-':fgé @g%ﬁ{s%%el%ﬁ&&a Fﬁ O@I ﬁg I nvent Z‘gﬂ‘?{ﬂe\%ﬂlﬁg%ﬁrﬁus

" BVDV par ttransedption atn:ﬂmdmch sWeyatBﬂdempeeatUmsssm‘ igient tmbeeakear reduee hod

'~ to generate atten at BV i.cl e ned et |
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T_hi' S step, sand enzyme betng active at these elevated temperatures

R 'n'r) lnoorporatmg the complementary’ DNA (cDNA) into a plasmid veotor or into aDNA

@’ Virus capable of directing the transcnption of BVDV cDNA mto RNA upon infection
| of suitable cells.

| e 'f-'SUttable cells for ceil culture are Madm-Darby bowne kzdney (MDBK) oells, RD (bovme ; B
test:culaf) cells or bovme Turb:nat (BT) ceils Further su:table cells -are known tothe -
E person skllled m the art. R ‘ : ‘ .

Thé infectious clone produced by the method may be a type 1clone or preferalglywe_\_type 2,,¢|_one.ll
- Ina twerfth aspect, there i is provuded a method for the productlon of an infectious BVDV clone froma

wild-type BVDV isolate, said infectious BVDV- clone being complementary to a RNA havmg a virulence
of not less than 90 % of sald wild-type isolate, compnsmg the steps of .




'+ e-needs- to

.surprl Si ngly al l ows the si npl e determ nation. of revertants or the
successful, Slggﬁatlon ‘as only the presence ‘of the gendf Férsmdife-s- .
& Hr fined-by molecul'ar-... biology net h oRISI/ER03/4P025 0 t he
“artisan. Xl KE-13 and X(KE-C of exanple b are non- limting exanptes for ~
“such attenuated BVDV' particles of defilfied sequence. Ina thirteenth aspect,

t here I&)pfsﬂﬁlur@@iﬂal@amawﬁanaﬁmﬁ\»{@d\émhﬂﬁ attenuation- by |ntrodUC| ng ‘one or -
nmore 20 of g} &ady ere i ded.” a et hod ' U
at tenuation of gfe%\l%%sﬂpr a.“ﬁ°’g§’8ﬂﬁ’f"r‘e§? ﬁ‘fjta'!f"ﬁé"{’)%ﬁ“@ﬂ% C?Jﬁepraferaatxeeméot dupra, |

. wher ei n s&fd nutation or nut atlons | ead to or increase an att( phenotype '

of the recovered BVD virus. cl mutati ons into the DNA nol ecul e accordi ng.
to the VhuXRPRRY M&‘Br{hﬁé’ﬂ'ﬂbﬁﬁm@e& the infectious BVDV y) ‘i ntroducing

oec? o) i filSehdtOpdhAchD SO R SRRE e Fande P or i AT 2 |

i nventi on wherdiathe rdwatss trnacription intludds & siep Bheloveted ethpehtured sufficient
-_susceptl bl.e,host cells wherein said DNA |s transcrl bed i nt.o RNA or

 introduci g Pregk engrdupe seepndary strisiires pfi ﬁnﬁﬂdiﬁﬁ’ yseéaf esthegpestable .
11 | t L
B ol S Hoabio b A SraAe R BT ol biehaten sembblditisk! 7' S

‘ nlﬁcl eo]'EX)d mmhgaimmﬂ?eaa?]mpaﬁmntm DNAsrr(ngi\lﬁq rintced (j:llasmld vemtor(ﬂmfntmatl?]m
- .thereo ording to the,.di sed enbodi tation” neans.the
repl'acerreﬁ;& rlﬂ%?? gg??@@ﬁ?&ﬁ'@ﬁ ﬁé\éqmt%umwﬁ% tm?ncl&chéen -

.. ~substi tubfgﬂ{ab;yoeq@y ot her--“nut-ation. such as . "deletion'- or “insertion . ..
‘' Deletién’ .-means the renmpval of “one or several nucleotides or . ao amno.
- aci ds. S«id t\ma&@arﬂqi@;tnreﬁesam;ymmcisom aimogdwre;mtao(etepum dHeo fidh length -

T S o (580 B e, o B 7 bl

“wirus. ‘ovenlapsing'p gﬁagénmlg?mém (ggélhl’s@e’daﬂlg"%:j experiments. Said 17

i nfectious .clones are ent tools for g ting specifically

~ att®nuated BVDV clones to be used -for . 0. vacm nation: In one

T S R B B M e S

7 activi BYDW THeARveHRS develdpeddn fiventive method. fo obtain authentical 5~ and 8!

o regions, Surprisingly, this was possible by applying the RAGE-technology. However, |

o - only the modification by the inventors of this technique Ied to the surpnsmg and
[ unexpected generatlon of BVDV clones of authentic. wn.llenee |

I Dlsclosed herem Isa method wherein the 5' end of the RNA is generated using RACE.

o Surpnsmgly only by applylng the RACE technology in conjunction W|th a thermostable '
S r:polymerase it was. possrbie to dlssolve the secondary structure of the genome successfully

.+ Standard mdiéwla‘r“ biologyniethods ate Known to the skilléd pereon and can also be |
L found e.g. in Sambrook et al. (1989) Molecular Clonmg A Laborsatory Manual 2ed,
L -Cold Spnng Harbor Laboratory Press, Cold Spring Harbor New York and Berlram S.

| '1991 ) 7
: Preferably the RACE ; is camed out wrth a thennostable polymerase aliownng reactnon

- -.temperatures of at least 48°C, preferably 50-55°C; preferably also 56-60‘0




" replication’active.viral conponent. Pre er

-and/ or ‘ot her. mutation such as substitution. Preferabl'y, said deletions -
and/ or other nutations are |ocated. at the am no acids at iy 28 295 to
307 and/ or BRIk 338 to 357. Thus, a -nore preferred errbodEmzss a
"~ method of attenuation according to the invention, wherein the nutation or
mutations is in the glycoprotein Ens ang causes inpaired or | oss of

frunct i onHakinghiaventeallied imeetli®is BVAVParEces of aefigsy QWC@E% .hﬁeﬁtot’@été%d of .

attenuatjon according to the invention, wherein-the t1on conslsts of

bb) del elVERtesradnpthod frgensrate rattapupiash BMRY rpatticles mﬂm/a)udeﬁoed dggreticon

or subst f n or d

del eti onidgﬁig gsltellfl ﬂt%&é\ag%ﬁ%@?ﬂgﬁﬁg "ﬂg{l"g’gg’f‘g qﬁiﬁgﬂ NP%I‘:%'—F%' ‘[g s)I\/bst
pr ef er absyprigiaglyaaiiowscthei simplet determdnatih @Mvaﬁntsaom@m%céﬁfuﬂét&nuatwn o
attenuation @f BVDV. conprisin the tation of a BVDV clonhe athistidine-

posi t1 on@® 9BY HRPretenseelhe-qanstiemarkensig needptebe dejemeined by wplecutar— — -
substi t ubig ¥ t t
: attenuatll§ lo%ggf[ﬁ%@/%\alga@g)“tﬂd:@gﬁ% ﬁﬁ?ﬁngescl osr'gi&end:l %I%Qd ne%%am%ﬂ%ge TYhe
- -codon f dimiting examplesJonstich sttematad BYDViparticles of defified ségiencas. Yet anot her .
i nport'ant enbodi nent is a-method for the attenuation of BVDV according to
. the disclosed. enbodi méents, wherein the codon for histidine 349 is .~
‘deleted.” In afifteenth aspect, there is provided an -attenuated BVDV cl one
..or BVDV strain obtainable by.a - nethod according to theinvention. In a

| “si xt eenthxaaﬁﬂéﬁhih r ?@\9{5 Si,n at t enuat ed BVDV.

- cl one Ormﬁtta :) n asbggrtgelrb%;{?%@[é g%%rttr@gr\?t ] on(Haus a{‘&”}? <ki ”‘Wgt{%%‘t"ﬁaf "8IF wi-th .
a phar rraceu g 5?‘1[5 |eé‘°‘29£ﬁ“?9 ta Fhemven@a@s&ew@ed U AT Q‘evﬁﬁttlemﬁ\ltbv
aspect, ¢¢neras dess:nlpafctﬁupcéewtherem s&id mﬁtaﬁoﬁrﬁm@ﬁﬁﬂa@fﬁgyln%%%n%etﬁfafe@' n:

- accaor di nghehydel M the irEHELH t he manufacture of a vaccine for the -
.prophyl 82 yﬁe t?eat m%&BV?R/ DV.infections. 18 Préferably, a vaccine of

‘the di scl b EReeretiere i rpvided arestiand\oh sitinuetionf d BVDVstiaim lcomprsinghiey téps one
“i mrunol odi cal Iy acti've conponént is a |ive BVDV, wherein the RNase activity
‘inits protein ERNS is inactivated. The term"live vaccine" refers to a

vacci ne conmgi mtraauangaérté 6 forahitbBoRd ﬂtsgt.iecﬁﬂh%olebﬂ e BAring @ the

a vacclne-accordl ng O the

"~ discl osed errbo!aveetmrsaedepcrﬁlmbsmna.amlatmﬁteemfembusua\i&woqu adcordingridi ng-

“—_"to the disclo nbhodi nents _conbi ned with an attenuated BVD. virus type 2
- according to Slﬁ%éﬁ éﬁsé’ﬁg%% PR s or any ot her antlgenetlc group and

- a phar maceut) Gafrbdu e DNA e
‘admi ni ster ed’ as:-a c@ﬁ% negh{tgggl ne. ﬁ-il\t/(t:')gg'lspre era %t \d'a afrpenuamé IQBVD
virus type | deanisedbed into RINA-ordnisedusing!anrRNA) mmbedyrdwnsawmwﬁsnﬂoed

first follome(laﬁyoea@ and

aa)oo!lectmg viral parttcles produced by these cells; .
wherem satd mutatuon or mutatlons resutts in attenuatton

e The mutatlon or mutat:ons can be a nucIeotlde substltutlon. deletlon mserllon, addltlon or comblnatlon
thereof. ' ' g

: Accordmg to the disctosed embodiments "mutation” ‘rneans the replacement ofa nuc!eotide by -

_another (e.g. C foraT)a so-cal!ed substltutton -or any other mutatton such as - L
*deletion” or “insértion”. “Deletion” means the removal of one or several nucleotldes or - )
»  amino acids. N

' 'As these mfectrous BVDV clones accordmg to the dlsctosed embodlments can be viruses of authentic -
. vnrutence closely resemb!mg wild-type viruses and at the same time havmg a defi ned ‘genotype, sald '
. virus.can be used asa posmve controi in ammal experlments Said




.admini stration of. ‘an attenuated BVD viTus type 2 accordl n to the .
‘invention three to four -weeks |later.-Preferably, a vacci i 7R ng to the :
di scl osed embodi ments conpriseées: an . attenuated BVD virus: type 1 according -
"to the disclosed embodi nents -wherein the. RNase activity inits prote| n
ERNS i s inactivated, conbined with an atienuated -BVD virus type 2 according
to the disclosed enbodl nments wherein the' RNase activity inits. protein
ERNS i s infastiqus\rignesiare gxcelign) togks firs genanating epesifically gtenupted Y PYclanese bRNarsidor
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.. an attenﬁﬁh@ﬁnﬁy&ﬂdétléés:ﬁo\ﬁ@%?o@?aﬂ@&%obnh&%&‘i@é@‘ithr ee to four weeks

| ater. 0 di-scl ose treati VDV- i nf ect ed. bovi ne
il O ARG TERTER Pt BTe S nag S iAo e Eentph eS|
- at t enyat eWtaBYDY nutatioheis ndbe gly@poEipds atd causessimgiaieati oo beslofSurptian of ke mutated
admi ni st glogeh.t 0 the bovine animal ‘i'n need thereof at a suitable dosis as -
known to.the skjlled person and the reduction of BVDV s} ynpt ons such as

Cvirem a 8MP UEIEERERMRPANRT 5 mathodef ateapation pecardinarte the "tV§“tI?BrW'tefﬁ"e‘(He Sai d

t r eat menmutafisredoesistbblyy nay be repeated.:.:... The foll owi ng exanpl es serve

" .to further Hb;{iél'eﬁfohataqt otﬁgrt&rﬂeesge};gg?rb@ﬁeéﬁ A or but the sane shoul d .not be

construed as
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L per oxi. dase ssa StIVI ruses are g y associ ate the| r host

“cells, B Wiaa RSP el 4o s deete

e |nvent|on di scl osed herein. 18

" In 4 fifteenth aspect, there is prowded an attenuated BVDV clone or BVDV_ st‘ra'in obtainable by a
' method according to the invention. - '

In a sixteenth aspect there is provided a vaccirie comprising an attenuated BVDV clong or strain
: ..accordlng to the mventnon optlonally in comblnatlon wnth a pharmaceutlcally acceptable carner or. .

L "-EXCIplent

o in a seventeenth aspect there is prowded a use of a attenuated BVDV clone or straln accordmg to the
invention in the manufacture of a vaccme for the prophyIaX|s and treatment of BVDV infections. '




.rs used for reinfection of culture cells. Lysates were prepared bby freezing
~and thawing cells 3 t0.5 days after. infection and were ! 70C.

Unl ess indicated otherwise in the text,--a rmltlpI|C|ty of |nfect|on -
“(mo.L) of 0,1 was used for infection of culture cells. For

i mrunof | uor escence and peroxi dase assaysg the infected cells vere fixed
with ice- cold acetone: nethanol (1:1) for 15 mn at--20C, air dried and .
rehydrat ed with phosphate buffered saline (PBS). Cells were'then i ncubat ed.
with a , Rietdrabhe a@hccmalof the BVEDseRmMbEMGIHLE icferatota vaodhees ddiinedcGbetd, amerﬂsbe E2
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i munot | paficEe eNegicaihaytie virdcomginenti dase assays, peroxi dase-conj ugat ed
goat anti 25 nouse anti body (Di anova) was used as.second anti body. After

i ncubation for one hour. at roomtenperature, cells were washed three :
times  wi Prefarstdy, aeasing aggerdingdd theslisglosest enthodienis gomprises an aftsnuatedRVIe virvs &ped of
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. probe, hﬁ’plf) ‘vﬂ!sztgﬁe' 1%cor@i :onﬁe& SNk %E&b‘idléh‘fb m ﬁuﬁf@r@d ﬁf’ﬁ’[’?&lo@éd ri bed
‘before . et al @%’P A radi oact | ve%@l abel | ed WO

23041 _
- PCT/ EPOZ? tiggyof apeﬁe'bl@sa VPRI A%He e isa e 'l PYER % New .
Yor K93/ C vvas used as a probe.  PCR and RT PCR "PCR'was carried out either.
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¢ eeonmentatREHg i dsepseg ee%zod'sentwberﬁ'g thsy RP%NAacttVEWﬁ g pretele ™ B inaglialed: of

“*each’ pri eeibinedth S SREADSESBYD vitUsype.2 detorimy  thes@ishidsed embotiphdris akdioihe of t he
5" 'end o n Cprpstr T25V spl Bi ot ech, -
CopennagABoARITE AP Bl ER Mo G Bt ol Bl B R AR, 00 T
the fir s@chv'a/uwﬂs rapfgin @W@s nn@v@mwm eapiier phexcipiest ald PCR.
. The. priyeREife Msf:sle Scinistara®bé b beminedvading MBst pf?eferabnﬁ R&ld afterubied BYD IR tys €

LI L i ! R Rkt el P e

~ virus type 2as descnbed supra three to four weeks later.

' ;Also disclosed herein is a method of treating a B'VD\/'—infectedrbovine animal with an attenua_ted_ BVDV '_
as described subre, wherein the said atfenuated'BVDV or the vaccine composition as disc!osed supra -
- is administered to the bovine animal in need thereof at a suitable dosis as known to the skilled- person
and the reductaon of BVDV symptoms such as vrremla and Ieukopema andlor pyrex1a andlor dlarrhea is '_
‘ monltored Sald treatment preferably may be repeated ny IR ' o '
- The followmg examples serve to further- |llustrate the. present mventlon, but the same should not be L
T construed as I:mltmg the scope of the mventlon dlsc!osed hereln U R ' |




S GACTTTCCGCTTCTTI 1" 1 AGG Reverse transcri pti on PCR (RT- PCR) was_was done
~with the Titan One Tube RT-PCR System.(Boehringer - Mannhé fb “@’r%y) using :

- 2 “erg of total RNA as a tenplate and following the manuf-act urer'-s

"~ (see, P

“instructi HQOARYML priners for anplification of the E ' CGAEYE* PG on. viere
. -upstream CM28: GGAGAGAATATCACCCAGTIG and . downstream  CWMR1: -
CTCCACTCCGCAGTATGGACTTGC. - ao The anpl i #? ed -RT- PCR products were . purlfled by .
pr epar atExampleatr ose gel - el ectrophoresis and elution with the Nucleotrap

Wt (Machere .Germany)- as:recomrended by the nanuf act Urer..
PhosphoMEEW%MQ%ﬁgpggf "'DNA- of i gonuci eotides.to the 3' ends of
RNA. . For ligation of a DNA prinmer to the 3' end of the virus genone, the

priner -was phosphoryl ated. 10 pg of the oligonucleotide nls+:
6s. MDBK ealishavese obtained Foonithes Ayperigan ﬂ'dlpg?n@é#ﬁblfﬁ i de

e (g LR Wd¥ooq ol oS in SRR iPafbaredeipealyr (°

~pglm b taiMwvith 0% fotall GHif $6turi (FGB; t3€ied fhtieAbsehte®f pestivipssarsdl
through%gbggnﬁgex G 1 5 spin-col um (Sanbrook et al. 1989) and further -

purifi e@riupoqilleelagah‘@hp%tbﬂimls%)emd ARNSSSANtRIENINAAGKIS. pr eci pitat i on.

©  Ligation, was, car,ri.ed, out, usi ?@gg

cul ture%c%fl'qeswr%!n a g%a EH%F' “?“’Sﬁ‘g'g‘pﬁéé éﬁ%/?lgw}jle |g(}ﬁ\8%% ggﬁ“’ég&g\mﬁ(‘?i@m
-.uni t's ofpy TR=RNBubbd MW IPoAS 588 03dIIsge2df Veterinahnyesitindi Comied, Uswamybach
-CGer many.) |n 50 pl-of lipase-mx (50 mM Tris-HCl . pH 7.8, R‘??ﬁ Clgng,&IAOMVI
- di t hiot fitheral| TheLvirysupderwend angoRyERh pREsRIS RYd drasawansé Yo

.. guard . % ﬁ% m  Freiburg, Germany)) .for 16 hours ‘at 17C. -The product .

- was. puri g 6 phenol/chl orof orm extractlon and et hanol pr eci p| tatlon )

- Synt.hesis and tailing of 5| ngl e- stranded DNA. Single-stranded.

fromthe 5 end of the virus genome was gene ted with djs Iaé/The
‘reverse lmﬁe&ﬁsarefpss% immynefilygresgpace assay UIHS REY #‘#?&8 Dé":ﬁrﬁ%e k)
using 2. gﬂﬁhﬁg%%f@%ﬁﬂ Gthefe g{ds% cagsg g/%eerarlmeﬁtéa BEIR wohd 9

ow ng manu urer's instructions :
(reagt i eedqbr @iffection cﬂm!tu@@elﬂmrwsatea were pipared bySreeding armhibamivg - was

B b Gl o a A e e SRS SR AL Pl Rt hehdke n
- Bob ot b puAER, bnietn (a1 QAR Tt cel
' l\/annhel iRor @emmoﬂl)orescerg:em% péroxidase assays, the infected cells were fixed with ice-
| - cold acetone: methanol (1: 1) for 15 min at -20°C air dried and rehydrated with
' 2ﬂ ~ phosphate buffered saline (PBS) Cells were then incubated with -a mixture of anti-
BVDV monospeclfc antibodies dlrected against E2 (Weiland et al. 1989) After three
o ‘i.__washes wath PBS a ﬂuorescem lsothlocyanate (FITC) conjugated rabbit. ant:—mouse
A | ant:body (Dlanova Hamburg, Gerrnany) was used for detectlng ‘bound. antlbodles in the" :
L ;; ;1mmunoﬂu0rescence assays For perox1dase assays peroxrdase—con]ugated goat antl-

s mouse antibody (Dianova) was used as second antrbody After incubation for one hour.

'- at room temperature. cells were washed three times with PBS. Bound ant:bodies were

o amlnoethylcarbazole and 0, 1 % Hzoz |

% —'Northem (RNA) hybndlzat:on RNA was prepared 48 hours after lnfect:on by cesrum_ _
dens:ty gradient centnfugatlon as described befcre (Rumenapf et al. 1989) Gel
electrophoresm radioactive labelling of the probe, hybridization, and posthybndlzatron
S "\ -washes were done- as descnbed before (RUmenapf stal. 1989) A radioactlvely Iabelled R




is the f| rst strand” product, 50 units termni-nal transferase 6125 pM dATP
and 1,5 nM CoCl2 in 50.pl of TdT buffer as recomended 1B 2006, -
- manuf acturer. ‘After incubation at- 37C 'for 30 nin,.the product. -was _
“purified WOPMEMIL/ chl orof orm extracti on and et hanol pr @CE@IPDHQ%@. 20
"Construction of a cDNA |ibrary and nucl eoti de sequenci ng.” Synthesis of
cDNA, cloning and library screening weye generally: carried out as

descri bpgr prétice teﬁude&trdeseaeoe&o #3024 9 stralPDNAW Yoiknod/Eswas wasedpas red |
with ol igos BVD13, .BVDl4 and  BVD15~ (Meyers et al. 1991) as. well as with
B22. 1 RP{AETGACATGRCATTTTTCGIG), B12.1 R ( CCTCTTATACGTTCTCACAACG), BVD33

( ProocRe Ty O Por et AN S PERRED oifdof

probe ugRfnheim, SereRAYNDI Wth! rrbt;a:rorymemehmpﬁl@eheatmérdelbeg,t G}:armanyDNA :
cione.frorn BVDV strain cp7_ (GenBank accession no. 9 Ve er§F ﬁi}‘
a

~1996b) ; foilpmngiltbat menuiggliress rreédnmﬂﬁdatlon%zﬂ@ 3’@“'Ex8ﬁu g0
nucl eas%ﬁé@%%a%d&ggdgﬁ@l t@Q& gth Idei— au h@éé’”dfefheo nFrQ}@‘ used ‘?81‘35

(‘Heni ko e Sequencing . o e-stranded® DNA was carried
out ' wi t BmplifieatRingshtiee Teemd natrmrg@;arth@wéeﬂupstoearg, RisV griveerBisplay Systems

. Bi osystems V\élterstadt Ger man As a rule, both ;. _strand t he.
CDNA: ¢ &t@@h,mere Geperhsgenr y 20&""“3&@ 03/ 088641 ch‘uﬁ\.“@?férfﬁﬁbgﬁ ECZM%
' ..sequencpq- @@ﬂ%ﬁ@ Geﬁ@g@ende&t CIiNA Ckipfies pRRE Seak@nceativies:; at .
Wo ¢l ones

| east otal . about 47.000 nucl eotldes were. anal yzed which

. equag’s eﬂ'&@mah{:ATGG@AI@é' QBAGAR. Sorr dhet hestedt PER. . g&henprimges) ueaask for

‘:(nuc eot |

.. analysi$ a | Egnr I Genetics Co uter re”" o
 (Devef eawpggcazlm 1 égnsfiﬂﬂﬁctq {GRIOR | Wt gt h”!?g'&’ﬂﬁ oﬁ@"%
Restri CQC?’(GTGG?@WCT@‘?@TQ@” $‘§randam@ prm@edure@um&re geaer algmso;

“carried out scribed. el sewhere (Sanbrook et al.“1989).  Restriction
“and nMOdCABARGECTGACGRTGASECTGRTGT fasnihrenestad] BAR BNE| d@snst(%wal%ach

i aem AT B CRRETIST AR 0, SRR ansgpRER FERUTHORCR) fely wREe

t.0 2,40 B@H\ TithA B8ORS TUNRPHER Sys@A BoshriFgie Marphaini] Gedddrdy), using 2
es 4783 to 9910) and plasnmid C4/24 (nucleotides -8658 to 12322).

- A fragnpgtof RIIERNA escai rflat@rranqﬁJelledmgd@epmmﬂaﬁﬁurﬁiazﬂnﬁféugw S i 1G9 4447

was obt Shr?q&ds b%)r amp(i:'?‘ca\fldrji1 BF' tHe SE'GMZgodmg region were “upstream, CM28:.
. GGAGAGAATATCACCCAGTG; ~  and . downstteam, =~ CM21:

 CTCCACTCCGCAGTATGGACTTGC. | | | |
w The ampllf ied RT-PCR products were punf ed by preparative agarose gel
o electrophorems and elutlon with the Nucleotrap kit (Macherey—Nagel Daren, Germany)

- as recommended by the manufacturer

- - Phosphorylatlon and Iigatlon of DNA—ohgonucleotldes to the 3' ends of RNA For '
| 25 | ligation of a DNA primer to the 3 end of the virus’ genome, the primer was-
| .phosphorylated 10 pg of the oligonucleotide nls+: CCTAAAAAGAAGCGGAAAGTC'
were mcubated with 5 units of T4 polynuc!eotlde klnase (New England Biolabs, .
Schwalbach Germany) in 30 dI k{nase—mlx 2 m ATP 50 mM TI"IS-HC| pH 7.5, 10 mM -, L
k MgClz, 10 mM drthlothreltol 25 pg/mi bovine serum albumln) for 40 min at 37°C. The
. 'przmer was passed through a sephadex G-15 spln column (Sambrook et al. 1989) and - ,
| *furlher purzf ed by phenollchlorofon*n extractton and ethanol precipitation. - .
| ngat:on was camed out using 5 g of total RNA prepared from mfected cu!ture cells ’
B and 150 pmol of the phosphory[ated ollgonucleotlde Wlth 20 unlts of T4-RNA-L|gase'




. thesg@ srthem,anumﬂjragsirtstrpllchemﬁ WeastionERS.“CriveAOpig; 42°C for ADAPige 6

'.(GATGTAGACACATGCGACAAGAACC) and Cvbl. (GCTTCCACTCTTATGCC. TTG) usi ng total
RNA from MDBK cel l's infected with field isolate VLS#399 8823t ate. in.
the fol | owi ng ‘descri ption, plasmd restriction sites flanking the'viral -
"~ cDNA i nserWQ 9pB04lunder|ined. 20 First, clone C3/8 was cURCTHEROOMAE| | and
HindlI1, and.the cDNA insert was transferred to -pACYCL77 cut with the sane
enzymes. The resul ting plasnm d was nangd pKANE5. Five cDNA cl ones fromthe

l'i br gr é (()M/s\wﬁgﬂssa Bilals® rsérfwmmacsm Gvém-rdm) frub0 m of yhse DA MBE Mgyl
- an

h h :
e PoENEB 10 i A 18 STt eiHa. HIEATE, Ok PO e by Ay AT e

sanme enz h I ,q%}:} I¥hd ,Q;@ﬂgnt
from cl'"éﬂE%Eg}\@} §U%&§3&ﬁ %‘ﬁr@%ﬁ? Lﬁl%jva? t gg?tr;ﬁ%%r%ag? f?KANE8p yi el di: ng

. pl asmgghspiiNied by ;Sﬁm::ﬂ'chlemfomﬁ exﬂtmtmcm-rdaemanol preblpitatiahe was gener ated .-

by PCRwith prinmers CMB7

( GCTETAGACGGCCGTAATACGACTCACTATAGGTATACGAGATTAGCTAAAGAACT

.CGTATAT t ! frefide GY ONAR fraps the dm of
the fi rgﬁﬁ%@é\%ﬁiﬁcﬁﬂﬁﬁ'ﬂ it mgﬂgﬂaﬁﬂg‘cﬁmﬁ@ By e d C5111
was 90 epdasf ths Virae. g%ﬁameewabqieaeramd vﬁmadnsplayﬁbenmm raysfseajtraﬁwntﬁ%e a

O A i S oI BiSEnnr CopRh e DR P00k 2 T S B PN Frorb 21 o1
| -*fepa”eﬂqfa%ggB%uw% %mg%n% @:@@@éﬁmm @rﬂfmﬂﬁ}\n@d

‘CVr9. Th duct was WO. 03/.:023041 |0 pKANE14 was. - cl%lnfﬁo g I
coli.

- .~DNA- Pol | f t
P PR 2 6e A B2 bR B e, SR OB AEKra B8 ana
ipKANEMthﬁt% +ér<]:'id5l&t|bﬂs Wlﬁs‘mv@l @ﬂ%ﬁ?&ﬁmoﬁhﬁn noetaid (Sdhaemﬁlg%éme 8/ 11 was- |

: a cloned into pACYCl?? cut tc@ rpa

©enzynmesA phb'—d/ééeii twasy qﬂdadnﬁodfhﬁaﬁr&ﬁﬁ@&‘\pﬂmw'thh e”’“”ﬂ o?‘yrﬁé‘ii?—? al
f f. .CDNA d
OSSR AP o P g HIR AL Mol et Pl ook sem o

1541 gmat eftaiéit Prdduet, SE0renite naminal trafrﬁeraseslﬂ 25 ] mATFiandwhS mM

"pKANEZ KANE21 was :digested wth. Sa nd EcoRV, and_.a cor ing
 PragrenCadioin Sl pf SdE butlr 48 feremmiepReq i Bo st acb e o AL FbSiRARE Y

i ;%gzewsgﬁ %@fﬁ&(&@ﬁ%&%ﬂ@é@é‘%&}“ﬁ A sberBosrr

1

' -:Q | Construction of a cDNA hbrary and nucleot:de sequencing. Syntheszs of cDNA
clomng and library screemng were genera!ly carried out as descnbed previously
L (Meyers et al. 1991) GDNA’ synthesns was primed with ohgos BVD13, BVD14 and"i:;‘.’_f'
. BD15(Meyers et al. 1991) as well as with B22.1R (GTTGACATGGCATTTITCGTG),
S " B12.1R (CCTCTTATACGTTCTCACAACG), BVD33 (GCATCCATCATXCCRTG ArGAT),
: 35. N7-3-7 (CAAATCTCTGATCAGTTGTTCCAC), B23-RI1 (TI'GCACACGGCAGGTCC)-
B "and B-3' (GTCCCCCGGGGGCTGTTAAGGGTTTTCCT AGTCCA) The probe used for
‘'screening the library was the Xhol/Aafll insert of a cDNA clone: frorn BVDV straln cp7
| “(GenBank accession no Ue3479, Meyers et al, 1996b) hybndlsatlon was carned out at
" B2°C. | .
30 | ‘Exonucleass. Il and nuclease S‘l were used to estabhsh deletlon ilbranes of cDNA‘ ‘
_‘--clones (Henikoff 1987). Nucleotide sequencmg of double—stranded DNA was- carrled _
out. with - the BlgDye Termlnator Cycle Sequencmg Kit (PE- Applled Blosystems
| :Welterstadt Germany) As a rule both DNA strands of the - cDNA clones were_"’"-



(CGGAATTCGCCCGGGCTGTTAGAGGTCTTCCCTAGT) V\hlch adds an Srfl site to the 3
‘end of the genome. The PCR product was cut wi'th BanH ard8Feeem?%nd cloned
i nto pACYCI 77, resulting in plasmn: d PKANEL7. Then, the Sacl| Kpn21- fragnent

~of CcDNA M@n@omﬂlm was transferred to pKANEL7; t he pl aHATERYERAI | ed

“l.ncu

PKANE20. The -Stul / EcoR fragnment- was excised f.rom pKANE20 and cl oned
into plasmid, pKANE21 2e. which was diggsted with EcoRl and partially

di gest eqg 341&&.9% veriZBe HoRai inBpBhdT CONARIorRS VR Ssocfighab on LhRatpal I

PshAl -fra nt fromp i nserte 0 enzyne he..resulting:
plasm d twa$lmtesl\lﬂi2mtal ahmuhéﬁlﬁﬂ)oprmm@e@uuem anelyzed which @t@&ﬂwﬁ@ Oweédbll ng

wer o e RBIRIFDR By BERPL e aehors Rerie S SRR Rle M. ot Etf
(St at agAMeGerSFdsSToaputeNErbas bamsans (Develaun dte ! 1B84)RNUf act urer’ s'

I nstructions. The pl asmd used for: introducing mutations into the regi on
coding for Er"$ was C5/9, a clone obtained fromthe' .initiial cDNAllbrary

v eoks SR of it b AN B R RR 1A it ek oA .

( GTTACA ds! Tﬁ«éﬁﬁéﬁg ly cQﬂrieﬂQiltfaerdesmt)éﬂtetdemﬂﬁ?é/qwmro@kﬂe’i&l 1989).
( GTCTATTAGGAATTTGRCCA) and CML29 WD 03/ 023041 PCT/ EP02/ 09925 = 24

| (Tooocmvmmm@omﬁvem)enzrﬁe%N&enebtayrect Heom e Neve England t Pislabsing.
-~ . th b byg t
e oo TG valhagh o RN rBhLE PHARAC SPHERG “BenhafiyPYaR Sﬁst@%ﬁ%%mbf

EQN%A and G'ngaﬁpp@hucgibafn?gggmamgém ﬁmrmajgn}le efsseﬂt ially.as described. ...

-, before yers et al. - rie of 't Vv

© Sonat r ubNe/GANA ¢inaes OBy rAGPTe Lhed 50 AT sonsgh aig'rro 'E%ﬂﬂ%&% and:
et hanol c I _
ol e Faaigiato 81 SR B4R 2 210

“ 't ranscr plasiid 8/ cnucmmmueé’ BH60 EdCF814ijlhsﬁ‘)ld asf2M\pockptides iz tandel Gieandlom\/l
‘NaCl ;

d di h |
Notuy SplasT Rl it SRR o) ReR b Horent R Ed b BRb P o'
the. Igr eﬁﬁ&é@tﬂ% 90&15 '2'1I4§ tggégittéﬁ M?%é@ﬁtaﬂneeﬁﬁfRWGR Ie Eiril('i)%}s CMZSer |

ation at . reaction mxture was passed t
o Sephade(«Gth' GO'A@MAACMG%AQMGAAG{BbranﬁhlGM5‘bdG@ ACIT CIXNAT: CEBFEG)
L using total RNA from MDBK cells infected with field isolate VLS#399 as a template n
the followmg desonptron plasmrd restriction sites ﬂanking the vrrat cDNA inserfts are
. underlined.- \

' 207 First, clone CSIB was cut w1th Aafll and Hmdlll and the cDNA insert was fransferred to '

C PACYC177 cut with the same enzymes. The resulting ptasmtd was named pKANES.

. RT-PCR product RT EZ ‘was inserted mto the Ndel / Hmdll! srtes of this plasm|d aﬁerf_f."::.
o _. ‘j restriction wrth the same enzymes the resultlng piasmld was pKANEB Then, the Aafll S '
. ‘. i -‘_i"fragment from clone 05111 was- transferred :nto the Aatlt site of pKANES, yleldlng'

»s  plasmid pKANE14 . _ ,
| The 5'end of the recombmant cDNA clone was generated by PCR wath prrmers CM87'_
(GCTCTAGACGGCCGTAATAC GACTCACTATAGGTATACGAGATTAG CTAAAGAACT-' | L
| CGTATATGGATI'GGACGTCAAC) that. mtroduces aT? promoter sequence upsiream -

- of the first cDNA nucleotide, and CM79 (see ,PCR and RT-PCR"); plasmld C5/11 was

» used as the PCR temptate The PCR product was ligated into the Xbal and BsrGl Sltes

of cDNA clone 0519 resuttlng in plasmid pKANE22. Later it was found that ohgo CM87
| contarned a false nucleottde and pKANE22 was repaired by PCR with ollgos cM8s .
(GACGGCCGTAATACGACTCACTATAGTATACG) and. CM79. The' PCR product was‘-"




. vitro transcribed RNA bound’ to 'DEAE- dextran (:Pharmaci a, Freiburg,

- é{nd et hahdl preIC| pi tation. rs If not speC|f|ed ot herw se; transfectlon was
done wi-th a suspension of ca. 3x10& MXBK cells and abo % @“‘S‘Yﬁﬁ

© Germany) . WOBMMIDEAE- dext ran conpl ex was est abl i shed b)PCFF{EH“H@-"F&\m
di ssolved in 100 pl HBSS (5 g of Hepes, 8 g of NaCl,. 0.37 g of ."KCl, 0. 125.
g of Na2HPO4. 2H20 and 1 g of dext r osezder :Liter, pH 7 05) with 100 pl

- DEAE- deybhm with '8/ 68l DNAEﬁﬁ%eﬁﬂé i (Kishewi rﬁ@'itj@ds Uderbluat ends iatel
Pel l eted cells were washed once with DVEM wi t ouf.F centrlf'glglgl and

~ then retherpessiriaied with 8siRlAlDEAE cloned inip ﬁh@(tsé?ﬁ‘b As BeB! sgesiol R
- i ncubat t%‘%tﬂbi'?%ﬂﬁ@&‘%@?ﬁt hyl sul foxi de was added and the mxture

i ncubat S at roomtenperature. After addition of 2 ml HBSS;

cel | s wghe prbitcbREDNA slasdegl1 bness viut hwitBSEhalnandnBamhil t éndredomeed vintochout-
FCS. Cells were resuspended in DVEM 75 w t seeded in _a L
10, 0scrnPACYER T o vl | thg sameenzymesothe @S&@@ﬁé#f@ wn@%ﬁp@% itheng
. .seeded r for

- Seeded ASPPRBAREN Hepnidth oFIOA KBke SRy . BhEEhEANG AKANESNRolRY Tor
0.5 nt pfasmmmfeiﬂoaﬁfeerﬁeremR\dé M&Bﬂ)agmmhbnm pANESAvaminsertediiioum

b et ropRAME i JERSIRY ViR FRHR S st WIB Sesr LS B et ROMRESLO 2
- -.180 Vol f:Kmfsza wg§fcﬁg RS 2 @@9@% EE:ORV aﬁﬁtﬁrdm’fe@pondlhg f?@gméntvmm |

seeded cmdi shes.and analyzed by i munof | uorescence about .
~lates. mmﬁgzmlclamﬂEmmeseEs:teszaeadmr o rlesmid @KAN&%eTB@ml thq Vi

B T L eémfé?

.-cont r ol gnAge. UM YeBaling piadria wily BdsAH. a negatlve control. Cell

"preparation and neasurement of. e activity were carried out _as

““descri b&de b8t gnd (ofieyiae ge@@meawaﬂwgpratedthhé’Ce'&cw;sh. SAMeREt B?ﬁ'c"tﬁ?&t i on
~of .the tead of 1 hour cause .l onger
-1 ncuba&?gﬁ‘g’a ﬁ@&?@%m a(ase background rggt Tvity in IVDBKCI(\:AgI'II S.
~ Ani. WﬁﬂL mGMIHmGCCM@GhIImemG lfﬁﬂﬁIGCMAG'IQawhuchdadmt ?noS?FSititﬂge
- reconbipnant viruses. In the first experinent 0 ecke
- cattl e thendieadAfithedgnoms. ke P&R Rmm%gwéﬁ&yt Wghgﬂfﬁﬁﬁ%ﬁi ﬁ'f'?'&f?&?&‘l ly
Lowith 1084 a ag@m mm‘% and
. Hol steliﬁ crﬂ(i(gyc T\Ie'gasn?inpolrﬁfgg\;ﬁ\%g s ol 5)1?\/2%*‘ ésfﬁlgp?%![ ?a secraftf?/pvmth
5x105TGBNA ghere eﬂlzﬂmvas fransfowred lmbKANﬁal 7e tpeplesmid wascatied pKANEZ2D. The .
‘i nocul a Wit 5x106TCI Dso. e tested, free of i fic
e e EBTY i rdesc o RNERD erkE e IS g El PRARESS
. hOUS?d \}vﬁcﬁevpé’é %%sted with EcoRl and partlally digested with Stul. The resulting plasmid .
7 was pKANE23. Finally, the Xbal / PshAl fragment from pKANEZBAiI was inserted into
R _ plasmid pKANE23 cut Wlth the same enzymes Ieadmg to the full Iength cDNA clone‘.__'_'-"" )
s pKANE40 ' S - |

. Site-directed mutagenesis.. All mutants. w?e're: generated by PCR using the
- .QuikChange site-directed mutagenesis kit (Stratagene, Amsterdam, Netherlands)
fo!lowmg the manufacturer‘s mstructuons The plasmid used for- lntroducmg mutations
" into the region coding for E™ was 0519 a cione obtained from the: mitlaI cDNA llbrary-r
(nucleotides 50 to 241 1) Ohgonucleotldes for generating mutant H“346“A were CM126
a0 (GAGTGGAATAAAGGTTGGTGTAAC) and B CM127 -
' ".-(GTI'ACACCAACCTTTATTCCACTC) ol:gos for mutant H“297"L were CM128 =
(AACAGGAGTCTATTAGGAATTTGGCCA) . ad  CMI29



.1 sol atiion 'u'n‘i'ts. dinical parameters were recorded dai | y as indicated in
the results section.. Blood was taken fromthe vena jud@Fehiay28% erna at -
the time points indi cated in the. results. section and was stabilized with.
- Heparin (®Q038B3041U. I nl) unless it was used for the proddTEPOZ0WES ser um ‘
28 In order to determine the presence -of virus in the blood, buffy coats
were prepared from ‘all blood sanples.24 m ice, cold lysis buffer were
added t (TRGCGAAMNPTCOT, APTPGACTCETENT)i The dnesmd:e(ofdhe desiredymuationd7and.
| eucocytes): and incubated on ice for- 10 min Cl \{\@ds\%ﬁ centrl fugation
The pel ihe shaencesd sesonsh siie Mutahanpsyereyanfied bé(rllﬂ‘ RUER SRAMANCIRBS Wit hout
Cami and Mge before it was resuspended in 2 nt PBS: MDBK cells seeded 25"
in. 24-well plates were inoculated with 200 | of the buffy coat _
pr epar afn viro eascriptionbaidRNAGratsfdeion Viral antigen was detected by

 bresencareoomm R saeotits e s St Bend edr Bl ab%i&%l%rsi

~that haﬁefol‘@ﬁ\ﬁep\lsé?é‘%t él’alé%%bsné 9N bﬁne%s éabNﬁQ:oﬁsﬁtheeaﬁeaﬁze@re' |

diluted in s mcrotitr plates and inoculated . -
wi-th a wilh el @ndrpunifi edbyephennleextm’ﬂm ae@/emanblgmﬂmiﬂml)ﬂé’anwptl?ﬂ fith B hour

ays S RRofinetR o yRalBleR R RS b o0 RS Se F 30eP,
- the-nmet lla%dﬁbtr&aﬁrobemnlmws-eel pH 7.596HM m%lzezmspaﬁmﬁetmmméeemﬂml nt

dil uti on which neutralized pr ox. 100 TG D50. To detect virus in nasal

di scrhar g/ of gseh H\%@T&eeﬁtﬁmcleh"rﬁ’i 10reM dithiotpraitel; s100Ham af pvine semen.

"~ .sequenc

LS LSRR S ShUb T A HonhaaE 9 nd bhésShed ERSEoURR ARRLER V(1
m arrph Hahakig, ﬁ)em OGamaEs)-Altdriincudiation &t 37°0 farf 4H: iherreammbmhreswaser e

- “ionocul ated i n. | ates with 100 pl of these’ preparatlon and-

- anal yseaaeedlthmugaa Seeﬁ@rlﬁr se&%mm%@%g&puréemp m'iectlonne |

strain cond., '‘BVDV type 2 genone that. has been fully
@%8%&9@?%8@@ anal ysr s showed that, contrary to strain 890 _

(R dpatlﬂndnﬂae'aﬁibdmtﬁé?ﬁfs)e traﬂtﬁetg@mvas d!fnel\Mﬂ%eﬁspemebalaﬁsarﬁmeM@(cells '

- bveal oo st e g e o Gansoabes RNk bauid Bd3ERE R G aR A o7 "‘%‘a;en
el SR Ree trerfrﬁererla GRS R
and 100 pl HBSS (5 g of Hepes, 8 g of NaCl, 0.37 g of KCI, 0.125 g of NazHPO4 2H20 andtg

S " of dextrose per Liter; pH 7.05) with 1 00 pt DEAE-dextran (1mg/ml in HBSS) and lncubatron |
h :w for 30 minutes on ice. Pelleted cells were washed once with DMEM without FCS, ”
" centrifuged and then resuspended in the RNA/DEAE-dextran mixture. After 30 minutes
o lncubatron at 37°C 20 ul dlmethyl sulfoxrde was added and the: mrxture rnwbated for 2
mtnutes at room temperature After addrtron of 2 ml HBSS cells were pelleted and washed“: o
e once with HBSS and once with medium wrthout FCS. Cells were resuspended in DMEM
s " ‘with FCS and seeded ina10. O-c:m-dlameter dish. 48h to 72h post transfection cells were .
' splrt and seeded as appropriate for subsequent analyses. ' o '
~ Electroporation was used for determination of the specn‘" c infectivity of RNA 3:(1()G
'MDBK cells in 0.5 mi of phosphate buffered salirie (PBS) wrthout magnesrum and'_ L
- _cetclum were mixed with appropnate amounts of RNA and transferred into 2 2 mm
»  electroporation cuvette. Electroporatron was done with one pulse of 960 pF, 180 Volt |n :
- a Hoefer PG 200 Progenefor Il Afterwards, the cells were seeded m 3.5cm drshes and |
analyzed by mmunoﬂuorescence about 20 h Iater '




. vas f ound t'o be identical with the New York '-93 sequence publ i shed by

Topliff and. za Kelling (1998) except for position -21. !ffbmentpst -to
' ot her known t @/pe 2 genones (Ridpath 1995; Topliff and Kelling 1990),

© strai'n NY'WB)¥IHYE adenine at this position instead of t V2/089%ber of
I nfecti ous cDNA cl ones have been established for -CSFV and BVDV. type 1
(Mendez et al. 1998; ers et 'al. 199635and 1996b;-- Moormann et al. 1996:;
VaSSI | ev D%tsrlmnaimv Of eactivity. m@BKsc@BOWQre irifested swith ¢hd lreedmbmaﬁtt '

- de5| gnedl%rsg% Sﬁgfqrglﬁlgﬁs c‘ﬁ bglr‘%ﬁ CB%? H}%‘)?ed Hﬁﬂsé)‘&?‘lﬁllr‘]% ﬁllré]%?"‘%éggmﬁ\ﬁﬁgs i a
genone- | igeeitiliontrbh @t tifebRGUeDk WY tisad st d @B@a \flé‘{ﬁfﬁfoﬁ%élgﬂr@%tlon _

anal ysis of an.infectious cDNA clone for NY' 931
full -1 en@d raeasEensst ebRiAse adlivity weare faamied Dbmapldesmulnmd befoee (Meyersoet t he

ot vedn’ SHORBEWhIBERY ARG Kool RE ol B Teicad B fitbddor
_pr onot er Twasurmddesuden longer vincuibatich Fedutear i %Qﬁﬁdélﬁble?/b%g&génd activity, in en 0. |

PCT/ EPOZM&&% @d transcription, ‘and an Srfl site was ad to the
for plas iCRe%ri zation (Fig. | The full-length clone was naned

~ pKANE40A. XI KE: A. The transfected cells.were passaged twi ce, and the stock

. -‘the N&5B 'E‘ﬂﬁ?lsn

of the second MDBK cells were transfected with RNA generated- fromthe

~lineari zédlrpaloeﬁmﬁnents:rﬂlw anitmgal experlnﬁerﬁsWea@&arrlelaltdtﬁfletest 'lhelﬁed‘ombmant
transcri I fro F KANE28AI| which term nates 19 codons upstream of
I P exBRBEna v0 gTchgeeh § decisheatle fompiecanimel (hes 10

o i SR iobiiier! HiliReall S d6TEIDEPR Rima), & mntlamezeaﬂ but
. not .i'n eXpericwantr Glj maleh dHolsteins agdnldom?d-cfdsislrm?lb/bsh(vnfceqlol waeks | slap _I\g{]ere
- KANE40A erme S or a urther  experinments. e -
: '-5. fus wal 3%%1@?889@6’ W%@é@é}% iannal; Hklh@gcfﬁlleneegmanmaet, éRimalage
f Ct T t f t

rom C twereT irficLiRf@sd twif) 53(@@91'@9 or QPTg Wals WE[&J\E%%Q frdo che?llls@ q 88- Flﬁ

.specific infectivity of 't eRNA erived-fromp &rmi e
conpar i sYRigen Fndaapiitshyr pribrf todnfestibn.sThen défterent grioups wwere WiouSet i @cphrdis

- h f NA- | d f
st adBioh Ui Do ARG YRk racPread Hally et TR Pacepsaiennt <
“of the Jsectloztxrmbawasqakeefloﬁl\lﬁee\ietnaqug&laﬁé %geﬂaé’hPldd tﬂﬁe‘?%llﬁ?llldléélba%' on,

usi ng Nﬁghosphm mager. MDBK cells were  transtected ar anounts of
bot'h RNABE restitsestion angavas stebilized with Bepadg {ca (@5t U/mi)nariless itowas Ghecl he

‘aver age,fo,tllﬁg ﬂrgdl.?cﬁfo' Vdfts\én% RNA- der| ved from pKANE4OA was
- »  Inorder to determine the presence of virus in the blood ‘buffy coats were prepared from
-~ all bioad samples 5 mi ice cold ly5|s butfer were added fo an aliquot of heparin
- Stablllzed ‘blood (contalnmg ca. 107 leucocytes) and mcubated on ice for 10 min, . =
‘followed by centnfugat:on The pellet was washed once wnth lys:s buffer and twu:e w;th -
o - PBS wﬁhout Ca and Mg before it was: resuspended in2 ml PBS MDBK cells seeded B
- _2.1.. in 24-well plates were moculated W|th 200 pl of the buffy coat preparatlons and-
incubated for 5 days. Viral antigen was detected by immunoflucrescence m|croscopy
with the BVDV E2 mAb mix (see above). | '
" The presence of vnrus-neutrallzmg antlbodles was tested in serum samples that hadl .
g been inactivated by incuibation at 56°C for 30 min, The sera were dlluted in steps of 1:2 R
- on 96 well mlcrotltre plates and lnoculated with a suspensmn of strain New York '93IC o
. 1100 TCIDg, per well) for 1 hour at 37°C. 10" MDEBK cells were added to each well '.
) and lncubated for 5 days. lnfectlon was analysed by lmmunoﬂuorescence calculated




4.32 X 102 pfu/Ng, "and the wild-type RNA yi el ded 4 x 102 pfu/pg210 The.
.grow h. characterl stics of.the . reconbi nant virus were 'a Plflough :
. growth curve, using the original field isolate VLS#399 as._a control in the
‘same experW@H23¢4ti g. . 2). MDBK.cells were infected with P&lT/Ehﬂszﬂ92§ of 0:1., °
- and sanpl es: were taken at seven tinme oi nts fram.2 hours to 96 hours
post infection. The growth curve of thes reconbi nant Xl KE-A i s sonewhat
snoot her byHea m&ﬂ;vddﬁ Kasbao (Maptiet labt TB'KA)ramlaexpraeaetl am thet 5@ %f eﬂd}ﬁ:tﬁﬁ

after 96 S theref med suitable for further
exper i rreﬁ‘[@ nv&txlg @f" %ﬁg%‘?ﬁlﬁﬁn (ﬁg&@i&f EnS nutants. Previous

- exper| rrefl‘b?de\tedthlr@ﬁ/né%)tﬁécﬁtar@é ritdsal SRS wBﬁejta%EﬁVM? thd e HiintEMSiRa E
activity_of the ycoprotein E's is destroyed by substitution of histidine
297 or 3iwethet ﬁeew& rdélmuﬂn? il transpedidyitssi(PBSnsupplemasey with 81 %

The. Wb 35?&2@@1 Wt GHSEAR G 011207 i FesPlomin Bhw %% i P prci e

1 n BVDV ahd passéweﬁes@h BE2 e filté, MDBK 215 Qvbre Ueseuiated i Satwsl| Pletes)ﬂﬁtht ' On,_"

300 and ia ctlvely To test -whether the effects.of nutations at
t hese ‘posf lJb PiRee PEERRratons R aﬂelveeltbyﬂm%kunw@rescemmosmy
i nfecti o4gerd were engineered with -either a deletion of codon "H349"

~or a substitution of. codon ' 'H300" by leucine. The resulting reconbi nant

" _virus nmutants Both nutants were-stable in MDBK cells for at |east. five

~“ reveal e

passages as deternined by were naned X KE- B (H349A) and Xl KE-C. (H300L) .
. -nucl bt i de. sequenC| ng of .RT-PCR,. products encorrpaSS| ng the E"15 codi ng
.. region. E? rovvth characteristics of the :two nutant viruses were’ .
corrparedR !T Virus derived fromthe wild type i nfectious. clone Xl KE-A

~(Fig. 3 Gelbm¥ affalysisXTKE- st NYGHE- 8 msSeteherevwdtyEe Z gEREmEahbt has
‘extracts.of -cells infected with the sane mo.i. of either virus' tw days

- post i nfedn; By sequansed. (Norﬂ"l%n et analysisnshowed thakteanttagy tohstrainads0i ty

to'd | 931C. -
£0r o0 JREh Ll Boff ey, e GEAGNY Of NGB bilalnt” i Tefl lpicht S
negatsi veiememhsqtlataﬁmmehoae) nmmleeudmcemceranetm reatitphabitihgerBihe Gyl ar

Cowel ght 5% é/a égem pi tat and, OD260. neasurenent of the supernat ants
A¢ nyFieslides! qmg qmtee@roeeepenmeadmg‘m en@msaeamypratem 9999)

o Hgh. 3913 amino acids. . .
| ' The 5’ untranslated region (posmon 1to 385) was determlned by RACE technology and

. was found.to be identical with the New York '93 sequence publlshed by Topliff and -_
o 'Kelltng (1998) except for posmon 21, In contrast to ‘other known fype 2- genomes
~ {Ridpath 1995; Topliff and Kelling 1998) strain NY'93/C has adenine at this posmon
o mstead of thymln L e o

e Constructton and analysrs of an mfectlous cDNA clone for NY’SSIC Although a"
- _number of infectious cDNA clones have been established for CSFV and BVDV. type 1 -
. (Mendez et al. 1998; Meyers et al. 1996a and 1996b; Moormann et al. 1996 Vassilev
et al 1997; Kimmerer and Meyers 2000) thlS is the ﬁrst report of an- infectious clone
from a BVDV type 2 strain. The clone was des;gned for runoff transcrlptton wzth T7 ._ .
- RNA polymerase, resultmg ina genome-llke RNA without any heterologous additions. .
0 The fulldength clone was constituted from four cDNA plasmids selected from the lnmal .
ﬁphage library and one RT-PCR product encompassmg the reglon between positions
3 '_ 2265 and 4301 At the 5 end, the sequence of the T7 promoter was added for m vitro




'.RNAse actrvrty was found in the NY' 931C and Xl KE- A sanpl es V\/nereas the two

nut ants XI KE-B and XIKE-C were in-the sane range as the lhEgaeiy?®tcont r ol
.(Fig. 4). 70 Aninal experiment - wi't h. XI KE-A and.. N'93/C..The é)ose of

‘the © firsVOSHPRA experinent was to compare the, virul é’n‘éféEPﬁH% .

pat hogenicity of the reconbi nant virus Xl KE-A derived fromthe infectious

| cDNA clone with the. -wild type strain M¥ 931C. Two - grou of thr e ani mals :
(8 to o Hensariptiondandancraih wam eddestfohers fbg o pesmil nearzation (kg A)-

(-ani mal s g Hﬁ%{t‘?cbﬁg%as ﬁ%&éﬁ%ﬁﬁqaﬂl mal s #275, #612, #1610). Each:

group was oused separa ion"unit. Body tenperatures and
clinical signs were recorded dai l y; bl ood sanples mere t aken on. days O,

240. 116 d .21 . f t
fromal| ﬁtrf%ﬁ'%éeﬁ’smeoEr@artees{qdeﬁﬂtﬁoﬁme?egﬁ o T g VA ZOH P RARESD o5
t
3??L2§| S{(%Ynﬁl on @ﬁabsatrgﬁscgwtroﬂ Azrllnoﬁgtgét'gs‘%ngﬁfmﬁr Etasmrdo\'?c) 0@@@153/ 023‘6\@%‘129 B

V' uus | starminaies f‘lr&moﬂmmst jupetreampofeﬂm NG coplings region SETEb B3- @ negative
?16??6333" {5 1tes “Gpi, Do Satetishion, Siaacite modiii el seledgh tealar
- swabs- of m@tﬂuﬁﬁhﬁ)restfé?@b%rmﬁghn dunw trépitectsd WitArRNABrain pKA\NHéltB\ Bet Aot ipd,
. no. virus detected, bac bacteria,
the control. The virus generated from the mfeotzous cione pKANE4OA was termed
n . XIKE-A, The transfected cells were passaged twrce and the stock of the second
.' -. -'passage was used for all further expenments The virus was. ana!ysed by RT—PCR S
o sequencrng, taklng the nucleotide exchange from C to T at posrtlon 1630 as proof of
' theidentity of XIKE-A. a . .
o The: specific lnfectlvrty of the RNA derived from pKANE4DA was determlned ln
s companson to RNA prepared from cells infected with the wrld type virus NY'93/C. To -
thrs end, the concentration of viral RNA'in samples used for transfectlon of MDBK cells
was measured in comparrson with defined amounts of the rn vitro trenscnbed RNA after '_
Northern blotting and hybridization, using a phosphormager. MDBK cells were |
. : t‘_re'nsfected with similar amounts of both RNAs, and plaques Were counted three days
- _:"o | post transfection. On the average, the infeottvity of RNA derived from pKANE40A. was
- 4.32x10° pfulug, and the wild-type RNA yielded 4 x 10? pfuug.
. The. growth charactenstrcs of the recombmant vrrus were analysed through -a growth e
‘j'"'fcurve usrng the orrglnel field lsolete VLS#399 asa control in'the same expenment (Fig. o
| : ;;‘.:.2) MDBK cells were infected with an m o i. of 0 1 ‘and samptes were taken at seven-"
2.5-l trme points from 2 hours to 96 hours post rnfectron The growth curve of the
recombinant XIKE-A is somewhat smoother than that of VLS#399, but both vrruses B
-reach a titre of 10%%° after 96 hours XIKE-A was therefore deemed surtable for further

' ~'expenments

2 ‘Construction and analysis of E™ mut_ants‘.' Previous-‘experirnents_with CSFV (Meyers. -
et al. 1999) had shown that the RNAse activity of the glycoprotein E™ is destroyed by

, 'substttution-_of histidine 297 or 346 (the'numb_e'rs represent the restdue posttions in ;

‘i ;Icsr:v‘.s.t_rein .'Alt‘ortflfﬁbingen) by Ieucine,or._lys.in',"rqur‘by :detetion: of,'oogor‘.r_:_l“HSI,-tS”‘..-'I.‘.h__e IR




.*a'ni mal was 'éUt hani zed on day - 13 p.i. All animals in both groups devel oped
fever (Fig. 5) and a broad spectrum-of clinical. -signs!$FblagiZpd - - '

- respiratory synptons and gastrointestinal di sorders. Aninal #091-was
kil loed on‘%&&l@/@sﬂ% 1. for welfare reasons. Al cal ves i nPGEBERIZ8LHS shovved

Ieukopenla ra starting on day 3 p.i. and persisting. for up to day 15 p.i.
(Fig. 6). "Virus was detected in- buffy 2®at preparations fromani mals

i nf ect ed mutent wlmacareowasledm cliniedliyvattnodtsE- i BYDV gfah- NY8SAE, SReddi ng -

The identity of the viruses was -

was  f oungbsgs*&m teste eé@?’%iwéﬁl@la{@"% ior30dend SA8dtrsPectivaly foreat whether te

checked

f rom buf &¥festeasf MURHBRAtAtORSsE "SR waE By §1m1§?et8 ggk?gmggpq\m @%ﬂ

reglon (positions 1140 to.1780) was sequenced an
“wi th t hegeRaBantwrinirstions czhnesvwerelehgmeefeuﬁwm elthersspdelotionlof codentHakdzi ng

(Tabl 8 25" = B0 5 RobnSHBR0" Budpurfne, 1% Esimitcaiocombimen avbs rodanisi 610

( Tabl )
. #615 #3 L 275612 377091 -26<2<2<2<2<2 )
Wershapenmee, 3’@;{%11 64532340%32-%182 2110241290%¥1290512 '

83%Eééiééé&éé%&és%;ééaammmam oL bt ke pioagds a8 CoGHIAGE Dy
“nucleotide sequencmg of RT-PCR. products encompass:ng the E™ codmg region. The
| growth charactenstlcs of the two mutant viruses were compared with virus denved from
<. the wild type mfecttous clone XlKE-A (Flg 3).- : BT
" The RNAse activity of XIKE-A, XIKE-B and XIKE-C was determmed i crude Gl 7_
- extracts of cells mfected with the same m.o.i. of either wrus two days post :nfectlon _
'Allquots of the preparations were tested for their ability to degrade poly(U); cells
_ lnfected with the wild type strain NY’93IC served as a posmve control and untnfected
s '_cells were used as a negatlve control. After 30 min of mcubatlon the residual high
_ molecular welght RNA was precipitated, and ODae0 measurement of the supematants
revealed the presence of small degraded RNA fragments. (Meyers et al. 1999). High 7\
- RNAse activity was found in the NY'93/C and XIKE-A samples whereas the two
) mutants XIKE-B and XIKE-C were’ ln the same range as the negatlve control (Flg 4).
- 20 ' ‘ ' ‘
‘ -Ammal expenment with XIKE-A and NY’93.IC The purpose of the first animal
e experlment was to compare the virulence and pathogenrcrty df the recombinant vnrus_,'-.,' .
_ o 'XIKE-A denved from the mfectrous cDNA ctone with the. wnld type strain NY’QSIC Two o
o o groups of three ammals (8 o9 months old) were each infected wnth 105TCID50 of elther
a s XIKE-A (anlmals #615, #377, #091) or NY'93/C (ammals #275, #5612, #1610) Each
' group was housed in a separate isolation unit, Body temperatures and clinical quns
| . were recorded daily; blood samples were taken on days 0, 2 to 16 and 21 pl for -
. ‘Ieukocyte counts and detection of \nremla Sera from all calves were collected for
. detection of neutralizing antibodies agalnst NY'93/C on days 0 7, 14, 21 29 and 35
. p i.. Nasal swabs for wrus lsolatlon were taken on day 0, 2 to 16 and 21 P




o XI KE- B |mér e a'r'ral ysed |-n cortpar Pson*w t h—XI KEA. . The H-349A nutant

- el evate

*5161. * animal were .eut ham zed on day 13 Tabl e 2: NeutraI i zi ant| body
tltres determined in serum sanpl es .of all “cal ves :after ISF@X‘B@ﬁ% Pent al-
infection with New York “93/C or Xl KE- A - Resul ts are expressed as the -
recipr ocalwomlozh@ﬂser um BVDV- speci fic neutralizing anti b REI/RF02/69985 agai nst
New York. 93/C 07 t10 ' TCl,). simlar to the wild type virus NY' 93/C
with regard to bot h. pat hogeni crty -and & the induction of an i mune _
response in the natural host It is therefore pI aus bile to.assune that =
any devjat+or—Fromthi-s—eH-R-eat—pieture—that—m-ght—be—ebserved mv%a virus -

mut ant - g@né#aa@éwbe‘hm@hmeﬁsrs of the nfﬁtee'thmm@reﬁlalewes pPKANE40A woul d

i ndeed pe_c s’%g' b t %p[ru D r}% {gﬁtn %,t st udy
denonst -g’t“’%?ryt at ﬁ%ﬁe rggco |1na Vi rus %@E 2 g A%?ral :
experi rrer;lji6 wi tth XI'KE-BZand XI KEEA. I'n the‘ second 'anl rrgl experi_ment},  the
clinical 2and i4munol ogi-cal charactecistfes of- t he- RNAse negat i-ve nutant

was, . gi vén pre,gede,mce Q_ver +,Ihe;J—ISOﬁL rrut_ant do i nini.ze fhe danger of a
genom cl sever sion 0 wi+ dt ype.’ 26.° 0 . groups- of +hree..:calves (7 ito 10, e
weeks © @) eaci wete ifbcul Btediwitl a dase of 5‘5(105TCI D-of &ithdr XIKE A
. ani mal s} 'e#387,- #388 #4118)-or. X KE-B Vj mus (=ani mal s #4155y #447, [#419)!

The gro vver-e housed-in separate Tsolg E%;on -uni t's. Rect ak= tenperatUres
~and cli n|1 symptons were DoniTored daj nasal” swabs ‘and blood | sanpl es
were taken on —da s--8,-0, 2-to0:-14;+17 japrd 2} Serum sanples were col | ected
23" on. dia 0 ‘8 12' 114 21 28 -and 3810 Ni. n‘e to'ten days post | nfection,.. .
the'. "¢ S, in:
addi ti n21an| mad #3-87 had fever on d'ay o
_accorrp" wgd
.convuIS|6hs 12.. p. 1.
“in a sta 0 , ‘ : - 31 :
- depr essr.P and,lanor ves nfe ted wr | KE-.B.

rus ésg I.

s atrét%mlgégz ﬁl@n R e

vi
dfo g%ﬁ)ac e nunbers was nore. pronounced in the

V"_cal ves infected with wild type XIKE-A than in the XIKE-8 group -

-All animals in both groups dsveloped fever (Fig. 5) and a broad ‘spectrum of c!:mcalj ]
_ | signs including respiratory symptoms and gastromtestrnal disorders. Animal #091 was |
) kllled on day 13 p.i. for welfare reasons All calves rn both groups showed leukopenia
"~ 1w starting on day 3 p.i. and persustrng for up to day 15 p.i. (Fig. 6). Virus.was detected ln.
~ buffy coat preparattons from animals rnfected with NY’93/C for 5 days an_d with XIKE—A .
for 7 days. Nasal sheddmg was found for1or 2 days (Table ‘l) - :
3 | The ldentlty of the viruses was checked by nuc!eotrde sequencrng of RT—PCR products -
| . :from RNA prepared from buffy coat preparatlons from all animals; The entire E™ codlng 3
s region {positions 1140 fo 1780) was sequenced an_d found to be identical wlth the«
I _krtown_ sequences of NY'93/C or XIKE-A, respectively. Neutralizing antibodies were
found in the serum of all calves starting on day 14 _p.i.r('l"'.able 2). . |




.s (Fig. 8). \/rus was found in buffy coat preparations. of all animals
starting on .day 4 p.i.; however, virenia was shorter fl3Februse 20¢ys . nut ant
(0 4 days) than for the -virus with wild type sequence. (0.8 days). Nasal ‘
" sheddi ng ®¥Qoami2zsads coul d be observed for up to 8 days' (@®CT&EPE0%ET h X1KEA
animals, but for a maximumof | day (0 0,7) w th-Xl KE--B ani mal_s-l a (Table
3). . \/ rus Isolation frombuffy coat pgeparations -Days P.|. #416 #417 #419 .
#387 -8- 0- 2-.- 3-_ 4++ 544+, . 6+++- T++++ 8-+.. 9-- 10-- 11 ,-- 12-- 13 14
17- 21 total 45-04 - daysp.id 8618 Tagre 30g1Vi rptEs | sqj»@thgﬂjrom bul [y coat
preparations and naSal -F9ans or< ani STTTILETT % the

recombi nant : vi rus Xl KE- (a s #35/, #348 an #418 or t e "E" mut ant
rr§ #4192 V|r s def®cte |rus det ect ed,

Xl KE-B (ani mal s #415,
Bfai n ucl e<3t | de %equenm ng of

*animal s were eutliani g
RT- PCR product s enconi') gl ng gg err:f 9fe 5 c%’iﬁng Begi ofP was used. for
virus identification i&1bufif at 12§ par af’i 0h290 As B4%pect®l, i sol ates

_ : 29 2580 4096 . * 813 2580 2580 .

35 ) _325.1’-_ 3251 * 8192 2580 5161

(')

_* animal were euthamzed on day 13

: “Table 2: Neutralizing antibody titres determmed in serum samptes of all calves after
- s - experimental infection with New York ‘93/C or XIKE-A.- Results are expressed as the
. Eeg;pro;allof the serum BVDV-spectt' c neutrallzmg antibody titers agamst New York ‘93!0
CID: )

e The.results o thisst'udy demoristrated that the recombinant virus XIKE-A is highly -
'y szmliar to the wild type vtrus NY'93/C with regard-to both pathogemcxty and an the

i mductlon of an |mmune response in the natural host. It is therefore plausblte to assume -

'that any dewatlon from this clinical picture that might be observed |n a virus mutant

generated on the baS|s of the infectious clone pKANE4OA would mdeed be caused by.

. the deslred mutatlon |
B . |
~+ Animal e}tperiment with XIKE-B and-XIKE-LA In the second animal exp'eriment the

" clinical and :mmunologlcal characteristics of the RNAse negative mutant XIKE-B were .

L analysed in compartson wrth XIKE-A. The H349A mutant was grven precedence over . .

i “the H300L mutant to miifnize the danger of a genomic. reverston to wildtype. T
a0 Two groups of three, oalves (7 to 10, weeks old) each were inoculated with a dose of
s 5x105TClD50 of elther XIKE-A (ammats #387 #388, #418) or XIKE-B virus (ammals_
5#415 #417, #4'19) The groups were housed in separate isolation units. Rectal
temperatures and clinical symptoms were monitored daliy, nasal swabs and blood

B _samples were taken on days -8, 0,2 to 14, 17 and 21 Serum samptes were collected’ -

. ondays0,8,12/14, 21, 28 and 38/40. | g
o ‘Nine to ten days post mfectton the calves infected with XtKE—A developed fever for up .

' : to 3 days in. addition animal #387 had fever on day 3 pl (F:g 7) that was .

'accompanled by diarrhea and resplratory symptoms Caif #388 showed convuls:ons B




' .2a from an| mal S #387 #388 and #418 were wil d - type. A deletion of the
"H349" .codon was confirmed for animals #415, #417 and B Xqguary 2006 - .

I_nt'eresti ngly, an additional point nutation was found .in.RT-PCR products
‘fromtwo oWOBee4lani nal s (#415 and #419): nucl eotide poRCIER/IRE6 was
changed fromguanin to thynin, resulting in the amino acid substitution

@87H. Neutralizing antibodies were fir3t detected on day 12 p.i. in the WO
03/ 02304ﬁep&351meanman¢bre>dee Nrarlevefsthei el inflected withXK IKE- BA)acbelevated4htaqy 14
"p.i.in the, ves fected with the E "8 nuta e days
p. i 3873@%‘2&%’& Zi%nliﬂ @SQEQ SYHEOMS VeIL 0%{’3”9‘%@ t?%f}? ¥$1024
- 406. Tahbec?enw%wuﬂd mgalﬂat.hmemdvé\eeehé%eféasaeﬁ Iéﬁboeerelﬂn;ﬁeéews of
all. calves after experimental infection wth ége sequence)
or Xi. KEnere ﬁsmmcedmmeealvea infested eetberdichepeﬁ@KEe%ﬂmmmathe KE+HR ggsum -

BVDV spe g) neutralizing antibody titers against New York “931C

(10V. TCl rs group of 517 heifers were included. in the trial: Exarfple
2. Exper. waet«els feesd BbUMetoR ppessraons bRall ahimaleseriag @@HQ;pr’ pmw&@v
" negative herd. The follow ng No I nocul ation Virus G oup n.
adm ni st weemtawwasuat@rter Jonthe E"eaenanbidrs |da&§19thaf2for<ti_aezoﬂe w@ig wnldsly%3 ,
' 6 4 sequence (Q’SEl grgaysfthrlaaéel Osrt]te%ng gf \/3|rur§1 cou?d %%Corbs'e?\?éc{ for up to 8 days (@
' 4 ,7)-with XIKE-A animals, but for a maximum of 1 day (@ 0 7) with XIKE-B animals-
m (Tab!e 3) - . o e
S Vlnts Isotation from buffy coat preperétions -‘ S S Virus isolation from nasalswabs R
. Dayspl. #415 #4017  $419  #987 #388 #418 #4157 #HM9  #387 #388  #418
I - - = - - - - - - -
0 = - - - - - - - - - - -
- S - - T T - - T -
.3 ©am — - - - - -— - . - —_ -
- 4 KN e - i ++ ++ a - _- = - -
-8 o+ = - g ++ . - - - " - +
6 -t - R e ++ - +- - - - +-
7. R s +H -+ =+ - - ™~ +a = 4
-8 - = - oo 4 - - - - - - -
.9 - - - O ++ - - - +* ++ +
10 C - - - = e * - - - Lo L +
" - - - ++ L S~ - - . - 4=
12 - - - - — - - - - — -— -
13 - P - — * ® e —_ - — * . * o ‘
14 — - - * * & — -t - * x *
17 - — - - * - - — — & ko *
- 21 . : - i - * - - - " . *
total 4 5 3 8 8 8 0 1 1 4 2 8
Kz, 4 8 i 07 47 -

S "Tab!e 3 Virus zsolat:on from buffy coat preparatwns and nasal swabs of ammals mfected w:th the .
"1 recombinant virus XIKE-A (animals #387, #388 and #418) or the E™ mutant XIKE-B (animals #415 #417 -
. ;and #41 9) +virus detected, -no virus detected *ammals were euthantzed on day 12 p.i.. .

'_ Again nucleotide sequencing of 'RT-PCR prod'ucts ehcompassing the entire had cedir'tg |
‘region was used for virus identification in buffy coat preparatlons As expected Isolates ,
2~ from animals #387, #388 and #418 were wild: type A deletlon of the "H349” codon was S
cont“ rmed for animals #415, #417 and #419. lnterestlngly, an addlttonal pomt mutation
. was found in RT-PCR products from two of these animals (#415 and #41 9) nucleotlde
- posztlon 1 246 was changed from guanin to thymin, resulting in ‘the amino acid
: _rsu.'bstitutioh Q287H. Neutralizing antiboqies'were_ first detected on day 12 pil. |n the B




'.Helfers were moved’ to the experlmental faC|I|t|es 8 days: before ‘
i nocul ations. Pregnancy status was confirmed after trad$pdreoi2iifo the
~experinental facility. Heifers were between ‘days 60 and-90 of gestation on:
“the day ofwo emsmsd4ati on. | nocul ati on took place for all @ormebzosrs one
point of time with 2.5 x 104 T({D'm of the respective virus applied in
- 6m tissue culture supernatant Heifers sgere nonitored for the presence of
‘¢l i ni cal seiugmnef the BHWsl:ﬁife@féd @ihDUREYA] 88d oAby Hansi. Ci'h”thé‘%eﬁhﬁ of calves
observation period.. The, e n.. nt was term nated 9: weeks after WO
03/ 02304@%%W&§|%nmqtmﬁ(iﬁbhﬁd cows were sl aughtered, the uterus
exam ned and coll ected. Foet al organ sanples were coI lected duri Nng routi ne
-necropsy and exam neﬂa : " ’ ! Jetal infecti on
was the main eval uatt+6 i Serii O Ry er  of _
BVDV-rel ated cow nort al | the of VDV?QeI at’ éa aborti ons and - the
nunber of BVD posi.tive & et ses<%t té‘r2m naffon. & oup<2 del®ion of the
‘Rnase function in thelZ&Ng) p2Gtein 8l KE28 (HIMOA) 208 i neestigated to
prevent fetal infecti oBtaffer ‘afh heter ol ogdus Ste 1024haldienge. G out S
" Between day 60 and 90 28 the nost semsitive pgej4a)d1bg4 f4dg® . exposure to
- BVDV.- Ani mal No. Concigigpon 526+BVD abortien g8 aybsaligigg on 615 BVD
abortion 618 BVD-abortion 626 Heifer D ed due to BVD Ani mal No. Concl usion

. 184 Heifer Died due to BVD 203 BVD abortion 232 Heifer Died due -to BVD 233
Foetus B\Ehiw@iswemelﬂhaamdpnm 'ssz abortlon . 267 Hel_ fer.'died.j due to:SW.

o Table 4; Neutralszmg anﬂbody titres determmed in serum sarnples of aI! calves aﬁer ‘
expenmental infection with XIKE-A ( wild type sequencé) or XIKE-B. (H3467). Results -
. . -areexpressed as the reciprocal of the serum BVDV-specaf ic neutrallzmg antlbody t{ters
o agalnst New York '93/C (10 B 7TCID ) L

. -Examp[e 2
Expenmental deszgn : :
Twelve pregnant heifers were selected from a BVDV negatlve herd. The followmg-' .
5 group of 5 / 7 heifers were included in the trlal

" No. InocuIat:oh e ' Virus
Group1: 5 ~ One i. n. admimstratlon, XIKE-A _
S ‘ 3 mlin each nostnt :

_::'Gtoulg-};?::j G -'One A admmzstratlon NY93
R o -Smllneachnostn! o

Heifers were moved to the experimental facilities 8 days before ihocu!at'iens.
Pregnaney status was_ cohﬁrrned .afte,r transport into'.the experimental facil_ity.. Heifers
% were between days 60 and 90 of gestaiieh oh't'he day of inocu:!aﬁoﬁ" inoculation took -
place for all animals at one point of time w:th 2.5 x 104 TCIDsoImI of the respectlve \nrus

‘ applled in 6rnl tissue culture supernatant

| . Hexfers were monltored for the presence of cl;mcal signs. of BVDV mfection mcludmg o
R abortlons dunng the observatien penod The expenment was termmated 9 weeks after' -




306 . BVD abortion The study aimed to assess -the efficacy "of BVDV:isol ates

-agai nst foetal infection. 10 Efficacy of the NY93 infedfFdusvyeely - - . -

derivative BVDV reconbinant (type-11) with a Therefore in,this. trial =

" hei fers dewowsoksdbstom BVDV-free farm (and. confirned .: erromapac/ioeses WO

. 03/023041 34 for. BVDV) have been immunized by a single exposure w th' XIKE
B (Im).. Thereafter. "~ heifers were insenggated and bet ween day 60-90 :

“-ani mal s, infeation. ahbﬁ%tﬁrt@deommédslaﬁﬁtbﬁed“@@'t)teﬁ.%néiéérh?h‘édt Qn@\@a}{e&‘éﬁal

mfectrog: hal | enge i nfection w th type fiel VI r.us was
per f or ne OQ?ﬁ‘eO"sﬁt' Safpies werueelected dwing evfisenesrepsysand exarined foi BVEY t he
s normal ik of |nfect|on inthe field best. Experinental design: Heifers

were sel ect ed Tom'a BVDV negative herd. The - heifers were tested
serologically and virol ogicaliy negative for BVDV. The.follow ng groups of

hei fers- e ra incl the trial: G oupTreatnent Chal |l engeNo., of .
hei f er’s; 3%‘3%%#%?@@?‘1‘%@{@8 thepzin eyalaatiopparamsten campoxedrom theypes -

104 G oumlost SBVIABIGER)P ok il RUABE oP BBl oy BRI Hifte on

Bl ood sanpl es were
and ‘ser OIWGFDﬁBHﬁmﬁl\tﬁi’etumattt@‘d'nnahomeks after inmmunisation for’ all @

~groups. Goup 1 was transported to the experinmental facility before.
chal | enge. Heifers were. challenged :- 4 nonths and 10 days after -~ °
-.vaccination. At the- day of .inocul ati.on, :pregnancy status was between.

day 6 %r; L0 of - -pregnancy. The prevention of foetal infection was the
ai'n eva troniparameter. -WO-03/ 023041 35:1s Sequence of. events. and tl ne. .

schedul e -I'mmuni sati on10 days- after transport to 'the-animal facility:
Insem natr onl n a perr od of 30 days started approxr rrately 4 vveeks after

Groug 1

' Ammal_ No. Conc!usion

526 . BVD abortion

588 . BVDabortion
815 " BVD abottion -

618" BVD abortion o
626 Heifer Died dueto BVD
Group 2

Animal No.r Conclusion

184 - HeiferDieddueto BVD. . ‘
203 BVD abortion B -
232 ~ Heifer Died due to BVD
233 - Foetus BVD positiv (\nremlc) '

. 252 . . -BVD abartion . ... - : Beraelu e T TR

. ..267 . Heiferdied due to; BVD T S IR TR SRR

306 -BVDabortion = L R
:s .
- Example 3:

-,'The study armed to assess the efficacy of BvDV lsolates agarnst foetal mfectron' '
N Efficacy of the NY93 mfectrous copy derlvatrve BVDV recombrnant (type I with a
o deletron of the Rnase functron in the E(RNS) protern XIKE-B (H349A) |s mvestugated to _
| -_prevent fetal infection after an heterologous type | challenge : B
| Between day 60 and 90 is the most sensitive penod for fetal exposure to BVDV
o _‘.Therefore in thls trral hetfers denved frorn BVDV-free farm (and confi rmed seronegatwe- e




- | nuni sat i on Second transport to the chal I enge facili tyAt—I east 10 days
before chal | enge' Chal |l engeBet ween day 60 to. 90 of, predﬁgﬂ’

bser vat i ons. Cont.i nuous for ‘about 2 nonths Sl aughter - .. of . ani nals and

" harvest oWQN3#23@1 nont hs post - chal l enge ' foetuses for. PCIT/ERG2/09925] at i on
testing of ' fetal organ sanples BVDV chall enge viruses C[10 ' C: The virus
is grown in BVDV free nedi.um as appropB#ate, aliquoted and frozen at -70
 Type/ dder BN@V)dnaveTt;rem'r Immunlﬁd%)Paesragje é)@mstrre4wﬁ3®rmz{a Br(pm,)[ Thepdafier

bt fi d | Apptied vol B
ot % er helfePE R Rt el v d oY 36 ﬁ%@%%ﬁ?ﬁaﬁa@aaeea%ﬁqp‘ég%ons
The vaccbmrthi rEE%ehsiﬂvéﬂ:BVmﬁf‘etél':m@neﬁ‘ 4 sﬁﬁrﬁg% g"a@t{ 9% Cﬁéett}go

Descri otion: X B, live virus BVDV stradin ass ge
per . ani MilUSAyRs perpringsl iThe intsanasal route fprechailengalwaaoq:ttoeeatamttms mimics the

route: | Rectal tenperatures The tenperature
val ués ﬁet@gﬁ%wag %C""WA“ Fﬁﬁ%ﬂ%l&gﬁ?tcases and. no unusual fluctuations

wer e seen during-the observation period. Herfer N 1249 (Goup 1) had a
'ternperature of 39.1 C on 14 DPI . (=days post |nfect|on) ‘that returned to-
nor el RYReEimental desigast day. 0 DPI val ues were consi dered as individual

E _basel | neydifdfs CRERAT deiddled N otV BybY | negat:ve herd. The heifers were tested
‘ seroiogrcally and vrrologrcally negattve fer BVDV: The followrng groups of heifers were
e rncluded in the trrai ) '

. Group Treatment - Chaltenge = | No. of heifers: .

| o : 1BVDV .~ Vaccinated Cha!lenged
| 1 None _ - Type'l . ~INA - 12

1% -IsotateXtKE-B  JTypel - l0 4

- Group 1 remained untreated in the herd pf origin untit challenge. BIood santples were -
1 - collected pdst~vaccination for buffy. coat preparation and serology
A ] Insemrnatuons _started 4 weeks after immunisation for all groups Group 1 was
o transported to the expenmental facmty before chatlenge
._',--Helfers were: challenged 4 months and 10- days after vaccmatron At the day of
L :‘lnoculatlon pregnancy status was between day 60 and 90 of pregnancy
L TR : e

The prevention _cf foetal infectiOn'Was the main eyaluati_on parameter. '




.l eukocyte counts was defined i-n" the study protocol. However, a reduction
-of -l eukocyte counts by 40% or nore, i.e.,.values reacﬂlgﬁé’"ﬁﬂ‘%ﬂ%ﬁ the .
- basel ine value (established on the. day of chall enge) or -Lower, was

- consi der edWBi0%P¥biical | y significant. |ndividual nean | eumw/wm s are
. shown in Table 1 below. . Table 1. Indiyvidual nean |eukocyte counts 30. ID
No. Days post infection (DPl) 0*24 . 681013141618202224262830
.1249'11,21.2,312,811,31.0,4t.1.1,2.1' 2,272, E] 11, 8. 10,47,5 -,
1126 10, &qaenae gspventszandumsmemle 911, 812, 48,3 -
120013, 213, 115, 214, 817, 313, 716, 512, 810, 611, 513, 313, 213, 811, 210 1. 11 8
12179, 48, 09; 414, 310 411, 115, 010, 48, 18; 212, 710, 811, 810, 312, 28,0

. 119711, 11, o0, 411, /9, 0%, 50, &

12148, 9. 8‘}’&5’?’%@2212,87,510, 67,7 7,6 Ij:i_:i 8$ %6%"%5"%3"1‘?6 a'l’B’a %0 day
sanpl es jwere.collected. on the day.he; ukocyt e
count s \Wmsembuation ar -in all groups. Winl ea bptliodhebf eBB iday&y ostartad (infected -

-with Type f strain) experl enced, a b|azdpomimatelyy sidgni fwesket reffadtion in
l.eukocyfe counts (values' -hi ghl i ght glehiwirédation ey col our)"after the

hal | en T.I NG~V in

ol Y U WA ot et 1 O TR RGRGRS, o

excepti )ﬁha!teegdael fer N> 1197, who shoumiweezsdmmo(m)rﬂfp@ma@se W) 03/ 023041
.37 on g gay, onm Day 1Z P URlhe Ve EXT -day.eukocytle count

T et urneﬂoﬁﬁeraﬂ'glns anq COﬂQYdPI‘Pd notr Qx t'f‘ﬁ‘c&gsfg'f i% evi atl)c/)r from
- basel i ngSlaudhten Of i sitimatsi @nddaaﬂeﬁmtommuapaidneﬂ p‘o@r-chauém i sol.atifon =

i nvesti {fatiusesforrviuglistiatidretdstimg o fetdlous exanples.  Virus isol atign data .
- frombu 6ryamemmsle£descr| bed as day pppst infection ( DPI) W|th vadci ne
._.7cand_i'dae()&|K|: B) uoup/-\nlmu4408 10 = _ -

", BVDV challenge viruses

| The virus'is grown in BVDV free medium as appropnate alxquoted and frozen at -—70

°C [i10 C]
Type/ designaﬁon:': Type |/ necp KE#Q
- | Passage level: 4
| Composition: - Isolate obtained from German feld
Chailenge dose: 10° per animal
Applied volume: {6 ml per animal (3m|_ger nostnl)
| Inoculation route: Intranasai
Vaccinations

— The vaccination schedule is described in the Experih_ental Design Section,

Description: —[XIKE-B, live virus BVDV strain
| Passage number. 110 _
Virus dose; =~ 0° per animal .

. |Applied vaccine volume: .| 2 ml per animal
" | Application route: Intramuscular (i. m.) .

R




.12 14 al | DDPI; DPI DPI DPI DPI DPI-DPI DPl 11126+ .+ ..l +4- 11248---++ 21197----- |
21200 21214- - 1----- 1.21217------ |- 19 13 G oupAni m 1§ Fegup®0®2 24 26 -

~28°30 al | bDPI DPI.DPI DPI DPI DPI DPI DPI '11126+- 11249 21197----- 21200-- ‘
21214--- MQeF0W41us i sol ation from fetal -organs: G oup ACUTAEH02/09925 1126 . :

1249 1197
36
Results: |
Rectal temperatures

s The temperature values were below 39°C in all but one cases,‘ and no unusual
. fluctuations were seen during the observation period. 'Heifer N° 1 249 (Group 1) had a
'temperature of 39.1°C" on 14 DPI (—days post mfectlon) that returned fo normal value -

on the next day
s LeukOcyte;.Counts_

E O DPI values were consndered as individual baseline for companscn No lower limit of _
leukocyte counts was defined in ‘the study protocol However, a reduct:on of leukocyte :
counts by 40% or more, i.e., values reachmg 60% of the baseline value (establlshed on .

s the day of challenge) or lower, was consndered blologtcally s:gn:f’ cant.
Individual mean leukocyte counts are shown in Table 1 below.

. Table 1. Individual mean leukocyte counts

24

IDNo. | R Days post infection (DPI) ‘
M2 | 14|16 18|20 | 22|24 ][%]28]80] .
B[11,3[104[ 56 | 86 [11.2]12.2[ 120 11,8 104[ 7,6 | . .. .~ o

42| 10[11,7] 80|126]11,4[ 98 [11,8]124[ 83} - -

1200 |13,2]13,1] 15,2 | 14,8 | 17,3] 13,7 | 16,5] 12,8] 10,6 | 11,6 13.3|13,2] 13,8[ 11.2| 10,1 [ 11,8
1217 | 6,4 | 8,0 | 8.4 |14,3|10,4|11,1|16,0|10,4] 8.1 | 8.2 |12,7[10,8] 14,8]10,3| 12:2] 8,0
1967 |41,3|19,1| 12,6 | 11.8| 8,4 | 11,7 8865 |122]12,1] 6,1 6,8 85
{214 [ 89 64 | 82 | 16,2|12.8| 7.5 T1,1[10,7|108] 6,8 | 8.1 | 7.8 {102

*O 'day samples were collectec on the day before mfectlon R a

ST Baselme Ieukoc‘yte counts were sum|lar in all groups While both neifers in Group 1 |
(mfected with' Type I stram) experienced a biologically. S|gn|t" cant reduchon in leukocyte _
- counts (values highlighted with grey colour) after the challenge (maxnmum drop noted 4
-8 DPl) the correspondlng vaccinated heifers (Group 2) had no remarkable falls in
B leukocytes 'Fne only except:on was helfer N° 1197 who showed a signifi cant decrease




1200 1214 2 1217 Mesenterlo Snal| Spleen Thynus Ki dney St er num bone
_cerebel lum placenta |ynph nodes irstine marrow Al hei f&FRaydo% - not show :

any ‘clinical synptomes typical for BVDV infection after ‘vaccination with -
" XIKE B. AfW@P3/83841 enge heifers of group | had on at |eaﬁcwzlw95 20
~virema, whereas in group 2 on no day after chall-enge virem a could be
detected. All fetuses from heifers of ggoup | were p05|t|vefor BVDV (all.

Cresont 7B B Re0! 8RBy €159 lﬁ%@?f%@?&% e Bt el LA

ki dney, wasconsileredmonmal (less theadesl devigtiontiitem baseliney. from from hei fers
of group 2 were all negative (in all tested organs consistently: mesenteric

| ynph nodes srrall i ntestine, spleen, thynus, kidney, sternum bone narrow,
cer ebel |yumy Jf;) tg’her efore infectious copy derived virus was
at t enuat ed success y and the potential. .of the use as vaccine virus in

| orders t dvipthedeappfied fdr vin ésdiation inwestigations aireldetéile’dEannewws exsatpleg s
.antigen tlcaII to the BVDV,type Il viruses and s effective in nting
'fetal evﬁlseeq ewn Sptae o, Ry congs (HesCriechas oy Bashesiian GO RS "
_ beI ongi r\ﬂacb@ mgegj antigeni c group. 38 ‘WO 03/023041 .39 Baker,
oV ne Vi r

- J.C .1987 arrhea virus: areview. J. Am Vet. I\/led ‘ASsocC.

190: 1449-1458. |0 References Becher, P.,. Olich, .. M,. Kosm dou A,
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A cdn"pr_ehensl;ve <~g11; sequdncel- [~ |- = [ ST X ,

B

Group [Anim |16 |18 |20 [22 |24 |26 |28 |80
allD_|pPl [DPi_|DPl DRI |DPI |DPI |DRI |DPI

11428 {+ . |- -
1248 )
1197
1200
1214
1217

Ry L
TR 1|y}
IR
Epn ey e s

[S1E%] L]0 =% Y

B L N [ 1

Virus isolation from fetal organs:

SN - B ' . j - .
Group |[Animal - [ Mesenteric | Smalf Spleen | Thymus |kdney | Stemum bone cerebellum placenta
R 11 I lymph nodes .} intestine . 1 marow o - o
Bl 126 - |+ + R + * + +
1 11248 + + + + + 4+ + +
2 197 - - |- 15 - - - -
2 200 |- - - . - - . T-
2 11214 - - - - - Z - -
PN TAE - . - - 1= " -

All heifers did '-ndt show any clinical sympicmes' typical fcr' BVDV infection after _'
N vaccmatlon with XIKE B. After challenge helfers of group 1 had on 4t least one day
» . viremia, whereas in group 2 6n no day after challenge viremia could be detected B
_ "A!I fetuses from heifers of group 1 were posmve for BVDV (all of the followmg organs .
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BVDV. particles. with authentical virul éMce as conpared to a wild-type ' BVDV.

i sol at e #¥YAS whi ch such DNA nol ecule has been derived; andlor with'a -

sequence conpl ementary to SEQ ID NO. 1; and/or m whlch are, when BVDV

nai ve cal ves aged from3 to 6 nonths are infected at a dose of 6x106TC1D50 .

with such pamNAesecUietbaiairfing aatudestisle se@;uente smblemza-ltawstow BUWDW a
period of 21 days after infection; and/or n) ﬁ Erul ence .of not |ess:

than 90 % of whetein ﬁléﬁ%M¢%|WQdHﬁ9W°@15 5 inddeRfence
corrpl enent ar )(hé ge%%&tlﬂnfécn éELB}%K%@V type 2 cl one accordl ng to

.cla|m5 or racteri ze sequence of SEQID NO | or a
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d d f | h | t th f . 2
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to any one of cly J§r@stﬂg dld?ﬂtea%lortﬁﬁeﬁéﬂﬁ&fr@%t'l@é‘st‘ﬁne%ﬂf@ﬁeﬁ cells
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o ~ witha sequence complementary to SEQ ID NO. 1; andlor o |
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2. " Infectious BVDV clone, capable of servtng asa template for transcrlptron into an
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- j_ @ the generation of infectious BVDV particles
| : f) - withthe capabllity to induce wraemla and leukcpenla in calves fora perlccl ,
of at least 1 day and at least one cf the fcllowmg chnlcal symptoms of the e
group compnsrng diarrhea andlor pyrexla lastmg at least one day when |
: _ lnfected with a dose’ of 6x1 OGTCIDS,Q, andlor e R
' '_ rgs o g) with authentical virulence as compared to a wrld-type BVDV :solate from o
_ which such DNA molecule has been derived, and/or
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a dose of 6x10°TCIDs, with such pariicles, lethal for at least 30 % of such
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Cw D wrth a wrulence of not less than 90 % of BVDV partlcles ccmprlsmg an RNA' *
- with a sequence complementary to SEQ ID NO. 1; andlor . _
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. 13. RNA rml ecul e obta| nabl e by transcription-of the DNA nol ecul e of claimil
or - claim3 or any ¢ ‘clain 5 to 7. Method for the proddﬁF‘TbB‘ﬁ'y3?oan D
i nfectious BVDV cl'one froma W1 d- type BVDV, :aut hentical ~virul ence as
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than til &5 onER W%t@'%%rt&gﬁpﬁﬁrcléll"eflﬁ%r&?stﬁgm% BASsRE ALk ©
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» - onthe degeneratwe nucleic acid code, fusion molecule ora chemrcal derivative
_ ' thereof. :
8. : BVDV type 2 partlcle generated by in wtro transcnptlon of the BVDV clone _ ,
' .'accordmg to any one of claims 5 to 7 info RNA, the transfectlon of surtable cells -
or cell lines wrth said RNA and the collection of the resultlng BVDV parttcles |
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~“one of ¢l ai ms 18 to 22. 24. Vaccine corrprl sing an attenuated BVDV cI one or
~.strain according to claim23, optionally in combi- nat i o ¥ 4006

- pharmaceutical ly acceptable carrier or exci pi-ent. 25, Use of _a attenuat ed
" BVDV cl onav@n3/eseddi n according to claim23 in the manuf aqtmmi'ozrﬁww vacci ne
- for the prophylaxis and treatnent of. BVDV i nf ect.i ons. ,
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| - claim 3 or any one of clalms 9to ‘l'l or the BVDV clone of claim 2 or claim 4 or
.ra e clarm5t07 _ R e S
S 14, Method for the prcductlon of an mfectrous BVDV clone from a wrld-type BVDV
o _ Isolate, sard infectious BVDV clone belng complementary toa RNA having -
_ authentlcal virulence as compared to said wild-type |so!ate comprrsrng the steps
o ef . |
T p) 1solat!ng vrral particles from an lnfected antmal _
| q) passagmg not more than tw1ce on suitable cell culture cells
) prepanng RNA from the viral particles;
- s) generating full-length complementary DNA after reverse transcription of the
. , RNA; whereln the reverse transcrrptlon includes a step at elevated .
‘. .'m._ o temperatures sufficient to break or reduce secondary structures of the RNA
o | and the use of a thermostable: enzyme for this step, sald enzyme bemg actrve
e at these elevated temperatures T .,
Y zncorporatrng the complementary DNA (cDNA) mto a plasmld vector or mto a. )
{ _' - ""'DNA virus. capable of d:rectmg the transcrlptlon of BVDV cDNA anto RNA
' s upon rnfectlon of suitable calls. -
15,  Method for the productron ‘of an infectlous BVDV clone from a wrld-type BVDV
| isolate, said infectious BVDV clone bemg complementary to.a: RNA havmg a
virulerice of not less than 9 % of sa:d wrld—type lsolate comprlsmg the steps of
u) |solatmg viral particles from an infected animal; '
-‘3a - V) preparing RNA from the viral particles; A
o w) generatmg fult—length complementary DNA after reverse transcrrptzon of the
RNA ‘wherein the reverse transcnptron lnctudes a step at elevated '
temperatures suffi clent to. break or reduce secondary structures of the RNA




.gtttggagag agcagt gact tgcacccgca gtcaacacta aaact accac accaacga 540
~cagcgccaac atcctgacca atgctaggtc cctaccgcgg daaggt-gact . é@@ﬁ 600 .
- . taatgtgtat ggaccggtga gtggcatcta tatcaaacca ggaccgat ct- actaccagga 660 18
" February Y006/@A@E. 17. The nmethod of claim 16, wherei n PRAGEPOR/899H! | ed
out with a thernostabl e polynerase allowi ng reaction tenperatures.of -at
| east 42C: io 18: Met hod of BVDV atten ion, or conprising introducing one :
or nore tat B2 R23 90%5
t her nost a Ieﬁénzyrre g?/thl QH%PEEVEEEIQ% i négielﬁpgactl d@&o‘?&mﬁ to any
t hese- el evat exhe efrgiaimet 18 &£622.x) i ncor por at| ng t he corrpl errent ary DNA. ( cDNA)

o Do 4 Vartinefpafre anatenii BYBY pone tbEeh adords ordlanm2sbod o
claim 14, or. &@naﬂ@ﬁf é’én‘ﬂt(nzirugﬁoﬁswﬁﬁ%@rﬂ%@u@%ig‘a%c%?%ﬂ%&éﬁ@ﬂg%*&?&eﬁpe

|nfect|ous BV cl one of aim?2 or clarm4 erern. said
“int o  he25.DNAJsmoter attenwsted BMDW clonerorsitrainradeardingriy caire 2% indhai s 9 to 11,

of the recolbaiBRyE HH Y80e Ridnt Redimiittt SR8 Freplmditst M napra 1 Br .

conprising the steps of y) i nt'r oduci ng one or nore nutations |nto t he DNA

- molecule of claiml or claim 3 or any one of clainms 9 to 11, or into the

infectious BVDV clone of claim2 or 20 25 said. cells; and aa) -collecting
..viral particles produced by these cells, clai m4 or claim5 to 7 z)
-introducing the mitated DNA into suscepti bl e host cells wherein said DNA

ks transcribed:into RNA or introducing an.RNA transcribed:fromsaid DNA

S nto wher.ei-n sald rrutatlon or nutations. .results in attenuatlon




‘0. Method of claims 18 or 19 mhereln t he nutatlon or *ig ons dg
substi.tution, deletion, ‘insertion, -addition, or.conbinat e ?3 f.o21..
. Method of any one of clains 18 to 20, mhereln t he nutati.on or nutations
is in the WQ%OWfbtein Erns and causes inpaired or | oss BETERRONSN of
the, mutated protein(s). .22. Met hod of claim 21, wherein. the mitation
consists of bb) deletion g g oprotein E" ;- and/or.
30 cc) deletion or. substitu $&Hﬂﬂ§i tﬂ%?& ggzgqgspgﬁgtlon 300 of SEQ ID NO
1; and/or dd) deletion or subst utlon o |st|d|ne at position 349 of- 'SEQ -

| D N <310¥0 H3LRRBAd: 1 FERLIGY YedRR01 BCELER02/ 09925

Sequenzl i stingl249. 25 t ttatgtgggc cccgtctate atagagcccc actggaacta “

t gt agggage>caggtatgidus Wb GHAaaGACH;: aF8Hed2381-880L Fonnd00 - aggagagt t g
-gcagagt gac cggtagtgat gggaaattat atcatatcta gatgggtgta tcctcctgaa

gagggcgash>aggancesntagagaagt cct tacaacagat taaattgtcc tttatgggtcaccagctgct
ccgat gaagg gagcaagggt, gct acaagt a agaagcagcc taagccagat - aggat agaaa

‘aaggt aagsb> 9601 gPEREL YL C. ccaaaagaga . cagaaaaaga ttgcaaaacc-agaccccccg
acgcgaetisair - 1080-e@t@@t agaa ggggttaagt accaggtgaa gaaaaaagga aaggtaaggg -
gaaaaaatac 1080 tcaagatgggttatatcaca acaagaataa gccccct gaa t caagaaaaa
aatt ggsaaa> 1280 ggcactgctg gcttgggeca tcttagcage ggtcctgett cagetggtaa:

~ caggagagaa: 1200 tatcacccag tggaacttga tggacaacgg caccgaggga atacagcaag

' cgatgtﬁk&0> JEEKbntIn version 3.1 - : ) -

l - Z': N

12332

DNA '

-BOV1ne v1ral dlarrhea V1rus (BVDV)

<2105
213>
L <212>
<213

<400> 1 -

gtatacgaga ttagctaaag aactcgtata tggattggac gtcaacaaat'ttttaattgg
60 , S : .

caacgtaggg aaccttcccc tcagcgaagg gctégccatg-CCCttagtag

cCgaaaagag
120 - , '

gécta@éaéa
180

) gtacagggga

]tgqacgagqg
300

360

'”fffctattcgtgg‘

| "ngtaaaaacté?

420

‘atataaacaa
- 480

 gtttggagag

540
cagegecaac
600

‘taatgtgtati

660

agtaggggac’tagcggtagc

-~

gtcgtcaatg gttcgacatt 

catgcccdcgfgcacatctta 

¢gfﬁafggaa

‘tgctgtacat

aaaccagcag
agcagtgact
atcctgacca

ggaccggtga

‘acagectgat

gegtegtgga
thaCccgcé

atgctaggtc

gtggcatcta

ggcacatygga

agtgagttcg

ccattagtpg

acccatgcgyg

agestotage
léttéftttcau
acctgtttac
gtcaacadfé

.cctaccgcgg,

tatcaaacca

ttggatggec gaacccctga '
aggagtctcyg agatgccatg

gggttgcaty ggtgaaageg

agagacdétge tattecgeta T

éﬁtgééeétf tatééééaéc'
gaggtcaacgggégcccééf

aaactécéaé'éCCaacgagg"
aaaggtg&ctlgécgéggggg'f

ggaccgatet actaccagga




‘taactggttt VERPAR
- agaagggcaa ccgcttaggg agtgtgctgt gacttgtagg tatgacaagg aaacagaatt - 1560

- -ttgcgatccc gcaaagccac gttga gtag . aéaca gcga "2
- cggtagcaac caBadiagca gaggt catac cagggacagt

~aagaggggtg aacaggagtc tacat ggaat ttggccagag aaaatttgca ccg_gagt ace 1320

aactcactta gcaacagact. atgagcttaa agagat agtg gggat gat gg.- atd 6%38014 20
gaagaccaac t acac tt gcaggttgca.;.a.agacatgag tggaataaac at ggttggtg ‘
g’é c cgtggatatg gttgat gaac aaaacccaaa. acBEHEPHAIRS 1500

gaacat cgtg acacaggcta gggacagacc tacaaci4gtg acaggttgca -agaaaggcaa . 1620
gaatttctct. ttcocagpirs uéé‘éﬁ&ttﬁﬁﬁoéﬁﬁt&@rﬁyﬂteﬁﬁaefsﬁgﬁgem@é % éﬁ@é)
agatgtgctg ttcaag agc acgat cg'ggg caacat gctg caagagaccg cga cagct 40
Sequenzl i sti ngi 2didhes@slavatedietnpgratytfs: gcaaccaaca ccatt gaggg agcaagggta

e o el ORI INALIED DL B

. cggagt g. gag. aggaﬁaﬁm&td eicgiteatiog U2 fangirtionaA BV IAREDHAARICRRNAISdrocCt

t ccaagaaac actagaat ga taggccccgg 1980 gaaatttgat accaacgccg aagat ggaaa
aat act’ccat gagat! @n@ééﬂﬁfiﬁ%?@? 1A Ali - agaatttgtc ctattgtcct

L9gt 99t t o, 0! Th@dthbd OF BERAYATE L ARARARThe 52%%80%%% gA%S ga@%gog?iﬁfsi@g

caagaacca

:-17; - The method of claim 16, wherein RACE is cemed out wnth a thermostable -
- | polymerase allowmg reaction temperatures of at least 42°C. o
o n | 18. Method of BVDV attenuatton or compnsmg lntroducmg one or more mutations - :
" into the DNA molecule of clarm 1 or claim 3 or any one of claims 9 to 11, or into f
-  the tnfectlous BVDV clone of clalm 2 or claim 408 claim’5 to 7, wherein sard |
- mutation or mutations Iead toor mcrease an attenuated phenotype of the
- | recovered BVD virus. - , _
w19 _ Method of attenuatton of a BVDV stram compnsmg the steps of
o y) introducang one or more mutatlons lnto the DNA molecule of claim 1 or claim
" 3or any ane of claims 9 to 11 orinto the InfeCfIOUS BVDV clone of clalm 2or '\
claim 4 or claim 5 to 7, ‘
) , 'z) mtroducmg the mutated DNA into suscepﬂble host cells whereln said DNA is
- :to - transcribed into RNA or mtroducmg an RNA transonbed from said DNA into
" _' said cells; and , '
 @a) couectlng vnral partloles produced by these cetls o
o B whereln said mutation or mutatlons results in attenuatlon , .
20 B Method of claims 18 or 19, wherein the mutatlon or mutatlons is a substitutton -
2 o deletron lnsertlon add:tlon or combination thereof
21.  Method of any one of claims 18 to 20 wherein the mutation or 'mutations is Virithe
_ ' gtyooprotem E"‘"’ and oauses rmpalred or loss of functlon of the mutated
- _' protem(s) ' ' S
" 22,  Method of claim 21 ‘wherein the mutatlon consists of
» bb) deletion of all o part of the glycoprotein E™; and/or
e '. ~cc) deletion or substitution of histidine at position 300 of SEQ ID NO. 1; and[or
L dd) deletlon or substltutlon of hlstldlne at posmon 349 of SEQ ID NO 1.




2220 gtggaaccta gggaagtatg tctgcat aag accagactgg t ggccat at a acgac
2280 agtcttcgtc atagaggaag cagggcaagt aatcaaattg atgctaa@égrﬁgé ggaga
2340 cttaactagg atatggaatg ctgccactac cacagctttc ttaatctttt'tagtaaaagc .
2400 “act g9 8¥e23edact aat cc aagggctatt -gt-ggctgatg ctaat: aarCRERRa®IR8aJJY

cttccctgaa. "t gcaaagagg gcttccaata.tgccat at ct aaagacagga aaat ggggtt- 2520
attggggcca gagagcttaa ctagaggahgdl USEDEdTELE, Srpsaaanaa tagtggattc 2580
ca.tggtgcat gtatggtgtg aaggaaaaga.cttgaaaata.ttaaaaatgt gcacaaagga 2640

agagaggbm@ﬁ@@@@t@@@bﬂckﬂ@@CQQQQQQQG@@ti@&g@héﬁ%ﬁiﬁﬁﬂﬂﬁ@@a@@tbhabﬂﬁagt§700
gat cagt gagtzogggacaat ag gcccagacgt gat agat at g-cctgatgact ttgagtttgg 2760 WO
03/.023041 PCT/ EP02/ 09925 Sequenzli stingl 249. ST25.txt actctgccct tgtgactcaa
aaccagxgﬁmummmgggggaga@ttgaggagagg@a¢amggﬁ&gﬁgﬁi)ggnﬁuatm@ttatbatagatgg
tatgcccad@&0ggggt ggact ggt.acaat ag aat gcaccct 2880 agcgaaccaa gacaccttgg
acacaactgt cattaggaca tatagaagaa ctaccccatt 2940 'tcagcggaga
aaatgqthagca&agaaagqgagaathgguquw@ﬁugagqgcgac@aangaamaaaoeagaagaggtgga
aa.ctggadd gcataaccgg. tgaccatagc aggttgaaag acggacctat 3060 .

' caagaagtgt aagt ggt gt g gcc. atgactt cgt.caact ca gaggggct ac cacactaccc

900

' gagcaagqgt
. 960

‘zgaaaatagcc

1020

 -agtagtagaa

1080

tcaagatggg
1140 '

’ ggcactgctg

1200

tatcacccag
1260

. “aagaggggty

1320

aactcactta
*;j1380

':' gaagaccaac

1440

taactggttt

1500

agaagggcaa

1560

gaacatcgtyg

11620

" gaatttetcet

1680

- agatgtgcetg

gctacaagta

ccaaaagaga

ggggttaagt'

ttatatcaca
qcttgggcca
tggaacttga

aacaggagtc

gcaacagact

catatagaac
ccgcttaggyg

acacaggceta

ttcgcaggtg

ttcaaggagC'

agaagcagcc

cagaaaaaga

acéaggtgaa

acaagaataa

tcttagcage

tggacaacgy

tacatggaat

cgtggatatg

‘agtgtgectgt

gggacagace

ttatactggé

aégattgcgg

tadadgtgtt geaggttgea

_taagccagat
ltfgéaééaéc“

‘gaaaaadgga

gcceectgaa

ggtcctgett

caccgaggga

ttggecagag

;qagaéatgag 

'gttgatgaag

gacttgtagg

técaactctg

'tgggccctgt”

>qaacatgctg

atgagcttaa*agagatagtg

aggatagaaa
é@aéddccég
éaggﬁéaggg

tcaagaaaas

cagctggtéa

étacagcaag

aaaattﬁgca'

gggatgatagg

tggaataaac

aaaacccaas

tatgacaagg'
'acaggttgéé

aactttaaag*

caagagaccg

- gaaatgggta tacaacagat taaattgtcc tttatgggtc accagctgct ccgatgaagg

aaggtaagat

aattggaaaa

éaggagagaa,

cgatgttect
ccggagtace

acgcgagtga

‘acgcgactat

gaaaaaatac

_atggttggtg .

acaacctgac

aaacagaatt

agaaaggcaa

tatcggttga

cgatacagct




aataggcaag tgcatgctca t caacgagag tgggtacagg tatgtagatg acacctcttg
cgataggggt ggtgtagcca tagttccatc tggcaccgta-aagtgtagaat dﬁ‘ﬁﬁbﬁp 3240 .
cacggt gcaa at cgcta ctaacaatga tctgggaccc atgccttgca gceccagcet ga '3300°
agtgatagca gﬁ? #4ggac cagt ggaaaa gactgcatgc acattcaact aPECTERGHAVS 3360
tctacctaat -aagtattatg agccaaggga ccggtacttc caacaataca tgttaaaagg 3420 -
ggagtggcaa tattggttcg acct éﬁéﬂﬁyfgg%qggg gQQQagg@ct acttctcaga 3480
.gtt cat aayggat agcagt gg: tcgccttgtt 354 aacatacaca ::-atactgtctg
agcagatggc t at gggt gct ggagt gaat a ct gaagagat 3600 agtcatgata ggcaatttgc
tgacaga@&ﬂghﬂééétééﬁﬁbéﬁééﬁEEBaﬂﬂgé%bbt%@Ea%%bgt§6§gg %%Eé&*éé%ﬁﬁééﬂéﬁaaag
aggaact . ggopogaggaaatg' g attatactgg tataccacat gt agcc. "aaccctatga
aaacaattgg ggtcgtctta ctaatgctag ggggagtggt - 378a gaaggccagc agaat caat g
ct gat gaegatBaghgcd &G PREas afticdiitelyt €haghad8ay ddghabiad WodR6 Wy
- 03/ 0230418BCT/ EP02/ 09925 Sequent | i stingl249. ST25. t xt gacaggcgt a gtggctgttt
t gat gat ccgc t agaagagaa cctgccacat taccactgat 3900 tgtagcattg ctagcaat aa
~gaacat gapygatgcs text grancgcirigea thicgat ggagtgdasOagdHARUcAn R telcatthaat t 9
- tacttttglp2ggctagctac ataacagact actttagata . 4020. taaaaagtgg cttcaactct
,tatttagtctgatagctggt atctttatta.taagga. gctt

gtatacaaaa aactgcactc cagcttgcct tccaagaaéc actagaataa taggccccgg .

1980

| Lgaaatttgati

2040

y'agaatttgtc

2100

¢atctacttg

2160

caagaaccag
2220 ; )

g gtggaaccta

2280

\ agtcttcgtc
T2340

cttaactagyg
- 2400

e ﬁ“;actgagggga_

2460

2520

- attggggcca
2580 -

- catggtgcat
2640

agagaggtat
2700

gatcagtgat
: 2760

acéaacgccg

ctattgtcct

gttctacatt

Ctgaatttaa

gggaagtatg.

atagaggaaqg

atatggaatg

“ 'cttccctgaa:thaaagagg

gagagcttaa

gtatggtgty

ctagtggctyg

gggacaatag

aégdtggaaa_

‘Egdtggttct

ttg¢datccc
cggtagcaac

tctgecataag

cagggcaagt:

ctgceactac

‘gettccaata

ctacaacatg

aaggaaaaga

‘tgcacgagag

gcccagacgt

caactaatoc aagggctatt

aatactccat_

gtctgacttt

gcaaagccac

cabagﬁégca'

édcagactgg

aatcaaattg

\

cacagctttc

gtggctgaty:

gcaccteece

cttgaaaata

agccttatcea

gatagatatg

tgcéatatct~

gagatggggg

gccqéggaaa

gttgatgtag

gaggtcatac

tggécatatg—

atgctaéggg

ttaatctttt

ctaitaacdg

-aaagacédga

acCaaaaaan
ttaaaaatyt

accagtgccg

cctgatgacﬁ

'ggcaéctctc'

ccgegagogt:

acacatgcga

cagggacagf

agacg&cgac'

ccatcagaga

‘tagtaaaagc
‘gageacaggg

tagtggatﬁc

gcacaaagda

agtttatgca

ttgagtttgg




14080
4140
4200
4260
4320
4380
4440
4500

caggaaaatc at
cat cat %
tctcttgt
ccacag

agct a ﬁgﬁ
at ggaat
j03102
agaaac ?
cttcttgcca

‘j:~caagaagtgtq

| gtteataate.

aaaacat at ¢ aaccagat gg
tctggtcctt.ttctatataa
aggcttcctg ctgcaatggg
ttt gW¥O8MP3Mdicat agt cc
cgt caggaca gacgt ggaaa

agtttatgac at et gt

t ¥G5a!

ca

&

3060

3120

‘aataggcaag
3180'

cgataggggt
3240

cacggtgéaa

3300

agtgatagea
3360

(tctacctaat“

3420

‘_ggagtggcaa

3480

. 3540, .

' aacatacaca’

3600

~agtcatgata

3660

" tctgtactta

- 3720

cCttgtagcé

3780

gaaggccage

3840

41. 4920 Seg
Et

THC

zI|

aagtggtgtg;

tgcatgctca

ggtgtagcca

gttatégcta,

agtgaaggac

aagtattatg

tattggttcg.
atagcagtgy.

atactgtcty

ggcaatttge

atagttaéag

aaccctatga-

'agaatdaatg

aggt accaga aatat.ctatg ccaagtt.gga gacctctagc
catct acagc. aataaccact aattglgggﬁég' Wbacttagc;
cgccagcagt gatcatgatg gctaccatgt gggcagactt
tgcccagtta cgagttatct aagcttt aREIT/ERNRAAgaa
agaact ggct cggcaaagt g -aaat acagac agat cagttc
q@u&@g@a§§énﬁég@9aﬁﬁ2é.txtccatcaa ggcat aagag
PRCCastuet. reegadagee gtinatotem grittgedgeaqy

&t gg caagtggttt ‘acatttctta cctaatactg gaaattacat actatatgca-
agat gagg 't gt cag
Gadtia e

ggagagcga agaatttgat agtt aaacat -aaggtaagaa atgaagccgt 4740 -
aaatata c gcaccc aaggtgatca ctatcataaa 4800
?%t%é%%‘i%%@gElgé‘f:@aegggaf;ﬂ:ﬁ%g‘é%%tfé%@%ﬁé}f@gg’é&&&&catﬁ%o

caactgcc caaagt gt gg aagacaagga aagc.ccataa catgtggaat 9

agg agcaaatttt ctatcaagactcatagcagc _
4055 CRERGA9Y §YIagh gIRleIeRn igh #aEUFRECCE680

WO

t | 249. ST25. t
I e

gtaattat tttcgccacg atgggccttt ]
tctaggtgga aactggacat gcataaccgg tgaccatagc aggttgaaag acggacctat '

gccaﬁgactt

tagttccate
ctaacaatga
cagtggaaaa

agccaaggga

tgacagacag

aggaactggc

aaacaattgyg

ctgatgacca

tcaaggagag

acctggatte
tegecttgtt

égcagatggék

‘cgtcaacteca

tgggtacagg

tggcaccgta
tctgggacce

gactgcatge

ccggtacttc

tgtagaccac

tétéggtgdt

tgatattgag

gaggaaatyg

ggtecgtctta

aagtgctatg
e

gggtggtaag

acactcgca actttgag
g%mqqa&@%atg@ggee

;qaqggéétécg
‘fatgtaéaté
aaétgtééaa
‘atéccttéca
gcattéaaéé

caacaataca

cacaaagact

tacéﬁéctgf
ggagtgaata
gttgtggttt

attatactgg

ctaatgctag

gécccatgct

gﬂ??@atc

cacactaccec .

acacctcttgi

taggtaacgt

geccagetga

‘attcaaggac

tgtfaaaagg

acttCtCaga .
ggctettgat- -

ctgaééagaﬁl

atttecttet

tataccacat.

ggggagtggt -

ttcttcﬁégt




- -5040 5100 :.
- .ttctgaggaa cctaccaatt ctagcgacga agat gaagct . attaatggtg

' gcgcagaaat“%aéggsé gcgacct g gaacatctag gatgggtact ga- gagg

~ aaaaaattac 3 ccat gag aagtgccacg taaacat cat ggat aagct 8¢

- ttggaatcat gcctagaggc acgaccccta gggcacct gt gaggt:t cccc acagcactac
t aaaagt gag. 5340 aagggggcsg OaGag12d8C dTacagxgcaccaagga gggat cagct
cggt agacca 5400 tgtcacagcc ggaaaggatt-tactagtgtg tgacagt at g--ggcaggacca . -
9909t t gteidaggegtadGlyheblBot apgattp Raga e Clgddiaagatgtaadh et Altcaagaccy
act cagggt3®00. 5520 tcccgaaggt gcgaggtgtt.acgtgctaaa cCcagaagct gttaacattt
ctggcacaaa 5580 aggagctatg gtacacctcc agaaaacggg gggggagttc acatgtgtca ct
40. gcdigtaggatb§ ghageagbes’ gdaddingaic attcctactyg ccecgectagea ttgatgtaac

t gaaaaat G26laaaaggct ggt ccgggctac' caatttttga 5700 agcatccagt ggcagggtgg
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